These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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NDA 20-873
APR 30 1996

Uoycliyd Pharma, Inc.

Attention: Norbart L. Wieen, Ph.D.
President

10819 Gilroy Road, Suite 100
HUNT VALLEY MD 21031

Dear Dr, Wisch:

Please refer to your new drug application submitted February 16, 1888, under section
508(b) of the Federal Food, Drug, and Coamaetic Act for Bupheny! (sodium phenylbutyrate)
Powder, 250 and 80O grams. Until your April 28, 1086, communication, the proposed
trade name for thia drug was Ammonapie.

We acknowiedge receipt of your amendments dated February 13 and 22, March 4 and 7,
and April 1, 8(2), 11, 12, 18 (2), 22, 24 (2), 25 (2), and 30, 1896, We also refer to our
approvable letter dated February 16, 1886.

This new drug application provides for the use of thia arug as adjunctive therapy in ihe
chronic management of patients with ures cycle disorders involving deficisncies of
carbamylphosphate synthetase, ornithine trarscarbamyiase, or argininesuccinic acid
synthetase.

We have complisted the review of this application, including the submitted draft labeling,
and have concluded that adequate information has been prusented to demonstrate that the
drug product is safe and sffective for use as recommended in the draft labeling submitted
on April 30, 1998 (bottle labals, package inuart, and patient package insert), with the .
ravisions listed below. Accordingly, the application is approved effective on the date of this
letter. The revisiona are as follows:

1. in the fifth paragraph of the INDICA [ICNS AND USAGE section, revise the second
ssntence to read “The two deaths in th's group of patients occurred during episodes
of hyperammonemic sncephslopathy.”

2. insert a naw penultimate paragraph in the INDICATIONS AND USAGE section that
reads "Even on therapy, the majorit-" of watients for whom the drug is indicated
continue to experience recurrent agisudes of acute hypsrammonemia.”

3. Ravise the last paragraph of the INDICATIONS AND USAGE section to read
’ “Buphenyl may be required lit>-iong uniess orthotopic liver trangplantation is slected.”

4, The CONTRAINDICATION ., wtiion should be movad to immediately after the
INDICATIONS AND USALLE 2a:tion,
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5. in the HOW SUPPLIED section, the NDC numbers may be deleted from the first
paragraph since they are listed at the end of the section.

6. The following heading should be addad to the patient package insert; “‘Bupheny!l
(sodium phenylbutyrate) Powder."

7. Add the date of last revision to the end of the patient package insert.

These revisions are terms of the NDA spproval. Marketing the product before making the
tevisions, exactly as requested, in the product’s final printed labeling (FPL) may render the
product misbranded and an unapproved new drug,

Plaase submit sixteen copies of the FPL as soon as it is available, in no case more than 30
deys after it is printed. Please individually mount ten of the copies on heavy-weight paper
or similar material. For administrative purposes, this suhmission should bs designated
"FINAL PRINTED LABELING" for approved NDA 20-873. Approval of this submission by
FDA is no* required Lafore the iabeling Is used.

Should edditional information relating to the safety and effectiveness of the drug become
available, revision of that labsling may be required.

in addition, please submit three copies of the introductory promotional material that you
prop -9 to use for this product, All proposed materials should be submitted in draft or
mock-up form, not final print. Please sand one copy to the Division of Mstabolism and
Endocrine Drug Products and two copies of both the promotional material and the package

insert directly to:

Food and Drug Administration

Division of Drug Marketing, Advertising, and
Communications, HFD-40

8600 Fishers Lane

Rockville, Maryland 20857

Validation of the regulatory methods has not been completed. At the present time, it ia the
policy of the Canter noy to withhold approval becauss the methods are being validated.
Nevertheless, we expect your continued cooparation to resolve any probiem that may be
identified.

We remind you of your Phase 4 commitmaents specified in your submissions dated April 1
and 30, 1886. These commitments are listed below:
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Protocols, data, and final reports should be submitted to your IND for this product and a
copy of the cover letter sent to the NDA. For some of the Phase 4 commitmeants, an IND
may not be necessary. In that case, data and final reports should be submitted to this NDA
as correspondence. For administrative purposes, all submissions relating to these Phaae 4
commitments must be clearly designated "Phase 4 Commitments.”

Please submit one market package of the drug product when it is available.

We remind you that you must comply with the requirements for an approved NDA sot forth
under 21 CFR 314,80 and 314.81. ‘

It you have any questions, piease contact:

Jehn R, Short, R.Ph,
Consumer Safety Officer
(3001) 443-3610

Sincersly yours,

SO W A

James Bilstad, M.D. ] /'50 /‘\\o
Director

Office of Drug Evaluation I

Center for Drug Evaluation snd Research



DRUG STUWDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommended for approval)

NUA # 20 5772504 oo 513 Trade (ganeric) names —@skﬁf‘&wfaamz > frn e

Cneck any of the following that ply and explain, as nacessary, on the next
page:

i. A proposed ciaim in the arart labeling is cirecteu towara a speciric
pediatric illness. Tne application contains adequate and well-
controlled studies in peaiatric patients to support that claim,

2. The arart labeling incluces pediatric gosing information that is nSt
Laseq on acequate and weli-controileu stuales in cnilaren. Tna
application contains a request under zl (FR 210.%8 or 314.126(c) for

walver of the requirement at 21 (FR 201.57(r) for AAWC stuwdies in
chilaren. t

, a. Tha application contains cata showing that the-course of the
disesase and the effects of the arua are surticiently similar
in adults ana cniloren to permit extrapolation of the cata

. from adults to chilaren. The waiver IeQuast &houlo de
Qrantec ano a statement to tnat errect is incluged in the
action letter.

0. The information inclucea in the application goes not
acequately support the waiver request. Ine request should
NOT De granted ana a statemsnt to tnat erfuct is inciucea in
the action letter, (Camplete ¢#) ur ¢4 Delow as appropriate.)

3. Peaiatric stuaies (e.g., gose-rinaing, pnarmacoxinetic, uoverse
Teaction, acequate and well-controlled for safety ana africacy) snouso
D done aftar approval. Tne arug proouct has some potential ror use
in chiloren, but there is no reason to axpect early wicespreag
peciatric use (because, ror example, alternative Urugs are available
0r the condition is uncommon in cmlann).

a. The applicant has committeg to gdoing such studies as will pe
fequired.

(1) Stuoles are omgoing.
—— (2) Protocols nave been sunmittea ana approvea.
N ¢ ¥ Prof:nu have been submittea and are uncer
review.
(4) ir no protocol nas peen suomitteo, 7n the next
page explain tne status or aiscussions.

/

0. If tha sponsor is not willing to ¢a peciatric siuoies,
attach copies of FUA's written :equett iiat such $iudlus D@
QoNe ana of the sponsor's writtan r8P0N2e tO tnat request.

4. Peciatric stuaies 0o not need to be SNCOUIAGRO L .ause the druy
ProQuct nas little potential for use in chiloren.
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‘V_ 5. if none or the apove apply, expiain,
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NDAs: 20,572 and 20,573

Drugs: Ammonapse tablets and powder .Sodium Phenylbutyrate)
sponsor: Ucyclyd Pharma, Inc.

Date: 4/24/96

In looking through the division file on Friday, April o, to
find the date of my telephone conversation with Dv. Wiech,
President of Ucyclyd, intorming him of the need to perform an
analysis of the safety data tor this drug, 1 noticed a review by
Dr. D. Lee Ham, FDA Division of Oncolcgy, dated 9/30/92. In that
review, she refers to the side effects of sodium phienylacetate
(phenylbutyrate is the pro drug of phenylacetate), as "...mainly
CNS toxicity as irritability, nausea and vomiting, lethargy, coma
and death". I called Dr. Ham on 4/5 to obtain the source of this
information. She faxed to me a published article in Cancer
Regearch 54: 1690-4, April 1, 1994 (enclosec). In this article,
17 patients with advanced solid tumors (9 prostate cancer, 7
brain tumors and 1 mesothelioma) were enrclled in a phase 1 and
pharmacokinetic study of IV phenylacetate. 3 patients received a
150 mg/kg IV bolus of phenylacetate over 2 hrs. Because this
large bolus yielded phenylacetate concentrations above the K,
over the 6 hr. sampling period, suggesting a non-linear nature of
phenylacetate pharmacokinetics), the bolus was reduced to 60
mg/kg over 30 min. Also, the dose escalation was changad from a
fixed schedule (dose levels 1 and 2: 150 and 250 mg/kg/day,
respectively) to a concentration-guided escalation trial (dose
levels 3 and 4, 200 and 400 ug/ml, respectively). In the latter
format, sach patient received a phenylacetate 1V bolus dose of 60
mg/kg over 30 min., 1 week prior to beginning a 14 day continuous
TV infugion of the drug. The patient-specific pharmacokinetic
parameters =stimated from the bolus dose was used to calculate an
.nfusion rate that would maintain the serum phenylacetate
concentration at the targeted level during the 14 day infusion.
No toxicity was associated with bolus administration of the drug.
The highest peak serum concentrations were measured after the 150
mg/kg bolus over 2 hrs.: 533 + 94 ug,/ml. In the following table,
1 list the phenylacetate (PA) and phenylacetyglutamine (PAG)
concen: rations (mean + SD) per dose level during continuous IV
infusion:

Roge level PA Dose (myg/ka/day) PA. (ua/ml)

1 150 49+19 90134
2 250 104440 150463
3 266+40 178+85 1882455
4 374455 397+244 306451

lthough the serum phenylacetate concentrations at dose
levels 3 and 4 are near their target levels (400 ug/ml), the
large standard deviations reflect the inability to maintain serum
phenylacetate within the desired range, even when using adaptive
control with feedback.

The authcra also state that in some patients treated at dose
leveis 1 and 2, thare was a tendency for serum phenylacetate
concentratinn to decrease over time, such that therc was a 23%
mean decline in corcentration from day 2 to day 11 of continuous



IV arug infusion.

With regard to clearance, PA was rapidly converted to PAS.
In the 3 patients who received an IV belus of 150 my/kg over I
hrs., the peak serum concentration ot PAG was 224481 ug/ml,
325272 min. post-infusion. After the 60 myg/kg bolus, the peak
serum PAG concentration was 104+33 ug/ml at 86«33 min.

The article states: "Drug-related toxicity was clearly
related to the serum phenylacetate concentrration. Threse episodes
of CN§ toxieity, limited to confusion and lethargy and oftaen
preceeded by emesis, occurred in patients treated at dose levels
3 and 4. They weare asso-iated with drug concentrations of 906,
1044 and 1205 ug/ml (1078 3 192 ug/ml), respe-tively. Symptoms
resolved within 18 hrs. of terminating the dru, infusion in all
instances." The article states in the discussion section:
"Phenylacetate serum concentrations in excess of 900 ug/ml were
typically asgociated with CNS toxicity". It further states that
"...the slightest error in the estimation of individual
pharmacokinetics or in the rate of drug infusion results in large
changes in drug concentration". However, the article atates thar
intermictent drug infusion would allow some drug wash-ouc to
occur, thereby minimizing drug accumulation.

St T ermecd
Jean Temeck, M.D.
cc. HFD-510: Dr. Sobel, Dr. Troendle, Dr. Jordan and Mr. Short

HFD-427: Dr. Ahn T
)ﬁ/*“‘..zz/;;—%
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NDAg: 20,572 and 20,573 Drugs: Buphenyl tablets and powder
Sponsor: Ucyclyd Pharma, Inc. Date: $/6/96

Buphenyl powder was approved on 4/30/36. In reviewing the
approval letter sent to the sponsor on 4/30 and the revised
labeling sent in by the sponsor on 4/30, it appears that several
changes were not made. In addition, there are several minor
errors in the label faxed by the sponsor to FDA on 4/30. I will
summarize all remaining corrections here:

Bubienvy.s POWQE Phvaliclan PacKdge W-L 4
1, CLINICAL PHARMACOLOGY section, Pharmacodynamics
aubsaction:

ravise the second sentence to read: "lt increases waste
nitrogen excretion in the form of pihenylacetylglutamine."

2. INDICATIONS AND USAGE section:

revise the second sentence to read: "It is indicated 1in
all neonatal-onset deficiency patients (complete enzymatic
deficiency, presenting within the first 28 days of life) and,
also, in patients with late-onset oisease (partial enzymatic
deficiency, presenting after the first month of life) who have a
history of hyperammonemic encephalopathy." Note: in reviewing
the label with Dr. Bilatad on the evening of 4/30, he atated he
preferred this wording to the current one,

revise the beginning of the first sentence in the fifth
paragraph to read: "In late-onset deficiency patienta, including
females heterozygous for ornithine transcarbamylase deficiency,
who develop..."

insert a new penultimate paragraph that reads: "On
therapy, acute hyperammonemic encephalopathy recurred in the
maijority of patiencts for whom the drug is indicated."

at the erd of the lndications and Usage section, add:
" (See CLINICAL PHARMACOLOGY, Pharmacodynamics section for the
biochemical effects of Buphenyl)."

3. PRECAUTIONS section, General subsection:
first sentence: omit the letter "s" from "component"
third sentence: Dr. Bilstad requested that Dr. Jordan
insert the duses of phenylacetate administered to the animals.

4. ADVERSE REACTIONS section, Clinical Adverse events
subgection:
at the end of the third sentence in the introductory
paragraph, delete ", or both"
sentence 7 should preceed sentence 6
regarding the last paragraph in .his subsection:
revise the first sentence to read: "Neurotoxicity
was reported in cancer patients recejving intravenous
phenylacerate, 125-150 mg/kg/dose, administered as 1 one hour
infusion, bid, for 14 consecutive days, with therapy repeated at
four week intervals.'
after the second sertence, add: "These adverse
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events were mainly mild in severity."

5. DOSAGE AND ADMINISTRATION section:
The sentence which rends: "Shake lightly before use"
shoild be placed after the sentence: "Acidic beverages are to be
avoided."
Nutritional Management subsection, second paradgraph,t..i ‘e,
e .. . tourth sentence: "1/7" should be corrected to "1.7" ~Awh>‘F,m
LA A B 2

1. What is the most important information I should know
about BRuphenyl?

second paragraph, replace "...these medications..."
with "...this medication..."

2. What other medical conditionsa may also be pregent that
could ‘increase the risk of taking Buphenyl?
in the last sentence, replace ",..your doctor..." with
",..the doctor..." .

3. How should I or my child vake Buphenyl?
Make the sentence: "If in a liquid, shake lightly
bafore use", the last sentence of the firat paragraph in this

section,
4. Replace "...taking Buphenyl?" in the heading of the next
section to "...on Buphenyl?"
5, What medications may affect the way the body breaks down
the drug?
replace “. ., your doctor..." with "...the doctor..."

In addition to the above comments to be conveyed to the
sponaor, a copy of my guideline for the determination of
clinically significant abnormal hematologic and serum chemistry
valuas, should be conveyed to the sponsor if Dr. Sobel and Dr.
Troendle agree with the proposec guideline. The sponsor can then
use this guideline to calculate the frequency of these laboratory
adverse events in future gubmissions. Since I have made slight
modifications in the guideline regarding serum total protein and
albumin, I will reiterate the entire guideline here as the one to
be sent to the sponsor (note: ULN« upper limit of normal):

4 ALl a0k =€ i hamn 4 \nd _Hematg lod -
Sodium (meq/L) T < 132 > 150
Potassium (meq/L) < 3.2 > 6.1
Chloride (meg/L) > 110
Co, (meg/L) 5 18 » 30
Glucose (mg/dl) < 45 > 120 (fasting)
Uric acid (mg/dl) 2 9.0



Calcium (mg/dl) 11.5

|'w

Phosphorous (mg/dl) « 3.0 if < 18 yrs, = 7.0 at any ayge
< 2.5 if > 18 yrs,
Total »rotein (g/dl) < 4.3 if £ 3 mos.
= 5.2 if 1 yr.
e 5.6 1f > 1 yr.
Albumin (g/dl) < 3.0 if < 3 mos.
< 3.5 if » 1 yr.
Cholesterol (mg/dl) > 300
Total bilirubin (mg/dl) 2 2.0
Alkaline Phosphatase » 3 x ULN for age
SGOT and SGPT > 3 x ULN
Hgb (g/dl) /Hct (%):
infant e 9/ « 27
1-12 yrs. €9.5/<30
12-18 yrs. £9.5/232
adult male £11.5/<37
adult female €9.5/<32
Total white blood count ¢ 4,000 . » 15,000
(cells/mm’)
Platelets , « 100,000 2 606,000
(callm/mm®)

The sponsor should elso revise his reference range for total
protein and albumin, Normal serum total protein for ages 0-3 mos.
is 4.5-7.0 g/dl, for 1 yr.: 5.4-7.5 g/dl and for > 4 yr.-18 yrs.
is 5.9-8.0 g/dl. Normal serum albumin for ages 0-3 mos. is 3.2-
4.8 g/dl, for 1 yr.: 3.7-5.7 g/dl and for > 4 yr.- 18 yrs. is
3.8-5.4 g/dl (source: Lange's Current Pediatrlc Diagnoals apd

, 11th edition, 1993). The normal reference range for
alkaline phosphatase is age dependeant and may be found in any
standard pediatric textbook such as Lange’'s noted above or
Nelson's Textbook of Pediatrics. The sponsor has requested that I
check the normal reference range for amylase. Again, any standard
textbook of pediatrics and medicine contains this information.
Par Lanje's reference, it is undectable in the newborn and,
between 2-12 mos. of age, it slowly increases to adult levels
which are 28-108 IU/L.

Also, Mr. Short will telephone the sponsor to inform him
that it is acceptable to us if he wishes to do a phase IV safety
study (mee aponsor's 4/9/96 fax, attached).

Note: Both a telephone conversation I had with Dr. Brusilow
on 4/26/96 and NDA 20,573, vol., 1.6, pp. 050009, were the sources
for the recommended daily dietary protein intake at the suggested
doses of Buphenyl in the DOSAGE AND ADMINISTRATION mection,
Nutritional Management subsection. Specifically, Dr. Brusilow
stated that per the protocol, at the dose of sodium
phenylbutyrate recommended, the suggested daily dietary protein
intake from birth to 4 mos. of age 1s 1.6 g/kg/day and, if
tolerated, may be increased to 1.9 g/kg/day. For 4-12 mos., the
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~ecommended daily dietary protein intake is 1.4 g/kg/day but 1.7
g/kg/day is advisable. From 12 mos.-3 yrg,, the recommended daily
dietary protein intake is 1.2 g/kg/day, but 1.4 g/kg/day is
advisable In addition, Dr. Brusilow recommends that patients
with neonatal-onset CPS and OTC deficiency who are at least 6
mos. of age, receive a daily protein intake which is equally
divided between natural protein and supplemental essential amino
acids. He also statad that for nutritional management, the
neonatal-onset ASD patients should be grcuped with the partial
deficiency patients.
Also, ultimately, the intent is a single label for both the
Buphenyl tablets and powder. . '
-EJ—;Ixaaanmﬁng:iD
ean Temeck, M.D.
ce. HFD-510: Dr. Sobel, Dr. Troendle, Dr. Jordan, Dr. Moore, Dr.

Markofsky and Mr. Short , y
N o

‘L.;_-! '1" f‘é'
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NDAs: 20,572 and 20,573 Dates submitted::/4, 3/8, 4/8, 4/¢
Drugs: Ammonapse tablets 4/11, 4/15, 4/22 and fax 4/25/96
and powder Dates received:3/6, 3/11, 4/9, 4/12

4/15, 4/22 and fax 4/25/96

Sponsor: Ucyclyd Pharma Date reviewed: 4/25/96

1. Revised Physician Labeling Submitted 3/4/96:
a. DESCRIPTION section:
Remove the word "Tributyrate" from the first
sentenze (done by sponsor ir 4/8/96 label).

b. CLINICAL PHARMACOLOGY section, Pharmacokinetics

subsection: 7
"Excretion" - place a comma after the word

"product”" in the first sentence.
7 "Special Populations: Gender" - place a comma
after "parameters" in the second sentence.

¢, INDICATIONS AND USaue section:
Make sentence 6 a separate paragraph.

d. NUTRITIONAL MANAGEMENT section:
See comments under "Ammonapse Powder". This

section should be identical to that £5i” tne powder.

e. PRECAUTIONS section: ,
I would appreciate Dr. Troendle’'s opinien
regarding inclusion of the following sentence

a. DESCRIPTION section:
First sentence: remove the word "Tributyrate"
from the first sentence(vase by ipmen v oy isel)
Second sentence: place the word "salty" after
“strong".

b. CLINICAL PHARMACOLOGY section:
: Replace "which" with "that" in the second
sentence,
Pharmacokinetics subsection:
"Disposition" -
second sentence, replace: "However,
it was found that the drug is metabolized..." with: "However,
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the drug is known to be metabolized..."
third sentence, replace "found"

with “"detected"

"Excretion" and “Special Populations:
Ceander"- aame commentsg as for tablets

"Special Populations: Hepatic
Insufficiency"- first sentence: replace “was" with "were"; seccnd
sentence: place a comma afeter "unvalidated".

c. INDICATIONS AND USAGE gection:

See comment above for the tablets. In
addition, omit the word "Powder" in the firat sentence. The
fourth and fifth sentences were made a separate paragraph in the
4/8 label, therefore, we do not have to regquest this. Omit the
comma after the word "transplantation" in the last sentence of
this section.

d. NUTRITIONAL MANAGEMENT section:

The draft labelings submitted by the
sponsor on 2/15/95%, 1/6/96 and 3/4/96 contain differing
statements regarding daily dietary protein intake., The latest
version is non-specific. However, the NDA is very clear regarding
the amount of dietary protein a patient can tolerate at the
recommended dose of Ammonapse basad on the specific enzyme
uaficiency present, its time of onset, and the patient’a age,
This informatinn is contained in the February 15, 1995
submission, volume 6, page 050009. Therefcre, this information
should be included in this section.

e. CONTRAINDICATIONS SECTION:
Omit the word "Powder".

f. WARNINGS section:
Omit the word "Powder" from sentence 2.

-

g. PRECAUTIONS section:
Omit the word "Powder" after Ammonapse

in all instances where this occurs (four places).

"General"- first sentence, replace
“...or any of its components." with: ".. or any component of this
preparation." Second sentence, replace "hyperammonemic" with
"hyperammonemia® .

"Information for Patients"- replace "ir"
with "is" (done by sponsor in 4/8 label).

Also, see comment above under "Tablets".

L. DOSAGE AND ADMINISTRATION section:
Regarding frequency of administration
(sentence 3), it is not clear why the sponsor changed the
freaquency of dosing with the powder from "three to e#ix times per
day" to "four to 81X times per day". Flease clarify the
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instructions given by the Principal Investigator regarding
frequency of dosing with the powder.

Should include a statement that the
powder requires mixing (should be mixed) with milk/formula or
food (this was done in the 4/8 label).

2. Patient Package Insert:
I recommen.d we add the follouwing statements:
"What 1s the most important information I should
know about Ammonapse?"
Add to the end of the first sentence: "...who
have symptoms of the disease (see below) in association with an
elevated blood ammonia level.®

"Wwhat are urea cycle disorders?"

Bold the typical signs of the disease. After
the sentence which »egins: "The diagnosis...", add, in bold:
"“These typical signs of the disease may recur after the diagnosis
is made if your condition is not under control. If they do,
notify your doctor immediately because this is a medical
smergency. You should be awire that infection can cause your
condition to go out of control. Therefore, if you develop a
fever, see your doctor immediately."

Add the following sentance as a new paragraph
to this section and bold it: *"If you are a patient or carrier of
these disorders, you should wear a Madic alert tag stating your
diagnosis. In the event that you have a sudden, rapid
accumulation of ammonia in your blood, and hence, in your brain,
rendering you unconscious, this will alert dectors to treat you
appropriately and aggressively to help prevent devastating
consequences.

"What is Ammonapse?":

"Ammonapse is a drug that helps to prevent
ammonia from accumulating in the blocd. Ammonapse aids the body
in eliminating substances that produce ammonia. However, for
various reasons, despite drug treatment, blood ammonia levels may
become periodically elevated and there may be episodes of altered
brain function in association with these ammonia elevations. This
is why patients with urea cycle defects may be retarded; many in
the newborn period are severely retarded. The full benefits of
the drug in patients with disease onset after the first month of
life have not vet been completely defined. Ammonapse may be used
as life-long therapy or as a temporizing measure until liver
transplantation is pearformed."

"How should I or my child take Ammonapse?"
Revise the fifth sentence of the first
paragreph to read: "If powder is used, dilute it in infant
formula, milk or food such as pudding." Add: "Shake lightly
before use."
Revise the last sentence of the second
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paragraph: replace the word "and" after ammonia with a comma;
after the word "levels" add: "and plasma levels of Ammonapse and
its breakdown products'; add an "s" to the word "test" and add:
"and side effects" to the end of this sentence.

Revise the section entitled: "What medications
shoulu [ or my child aveid while taking Ammonapse?" to read:
"what medications should 1 or my child aveid or be cautious ot
taking while on Ammonapse?" Add the following sentence to this
grction: "Steroids may breakdown body protein and, thereby,
increase blood ammonia levels. Consulr your doctor before taking
medications containing steroids."

"What are the most common side effects of
Ammonapse?"
Revise the incidence of decreased appetite to
4% and omit the next sentence. After the sentence pertaining to
decreased appetite, add: "Body odor and bad taste/taste aversion
were each reported in 3% of all people treated. "

3. Bafety Update:

The safety update submitted on 3/8/96, covers the
period after submission of the NDA to 2/21/96. Since the NDA was
filed, 46 patients have been enrolled (19 rescue, 2 prospective,
8 late-onset CPS def. and late-cnset OTC males and 17 OTCF). Of
these, 31 patients are evaluable (i.e., at least 1 case report
form has been returned). In addition, 4 patients previously
reported as unevaluable in the NDA, are now evaluable because
follow-up information has baen received., Therefore, there are now
an additional 35 patien who are evaluable (14 reggue: 6 OTC, 1
CPS and 7 AS; 2 prospective: 1 CPS and 1 AS; 5 late-onset: 4 OTC
and 1 CPS; 14 OTCF). Of these 35 evaluable patients, 19 are
female and 16 are male; and the majority (30/35) are < 12 yrs. of
age.

To date, 206 patients with UTID have been enrolled (160
patients in the NDA- note: this number excludes patient #'s 295
and #56% whose records could not be found during FDA’'s audit- and
46 patients since the NDA was filed). Of these 206 patients, 183
are evaluable (148 in the NDA and 35 in the update). The 183
evaluable patients are classified as follows: 72 rescue (25 OTC,
13 CPS and 34 AS), 14 prospective (4 OTC, 5 CPS and 5 AS); 29
late-onset (25 OTC and 4 CPS) and 68 OTCF.

Note: The sponsor states that patient # 594 was
misclassified as an OTCF when, in fact, she has late-onset CPS
deficiency. Also, patients #'s 575 and 576 were accidentally
reversed {(they are mother and daughter and are both OTCF
heterozygotes) .

2 additional deaths have occurred since submission of
the NDA: patients 391 and 706, both OTC rescue patients. The
cause of death in the former patient is not known but appears to
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have been due to a cevere viral infection (though not proven;.
This patient (# 391 presented with fever and lethargy which
progessed rapidly to multiorgan shutdown with acute renal
failure, ™™7 and ARDS. Bacterial cultures were negative and blood
ammonia levels were normal. An autopsy was refused by the
parents. Patient # 706 died of hyperammonemic encephalopathy.

Therefore, of a total of 206 patients enrolled, there
have been 17 deaths (17/206= B% total mortality). The breakdown
by enzyme deficiency is:

Reacue: CPS- 3/14« 21%, AS- 4/40= 10%, OTC- 8/27= 30%

Overall mortality for rescue patients: 15/81=19%

Prospective: 0/15= 0%

Late-onset CPS deficiency (male and famale) and late-
onset OTC males: 1/35= 3%

OTCF heterozygotes: 1/75= 1%

There have been 12 additional withdrawals (12/206= 6%) .
The breakdown by enzyme deficiency is:
Regcue: CPS- the additional patient withdrew for liver
transplant. 7
AS- the additional patients withdrew for: liver
transplant- 1 patient; upset stomach and lethargy- 2 patients,
one of whom also had "trembling"; formula containing
phenylbutyrate rejected- 1 patient, moved out-of-state- 1
patient,
OTC- the additional patient withdrew for liver
transplant.
Brospective: the additionsl patient withdrew for liver
cransplant.
the

additional patlent w;thdrew for llver tranlplant
the additional patients withdrew

for: difficulty taking medication- 1 patient; non-compliance with
medication- 1 patient; increased vomiting, behavioral problems
and fluctuating ammonia levels- 1 patient.

The total number of withdrawals (NDA + update) for each
group now is: .

Rescue: CPS- 2/14s 14%, AS- 9/40= 23%, OTC- 5/27= 19%

(total withdrawal rate for rescue: 16/81~ 20%)

Prospective: 5/15= 33%

Late-onset CPS def. and late-onset OTC males: 6/35= 17%

OTCF: 11/75= 15%

i . (note: coma will be
reported under "Frequency of Hyperammonemic Episodes"; pts. =
patients, total n in NDA= 160 pts., total n in NDA + updates 206
pts., CP= cerebral palsy, SD= spastic diplegia, SQ= spastic
quadriplegia, behav. chg.= behavior change, amen./menst. dysfn.=
amenorrhea/menstrual dysfunction, RTA= renal tubular acidosis)

Adverse Event  Hpte.(¥M)in NDA  #pts.in Update #pts. (yigotal
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Hdver,. v vvf

g s JLR A .
Neurological:® 12 (LN Y1 nlhpd Hpts CLH., )
Seizures 10 (6%) 0 0 (5%,
Cp/SD/SQ Lo14%) 2 8 (4%)
Hyperactive 4 (3%) 3 7 (3%)
Hostility/Behav Chg. 5 (3%) 2. 7 03%)
Speech disovder 1 (1%) 6 7 i3%)
Hypotonia 5 {3%) 0 5 (2%)
Hypertonia 5 (3%) 0 5 (2%)
Poor Motor co-ord. 0 3 3 (1%)
Syncope 2 (1%) 0 2 {l¥%)
Headache 1 (1%) 1 2 (1%)

a= I suspect the frequency of the above neurological signs and
symptoms are vastly underrated in these patients as the majority
present were most likely regarded as indicative of the patients’
underlying disease and not due to drug. I agree with this
agsessment .

In addition to the above, 1 patient each reported the following
neurological signs and syrptoms ag adverse events: lethargy,
anxiety, confusion/disorientation and dizziness.

The majority (37/52= 71%) of the more serious neurological
adverse events (n= 52 adverse events: seizures, cerebral
palsy/spastic diplegia/spastic quadriplegia, hyperactivity,
hostility/behavior change, speech disorder, hypotonia, hypertonia
and poor motor coordination), occurred in neonatal-onset disease
(rescue and prospectively treated patients). However, the less
serious neurological adverse events (syncope, headache, lethargy,
anxiety, confusion/disorientation and dizziness) occurred
predominately (7/8= 88%) in late-onset patients (includes OTCF
hets) .

Psychiatric: ’ ' I
Depression 2 (1%) 0 2 (1%)
Endocrine:

Amen./menct .dysfn.® 9 (9/38= 24%) 1 10 (10/43=23%

L= based on number of females of menstruating age (» 12 yrs.)

Gastrointestinal:

decreased appetite 7 (4%) 2 9 (4%)
vomiting 1 (1%) 3 4 (2%)
abdominal pain 1 (1%) 2 3 (1%)
gastritis 1 (1%) 2 3 (1%)
nausea 1 (1%) 1 2 (1%)
peptic ulcer dis. 1 (1%) 0 1 (¢ 1%)
pancreatitis 1 (1%) 0 1 (< 1%)
constipation 0 1 1l (< 1%)
rectal bleeding 0 1 1 (< 1%)
Hematologic:

aplastic anemia 1 (1%) 0 1 (e 1%)




7

,‘}c/lho‘“ (o w“m
ﬂl”‘ .:,_Lf[:-ig" ‘*,rf( (7:-'){ Jfr‘i{

leukopenia 3 (3/91= 13%) 0 3 (3/115« 3%)
neutropenia 0 1 1 (< 1%)
ecchymoses 1 (1% 0 1 (< 1%)
Cardiovaacular:

Arrhythmia 0 1 1 (s 1%)
Renal:

Renal tubular acidosis 2 {1%) 0 2 (1%)
8kin:s

Rash 2 (1%) 0 2 (1%)
Miscellaneous:

Body odor 0 7 7 (3%)
bad taste/taste aversion 4 (3%) 2 6 (3%)
waeight gailn 3 (2y%) 1 4 (2%)
edema 0 1 1 (<« 1%)

Pursuant to my telephone conversation with Dr. Wiech on
4/10/9¢, 1 received on 4/11 (amendment 96013) anarratives for the
patients listed in the sponsor’'s cover letter. These narratives
add no additional information to the AEs reported for the
patients listed.

Regarding serum chemistry and hematology values,

the following means were abnormal in the update:

1. SGOT: mean 57 IU/L in rescue and prospectively
treated patients

2. Hemoglobin: means of 11.8 g/dl and 11.4 g/dl in
rescue and prospectively treated patients < 18 yrs. of age and
OTCL males < 18 yrs. of age, respectively.
3. Chloride: mean 106 mmol/L in OTCL males < 18

yrs., of age.

1 developed the following guideline to determine
"clinically significant chemistry and hematoldgy abnormalities":
Serum sodium: < 132 meq/L or 2> 150 meq/L
Serum K*: < 3.2 meq/L or > 6.1 meq/L
Serum chloride: > 110 meq/L
Serum CO,: g 18 meq/L or > 30 meq/L
Serum glucose: < 45 mg/dl, fasting: »120mg/dl
Serum uric acid: 2 9 mg/dl
Serum calcium: > 11.5 mg/dl
Serum phosphorous: < 3.0 mg/dl if < 18 yrs.
< 2.5 mg/dl if > 18 yrs.
> 7.0 mg/dl, any age
Serum total protein: g 4.3 g/dl if < 1 yr.
< 5.6 g/dl if > 1 yr.
=)

Serum albumin: ¢ 3.3 g/dl if < 1 yr.



< 3.% g/dl if = 1 yr.
Serum cholesterol: > 300 mg/dl
Serum total bilirubin: > 2 mg/dl
Serum alkaline phosphatase: 2 3x ULN
Serum SGOT and SGPT: > 3x ULN
Hgb (g/dl) /Heti%): infant . « 9/: 27
child (1-12 yrs.}- g 9.5/< 30
12-18 yrs.- ¢ 9.5/¢ 32
adult male- ¢ 11.5/¢ 37
adult female- ¢ 9.5/< 32
WBC: » 15,000 or < 4,000 cells/mm’
Platelets: < 100,000 or » 600,000 cells/mm'
Note: I changed the guideline for the following
labs because I regarded the cut-off I used in my NDA review as
too low: a). serum sodium: "clinically significant increase’
changed from » 148 meq/L to > 150 meq/L b). "clinically
significant aciaosis" changed from ¢ 16 meg/L to g 18 meq/L <c).
"clinically significant increased wbc" changed from > 11,000 to »
15,000 cells/mm’.
Based on the above guideline, the frequency of
"elinically significant" laboratory adverse events (note: inc.=
increased, dec.= decreased) were as follows (note: patient # 295
was excluded as his record could not be found during FDA's

audit) :

Inc. Sodium 1/119s 1% 0 1/156= 1%
Dec. potassium 0 1 1/156= 1%
Inc. chloride 7/116= 6% 4 11/155« 7%
Acidosis 14/104= 13% 5 19/140= 14%
Alkalosis 5/104= 5% 5 10/140= 7%
Inc. uric acid 3/105= 3% o 3/139= 2%
Dec. phosphorous 7/107= 7% 2 9/142= 6%
Inc. phosphorous 2/107= 2% 1 3/142« 2%
Dec. tot. protein 3/112= 3% 1 4/147= 3%
Dec. albumin 9/114= 8% 7 16/149= 11%
Inc tot. bili, 2/110= 2% 0 2/147= 1%
Inc. alk. phos. 6/113= 5% 2 8/144= 6%
Inc. SGOT 3/113« 3% 3 6/153= 4%
Inc. SGPT 4/100= 4% 1 5/136= 4%
Dec. Hgb/Hct. 8/104= 8% 5 13/148= 9%
Dec. total WBC 3/90= 3% 2 5/114= 4%
Inc. total WBC 2/90= 2% 2 4/114= 4%
Dec. platelet ct. 1/96= 1% 3 4/138= 3%
Inc. platelet ct. 2/96e 2% 0 2/138= 1%

Per the 4/9/96 update, the following abnormalities
were reported for the urinalyses that were done since the NDA was
submitted:




L Ck lrhies:
a. Protein (trace or higher) was reporred 1in
25/78 patientsa 32%. In 16 pts., proteln wds trace.
b. Glucose (trace or higher) was reported in
10/92 pts.= 11%.
¢. Ketones (trace or higher) was reported in
14/50 pts.= 16% (kecones were trace in 8 pts.).
d. Blood was reported in 14/91 pts.s 15%.
e. Bilirubin was reported in 1/85 pts = 1%.
f. Urobilinogen was reported in 8/57 pts.~
14%.
bnormalities;
6/90 pts.= 7% had urine pH'e » 8.5

8/60 pts.= 13% with + leukocyte esterase
. 211 .

a. WBCs: 11/60 pts.= 18% had > 5 wbcs/HPF

b. RBCe: 15/56 pts.= 27% had > 2 rbcs/HPY

¢, Casts: were present in 4/37 pts.= 11%,

d. Crystals (excluaing amorphous crystals):
were present in 7/40 pts.= 18%. These included triple phosphate
and calcium oxalate crystals and urates.

The clinical significance of the above
abnormalities cannot be determined as pertinent medical history,
physical exam findings and relevant ancillary laboratory test
(e.g. urine culture) results were not provided.

The following means were abnormal for the
egsential amino acids:

Mean plasma citrulline was markedly increased
in AS def. patients: mean 2828 umol/L (normal: 10-34 umol/L). It
was also increased to a lesser degrea in these other groups: OTCL
males > 18 yrs. old with a mean of 81 umol/L; rescue/prospective
(R/P) OTC and CPS def. pts. with a mean of 38 umol/L; OTCL males
< 18 yr. old with a mean of 40 umel/L and OTCF > 18 yrs. old with
a mean of 39 umol/L. .

Mean plasma arginine was increased in
rescue/prospectively treated patients with a mean of 171 umol/L
{(normal: 15-115 umol/L).

Mean plasma levels of the following non-essential
amino acids were abnormal:

a. cysteine was the only amino acid whose mean
plasma level was below normal (normal: 44-96 umol/L) . This was
the case for rescue/prospective pts. (mean: 38 umol/L), OTCL
males < 18 yrs. (mean: 31 umol/L), OTCF < 18 yrs. (mean: 39
umol/L) and OTCF » 18 yrs. (mean: 37 umol/L).

b. mean plasma levels for the following non-
esgsential amino acids were increased:

-taurine (normal: 10-86 umol/L): R/P with a
mear, of 88 and OTCL males < 18 yrs. with a mean of 120 umol/L.
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-glutamic acid (normal: 1 8% umol/L): R. i
with a mean of 101 and OTCL males (mean for pts.< 18 yrs.: 8Y and
- l18yrs.: 86 umol/L)

-glutamine (normal: 337-673 umol/L): elevated
in all gps.: R/P mean of €80, OTCL males means of 676 (< 1l8BYrs.
old) and 863 (> 18 yrs. old), OTCF means 1059 (<« 18 yrs. old) and
989 (> 18 yrs. old) umol/L.

-alanine (normal: 136-440 umol/L): elevated
in all groups: R/P with a mean of 550, OTCL males means of 657 .«
18 yrs. old) and 66% (> 18 yrs. old), OTCF means 829 (<« 18 yrs.
old) and 784 umol/L (> 18 yrs. old).

-glycine (normal: 87-323 umol/L): elevated in
OTCL males < 18 yrs. mean 398, OTCF <« 18 yrs.: mean 424 and OTCF
» 18 yrs. mean 366 umol/L.

Per Dr. Brusilow, plasma glutamine should be
maintainad at levels below 1,000 umol/L to promote growth and
development. The # and % of patients with glutemine levels above
this cut-off follows for each categcry:

Rescue/Prospective: 20/75= 27%

CPSL: 3/4« 75%

OTCL males: 9/21= 41%

OTCF: 49/61= BOY%

Overall, B81/161 patienta or 50% had plasma
glutamine levels > 1,000 umol/L,

*he frequency of hype*ammgnemlc episcdes was
updated in the 4/8/96 submission:

Of the 173 patients for which case report
forms have been received, 51 patients (29%) have had no
hyperammonemic episodes while receiving sodium phenylbutyrate.
The breakdown by diagnostic category follows: rescue- 11 pts.,
prospectively treated- 4 pta., late-onset (excluding OTCF hets) -
11 pts. and OTCF hets- 25 pts.

The annualized rate of HA episodes follows
for each diagnostic category along with the mean duration of
phenylbutvrate treatment:

Diagpostic catedory m:u_ﬂ_ua_spm_,,

Rescue 1. 2.93 yrs.
Prospective 1.73 2.89
Late-onget 0.37 2.79
OTCF hets 0.05 3.59

Without a baseline, no statement can be made regarding the
impact of phenylbutyrate on the frequency of hyperammonemia.
Alsp, it is important to document compliance with the therapy so
an effect ascribed to the drug is valiu.

e

Updated IQ data was submitted on 4/15/96. Tne sponsor
states that the majority of parents refused IQ testing in their
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ahildren). The additional cases were [Q was tormally tested will
be presented here:
Rescue:

CPSR- # 638: avg. (average, IQ 92) to SR (severely
rerarded, functioning at 9 mo. Jevel at age 3 yrs. 8 mos.!
# 146: avg. (IQ 92) to LA (low average, IQ

BO)
ASR- # 105: no change in 1Q of 56= MR (mentally
ratarded)
# 510: SR
# 650: avg. (cognitive skills "age

appropriate") to SR (IQ 40).
# 610: remains in LA category
OTCR- # 439 SR, # 549 MR and #352 MR
Prospective:
no new information in update
Late-onset CPS and OTC males:
CPSL # 594: low average
OTCL: # 607: LA, # 485 avg. and # 723 MR
OTCF hets:
# 498: remains MR
# 207: SR
# 551: MR (IQ 69) to LA (IQ 74)
# 636: remains avg.

AP
Rescue:
CPSR: IQ n= 7 pts. (0 avg., 3 LA, 1 MR & 3 SR)

Therefore, by IQ testing, 3/7 CPSR pte or
43% tested in the LA range and 4/7 CPSR pts. or 57% tested in the
retarded range.

IQ + narrative: n= 9 pts. (2 avg., 3 LA, 1
MR & 3 SR). "Narrative" is a description of a patient’'s cognitive
abilities when tormal IQ testing was not done. These narratives
were provided by the sponsor onl‘ for patients who received no
antecedent therapy. Hence, they recsived orly sodium
phenylbutyrate therapy. Therefore, the narratives were provided
for only a fraction of the patierts enrolled, Combining both IQ
and narrative, 5/9 CPSR pts. or 56% tested in the avg. to LA .
range and 4/9 CPSR pts. or 44% tested in the retarded range,

ASR: IQ n= 17 pts. (0 avg., 2 LA, 3 MR and 12
SR). Therefore, by IQ testing in ASR pts., 2/17 or 12% tested in
the LA range and 15/17 or 88% in the retarded range. IQ +
narrative for ASR: same as IQ because no narratives provided for
ASR pts.

OTCR: IQ n= 14, all of whom tested in the MR (n=
3) or SR ranges (n= 11). IQ + narrative: 2 avg, 3 MR and 11 SR:
2/16 or 12% pts. tested avg. and 14,/16 or B88% tested retarded,

Prospective:

CPSP: IQ n» 1 (LA); ASP: IQ nel (MR); OTCP: IQ
n=¢ (1 avg. and 1 MR). Narratives are provided for 2 additional
pPts.: # 570 (LA) and # 625 (avg.).

Late-onset CPS def. and OTC males:
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CPSL: IQ n= 2 (both LA). No narratives provi‘led.

OTCL males: IQ -~ 10 (2 avg., 2 LA, 2 MR and 3
SR) . Therefore, by 1Q testing in OTCL males, 5/10 or 50% pts.
rested in the avg. to LA range and 50% in the retarded range. 17
+ narrative for OTCL males: ne« 17 pts. 11/17 or 65% tested in
the avg. to LA range and ¢/17 or 353% tested in the relarded
range.

OTCF hets:

14 OTCF hets were IQ tested. Of these, 9%/34 or
26% tested avg., 14/34 or 41% tested LA, 5/34 or 15% tested MR
and 6/34 or 18% tested SR.

IQ + narrative was available for 41 patients. Of
these, 14/41 or 34% tested avg., 15/41 or 37V tested LA, 6/41 or
15% tested MR and 6/41 or 15% tested SR.

'!'v.,!és‘ _
was performed in 24 patients (NDA + update). Note: I excluded
patient # 295 as his record could not be found during FDA's
audit. I added pt. # 638, Of these 24 patients, 7 initially
tested as SR. Since further cognitive deterioration could not
occur in these patients, they were cxcluded from the analysis
which calculated the number (%) of patients in which cognitive
deterioration occurred (3 10 point decrease in IQ score between
test 1 and test 2):
Rescue:
CPSR: of 3 pts. with repeat testing, IQ
sigrificantly decreased in all.
ASR: 1/3 pts., IQ significantly
decreased
OTCR: no significant IQ deterioration
occurred in the 1 pt. who underwent repeat testing.
Therefore, among rescue pts., a
significant deterioration in IQ occurred in 4/7 pts. or 57%
during phenylbutyrate therapy.
Prospective:
no repeat testing done during PB
therapy.
Late-onset CPS def. and OTCL males:
CPSL: no significant IQ deterioration in
the ! pt. who underwent repeat testing.
OTCL males: no patient who was not SR
underwent rupeat testing.
OTCF hets:
of 9 patients, 5 or 56% demonstrated a
significant deterioration in IQ on repeat testing.

Plasma ammonia levels were gsubmitted since the NDA was
subm.tted through 2/21/96. Data was presented for 85 patients in
whom their were 281 ammonia measur:ments. 45 pts. (53%' has at
least 1 measurement chat exceeded the upper limit of the normal
(ULN' range for the laboratory in which the ammonia level was



measured,

All the ammonia levels were divided by the ULN for thar
laboratory and multipled by 100% yielding a percent of the upper
limit ot *%“= normal range.

Enzyme, defiqiency # (v ople. with mean anmonia level
watpdn the pormal range
Rescue: CPS 4/7  (57%)
AS 7/16 (44%)
oTC 4/5 (80%)
Prosp. CPS a/2 ( 0%)
AS 1/2 (50%)
oTC 0/1 { 0%
Late-onset: CPS 2/3 (67%)
OTC males R/G {B9%)
OTCF hets 23/40 (58%)
‘ evel

Rescue: CPS 3/ (43%)
AS 11/16 (69%)
oTc 3/5 {60%)
Prcsp: CPS 2/2 (100%)
AS 1/2 (50%)
oTC 1/1 (100%)
Late-ons«t:; CPS 1/3 (33%)
OTC males 2/9 {22%)
OTCF hets 24/40 (80%)

Comment : late-onser CPS and OTC males was the group with the
highest percentage of patients with normal mean ammonia levels
and also, the group that had the lowest percentage of patients
with at least one high ammonia level. Incidentally, this was also
the group that had the lowest frequency of hyperammonemia
episodes. However, unless baseline ammonia levels are availarle
for comparison, and compliance witn the therapy is documented, a
definitive statement cannot be made regarding the effect of
therapy on ammonia levels.

4. Resolution of discrepancies in causality assessment of
advaerse events in several patients to Ammonapse therapy:

On 4/10/96, 1 called Dr. Wiech and pointed out to him
that there are discrepancies between the NDA and the update in
causal‘ .y assessment of adverse events in several patients to
Ammonapse therapy. These applied to the same adverse event in the
same patient for the same day and I provided him with the
specific patient numbers involved. On 4/25, I received a fax
resolving thegse discrepancies. In all cases, the initial
assigment (i.e. the NDA assignment) was the correct one.

5. Revised Physician Labeling Submiited 4/8/96:
Please include my comments on the 3/4 label with the
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following comments for the 4/8 label for both the tablets and
powder:

1. INDICATIONS AND USAGE section:

a. Revige the first sentence to read:
"Ammonapse is indicated as adjunctive therapy in the chronic
management of patients with urea cycle disorders involving
deficiencies of carbamylphosphate synthetase, ornithine
transcarbamylase or arginosuccinic acid synthetase. It is
indicated in all neonatal-onset disease patients (complete
enzymatic deficiency, presenting within the first 28 days of
life) and also, in patients with late-onset disease (partial
enzymatic deficiency, presenting atter the first month of life)
who have a history of hyperammonemic encephalopathy (the database
in late-onset disease consisted of patients with a history of
hyperammonemic encephalopathy) ." -

£. Revise tne third sentence to read:

"However, thesn infants have a high incidence of mental
recardation (the incidence of menral retadation by Sewmsl I1Q
testing .8, by enzyme deficiency, crnithine transcarbamylase
deficiency: 100%, arginosuccinic acid synthetase deficisncy: 88%
ara carbamylphosphate synthetase deficiency: 57%),

C. Revise the sixth sentence to read: "As
with the neonatal-onset group, deaths from acute hyperammonemic
encephalopatny may oCCUr in patients with late-onset disease,
Agaln 2MLnaslL2ing tne importance cf early diagnosis and
treatment. rub.ishea reports indicate that chronic therapy with
AMMZnAC34 MAY 18craage e:avatad ammoris and alutamine levels and
jacre2ase ooth ne: urea nitrogen svnthesis and urinary urea
nitucgen 2xcretion. However, conciusions regarding additional
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effests of Ammonapse therapy in the group of symptomatic late-
onsert patients were limited by inadequate baseline and/or follow-
up data and failure to accurately document compl.ance with the
therapy."

d. After sentence 7, place the sentence that
was previously here and reads: "On therapy, the ma)ority of
patients continue to experience recurrent episodes of acute
hyperammonemia.®

2. NUTRTTIONAL MANAGEMENT SECTION:

Dr. Wiech indicated In a telephone
conversation with Dr. Temeck on Monday, 4/22, that he would
incluae a gtatement in the label regarding the 3ffect of
phenylbutyrate therapy on growth in urea cycle disorder patients,.

3. PRECAUTIONS section:
a. Add Dr. Jordan‘s comments as of his 4/23
reviaw,
b. Laboratory tests subsection:

After the sentance in this subsection,
add: "Sarum drug levels of phenylbutyrate and its metabolites,
phenylacerate and phenylacetylglutamine, should be paricdically
monitered.”

4. ADVERSE REACTIONS section:

a. Omict che Clinical Adverse Events heading
and sentence one. Beg;n this section with sentence 2 and after
"Adversa events...", ingert, in parentheses: (both clinical and
laboratzry:, and insert the phrase: ",,.in these patients..."
afrter the word "gystematically" in the second sentence. Revise
the third sentence to read: "Causality of the drug’s aide effects
is scmatimes difficult to determine in this patient population
because adverse events may result from either the underlying
disease, the patient’'s restricted diet, intercurrent illness or
from Ammonapsc " Omit the phrase: "...and the reports were for
coccurrancas from recollection" from the fourth sentence.

b. Follow the fourth sentence with a

t:on 2ntitled: ;Luusa.u_a.g;&:ﬂ_ﬂ'm

*me' the fifth sentence which is a
.aboratcry,. not clin.cal, adverse event.

*in the sixth sentence, the word
"amen>rrhea" has been misspelled and replace 21% with 23%. Note:
The sponsor has no data in either animals or humans which studied
the effects of phenylbutyrate on ovarian function. The sponsor’'s
basis for this causality is based on the drug's inhibition of
cancer and erythroid cell proliferation and their (Dr. Wiech’s
and Dr. Brusilow’s) concern regarding the high frequency of this
adverse esvent in the population »f menstruating females with urea
cycle disorders. I would appreciate input from Dr. Trosndle
regarding :he relationship of phenylbutyrate to this particular
adverse event- should it be probably causally related or possibly

subsgec

\I’



causally related?

*the ninth sentence should follow
the word "Migcellaneous" and replace 5% in this sentence with 4%,

*preceed "Patients reported bad
raste... with: "3% of patients" and replace "and" after "bad
tagte" with "or".

*end sentence eight with: ".,.in 3%
of patients."

tclarify if sentence ten is
included under the heading Probably Causally Related or is to be
placed under a separate heading. In sentence ten, replace 3% with
2% and, after the word "incidence", add: (1-4 patieacs).
Gastrointeatinal: after the word "vomiting" add: "constipation,
1 b‘eeding {1 patient), peptic ulcer disease (1 patient) and
eacicis (1 patient),
ﬁgmggglgg;g* aplastic anemia (1 patient), ecchymoses (1 patient).
Afrer Hematologic, add: fardiovascular: arrhythmia (1 patient),
edema (1 patiant).
Ranal: preceed "tubular acidosis" with: "rena. tubular acidosis".

*clarify why the paragraph labeled
“12" was included here.

*as written, sencences 13 through
15 are inappropriately included under the heuding Not Related.
Please place appropriately in the label. In addition,
"nausea/vomiting indigesticn/cranmping (36%)" in sentence 14,

should follow "...headache 154%,..." 1in sentence 13. In sentence
15, delete "with beta-thalaasemis" and add: "for an
investigational use," after *.,.17.5 mos., *".

-After sentence 15, add: "Neurological
toxicitiaes attributed to phenylacetate therapy (150-450
mg/kg/day, intravenously, for 6-28 days) were repoted in patients
receiving the drug for an investigational use. The
neurotoxicities were classified as neurocortical (nredominately
somnolence, disorientation and confusior!, neurovisual (blurred
vision, diplcpia, scotoma, photosensitivity and photophobia)
neurocerepellar (atax:a and unsteadiness), dizziness and
iethargy. The mean highest fitted plasma phenylacetate
concentration (using a one-compartment nonlinear model) for each
=% tn2 neurocortical and neurovisual toxicities and for
d:zziness, regardless of severity, were in the 320 to 420 ug/ml
range and for neurocerebellar toxicity and lethargy were in the
900-1000 ug/mil range. The mean phenylacetate dose at which these
“oxicities occurred was approximately 250 mg/kg/day except for
:r- patient who developed profound lethargy in whom the dose
dmin istered was -~ 710 ug/kg/day. The majority of these

tie8 wevre mild to moderate in severity, and, were acute and

.e wne2n the phenylacetate infusion was discontinued. In
:y 5I patients who devalinped neurotoxicities of a
jr22 &.g. sevare gomnolence or confusion), the mean
ny.acetate concentration was 486 ug/ml and the mean
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dose, 215 ug/kg/day. All of these pat.ents recovered, the
majority without therapeutic intervent:ion. Adverse events of a
non-neurclsgital nature which were more commonly reported in

these studies and repdted as possibly or probably attributable to.

phenylacetate were: nausea, fatigue, headache, vomiting, edema,
neurosensory toxicity- paresthesias/numbness/ neuropathy, anemia,
weight gain and taste change. It shoulu be noted that these
results are preliminary and incomplete. It should also be noted
that ~ 40% of these patients had a central rervous system
condition, but the acute onset and rapid reversibility of the
neurotoxicities when the rhenylacetate infusion was discontinued,
suggests . drug effect. Neurological toxicites have not yet been
cbserved for phenylbutyrate for this same investigational use but
this is in an early stage of clinical development."
c. Laboratory Adverge Events:
*Justify your conclusion that leukopenia
is probably related to Ammonapse therapy.
*Revise sentence 16 to read:
"In patients with urea cycle
disorders, the frequency of laboratory adverse events were:
» 32%: acidosis (14%) and hypoalbuminemia (11%)
5-10%: anemia (9%,, alkalosis (7%), hyperchloremia (7%),
hypophosphatemia (6%) and increased alkaline phosphatase (6%)
< _5k; increased liver transaminases, leukopenia and
leukocycosis were each 4%; decreased to.al protein and
thyombcooytopenia were each 3%; hyperurecemia and
hyperphosphatemia were each 2%; hypernatremia, hyperkalemia,
pvrarboilirupbinemia and thrompocytosis were each 1%."
* Omit sentence 17
* Revise sentence 18 to read: "The
c.inician is advised to routinely perform hematological,
urinalysis and blood chemistry profiles and periodically monitor
plasma ammonia and glutamine levels (note that glutamine may be a
harbinger of hyperammonemia) and plasma levels of Ammonapse and
its metabolites. The patient’'s nutritional status should also be
periodically assessed (see NUTRITIONAL MANAGEMENT section) ."
* Sentence 19 should be placed in the
Zliniza. Agverse Events section and revised as not all deaths
wer2 dus to hyperammonemic encephalopathy.

5. DOSAGE AND ADMINISTRATION section:
Justify your wording in sentence 3:

",..preta2rably with a meal or feeding...", when, in the labeling
submitted 1/6/96, the recommendation iwhich we found acceptable
ag par cur 2/16/96 letter) was that the drug be taken with each
meal or feeding, which was based on waste nitrogen excretion
oucurying aftar a meal.

i) 1) wasy .
The comments abovs for tne tablets also pertain to
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Evaluation and Regulatory Action:

I recommend approval of Ammonapse tablets and powder as
an adjunctive therapy to treat patients with urea cycle
disorders, both in all neonatal-onset disease patients and in
late-onset patients with a history of hyperammonemic
encephalopathy.

The following should be conveyed to the sponsor:

1. The above labeling comments for both the
tableats and powder, for both the 3/4/96 and 4/8/96 submissions
should be conveyed to the sponsor (Note: input required from Dr.
Troendle regarding decision to include sentence about the
potential interaction between antibiotics and
pheny.acetylglutamine in the Precautions section and the
relationghip of amenorrhea/menstrual dysfunction to Ammonapse
therapy .

2. The above comments pertaining to the Patient
Xag2 Ingaert should be conveyed to the sponsor.

3. If my guideline (page 7-8 of this review) for
the Z2vermination of the frequency of hematologic and chemistry
adverse events is acceptable to Dr. Sobel and Dr. Troendle, it
should be conveyed to the sponsor for his use in future safety
updates. Also, Ucyclyd should be informed tnat the normal range
for s2rum alkaline phosphatase is age dependent and -hat the
nzrma. range listed in the summary chemistry data taples
(amendments 95-006, 96-006 and 96-010) for serum total protein
ani alpumirn, apply to patients 0-4 months, not J-4 yrs,.

4. I recommend the following be conveyed to the
Sponsor as phase 4 commitments:

a, Conduct of a formal pharmacokinetic study
in patients with urea cycle disorders, both children and adults,
on chroniZ Ammonapse therapy, both tablets and powder.

Submission of narratives pertaining to
cogritive function in patients who received antacedent therapy
(with sodium benzoate and/or phenylacetate) and a narrative
update in all patienfs.

Pa

Q1

\x In the NDA, the efficacy assessment of
Ammonarse therapy innihe late-onset patients was severely limited
by iack of an adequate baseline and failure to adeguately
document compliance with the prescribed therapeutic regimen.
Addiz:ona. afficacy data shoulid be collected in late-onset
patients who nave a history of hyperammonemic encephalopathy
us:nI 2acn patient as his/her own control. Focus should be on
col.action of cognitive data, freguency of hyperammonemic events
ard metapolic control (plasma ammonia and glutamine levels) pre
and rost Ammonapse and low protein diet therapy. Compliance with
Ammorapse therapy should be strictly monitored.

d. In a telephone conversation between Dr.

v
1
"

Temz2w o an2 Dr. Wiech on Friday, 3/15/¢96, Dr. Wiesrcn scated that he
WCli.3 e working with a nutritionist at Tuft's regarding which
Z2zas and bavarages are not compat:ble with Ammonapse powder due
S tneir asidicity, ‘

\ULL“~;—j§;;;ﬁéﬁr_lé:£:l.
W’WL/
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NDAs: 20,572 and 20,573 Date submitted: 4/15/96
Drugs: Ammonapse tablets and powder Date reviewed: 4/25/96
Sponsor: Ucyclyd Pharma, Inc.

Neurotoxicity of Phenylacetate

On Monday, April 8, I spoke with Dr. Robert Delap,
Division of Oncolgy Drug Products (594-5784), regarding an
article in Cancer Research which I obtained from Dr. D. Lee Ham,
parmacologist in that Division. The article is entitled: "A Phase
1 and Pharmacokinetic Study of Intravenous Phenylacetate in
Patients With Cancer" (Cancer Research 54: 1690-94, 1994). This
study is being conducted at NCI. In that article, 3/17 patients
with solid tumors developed CNS toxicity manifested by lethargy,
confusion and emegis. All had plasma drug levels > 900 ug/ml. The
phenylacetate (PA) dose levels at which these toxicities occurred
were identif:.ed at dose levels 3 and 4 (mean + SD: 266+40 and
374495 mg/kg/day) which were being given by continuous IV
infusion. Dr. Delap checked his database of adverse events with
IV PA and found 1 case of "transient loss of consciousness" and 1
cagse of "passed out" but both had brain tumors. He also found 1
cagse of decreased hemoglobin. He said there was also an ongoing
phase 1 trial of IV phenylbutyrate (PB) in cancer patients. He
referred me to Dr. Mario Sznol in the Investigational Drug Branch
at NCI (phone #: 496-8798) for further information.

1 spoke with Dr. Sznol on Tuesday, April 9. I
apologized for not being able to reveal why I needed to obtain
information on the neurotnxicity of IV PA and PB. Dr. Sznol told
me there is a greater incidence of somnolence in children
receiving IV PA but interpretation of the data is confounded by
the fact that they have brain tumors. Tinnitus has also been
reportad. He stated that there is no permanent neurotoxicity from
the drug due to its short half-life. Dr. Sznol stated they are
aiming to maintain a drug serum PA level in the 150-250 ug/ml
range. He said there is an ongoing phase 2 trial with IV PA in
patients with gliomas at UCSF (Dr. Prados) in 35 patients. He
stated that neurotoxicity no longer occurred when dosing was
titrated based on lean body mass. Dr. Sznol said there cre 2
ongoing IV PB protocols in tumor patients (prostate, renal cell
and melanoma). One protocol involves a bolus infusion of 240
mg/kg bid x 5 days. The other is a continuous IV infusion for
either 5 or 7 days with the highest dose being 410 mg/kg/day. One
patient at Johns Hopkins (at Hopkins, 19 patients are enrolled on
the 5 day continuous IV infusion protocol) became somnolent on IV
PB. Another patient, on 345 mg/kg developed a grade 3
neurotoxicity, not specified. 3 patients on 410 mg/kg/day,
experienced no neurotoxicity. Dr. Sznol stated that the PK data
on IV PB has not yet been analyzed, but he thinks that you
probably saturate at a lower limit than for PA. He gave me names
of additional people I might contact who may be able to provide
me with more information: Dr. William Doug Figg, pharmacologist
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at the Clinical Pharmacology Branch at NCI (phone #: 402-3622)
who, Dr. Sznol said, is the most familiar with the IV PA
database; Dr. Thibault at the University of Virginia

I spoke with Dr. Figg, Thursday, April 11. He stated
that -~ 100 cancer patients have been studied with IV PA. From his
recollection, he believes that neurotoxicity occurred at serum PA
drug levels > 550 ug/ml and that se:um PA levels should be
maintained below 500 ug/ml to prevent neurotoxicity. I inquired
if neurotoxicity might have occurred below 500 or 550 ug/ml serum
PA drug levels. He said he didn’'t know because he has not looked
at the data for some time. I told him it was important that I
find out the lowest serum PA level at which neurotoxicity
occurred and apologized for not being able to divulge the reason.
He said he didn’‘t know if that type of information was available
because generally, if a patient complained of neurotoxicity, the
drug infusion was stopped and a blood PA level was cbtained 15-20
minutes later. Therefore, the peak ZIirug level was probably not
captured. I responded that despite the limitations of the data,
it is very important that I obtain this information. He asked
that I send this request to him in writing (Lr. Figg’'s fax: 402-
8606) . He also referred me to a paper he co-authored on the

subject in Cancer 75(12): 2932-2938, 1995, Thibault et al. I will

1. 18 patients with either prostate (n= 9), CNS
(n= 7), renal cell (n= 1) or sarcoma (n= 1) were enrolled. PA ‘as
delivered at two dose levels: 125 and 150 mg/kg/dose, bid, IV
over 1 hr. for 14 consecutive days. Cycles of therapy were
repeated every 4 weeks. Patients could escalate from one dosge
level to the next with sequential cycles, provided they had
experienced no more than grade 1 drug-related toxicity. The
maximum tolerated dose was defined at the dose at which 2 or more
patients developed dose-lmiting toxicity, defined as grade 3
(severe in degree) toxicity, or grade 2 (moderate in degree), if
involving the CNS.

2. 12/18 patients received 14 cycles of therapy at
the 125 mg/kg dose level. 4 of these .patients escalated to the
150 mg/kg dose level for a second cycle. Of the latter, 2
received a third cycle at the higher dose level. Six additional
patients were entered at the 150 mg/kg dose level, of whom one
went on to a second cycle. In total, the 18 patients received 27
cycles of therapy.

3. Analysis of drug concentrations showed, at the
125 mg/kg dose level, pcak serum concentration (mean + SD) of 490
+ 78 ug/ml (n= 14 cycles) and, at the 150 mg/kg dose level, peak
serum concentration of 623 + 110 ug/ml (n= 13 cycles).
Corresponding trough concentrations were, for the 125 mg/kg dose,
15 =+ 18 ug/ml, and, for the 150 mg/kg dose, 62 + 48 ug/ml. The
time spent &t serum concentrations above 250 ug/ml corresponded
to 32 + 10% of the total treatment time for the lower dose level
and 48 s+ 12% for the higher dose level. Drug accumulation
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associated with neurclogic toxicity occurred in 1 patient treated
at the higher dose level. The last (and highest) phenylacetate
concentration measured in this patient before interrupting
therapy was 1155 ug/ml with a trough of 549 ug/ml.

4. At 125 mg/kg bid phenylacetate dose, 13 grade 1
(mild) adverse neurclogical events occurred (somnolence: 6,
fatigue: 3, headache: 1, light-headedness: 2 and dysgeusia: 1). 1
patient experienced profound somnolence (grade 3), but was also
on opiates. In addition, there were 3 events of pedal edema in 3
pts., 1 nausea, 1 vomiting and 1 rash (all of these were grade
1).

5. At 150 mg/kg bid phenylacetate dose, there were
13 grade 1 adverse neurological events (somnolence: 3, fatigue:
4, headache: 2, lightheadedness: 3 and impaired memory: 1). In
addition, 4 pts. experienced grade 2 neurological toxicity (3
somnolence and 1 hypoacusis) and 2 pts., grade 3 neurological
toxicity (1 disovientation and 1 exacerbation of a pre-existing
neuropathy) . Therefore, dose-limiting toxicity, consisting of
reversible CNS depression (profound somnol~-<e) was observed for
3 patients. The 3 patients who experienced grade 2 or 3
hypoacusis, disorientation or exacerbation of pre-existing
neuropathy, achieved mean peak serum drug concentrations of 682 1
290 ug/ml (range: 499-1016 ug/ml), with 1 of these experiencing
drug accumulation. In addition, grade 1 CV toxicity occurred (3
pts. with pedal edema, 2 arrhythmias with a hx. of arrhythmia and
1 angina with a hx. of angina) as did grade 1 GI toxicity (1
nausea) .

6. Note that all the drug-induced neurological
toxicities were acute and reversible except for the exacerbarion
cf pre-existing neuropathy which partially improved over the
ensuing 3 mos. (in this latter patient, peak and trogh PA drug
levels were 574 + 52 ug/ml and 95 & 59 ug/ml, respectively). The
authors postulate that the neuroclogical side effects might be due
to a deficiency in acetylcholine induced by PA. The arrhythmias
and angina only occurred in pts. with a hx. of CV impairment,
were reversible, and attributed to fluid shifts induced by the
high sodium content of the drug formulation. The 6 cases of pedal
edema were controlled with short courses of diuretic therapy.

v S

, ; ed in ve
clearly demonstrates its potential neurotoxicity (see also my
mamo dated 4/24 for a more detailed review of the article
published in Cancer Research 54: 1690-4, 1994). In cancer
patients, neurotoxicity (somnolence, headache, lightheadedness
and dysgeusia) occurred at phenyacetate levels of 490 ug/ml in
the blood. This was achieved with phenylacetate 125 mg/kg/dose,
IV over 1 hr., bid. This dose is gquantitatively equal to 250
mg/kg/day continuous infusion of phenylacetate. At a higher drug
phenylacetate blood level, > 600 ug/ml, impaired memory, profound
somnolence, disorientation, hypoacusis and exacerbation of an
underlying neuropathy, have been reported.

On Wednesday, 4/24, 1 received Dr. Figg's
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response to our April 12, 1956 letter. 68 patients were enrolled
(29 with brain tumors, 24 prostate cancer and 15 other types of
tumors) . Therefore, 43% of the patients had brain tumors. The
range of serum phenylacetate levels in the cancer trials at which
neurotoxicity was reported definitely overlap with the levels
reported in both normal subjects and urea cycle disorder patients
in the Ammonapse NDA. I summarized my review of this data in my
4/25/96 review of the drug labeling submitted on 4/8/96, ADVERSE
REACTIONS section. I called Dr. Figg on Thursday, 4/25, and
inquired how far along the phenylbutyrate trials are for cancer.
He informed me that they are early. He alsoc stated that the
highest fitted drug concentration was based on a one-compartment
nonlinear model and faxed to me the criteria for grading of
toxicity used by NCI (grades 1-4).

Dr. Brusilow has reported obtundation (in the
c¢h~ence of hyperammonemia), progres:.-._ encephalopathy, CV
collapse and death when patients with urea cycle disorders
receive an overdose of intravenous sodium benzoate and
phenylacetate to treat acute hyperammonemia. The specific cases
reported received a 5-10 fold overdose of this combination which
is recommended to be given at 250 mg/kg/day of each drug over 24
hrs. as a maintenance infusion after the same dose is used as an
initial IV bolus.

The neurotoxicity of phenylacetate was reported as
far back as 1914 in the J of Biol Chem, vol. XVIII, pp 113-9. In
this paper, the maximum human production of glutamine was
determined by measuring the output of phenyacetylglutamine. An
adult male was asked to ingest 2.5 g of phenylacetic acid on day
5 of the experiment, followed by 5 g on day 7, 7.5 g on day 10,
10 g on day 13 and 15 g on day 21. The subject reported thirst,

dizziness and nause. the 5 g dose and, at 15 gms, it was noted
that the subject dispiayed "...signs of poisoning, not unlike
those following ingestion of large quantities of alcohol."

In IND # 1/3 adult subjects given a 540

mg/kg/day dose of oral sodium phenylbutyrate (which is the pro
drug of PA) for 1 day, experienced abdominal pain, nausea,
dizziness and loas of consciousness for a few seconds. It was
unclear to the investigator if the LOC was due to the drug or was
a vasovagal reaction.

The neurotoxicity of phenylecetate has been
studied in rat pups being used as a model for PKU in the human.
PA caused decreased proliferation and increased loss of neurons
and a CNS myelin deficit. Phenylacetate retards maturation of
cerebral synapses and reduces the number of functioning nerve
terminals in the cerebrum as determined by a reduction in the
velocity of high affinity synaptosomal uptake of choline and
GABA. DNA content is decreased in the affected brain cells and
its synthesis is impaired. The net effect is impaired brain
growth in the animal model. Prenatal exposure of rat pups to
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phenylacetate produces lesions in layer 5 cortical pyramidal
cells; dendritic spines are larger and thinner than normal and
reduced in numbe:. Loo postulated (J Neurochem 45: 1596-1600,
1985), that in experimental PKU, phenylacetate and/or its
metabolic products may exert its neurotoxic action by selectively
reducing the availability of acetyl-CoA (due to formation of
phenylacetyl-CoA) which plays a vital role in a number of
metabolic reactions (metabolism of carbohydrates and fatty acids,
in the biosynthesis of cholesterol and acetylcholine, etc.) that
are critical to the development of the brain. In the articles I
read, I could not find blood phenylacetate levels in the rats,
but I have asked Dr. Jordan, supervisory pharmacologist, to
completely review the animal data. In Stanbury’s The Metabolic

asg ! ise , 8ixth edition, 1989, chapter 15, pp.
516, it is stated that the metabolites of phenylalanine (which
includes phenylacetate) are not found in sufficiently high
concentrations in the PKU patient to disturb metabolic and
chemical relationships in the brain as described in the animal
model. On Friday, 4/19, I spoke wit: Dr Seymour Kaufman, Chief,
Laboratory of Neurochemistry at the National Institute of Mental
Health (phone #: 496-3579), an author of this chapter on PKU in
Stanbury, regarding plasma phenylacetate levels in untreated PKU.
He will get bach with me on this next week. I alsoc left a message
asking for similar information with Dr. Charles Scriver, Dept. of
Biology and Pediatrics at Mc Gill University in Montreal (phone
#: 514-934-4418), who is alsc an author of this chapter on PKU.
Dr. Kaufman called back, Monday, 4/22. Serum phenylacetate levels
in untreated PKU range from 6.65-19.45 umols 0.006-0.019 mM which
is = 0.948-3.002 ug/ml (Biochemical Medicine 34: 203-6, 1985).

I have asked Dr. Hae Young Ahn, biopharmacologist,
to check the NDA for the highest phenylacetate level reported.
She informed me it was 524.7 ug/ml after 3 days of sodium
phenylbutyrate, 20 gms/day administered to a patient with portal
hypertension secondary to cirrhosis. Note: 20 gms/day of sodium
phenylbutyrate is the highest dose recommended in the NDA and is
the recommended adult dose. Per Dr. Ahn’'s calculations based on
trough levels (see her 4/15/96 review), the drug accumulation
factor was estimated to be about 5. She said that this patient
reached steady state on day 3, the las’. day of drug
administration in this patient.

I am aware of 3 articles published by Dr. Brusilow
in which plasma drug levels are reported in urea cycle disorder
patients (Pediatric Research 29: 147-150, 1991; NEJM 310: 1630-
1634, 1984 and Metabolism 42: 1336-1339, 1993). First article: on
oral phenylbutyrate (PB) therapy, 306-650 mg/kg/day in 10
children, fasting am PB and phenylacetate (PA) drug levels were
below the limits of detection (i.e. < 9.3 ug/ml for PB and < 4.7
ug/ml for PA) in all but 2 patients. One patient on PB 440
mg/kg/day had a plasma PB level of 225 ug/ml and a non detectable
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PA level. Another patient on PB 600 mg/kg/day, had a PA level of
118.5 ug/ml and a non-detectable PB level. In the course of the
day, plasma PB and PA levels in 3 of these children on PB (490-
600 mg/kg/day) and 1 child on PR (500 mg/kg/day) ranged from 0 -
162.2 ug/ml for PB and 4.1 - 295.5 ug/ml PA. Dr. Brusilow
concluded: "With few exceptions, neither phenylacetate nor
phenylbutyrate accumulated in the plasma“. Second article: a 38
yr. old male with OTC deficiency received PB 16.5 gms po for 3
days. Fasting am PB and PA were below the limits of detection (<
9.3 ug/ml and < 4.7 ug/ml, respectively). Intraday levels were <
204.6 ug/ml for PB and < 173.8 ug/ml for PA. Third article:
Single dose PK data are graphically presented after IV priming
infusions of PA and benzoate (each 250 mg/kg over 1-2 hrs.) to
treat acute hyperammonemia in 2 patients. They appear to be in
the 630-790 ug/ml range for PA.

X to this issue on 4/15
stating that the peak plasma levels of phenylacetate in normal
subjects who received a single 5 gm. dose (Dr. Ahn called Dr.
Wiech to confirm that the 10 gm. dose stated in his reply should
have read 5 gms.) of sodium phenylbutyrate ranged from 50-65
ug/ml which is far below the drug levels at which neurotoxicity
occurred in the cancer patients. This response is inadequate and
I have reviewed this issue in detail above.

In summary, phenylacetate is a neurotoxin in man and
animals. In the NCI trials, the acute onset and rapid
reversibility of the neurotoxicities when the phenylacetate
infusion was discontinued, suggests a drug effect. However, it
should be noted that -~ 40% of the patients enrolled in these
trials had brain tumors. Also, these results are preliminary and
incomplete. Today, 4/25, I requested Dr. Figg to send me plasma
phenylacetate levels in the patients who did not develop
neurstoxicity and to clarify the discrepancy between the total
number of patients enrolled in the cancer trial which are less
than the number of patients in which neurotoxicity was reported
(this precluded my calculation of incidence of adverse events in
these st'.dies). Nevertheless, the blood phenylacetate levels at
which neurotoxicity occurred in the NCI cancer trials definitely - —=.
overlap with the levels reported in both normal subjects and urea
cycle disorder patients in the Ammonapse NDA. ‘A consult has been
requested of Dr. Ahn, biopharmacologist, regarding the NCI
studies, the PK data in the Ammonapse NDA and Dr. Wiech’s 4/15
rasponse to this issue. Cancer trials at NCI are also
investigating phenylbutyrate (the pro drug of phenylacetate). Per
Dr. Figg, neurotoxicity has not been observed to date with
phenylbutyrate in cancer patients, but these studies are only in
early development at NCI, Dr. Jordan informed me that he could
not find reports of blood drug levels in the animals in whom CNS
toxicity has been reported.

The neurotoxicities reported to date in humans with
phenylacetate are not as serious as the potentially devastating
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consequences of not treating urea cycle disorder patients who are
prone to hyperammonemic encephalopathy.

The neurotoxicities reported in the cancer trials will
be stated in the Adverse Reactions section of the label as well
as the need to monitor plasma drug levels of both phenylbutyrate
and phenylacetate in patients with urea cycle disorders on
chronic phenylbutyrate therapy. Dr. Jordan has recommended that a
statement be placed in the Precautions section of the Ammonapse
label regarding the neurotoxicity of phenylacetate in rat pups
(see his 4/23/96 review).

Dr. Wiech will be asked to conduct a phase 4

——--——.— t
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NDAs: 20,572 and 20,573 Date submitted: 12/21/95

Drugs: Na Phenylbutyrate, tabs & powder Date received: 12/22/95

Sponsor: Ucyclyd Pharma Inc. Dates reviewed: 12/22/95%
and 1/5/96

Please refer to my previous comnents dated 12/22/95 which
are to be conveyed to the sponsor and given on that day to Ms.
Lana Pauls.

The sponsor has responded to points 1-5 of FDA’s clinical
deficiency letter dated 11/21/95.

Point 1l: it is clear that the sponsor has included all
patients (both evaluable and not evaluable) in the deaths,
withdrawals, clinical and laboratory adverse event databases.

Point 2: the sponsor has adequately responded to this
question.

The drug interaction in patient 159 was a mixed
matabolic acidosis and resspiratory alkalosis and hypokalemia
secondary to the patient’'s underlying disease and to treatment
with IV sodium benzoate and phenylacetate.

A possible drug-induced aplastic anemia could not
be ruled out in patient 618. This adverse reaction occurred both
during treatment with or.l phenylbutyrate as well as with the IV
combination of benzoate and phenylacetate. ,

Facial "spiders* and "angioma" were reported in
patient 576 as "ecchymoses", Although platelet count, PT and LFTs
ware orderad, these results were not provided.

Patient 618 had a pancreatic pseudocyst before
starting phenylbutyrate therapy. However, pancreatitis recurred
while on phenylbutyrate.

Renal tubular acidosis (RTA) was congenital in
patient 629. However, in patient 642 it initially occurred during
arginine therapy. However, the patient had 2 subsequent episodes
of RTA on phenylbutyrate therapy.

The rash in patient 485 was mentioned in one
physical examination of this patient by his physician. No
spacific diagnosis was made. The rash in patient 613 was skin
biopsy proven to be secondary to arginine deficiency. ===

Point 3: the gponsor provided the raw database for total
leukocyte counts and urinalyses/microscopy. High and low
leukocyte counts were noted. No analysis of this data was done. by
the sponsor. The following is my analysis of this data:

A. Total leukocyte countas:

I will regard "high" values as those > 1,000
cells/ul of the mean for age and "low" values as <« 4,oogx
cells/ul. The results, by enzyme deficiency, and time of onset
were:

: "High" white blood cell counts:

AS deficiency: :

rescue- 2/18 (11%)- pt, #'s
105 and 610 with respective wbc’s of 21,000 and 20,500,
CPS de!icinncy none
ﬁ OTC deficiency:



late-onset males- 1/12 (8%)-
pt. # 620 with wbc 13,800.
Therefore, of a total of 91
patients in which wbc were mensured, 3 (3%) had "high" wbc’s (all
were > 11,000) during phenylbutyrate therapy.

"Low" white blood cell counts:
AS deficiency:
rescue- 1/18 (6%)- pt. # 410
with wbc of 3,200-3,800,
CPS deficiency: none
OTC deficiency:
late-onset males- 1/12 (8%)-
pt. # 566 with wbc 3,700.
female haterozygotes- 1/36
(3%)- pt. # 633 with wbc 3,800.
Tharefore, of a total of 91
patients in which wbc were measured, 3 (3%) had "low" wba's i.e.
< 4,000 during phenylbutyrate therapy.

B. Urinalyses/microscopy:

a. Protein ns 17/62 patients = 27%. 11
of these 17 patients had trace protein. (AS deficiency: n= 7/1lle
64%, CPS def.: nw 1/7= 14%, OTC def.: n=s 9/44= 20%).

b. Glucose n= €/62 patients = 10%. 3 of
these 6 patients had trace glucose (AS def.: n= 1/11= 9%, CPS
def.: ns 0/7= 0%, OTC def.: n= S5/44= 11%).

¢. Ketonss n= 8/60 patients = 13%. 3
patients with trace, 1 small, 2 patients with 2+, 1 patient with
4+ arl 1 patient with 0.5 mm. (AS def.: ne 2/11= 18%, CPS def.:
ne 0/6= 0%, OTC def.: ne 6/43= 14%).

d. Blood n= 10/62 patients = 16%. 3
patients with trace, 1 small, 4 patients with 1+, 2 patients with
moderate blood. (AS def.: n= 1/11= 9%, CPS def.: n= 1/7« 14%, OTC
def.: n= 8/44= 18Y%).

e. Bilirubin ne 1/55 patients = 2% (OTC
late onset male # 505). -

- 8/61 patients = 13% had urine Bﬁza >
8.5. (AS and CPS def.: 0%, OTC def. 8/44= 18%).

6/32 patients -'19& with positive
leukocyte esterase.

a. White blond cells > 5/HPF: 10/39
patients = 26% (AS and CPS def.: 0%, OTC def.: 10/30= 33%. Note:
in only half of these patients, was bacteria noted and ranged
from trace to .many) .

b. Red blood cells > 2/HPF: 6/39
patients = 15%. (AS def.: 1/8= 13%, CPS def.: 0/1= 0%, OTC def.:



5/30= 17%).

c. Casts (hyaline and/or granular) were
present in 2/25 patients = 8%. (AS def.: 1/7= 14%, CPS def.: 1/1=
100%, OTC def.: 0%).

' d. Crystals were detected in 4/27
patients = 15% (calcium oxalate crystals in 3 patients and triple
phosphate crystals in 1 patient). (AS def.: 1/7= 14%, CPS def.:
1/1= 100%, OTC def.: 2/19= 11%).

Comment regarding abnormal
urinalyses/microscopy results: the clinical relevance of the
above abnormalities is difficult to determine because there was
no corresponding control group for comparison, pertinent medical
history/physical exam findings are not provided and pertinent
ancillary laboratory tests (e.g. urine culture results in
patients with high urine wbc’'s or menstrual history in female
patients with "hematuria") are not provided.

Point 4: there still appears to be some confusion regarding
the deterioration in cognitive function of the 9 yr. old female
with untreated late-onset OTC deficiency whose case was submitted
tc FDA on August 10, 1995. The final paragraph of this narrative
states that the patient was bright and interactive until age 9
(her present age), at which time she became withdrawn and
inattentive with a present I1Q of 70. However, since all her
hyperammonemic (HA) episodes occurred before age 5, it appears
that her intellectual deterioration occurred several years after
these HA episcdes. The sponsor should clarify this. The case (#
€74) submitted by the sponsor to clarify this issue appears to
involve a different patient: age and medical history differ from
the aforementioned case and, no formal cognitive evaluation was
done in patient # €74.

Point 5: The sponsor has adequately responded to this
question.

Evaluation and Regulatory Action:
The following points should be conveyed to the sponsor: -
1. Provide pertinent medical history/physical
examinatcion and/or results of ancillary laboratory tests to
explain abnormal total leukocyte counts and urinalyses/microscopy
results obtained during sodium phenylbutyrate therapy (e.g. -
infection to explain leukocytosis). If these abnormal results
cannot be explained by concomitant or pre-existing conditions,
they should be noted (indicating incidence) in the drug label,
Adverse Reactions section.
2. The case submitted 12/21/95 (patient # 674) to
clarify the one submitted on August 10, 1995, appears to involve
a different patient (different age and medical history). Clarify
if intellectual deterioration in the untreated 9 yr. old with AV
late-onset OTC deficiency, occurred several years subseqguent to
her hyperammonemic episodes which the last paragraph of the
8/10/95 narrative suggests.
3. Ms. Pauls- please refer to my 12/22/95 written
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comments given to you at that time (copy attached) and include

points 2 and 3.
.ea..,y Afy’ ™
ean Temeck, M’B&

¢cc. Dr. Troendle and Ms. Pauls



NDAs: 20,572 and 20,573
Drug: Sodium Phenylbutyrace
Sponsor: Ucyclyd Pharma Inc.
Date: 12/22/95

Lana,

With regard to amendment 95-013 submitted 12/22/95, please
include the following in our approvable letter to the Sponsor to
be issued next week:

1. Provide explanations, if available, for the abnormalitias
noted in total leukocyte counts and urinalysea. For example, note
if an infection was present to account for an elevated leukocyte
count,

2. In a telephone conversation with Dr. Jean Temeck on
12/21/95, you stated that the labeling revisions in our 11/21/95
letter were acceptable. Please submit revised labeling.

3., As requested in our 11/21 letter, a package insert for
patient/parent/guardian use needs to be submitted.

4. Further comments may be forthcoming regarding amendment

95-013 submitted on 12/22/95.
. ‘!§§Eé£§:> / 49/
’ Jonn Tomcck, 7‘

cc. Dr. G. Troendle, Ms. L. Pauls and Me. J. Wel

/-/L-‘/L
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NDAs: 20,572 and 20,573 Date submitted: 2/17/95
Drug: Sodium Phenylbutyrate Date received: 2/21/95
Tablets and Powder N ‘ S T ) :
- Sponsor: Ucyclyd Pharma, Inc. Date reviewed:(lO%éE/SS,ﬁTT
lde. amtndpmants @ 95 23 (s...,;,r/u),(fé'-ow (M.o/zv), 85 -voe W2 7/34),corl~:,u&.~..m -
Drug: Sodium Phenylbutyrate (abbreviated in this document as 3% 30
NaPB cr PB). _ . G 5/,
Indication: Adjunctive therapy for the chronic management of Loyl
patients with urea cycle enzymopathies Suke s 470
Proposed route of administration: oral Y&/,
Note: both NDAs contain the same clinical database, Bnend. Guigg»
therefore, only a single review will be done. ‘k4rﬁﬁ1),
Non Clinical Pharmacology and Toxicology: Gend’s 90 00
Phenylbutyrate is the pro-drug of phenylacetate. Freu)y

Phenylbutyrate is rapidly oxidized to phenylacetate by mammalian V9ituy, 3
liver and kidney. In higher primates phenylacetate is rapidly

conjugated with glutamine to form phenylacetylglutamine (PAG).

PAG may serve as an alternate vehicle for waste nitrogen

excretion. No toxicological studies have been performed with
phenylbutyrate.

Phenylbutyrate and phenylacetate have been found to
affect the cell growth pattern of certain cancer cell lines.
Sodium phenylacetate inhibits cell proliferation of androgen
independent prostate cell lines. In addition, it induces
reversion of the prostatic cells to a nonmalignant phenotype, as
evidenced by their reduced invasiveness and loss of
tumorigenicity in athymic mice. Similar treatment with sodium
phenylacetate did not significantly inhibit normal replication of
human endothelial cells and skin fibroblasts. Phenylacetate
treatment of promyelocytic leukemia HL-60 cells results in the
rapid decline of myc ongogene expression, followed by cessation
of growth and granulocyte differentiation. Similarly, the drug
inhibits cell proliferation in human leukemic K562 cell line
cultures. Phenylacetate also inhibits cell proliferation and
neurite outgrowth and reduces N-myc protein levels in human
neuroblastoma cells. The combination of phenylacetate with
retinoic acid results in complete cessation of cell growth and
loss of malignant properties of human neuroblastoma cells. It
also inhibits the growth of human rhabdomyosarcoma cells.

Both phenylacetate and phenylbutyrate diminish DNA
synthesis and arrest growth of cultured human glioblastoma cells
as well as decrease cholestercl production in these cells. Both
drugs also prevent carcinogenesis induced by S-aza-2'-
deoxycytidine in premalignant ras-transformed fibroblasts.

Either phenylacetate or phenylbutyrate will increase
fetal hemoglobin production in erythroid precursor cells from
normal donors and patients with sickle cell anemia or B-
thalassemia and in human leukemic K562 cells.

Phenylacetate has also been shown to inhibit mevalonate
incorporation into -terols in rat brain and rat liver
homogenates.

Rats with gliosarcomas receiving phenylacetate (in
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doses that can be achieved clinically in humans) survived longer
than untreated animals and electron microscopy of treated tumors
 indicated cell differentiation in contrast to undifferentiated
~caells in untreated tumors.

Clinical Background and Ratiocnale:

Urea cycle disorders (UCD) are characterized by the
failure to synthesize anu excrete waste nitrogen resulting in the
accumulation of ammonia and glutamine in the plasma. Because UCD
is rare: incidence of 1:10,000 live births, sodium phenylbutyrate
(NaPB) has been given orphan drug designation. These NDAs pertain
to deficiencies of the urea cycle enzymes arginosuccinate
synthetase (AS), carbamylphosphate synthetase (CPS) and ornithine
transcarbamylase (OTC). Patients with onset in the neonatal
period have complete or near complete enzyme deficiency. They
present with hyperammonemic encephalopathy at 24-36 hrs. of life.
Upon resolution of the acute episode, treatment with a low
protein diet and essential amino acias will extend l:fe for
several mcnths. Patients with onset beyond the neonatal period
are classified as "late-onset" patients. Clinically, they
comprise a heterogenous group- from asymptomatic and detectable
only with sophisticated nitrogen balance studies to symptomatic
with recurrent episodes of hyperammonemic encephalopathy.

Chronology of therapy:

In 1980, a therapeutic approach wasg developed
based upon the generation of compounds- hippuric acid and
phenylacetylglutamine (PAG)- which would serve as alternates to
urea for the elimination of waste nitrogen. Initial treatments
based on this theory pertained to the use of sodium benzoate
(NaB) and sodium phenylacetate (NaPA). In 1983, sodium
phenylbutyrate (NaPB or PB) replaced phenylacetate due to its
sensory (taste and smell) advantages. In 1987, sodium
phenylbutyrate monotherapy replaced the combination therapy.

Rationale for dose of sodium phenylbutyrate: e

Following oral administration, sodium
phenylbutyrate is rapidly absorbed and metabolized to
phenylacetzte. Phenylacetate conjugates with glutamine forming
phenylacetylglutamine (PAG) which is excreted by the kidney and
serves as an alternate to urea for the elimination of waste
nitrogen. One mole of phenylacetylglutamine contains two moles of
nitrogen and is, therefore, comparable to urea. The recommended
daily dose of NAPB was developed from an empiric calculation
which estimated nitrogen intake (using a low protein intake),
waste nitrogen production and urea formation and the molar
replacement of PAG derived from a dose of NaPB. (It was
empirically calculated that 1 mole of NaPB will be metabolized to
1 mole of PAG). The stoichiometry was confirmed by in vivo
measurements of PAG excretion. Children aged 6-24 mos. on a low
protein diet (1.25 gms/kg/day), generate approximately 0.1
gms/kg/day of urea nitrogen which represents -47% of dietary
nitrogen. One gram of NaPB activates the biosynthesis and
excretion of 0.12-0.15 gms of PAG nitogen. The recommended dose
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for neonates, infants and children weighing <20 kg is 0.45-0.60
g/kg/day and for patients weighing >20 kg, the dose is 9.9-13.0

g/M-/day.

Review of the NDA database: '

On Wednesday, March 15, an internal meeting was held to
discuss filability of the above NDAs. At that meeting (see Dr.
Spires’ 3/15/95 memorandum of meeting minutes), it was agreed
that the applications were filable for the necnatal rescue and
prospectively treated groups. However, they were not filable for
the late-onset or OTC female heterozygote groups due to failure
to submit baseline (pre-drug) data regarding cognitive function,
growth, frequency of hyperammonemic episcdes, etc. When I spoke
to Dr. Weich about this deficiency prior to this meeting, he said
he did not know how much baseline data could be retrieved and in
how many patients because it was not reqired on the CRFs. On
3/15, 1 telephoned Dr. Norbert Wiech of Ucyclyd Pharma, Inc. and
informed him of this decision. He recueste2d = meeting with FDA as
soon as possible to discuss the deficiencies. This meeting was
held on Monday, March 20 (see Dr. Spires’ memorandum of meeting
minutes). However, on 5/22/95, Dr. Wiech sent in an amendment
which included data on late onset and OTC female heterozygotes. I
telephoned Dr. Wiech on 6/26/95 (see 6/26/95 memo of that
telephone conversation) and told him that because the Agency had
not filed the late onset and OTC female het groups, a new NDA
needed to be submitted. Although he acknowleged our phone
conversation on 3/15 notifying him of this refusal to file, he
stated he did not receive this in writing and did not know that
this meant submission of a new NDA for these 2 patient groups. He
said he would notify his attorney. I subsequently conferred with
Drs. Sobel, Troendle and Spires and Ms. Galliers and it was
agreed that due to the misunderstanding, the Agency would file
for these 2 patient groups (see Memorandum of Teleconference
dated 6/26/95).

The NDA database was drawn from 35 US sites and 63 co-
investigators. Since 1985, 162 patients have been enrolled in the
study. Of 162 patients enrolled, 148 were evaluable (14 patients
lacked or had incomplete follow-up data). Evaluable patients were
defined as patients with follow-up submitted either a) within the
last 12 mos. of the study (6/1/93-6/1/94) or b) within the 6 mos.
preceeding death or withdrawal. Of the 148 evaluable patients, 61
or 41% received only NaPB and 87 or 59% received other oral
therapies prior to NaPB. Of the 148 evaluable patients, 118 are
currently being treated.

The NDA database is divided into 4 diagnostic
categories: neonatal rescue (UCD diagnosed within the first 28
days of life), prospective (UCD diagnosed during gestation and
treated immediately upon birth), late-onset males (diagnosed
after 28 days of life) and OTC females (a subgroup of late-onset
which includes women with partial OTC deficiency, generally
diagnosed later in life). The numbers in each category by enzyme 1



deficiency were:

OIC GRS AS  Total

Neonatal rescue (R). = 19 .12 7. - 58
Prospectively treated (P) 4 2 4 10
Late onset males (L) 21 2 0 23
OTC female hets 55 0 0 55

* : on 9/21/95, Gus Turner called me from the Diviaion
of Compliance to state that during an audit of Dr. Moscovich, the
records could not be found for CPS patients, prospectively
treated, # 565 (patient transplanted) and # 295 (patient died),
and, therefore, they have been removed by me, as per his
instructions, from the database. Hence, there are only 10
patients in this group, not 12.

The sponsor states (amendment 95-03, pages 8 and 50)
that in neconatal rescue patients, hyperammonemia and respiratory
alkalosis occurred. In prospectively treated patients, a
diagnosis of OTC or CPS was confirmed on the basis of plasma and
ur.... substra.e analysis and AS by elcva.cd plasma citrulline
levels. In late-onset patients, a hyperammonemic episode always
occurred. In some patients, the urea cycl« defect was confirmed
by liver biopsy.

Demographics (initial February submission and amendment
95-03) for these 4 diagnostic categories are as follows (note: A=
antecedent therapy, NA= no antecedent therapy) :

Reacye AS CPS QIC
A NA A NA A NA

n 23 4 7 5 12 7
Gender 12F,11M 2F,2M 3F,4M 1F,4M all M all M
Mean age last 9.08 1.61 8.55 0.85% 5.27 1.08
visit (yrs.)

# pts. <2 yrs. 0 3(75%) 1 4 (80%) 3 6(86%
# pts. >10-<18 9(39%) O 4(57%) 0 2(17%) - 0

# pts. z18yrs. 0 0 0 0 0 0

Age oldest 17.58 2.83 11.58 2.08 13.75 3.00
Mean duration 2.87 1.59 1.6 0.75 2.91 1.02
of PB rx.(yrs.)

# rx'd <1 yr. 5(22%) 1(25%) 3(43%) 4(80%) 3(25%) 4(57%
# rx'd >1-<2yrs. 2( 9%) 2(s0%) 0 0 2(17%) 2(29%%
# rx’'d z2-<3yrs. 5(22%) 1(25+%) 3(43%) 1(20%) 2(17%) 1(14%
# rx'd >3-<Syrs. 8(35%) O 1(14%) © 3(25%) O

# rx’'d >5 yrs. 3(13%) o0 ] 0 2(17%) O

a NA 2 NA A NA

n 3 1 2 0 0 4
Gender 1F, 2M iM 1F, 1M ail M
Mean age last 8.42 0.11 10.0 0 1.86



&  RNA
visit (yrs.)
# pts. <2yrs. 0 1(100%)
# pts. >10-<18 - 1(33%) 0.11
# prs. >18yrs. o 0
Age oldest 10.08
Mean duration 3.38 0.11
of PB rx. (yrs.) .
# rx'd <1 yr. 1 1(100%)
# rx’'d 21-<2yrs. 0 0
# rx'd 22-<3yrs. 0 ]
# rx'd 23-<5yrs. 0 0
# rx’'d 25 yrs. 2(67%) 0
get m aAS
a NA
n 0 0
Gender
Mean age last
visit (yrs.)
# pts. <2yrs.
# pts. >10-<18 yrs.
# pts. >1l8yrs.
Age oldest
Mean duration
of PB rx.(yrs.)
# rx‘d <1 yr.
# rx’'d >1-<2yrs.
# rx’'d »2-<3yrs.
# rx’'d »3-<Syrs.
# rx’'d »5 yrs.
QIC Female heterozygotes
n
Gender
Mean age last visit (yrs.)
# pts. < 2 yrs.
# pts. > 10-18 yrs.
# pts. 218 yrs.
Age oldest
Mean duration of PB rx. (yrs.)
# rx'd. <« 1 yr.
# rx'd 21-<2 yrs.
# rx’'d 22-«<3 yrs.
# rx’'d 23-<5 yrs.
# rx'd 2 S yrs.

cES orc
A NA A NA
0 0 3(75%
1(50%) 0O 0
0 0 0
12.75 0 3.83
5.23 0 1.81
0 0 1
0 0 2
0 0 Q
0 0] 1(25%)
2(100%)0 0
cpS QTC
a NA A NA
1l 1l 9 12
1F iM all M all M
32.08 20.42 9.56 12.83
0 0 0 0
0 0 1(11%) 2(17%
1 1 1(11%) 3(z5%
32.08 20.42 20.67 38.83
1.98 4.12 2.19 1.93
0 0 1 3
1 0 2 3
0 0 5 4
0 1 1 2
0 0 0 0
QTC
;) NA
29 26
all F all F
14 .37 16.26
0 0
11(38%) S(19%
8(28%) 9(35%)
31.83 54.42
3.29 2.82
1l 5
5 4
9 8
10 7
4 2
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The follewing points summarize the above demographics
tables:

- 1.Unlike AS and CPS deficiencies, OTC deficiency is an X--
linked disorder. Hence, all homozygous pat1ents are male. The
females are heterozyQOCes

2.While OTC deficiency may present at an} age, AS deficiency
was limited to neonatal onset and CPS deficiency was
predominately neonatal onset.

3.The majority of neonatal resue patients (R), received
antecedent therapy. Those who did, were older at the time of
their last visit than those who did not (combining all enzyme
groups: mean age 7.9 yrs. for pts. receiving antecedent therapy
vs. mean age 1.1 yr. for those who did not). Consequently,
neonatal onset patients who received 2ntecedent therapy, received
PB monotherapy longer (2.7 yrs. vs. 1.1 yrs. for those receiving
antecedent therapy and those who did not, respectively).

4.In the prospectively treated group (P), there are only 10
patients. half the patients received ancecedent therapy and half
did not. Their mean age at last visit was comparable to the
rescue group, but, because the prospective patients were treated
at birth, their mean duration of PB monotherapy is longer
(antecedent rx. P vs. R: 4.12 vs., 2.7 yrs., no antecedent rx.- P
vea. R: 1.5 vs. 1.1 yrs.).

S.The majority of late onset male patients have OTC
deficiency and none have AS deficiency. Although their mean age
at last visit is higher than for neonatal onset disease patients
at last visit, the mean age remains in the pediatric age group.
Only 4/21 patients in the late onset male group with OTC
deficiency, are adults (i.e. > 18 yrs.). Their mean duration of
PB monotherapy is ~ 2 yrs.

6.The OTC female heterozygotes are the oldest age group.
Their mean ages at last visit are in the adolescent age range.
31% of these patients (17/55) are adults. They have received PB
monotherapy for -~ 3 yrs. -

Results: Efficacy:

(Note: per submission dated 8/21/95, compliance cannot
be documented because distribution of the drug to each patient
was not reported on the CRF. In some cases, the co-investigator
noted if the patient was compliant or not, but there was no
quantification. Since an average adult requires 30-40
tablets/day, compliance over a chronic dosing period was not
expected) .

‘Survival is the prime measure of efficacy. (Note: I updated
the following tables per amendment 95-006, submitted on 7/31/95):
The following data applies to the 148 evaluable
patients (note: # wd 2° to tx.= number of patients who withdrew
secondary to liver transplant, # withdrew- number of patients who
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withdrew for reasons other than liver transplant):

AS CeS QTC

4. M 4 DA &  NA
Rescue:
n 23 4 7 5 12 7
# pts. active 17(74%) 3(75%)  S5(71%) 3(60%) 7(58%) 4(57%
# withdrew 3(13%) O 0 0 0 0
# wd 2° to tx. 0 0 0 1(20%)* 1(8%) 1(14%
# expired 3(13%) 1(25%)  2(29%) 1(20%) 4(33%) 2(29%

a= patient # 651 was classified as "active" per volume 6,
appendix B, but per CRF for this patient in volume 9, the patient
received a liver trangplant.

n 3 1 2 0 0 4

# pts. active 3(100%) 1(100%) 2(100%) O 1(25%
# withdrew 0 0 0 0 0

# wd 2° to tx. 0 0 0 0 3(75%
# expired 0 0 0 0 0
lLate onget males:

n 0 0 1l 1 9 12

# pts. active 1 1 7(78%) 9(75%
# withdrew 0 0 0 3(25%
# wd 2° to tx. 0 0 1(11%) ©

# expired 0 0 1(11%) ©

n 0 0 0 0 29 26

# pts. active 26 (90%) 23(88%
# withdrew 2( 7%) 3(12%
# transplarted 0 - 0

# expired 1(3%) O

The above statistics demonstrate that survival is 100%
for prospectively treated patients, 98% for OTC female
heterozygotes and 96% for late-onset males. Survival was lowest
in the neonatal rescue group (45/58= 78%). In the R group,
patients with AS deficiency had the lowest mortality rate (15%)
compared to CPS and OTC deficiencies (25% and 32%, respectively).
The deaths in the late onset males and OTCF het groups were due
to OTC deficiency.

The group with the highest transplant rate is the P group.
It is interesting to note, that the majority (3/5 or 60%) of
prospectively treated patients who have heen most recently
enrolled into the study (i.e. patients receiving PB monothezrpy
only) have received liver transplants while older prospectively
treated patients (i.e. those who received antecedent tharapy),
have been treated with medical therapy only. I asked Dr. Brusilow



in our 3/20/95 meeting with him, if PB monotherapy is now
ragarded as a temporizing measure in these situations, and he

. replied that he does not recommend one regimen over the other.
Transplants were also done in 3 patients with neonatal onset OTC
or CPS deficiencies receiving rescue therapy and 1 male patient
with late onset OTC deficiency.

Another primary measure of efficacy were the anthropometric
meazurements. In the initial submission, only the height and
weight from the most recent case recorc were provided. Since
growth refers to change in height and weight over time, FDA
requested all values be submitted. These were provided in
amendment 95-03.

For patients in each of the 4 diagnostic categories, all
available heights and weights on treatment and their
corresponding percentiles were providec. For patients < 18 yrs.
of age, a Z score was calculated for bcch height and weight
(adjusted for both age and gender per my 7/11/95 telephone
conversation with Dr. Wiech). The difference hetween the initial
mean Z score (closest to the initiation of PB monotherapy) and
the mean Z score at the last recorded visit was reported for all
enzyme groups and all diagnostic categories in amendrnent 95-03,
table S3. In this table, a significant increase in either weight
or height (which I will define as a change in Z score > 1 from
initial to last recorded visit), occurred in weight for
prospectively treated patients with AS deficiency who received
antecedent therapy (n= 2) and in height, for OTCF hets. who
received no antecedent therapy. However, in the latter group,
this significant increase in height was due to 2 patients, #'s
5§94 and 15, where the height at the last visit increased from
the 2% to the 91% in the former patient and from the 14% to the
99.8% in the latter patient, both increases occurring over ~ 1
yr. This seems implausible and, therefore, I redid this analysis
omitting these 2 measurements, and the difference in mean 2
scores between the initial and final visits for height in this
group, was not significant (+0.02).

I noted that in table 53, the number of patients in
some of the groups, did not match :he number of patients in the
raw database (e.g. per table 53, regarding weight, there were 8
CPS rescue patients who received antecedent therapy and for which
at least 2 weight values are available, but in the raw database,
there were only S such patients. Therefore, I redid this table,
but looked at the data in two different ways: change in Z scores
for height and weight from baseline to the last recorded visit
and change in Z scores during treatment. In each case, I included
only patients on PB treatment for > 1 yr. ‘

Change in Z scores of weight and height for age from
baseline (initial) to 2 1 yr. on PB rx. (last) in patients < 18
vyrs. old (note: AT= antecedent therapy, No AT= nc antecedent

therapy):
Weight Height



~2.60 +1,00b

. . +0.75; nNal ~l.19 -2.09 ~0.90
~2.41 -1.39 +1.02; Nag ~3.00 ~2.47 +0.53
4 and ba significance (i.e, change in z Score > ;) due tqo
288,

Proapective:
T nag
No AT N=Q

CPS ar Na 3 -0, 8¢ +0.43 +1.27; Nmj ~1.67 ~0.53 +1.14
No AT N=Q

QTC AT nag

No AT N=Q

Lae.-cnlce Daleg;
AT nN=] ~0.0s8 ~0.06 0.00.; n=1 ~0.04 ~0.11 ~0.07

No AT n.g -0.14 "0.20 g q6; nel  _5'gq “0.42 4039
AT + No AT ., -0.1¢ 0.13 . 03, =2 -0.33 1432 +0.06

OoTer hetg, ;
AT Nug ~0.43 -0.10 +0.33; na3 ~1.63 ~l.14 +0.49
No AT N=] -1.08 ~0.03 +1.05; Nw} ~0.81 -0.38 +0.43

AT No ar N=§ ~0.5¢ ~0.09 +O.47; Nag ~1.42 -0.95 . +0.47

Growth jg most Severely affectegd in the rescue Patientg
and leagt affecteq in the late onset'males' The signifieant

2 Patients- oTC rescye Patient g 288 ang prospectively treateq
Cps Patient u 341, (Note. although the 2 SCore for height
significantly improved for Patient 288, the abaolute height
Temaineg well below the 3% for age) .

Regarding change in z SCores of weight ang height for age
during treatment with pg therapy for , 1 Yr.in Patients . 18 yrg.
old;
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Livial  hast  Difs Dived Loy Diff

Rescue: )
AS AT n=l17 S -1.5% -1.81 -0.26; nel5 -2.04 --2.23 -0.19
No AT M3 = -1.35°7 -1.32 +0.03; ns# 3 -1.75 -1148 '+0.27
AT + No AT n=20 -1.52 -1.73 -0.21; n=18 -1.99 -2.11 -0.12
CPS AT ne 3 +0.57 +0.1% -0.42; n= 3 -0.43 -0.83 -0.40
No AT n=2 -1.27 -2.05 -0.78; n=s 2 -2.53 -2.19 +0.34
AT + No AT n=5 -0.17 -0.73 -0.56; n= 5 -1.27 -1.37 -0.10
QTC AT n= 8 -2.18 -0.92 +1.26% n= 7 -3.15 -2.81 +0.34
No AT n=1 -2.93 -1.27 +1.66; n= 1 -2.16 ~-0.52 +1.64

AT + No AT n=9 -2.26 -0.96 +1.30; n=8 -3.03 -2.52 +0.51
a= significance due to two patients, # 288 and 613.

Prospective:
AS AT n= 2 +1.08 +2.33 +1.25: n= 2 -0.67 -0.32 +0.35

No AT ns=0

CPS AT n=1 -0.56 +0.41 +0.97; n= 1 -1.34 -0.53 +0.81
No AT n=0

QTC AT n=0
No AT n=2 +0.50 +2.87 +2.30° n= 2 -1.14 -0.58 +0.S6

bs significance due to one patient, # 563.

Lata-onset males:
OTC AT n=6 -0.37 -0.69 -0.32; n= 6 -0.59 -0.78 -0.19
No AT n=4 -1.07 ~0.45 +0.62; n= 3 -0.03 -0.46 -0.43
AT + No AT n=10 -0.65 ~0.59 +0.06; n= 9 -0.40 -0.67 ~0.27

OTCF hets.:

QTC AT n=18 -0.23 -0.24 -0.01; n=18 -0.80 -0.92 -0.12
No AT n= 11 -0.45 +0.15 +0.60; n=10 -0.75 =-0.83 .-0.08"

AT + No AT n=29 -0.31 -0.20 +0.11; n=28 -0.78 -0.89 ~0.11

The following conclugsions can be drawn from the above
table:

Again, rescue patients show the greatest negative
deviations from the norm for both height and weight. After at
least one year of PB monotherapy, significant increases in weight
were noted only in the prospectively treated and OTC rescue
groups. Within these groups, the significant weight increases
were due to 6 patients- #’s 28, 30 and 563 in the prospective
group and #’'s 288, 613 and 604 in the OTC rescue group. However,
a significant increase in height occurred in only 1 patient (OTC
rescue pt. # 604).

To summarize the findings in the above tables:

1. Patients with urea cycle disorders tend to be
shorter and lighter than average.
2. Height is more severely affected than weight.
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3. Growth is most severely affected in the rescue
patients.

4. PB monotherapy significantly improves growth in
only a few patients. ' - S : ' ‘ ' o

Cognitive development:

Formal IQ test scores are available in some patients.
Since IQ testing was done in only some patients, the sponsor, at
FDA's request (amendment 95-03, submitted 5/22/95), provided
narratives of cognitive function in others to provide us with
some knowlege regarding their level of cognitive functioning.
This was done only in those patients who received no antecedent
therapy. (Note: initially, I thought these narratives were also
useful in that they contain ratings of the patient’'s compliance
with PB therapy. However, per my phone conversation with the
sponsor on 8/10, these compliance rat.ngs &v¥- not necessarily
accurate as compliance was determined not by pill counts but just
by patient’s report of how compliant they believed they were with
the medication. The sposor submitted this in writing, at my
request, on 8/21/95). The IQ data was classified according to the
following scheme:

10 score range Classification
90-109 Average (Avg.) 4
70-89 Low average/borderline (LA) 3
50-69 Mentally retarded (MR) 2
<50 Severely retarded (SR) 1

Please note that a variety of psychological tests were
used to evaluate IQ both within a single patient, at different
timepoints, and among patients. Also note, that in some severely
retarded patients, it was not possible to calculate an IQ score
but a description of their cognitive level of functioning placed
them clearly in the SR classification, and, therefore, they are
included in the IQ group. The following table summarizes the IQ
data in each of the patient groups and uses the following
abbreviations: R= rescue, P= prospectively treated, L= late onset
male, AT= antecedent therapy, No AT= no antecedent therapy, Avs
average intelligence, LA/Bs low average/borderline, MR= mentally
retarded, SR= severely retarded. (Note: after each enzyme
deficiency in eacg group, is a fraction- the numerator is the #
of patients in whom IQ testing was done, and the denominator, the
total number of patients in that group with that enzyme
deficiency. Also, note that this summary table will be followed
by a detailed narrative of all available cognitive data for each
group) .

ni%) nis) ni%) ni%)

R: AT: CPSD 4/7 1(25%) 2(50%) 0 1 (25%)
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R. AT : CPSd +[q
No AT: CPSD 3/5
AT + No AT: CPSD
AT: - OTCD 7/12
No AT: QOTCD 4/7
AT + No AT: OTCD
AT: ASD 13/23
No AT: ASD 4/4
AT + No AT: ASD

All R gps combined

#'s 52, 287,

Avar
"T%)

) (25L)

1(33%)
2(29%)

[» Nl o]

0 .
1°(25%
1(6%)

3(9%)

=2

£LAl8
- T2
ﬁf&ﬂa
2(29%)
0

]
1(8%)
17(25%)
2(12%)

4(12%)

Qo

1°(33%)
1(14%)

- 1(14%)

0 .
1(10%)

3(23%)

0

3(18%)
5(15%)

Jn'éfu.
=D

1% (axd
1(33%
2(29%)

6°(86%) -
4(100%)
9(90%)

99(69%)
2(50%)
11(65%)

22(65%)

(Note: a, ¢ and d refer to the addition of several patients-

333,

397 and 520- all of whom were SR per the

patient mortality and discontinuation of therapy case report

forms. b refers to patient # 651.

Per the initial February NDA

submission, pt. # 651 had an IQ of 64 on PB rx., but per the May
amer-“ment, no IQ is given and the pati~-- is classified in the LA
. I used the IQ of 64 in the above table.
the addition of patient #'s8 650 and 610, respectively per
amendment 95-03.

range

e and £ refer to

Ava.., L418 Mele, Sehe
P: AT: CPSD 1/2 o] 1(100%) 0 0
Ne AT: CPSD 0/0 0 ¢] 0 0
AT + No AT: CPSD 0 1(100%) O 0
AT: OTJD 1*/1 1(100%) 0O 0 0
No AT: OTCD 1/4 0 0 1(100%) O
AT + No AT: OTCD 1(50%) O 1(50%) 0
AT: ASD 1/3 0 Q 1(100%) O
No AT: ASD 0/1 0 0 0 0
AT + No AT: ASD 0 0 1(100%) ©
All P gps combined 1(25%) 1(25%) 2(50%) 0

a= addition of pt. # 167 in whom IQ data was provided in the
narrative pertaining to discontinuation of therapy. Therapy was
discontinued in this patient due tc receipt of a liver transplant
at 3 11/12 yrs.

Note: CPS patients,

#'s 295 and 565, have been omitted from

this analysis as their records could not be found during FDA's

audiz of this NDA.
_ P LAB Mele Soke
L: AT: CPSD 0/1 0 0 0 0
No AT: CPSD 1/1 0 1(100%) 0 0
AT + No AT: CPSD 0 1(100%) 0 0
AT: OTCD 4/9 0 1(25%) 1(25%) 2(50%)
Mo AT: OTCD 3/12 1(33%) 1*(33%) 0 1(33%)
AT + No AT: QTCD 1(14%) 2(29%) 1(14%) 3(43%)
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All L gps combined 1(13%) 3(38%) 1(13%) 3(38%)
a= patient # 702 was reported to have an IQ of 83 (LA) in
the initial NDA submission, but, in the May amendment (95-03),
was classified as "average" per Bayley assessment. '

OTCE hets: AT: 17/29 5(29%) 7(4a1%) 3(18%) 2(12%)
~ No AT: 12%/26 1(8%)  4(33%) 3(25%) 4(33%)
Both OTCF het gps 6(21%) 11(38%) 6(21%)  6(21%)

a= I omitted patient # 637 from the analysis because a
specific IQ score was not reported.

Summary of the above table pertaining to IQ in patients with
ucCD:

The majority of rescue patients (27/34 or 79%) are MR or SR
with the majority being SR. In those testing in the average or LA
1Q range, 3/7 (#'s 610, €638 and 650), were tested at < 1 yr. of
age. In addition, > 1 yr. has elapsed from the time of IQ testing
-~ the date of the last report in 3 of tuese 7 patients.

Only 4/11 (36%) prospectively treated patients were IQ
tested- with 2 testing in the average to LA range (note: the
oldest patient in this category was S yrs. at the time of
testing) and 2 in the MR range. (Note: patient #’'s 295 and £65
were excluded from this database as their records could not be
found by FDA during the audit of this NDA).

Only 8/23 (35%) late-onset males were formally IQ tested.
50% tested in the average to LA range and 50 ¥ in the MR or SR
range.

29/55 (53% OTCF hets were formally IQ tested. Of these, 17
(59%) tested in the average to LA range and 12 (42%) in the MR or
SR range.

Additional cognitive information provided for each patient
group:

Compliance was vated in 10/11 rescue patients who
received no antecedent therapy. The rating was "good" or
"excellent" in all of them.

Narratives of cognitive function on PB rx., has been
provided for 4 patients who received no antecedent therapy (2
CPS- #'s 672 and 725 and 2 OTC- #'s 720 and 709). The CPS
deficiency patients were both described as demonstrating normal
development but assessments were done at 3 and 8 mos.,
respectively. The OTC def. patients, were described as average,
but assessments were done at < 18 mos. of age. Assessments are
all up-to-date in these patients.

Pre and post PB IQ testing was available in the
following patients (excluding patients who were SR pre PB rx.):
AT: n=3 The IQ's in these 3 patients were in
the average to LA range and they renained stable (test score
differences -2 to -7) over a mean period of 2.9 yrs.
No AT: n= 0.
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Repeat IQ testing on PB rx. (excluding those SR on
initial testing) revealed the following:

AT: n=2 (4 180 with OTC def. and # 407 with
ASD def.). Both patients were initially classified as MR and -
there was no significant change between test scores (i.e.
differences < 10 points) in the ¢ 1.5 years that these patients
were retested,

No AT: n=1 (¥ 651 with CPS def.). This
patient was initially classified as LA (IQ= 87) and dropped IQ by
23 points to 64, MR range in 1.15%5 yrs. This occurred with
compliance rated as "good to excellent". Note, however, the
initial test was performed at 5 mos. of life.

In summary, the majority of rescue patients-
79%- are MR or SR. Of the 11 rescue patients with IQ’s in the
average or LA range, or with narratives suggesting an average-LA
Jlevel of cognition, assessment was done at a very early age~” (< 18
mos.) in 7 patients. There is a paucity of data regarding pre and
pest PB rx. IQ and repeat IQ tesing on PB therapy.

atlients:

Narratives of cognitive function on PB rx., has been
provided for 2 additional patients- #'s 625 and 570. The
narratives suggest that these patients were functioning in the
average and LA ranges, but both received liver transplants at <
1.5 yrs. of age and, therefore, no further information is
available.

Compliance was rated in the patients who received no
antecedent therapy. It was rated as "good" in patients 570 and
625 and "good to excellent" in patient 563 (MR).

Pre and post PB rx. IQ data:

In 1 patient- # 341- IQ was measured on antecedent
therapy and was 85. After 5 yrs. ¢n PB rx. IQ remained
egsentially unchanged (-2 point difference).

Repeat IQ testing on PB rx.: .

N= 0 because patient # 295 has been removed from
the database (record could not be found by FDA during their
audit) .

in summary, only 4 patients :: che prospectively
treatad group have been IQ tested. 2 patients tested in the
average to LA range and 2, in the MR range. Cognitive narratives
were provided in 2 additional patients, indicating average and LA
performance, but drug therapy was discontinued at < 1.5 yrs. of
age in both due to receipt of liver transplants.

Late Gnset Male Patients:
" For late-onset male patients, the following applies:
AT: OTC: mean age at entry into PB protocol: 4.50 yrs.
mean age at IQ testing: 6.01 yrs.
age range at IQ testing: 3.05-9.13 yrs.
mean duration of PB rx.: 1.34 yrs.

Excluding withdrawals and SR patients, IQ testing was
up-to-date in 2/2 patients.
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No AT: CPS: age at IQ testing was 19.92 yrs. after 4.58 yrs. on
PB and testing is up-to-date

. OTC: mean age at entry into PB protocol: 4.06 yrs.
' mean age at IQ testing: = "4.92 yrs.
age range at IQ testing: 2.25-8.25 yrs.
mean duration of PB rx.; . 0.85 yrs.

_ Excluding withdrawals and SR patients, IQ testing is
up-to-date in 2/2 patients.

Compliance with PB monotherapy was only provided for
the no antecedent therapy patients. In those in whom IQ was
tested, compliance was rated as "good" to "excellent" in 4/4 pts.
(corresponding IQ's were 2 pts. in the average category and 1 pt.
in each of the LA and SR categories).

Narratives of cognitive function on PB rx., where
formal IQ testing was not done, was provided in 8 patients who
received no antecedent therapy. Sufficient information to ~
classify the patient was provided in 7 of these. 6 were
functioning in the avg. or LA range (6/7= 86%) and 1 in either
the MR or SR range. Insufficient data was provided for patient
#642 who was noted to have language delay and poor coordination.
Compliance with PB rx. for 5/6 pts. whose narratives suggested
cognitive functioning in the average or LA range indicated it to
be "good" in 2 of these pts. and variable (ranging from "pocr" to
"exce;;ent") in each of the remai.iing 3 pts.

In addition, the mortality CRF for patient # 429 who
received antecedent therapy, stated he had attended college and
worked in a wood working shop but was not compliant with his
medication.

Pre and post PB IQ testing (again, note, this analysis
excludes patients who were SR pre PB rx.):

AT: n=2 In 1 patient (#448) there was a
significart deterioration in IQ (-11 points) over a 2.57 yr.
period, but the patient’s classification remained MR. The IQ in
the remaining patient remained essentially unchanged (+3 point
difference) in 1.35 yrs.

No AT: n=1 (#538) and IQ was essentially unchanged
(-1 point difference) 4 yrs. later. Compliance with PB rx. was
"excellent".

In an additional 5 patients (# 702, 550, 566, 556
and 490), all of whom received no antecedent therapy, a
comparison of cognitive performance pre and post PB rx. was
possible using narratives (SR patients pre PB were excluded). In
all these 5 patients, cognitive classification remained
unchanged. Compliance was "good" to "excellent" in 3 and variable
in 2.

. In no late-onset male patient was IQ repeated during PB
rx.. However, the parratives of 4 patient=z indicate no change
over time in 1 and improvement in 3. Specifically, the narrative
of patient #550 indicates no change. On PB, the patient was
"normal" in the first grade, did pcorly in second grade when he
was taking half the prescribed dose of PB, and grades again
became "good" in third and fourth grades when the dose was



16

doubled. The narratives of the following 3 patients suggest
improvement on PB therapy:

: #490- according to the patient, PB helped earn a
college ‘degree in computers by allowing him to work "longer and
harder". Note: patient is taking half the reccmmended dose.

#550- or half the prescribed PB dose, the patient
was noted to have poor grades and behavioral problems. When the
dose was doubled, the patient’'s grades improved to "good".

#566- on PB, the patient’'s parents reported "fewer
episodes of confusion" and behavior was easier to control.

QTCF heterozvgoteg:
For OTCF hets, the following applies:

AT: mean age at entry into PB protocol: 11.27 yrs.
(anteced- mean age at IQ testing: 14.04 yrs.
ent rx.) age range of patients IQ tested: 6.02-24.73 yrs.

mean duration of PB rx.: 2.77 yrs.
# adults (i.e. » 18 yrs.) IQ tested: 3

mean age at IQ testing if exclude adults: 12.12 yrs.

Excluding patient withdrawals and SR patients, IQ
testing was up-to-date (i.e. done within 2 yr=. of NDA file date)
in 10/13 patients (77%). IQ testing was not u.-to-date in patient
#"s 303, 313 and 324 who tested avg, MR and LA, respectively.

No AT: mean age at entry into PB protocol: 8.18 yrs.
(no ante- mean age at IQ resting: 10.79 yrs.
cedent rx) age range of patients IQ tested: 2.93--23 yrs.
mean duration of PB rx.: 2.61 yrs.

# adults IQ tested: 2

mean age at IQ testing if exclude adults: 8.85 yrs.

I¢ testing was up-to-date (excluding withdrawals and
SR patients) in 7/8 patients (88%). IQ testing was not up-to-date
in patient # 575 who tested in the LA range.

Compliance ratings in patients who were IQ tested
and received no antecedent therapy were as follows:

Of 10 pts., compliance was "good" to
"excellent" in 6, with IQ‘s in the avg. to LA range in 3 of these
and in the MR or SR range in the remaining 3. Compliance was
“fair" in 1 SR pt; "poor®" in 1 LA pt. and variable (ranging from
“poor" to either “"good" or “"excellent" in 1 LA and 1 SR pt.
Therefore, compliance does not appear to be related to cognitive
outcome.

Narratives of cognitive function on PB treatment,
where formal IQ testing was not done, was provided in 10 patients
(10/26= 38%) who received no antecedent therapy. In my opinion,
there was sufficient information to categorize the patient’s
level of cognitive functioning in 6 of these. Intellectual
functioning was average in 5 (#'s 680, 654, 684, 609 and 68l1) and
MR in 1 (#637). Information was insufficient to categorize the
patient’s level of cognitive function in 4 patients (#'s 506 and
618 were reported to be in special education classes, # 602 is a
housekeeper and # 212, a Nurse'’s Aide).
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Pre and post PB IQ testing was available in the
following patients (note: patients had to be on PB for » 6
mos.and in this analysis, I omitted patients who tested SR pre PB
rx.): o ' o o

AT: n=10 A significant change from baseline
(difference between IQ scores > 10 points) occurred in only 1
patient (# 207) in whom the IQ deteriorated by 20 points, moving
the patient from the MR category to the SR category.

No AT: n=4 A significant change occurred in
only 1 patient (#71) in whom the IQ dropped by 18 points, moving
the patient from the average to the LA range. Therefore, in the
majority of OTCF hets, where pre and post PB IQ testing was done,
the IQs remained stable on PB rx. Compliance with PB rx. in the
patient whose IQ deteriorated (#71) was reported as "poor". (In
the patients with stable IQ compliance was rated as "excellent'
in 1, ranged from "good to poor' in another and was unknown”™ in
the third).

Sufficient information was available from
narrative in 6 additional patients (#'s 581, 636, 684, 637, 609
and 681), to assess intellectual functioning pre and post PB rx.
Patients classified as SR pre PB rx. were excluded. Again,
cognitive function remained stable from baseline in the majority
of patients: (5/6= 83%). In patient # 581, cognitive performance
appeared to deteriorate from LA to MR with compliance being rated
as "good" or "excellent". Compliance in those who remained
cognitively unchanged was: "good" or "excellent" in 4 and was
variable in 1 (ranging from "poor to excellent").

Repeat IQ testing on PB rx. (tests administered >
émos. apart and excluding those SR on initial testing), revealed
the following:

AT: n=3, mean duration between testss 3.86
yrs. A significant difference (> 10 points) between test scores
occurred in 1 of 3 patients (# 446) in whom IQ decreased by 16
points, moving the patient from the average to the low average
range. Note, this patient had the longest interval between tests-
6.64 yrs., of all 3 pts. in this group.

No AT: n=4, mean duration between tests= 3.03
yrs. (patient #'s 581, 393, 636 and 71). A significant
deterioration in IQ occurred in 1 patient (# 393), in whom a
deterioration by 22 points between tests, dropped the patient
from the MR to the SR range. This patient also had the longest
interval between tests- 7.21 yrs. and compliance with PB
treatment ranged from "poor to excellent". (Note: although
patient # £°4 also exhibited a significant difference between
tests administered on PB rx.- minus 19 points- comparison of the
pre PB test score- IQ 88, was essentially unchanged from the last
IQ test on PB- IQ 86. Therefore, I rated this patient as no
change) . Drug compliance ratings in the 3 patients demonstrating
no significant change in IQ ranged from "good" to "excellent".

Therefore, IQ remained stable in the majority
of patients where IQ testing was repeated on PB rx.

Per the cognitive narrative for patient #
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654, the patient’s functioning remained normal in the intervening
7 mos.

The narratives.of 2 patients (#‘s 637 and
664) state that they improved on PB rx. # 637 demonstrated
improvement in "some subtest areas" on the Griffith's test and #
664 demonstrated improvement in "thinking and alertness" per the
patient and her daughter.

Safety:

Hyperammonemic Episodes:

Hyperammonemic episodes were included in the safety
database. I asked the sponsor (Dr. Wiech) why this was placed in
safety rather than efficacy and he replied that it is because
phenylbutyrate does not prevent hyperammonemia.

The initial NDA did not analyze the frequency of ~
hyperammonemic episodes by enzyme deficiency. Furthermore,
baseline (pre-drug) frequency of hyperammonemic episcdes was rot
submitted for late-onset groups (males and OTCF hets). In
addition, for some of the groups, the number of patients
reporting no HA episodes since initiation of PB therapy, as
reported in table 77 did not correlate with the HA raw database
provided in appendix E. There were also problems with table 78 in
that the mean # HA episodes/yr. for each group, did not correlate
with the result that was obtained by dividing the mean total # of
episodes by the mean duration of PB therapy for that group. These
problems and requests were conveyed to the sponsor. Subsequently,
the sponsor reanalyzed this data and did so by enzyme deficiency
(amendment 95-03). Further statistical analyses were done by the
sponsor regarding the frequency of HA episodes and submitted
6/27/9%5 as amendment 95-04. (Note: FDA statistician, Mr. Dan
Marticello, had questions regarding the statistical analysis of
amendment 95-04- see e-mail he addressed to me dated 8/3- and
subsequently, a corrected analysis was sent to FDA on 8/7). On
8/10, I telephoned Dr. Weich and requested him to provide the raw
database for amendment 95-03, tables 164-7 which were
inadvertently omitted and the "Primary Data Listing" for
amendment 95-04 which was also inadvertently omitted. I further
requested he explain the difference between the "Primary" and
"Second Data Listings" in amendment 95-04. He faxed me this data
on that same day. On 8/10, 8/11 and 8/15, I telephoned Dr. Weich
(on 8/10, 1 also spoke one of Dr. Weich’'s statisticians, Mr. Dave
Clissold), to point out discrepancies in these various raw
databases- specifically, for some patients, the total number of
HA episodes differed among the databases. He stated he would
review all these databases and make the appropriate corrections.
Subsequently, amendment 95-07 was submitted on 8/24/95 and per
the sponsor, contains the corrected HA database and analysis. Dr.
Weich explained that the discrepancies were due to recording of
some HA events twice or recording HA events past the data cut-off
of June, 1994.

Given all the above problems, I did my own analysis
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regarding the frequency of KA in the various groups, using the
raw database contained in amendment 95-007. Since, the database
lacked a baseline frequency for the late-onset patients (males
and OTCF hets), I telephoned Dr. Weich and Mr. Dave Clissold, on
8/16, to request this data. Dr. Weich informed me that this
information was not requested on the CRF. Mr. Clissold stated
that there would be a major problem in attempting to retrieve
this type of data. Many patients who had symptoms which could be
attributable to hyperammonemia, such as lethargy a- confusion,
did not have an accompanying plasma ammonia measured, and,
therefore, the symptoms could not be definitively attributable to
hyperammonemia. Furthermore, once an elevated ammonia was
obtained, the patient was then generally referred to Dr. Brusilow
for treatment. I asked that this response be formally sent in to
the Agency. (note: this information was submitted on 8/21).
Therefore, the following calculations are limited to the
frequency of hyperammonemia on PB monotherapy:

Summary of HA episodes in all groups:

In those treated with PB > 1 yr., the frequency of
hyperammonemia on treatment was:

-

Digease Enzyme N Mean # HA Mean duration
Rescue: AS 21 1.18 3.26
CPS S 0.75 2.50
QOTC 12 1.54 3.18
Prospective AS 2 1.30 5.03
CPS 2° 1.92 5,23
oTC 3 3.41 2.14
Late-onset CPS 2 0.00 3.05
males CTC 17 0.67 2.35
OTCF hets. oTC 49 0.85 3.36

a= CPS prospectively treated patients, #’'s 295 and 565, have
been omitted because their records could not be found during
FDA's audit.

The above table indicates that late-onset patients

(males and OTCF hets.) have a lower frequency of HA episodes,
averaging < 1 episode/yr. compared to neconatal onset patients.
Patients with late-onset OTC deficiency have a lower HA frequency
than neonatal onset OTC deficiency, confirming that the degree of
geverity of the disease is related to time of onset which is
related to the amount of residual enzyme activity. Patients with
necnatal onset disease are presumed to have little or no enzyme
activity while late-onset patients are presumed to have more
enzyme activity but which may not be enough to prevent episodic
HA. Although prospectively treated patients appear to have a
higher frequency of HA than rescue patients, the small number of
patients in the former group warrants cautious interpretation.
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VWithout baseline data, no statement can be made régarding the
effect of PB on the frequency of HA.
The following is a detailed analysis of the HA

frequency in each group.

Frequency of Hyperammonemic ] m
Digeage Enzyme n mean # HA/vr. mean duratjon
Qnset def . of PB rx.(yrs.)
Rescue:
AT AS all rx'd 23 2.10C 2.87
rx'd > 1 yr. 18 1.34 3.51
No AT AS all rx’'d 4 0.43 1.59
rx‘'d » 1 yr. 3 0.22 1.79
AT CPS all rx‘d 7 2.54 1.6
rx'd > 1 vyr. 4 0.69 2.62
No AT CPS all rx’'d 5 0.65 0.75
rx'd > 1 yr. 1 1.00 2.00
AT OTC all rx’'d 12 1.12 2.91
rx'd > 1 yr. 9 0.93 3.63
No AT OTC all rx’'d 7 3.38 1.02
rx'd > 1 yr. 3 3.36 1.82

Comment: Note the wide variability in
hyperammonemic frequency, and, except for the AS, AT group,
sample sizes are small. Thus, a few patients with frequent HA
episodes can markedly inflate the mean rate for the group. This
was the case in 3 patients with AS deficiency, AT; 3 patients
with OTC deficiency, no AT; and 2 patients with CPS deficiency,
AT. Therefore, one must be cautious in drawing conclusions from
this data. Furthermore, the lack of a baseline frequency, limits
the usefulness of this data.

Prospective:  Frequency of Hyperammopemia on PB monorx.

Enzyme n mean # HA/vr, mean duration

def. . of PB rx. (yrs,)
AT AS all rx'd 3 13.36° 3.38
rx'd » 1 yr. 2 1.30 5.03

No AT AS all rx’'d 1 0 0.11
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OTC all rx‘d 29

rx'd > 1 yr. 28

No AT OTC all rx’d 26
rx‘'d > 1 yr. 21

Comment: similar to late onset OTC deficiency male
pts., OTCF hets, have < 1 HA episode/yr. There is essentially no
difference in frequency of HA episodes between the antecedent and

no antecedent therapy groups.

Incidence of No Hyperammonemic Episodes on PB_monorx.
total n # (%) pts. with no HA

Disease Enzvme  AT/no AT

[an 1 P u,/ﬂ yA Y . YW e R dc«-«% PB Py,
0.96 3.29
0.74 3.38
0.80 2.82
0.99 3.33

Onset = def.
Rescue AS AT- all pts. 23 1/23 (4%)
- rx'd 21yr. 18 0/18 (0%)
No AT- all pts. 4 2/4 (50%)
- rx'd 21lyr. 3 2/3  (67%)
CPS AT- all pts. 7 3/7 (43%)
- rx'd >lyr. 4 2/4 (50%)
No AT- all pts. & /5 (60%)
- rx'd >lyr. 1 0/1 ( 0%)
OTC AT- all pts. 12 2/12 (17%)
- rx’'d >lyr. 9 1/9 (11%)
No AT- all pts. 7 1/7 (14%)
- rx'd >1yr. 3 0/3 ( 0%)
Prospective AS " AT- all pts. 3 0/3 (0%)
- rx’'d zlyr. 2 0/2 ( 0%)
No AT- all pts. 1 1/1 (100%)
- rx’'d 31lyr. 0
CPS AT- all pts. 2 0/2 ( 0%)
- rx‘d z2lyr. 2 0/2 ( 0%)
No AT- all pts. o0
- rx'd 21yr. 0
oTC AT- all pts. 0

orx (.
LJ
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frotpusha OTC No AT- all pts. 4 1/4

o ‘ -rx‘d »1lyr. 3 0/3 ( 0%)
Late‘onset CPS AT- all pts. 1 1/1 (100%)
_ - rx'd 2lyr. 1 1/1 (100%)
e No AT- all pts. 1 1/1 (100%)
- rx‘d 21yr. 1 1/1 (100%)

(males) OTC AT- all pts. 9 5/9 (56%)

- rx'd zlyr. 8 4/8 (50%)

No AT- all pts. 12 9/12 (75%)

- rx'd >lyr. 9 8/9 (89%)

OTCF hets OTC AT- all pts. 29 9/29 (31%)

- rx'd >lyr. 28 9/28 (32%)

No AT- all pts. 26 10/26 (38%)

- rx‘d 2lyr. 21 S/21 (24%)

Summary incidence of no HA episodes in pts. rx‘d > 1 yr.:
Rescue: AS 2/21 (10%), CPs 2/5 (40%), OTC 1/12 (8%)
Prosp.: AS 0/2 (0%), CPS 0/2 ( 0%), OTC 0/3 (0%)
Late-onset OTC males: 12/17= 71%, CPS 2/2 (100%)
OTCF hets.: 14/49= 29%

Summary incidence of no HA episodes in pts. rx’d > 3 yrs.:
Rescue: AS 0/11 (0%), CPS 0/1 (0%), OTC 0/5 (0%)
Prosp.: AS 0/2 (0%), CPS 0/2 (0%), OTC 0/1 (0%)
Late-onset OTC males: 3/3 (100%), CPS 1/1 (100%)
OTCF hets.: 9/23 (39%) .
Comment: Late onset OTC males had the highest number of
patients who were free of HA on PB monotherapy. Significantly
more patients with late onset disease- OTC males and OTCF hets-
were free of HA episodes on PB monotherapy compared to neonatal
onset (rescue and prospectively treated) OTC deficiency. This
data again suggests that severity of OTC deficiency is related to
time of onset of disease- the earlier the onset, the mores severe
it is. Neonatal onset AS deficiency is similar to neonatal onset
OTC deficiency in that few patients treated for more than 1 yr.,
had no HA episodes. In the neonatal onset rescue group, CPS
deficiency had the highest number of patients treated » 1 yr. who
were HA-free. Again, as with the HA frequency analysis above,
lack of baseline data for comparison to post drug data, limits
the value of these data in the late onset group (CPS and OTC male
and OTCF hets) .

In amendment 95-004, corrected summary statement
submitted 8/7/95, the sponsor states that the incidence of HA
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episodes was significantly increased by: longer treatment
duration and AS deficiency. Since AS deficiency occurs only in
the neonacal onset group, one cannot exclude the effect of
disease onset on the HA frequency. (For example, with OTC
deficiency, HA frequency is significantly less with late onset
disease than neonatal onset disease). Patients with late onset
disease (excluding OTCF hets) were significantly less likely to
have HA episodes than either rescue or prospective patients. The
sponsor also states that there is a significantly higher risk of
HA episode among patients who had antecedent therapy but that
this effect is partially confounded by the fact that pts. in the
no antecedent therapy group had both proportionately fewer long-
term patients and proportionately more short-term patients (i.e
treated < 1 yr.). My analysis indicates no consistent trend for
HA frequency difference between those who received antecedent
therapy and those who did not. I also discussed these data with
FDA statistician, Dan Marticello, and we concluded that
inequality in baseline HA episode frequency between groups could
account for the statistical differences found on drug. Hence,
baseline data is essential for comparison, but, per the sponsor
is not retrievable.

Plasma Ammonia and Glutamine levels:

The initial NDA did not contain any plasma ammonia
levels. Both baseline and on treatment plasma ammonia levels were
requescted by FDA. Subsequently, the sponsor submitted a statement
on 8/21, that plasma ammonia levels were often not measured prior
to the hyperammonemic episode leading to enrcllment. In addition,
it was stated that since the methodology has not been validated,
physicians were not required to report these values. However, it
further states that plasma glutamine is also a measure of
nitrogen homeostasis, and it was often measured. A potential
problem with plasma glutamine is pointed out- due to its
lability, delays in sample analysis may result in artifactually
low values.

The following analysis was based on data submitted in
amendment 95-010, on 9/11/95. Plasma ammonia and glutamine levels
were obtained at random on PB rx. and reported on the CRFs of the
148 evaluable patients during routine office visits:

Plasma ammonia during treatment with NaPB (Note:
patient # 295 has been excluded):

651 ammonia levels were reported in the 148

evaluable patients. Of these, 430 ammonia levels (from 89
patients) came from a laboratory reporting a normal range. The
normal ranges were very diverse. The values were normalized by
dividing by the upper limit of the normal range and multiplying
by 100, yielding a percent of the upper limit of the normal
range. Results:

308/430 normalized ammonia levels (71.6%) were < the ULN.

122/430 " " " (28.3%) were > the ULN and,
of these, 53/122 were attributable toc 1 patient (rescue patient
with AS def.). If exclude this 1 patient, then
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303/372 nbrmalized ammonia levels (81%) were < the ULN

69/372 " " " (19%) were » tne ULN

51/39 patients (57%) had only’normal‘ammoﬁia levels

32/89 " (36%) " a mixture of high and low levels
6/89 " ( 7%) only elevated values

However, cautious lnterpretatlon is required because
pat:ents in whom only normal values were reported approximately
half (24/51 or 47%), had only a single ammonia measurement. The
greater the number of ammonia levels measured, the greater the
likelihood oZ abnormal values:

Of the &9 patients with ammonia levels measured in labs who
reported their normal runge, 61 (69%) patients had < 3 ammonia
measurements. Of these 61 patients, only normal levels were
reported in 74% (45/61) patients. In contrast, of 28 patients
with > 4 ammcnia measurements, only normal values were reported
in 25% (6/28. patients.

Per time of onset and enzyme deficiency, the # of patients
with only ncrmal ammonia levels (denoted as: # O Nl), with a
mixture of h:igh and normal values (# mix) and with only a2levated
values (# O E) were:

MI@&ALJLLL_Q_MMM_L_
AS rescue 19 8 (42%) 10 (53%) 1 (5%)
CPS rescue 6 5 (83%) 1 (17%) 0 (0%)
CPS prosp. 2 1L (50%) 1 (50%) 0 (0%)
CPS late 2 1 (50%) 1 (50%) 0 (0%)
OTC rescue 9 5 (56%) 3 (33%) 1 (11%)
OTC prosp. 4 2 (50%) 1 (25%) 1 (25%)
OTC late males 7 5 (71%) 2 (29%) 0 (0%)
OTCF hets. 40 24 (60%) 13 (33%) 3 (7%)

The abo're data indicates that almost all patients had some
normal ammonia levels. However, to be clinically meaningful, the
ammonia levels need to be correlated with dietary and drug
:ompliance.

Per time of onset and enzyme deficiency, the # of ammonia
measurements which were normal and abnormal were:

Time of onset Total # meas. # (%) normal meas. # abnormal meas
AS rescue 122 45 (37%) 77 (63%)
CPS rescue 10 9 (90%, 1 (10%)
CPS prosp. 7 6 (86%) 1 (14%)
CPS late 5 4 (80%) 1 (20%)
OTC rescue 74 66 (89%) 8 (11%)
OTC prosp. 64 60 (94%) 4 ( 6%)
OTC late males 20 18 (90%) 2 (10%)
OTCF hets. 128 100 (78%) 28 (22%)

‘The above data indicates that AS rescue patients had the
lowest number of normal ammonia levels.

Plasma glutamine during treatment with NaPB (submitted
8/21) :
(normal range: 337-673 mMol/L)
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See zeroxed gable 1 (note: this table includes
prospectively treated patients-#’s 295 and 565 who ghould be
removed f£rom® the database) . :

' The table indicates that plasma glutamine levels
optained at random frot rescue and prospectively greated patients
are approximately in the normal range. put are elevated 1n the
remainindg groups - This data is not very meaningful unless
correlated with dietary and drud compliance. This data will be
dealt with in greater detail later on under the headingd nplasma

aminoe Acid Levels" .

The sponsor ghould be requeitid to report all
deaths. withdrawals, eclinical and 1aboratory sdverse events in
all patients- both evaluable and not.

patient deaths: -

in the initial NDA gubmission, thers were 13
deaths. 3 additional deaths were reported in amendment 95-06,
submitted 7/31 (Note: since the record for patient # 295 could
not be found during audit by FDA. this patient should be omitted
from the database. Thevefore, there were 1% deaths)

£ che 160 patients (ommission of patient #'s 295

and 565}, rhere were 15 deaths (9%) . The overwhelming cause of
death was hyperammonemic encephalopathy (11/15= 73%) . Per rime of

The breakdown py enzyme deficiency was:
cps: 3/12= 25%- 2 from HA encephalopathy and
1 had pre-morbid development of fever and respiratory distress,
but an ammonia level was not obtained
. 4/29= 14%- 2 from hyperammonemic

encephalopathy, 1 from cerebral jgchemia gecondary €O status
epilepticus and 1 from gasnroenteritls- ammonia jevel not done at
parenteral request .

oTC: 6/21= 29%- 5 from hyperammonemic
encephalopathy and 1 from accxdental overdose (5.4 fold) IV
penzoate and phenylacetate being administered for hyperammonemia.
—he patient who received the overdose developed respiratory
distress, h erventilation and acidosis.

prospective: 0/13= 0%

%
The patient had VIC Jeficiency and died from
HA encephalopathy with multi-oxgan gystem fai.ure.
OTICF hets: 1/59= 2%
The patient died from HA entepnalopathy and
cerebral edema .

patient withdrawals:

In the initial NDA submission: rable 82, padge
050116, 17 patients were listed as withdrawals, but narratives
were provided for 24 patients {these additional 7 patients were
"not nvaluaple" £oT efficacy) . On 7/31%, amendment 95-06 was
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submitted, containing narratives on 3 additional patient
withdrawals since the NDA was filed. Therefore, a total of 27
patients withdrew. However, one of these was prospectively ..
treated patient # 565 who should be removed from the database as
his record could not be found during FDA's audit of this NDA).
Thus, I have included only 26 patient withdrawals in my analysis.

In summary, of the 160 patients, there were 26
withdrawals (16%). The re-.sons were: liver transp.an., 9
. patients; poor ccmpliance, 8 patients; parenteral request, 7
patients and unknown in 2. Per time of onset and enzyme
deficiency, the breakdown was:

Rescue: 9/62= 15%

CPS: 1/12= 8% natient received a liver
transplant due to an increased frequency of HA episodes

AS: 4/29= 14% (2 for poor compliance- with 1
of these patients reporting headaches on NaPB, 1 at parentefal
request- m~ “er requested Ucephan due to 4 episodes of HA in the
past 7 mos .n NaPB and 1 due to 2 episodes of renal tu ular
acidosis r which a possible drug effect was raised)

OTC: 4/21= 19% (3 for liver transplant and 1
poor compliance)

Prospective: 4/13= 33% (all for liver transplants-
and all with OTC deficiency)

Late-onset males: 5/26= 19% (1 liver transplant, 4
poor compliance- all requested either Ucephan or sodium benzoate
due to "bad taste" of NaPB, or due to "vomiting and upset
stomach" on NaPB or unknown why compliance wag poor in 1).

OTCF hets: B8/59= 14% (6 poor compliance with 1 of
these patients reporting "bad taste and odor" on NaPB, 1
parenteral request and 1 unknown).

Clinical Adverse Events:

The clinical adverse events were reported in the
initial NOA submission. At FDA's request, the sponsor submitted
mendment $5-06, on 7/31, assessing the relationship of the
adverse event to the drug treatment.

Clinical AEs were repcrted in 69/160 patients
(43%). (Note: I excluded patient # 295 because his record could
not be found during FDA‘s audit of this NDA. Proximal RTA was
reported in this patient. No clinical AE's were reported for the
other patient, # 565, whose record could also not be found). The
most frequently reported AEs were those related to the nervous
system and, in the vast majority of cases, were due to the
patient’s underlying medical condition. Other frequently reported
AEs were classified as urogenital, the majority of which were
amenorrhea or menstrual dysfunction; body, the majority of which
were infections; digestive, the majority of which were decreased
appetite; and respiratory, the majority of which were asthma or
pneumonia. With regard to assessment of the relationship of the
AE to the study drug, the principal investigator classified all
AFs except 1, as either "probably not related" or "unknown". The
1 AE classified as "possibly related" was an unspecified drug ‘
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interaction in patient #159. We should request more information
on this case.
~ : Given the infrequent occurrence of .the following
AEs, additional information, if available, should be requested
from the sponsor, and they should be noted in the label, although
their relationship to the study drug is unknown:

aplastic anemia 1/160 patients (1%)

ecchymoses 1/160 (1%)

pancreatitis 1/160 (1%)

renal tubular acidosis 2/160 (1%)- ask sponsor if
these are congenital cases

Additional AEs which I recommend be included in
the label are:

abdominal pain, gastritis and vomiting 3/160 (2%)

bad taste/taste perversion 4/160 (3%)

bad odor 1/160 (1%) -

headache 1/160 (1%)

depression 2/160 (1%)

weight gain 3/160 (2%)

rash 2/160 (1%)

In fasting normal adult subjects receiving a
single dose (5 gms.) of NaPB as tablet or powder, the most common
AEs were: nausea/vomiting/indigestion/abdominal
cramping B8/22 patients (36%)

headacha 14/22 patients ($4%)

light-headedness 6/22 patients (27%)

In adult patients with beta thalassemia or sickle
cell, receiving NaPB 20 gms/day with meals for 1.5-17.5 mes., the
following AEs were reported:

epigastric digcomfort 7/12 patients (58%)

peripheral edema 3/12 pts. (25%)- in 1 pt., it was
associated with a 3.5% increase in body weight; in 1 pt.,
thiazide diuretic treatment was begun; and in 1 pt., an increased
diuretic dose was needed.

infection in 4/12 pts. (33%)- gepticemia in 2
splenectomized pts. not on penicillin prophylaxis; staph
epidermidis septicemia in 1 pt. from an indwelling central venous
catheter; and pneumonia and shigella in another patient.

1 spinal cord compression (8%)

1 deep venous thrombosis (8%)

1 hamorrhage from a gastric ulcer in a pt. also on
aspirin therapy (8%)

bad body odor in 3 pts. (25%) attributed to in
vivo beta oxidation of phenylbutyrate to phenylacetate,

Laboratory Adverse Events:

Note: the sponsor states that for abnormal values,
there was no accompanying narrative or indication of follow-up
testing or implementation of corrective measures.

The initial NDA contained neither raw data nor an
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analysis of the serum chemistry énd hematology levels in the
patients. At FDA’'s request, this raw data was submitted on 5/22

~ as amendment 95-03 with the analysis of this data, submitted 7/31

as amendment 95-06.

Regarding serum chemistry and hematology values,
the following means were abnormal: » ‘

1. SGOT: mean $7 IU/L (slightly incresed) in
rescue and prospectively treated pts.

2. Hemoglobin: mean 11.88 g/dl (slightly
decreased) in rescue and prospectively treated pts.

Regarding individual patient abnormalities: (Note:
I removed patient # 295 from this analysis. No laboratory safety
assessment was performed in patient # S565).

l.Serum sodium elevated in 2/120 patients (2%).

2.Total bilirubin elevated in 4/111 patients (4%) -
#'s 286, 439, 478 and 506. Note: I excluded patient # 490 because
baseline bilirubin was elevated. Tota! bilirubin was
significantly elevated (3 2 mg/dl) in 2/111 patients (2%),

3.SGOT/SGPT was significantly elevated (» 3 x ULN)
in 5/101 patients (5%) (#’'s 115, 439, 635, 708 and 712).

4 .Alkaline phosphatase was significantly elevated
(2 3 x ULN) in 6/114 patients (S5%) (#'s 477, 478, 637, 640, 659
and 681) .

5.Significant hypophosphatemia (P < 3.0 mg/dl in
patients < 18 yrs. of age and < 2.5 mg/dl for an adult), occurred
in 7/108 patients (6%) (#'s 218, 393, 505, 551, 566, 571 and
664) .

6.Significant disturbances in acid-base
metabolism: alkalosis (CO2 > 30 mmol/L) or acidosis (CO2 < 16
mmol/L) each occurred in 5/105 patients (5%). (Alkalosis: #'s
174, 390, 407, 550 and 664; acidosis: 324, 563, 650, 654 and
672) .

7.8ignificant hyperchloremia (Cl > 110 mmol/L)
occurred in 7/117 patients (6%) (#'s 71, 441, 478, 571, 659 666
and 712).

8.Significant hyperuricemia (uric acid > 9 mg/dl
in patients < 14 yrs. old) occurred in ‘106 patients (3%).

9.Significant anemia (he.oclobin ¢ 9.5 gm/dl
and/or hematocrit g 31%), occurred in 8/105 patients (8%) (#'a
207, 363, 477, 615, 650, 654, 661 and 709).

Note: total leukocyte counts were not analyzed as
this parameter was not included on the case report fcwm.

Plasma Amino Acid Levels:
Per my telephone conversation with Mr. David

Clissold, statistician at Ucyclyd Pharma, on Wednesday, 9/27,
most of the plasma amino acids were done at the

I requested that
Ucyclyd obtain the age-adjusted reference range for the plasma
amino acids from the Mr. Clissold stated that
only 1 reference range was provided in the NDA because
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who heads the o ' 'scatéd

that "there is essentially no difference" in plasma amino acids
. among various age groups. I spoke with myself

the next day and he confirmed this. He stated that only one
reference range is used for plasma amino acids, but the urine
levels are age-adjusted. The sponsor should clarify the units of
reporting for the plasma aminc acid lavels and, Zor patients with
0" yaluaes, if this means the level of the respective amino acid
was zero or the assay was not done.

The mean amino acid levels reported in the initial
February submission, vol.6, pages 050161-6, were calculated from
the last visit only. At FDA's request, the sponsor reca’ ilated
the means for each group, including values obtained from all
visits (raw data in amendement 95-03, analysis in amendment 95-
06) .

1.Regarding mean plasma amino acid levels (NOte:
patient # 295 is included in this analysis. Plasma amino acids
‘rare not measured in patient # 565):

The means were normal for all groups.
-e ' mine acj
a.The following mean was decreased with
% decrease below the LLN given in parentheses for each group:
cysteine (R/P: 20%, late onset OTC
males < 18 yrs. old: 20%, OTCF < 18 yrs. old: 14% and OTCF > 18
yrs. old: 12%).

Sponsor’'s comment: cysteine is
metabolized to pyruvate which is converted to alanine, and this
may account for the lower than normal level. Also, the aponsor
suggests that this may be attributable to the sulfur content of
the nutritinal supplement which is prescribed for the majority of
patients.

b.The following means were increased
with ¥ above the ULN given in parentheses for each group: .
citrulline (AS R/P: > 10 fold ULN,
CPS or OTC R/P: 21%, late onset OTC males > 18 yrs. old: 107%,
OTCF < 18 yrs. old: 118%).

glutamic acid (R/P: 30%, late onset
OTC males > 18 yrs. old: 19%)

glutamine (R/P: < 1%, late onset
CPS males: 121%, late cnset OTC males < 18 yrs. old: 6%, late
onse- OTC males > 18 yrs. old: 5€%, OTCF < 18 yrs. old: 59%, OTCF
> 18 yrs. old: 48%)

alanine (R/P: 20%, late onset CPS
males: 62%, late onset OTC males < 18 yrs.: 22%, late onset OTC
males > 18 yrs. old: 64%, OTCF < 18 yrs. old: 81% and OTCF > 18
yrs. old: 41%).

glycine (late onset OTC males <« 18
yrs. old: 14%, OTCF < 18 yrs. old: 37% and OTCF > 18 yrs. old:
1%) . taurine (late onset OTC
males < 18 yrs. old: 5%).

Comment :
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In patients with urea cycle
disorders, glutamine, glutamic acid and alanine, all of which are
amino acids which accept waste nitrogen, are the ones which are
most commonly elevated. Glycine, which also accepts waste
nitrogen, may also be elevated. With adequate treatment
(adherence to a low protein diet and sodium phenylbutyrate), the
levels of these amino acids should normalize. Non-adherence to
either the diet or drug therapy regimen, may result in elevations
in these amino acids. The sponsor states that elevations in
taurine may be due to nutritional supplementation, but the
rationale for this explanation is not clear to me. The marked
elevation in citrulline in patients with AS deficiency is
secondary to the urea cycle enzymatic block in converting
citrulline to arginosuccinic acid. The less marked elevations in
citrulline in patients with CPS and OTC deficiencies is due to
nutritional supplementation. -

2.The following is 3n additicnal analysis which I

did (Note: I removed patient # 295 frcm this analysis as no
record was found for this patient during FDA’'s audit. Plasma
amino acids were not wmeasured in the other patient, # 565, whose
record could also not be found)

Regarding % and number of patients with
significantly decreased plasma amino acid levels (levels ¢ 1/3
LLN) or significantly increased levels (levels > 2 x ULN):

A.Egsential amino acids:

a.Significant decreases:

Valine 8% pts. (10/123). Note: 8/10
pts. with low values were R/P pts. with AS deficiency.

Isnvleucine 28% pts. (34/123).

Leucine 33% pts. (40/123).

Significant decreases were noted in
< 5% pts. for the following essential amino acids: histidine 4%,
lysine 3% and phenylalanine 2%. .

b.Significant increases were noted in «
5% of pts. for the following essental amino acids: threonine and
methionine, each 2%.; lysine and histidine, each 1%.

Comment :

Although the mean values for the
branched chain amino acids (valine, isoleucine and leucine) were
normal for each of the groups, a number of patients had
significantly low values. The branched chain amino acids (BCAA)
are necessary for normal growth and development and are generally
supplemented in the diet of patients with urea cycle disorders.
inadequate supplementation may produce low levels of the BCAA
leading to the poor growth observed in many of these patients.

a.Significant decreases:
cysteine S3% pts. (64/120).
arginine 41% (50/122).
citrulline 22% pts. (22/98). Note:
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CPS and OTC deficiency patients only.

Significant decreases were noted in
< 5% pts. for the following: asparagine 5%; ornithine 2%; serine,
proline, taurine and tyrosine, each 1%. ’

Commenc:

Based on the biochemistry of
the urea cycle, patients with CPS and OTC deficiencies, have low
‘arginine and citrulline levels and patients with AS deficiency,
have low arginine and high citrulline levels. Arginine is an
essential amino acid in patients with urea cycle defects.
Therefore, pts. with AS deficiency receive arginine
supplementation. For pts. with CPS and OTC deficiencies,
citrulline (which is converted to arginine) is supplemented
instead, because citrulline adds only 1 nitrogen atom to the free
amino acid pool per mole administered, as compared to arginine
which adds 2 nitrogen atoms per mole administered. A significant
number of patients have low arginine levels +/_ low citrulline
levels suggesting n.n-compliance with dietary supplementation or
inadequate supplementation. The low arginine levels may have
contributed to the poor growth observed in these patients.

The explanation for the low
cysteine levels is not clear to me bu:t the sponsor provided a
possible explanation stated above under the mean plasma amino
acid values.

b.Significant increases (note: defined
as » 2 x ULN except for glutamine which is defined as > 1,000 u
mol/L) :

glutamine: 44% (55/124).

citrulline: 100% for AS defiriency
pts. and 33% for CPS and OTC deficierncy pts.

alanine 31% (39/124).

glutamic acid 30% (36/122).

taurine 15% (18/120)

aspartic acid 13% (14/106)

arginine 9% (11/123)

ornithine 7% (9/124)

glycine 6% (7/124)

Significant increases were noted in
< 5% patients for the following: serine and proline, each 2%; and
asparagine, 1%.

Comment :

for an explanation of the
elevations in glutamine, alanine, glutamic acid, aspartic acid
and glycine, refer to 1.B.b. above. The elevation in arginine
reflects dietary supplementation. For CPS and OTC patients, the
elevation in citrulline reflects dietary supplementation, but for
patients with AS deficiency, it is secondary to the enzymatic
block. For an explanation in the elevation in taurine, refer to
1.B.b. above. The elevation in ornithine occurred primarily in
OTC deficiency patients in whom it is due to the anzymatic block.
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Literature:

The maiority of published articles submitted were authored
by Dr. Brusilow. Efficacy and safety from these papers will not
be re-presented here (except for # 5) as the NDA patient database
is comprehensive in this regard. The following is a review of
articles written by others:

1."0Ornithine Transcarbamylase Deficiency- A Cause of Bizarre
Behavior in a Man" by DiMagno et al: '

A 29 yr. old male had a 6 yr. hx. of recurrent episodes
of nausea and vomiting associated with jaundice and bizarre
behavicr (he would become confused, passive, withdrawn, agitated
and tearful during these episcdes). Hyperammonemia was documented
during these episcdes. Urinary orotic acid was elevated. OTC
activity was assayed in a liver specimen obtained by needle
biopsy and was found to be 26% of normal. Hence, a diagnosis of
OTC deficiency was definitively established. Cognitive function
testing yielded an IQ of 87 (low average intelligence). The
patient was placed on protein restriction only and no further
episodes occurred.

The authors state that late-onset male patients are
generally subject to recurrent episodes of hyperammonemia and
therefore require treatment with dietary protein restriction,
dietary supplementation with essential amino acids and citrulline
and activation of alternate pathways of waste nitrogen synthesis
and excretion with sodium benzoate and phenylacetate. Their
residual OTC activity generally ranges from 5-30% of normal. The
above patient was unusual for his mild clinical presentation and
the behavioral abnormalities associated with the HA. The authors
also state that his mild clinical presentation is unlike that
which occurs in affected female heterozygotes ir whom profein
restriction alone is often sufficient. Therefore, this patient
was treated only with protein restriction.

2."Late onset Ornithine Carbamoyl Transferase Deficiency in

Males" by Drogari and Leonard
This article points out the wide phenotypic expression

of late-onset OTC deficiency in males and hence, differences in
treatment recommendations. Some may be treated with protein
restriction only and others may reguire treatment with agents
that activate alternate pathways of waste nitrogen excretion,
such as sodium benzoate.

3."Hyperammonemia A Variant Type of Deficiency of Liver

Ornithine Transcarbamylase" by Levin et al

A case is described of a child who presented with
vomiting and failure to thrive from the age of 6 mos. Acute
hyperammonemic coma occurred at 8.5 mos. A diagnosis of OTC
deficiency was made by assay of OTC activity in a liver specimen
obtained by biopsy. The patient was placed on protein restriction
and appea.s to be growing and developing normally.

4."Partial Ornithine Transcarbamylase Deficiency Associated
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with Recurrent Hyperammonemia, Lethargy and Depressed Sensorium"
by Oizumi et al

This paper is a detailed presentation of a 6 y-. old .
boy with late-onset OTC deficiency. Infection would precipitate
acute hyperammonemia in this patient. He was diagnosed with OTC
deficiency by the finding of a decreased OTC enzyme activity in
the liver (16% of normal). He was placed on a low protein diet
and arginine supplementation and has since been HA free.
Cognitive evaluation on treatment revealed an IQ of 85.

$."Natural History of Symptomatic Partial Ornithine
Transcarbamylase Deficiercy" by Rowe et al (Brusilow is last
author) :

13 female patients with symptomatic partial OTC
deficiency were studied. They presented as early as the first
week of life or as late as the sixth year. All presented with
episodic irritability, vomiting and lethargy. 46% had a history
of coma.Delayed physical growth was rresent in 38% and
developmental delay in 38%. Neurologically 23% had seizures. Five
patients had IQ scores < 70 (i.e. were mentally retarded) at the
time of diagnosis. All had elevated plasma ammonia levels at
diagnosis. Plasma glutamine was elevated in all patients. Urinary
orotic acid levels were elevated in 11 patients. The diagnosis of
OTC deficiency was confirmed in 8 pts. by firiding decreased OTC
enzyme activity (2-55% of normal) in liver biopsy specimens. The
dx. was confirmed in the other 5 pts. by orotic aciduria
associated with HA or episodic HA and a mother with orotic
aciduria demonstrated on oral protein challenge. It is
recommended that children with partial OTC deficiency be treated
with a low protein diet and that alternate pathways of waste
nitrogen synthesis and excretion be activated due to the success
of this regimen in treating patients hemizygous for OTC
deficiency.

Additional information submitted:

On 8/10/95, Dr. Weich submitted a case report of an
untreated OTCF heterozygote. The patient presented at age 3.5
yrs. with listlessness and unintelligble speech. At age 4 she
presented with another episode marked by restlegsness, ataxia and
incoherent speech. Plasma ammonia and glutamine levels were
elevated. On follow-up 1 week later, the patient appeared to have
recovered. Over the ensuing 4 mos., she had 2 more episodes of
combativeness or lethargy, inability to stand and incoherent
speech. During the last episode of hyperammonemic encephalopathy,
an elevated urinary orotate level was found and a diagnosis of
OTC deficiency was made. She was treated for acute hyperammonemia
at Johns Hopkins Hospital with IV benzoate, phenylacetate and
a.ginine. Although plasma ammonia returned to normal within 24
hrs., she awoke from coma, cortically blind (confirmed by
visually evoked responses). Over the next several weeks, on
sodium phenylbutyrate, her vision improved and she became
ambulatory and communicative. Her most recent school evaluation
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reveals an IQ of 70. The case history synopsis states: "...sha
changed from a bright interactive 9 yr. old to a withdrawn,
inattentive confused child”. A malpractice suit is pending.

Labeling Review:

Dr. Weich has indicated to me during several phone
conversations that he would be sending in revised labeling.
However, to date we have not yet received it. Therefore, I will
work with the label submitted in February. (Note: Dr. Weich has
agreed to a package insert for parents and adult patients).

For the tablets:

ipL on:

This section should be revised as per chemistry’s
recommendations. The sponsor's first two sentences do not belong
in the "Description section" and, therefore, should be omitted.

“linica , :
Rewrite the first paragraphk to read: "Sodium
phenylbutyrate is a pro-drug and is rapidly metabolized to
phenylacetate. Phenylacetate is a metabolically active compound
which conjugates with glutamine via acetylation to form
phenylacetylglutamine. Phenylacetylglutamine is then excreted by
the kidney. On a molar basis, it is comparable to urea (each
containing two moles of nitrogen). Therefore, phenylacetyl-
glutamine provides an alternate pathway for waste nitrogen
excretion.

Omit the second and third paragraphs.

Retain the fourth and fifth paragraphs which begin,
regpectively: "Pharmacokinetic studies have not bee conducted..."
and "Significant gender differences..."

4 ) ; .ian .
Revise this section to read: "Ammonapse is indicated as
adjunctive therapy in the chronic management of patients with
urea cycle disorders involving partial or complete deficiencies
of carbamylphosphate synthetase, ornithine transcarbamylase or
arginosuccinate synthetase. When combined with dietary protein
restriction and essential amino acid supplementation (see
Nutritional Supplementation section), the survival rate in
newborns diagnosed soon after birth with this disease, previously
almost universally fatal within the first year of life, is now
approximately 80%. However, approximately 80% of these infants
are mentally retarded with the majority being severely retarded.
In prospectively-treated patients (diagnosed during gestation and
treated immediately at birth) survival is 100%, suggesting that
early diagnosis and therapy are important for improving survivail.
However, there is insufficient data regarding cognitive outcome
in prospectively treated patients. The effects of therapy in the
late-onset group are difficult to assess due to inadequate
baseline and/or follow-up data and failure to accurately document
compliance with the therapy. Reversal of pre-existing
neuroclogical impairment is not likely to occur with treatment and
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neurologic deterioration may continue in some patients."
' “On. therapy, the majority of patients continue to
experience recurrent episodes of acute hyperammonemia."
' "Ammonapse may be used for life-long therapy or as a
temporizing treatment until liver transplantation is performed."

Nutrjitional Management:

Rewrite the first seven sentences to read: "To promote
growth and development, plasma levels of ammonia, arginine,
branched chain amino acids and serum protein should be maintained
within normal limits and plasma glutamine maintained at levels
less than 1000 umol/L. The allocation of dietary nitrogen into
natural protein and essential amino acid is a function of age,
residual urea cycle enzyme activity and the dose of sodium
phenylbutyrate, At the recommended dose of sodium phenylbutyrate
(see Dosage and Administration section), infants with neonatally
expressed disorders may tolerate as much as "x" (clarify if 1.6
but OTC deficiency is up to 2.0) gram~ per ¥~ per day of natural
protein for the first three months cf life. Protein tolerance
will decrease as the growth rate decreases requiring a reduction
of nitrogen intake. After six months of age, the daily nitrogen
intake for these neonatally expressed disorders is "y" (clarify
if 1.25 or 1.40) grams per kg per day, equally divided between
natural protein and amino acid supplementation." Retain sentences
8-12 of this paragraph.

Rewrite this section to read: "Ammonapse should not be
used to manage acute hyperammonemia which is a medical
emergency. "

W :
Rewrite the second paragraph: "Since Ammonapse is
primarily excreted by the kidney, use caution when administering
the drug to patients with renal insufficiency."

Omit the first, second, fourth and f£ifth paragraphs.
Retain only the third paragraph which begins: "Ammonapse should
not be administered to patients with known hypersensitivities..."

Replace this section with: "None have been reported.*®

See Dosage and Administration.
Omit the next paragraph.

i F ons .
Replace tnis section with the following:
Clinical Adverse Events:
In patients with urea cycle disorders, the most
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common clinical adverse reaction reported was
amenorrhea/menstrual dysfunction which occurred in 6% patients.
Other adverse reactions reported in < 3% of patients and for
which relationship to ‘drug is not established are:
Gastrointestinal- abdominal pain, gastritis, nausea, vomiting,
peptic ulcer disease, pancreatitis; Hematologic- aplastic
anemia, ecchymoses; Renal- renal tubular acidosis; Psychiatric-
depression; Integumentary- rash; Miscellaneous- bad taste/taste
perversion, bad odor, headache, syncope and weight gain. _

Fasting normal adult subjects receiving a single 5
gram oral dose of Ammonapse, most freguently reported:
nausea/vomiting/indigestion/cramping (36% of patients); headache
(64% of patients) and light-headedness (27%). These adverse
events may be attributable to the drug and/or fasting.

In 12 adult patients with beta thalassemia
receiving Amonapse 20 grams/day, in three divided doses, with
meals, for 1.5-17.5 mos., epigastric cdiscomfort was reported by
S8%, peripher:zl edema (assocoated witl. ...ght gain in one
patient, requiring either initiation of thiazide diuretic therapy
or an increased dose in two otner patients) and bad body odor
were each reported by 25% of the patients.

Laboratory Adverse Events:

In patients with urea cycle disorders, the
following laboratory adverse events were reported in > 5% of
patients: anemia (8%), hyperchloremia (6%) and hypophosphatemia
(6%) . The following occurred in < 5% of patients: increase in
liver transaminases (5%), increases in alkaline phosphatase (5%),
acidosis or alkalosis (each 5%), hyperbilirubinemia (4%),
hyperurecemia (3%) and hypernatremia (2%). (Note: total leukocyte
counts were not reported in these patients).

v -~ .
This section is acceptable.

Second paragraph:
second sentence: omit the phrase "...as an

adjunctive therapy..."
fourth sentence: add "...(i.e. three times per

day) ." to the end of this sentence.
Omit the third paragraph which begins: "Ammonapse is

not intended..."
Labeling for phe Powder:

) This section is identical to the one for tablets
and, therefore, should be revised as per chemistry’'s
recommendations to reflect the powder.

Ro

Second paragraph:
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omit the second sentence which reads: "It may
also be used by adults." _ . .

-the third and fourth sentences of this
paragraph contain several typographical errors: children, 0.60,
13.0. Please justify your dosing frequency for the powder: 3 to 6
divided doses (per the NDA, volume 6, page 050020, 3 to 4 equally
divided doses is recommended.

Note: Dr. Markofsky should be asked to comment on

the accuracy of the seventh sentence in this section.

All my comments pertaining to labeling revisions for
the tablets also pertain to the label for the powder.

Post-marketing studies suggested by the sponsor:
Dr. Weich informed me that the following were his~
suggestions regarding post-marketing studies:

Evaluation and Regulatory Action:

Sodium phenylbutyrate provides an alternate pathway for
waste nitrogen excretion in patients with urea cycle enzymatic
defects. On this basis, the drug, in conjunction with a low
protein diet and an.no acid supplementation, permits the majority
of patients with the neonatal onset form, to survive a disease
that previously was almost universally fatal. In addition, in
patients with partial deficiencies, sodium phenylbutyrate may
also suppress the patient’s residual urea synthesis capacity,
which then may be recruited to maintain nitrogen homeostasis
under conditions which threaten maintenance of nitogen balance
(Brusilow and Finkelstien, Metabolism: 42: 1336-1339, 1993). For
these reasons, sodium phenylbutyrate is approved as adjunctive
therapy in the management of patients with urea cycle enzymatic
defects.

Survival in the neonatal onset rescue group is
accompanied by retardation in 80% of these patients, with the
majority being severely retarded. As a group, despite treatment,
these patients grow pocrly (probably due to a combination of
chronic disease with recurrent hyperammonemia and to the low
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levels of branched chain amino acids which were seen in a number
of patients) and are subject to recurrent episodes of -
hyperammonemia.

It is difficult to draw definitive conclusions from the
prospectively treated group due to the small sample size, early
age of cognitive testing and inadequate follow-up data ({(due to
receipt of a liver transplant in a number of cases). It should be
noted that despite treatment at birth, three patients in this
group experienced acute hyperammoremia requiring dialysis in the
first few days of life. In addition, these patients are also
subject to recurrent episodes of hyperammonemia.

It is also difficult to draw definitive conclusions in
the late-onset group. Although the biochemical rationale for
efficacy has been well established, the degree of clinical
benefit is hard to define in this group. Due to the wide
phenotypic variability in late-onset patients, a clearly defined
baseline is essential to determining efficacy of the therapy as
well as reliable assesment of the degree of compliance with the
therapeutic regimen. Baseline data was lacking in the majority of
patients and compliance was not accurately determined.

Sodium phenylbutyrate has an acceptable safety profile
as detailed in my review.

The following are additional requests to be conveyed to
the sponsor:

1.Deaths, withdrawals, clinical and laboratc:v adverse
events, should include both evaluable and not evaluable patients.

2.Provide details regardinc the following clinical
adverse events:

drug interaction- patient #1159

aplastic anemia- #618

ecchymoses- #576

pancreatitis- #618

renal tubular acidcsis- #'s 629 and 642
rash- #'s 485 and 613

3.0n Ammonapse, were abnormalities noted in either
total leukocyte counts or urinalyses/microscopy?

4.Clarify the cognitive outcome of the 9 yr. old
untreated OTC female heterozygote patient whose case was
submitted on 8/10.

5.Revise the label for Ammonapse tablets and powder
(CSO: see my comments above under "Labeling Review").

6.Submit a package insert for patient/parent/guardian
use.

"'_R*a"i'{é—-'\a f/q&n.. dming ?r—':} fowie ploas. ,..,.,vv PR 'R ,.-f

:‘:—-L/‘fn- WP VK "O"H““"‘/; C/‘—ﬂu ‘/e'w,.’z:———
ey, TAvo Ve i nnd - 2

o . Jean Temeck, M.

enclosures: 1.Dr. Brusilow’'s hand-out for 3/20/95 meeting with
FDA

2.Memorandum of FDA internal meeting, 6/14/95
3.Memoranda of teleconferences 6/26 and 7/7/95 with

sponsor. . o £¢
“ ., _/«41“—'(___ <
N, Vs



40

4 Mr. Marticello’'s e-mail to me dated 8/3/95
regarding the sponser’s statistical analysis of the

hyperammoremic episodes.
cc. HFD-510: Dr. Sobel, Dr. Troendle, Dr. Moore, Dr. Markofsky,

Ms. Galliers and Ms. Pauls
HFD-427: Dr. Ahn
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NDA 20-572 (Ammonapse tablets, 500 mg)
NDA 20-573 (Ammonapse powder)
Ucyclyd Pharma, Iuc.
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CLINICAL PHARMACOLOGY & BIOPHARMACEUTICS REVIEW

NDA 20-572/573 SUBMISSION DATE: April 15, 1996
Ammonapse
Sodium phenylbutyrate, 500 mg tablets/powder

Ucyclyd Pharma, Inc. REVIEWER: Hae-Young Ahn, Ph.D.
Baltimore, MD

SUBMISSION TYPE: Amendment AR 24 159

SUBMISSION:

A couple of literature references which report neurotoxicity resulting from infusions of
phetiylacetate to cancer patients were sent to the Division of Pharmaceutical Evaluation II. Inone
article (Cancer, 75, 2932-2938, 1995), neurotoxicity was observed at peak plasma level of 490
pg/mL and greater, and in the other article (Cancer Res. 54, 1690-1694, 1994) it was observed
at 900 ug/mL. This reviewer was asked by the reviewing medical officer to investigate whether
any plasma levels of phenylacetate higher than 490 ug/mL were reported in the original NDA
submitted on February 15, 1995. There was one male cirrhotic patient with portal hypertension
who ha: a peak plasma level of phenylacetate of 3.300 mM (mol. wt of phenylacetate: 159.14,
3524.70 xg/mL) after he received 20g/day of sodium phenylbutyrate orally as tablets for 3 days.
The patient had a peak concentration of 1.74 mM (276.90 ug/mL) on Day 1. The accumulation
factor was estimated to be about 5 based on trough levels (Attachment).

' (
’ i-’:,"r?. AN ‘.7/2“/‘76
lLi

Hae-Young Ahn, Ph.D.
Division of Pharmaceutical Evaluation I
Office of Clinical Pharmacology and Biopharmaceutics

RD initialed by J. Hunt, Deputy Director 4/23/96
V4
FT initialed by J. Hunt, Deputy Director &79 . "é"’&-ﬁ Y/ Lf/ ?t

cc: NDA 20-572/573, HFD-510(Temeck and Short), HFD-880(Fleischer), HFD-
860(Malinowski), HFD-870 (Ahn and M. Chen), HFD-340(Vish), HFD-850 (Lesko), HFD-870
(Chron, Drug, Review), FOI(HFD-205)
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NDA 20-572/20-573 SUBMISSION DATE: February 15, 1995
Ammonapse May 16, 1995
Sodium phenylbutyrate, S00 mg tablets July 14, 1995
Sodium pher ylbutyrate, powder

Ucyclyd Pharma, Inc. REVIEWER: Hae-Young Ahn, Ph.D.
Baltimore, MD

SUBMISSION TYPE: Original (NME) CODE: |P

SYNOPSIS: The sponsor has submitted two NDAs for sodium phenylbutyrate that is in the oral
doszge forms of table:s and powder. Sodium phenylbutyrate was designated as an orphan drug
indicated for the treatment of urea cycle disorders (UCD) in patients with inbomn errors of
ureagenesis. The use of tablets is indicated for children weighing more than 20 kg and adults.
The usual total daily dose of Ammonapse tablets as an adjunctive therapy for UCD patients is
9.9 - 13.0 g/m¥/day. The tablets are to be taken in equally divided amounts with each meal.
The use of Ammonapse powder is primarily indicated for neonates, infants and children
weighing less than 20 kg. It may also be used by adults. The usual total daily doze of
Ammonapse powder for neonates, infants and children diagnosed for UCD is 0.45 - 0.60
g/kg/day given as three o six equally divided doses. For those patients weighing more than 20
kg, the total daily dose is 9.9 - 13.0 g/m?day. The powder is recommended to be diluted in
four to eignt ounces of infant formula or milk and administered with meals. Ammonapse is not
intended as sole therapy for LCD patients. It should be combined as adjunctive therapy with
dietary management consisting of a defined protein diet, amino acid supplementation in some
patients and caloric supplementation for optimal results. The proposed daily dose for patients
are as follows:(Note:For all patients, the daily dosage is to be taken in 3-4 equally divided doses.)

Patent my Wexgﬁt Zkg) 5rams/5y
Neonate 3.3 ' —2.0 (0.6 g/kg/d)
One Year 10.0 6.0 (0.6 g/kg/d)
Three Year 14.0 8.0 (0.57 g/kg/d)
Five Year 17.0 10.0 (0.59 g/kg/d)
Ten Year 34.0 15.0 {0.44 g/kg/d)
Fifteen 57.0 18.0 (0.32 g/kg/d)
Adult 20.0

Limited pharmacokinetic information (plasma levels of phenylbutyrate, phenylacetate, and
phenylacetylglutamine) was submitted from uncontrolled studies in normal male subjects, adult
patients with cirrhosis, children patients with UCD and adult patients with homozygous beta
thalasstmia.

The sponsor has conducted a three-way cross-over bioequivalence study comparing the clinical
trial tablet formulation, the to-be-marketed tablet formulation and the clinical trial powder

1



formulation under fasting conditions. The clinical trial tablet formulaticn and the to-be-marketed
tablet formulation were found to be bioequivalent. It was also found that the clinical trial tablet
formulation and the clinical trial powder formulation were bioequivalent. (Note: The formulations
of clinical trial powder and the to-be-marketed powder are identical but the manufacturing processes are different.)
Statistically significant gender differences were found in the pharmacokinetics of phenylbutyrate
and phenylacetate, but not for phenylacetylglutamine.

The proposed package insert indicates that the drug be taken with each meal. A food effect
study was not conducted but this reviewer was told by the sponsor that clinical trials were
uncontrolled studies and the drug was taken with or without food. It was also indicated that
people who had participated in the bioequivalence study made complaints about stomach pain
because the drug was taken under fasting conditions.

RECOMMENDATION:

The Division of Biopharmaceutics (HFD-420) has reviewed 1) NDA 20-572 and NDA 20-573
which were submitted on February 15, 1995 and 2) the two NDA amendments that were submitted
on May 16, 1995 and July 14, 1995. HFD-420 finds NDA 20-573 approvable but for NDA 20-572,
additional dissolution data on the to-be-marketed tablet formulation are needed as covered under
Comment #1 prior to its approval. HFD-420 also finds that limited pharmacokinetic information
which was submitted from uncontrolled studies in normal male subjects, adult patients with
cirrhosis, children patients with urea cycle disorders and adult patients with homozygous beta
thalassemia are less than desirable and can not be validated.

Please convey the Recommendation, as appropriate, Comment #1 - #3 and the Labeling
Comments #1 and #2 to the sponsor.

(Note: The Division of Biopharmaceutics is retaining the review's Appendix II and Arttachment I within its drug
file and it may be obtained upon request.)
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BACKGROUND:

Sodium phenylbutyrate is the pro-drug of phenylacetate which conjugates with glutamine to form
phenylacetylglutamine. Sodium phenylbutyrate when administered to patients with UCD
provides a vehicle for the elimination of waste nitrogen. Urea cycle disorders is a rare disease
characterized by the partial or complsie absence of one of the following enzymes of the urea
cycle: a) carbamylphosphate synthetase; b) argininosuccinic acid synthetase or c) omithine
transcarbamylase. As a result of the deficiency >f any one of these enzymes, the synthesis of
urea is nearly completely inhibited or, if present to such a small degree, nitrogen homeostasis
is difficult to maintain. Currently there are only 118 patients under treatment with sodium
phenylbutyrate. For patients that are untreated, the disease is fatal within the first year of life.

SUMMARY:

From Swmdy No. 139-01-10753, following a single oral dose of 5g phenylbutyrate,
phenylbutyrate was measurable in the plasma within 15 minutes. Measurable levels of
phenylacetate were found 30 minutes after dosing and phenylacetylglutamine was found shortly
thereafter. Neither phenylbutyrate, phenylacetate nor phenylacetylglutamine were measurable
in the plasma 12 hours after dosing. The two tablet formulations (the clinical trial formulation
and the to-be-marketed formulation) were found to be bioequivalent with the Agency's Two One-
Sided Tests Procedure (90% confidence intervals), using log transformed AUC,,, AUC,., and
Ca., data for phenylbutyrate, phenylacetate and phenylacetylglutamine. It was also found that
the clinical trial tablet formulation and the clinical trial powder formulation (the to-be-marketed
powder) were bioequivalent for the three analysts, except for phenylbutyrate C,,,. It was found
that females had larger AUC and higher C_,, for phenylbutyrate and phenylacetate than males.

3
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No gender differences were observed for the pharmacokinetic parameters of
phenylacetylglutamine, (Note: No significant differences in body weights are found between genders.)

Uncontrolled Studies;
The following information was provided from uncontrolled studies: (Note: A few studies employed
only one subject. The maximum number of subjects who were evaluated in a study was six.)

Normal Subjects in two case studies received a single oral dose of 2.5 g (n=2) or 5 g (n=1)
of sodium phenylbutyrate. Sodium phenylbutyrate was found to be rapidly absorbed and
converted to phenylacetate. PAA was then excreted in the urine as phenylacetylglutamine. A
majority of the administered sodium. phenylbutyrate (70 to 100%) was excreted by the kidney
within twenty-four hours as phenylacetylglutamine.

Seven children with urea cycle disorder received 0.45 - 0.6 g/kg/d of sodium phenylbutyrate.
One blood sample from each child was drawn in next moring and there were no detectable levels
of sodium phenylbutyrate or phenylacetate approximately 10 hours after the last dose. Mean
plasma leve! (+SD) of phenylacetylglutamine was 0.13 (+£0.08) mM.

Patients with cirrhosis in three case studies received a single oral dose of 2.5 g of sodium
phenylbutyrate or multiple doses of sodium phenylbutyrate given as 20 g/day in 3 divided doses
as tablets. (Note: Each study included one, four and six patients.) Plasma levels of
phenylbutyrate (PBA), phenylacetate (PAA) and phenylacetylglutamine (PAG) were comparable
to those observed in normal subjects. (Note: For normals who recsived a single oral dose of 2.5 g of
sodium phenylbutyrate, C,,, of PBA, PAA and PAG were approximately 0.7, 0.19 and 0.14 mM, respectively.
For paticots with cirrhosis, following a single oral dose of 2.5 g of sodium pheoaylbutyrite, C_,,, of PBA, PAA and
PAG were approximately 0.7, 0.19 and 0.18 mM, respectively.) Approximately 50 to 75% of the
administered sodium phenylbutyrate single dose was recovered in urine within 8 hrs as
phenylacetylglutamine. After multiple doses, an average of 71 % of the administered dose was
excreted.

Patients with homozygous beta thalassemia were treated with multiple doses (uic range of 18
or 20 g/day) of sodium phenylbutyrate. Trough plasma levels of phenylacetate were <1.0mM
and showed no progressive accumulation. Serial 24 hour urine coilections showed a mean
excretion of 75 +13% (53-97%) of the administered sodium phenylbutyrate as urinary
phenylacetylglutamine.

Information was provided wnere patients received a single iv bolus followed by a 14-day
continuous iv infusion of phenylacetate. Phenylacetate displayed non-linear pharmacokinetics.
There was an evidence for induction of clearance. Ninety-nine percent of phenylacetate
elimination was accounted for by conversion to phenylacetylglutamine, which was excreted in
the urine.
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Formulations:
The clinically tested tablets and powder with sodium phenylbutyrate were formulated,

manufactured and packaged at
The manuvfacturing site for .:e to-be-marketed tablets and powder

formulations was changed to in July, 1994.

The tablet formulation is as follows:

Component
Sodium Phenylbutyrate, powder 500.00 mg

Colloidal Silicone Dioxide, NF

The tablet formulation is as follows:
_ Component Amount per tablet
Sodium Phenylbutyrate, powder 500.00 mg

Colloidal Silicone Dioxide, NF
.Magnesium Stearate, NF



The formulation for the powder (94% wt/wt) is as follows:

Component Amount
Sodium Phenylbutyrate, powder 940.0 mg (94.0%)
Colloidal Silicone Dioxide, NF

The dissolution tests were conducted in

Effeci of paddle speed on percent rel

Time(min)
15
30
45
60 98.3
90

-~y

Medium:

Effect of media on percent released
Time(min)
15
30
45
60
90

Fa_f]'dd e sspeed_—: .

The sponsor is proposing a dissolution method and specification as follows:

(1) Apparatus Type:

(2) Media: Water

(3)  Speed of Roatior.

(4) Recommended Dissolution Specification: Not less than in 45 min.



COMMENTS:
1. Additional dissolution related information is needed as covered below:
a. A pH solubility profile of the drug.

b. A complete assay description and assay validation i.e., sensitivity, linearity, % accuracy
and precision (within and between runs) fer the analysis of the drug in each dissolution
medium.

c. Individual dissolution profiles plus mean dissolution profiles (+SD) at .

d. pH of medium bafore and ane, 4'<solution tests when is used as a medium.

(Note: The items rs.>ed under Comment Nc.! (a and b) and (c) alove were previously coraunicated to the
sponsor on viay 15, 1995 and July 25, 1995, respectively.)

2. Pharmacokinetic parameters such as C..,, Taa, terminal t,, and clearance for sodium
phenylbutyrate plus C,,,, Tou and terminal t,, for phenylacetate need to be calculated from the
bioequivalence study and inserted appropriately in the package insert.

3. Itis recommended that analyses of pharmacokinetic parameters based on race be conducted
and the results be inserted appropriately in the package insert.

LABELING COMMENTS:

1. A Pharmacokinetic subsection under the Clinical Pharmacology section of the package insert
should be added. The following changes are recommended to be included.

Pharmacokinetic studies have not been conducted in the primary patient population (neonates,
infants, and children) but pharmacokinetic data were obtained from normal adult subjects.

Absorption
Peak plasma levels of phenylbutyrate occur within one hour after a single oral dose with a C.,
of (?) under fasting conditions. The effect of food on phenylbutyrate’s absorption is unknown

Disposition and Metabolism

The overali disposition of sodium phenylbutyrate and its metabolites has not been fully
characterized. However, it was found that sodium phenylbutyrate is metabolized to
phenylacetate and subsequently to phenylacetylglutamine. Following oral administration,
reasurable plasma levels of phenylbutyrate and phenylacetate were found 15 and 30 minutes



after dosing, respectively and phenylacetylglutamine was found shortly thereafter. Information
! inal t.. and ¢l for sodium phenyll WsCo . T { terminal t.o f

phenvlacetate needs to be inserted appropriately. The major sites for metabolism are the liver
and kidney.

Excretion

A majority of the administered compound (approximately 80-100%) was excreted by the kidney
within 24 hours as the conjugation product, phenylacetylglutamine. This suggests the production
of between 0.10-0.13 grams of phenylacetylglutamine nitrogen for each 1 gram dose of
phenylbutyrate.

Special Population

Gender: Significant gender differences were found in the pharmacokinetics of phenylbutyrate
and phenylacetate but not for phenylacetyiglutamine. The pharmacokinetic parameters, AUC
and C_,, for both plasma phenylbutyrate and phenylacetate were about 30% - 50% greater in
females than in males. However, the clinical significance for this difference is not known.
Hepatic Insufficiency: Impaired hepatic function did not seem to affect the metabolism and
excretion of sodium phenylbutyrate. This informaiion, however, is obtained from unvalidated,
uncontrolled case studies.

2. If the sponsor has any in-house data and.or literature pharmacokinetic information on
Geriatrics, Pediatrics, Race, Renal insufficiency, and Drug-Drug Interactions, the information

needs to be added under the Special Population part of the Pharmacokinetic subsection of the

package insert's Clinical Pharmacology section.

Hae-Young Ahn, Ph.D.

RD initialed by J. Hunt 8/31/95
Biopharm Day (9/07/95, Collins, Maligowski, M. Chen, Flsigcher, Hussain, Huat, Troendle, Temeck)
FT initialed by J. Hunt > .&1&2]‘:( ‘

cc: NDA 20-572/3, HFD-510(Temeck and Spires), HFD-340(Vish), HFD-426(Fleischer), HFD-
427 (Ahn and M. Chen), Chron, Drug, Review, FOI(HFD-19), Gender, Race
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I. UNCONTROLLED STUDIES

Normal Subjects

Two male volunteers received 2.5 g of sodium phenylbutyrate orally as five 500 mg tablets.
Blood samples w2 drawn for 8 hours and urine was collected up to 12 hours. Peak plasma
levels of PBA were 0.625 mM and 0.702 mM at 0.5 hr. Peak plasma levels of PAA were 0.084
mM (1.5 hr) and 0.468 mM (3.5 hr). Peak concentrations of PAG were 9.158 mM (1.5 hr) and
0.128 mM (1.5 hr). For one subject, 85.6% of the sodium phenylbutyrate administered was
recovered as PAG in the urine in 12 hour and for the other subject, 71.1% was recovered in 8
hour.

One male volunteer received a single oral dose of 5.0 g of sodium phenyluutyrate under fasting
conditions. (Note:No statement whether it was given as tablets or powder.) Blood samples were
drawn for 24 hours and Urir- was collected up to 24 hours. Peak plasma level of PB was 0.696
mM at 1.5 hr and 2.5 hr after administration. Peak plasma levels of PAA were 0.232 mM
measured at 3.5 hr postdosing. Peak concentrations of PAG were 0.328 mM measured at 3.5
hr postdosing. 91.5% of the sodium phenylbutyrate administered was recovered as PAG 1n
urine for 24 hours.

Patients with urea cycle disorder

Seven hospitalized children received sodium phenylbutyrate and dosage level was 0.45 - 0.6
g/kg/d. The moming fasting levels (approximately 10 hours after the last dose) of PBA, PAA
and PAG were measured. There were no detectable levels of PB or PAA. The mean plasma
level (+SD) of PAG was 0.13 (+0.08) mM.

Patients with cirrhosis

One male patient received 2.5 g of sodium phenylbutyrate tablets under fasting conditions. The
peak plasma level of PBA was 0.769 mM at 0.5 hr after administration. The peak plasma level
of PAA were 0.188 mM measured at 4.0 hr postdosing. The peak concentration of PAG was
0.065 mM measured at 4.0 hr postdosing. 53.3 % of the sodium phenylbutyrate administered
was recovered as PAG in urine for 8 hours.

Four male patients received 2.5 g of sodium phenylbutyrate orally as five S00 mg tablets while
fasting. Peak plasina levels of PBA occurred 1 hour after administration and ranged from 0.529
to 1.03 mM. The mean peak plasma level of PAA was 0.197 (+£0.179) mM measured between
2 and 5 hours postdosing. The mean peak concentration of PAG was 0.163 mM which occurred
betwaen 2 and 5 hours postdosing. About 74 % of the sodium phenylbutyrate administered was
recovered as PAG in urine for 8 hours.

Six male paticnts with portal hypertension received 20g/day of sodium phenyibutyrate as tablets
in three divided dosas for three consecutive days. On day 1, mean peak plasma level of PB was
1.547 (1£0.630) mM. The mean peak plasma levels of PAA and PAG were 0.896 (+£0.558)
mM and 1.012 (40.666) mM, respectively. On day 3, the mean peak plasma level of PBA was
1.219 (£0.450) mM. Mean peak plasma levels of PAA and PAG were 1.728 (+1.183) mM

10
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and 1.517 (£ 1.086) mM, respectively. An average of 70.8% of the phenylbutyrate administered
over three days was recovered a2 PAG in urine and an average of only 1% of the phenylbutyrate
administered over three days was recovered as unconjugated phenylacetate in urine.

Patlents with Hemoglobinopathies

Eight patients were administered ti'e range of 18 and 20 g/day of sodium phenylbutyrate in three
divided doses for several days. Peak daytime plasma levels of PBA,.PAA and PAG ranged
between 0.60 - 1.70 mmol/L, 0.50 - 1.50 mmol/L and 0.56 - 2.67 mmol/L, respectively.
Twenty four hour urine collections showed a mean of 76 + 13% (34 - 97%) of the molar
amount administered sodium phenylbutyrate excreted as urinary PAG.

1. BIOEQUIVALENCE (Study No.:139-01-10753)

Objectives:

1. To compare the absorption and pharmacokinetics of phenylbutyrate from two test sodium
phenylbutyrate formulutions (tablets and powder) with a reference formulation following
single-dose administration to healthy male and female volunteers,

2. To compare the pharmacokinetic behavior of phenylacetate between the test and reference
formulations.

3 To compare the pharmacokinetic behavior of phenylacetylglulamine between the test and
reference formulations.

4. To compare the pharmacokinetic behavior of phenylbutyrate, phenylacewte and
phenylacetylglutamine beiween the male and female subjects,

Study Design: A random, three-period crossover design with 7 days washout period.
Populations: Twenty four subjects were recruited but 21 subjects (11 female and 10 male)
completed the study. At each of the three study periods, subjects received 3 g of sodium

phenylbutyrate tablets (Lot No. F-032-022) manufactured by sodium phenylbutyrate
tables (Lot No. 23210694) manufactured by the or sodium phenylbutyrate
powder (Lot No. 28110694) manufactured by the . The tblet formulations

were administered with 300 mL of water, The powder formulation was dissolved in 150 mL
of apple juice and administered. Volunteers fasted for at least 10 hours prior to drug
administration until five hours postdose.

Assay: method was used and found to be acceptable.

11



Results:

AUCy. Gprrimls  ST73 (1) 493 8 (28) $86.0 (29)
AUC,.o (ug.hrimL) 609.8 (31) 525.6 (28) 61.4Qn |
Cos. (ug/mL) 218.0 (29) 195.2 (29) 240.1 21)

Table 2. Mean (%CV) plasma phenylacetate pharmacokinetic data

ablet ) Powder
AUCq, (ug.hrimL) 210.6 (47) 187.6 (41) 231.2 (52)
AUCq o Wghr/mL) 224.0 (44) 207.8 (A7) 248.7 (48)

45.3 (36) §3.7 (43)

48.5 (39)

Table 3. Mean (%CV) plasma phenylacetylglutamine pharmacokinetic dats
e o, — - . —— 2 Sl S wd.r L

AUC,, (g hrimls  306.0 (28) 2617 (24) " 301.4 20)
AUC, o (ug.hi/mL) 193.8 (22) 344.3 (21) 198.1 (18)
68.5 (20) 62.8 (17 69.2 (26)

The study showed the two tablet formulations to be bioequivalent, using the Agency's Two One-
Sided Tests Procedures (90% confidence interval) for log-transformed AUCO-t, AUCO-eand
Cmax. The powder formulation was bioequivalent to the tahlet formulation, except
for phenylbutyrate Cmax (30% C1: 76% to 86%).
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tablets and tablets using Two One-Sided Tests

Table 4. Avenage bioequivalence ot
Proceduras on log-tnnsfonned daa

phenylbu

‘ n acotate | phenylacety gluamine

Raioot  90% CI | Raioof  90% CI | Raioof  90% CI

haans aans maAns
[auc,, g riml) v el | ® v.® [ 10 97108
) ) TS W 95102

|ruc.. | hrlmL) 9

Table 5. Average bioequivalence of powder and tablets using Two One-Sided Tests

Procedum on logélrmsformed data

pheny| butyrm I

“phenylacetate

Ratio of
means

%% Cl

Ratio of

%0% Cl

"~ Ratio of

0% Cl

" T : ' 9] " 8s - 97

ANOVA analyses showed that there were suatistically significant gender differences for AUC,,,
AUC,., and C., in the pharmacokinetics of phenylbutyraste and phenylacetats, but not for
phmyllwylgluumme

leh 6. Man (ﬁCV) plasma phumacokimtte parameters by 3ex
~ phenylby shenylacelale

male famale

A(Jc.. Gahriml) | 400.1(33) 6221 (1%) | 194.4 (36)  243.8(32) W) P2
AUC,. G m/mx.) $15.6 (35) e661.0(19) 170.1 (36) 264.2(20) 359.3 (m | m: (zi)
IE_. wg/mb) 192.9 (30) 2438 (16) | 39.3000) 351 | 364(19) 669 (llj
"‘?.., (an) LISGO 13100 | 36203 01314 | 3.25(15)  3.43(10)

7848

0,02 (24)

E

13

1.26 (19)

2,12 (20)

2,66 (23)



Conclusion:

The study showed the two tablet formulations (the clinical trial formulation and the to-be-
marketed formulation) to be bioequivalent for phenylbutyrats, phenylacetate and
phenylacetylgiutamine, it was also found that the clinical tria! tablet formulation and the clinical
trial powder formulation (the to-be-marketed powder formulation) were bioequivalent based on
pharmacokinetics of phenylacetate which is an active molety,

Statistical gender differences were found in the pharmacokinetcs ‘of phenylbutyrate and
phenylacetate, but not for phenylacetylglutamine,
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NDAs 20-572 and 20,573 /2396
Ammonapse tablets and powder
Ucyclyd Pharma, Inc

Pharmacology Review of Neuratoxicity Dats

| have reviewed the literature on phenylacetate neurotoxicity in animals and the following
paragraph should be added 1o the end of the precautions scction of the labeling.

When given subcutaneously to rat pups, phenylacetate caused decreased proliferation und
increased Joss of neurons and reduced CNS myelin. There was retardation of cerebral gynapse
maturation and reduced numbers of functioning nerve terminals in the cerebrum with a net effect
of impaired brain growth, Prenatal exposure of rat pups to phenylacetate produced lesions in
layer § cortical pyramidal cells; dendritic spines were longer and thinner than normal and
reduced in number.

Aléx Jordan, PhD

NDA 20-§72; 20-871
HFD-S10
Alordan



NDA20.s2 f 3-S5 7B January 18, 1996
Ucyclyd Pharma, Inc.
Baltimore, MD

Submission: 2/17/95

Pharmacology Review of NDA

A“..I S'(-]V-f\",ﬂ (ﬁ,’a F’—\:ﬁ} T )

Drug: Ammonapse (sodium phenylbutyrate), tables‘( y ﬁ',/ P
Ay Je/%0

Indication: Adjunctive therupy for the chronic management of patients with urea cycle disorders.

The sponsor submitted no toxicology and limited pharmacology. The drug is under investigation
in the Division of Oncology and the pharm/tox review is appended. The active metabolite,
phenylacetate is an approved drug (Ucephan)

Em 18C0 mg!:

Phenylbutyrate is converted 10 phenylacetate by beta-oxidation in mammalian liver and kidney.
In higher primates, phenylacetate is conjugated in the liver and kidney with glutamine to form
phenylacetylglutamine which serves as a substitute vehicle for waste nitrogen excretion.

Human pK data show that after administration of a 5 g tablet, the AUC (to infinity) for
phenylbutyrate was 610 ug.hr/ml; phenylacetate was 224 ug.hr/ml and phenylacetylglutamine
was 394 ug.hr/ml. These data show that although phenylbutyrate may be a prodrug, significant
systemic concentrations are reached following tablet administration.

Urea cycle disorder (UCD) is a rare disease (approximately 150-200 patients currently under
treatment) characterized by the partial or complete absence of one of the following enzymes of
the urca cycle; carbamylphosphate synthetase; argininosuccinic acid synthetase; omithine
transcarbamylase. Because of the enzyme deficiency, urea synthesis (and nitrogen removal) is
inhibited. Without treatment, the disease is fatal to newborns. Adults can be maintained with low
protein diets, etc but hyperammonemia can be fatal.

Evaluation:

The sponsor provided no animal safety data on phenylbutyrats and none are requived. The
clinical safety data are sufficient to support the safety of this drug for the treatment of this
indication.

L.abelling: Label is satisfactory.

Conclusion: Pharmacology recommends approval of Ammonapse for \he treatment of urea cycle



disorders.

rfs'u 20-572 MDA 4 7,

HFD-510 (1)
Alordan
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APR 2 9 1996

LIVISION OF Metabolism and Endocrine DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

toass 20-573 CHEM.REVIEM #; 3 BEVIXM DATE: 4-29-96
SURMISSION TYPR  DOCUMENT DATK CDER DATR  ASEIGNED DATE
Original 2-15-95 2-17-96 2-22-95
Amendments 2-13-96 2-15-96

2-22-96 2-23-9¢

3-.7-96 3-8-96

4-1-96 4-2-96

4-8-96 4-9-96

4-12-96 4-15-96

4-24-96 4-24-96

4-25-96 4-26-96
NAME & ADDRESS OF APPLICANTI

Ucyclyd Pharma, Inc.
10819 Gilroy Road
Suite 100

Hunt valley MD 21031
Tel.: 410-584-8188

DRUG PRODUCT NAME:

Pxopristary: Ammonapae Powder

Nonproprietary: Sodium Phenylbutyrate [USAN) (Powder)
Code Name/#; CA8-1716-12-7

Chem. type/Ther. Class: 1 PV

PEARMACOL . CATEGORY / INDICATION |

Treatumant for hypggammengmi&. a condition in which ammonia
accumulates in the body bacause nitrogen compounds can not be
converted to urea.

DOSAGE FORM; Powder (Oral)

500 g of sodium phenylbutyrate/bottle
250 g of sodium phenylbutyrate/bottle

SIRENGTHS:

ECULAF DRMIIT)

Mol Wt = 166.18

FORMULD M
CyoH;,0;:Na,

Sodium Phenyibuchac;,
Structure: See naview # 1
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SURPORTING DOQCUMENTH: NDA 20-573
RELATEQ DOCUMRNTE : NDA 20-572
CONSULTE :

. .

The amendment, dated 2-13-96 provides information on the
many deficiencies delineated in Review # 1,

The amendment of 3-7-96 provides up-dated .nformation on the
drug product for In-Process Control Teasts, Regulatory
Specifications, the Container Closure aystem, Stability and
Labeling.

The 4-1-96 amendment ia a response to the deficiencies noted
in the Agency's letter to the applicant, dated 2-16-96.

The 4-8-96 amendment provides revised labeling.

The amendments of 2-22-96, 4-12-96, and 4-25-96 provide
Environmental Assessment information.

In response to our Facsimile transmission of 4-23-396, the
amendment, dated 4-24-96, corrvects minor deficiencies (mogtly
typographical errors) with respect to Regulatory Specifications,
In-Process Specifications, Stability (forms), and Labeling.

The application is approvable, from a Chemistry point of view.
The following ¢ ..ment should be communicated to the applicant:

Please insert the word "level" before the words '"teaspoon"
and "tablespoon” in those sections of the physician's and
patient's package inserts which describe how the drug should be
dispensed,

cc:

Orig. NDA 20-573
HFD-510/Division File
HFD-510/Sheldon Markofsky/4-29-96
HFD-510/J. Short (CS0)

HFD-510/8. Moore(Team Leader) c , e e v -7C
HFD-510/Y-Y. Chiu Sheldon Markofsky, Review Chemist

R/D Init by Téam Leader filename: n20573.34

%x/@ /.z:r/ 7‘




AFR | ‘mk?i(‘y

REQUEST FOR TRADEMARK REVIEW

To: Labeling and Nomenclature Committee
Attention: Dan Boring , Chair, HFD-530 NLRC 200 HFD-$30
From: Division of Metabolism and Endocrine D. P./ HFD-$10
Atuention: Sheldon Markofiky Phone: (301) 443-3520
Date: 2-5-96
Subject: Request for Assessment of a Trademark for a Proposed Drug Product
Proposed Trademark (s): ' NDA ¥: 20-573

Company Name: Ucyclyd Pharma Inc.

Established name, including dosage form: Sodium Phenylbutyrate Powder (Oral)
Other trademarks by the same firm for companion products: Ammonspse Powder (Oral)

Indiestions for Use (may be a summary If proposed statement Is lengthy):
Treaument of hyperammonemia, a condition in which ammonia accumulates in the body becauss nitrogen
compounds can not be converted into urea.

Initial comments from the submitter (concerns, observations, ete.):
The name "Ammonapse" has been approved by the Labeling and Nomenclature Committes, but the applicant
desires to change the name (see attached) .

NDA 20-573, for this orphan drug, has been given an “approvable” status by the Agency. The applicant has been
requested to submit additional che nistry information.

filename: n20572¢

NOTE: Meetings of the Commitiee are scheduled for the 4th Tuasday of the monih. Please .mbml? this form at least
one week ahead of the meeting. Rasponses will be as 1imely as possible.

Rev Oct. 1993



Consult #546 (HFD-510)
sodium phenylbutyrate oral powder

The Committee had no overwhelming objections to the use of

however, it was noted that ceph is widely associated with cephalosporins and the
trademarks with the syllable -CEPH had a potential for confusion with cephalosporin
products. was unacceptable due to its similarity with conjugated esm:fens and
115 use of -ASE as a syllable. The USAN council has adopted -ASE as a stem syllable for
enzymatic products and it's use should be discourged in non-enzyme applicaiions.

was unacceptable due to its similarity o 4 muﬁmd product

containing urea,
- \
[’ Y Cf&m”'ﬁ_ﬁﬂu_. Chair
CDER Labeling and Nomenclature Committee




APR 2 9 1996
ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT

FOR

SODIUM PHENYLBUTYRATE POWDER

NDA 20-573

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF METABOLISM AND ENDOCRINE
DRUG PRODUCTS (HFD-510)



PINDING OF NO SIGNIFICANT INPACT
NDA 20-873
#odium Phenylbuyrate Powder

The National Environmental Policy Act of 1969 (NEPA) requires all
Fadaral agencies to assess the environmental impact of their
actions. FDA is rsquired under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process,

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that thiz actien will not
have a significant effect on the quality of the human environment
and that an environmental impact statement thersfore will not be
prepared.

In support of their new drug application for sodium
phenylbutyrate powder, Ucyelyd Pharma, Inec. has prepared an
abbreviated environmental assessment in accordance with 31 CFR
25.31a(b) (J) (attached) which evaluates the potential
environmental impacts of the manufacture, use and disposal of the
product.

Sodium phenylbutyrate is a synthetic drug which will be
administered orally in the treatment of patients with urea oycle
disorders. The preduct has Orphan Drug status,

The drug substance will be manufactured by a contract
manufacturer whose identity is classified as confidential
business information. The drug product will be nanufactured by

, The finished
drug product will be used in hospitEIT, clinics and by patients
in their homes.

[ ]

Sodium phenylbutyrate may enter the envirenment from excretion by
patients, from disposal of pharmaceutical-wxste or from emissions
from manufacturing sites. Due to the snall, dispersaed patient
population and metaboiism of the drug product to a naturally
occurring compound, environmental effects from use are not
expected,

Disposal may result from production waste such as out of
specitication lots, returned goods and user disposal of empty or
partly used product and plcknging. Pharmaceutical vaste will be
sent to licensed disposal companies. At U.s. hospitals and
clinics, empty or pgttig1;¥ enpty packages will be disposed
according to hospital/clinic procedures. From home use, empty or
partially empty containers will typically be disposed of by a

I



community's solid waste managemant system which may include
landfills, incineration and recycling, while minimal Quantities
of unused drug may be disposed of in tha sswer aysten.

Precautions taken at the sites of manufacture of the bulk product
and itas final formulation ara expacted to minimize occupaticnal
axposuras and environmental releass.

The Canter for Drug Evaluation and Ressarch has concluded that
the product can ke manufactured, used and disposed of without any
expectad adverse environmental effects, Adverses affects are not
anticipatad upoen endangered or threatenad species or upon
praforty listed in or eligible for listing in the National
Reglater of Historic Places.

DAT p
Nancy B. Sager
Team Leader
Environmental Assessment Team

Center for L. J Evaluation and Research

tolt Reel)
DATE CONCURRED

Roger L. Williams, M.D.
Deputy Canter Diresctor for Pharmaceutical Bocience
Center for Drug- Evaluation and Research

Attachmeant: Environmental Assessment
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