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busulfan varied between 0.27 hr t0 0.68 hrs305° and the lag
time (the time needed before the absorption start) was re-
ported to be as short as 0.02 hr and as long as 1 hr. This
probably can be explained by the different methods of ad-
ministration and/or the differ¢nce in the transit time in the
gastrointestinal tract for adults and children 3
It was found$* in 21 children, who underwent bone mar-
row transplantation and were preconditioned with oral

- busulfan either as crushed tablets or as whole tablets, that

the administration of crushed tablets resulted in a signif-
icantly shorter lag time compared to'that obtained when
the children were given the whole tablets. However, this

" study showed no significant difference between the ab-

sorption half-lives. An accelerated absorption was re-
ported by Schuler et al% when the patients were
pre-treated with metoclopramide which has been reported

-
=

TABLE Summary for the pharmacokinetic parameters of busulfan as reported by different studies ~
Reference Dose ’ : t'h Clearance i
- _mg/kg/day B Age ) (hr) {mL/min/kg) vd
: ) ' or (mg/m¥/day) n . {yr) . (mean=SD) (mean+SD) . (Lixg)
50 4 28 >18 233 291D 0.59 (0.44)
61 . 4 _ 6 >18 259 2.64 (0.56) —
63 o4 4 02-36 Co1se . 84(43) 142(083)
62 4 ' 1 - 4-14 . 233 442 " 1.06 (044) :
. . 106 . (150) 25 2-14 : 294 45(1.4) 1.04 (038)
f 6 4 ' 9 13-14 243 sy L —
g 67 4 33 102275 ’ 283 68(0) . 1.69 (1.29) '
66 4 : 16 05-19 240 . 893D —_
88 (oral, 2 mg) 7 " 1.8-6 274 52 1.15 (0.52)
88 (oral, 2 mg) 8 . >13 268 36(13) T 0.64(0.12)
88 (i.v.. 2 mg) o 4 3 _ 136 246 C 362(0.78) 0.74 (0.10)
88 (i.v.. 2 mg) T8 T 513 -261 . 249 (0.52) 0.56 (0.10)
64 4 9 1.3-13 230 - "3.96(097) - 0.78(0.19)
64 (150) 12 1.4-13.5 248 - . 344(113) 0.70 (0.10)
6¢ ‘Slope = - 0,023 £ 0.008
. e r=-057"
"0’\ 5 o P = 0.02
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to- accelerate the absorption -of cyclosporine A- (CsA)
paracetamol and morphine.9-100

DRUG INTERéCTIONS WITH BUSULFAN

There is very little information available about the inter-
action of busulfan with other drugs, probably due to the

:. limited clinical use of the drug. Interaction of busulfan .-

with other drugs was first reported by Fitzsimmons e

al..101.102 They found that pretreatment of mice with the
anticonvulsants high-dose phenytoin, phenobarbital or
Aroclor 1254 increased the proportion of animals that sur-
vived marrow-ablative doses of busulfan. Both myelotox-
icity and neurotoxicity decreased. A continuous decrease

in the steady state level of plasma concentrations was ob-w« 2 reported three major metabolites in rat which accounted:::
- servedm40%ofthepanentstreatedthhh1gh-dosebusm

fan. We havel® followed the pharmacokinetic parameters

- after the first and the last dose of deuterium-labelled busul-

fan in BMT patients treated with either phenytoin or di-

aZepam as prophylactic anticonvulsant therapy. Patients -

who received phenytoin showed a significantly higher
clearance and shorter ehmmatxon half-lives after the last
dose compared to the first dose. No significant differences
wexeobservedbetweentheﬁrstandthelastdosemthe
patients treated with diazepam.

These studies showed that phenytoin as an anticonvul-
sant alters the pharmacokinetics. of busulfan and most
likely its pharmacodynamics. On the other hand, busuifan
can also alter the pharmacokinetics of phenytoin resulting
in less drug efficacy.!0419 For adequate anticonvulsant

Figure2 The relationship between disuibdtiouvolumc normalized for.body-weight and age.

pr ophylaiis drugs such as diazepam, clonazepam orother. -

anticonvulsants. with less enzyme-inductive’ propemes
than phenytoin should be used.

'METABOLIC PATHWAY OF BUSULFAN

Ammd stndm .

The metabolic fate of busulfan has been studxed after the

administration of radiolabelled compound to rats, mice -

and rabbits. The first metabolic study was performed by

Roberts and Warwick8! and showed that 3-hydroxy- °

sulfolane was the major metabolite and it corresponds to
about 60% of the total radioactivity in urine. Trams et al 2

- for 70-80% of the total radioactivity excreted into the
" urine. Several minor metabolites were also isolated and

N v P

12-14% of the injected 4C-busulfan was excreted as ex-. |

pired 14CO,. Studies using. 3S-labelled busulfan®34

- showed that the methanesulfonate groups of busulfan were

excreted almest quantitatively into the urine. The proba-
ble mechanism for this metabolic pathway was suggested
to proceed through the reaction with glutathione or the

cysteinyl moiety to form a sulfonium jon.196-108 Utilizing -

a rat liver perfusion technique, we were able to isolate (-
glutamyl-B(S-tetrahydrothiophenium) .  alanyl-glycine
(sulfonium ion of glutathione) from both the perfusate and
the bile.5” The reaction between glutathione and busulfan
was shown to be enzymatic and mediated by glutathione-
S-transferase. Marchand and Abdel Monem!'® have
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shown that busulfan as well as 1,4-diiodobutane are con-
jugated with glutathione to form a sulfonium ion.

After the. administration of -14C-busulfan to the rat -

about 70%.of the total injected radioactivity was excreted

.into. rat unne 58 The major metabolite was. identified as .
3-hydroxysulf01ane (39%, Fig3), tetrahydrothiophene- I-

- oxide (13%) and suifolane (20%), about 6% was the in-
tact -drug and 2% was "a -hydrolysed product

(tetrahydrofuran; ref 92).-About 14% of the-radioactiv- .
ity in‘the urine was not identified, although apart co- - -

-eluted with the sulfonium ijon of N-acetyl-L-cysteine.
" Thehydrolysis of this fraction yielded about 40% tetrahy-
-drothiophene. In another study,!t® 3-hydroxysulfolane
and tetrahydrothiophene were isolated from rat urine
(57% and 5%, respectively) after the administration of

1,4-dibromobutane. Tetrahydrothiophene was suggested
to-be formed in vivo via sulfonium ion and subsequently

- . transformed into 3-hydroxysulfolane.: When !4C. busul-
fan was injected into the rat, ! the total radioactivity was -
- eliminated slowly. from both brain and plasma with half- . -

“Tives of 8:and 9 br, respectively.-About 50% of the:total

radioactivity isolated-after. 24. hours.in both- plasma and

- brain was identified. as sulfolane and 11% as tetrahy- -
drothiophene-1 oxide. 3-Hydroxysulfolane was found in *

- both plasma (30%) and brain (18%).-About 18% of the . -

radioactivityin the rat brain was unidentified metabolites .-

- and about 6% in both. plasma and bram was 1dent1ﬁed as
intact busulfan

M. HASSAN ET AL

. Human studies

“The metabolic fate of busulfan is not as well documented

. inman as.in animals. The first metabolic study.in humans8$ : .

utiljzed MC-busulfan or 35S-busulfan and showed that of
the 35S-busulfan45-60% was excreted into the urineasan
alkali salt of methanesulfonic.acid. _About 25-30% of the

" radioactivity from the injected 14C-busulfan was excreted " -
into the urine. Vodopick er al. 8 were able to' separate -
twelve metabolites -after the administration of 3H-busul- - -} -~

.fan to.man but they were not identified. We were able to
isolate: 3-hydroxysulfolane, sulfolane -and:tetrahydroth-
iophene 1-oxide asthe firsturinary metabolites in patients .

.. undergoing bone marrow transplantation.® Tetrahy- . -

drothiophene was also identified after the urine was hy-
drolysed. The results indicate that glutathione is involvéd
“in busulfan metabolism in humans as well as in rats. All

.- .-the-above:mentioned:studies-of-the:metabolism. of busul- - . -

fan can be summarized in Figure 3.. .

- sulfolane and:3-hydroxysulfolane did:not:have.cytofoxic .
activity whentested on V79 cell line:’® However, the giu- .
‘tathione sulfoniumion and N-acetyl-L-cysteinesulfonium
ion are alkylating agents .and. it remains to be shown
.Whether these. metabolites.have . a-cytotoxic effect -and

-.-swered if the biotransformation of busuifan takes place in
the human brain.
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Figure3 The metabolic pathway of busulfan.

. Tetrahydrothiophene, .tetrahydrothiophene . 1-oxide, .

- hence:pharmacological activity. Also it remains to-be an- . :
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ALTERATION IN BUSULFAN KINETICS
WITH THE AGE

Since its inuoduction as a part in the myeloablative regi-

* 'men busulfan dosage has usually been 1 mg/kg four times

aday and for four days. Despite equal doses for adults and
children according to body-weight, many investigators
have shown that young children and infants have lower
systemic exposure to busulfan than adults. This difference
may have serious consequences: for example higher rates

- of engraftment failures and higher rates of early re-

lapsess6® Grochow et al.®® have shown that children
(0.13-5 years) had a 2.4-fold higher distribution volume
and 2.2-fold higher clearance rate compared to adults. We
have reported®! alower through plasma concentration dur-
ing the four days therapy for children below the age of five
as compared to adults (Fig. 4) and older children (210 and

" .612 pg/L, respectively). Vassal er al.€? reported a higher

clearance rate and a higher distribution volume for 11
young children than in adults. Moreover, a higher clear-
ance was observed in children between 0.5 and 3 years as

" compared to children-between 7 and 19 years. It was also
‘reported that the elimination. half-lives of busulfan- de-
: creased continuously frominfancy until early childhood.5

" Hobbs et al. 42 were first to change their preparanve reg- .
~"imen to 80 mg/m?/day x4 days with a minimum dose of -

-4 Children < 5 years

- e-Adults

4 mg/kg]day and a maximum of 5 mg/kg/day. Lucarelli et
al % reported a higher relapse rate in children with f-tha-

* lassemia when the patients were treated with 14 mg/kg

and that better results were achieved when the dosage was

- increased to 16 mg/kg. Vassal et al.!1? recommended 600

mg/m? (150 mg/m%/day) in children, which comesponds
to.24.8 mg/kg (range 17.8-29.2 mg/kg). Their results
demonstrate that the.new dosage significantly increased
the systemic exposure compared to the usual dosage of 16

~ mg/kg. However, a higher rate of VOD and neurotoxicity .

also accompanied the new dosage. Yeager et-al.\13 used
40 mg/m? busulfan every 6 hr for 16 doses, which corre-
sponds to 26.4 mg/kg (range 24.3-28.2) and i$ about 60%

‘higher than the normal dosage of 16 mg/kg. None of the .

patients treated with this dosage developed neurological

toxicities and no late graft failure was seen. When Shaw . A

et al.5 optimized the therapy of busulfan to a single dose

of 150 mg/m? x 4 days, the rate of VOD was low and no,
.-neurological toxicities- were.observed.-Their results also..

showed a higher systemic exposure indicating the linear-
ity in busulfan kinetics. ’

- Considering the- age-dependent. phannacokmencs of

busulfan, it seems- clear.that.the dosage on.the basis of
body weight is no longer relevant in pediatric patients.

Dosage based on body surface area provides better sys- -

temic exposure in children equivalent to that observed in
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Figure 4 . Busulfan concentrations in plasma (minimum concentnuons) dunng four days therapy.
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adults. However, further improvements to reduce interpa-

tient variability in systemic exposure and hence a better
_ efficacy and controlled toxicity is required. .

CLINICAL RELEVANCE OF

:PHARMACOKINETICS AND
.PHARMACODYNAMICS

pharmacokinetic parameters and pharmacodynamic re-

. -sponse to busulfan and/or busulfan’sside effects. Hepatic
. venooclusive. disease (VOD) is a hepatotoxic lesion in-
volving obstruction of small intrahepatic venules and -

damage to the surrounding centrilobular hepatocytes. It
is a complication that develops in 20-40% of patients

M. HASSAN ET AL.

the addition of busulfan to cyclophosphamide doés not re-
sult in growth, development or thyroid function abnor-
malities. However, gonadal function and disturbances in

pubertal :development may. be.influenced by high-dose
busulfan. Vassal- er. al.62 detected busuilfan in the cere--

brospinal fluid (CSF) of nine young bone marrow trans-

plantation : recipients . with.:a . mean.. CSF-to-plasma -

. concentration ' ratio - of 0.95. We showeds? that -the

-~ Several studies have attempted to.correlate the various. . :

undergoing bone marrow transplantation for malig-

nancy.47-114 The VOD is fatal in about-50% of those pa-
- tients. Grochow et al.5¢ found a significant correlation
_ between high systemic exposure of busulfan expressed

. as AUC of the first dose and the occurrence of VOD. All -

. .- six patients who developed-VOD had an-AUC greater -
“than the mean (2012 £ 1223 pmol:min/L). Méresse et .
.al.13.reported that a total dose of busulfan exceeding 16

. mg/kg was the most important risk factor in-a multivari--

_ate analysis of 136 children pre-conditioned with mye-

CSF/plasma ratio in 5 adult patients was 1.3. Busulfan"
rapidly enteredinto the CSF compartment in one adult pa- -
_tient!22;and the concentrations in CSF and plasma were
- comparable during the:four:days of therapy. No accnmu- B

lation of the parent.drug was observed.
Busulfan labelled with the positron-emitting radxonu-
clide '1C12¢ was used to investigate the distribution in

cynomolgus monkey with positron emission tomography -
(PET). Busulfan was. shown to rapidly cross the blood-
.brain barrier: (BBB)..After :30 :min, the radioactivity re-
-maining in the brain was about 50% of the amount initially
- extracted. However, the radioactivity was accumulated in-. 1
the liver and-lungs during 60.min scanning. In man, NC- . 5§ - -
- busulfan also-rapidly entered the brain (Fig. 5) and about" 5§ *
.20%.of the total injected dose was extracted. The high- - -}
.- . -cerebral -uptake. of busulfan is most:-probably- due tothe - -
- lipophilic character of the drug and the low extent of pro- -

- tein binding %089 This high cerebral extraction -of busul-

loablative regimen containing busulfan. Vassal er al.112 - .

showed that increasing busulfan dosage in young chil-
dren from 16 mg/kg to 600 mg/m? and thereby increas-

-ing the systemic exposure to busulfan significantly
increased the incidence of VOD from 7% to 22%, which

is comparable to the incidence of VOD in adults. This

“new dosage suggested by Vassal et al.!6 also increased

the incidence of neurotoxicity from 1.7% to 15.4% in

"123 patients studied. However, the neurotoxicity could

- be prevented by anticonvulsive prophylaxis. Moreover,
we have shown 1 recently the relation between busulfan
“concentration and alopecla.' 17 These studies have helped

to identify interindividual pharmacokinetic differences

. tion. Therefore, more data, long time follow up and -

which can in part explain differences in the incidence or ..

severity of busulfan- related toxicites. However, more
studies are needed to identify other therapy-related tox-
icities such as interstitial pneumonia, mucositis and late
CNS toxicities.!i6-122 )

The administration of regimens containing TBI results
in a high rate of side effects such as cataract, multiple en-
docrine abnormalities and growth disturbances in chil-
dren.!2 Sanders and the Seattle Marrow Transplant
Team??! have reported that the endocrine function abnor-
malities influencing subsequent growth and development
in children after marrow transplantation rarely occur after
preparation with cyclophosphamide alone. It appears that

fan in-humans can have - therapeutical -implications -

concerning its ability to eradicate leukemic cells in the
CNS or its use in the treatment of childhood malignant

_brain tumors.1” Equally important is the insight gained. - if.
into the side effects often seen in hi gh-dose therapy such

as seizures and other neurological effects (mental devel-
oping) in childrea undergoing bone marrow transplanta-

correlation with both dose and concentrations of busul-
fan are required. Since the introduction of busulfan/cy-

clophosphamide as a new conditioning regimen prior 0. . # ..; o -

BMT'% a lower rclapse rate but a higher incidence of

'complications and toxicities was reported for AML pa-

tients. Tutschka et aL 126 reported that the reduction of cy-
clophosphamide from 200 to 120 mg/kg reduced the
complications without compromising the antileukemic
effect. The jncidence of IP and VOD was reported to be
12% and 2%, respectively. A significant decrease of the

-cumulative liver toxicities and hemorrhagic cystitis using

the modified regimen was confirmed by other investiga-
tors. 55118

In contrast to the above mentioned studies, Morgan ef -

al.1?7 have reported a relatively higher toxicity (VOD, IP-
and hemorrhagic cystitis) using the modified regimen as
compared to cyclophosphamide/TBI. A multiple logistic
regression analysis indicated that the preparative regimen
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Figure S PET image of llC-busulfan in the human bmm from 0-5 min (left) and from 25-35 min (right) after i m_;ectxon. (See Color Plate XXVII at

thebackofthlsnssue.)

was the only signiﬁc'ant factor. Randomized multi-center
~ study in France!28 and by Ringdén e al.! found that a
*" higher toxicity accompanied the use of BU/Cy compared "

~ to Cy/TBL. A multi-international collaboration with a

high number of patients to understand the factor/factors .
underlying these conflicting results may be helpful in
optimizing busulfan therapy with hxgh efficacy and lower
toxicity. One way to optimize the optimal dose of busulfan
is to use therapeutic drug monitoring. However,

therapeutic drug monitoring_in-connection with bone -

marrow transplantation poses a number of difficulties and
considerations:

1) In conventional chemotherapy, the dose is opti-
mized after the first cycle of treatment according to the
toxic side effects. In BMT, the treatment is given once
and the toxicities and drug efficacy are determined a long
time after the treatment. 2) Correlations between the drug

expésure (either as a plasma concentration or AUC or
any other pharmacokinetic parameter) and the toxicity

» and/or efficacy must be found. 3) Busulfan is usually
" used in combination with other drugs which may either
‘enhance or decrease toxicity. 4) High rate of inter- and
intra-individual variability in absorption reported by

many authors causes problems with limited sampling
procedures. Therefore, a reliable limited sample proce-
dure is needed. 5) The disease (malignancy or non ma-
lignancy) have been shown to have an effect on the
pharmacokinetics of the drug and they have to be con-

sidered. 6) A very rapid and sensitive method to assay .

busulfan after the first dose is reqmred to allow the dose
adjustment.

A better understanding of the disposition of busulfan in
combination with cyclophosphamide in BMT may poten-

. tially improve the therapeutic outcome. '3 The interpatient

L5

wab o e




404 -

variations in disease, circadian rhythms, abnormalities in
liver functions and the bioavialibility are now known. At
the present time; the use of dose adjustment is probably
-the- most reliable way to enhance the efficacy and lower
the drug-related toxicity. However, an approach would be

. to.develop a parenteral preparation of busulfan to be ad-.
‘ministered as an mfusnon. _ :
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Bradley, Sean

From: o Carol Curme [CCURME@orphan.com]
~-nt: . Wednesday, June 26, 2002 1:19 PM
: ‘bradleys@cder.fda.gov'
—ubject: RE: Busulfex S-004: Response to Fax 062502 -
importance: . High
Busulfex pi

28JUN02-2 doc Dear Sean,

The package insert in the previous response to the FDA did not include
instructions on blood sampling. The insert was corrected to include
this ' o o
information (pp. 16-17) (see attachment). If possible, please print out
this copy of the insert for the meeting today Please excuse us for
this

error and associated inconvenience.

Sihcerely,

Carol Curme

————— Original Message-----
From: Carol Curme
Sent: Wednesday, June 26, 2002 11:04 AM
To: 'bradleys@cder.fda.gov'
abject: Busulfex S-004: Response to Fax 062502

Dear Sean,

Here is our response to the FDA's fax dated June 25, 2002. An e-mail
~ with . e

the referenced journal articles and a llSt ‘of meetlng attendees w1ll
follow.

Sincerely,
Carol
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June 26, 2002
Richard Pazdur, M.D. '
Division of Oncology Drug Products [HFD-150]
Center for Drug Evaluatlon and Research
Food and Drug Administration
Woodmont II
1451 Rockville Pike
Rockville, MD 20852
Ph: (301) 827-1537

Subject: Busulfex® (busulfan) Injection; NDA #20-954/s-004
Response to Facsimile, dated May 24, 2002
Regarding the Supplement of Pediatric Information
User Fee #3,396, Orphan Designation #94-830

Dear Dr. Pazdur:

Orphan Medical submits this response to the FDA’s facsimile dated
June 25, 2002, in which the Agency presented its second version
of labeling for Busulfex to incorporate pediatric information.
Orphan Medical provides comment to the FDA’s proposed dose-
adjustment formulae and. their rationale in Attachment 1:
DISCUSSION OF DOSE-ADJUSTMENT STRATEGY.

A copy of Orphan Medical’s revised package insert is attached.
The FDA’s instructions for dose-adjustment have been replaced by
an AUC-based calculation reflective of current clinical practicea

Other mlnor changes to labeling are shown on pages 14, 15 28,

. 4;‘"—,_ .

In addltlon,'Orphan Medical seeks'clarification of the clearance.
and volume terms included for pediatric patients in the
Pharmacoklnetlcs section. The figures for clearance -
ml/min/kg) and volume of distribution ( =~ ) appear to be
substantially greater than those cited in publlshed literature
(Schuler 2001, Hassan 1996) (Attachment 4). These units were not
included in the previous FDA insert. Given this discrepancy,
Orphan Medical wishes to confirm the -accuracy of these values.
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CONFIDENTIAL
Orphan Medical, Inc.’
BUSULFEX® (busulfan) Injection

Please reference Table 111, p. 948 in the Schuler articlé,:and
Table I, p..398 in the Hassan article. The Schuler article is
included as a reference for intravenous busulfan. ' ’

We look forward-to our teleconference with the FDA at 12:45 (CST)

today to discuss these issues.

Sincerely,

Carol S. Curme, R.A.C.
Senior Manager of Regulatory Affairs
Phone: (612) 513-6974

Cc: Dayton Reardan, Ph.D., Vice-President Regulatory Affairs
Sean Bradley, FDA Project Manager

eppedeom N egen WUt T amlr er sl ter SEGNE SN e xu;g‘-_{r'-x"»' B A - R A
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R:\Busulfan\Pediatric Supp\postsupp\e-mails\Response for Fax 062602\buspedl2att
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CONFIDENTIAL -
Orphan Medical, Inc.

BUSULFEX® {(busulfan) Injection

ATTACHMENT 1: DISCUSSION OF DOSE-ADJUSTMENT STRATEGY

FDA’S RECOMMENDATION:

For Pediatric patients < 12 kgs:

For Pediatric patients > 12 kgs:

Rationale: “Therapeutic Drug Monitoring: Although dose
adjustment based on several samples/AUC is scientifically

‘preferable, it is believed that this recommendation would not be

practicable/feasible in a clinical setting. Therefore, dose
adjustment based on the original FDA suggestion of C2hr has been
re-inserted, but in the mathematical form used by Orphan Médlcal
{instead of the dose adjustment nomogram)”

ORPHAN MEDICAL’S RESPONSE:

OMI agrees with FDA’s suggestlon to 1nc1ude a. formula to a331st

in doseé ddjustment howéver we suggest that ‘a“dose- adjustment

formula based on AUC is more appropriate to reflect current o
clinical & pharmacokinetic practice in the USA.. In addition use

of AUC improves accuracy and precision and thereby ensures
increased safety in interpretation and clinical application of
these time-critical clinical data. These points are discussed
below.

R:\Busulfan\Pediatric Supp\postsupp\e-mails\Response for Fax 062602\buspedl2att

Page 3 of 6
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CONFIDENTIAL
Orphan Medical, Inc.
BUSULFEX® (busulfan) Injection

Current Clinical / Pharmacokinetic Practice

The intefnationally accepted standard for dose-adjustment of
busulfan based regimens is AUC or estimation of C,, values derived
from AUC. (Cgs = concentration at steady state = AUC divided by
dosing interval).

In the US several established institutions (Attachment 2) perform
busulfan pharmacokinetic analysis for their own patients, or on
behalf of other clinical centers. Transplant centers routinely
collect 6 or more busulfan plasma samples for analysis - 3’
samples are considered the minimum for calculation of AUC. The
PK laboratories (or the clinical sites) use validated computer
programs, such as WinNonlin, to calculate and report busulfan
AUC, Css and other PK parameters. The AUC or C,, results are then
used by clinicians to determine if dose adjustment is required.
The usual formula for dose adjustment is

_ ] dose (mg) = Actual Dose (mg) x Target AUC (uMolemin) /Actual
AUC (uMolemin)”

A sample laboratory report from _ is
provided in Attachment 3. —_— is considered a reference
laboratory for busulfan pharmacokinetic analysis and acted as the
central PK laboratory for the Busulfex development program.

In consideration of the above, OMI is not aware of any clinical

- center or accredited pharmacokinetic laboratory in the USA who

use single sample plasma-concentration data to dose-adjust
busulfan-based treatment. Further we are not aware of any
published literature where a single busulfan plasma-concentration
sample is applied for dose-adjustment.

‘

‘ Dose‘Adjﬁstment‘using one plasma sampl@ ™= st e e St oS
. " o R S Lt . L.

We acknowledge that limited,sampling strategies (LSS) are widely -

accepted and clinically appropriate. All published and current
clinical applications of LSS utilize at least 3 data points which
is considered clinically appropriate for the following reasons

1) at least 3 data points are needed to determine AUC which
(as described above) is the key PK parameter for
estimation, analysis and comparison of individualized
systemic exposure.

2) validated computer models allow identification of -
potentially erroneous samples, and allow AUC estimation
even if 1 sample was erroneously collected

R:\Busulfan\Pediatric Supp\postsupp\e-mails\Response for Fax 062602\buspedl2att
Page 4 of 6
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CONFIDENTIAL
Orphan Med:.cal Inc.

BUSULFEX® (busulfan) Injection

In addition, clinical application of the proposal to use a single
2hr sample may not be ideal for the following reasons

1) due to institutional variations in'hur51ng & IV

administration practice or technical difficulties C2hr may
not always represent the end of the Busulfex infusion
2) even in patients whose infusions run exactly 2 hrs, the
scheduled sample may not always be taken at the correct
. (2hr) time-point due to competing medical priorities
3) there is no mechanism to correct the dose-adjustment
calculation for late samples (samples not taken at 2 hrs)
4) this single time point may not be applicable in patients

whose clearance and volume term are not highly'correlated
. {in contrast to the BUS-5 patients, n=24)

Summary and Alternative Proposal

In conclusion OMI feels that the FDA proposal is not consistent

with current clinical & pharmacokinetic practice, would require

significant educational efforts and may be associated with a
greater margin for error

(compared to AUC based methods)

. In
view of the above OMI proposes to revert to our proposed labeling
of 13*" June 2002 in relation to dose adjustment:

“Therapeutic drug monitoring and dose adjustment follow1ng the
first dose of BUSULFEX is recommended

———

-

dose (mg) Actual Dose (mg) x Target AUC(pMolemin)/Actual
AUC(pMol°m1n)" , 1 ‘

OMI feels that this approach is reflectlve of current cllnlcal o
RGN R AR 2 v Lty e I

practlce ‘and” allows “increased safety “in® 1nterpretat10n and’ : S

clinical application of these time-critical clinical data..In

addition provision of a formula for calculation of AUC is not

required given that most labs automatlcally calculate this

parameter for the clinician.
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CONFIDENTIAL _
" Orphan Medical, Inc. .
BUSULFEX® (busulfan) Injection

Attachment 2: Major US Busulfan PK Testing Facilities

The US facilities who represent the majority of on- shore busulfan
pharmacokinetic testlng are listed below'
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o ' . June 17, 2002
Richard Pazdur, M.D. i ara

" Division of Oncology Drug Products [HFD-150] - e M

Center for Drug Evaluation and Research , SE 2« 0,0 Lf

Food and Drug Administration Pb L

Woodmont Office Complex II

1451 Rockville Pike . | | RECEIVED

Rockville, MD 20852

Ph: (301) 827-1537 - o JUN 19 2002

: HFD-150 / CDER
SUBJECT:  Busulfex® (busulfan) Injection

"~ NDA #20-954 / S-004 ,

User Fee #3,396, Orphan Designation #94-830

Follow-up Information to May 22, 2002 Submission; Response to FDA
Facsimile dated May 28, 2002; Meeting Request dated June 6, 2002
Regarding the Supplement of Pediatric Information

Dear Dr. Pazdur: |

Orphan Medical, Inc. submits in duplicate this response to the FDA, regarding the
supplement of pediatric information (NDA #20-954/S-004), which includes the following
components: 1) Follow up information to Orphan Medical’s May 22, 2002 submission,
which was made in response to the FDA’s facsimile dated April 25, 2002; 2) Response to
the FDA’s facsimile dated May 28, 2002; and 3) Orphan Medical’s meeting request dated
June 6, 2002, for a Teleconference with the FDA’s Division of Oncology Drug Products
on June 7, 2002. :

To expedite the FDA’s review, Orphan Medical previousiy submitted a response to the
Agency’s facsimile dated May 28, 2002, by e-mail to Sean Bradley, Regulatory Project
Manager, Division of Oncology Drug Products, on May 29, 2002. Orphan Medical’s

< meeting request dated June 6, 2002 (Attachment 4) was also previously submitted by -
* mail to Séan Bradley on June 6, 2002. With the exception of the enclosed follow-up =~
. information to the May 22, 2002 submission, the content of this submission is the same

as that previously submitted by e-mail.

On May 22, 2002, Orphan Medical submitted a response to the FDA’s facsimile dated .
April 25, 2002. This facsimile included a request for Orphan Medical to provide the
institutional guidelines for prophylaxis and treatment of acute GVHD for each clinical
trial site. In the May 22, 2002 submission, it was stated that the Institutional Guidelines
for Site 14, Rainbow Babies and Children’s Hospital, Cleveland, Ohio, had been
requested by our Contract Research Organization, and that these guidelines would be-
forwarded to the Division upon receipt by Orphan Medical. Orphan Medical has since
recetved the GVHD guidelines for this site, which are included in Attachment 1.

R\Busulfan\Pediatic Rgficated doRatisnts:with.Uncommon Diseases®
139211 Ridgedale Drive, Suite 250 * Minnetonka, Minnesota 55305

952-5136900 * Fax: 952-541-9209 & www.orphen.com
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" CONFIDENTIAL

Orphan Medical, Inc.” .
Busulfex® (busulfan) Injection, NDA 20-954

On May 28, 2002, the FDA requested via facsimile, a copy of the adverse drug
experience report of myocardiopathy, manufacturer report number 01-009. Orphan
Medical previously submitted this report to the FDA on May 17,2001. A copy of the
facsimile request is included in Attachment 2. A copy of the adverse drug experience
report is included in Attachment 3." This report was prev10usly sent by e-mail to Sean
Bradley, on May 29, 2002.

On June 6, 2002, Orphan Medical requested, by e-mail to Sean Bradley, a June 7, 2002
teleconference with the FDA’s Division of Oncology Drug Products, to obtain
clarification of the FDA’s proposed dosing recommendations for Busulfex® in pediatric
patients. A copy of the e-mail, and a signed copy of the meeting request, is included in
Attachment 4. On June 7, 2002, Orphan Medical agreed with the FDA to cancel the
requested meeting.

If you have any questions or require additional information, please contact me directly.
Sincerely,

G D L

Carol S. Curme, J.D.,R.A.C.
Senior Manager of Regulatory Affairs
Phone: (952) 513-6974

oo Dayton T. Rear.dah,‘ PhD., R.A.C., Vice-President of Regulatory Affairs

Sean Bradley, R. Ph., FDA Regulatory Project Manager

A o T = Sy S-S - R i AP S S IR < ’,«i;kaamﬁvzxamw~wé¢£-wwt—%-,mm.w'wm\@s&i@g&d«ﬂ’«-v-w».a‘“ ] L TR
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"June 17, 2002 -

Richard Pazdur, M.D. _
Division of Oncology Drug Products [HFD-150} RECEIVED
Center for Drug Evaluation and Research ,
Food and Drug Administration S JLHV} 9 2007

Woodmont II

1451 Rockville Pike
Rockville, MD 20852
Ph: (301) 827-1537

HFD-150, cpeR

Subiject: Busulfex® (busulfan) Injection; NDA #20-954/5-004
Response to Facsimile, dated May 24, 2002
Regarding the Supplement of Pediatric Information
User Fee #3,396, Orphan Designation #94-830

Dear Dr. Pazdur:

Orphan Medical submits this response to the FDA’s facsimile dated
May 24, 2002, in which the Agency presented its recommended
labeling for Busulfex to incorporate pediatric information. A
response to the FDA’s proposed labeling was previously submitted
by e-mail on June 14, 2002. This formal response includes minor

- revisions to the list of attachments.. -

R s X

,AAsubmltted to the FDA by e-mall in WOrd 6 0/95 on"June 14‘ 2002“*?;’“‘“”“?f"‘“4‘

The red-line vefsion of the FDA’s insert is in Attachment 1.
Orphan Medical’s proposed package insert, in Attachment 2, is a
red-line version of the draft insert ‘that was submitted in theé
efficacy supplement dated December 21, 2001. Orphan Medical’s
package insert with changes accepted, in Attachment 3, was

The table in Section 1 of this response hlghllghts the . .
differences between the FDA’s recommended changes and Orphan
Medical’s revised package insert, and provides a rationale for
our position. These differences are referenced by paragraph and

sentence of the draft insert with accepted changes. We recommend

that the reviewer reference the FDA’s red-line insert when
reading this table. Topics that require a more detalled
discussion are addressed in Section 2.

R:\busulsan\pedMi@M%&Ms}%&hummm&imses‘ Page 1 of 24
13911 Ridgedale Drive, Suite 250 ® Minnetonka, Minnesota 55305

952:513:6900  Fax: 952-541-9209 * www.orphon.com



CONFIDENTIAL
Orphan Medical, Inc.
BUSULFEX® (busulfan) Injection

The most significant difference between the FDA’s proposed
labeling and Orphan- Medical’s version is the dosing section that
now includes: 1) ~——dosing regimens; and 2) a
recommendation for dose adjustment that involves the calculation
of a target dose using an AUC value based on three blood samples
collected at different time points after infusion. Orphan
Medical and the FDA discussed these points last week, and a
facsimile from the FDA dated June 7 suggests that the FDA may be
amenable to these changes. ‘In addition to these changes, Orphan
Medical has added specific instructions on collecting blood
samples for pharmacokinetics analysis. This was added in
response to the FDA’s recommendation for dose-adjustment in the
labeling. Based on our experience, we believe that these
explicit instructions will mlnlmlze errors in calculating a
target dose.

In the FDA’s Request #10 (dated June 10, 2002), we were asked to
provide some labeling instruction that explicitly describes how
AUC should be calculated. Orphan Medical suggests in the label
the AUC should be calculated from at least 3 blood samples.
.However, Orphan Medical does not feel that it is appropriate to
provide instruction on how to calculate AUC given the variety of
methods and computer programs available.

If you have any questions about this response, please feel free
to contact me directly.

Slncerely,

ﬂ/ﬁ/

Carol S. Curme, R.A.C.
Senior Manager of Regulatory Affalrs
Phone. (952) 513 6974 "y

PRI . B 4 IR, b

s e SRS

“cc:' Dayton Reardan, Ph. D., V1ce Pre31dent Regulatory Affalrs
‘Sean Bradley, FDA Project Manager

R:\busulsan\pediatric supp\postsupp\buspedll\buspedil-2.doc Page 2 of 24
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DIVISION OF ONCOLOGY DRUG

. i X V 0\?"
PRODUCTS o T
Center for Drug Evaluation and Research, HFD-150 e s -

Woodmont Office Complex - Two
1451 Rockville Pike, Rockville, MD 20852

To:  Carol Cumme - : : - Fromu: Sean Bradley
Fac 952-541-9200  Fax: 301-827-4590
Phone: 952-513-6074 Phone: 301-594-5750

Pages, including cover sheet: 1 ' Date: June 13, 2002

Re: NDA 20-954/S-004 FDA Draft Labeling

0O urgent [0 For Review [JPlease Comment []Please Reply [ Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE

UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication

is not authorized. If you have received this document in error, please immediately notxfy us by telephone and return it to us
- at the above address by mail.

Carol -

. Here is another FDA suggested labeling for Busulfex for your review:

In the PRECAUTIONS section, Spemal Populatnons Pedlatnc subsection, 3" paragraph

e A et *ﬁy ,;,‘_,;« g e fr, o RET T : &\a; w «\'-w . W B . i e wwa S O e TSP R

3

If you have any questions regarding this transmission, please contact me at 301-594-5750.

Sean Bragidy, R.Ph.

)
Regulatdry Project MaHager
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PRODUCTS . IR A
Center for Drug Evaluation and Research, HFD-150 , e U SA -

Woodmont Office Complex - Two -
1451 Rockville Pike, Rockville, MD 20852
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To: Carol Curme From: Sean Bradley

Fax:  952-541-9209 R Fax: 301-827-4590

Phone: 952-513-6874 " Phones 301-594-5750

Pages, including cover sheet: 1 Date: June 10, 2002

Re: NDA 20-954/5-004 Clinical Info Request #12

] Urgent O For Review [IPlease Comment - [ Please Reply {1 Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE
UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication
is not authorized. If you have received this documerit in error, please immediately notify us by telephone and return it to us

at the above address by mail.

Carol -

Further to your therapeutic drug monitoring proposal (three samples adjust based on AUC),
could you please provide FDA with:

Sed gk Tt LAt PR S G- eV S F b T ,Ww TR R T SN o wBRE ©

v"" > e'a ‘rationale for the samplmg times chosen™ o
"7 e arationale and some Labellng instruction that explucutly descnbes how AUC should be '

[ ]
. calceulated.

If you have any questions regarding this transmission, please contact me at 301-594-5750.

Sean Br_ad.lay, R.Ph.
RegulatoryRsoject Managep
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PRODUCTS .= | R e
Center for Drug Evaluation and Research HFD—ISO Tl
Woodmont Office Complex - Two
1451 Rockville Pike, Rockville, MD 20852
To: Carol Curme ‘From: Sean Bradley
Fax:  952-541-0200 Fax: 301-827-4590
- TR
Phone: 952-513-6974 ' Phones 301-594-5750 JUN 1 2 :
Pagés, including cover sheet: 1 | Date: June 7, 2002

Re: NDA 20-954/S-004-FDA Responses to labeling questions

[0 Urgent O For Review [JPlease Comment [1 Please Reply {J Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY .
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE
UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication
is not authorized. If you have received this document in error, please lmmedlately notify us by telephone and return it to us
_ atthe above address by mail.

Carol

. Here are our responses to your labeling questlons Have your team review the answers and if
there is any questions, then will discuss these issues further this afternoon. If our answers are

clear to your team and you feel today s meeting isn't necessary, please Iet me know

o

O e ,1“ TR AP S P Eed -u,v T v ,.w i *M’! Wm ER i res oA
. . : R ) . P -

“ Regafds B I S

Sean Bradlgy, R.Ph.

¢ :
RegulatoryRroject Manager
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) June 6, 2002
Richard Pazdur, M.D. ' ’

Division of Oncology Drug Products [HFD 150]

Center for Drug Evaluation and Research AT o
Food and Drug Admlnlstratlon C@ wqu'
Woodmont 11 ff

1451 Rockville Pike’ : N
Rockville, MD 20852 :
Ph: (301) 827-1537

Subject: Busulfex® (busulfan) Injection; NDA #20-954/5-004
Request for Teleconference
Regarding the Supplement of Pediatric Information
User Fee #3,396, Orphan Designation #94-830 -

Dear Dr. Pazdur: -

Orphan Medical, Inc. requests a teleconference with the FDA’s
Division of Oncology Drug Products to obtain clarification of the
FDA’s proposed dosing recommendations for Busulfex in pediatric
patients. The proposed date for the teleconference is June 7 at
9:00 am (CST) and 10:00 am (EST).

Our consultant {(pharmacokineticist) will be at a separate
location from Orphan Medical. We propose to call the FDA with
~our consultant on the other line. If you accept this meeting
. request, please provide the phone number, of the. conference room )
with the FDA’s attendees B T
Information for the teleconference request is provided on the
following pages. We appreciate the opportunity to discuss these
issues with the FDA on such short notice. If you have any
questions or require additional information, please contact me

PR EAN o g C di rectlyf;-t;r;-m;_v'éf;«fv:; -z »Za?.(l,—.‘--:;- :‘Aﬁf;‘sx-’i?.gfgxmef;,w PR e ] Q.T.'«,;az‘-,f SIS m:'s‘f'@?‘,—ﬁw\#n\yiq~¢--—,p’.d-",: ot L N R R . D

L S S S Co RN

Sincerely,” -

Carol S Curme, R.A.C.
Senior Manager of Regulatory Affalrs
Phone: (612) 513-6974

Cc: Daytoaneardan, Ph. D, Vice-President Regulatory Affairs-
Sean Bradley, FDA PrOJect Manager

C:\WINDOWS\TEMP\busped10.doc 1 of 6



‘CONFIDENTTAL

Orphan Medical, Inc.
BUSULFEX® {busulfan) Injection

Requested Meeting Date: June 7, 2002

Meeting Time: ’ 9:00 - 10:00 am'(CéT)

List of Attendees from Orbhan Medical:

—_— } Pharmacokinetics consultant, —
David Fuller, M.D. Vice—President‘of Medical Affairs, Orphan
Medical )
Shari Lennon Director of Busulfex Development, Orphan
Medical
Carol Curme Senior Manager of Regulatory Affairs,
Orphan Medical

_.Medical Reviewer or Team Leader

- List of Requested Agency Staff:

ot

- A AN

BioPharm Reviewer or Team Leader

Background Information:

T R N e 0 bR B L SR g sER I ¥ Sk e R e S e o b AR e ) e SR S 1 i X e S okt I S N

.- Orphan Medical submitted an efficacy supplement (S-004) in

December 2001, which included a draft package insert with
pediatric information that was based on our clinical trial of 24
pediatric patients (OMC-BUS-5). The package insert included
dosing récommendations for pediatric.patients that was derived

from a population pharmacokinetic analysis. The proposed dosing

-regimen derived from the analysis consisted of the following four

dosing categories based on actual body weight.

‘C: \WINDOWS\TEMP\busped10.doc 2 of 6
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CONFIDENTIAL
Orphan Medical, Inc.
BUSULFEX® (busulfan) Injection

Proposed dose-regimen for IV busulfan in pediatrics

r

On May 15, 2002, the FDA provided Orphan Medical with a
pharmacometric report that included a critique of Orphan
Medical’s population pharmacokinetic analysis, followed by a
description of the FDA’s analysis using different methodology.
The result of the FDA’s analysis was twoApossible dosing regimens
for pediatric patients:

¢ A dosing regimen based on actual body weight (ABW) whereby

) patients < 12 kg receive 1.1 mg/kg'busulfan and patiehts

>12 kgs receive 0.8 mg/kg busulfan; and

/

s OR. May- 24, 2002;-Orphan Medical- received: the' FDA’s” suggested e A
o labellng for Busulfex. The FDA made the follow1ng d031ng
recommendatlons under the PRECAUTIONS section, Pedlatrlc
"subsection: .
. /

C:\WINDOWS\TEMP\buspedl0.doc 3 of 6
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'\:Orphan Medical ‘seeks. to understand the methodology and

CONFIDENTIAL -
Orphan Medical, Inc.

BUSULFEX® (busulfan) Injection

BUSULFEX can then be corrected to achieve the target

., exposure by the following adjustment:

~

.List of Questions:

Orphan Medical presehts the following list of questions with
regard to the FDA’s dosing recommendations: -

1. The BMT community aims to give pediatric patients the same
busulfan exposure as adult patients. 'Calculation of the Busulfex
dose is based on either actual body weight (mg/kg) or body
surface area (mg/m’). Therefore, it is important to provide a
dosing recommendation for both methods. Orphan Medical
understands and accepts the FDA recommendation for the mg/kg

dosing (1.1 or 0.8 mg/kg for patients 5 12 kg or > 12 kg,

respectively) ... However, the FDA recommended :. - - Lt
— not seem to correlate to the recommended mg/kg doses.
/

. recommendatlon for the RO — © in order to

fa0111tate communication with the BMT community, as well as
reconcile the —— dose for pediatric patients with the FDA

approved adult dose of 0.8 mg/kg.
2. Orphan Medical supports the FDA recommendation for

therapeutic drug monitoring and dose adjustment following the

first dose of Busulfex. Consistent with dosing practices in the

C:\WINDOWS\TEMP\busped10.doc 4 of 6



CONFIDENTIAL
Orphan Medical, Inc.

BUSULFEX® {busulfan) Injectlon

pediatric transplant community, we would recommend that both
— dosing be provided as described above. The
proposed nomogram for dose ad]ustment is appllcable to patlents
dosed per f—‘.v In view of this, we would like to propose an
alternative approach (see below) that is consistent with corrent
clinical practice in the pedatric transplant community and is
apblicaole to either ) : —— -based dosing. Would the

agenoy please comment on this proposal?

-

Alternate Pharmacokinetic (PK) testing and dose adjustment

approach:
PK testing:
Collection of three blood eamples at the following time points:

2 hr (end of infusion), 4hr and 6hr post (immediately prior to

the next scheduled Busulfex administration).

" Dose Adjostment:

...+ .- . .= Dose. (mg dose based on either mg/kg or mg/m?) = Actual

4 ke

dose administered (mg) x Actual AUC (uMol-min) /Target AUC

Rationale for Alternate PK testing and dose adjuetment approach'

This alternate approach allows the clinician the opportunlty for

B R i Rt SR SRR N ix\&&%ummﬂwbi»‘&wg Sedeip e b

T NAEN L Wl ler byl b P 2 LSS L b e iR ML LY R A 09 Y 0 TrAe Tt R vrosesd

evaluation and review of the patient's pharmacokinetic profile -
' (rather than a single busulfan concentration time point) and’
" provides an opoortunity for feedback on the dosing

recommendation. This alternate approach should increase ‘the

safety'of this process in two specific ways: 1) with collection

of greater than one blood sample, chances of a successful result
increase. .With the collection of only one sample, while we

acknowledge that this is theoretically possible, in lhe clinical

setting can introduce chance of error in sample collection and

C:\WINDOWS\TEMP\busped10.doc 5 of 6 -
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CONFIDENTIAL
Orphan Medical, Inc.
BUSULFEX® (busulfan) Injection

"thus affect recommended dosing adjustments. 2) collection of
greater than one sample will allow calculation of each 1nd1v1dual
’patlent s pharmacokinetic proflle, thus increasing on an
individual basis, a dose ad]ustment which may more rellably
achieve the.intended.therapeutlc target exposure. Further, by
allowipg the clinician the opportunity to review the data in a
manner that is consistently and currently used in the pediatric,
community (i;e., either AUC or Css [Concentration at steady
state] individual patient clihical considerations can beg taken
into account when a dose adjustment appears warranted.
Introduction of a single busulfan concentration level and
clinical interpretation of this single point will be unfamiliar

and may hinder the ability to individualize dosing for a patient.

Further, the nomogram proposed for —— -based dosing is based
_on a patient population wheré the clearance (CL) and volume of
distribution (V) parameters were similar. It appears that with
b'use‘of the. proposed nomoéram, if CL.and V are not similar, the.
nomogram does not consistantly guide dose adjustment into the
target range. Further,>based on a single blood concentration
Value['it'appeérs that if)a batienﬁ haé a C2hf value othér than‘

1000 ng/ml dose adjustment w1ll be requlred Could the agency

o5 Ayt A fmxa»ir‘-l B Ry R -.w—»ﬁ *m&%\"&* e, mﬂmﬁbmﬁnmg A O A N - ey gt 1% S ad T 6 FT A

comment on thls°

3. Please provide your formula for calculation of —

"resulting in ~— for pediatric patients of both genders.
-4, To better appreciate the FDA NONMEM analysis, Orphan

Medical requests a copy of the full report, including the output

tables and listings.

C: \WINDOWS\TEMP\busped10.doc 6 of 6
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DIVISION OF ONCOLOGY DRUG - e &4
PRODUCTS , R

.
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Center for Drug Evaluation and Research, HFD-150
- Woodmont Office Complex - Two
1451 Rockville Pike, Rockville, MD 20852

To:  Carol Curme From: Sean Bradley
Fax:  952-541-9200 | Fax: 301-8274590
Phone:. 952-513-6974 * Phone: 301-594-5750 -
ﬁages, including cover sheet: 1 Date: May 28, 2002

Re: NDA 20-954/S-004 Clinical Info Request #11

O Urgent ~ DForReview [lPlease Comment [ Please Reply O Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY. TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE
UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication
is not authorized. If you have received this document in error, please immediately notify us by telephone and return it to us
at the above address by mail. . : _ :

Carol -

Please submit a copy of the ADE report bf myocardiopathy previously submitted to the FDA on
5-17-01.

&*%"“‘f'f“*"ff“‘" If'you have any quéStibns’/‘regarding this trané'rhi$$ioﬁf ‘plé"asé' contact me at 301-594-5750. = Ty
JSAéa'nABra'd'leyﬁ\Ph.‘\ S
<° ,

‘Regulatory Project Médager



DIVISION OF QNCOLOGY DRUG

PRODUCTS o
Center for Drug Evaluation and Research, HFD- 150 . . :
Woodmont Office Complex - Two

1451 Rockville Pike, Rockville, MD 20852

To:  Carol Curme C - From: Sean Bradley
Fax: 952—541-9209 Fax: 301-827-4590

. Phone: 952-513-6974 | | Phone: 301-594-5750
Paéee, including cover sheet: 1;3 Date: May 24, 2002

Re: NDA 20-954/S-004 FDA Draft Labeling

O urgent 00 For Review [IPlease Comment [ Please Reply O Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE
UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication -
is not authorized. If you have received this document in error, please immediately notify us by telephone and return it to us
at the above address by | mall

Carol -
Here is a copy of the FDA suggested labeling for Busulfex for your review. -
if youﬁ_hgx:eﬁ _1n¥ ggegg!ongp regardmg th|s transmlssrlqpx please contact m% 3{ ;301 594—5750

| Sean Bradlee‘ p Ph

Regulato Pro;ect Mahager

AT iAot
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" Bradley, Sean

From: ) Carol Curme [CCURME@orphan.com]
Sent: . Friday, May 24, 2002 9:40 AM
To: 'bradleys@cder fda.gov’

hject: FW: Busulfex 20-954/S004 ADE |nfo

This is my second-attempt- to send you this message.

----- Original Message--—---

From:- Carol Curme

Sent: Friday, May 24, 2002 8:35 AM

To: 'bradleys@cder.fda. gov ’
Cc: 'dagherr@cder.fda.gov'

Subject: Busulfex 20-954/S004 ADE info

‘Dear Sean,

This e-mail is in response to- Dr. Dhager's question about a listing of
post-marketing adverse experiences in the efflcacy supplement (S-004).
This

.information can be found in Section 8.8 (ISS), Table 8.9. Section 8§.6.3
(Commercial Marketing Experence) includes a hypertext link to Table 8.9.

In reference to Dr. Dhager's question about GVHD criteria, the tables in
Section 10.1.1 appear to be consistent with the Case Report Form in the
original protocol and in subsequent amendments.

Please let me know if you require any further assistance to you.

Sincerely,

‘rol S. Curme, RAC
:nior Manager of Regulatory Affairs

- vrphan Medical, Inc.

phone: 952-513-6974
fax:  952-541-9209 , o
e-mail: ccurme@orphan.com et
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DEPARTMENT OF HEALTH AND HUMAN SERVICES ' Form Approved: OMB No. 0910-0338

FOOD AND DRUG ADMINISTRATION g:’;igﬁg gg‘,‘;m':,‘;’,’g'; i 29?33
APPLICATION TO MARKET A NEW DRUG, BIOLOGIC S FOR FDA USE ONLY
OR AN ANTIBIOTIC DRUG FOR HUMAN USE APPLICATION NUMBER

(Title 21, Code of Federal Regulations, Parts 314 & 601)

APPLICANT INFORMATION

NAME OF APPLICANT E | bATE OF suBMISSION
Orphan Medical, Inc. : May 22, 2002
TELEPHONE NO. {includé Area Code) ' ' FACSIMILE (FAX) Number (Include Area Code)

(952) 513-6900 (952) 541-9209 .
APPLICANT ADDRESS (Number, Street, Cily, State, Country, ZIP Code or Mail Code AUTHORIZED U.S. AGENT NAME & ADDRESS (Number, Street, City, State.
and U.S. License number if prewously issued). ) ZIP Code , telephone & FAX number) \F APPLICABLE |

13911 Ridgedale Drive, Suite 250
Minnetonka, MN 55305 ,

PRODUCT DESCRIPTION

NEW DRUG OR ANTIBIOTIC APPLICATION NUMBER, OR BIOLOGICS LICENSE APPLIGATION NUMBER (If previously issued) 20-954

ESTABLISHED NAME (e.g., Proper name, USPAUSAN name) ' PROPRIETARY NAME (trade name) IF ANY

busulfan (USAN) : Busulfex® (busulfan) Injection
CHEMICAL/BIGCHEMICAL/BLOOD PRODUCT NAME (if any) CODE NAME (If any)

DOSAGE FORM: sterile liquid STRENGTHS: 60 mg ampoule ROUTE OF ADMINISTRATION: intravenous

(PROPOSED) INDICATION(S) FOR USE: for use in combination with cyclophosphamide as a conditioning regimen prior to
allogeneic hematopoietic progenitor cell transplantation for chronic myelogenous feukemia.

APPLICATION INFORMATION

APPLICATION TYPE ’ :
icheck one). [X) NEW DRUG APPLICATION (21 CFR 314.50) [ ABBREVIATED NEW DRUG APPLICATION (ANDA, 21 CFR 314.94)
; [J BIOLOGICS LICENSE APPLICATION (21 CFR Part 601)

IF AN NDA, IDENTIFY THE APPROPRIATETYPE [ 505 (bX1) [ s05(bx2)

IF AN ANDA, OR 505(b)(2), IDENTIFY THE REFERENCE LISTED DRUG PRODUCT THAT IS THE BASIS FOR THE SUBMISSION
NameofDrug = .. -~ VOmITRSES 2R 4 L “Holder of Approved Application”

TYPE OF SUBMISSION (check one) ] oriGiNAL APPLICATION [] AMENDMENT TO A PENDING APPLICATION ] resusmission
[} presusmission [J annuar reporT [[] esTABLISHMENT DESCRIPTION SUPPLEMENT [ erricacy suppLEmENT
[ rasetvG suppLEMENT, ] cHEMISTRY MANUFACTURING AND CONTROLS SUPPLEMENT * * ‘B3 omer

IF A SUBMISSION OF PARTIAL APPLICATION, PROVIDE LETTER DATE OF AGREEMENT TO PARTIAL SUBMISSION:

JF A SUPPLEMENT. IDENTIFY THE APPROPRIATE CATEGORY - - Oese. . O CBE-30 E Prior Approval (PA)

REASON FOR SUBMISSION .~ Response to FDA Facsnmlles dated Apnl 22, 23 &2572002 - L ’ - .

'PROPOSED MARKETING STATUS (check one) - - [X] PRESCRIPTION PRODUCT (Rx) : - ~ [] OVER THE COUNTER PRODUCT (OTC)

NUMBER OF VOLUMES SUBMITTED 1 " | THIS APPLICATION IS {3 parer  [] parER ANDELECTRONIC [} ELECTRONIC

ESTABLISHMENT INFORMATION (Full establishment information should be provided In the body of the Application.)

Provide locations of all manufacturing, packaging and control sites for drug substance and drug product (continuation sheets may be used if necessary). Include name,
address, contact, telephone number, registration number (CFN), DMF number, and manufacturing steps and/or type of testing {e.g. Fina! dosage form, Stability testing)
conducted at the site. Please indicate whether the site is ready for inspection o, if not, when it will be ready.

All sites are ready for inspection. SUBSTANCE: \
PRODUCT: \

)

Cross References (list related License Applications, INDs, NDAs, PMAs, 510(k)s, IDEs, BMFs, and DMFs referenced in the current application)

'ND 46,232, DMF.— DMF — ;DMF — DMF ~ DMF — DMF —DMF — DMF —
OMF -~ DMF ~ DMF ~

FORM FDA 356h (4/00)
PAGE 1



This application contains the following items: (Check all that apply)

XX | 1. Index

XX | 2. Labeling (check one) X Draft Labeling ] Finat Printed Labeling
"1 3. Summary (21 CFR 314.50(c)) s

4. Chemistry section

A. Chemistry, manufacturing, and controls information (e.g., 21 CFR 314.50 (d){(1). 21 CFR 601.2)

B. Samples (21 CFR 314.50 (e)(1), 21 CFR 601.2 (a)) (Submit dnly upon FDA's request)

C. Methods validation package (e.g., 21 CFR 314.50 (e){2)(i); 21 CFR 601.2)

Nonclinical pharmacology and toxicology section (e.g., 21 CFR 314.50 (d)(2); 21 CFR 601.2)

Human pharmacokinetics and bioavailability section (é.g., 21 CFR 314.50 (d)(3); 21 CFR 601.2)

Clinical data section (e.g., 21 CFR 314.50 (d)(5); 21 CFR 601.2)

5.
6
7. Clinical Microbiology (e.g., 21 CFR 314.50 (d){4))
8
9

Safety update report (e.g., 21 CFR 314.50 (d)(5)(vi)(b); 21 CFR 601.2)

10. Statistical section (e.g., 21 CFR 314.50 (d)(6); 21 CFR 601.2)

11. Case report tabulations (e.g., 21 CFR 314.50 (f)(1); 23 CFR 601.2)

12. Case report forms (e.g., 21 CFR 314.50 (N(2); 21 CFR 601.2)

13. Patent information on any patent which claims the drug (21 U.S.C. 355 (b) or (c}))

14. A patent certification with respect to any patent which claims the drug (21 U.S.C. 355 (b)(2) or (j) (2)(A))

15. Establishment description (21 CFR Part 600, if applicable)

16. Debarmment certification (FD&C Act 306 (k)(1))

17. Field copy certification (21 CFR 314.50 (k)(3))

18. User Fee Cover Sheet (Form FDA 3397)

19. Financial information (21 CFR Part 54)

( 20. OTHER (Specify) Response to FDA Facsimiles dated April 22, 23, & 25, 2002

ERTIFICATION

1 agree to update this application with new safety information about the product that may reasonably affect the statement of contraindications,
.1 warnings, precautions, or adverse reactions in the draft labeling. | agree to submit safety update reports as provided for by regulation or as
requested by FDA. If this application is approved, | agree to comply with all applicable laws and regulations that apply to approved applications,
including, but not limited to the following:
Good manufacturing practice regulations in 21 CFR Parts 210, 211 or applicable regulations, Parts 606, and/or 820.
Biological establishment standards in 21 CFR Part 600.
Labeling regulations in 21 CFR Parls 201, 606, 610, 660 and/or 809. -
In the case of a prescription drug or blologlcal product, prescription drug advertising regulations in 21 CF R Part 202.
Regulations on making changes in application in FD&C Act Section 506A, 21 CFR 314.71, 314 72, 314.97, 314.99, and 601.12.
Regulations on Reports in 21 CFR 314.80, 314.81, 600.80 and 600.81.
Local, state and Federal environmental impact laws. :
if lhis application applies to a drug product that FDA has proposed for schedulmg under the Controlled Substances Act. I agree not to market the
| product until the Drug Enforcement Administration makes a final scheduling decision.
The data and information in this submission have been reviewed and, o the best of my knowledge are certified to be true and accurate.
| Warning: A willfully false statement is a criminal offense, U.S. Code, title 18, section 1001.

NoGhsLNS

RE 9F REJPONSIPCE OFFICIAL OR AGENT TYPED NAME AND TITLE DATE
,/ Carol S. Curme, J.D., RAC, Senior Manager of RA 5/22/2002
RESS (Street, C:ly State, an;;:p Code) Telephone Number
13911 Ridgedale Drive, Suite 250, anetonka MN 55305 (952) 513-6900

i

Public reporting burden for this collection of information is estimated to average 24 hours per response, including the time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of

information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to: )

nartment of Health and Human Services An agency may not conduct or sponsor, and a person is not
d and Drug Administration required to respond to, a collection of information unless it
SER, HFM-99 displays a currently valid OMB control number.

‘1401 Rockville Pike
Rockville, MD 20852-1448

FORM FDA 356h (4/00) .
Page 2



NDA SUPP AMEND
SEa- 00"
B
May 22,2002

" Richard Pazdur, M.D. ’ :
> Division of Oncology Drug Products [HFD-150] RECEIVED

Center for Drug Evaluation and Research . MAY

Food and Drug Administration ' 2 3 2002
" Woodmont ]I -

1451 Rockville Pike HFD-150/ CDER

“Rockville, MD 20852
Ph: (301) 827-1537

Subject: Busulfe),(® (busulfan) Injection; NDA #20-954/S-004
Response to FDA’s Facsimiles dated April 22, 23, & 25,2002
Regarding the Supplement of Pediatric Information
User Fee #3,396, Orphan Designation #94-830

Dear Dr. Pazdur: -

Orphan Medical, Inc. submits in duplicate this response to the FDA’s facsimiles dated
April 22, 23, & 25, 2002, regarding the supplement of pediatric information (NDA #20-
- 954/S-004). Copies of these facsimiles are included in Attachment 1. Orphan Medical’s
responses to the FDA’s questions presented in the three facsimiles are included in this
submission. '

To expedite the FDA’s review, Orphan Medical previously submitted responses to the

*.Agency’s inquiries'by facsimile or e-mail. With the exception of Response #3 (with, .. ..
Attachment 8) of Orphan Medical’s facsimile dated May 6 (i.e., regarding institutional = -
-guidelines), the content of this submission is the same as that previously submitted in the
following correspondences: '

e Email Response dated April 30, 2002 to FDA Facsimile dated April 22
o Email Response dated May 5, 2002 to FDA Facsimile dated April 23
o Fax Response dated May 6, 2002 to FDA Facsimile dated April 25

In addition to the responses described above, this submission includes a CDRom
containing files of the proposed package insert (MSWord 6.0/95) and a corrected version
of the annotated package insert (Adobe Acrobat 4.0). These exact files were previously
submitted to the FDA by e-mail on April 29, 2002.

R:\Busulfan\Pediatric Dedicated torPatientspadith Uncommon Diseases® 10F 8
13911 Ridgedale Drive Suite 250 * Minnetonka, Minnesota 55305
OQ')—Q 1 ?AO(Y) L :r'yy- OQ’)-qA ’-0700 ® \ANANA/ nrnhnn rOm



.CONFIDENTIAL - Orphan Medical, Inc.
NDA 20-954 / S-004 Busulfex® (busulfan) Injection

This was done in response to Dianne Spillman’s (FDA’s Project Manager) request by
telephone on April 22, 2002. In that message, Ms. Spillman stated that the FDA would
require an electronic copy of the package insert that was compatible with MSWord 1997
She also informed me of omitted text in the annotated package insert under
PRECAUTIONS: Hematologic. This omission has been corrected.

Please contact me directly, should you have any questions or concerns.

~Sincerely,

foh I Lo

Carol S. Curme, J.D.,,R.A.C."

Senior Manager of Regulatory Affairs
Direct Iine: (952) 513-6974
Mainno.: (952) 513-6900

cc: Dayton Reardan, Ph.D., R.A.C., Vice-President of Regulatory Affairs
Sean Bradley, R. Ph., Regulatory Project Manager

R:\Busulfan\Pediatric Supp\postsuppBUSPEDWBUSPED9.doc 20F8
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DIVISION OF ONCOLOGY DRUG "% &

PRODUCTS | K el

Center for Drug Evaluation and Research, HFD-150 - , L USA

Woodmont Office Complex - Two
1451 Rockville Pike, Rockville, MD 20852

To: Carol Curme © From: Sean Bradley ' -
Fax: 952-541-9209 - Fax: 301-827-4590
Phone: 952-513-6974 | Phones 301-594-5750
Pages, including cover sheet: 1 | | Date: May 20, 2002

Re: NDA 20-954/S-004 Clinical Info Request #10

"0 Urgent O For Review [IPlease Comment [ Please Reply [1 Please Recycle

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE

UNDER APPLICABLE LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee,
you are hereby notified that any review, disclosure, dissemination or other action based on the content of the communication

is not authorized. If you have received this document in error, please lmmedlately notify us by telephone and return it to us
at the above address by mall

Carol -

As discussed during our May 10, 2002 teleconference it is the reviewers' position that patient
23501 did meet the clinical criteria for VOD as outlined in the protocol. Furthermore, aithough
the patient's liver biopsy report does not indicate the presence of definitive histologic changes
~- associated with VOD, it is known that the pathologic lesions of VOD can be patchy in nature.’

,Flnally, the cntena outllned in the protocol do not requure the presence of histologic fi indings -

iy

if you have any questlons regardmg th|s transmlssmn please contact me at 301-594-5750.

Sean Bradley, R.Ph. |

Regulatofy Project Mandper



Woodmont Office Complex - Two
1451 Rockville Pike, Rockville, MD 20852

& z:
DIVISION OF ONCOLOGY DRUG B 4
PRODUCTS | | IS A
.Center for Drug Evaluation and Research, HFD-150 E - ‘_ ..... U SA =

To: - Carol Curme: ’ , From: Sean Bradley
Fax: 9525416200 | " Fax: 301-827-4500
Phone: 952-513-6974 Phone: 301-594-5750
Pages, including cover sheet: 19. | Date: May l15, 2002

Re: NDA 20-954/S-004 Pharmacometric Review

O urgent [0 For Review' [IPlease Comment []Please Reply O Please Recycle

"THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS
ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL
AND PROTECTED FROM DISCLOSURE UNDER APPLICABLE LAW. If you are not the addressee,
or a person authorized to deliver the document to the addressee, you are hereby notified that any review,
disclosure, dissemination or other action based on the content of the communication is not authorized. If
_ you have received this document in-error, please immediately notify us by telephone and return it to us at

the above address by mail.-* " * - - et

Carol —

Attached you will find an abridged version of the Pharmacometric report for Busulfex. It is our
practice to forward this to you as a courtesy. ’ '

- I you have any qﬁqéfidgs :fegai"ding this gfqnsmission, pleasecoﬁtact me at 301-594-5750. . -

" SeanBradley, RPh. = © . e weliho
\ e : a :

NWE -
Kegulatory-Project Wanager
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the approval package consisted of draft labeling




MEMO OF TELECON

IND: NDA 20-954/S004 Drug: Busulfex (busulfan) Injection
Date: May 10, 2002 Time: 3:58 PM, EST ‘Phone: 952-513-6974

Sponsor: Orphan Medical

FDA : '

Ramzi Dagher, M.D. Medical Reviewer

Sean Bradley, R.Ph. Project Manager

ORPHAN MEDICAL

Carol Curme, R.A.C. Senior Manager of Regulatory Affairs

Discussion Summary
Dr. Dagher had two major issues that he wanted to discuss with Ms. Curme regarding Orphan
Medical’s SNDA submission:

1. Regarding the assessment of Graft Versus Host Disease (GVHD), the staging criteria faxed to
the Agency 06MAYO02 is not similar to the staging criteria described in the original protocol
in the following areas: two tables of comparison versus one, diarrhea is measured in different
units, and SGOT is not in the case report forms.

2. Regarding the incidence of Veno-occlusive disease (VOD), we will be considering patient
#23501 as (+) VOD based on the criteria listed in the protocol

Action Items:

. Orphan Medical will send clarification regarding the differences in the stagmg criteria for
GVHD.

e The teleconference concluded at 4 15 PM EST ’Ihere were no unresolved 1ssues

__/Q/ .mma',; SR /S/ .;

Sean Bradley, R.Ph., Project Manager Ram21 Dagher, M.D., Medical Reviewer
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© 13911 Ridgedale Drive

Minnetonka, Minnesota 55305
Volice: 952-513-6300
Facsimile: 952-541-9209

Date: May 6, 2002

Deliver to:  Sean Bradley, R. Ph., Regulatory Project Manager

' Fax#: (301) 827-4590

Fax From: Carol S. Curme, J.D., RAC, Senior Manager'of Regulatory Affairs

Number of Pages including Cover Page: 1§

Dear Sean,

Please find a copy of Orphan Medical's response to the FDA's questions presented in the

facsimile dated April 25, 2002. This response will be followed by a hard-copy submission to the
sNDA. -

" Sincerely, CM,\,,_/
Carol S. Curme, J.D.,RAC:. . - ()/WD o

Senior Manager of Regulatory Affairs

THIS FACSIMILE TRANSMISSION IS INTENDED SOLELY FOR THE USE OF THE SPECIFIC INDIVIDUAL OR
ENTITY TO WHICH IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED,
CONFIDENTIAL AND EXEMPT FROM DISCLOSURE. If you are not the intended reciplent, you are hereby
notified that any disclosure, distribution, dissemination, copying, use or taking of any action based on the
contents of this transmission is strictly prohibited. If you have received this communication in error, please

notify us Immediately by telephone (collect) and return the original message to us via the US Postal Service.
Thank you.
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May 6, 2002

Richard Pazdur, M.D.
Division of Oncology Drug Products [HFD-150]
Center for Drug Evaluation and Research
~ Food and Drug Administration
Woodmont 1I
. 1451 Rockville Pike
Rockvilte, MD 20852
Ph: (301) 827-1537

Subject: Busulfex® (busulfan) Injection; NDA #20-954/S-004
"~ Response to the FDA’s Facsimile dated April 25, 2002
Regarding the Supplement of Pediatric Information
User Fee #3,396, Orphan Designation #94-830

Dear Dr. Pazdur:

Orphan Medical, Inc. submits this response to the FDA’s questions presented in the
facsimile dated Apnl 25, 2002, relating to the supplement of pediatric information. A
copy of this facsimile is included in Attachment 1. Orphan Medical’s responses to the:
questions presented in the facsimile are presented on the following page.

Please contact me directly with any questions or concerns.

XDJ/

Carol S. Curme, J.D., RAC
* Senior Manager of Regulatory Affaxrs :
‘ Phone (952) 513 6974 -

cc: Dayton Reardan, Ph.D,, RAC che Premdem of Regulatory Affairs
Sean Bradley, R. Ph., Project Manager

R:\Busuifan\Pediatric Supp\postsuppBUSPEDRBUSPEDR doc ' 20F3

Dedicated to Patients with Uncommon Diseases®
13977 Ridgedole D:ive, Suite 250 @ Minnetonka, Mirresoto 55305
952-513-6900 © Fox: 952-541-9209 * www.c:ohan.com
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CONFIDENTIAL - Orphan Medxcal Inc.
NDA 20-954 / S-004 Busulfex® (busulfan) Injection

RESPONSE TO THE FDA’S QUESTIONS
Facsimile dated April 25,2002

FDA'’s request: 1. Please provide results of the skin biopsies obtained in the

~ following patients with GVHD: 03501, 09502 and 10502.

RESPONSE: The skin biopsy reports for the pétients with GVHD listed above are
included in Attachment 2. ,

2. The modified Seattle criteria for GVHD listed in the protocol define grade for
each organ but not overall grading for an individuval patient. Dataset GVHD
includes a column listing overall grade. Please clarify how the assessment of overall

GVHD grade was made?

RESPONSE: The criteria for assessment of GVHD are detailed in the Source Worksheet,
Criteria for Assessment of Acute GVHD. This worksheet is included in Attachment 3.

3. The approach (or approaches) used in the prophylaxis and treatment of acute
GVHD is not apparent. If this information is provided in the submission, please
specify its location. If not, please provide the information. We recognize that
different approaches may have been used at different institutions.

RESPONSE: Per the protocol, GVHD prophylaxié and treatment of acute GHVD wert;,

performed per institutional guidelines. These institutional guidelines were provided in

~ the original submission for the majority of the OMC-BUS-S clinical sites; see Section "~ -

8.5.4, OMC-BUS-5 Final Study Report, Appendix 16.1.5: Institutional Standard Care
Guidelines. The table included on the following page prowdes the locauon of the
appropriate guidelines per site. :

The institutional guidelines for Slte 9 (Children’s Memorial Hospital) and Site 14

o (Rambow Babies and Chnldren s Hospital) have been requested by our Contract Research
) Orgamzanon Orphan Medxcal is waxtmg to receive the mfounanon

The institutional gutdelmes for Slte 15 (Emory Umvcrsxty School of Medicine) are
included in this response as Attachment 4.

R:\Busulfan\Pcdiatric Supp\postsuppBUSPEDS\BUSPEDS.duc 20F3
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CONFIDENTIAL — Orphan Medical, Inc.
NDA 20-954 / S-004 Busulfex” (busulfan) Injection

Site Number/Principal

Prophylaxis and Treatment Location in Appendix

of Acute GVHD ‘ Investigator-

UT M.D. Anderson Cancer Center 10/Chan, Ka Wah. MD 2213-2215

University of Connecticut Health Centes | 04/Feingold, Jay M., MD, PhD 2141,2149

St. Louis Children's Hospital- 02/Hayashi, Robert, MD 2109

Children's Hospital and Health Center . | 08/Kadota, Richard, MD 2157

All Children's Hospital 03/K lemperer, Martin, MD 2120, 2129-2131

Children's Memorial Hospital 09/K Jetze), Morris, MD Requested by CRO.

' : : awaiting 1esponse

Rainbow Babies and Children's Hospital | 14/Nieder, Michael, MD Requested by CRO,

: awailing responsc

Baylor College of Medicine

23/Przepiorka, Donna, MD, PhD

2270-2271, 2273-2274

Cardinal Glennon Children’s Hospital

01/Wall, Doana, MD*

2082-2083, 2093

Ewmory University School of Mcdicine

15/Y cager, Apdrew M., MD

Included in Attachment 4

* This investigator has since relocated to Texas Transplant Institute, San Antonio, Texas

APPEARS THIS way -~
ON ORIGINAL

RABusulfan'Pediatsic Suppipustsupp'BUSPEDRVBUSPEDS doc

30r3}
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vasservs 197 39 FUH-DUUM 9 919005491820 NO. @28 081

Fax

DIVISION OF ONCOLOGY DRUG

PRODUCTS

Center for Drug Evaluation and Research, HFD-lSl)
Woeodmoat Office Complex - Two,

1451 Rockville Pike, Rockville, MD 20852 | L
To:  Carol Curme Prom: Sean Bradley

Foxz 852-541-9209 ¥ax: 301-8274500

Phonw: 952-513-8574 ' ' Phonee 3015845750

Pagoo, inchading cover sheet: 1 Bate: April 25, 2002

Re: NDA 20-854/5-004 Clinical Info Request#9

O Urgent O For Rwlaw [JPiesse Commant ) Please Reply U Ploase R.cyclo.

THIS DOCUMENT 1S INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY
CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL AND PROTECTED FROM DISCLOSURE
UNDER APPLICABLE LAW. If you are not the eddressee, or 8 porson authorizad to deliver the document to tho eddresses,
yov are boreby notified that any review, disclosure, dissemination or other action based on the content of the communication
is not authorized. If you have received this document in ervor, please immediately notify us by telephone and rcturn it $0 us
st the above address by mail.

. Carol -

B A P B I T T

Follbv«ring are two clinical requests:

'}, Pleaso provide results of the skin biopsics obtained in the following patieots with GVHD:
03501, 09502: 10502

2. Themodified Seattle criteria for GVHD listed in the protocol dcﬁne grade for each organ butnot
~.. overll g'admg for an individual pauent. Dataset GVHD includes s column lisung overal) ynde
" Please clml'y how the assasmem of _mlj GVHD g-ade was made. ,

B 3. , The appmach (Ol’ approacbcs) used in the prophylmoa and treatment of acute GVHD is not
sppareat, If this informstion is provided in the submission, please specify its location. If not,
please provide the Information. We recognize that differcnt approaches may hsve been uscd at
different institutions.

Please provide your response 10 this request via fax followed by & hard-copy submission to the NDA.

Thank you fot your prompt attention to our request. If you have any quaétions regarding this transmission, please
conlact ms at 301-594-5750.

Coston Danddl -
l\ts\uNWJ‘ L= V1N nuulugvl
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Name: —
Hospital Nmnber:—

Date of birth: ~—— '

—  — o My v A e SN P Ber S At SN e

SURGICAL PATHOLOGY REPORT

‘UKrﬂﬂN,ﬂbUlbnb 1ive

Division of Patholagy
and Laboratory Madicine

Surgical Number: ——
Sex: FPemale PDate: -—-

Age: 11 years - Physician:  —

Y
..—~.-—-~——.-~——~-~—-’~~——~~~—-——~

Clinical data provided: Skin rash, rule out graft versus host, 19 days surus post BMT

Gross detcription: Specimen, labeled “Skin biopsy™, consists of a small 2 mm punch biopsy of pale tan
skin. The specimen is submitted in toto in onc casgefte. -

KW:bg

Microscopic deseription: Histologic section consists of skin in Which the ustial architectural pattern is
distorted by vacuolar alteration along the dermal cpidermal border. In addition to the vacuolar changes,
an occasiopal necrotic keratinocyte is prescnt. Perivascular lymphocytic inflammatory cell is observed

witbin the papillary dermis.

Diagposis: Punch biopsy, site unspecified:
- Epidermis with rare n=crotic kcraﬁnocytc and vacuolar alterations. (See Commeut.)

Comment: Although the changes seen

smay represent early graft-versus-host disease, some drug reactions

may ‘demonstrate similar histopathologic changes. Clinical correlation is requlred.

KW:rap

wc oy ARl
ot e

M.D Date of Report:

—BUS~5
03'50;—u4n4
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SURGICAL PATHOLOGY REPORT -

e SN Surgical Number: .. —
Hospital Number- et Sex: Female Date: . e

Date of birth: —— o Age: 11 years Physician: —

Clinical data provided: 11-year-old with mannosidosis, status post BMT, skin rash. rule out GVHD,
rule out drug rash o " SR ‘ ‘

Gross description: Specimen consists of a 2 mm punch biopsy of skin and js not labeled as to the site
of the biopsy. The spacimen is submitted in toto in one cassetc. .
WC:sa

Microscopic description:  Histologic sections consist of skin demonstrating a moderately dense diffuse.
lymphocytic infiltrate in the upper dermis with extensive exocytosis. The overlying epidermis shows

basal spongiosis and carly vesiculation with scattered degenerated keratinocytes. Some of these y
kerarinocytes have pyknotic nucleus and eosinophilic, hyalinized cytoplasm. These pecrotic keratinocytes

are often associated with ope or more satelfitc lymphocytes. No overt viral cytopathy is seen.

- Diagnosis: Pupch biopsy of skin:
- Vesicular dermatiris most consistemt with grafi-versus-hosy diseass.

WC:bg

/S/_ ‘ __.MD. ‘ Date of Report: -

~ 7M.D., Pathologist

OMC - BSS—5
0350 I_LM
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SURGICAL FINAL REPORT

Yvuo
wuuzsvuo

S88-4539 Stalus: Signed Out Spacamsn(s) 1 SIGMOID 2 SIGMOID

" 98318 Stalus: - Signed Out Specimen(s) FLUID NOT 8PECIFIED.-. " .
© ©88-312 Staws; '

Signed Out- Specimen(s) BRONCRIAL

€98307 Siatus: Signed Out Specimen(s) CSF

C98-28% Status; Signed Out Specinen(s) BRONCHIAL ASPIRWASHING
$98-2830 Statys: Signed Oyt Specimen(s) LIVER

* Converted Case * This report may not match the
‘original report format
Patient Name: Case#: — .
Gan:lna: MRN: - Surgety Date:
DOB: - Location: — Reccived;
' Reported:
Pbysician(g): ’ “MD*
' © \ .MD.*
Copy To:
Fipal Pathol lagnosis
DINGRO3IS: Skin ot thigh. blopsy: SKIP CONSISTRNT WITH —_
GRAFT VERSUS- HOST DISEASE, GRADE -1, ’
\ : M.D.
SuOoNED CODE: Date 5igned:
PRE-OP/POST-0P nxmcsrs FROEPN SECTION:
AG AG
nAG 2 V)
¥OoT GIVEN L DEF
jmp TOUMOR DQRARD,
... Sunguest Arvehived Tewtd: . . . .
7" DATE OF BIRTH 3 ROWE ™~~~ o Wl B s o
Elcctronically Signed By
) » . Conversion
- ’l:éw 7 -
U Prevlous Speclmen(s) woeiph

S en(s ajved
SKIN 8X ‘

Other Rajated Clinical Data

Page 1 of2
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472687 - —_— - L
PATHOLOGY ADPORT e

;I-;RGICI;_O: — HOBPITAL K:

PATIRMT aansfunSRRi)

pATE RECEIVED: . U

PHYSICIAN: ST

. u.p_ Loc! ——
M. D, DERATOLOCY :
—=—""" M.Dp. DERMATOLOOY¥

PRIVIOU® GASE: ——

vhE~0F DX: R/0 GVBD, LEFT TRICH

POAT~OP DX: w0 DIAGWOSIS GIVEYW :

CLINICAL DATA: YEAR OLD FFMALE, S/F RLLCGENEIC BMT FOR BETA-

TEAL WACOR, QAY 412, NOW WITH SRYTHEMATODS
MACOLES: AND PATCHES. DIZFUSELY
SPRCINEN LRBELED: | SKXINV BIOERSY

P ——————— —

Sunguast ATchived Tests:
DATE OF BIRTH @ RO®E

SunqQuest 3¥OmMED ‘l‘:an‘lltioxu for originml 5350-3479:
T0Z6100101 {sxI¥ OF TRIGH, HQS1, 240 (GARFT VS HOST DXSEZASE) sGMADE I-IX. .

Gross Description
GROBE DESCRIFTION:®

Recgived in formalib lsbeled lege thigh, iec & pingle cylindricoal
fragment of brown skin and subcutancous Tiesue measuring 0.¢ x 0.4
% 0.2 <m. The specimen 18 bisected amd ertizely pubmittea in one
cassette.

Microscopic Description
PICROSCOPIC MAMINATION:

the spucinmes censists of » porticn of skin with vacuolization of
the 2asal layas. kno occasional apoptotic body. Focal lympbo-cytic
infiltrate 1p present in the dermis, as wvell ap epidermis. The
paplllary dermis is wdamacous with perivascular {ntlssmatory
idnfiltrata. ‘ .

e - R . . R . s

B S L T R

Pago 202
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PATHOLOGY /CYTOLOGY RESBULTS  MR# i . L o
- ‘ " 'mM  DOBI "~ MDAH: e

EBCD: T , _FINAL DATE:

: L N ATE -

- ~“NOSIS:

- SKIN, RIGHT ARM, MEDIAL, BIOPSY:
Mild perivascular chrenic superficial inflammatory cell
Lnfiltrare. No diagnostic evidence of graft versus host dieease.

(B) SKIN, RIGHT BARM, LATERAL, BIOPSY:
Skin with mild focal interface change and occasional apoptotic

keratinocytes and mild superficial perivascular inflammatoxy
infiltrate. (See Comment) R ‘

tntire report and diagnosis completed by: — . HD’
Raport relessed by: — MD #. o=

COMMENT ’ o
Changes are minimal and not diagnostic of graft versus host disease.

Howevar, an early phase of graft versus host reaction can not be entirely
ruled out.

B=BEGINNING
SELECTION: __  MED REC NUMBER: ‘ & (PF13)MAIN MENU ENTER TO
ORCSUM27 ‘
|0 —SOF

Wwijviv

CONT
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PATHOLOGY/CYTOLOGY RESULTS  MR# Lo . o 1019
BAC/s0 : ’ :
(8d: L. .-.....)
: :15

;S DESCRIPTION:

() SKIN, RIGHT ARM, MEDIAL - A punch biopsy of lightly pigmented skin
(0.3 x 0.3 cm with thickness of 0.3 c¢m). The apidermal surfsece is
unremarkables. INK CODE: Yellow ink applied to cut svxzfaces.

SECTION CODE: The entixe spacimen is submitted in cassette B. BS/kk
(B) 'SKIN, RIGHT ARM, LATERAL - A punch biopsy of lightly pigmented skin
with & slightly mottled epidermal surfece. The specimen measures 0.3 x 0.3
cm with thickness of 0.3 cm. : o ‘
: INK CODE: Yellow ink is applied to cut suxfaces.

SECTION CODE: The specimen is entirely submitted in cassgette B. BS/kk

END OF THIS REPORT=PRESS RETURN FOR NEXT REPORT
" peBEGINNING . R ;

SBLECTION: _ MED- REC ﬁUMBBR: &(PF13)MAINAMENU ENTER TO CONT

[ R ERAE R e e
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GHI‘I’ERM FOR ASSESSMEHT OF ACUTE GRAFT VERSUS HOST DISEASE -

CLINICAL STAGE OF ACUTE GRAFT VERSUS HOST DISEASE
¥ . - ACCORDING TO ORGAN SYSTEM*

5 - LIVER "GASTROINTESTINAL
STAGE o SKIN (Blticubln) (Dlarrhea) .
0 ° |Norash s -~ |<2mgidl Nochanges
4 ¢ |Macwiopapuler rash .
1 - [ <25% of body surtace area 2-3 mg/di > 10 mifkg/edhrs
v |Maculopapular rash ‘
2 " |25-50% of body surfaca area | '€ M@/ > 16 mVig/2dhes
3 ' |Generalized erythroderma (8,115 mg/dl > 21 mlkg/24hrs
-4 . _ {Generafized erythraderma ~
~ | with buflous tormation and >15 mg/dt 3&:; ;gggminal pain with or
desquamation - : )

OVERALL CLINICAL GRADING OF SEVERITY OF GRAFT VERSUS HOST DISEASE

GRADE | SKIN | LIVER | AND/OR | GASTROINTESTINAL
1. |+twoe2’ o , 0 -

L Mt e andior +1
N 21043 |4210 43 and/or 421043

v +2t0 +4 4210 +4 and’or +2 to +4

‘It no skin disease, the overall grade Is the higher slngie organ grade.

CONFIDENTIAL
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Prophylaxis of Acute Graft VS Host Disease

Acute GVHD occurs when the bone marrow graft recognizes the patient's body as being foreign
and mounts an attack. The primary organs involved include the skin. G1 tract and hiver. Acute
GVHD may be scen as the bone macrow starts to engrafl. usually between days 14 -28 but may
appear up to 100 days post allogeneic transplant. Immunosuppressive therapy is initiated pre
and post BMT to help prevent this complication.

1. Clinical signs and symptoms: : .

Skin: maculopapular rash which usually starts on the palms and soles

Gut: profuse wartery. green diarrhea which usually contains pieces ot bowel tissue
Liver: ‘elevation of toral bilirubin (greater than 2.0). liver enzyvmes and alk phosphatase
See BMT toxicity grading sheets in order to document the grade and stage of GVHD

11. Therapeutic interveations:
Cyclosporin- )
e CSA 3 mg/kg/day IV as continuous infusion to start on day -1 (or as otherwise directed by
.the protocol). ,
® Check trough levels day +1 and day +d. then every Monday and Thursday. Keep level
between 50 - 400 (monoclonal method). Levels run in the lab Qday at 1100. If the patient
has signficant renal or liver toxicity. check the level Qday.
® Chenge administration of CSA to Q 12 br dosing when patient is taking po. Mixin
© $S0mg/20 cc DSW (max concentration) and infuse over 2 hours at 0800 and 2000. ,
e When patient is able to take po meds and has minimal diarrhea, give CSA 50% IV and 50%
PO. If tolerated well, then give 100% po. The oral dose is 3 times the intravenous dose.
Level should be checked cvery 3 days while making dose adjustments.

If there is no GVHD, decrease the dose by 10% every 2 weceks, starting on day 90. (except
for patients with aplastic anemia).

Special considerations:

o Administer CSA through CVL lumen marked with yellow adhcsive. Drawn the CSA level
~ -~ from the lumen marked with red adhesive. L

Do not mix oral CSA in plastic or styrofoam cups; CSA adheres to pla:stic.
®

Mix CSA in lipophilic solution (chocolate mitk) in 2 glass container.

® Do not stop the CSA infusion for a high level unless the patient has renal toxicity. Decrease
the subsequent dose by 10%. ' ’ ‘ . .

e If a patient has received a mismatched or unrelated BMT it is particularly important that the
vz e, COA Infusizn not be stopped and that the level be maintained in the mid to upper range (200

R T I D

-, - --400), especially during the time of engraftment or the patient hais AGVHD. -
.. ®. In general dose adjustments should be made by a range 10 - 15%. Always check to make.
© certain that the specimen was drawn at the correct time and that the CSA infusion was wrnes .~ .

off when the specimen was collected before decreasing the dose.

Side effects of CSA:

Hvpertension, headaches. gum hyperplasia. tremors. blurred vision. seizures (rare)
Nephrotoxicity: for a creatinine greater than 2 to 2.5 tumes a patient's baseline. a dose
reduction will be made on a sliding scale by 3 member of the BMT service.
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@ Sideeffcets: fever. chills, flu-like symptoms, puritic rash. allergic reaction(discontinue.
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FK3506 (Tacrolimus)

o Similar in mechanism to Cyclosporin.

«  Give 100meg/ke/day [Vdivided BID. The po dose is 3 times the [V dose.
e Maintain level betwecn 8 - 18ng/ml.

Side effects of FKKS06: . _
Hyperglycemia and other sidé effects listed under Cyclosponn.

Methotrexate: give as directed by protocol. in general: . _ .

® 10 mg/m2 IV ondays +1, +3, +6 for paticnts who may be a low risk for AGVHD and would
benefit from developing a mild case. in terms of' 3 ~graft versus leukemia effect”™ ‘

s |5 mem2 IV onday +1; 10 mg/m2 IV on days +3. +6. +11 for patients with an anticipated
high risk of AGVHD..

" Treatment of Graft-Versus-Host Disease

If a paticnt develops a skin rash (grade II) and there is evidence for bone marrow engrafiment, a
biopsy should be performed to collaborate the clinical diagnosis-of GVHD. Early GVHD (grade
{ - 1) may prove to show biopsy negative, cven though the working clinical diagnosis may still
continue 1o be GHVD. Ifthere is good clirical evidence of disease in the skin, gut or hiver.
steroid therapy should be initiated at the discretion of the BMT attending.

Steroids ’
® For patients with grade II, start methlyprednisolone 2 mp/kg/day IV to be given BID
and continue until symptoms improve.
7 --10 days after the symptoms are gone, begin to taper the steroid by 10% every week.
If there is no evidence of improvement after 7 days. give 5 - 10 mg/kg/day IV BID.
If there is improvement with the higher dose of steroids, continue for | week. then decrease
to 2 mg/kg/day and continuc taper by 10% every week. ’
- Side effects of steroids: gastritis, mood swings, acne, hypertension, hyperglycemia, weight
gain, cushingnoid appcarance, immunosuppression. asceptic necrosis of the bones. .
* [f a patient presents with grade 11 - 1V, consider adding ATG as well.” R

Ami—thym'ocy'te Globulin

" ®  ATG 15 mg/kg/dose BID for 10 doses. -

® Mix in } mg/cc NS and infuse over 4 - 6 hours.

_® Premed with | mg/kg methlyprednisolone (take into account cxisting dose of steroids on

~ board) and benadryl | mg/kg (max 50 mg):- <. s - :

. infusion if patient shows signs of anaphylaxis).
OKT3 '
e OKT3 is a monoclional antibody to the T3 antigen of human T lymphocytes.
e 1t may be used as a replacement for Cyclosporin if prcvious therapy has failed.
e 25 mg IV for patients less than 30 kg: 5 mg [V for patients greater than 30 kg.
® The dose is given Qday for 5 - 10 days.
® Premed with tylenol. benadryl and methlyprednisolone: consider HC 50 - 100 mg 30 minutes
after OKT3. . '
Side effects: fever. chills. dyspnes. flu-like symptoms

i amce nelong-
- ]





