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BUSULFEXa

(busul fan) Injection

CAUTI ON:  MUST BE DI LUTED PRI OR TO USE.
Rx Onl Yy

WARNI NG

BUSULFEXa (busulfan) Injection is a potent cytotoxic drug that
causes profound nyel osuppression at the recommended dosage. It
shoul d be admi ni stered under the supervision of a qualified
physi ci an who is experienced in allogeneic hematopoietic stem
cell transplantation, the use of cancer chenotherapeutic drugs
and the managenent of patients with severe pancytopeni a.
Appropri ate nanagenent of therapy and conplications is only
possi bl e when adequate di agnostic and treatnent facilities are
readily available. SEE “WARNI NGS” SECTI ON FOR | NFORMATI ON
REGARDI NG BUSULFAN- | NDUCED PANCYTOPENI A | N HUMANS.

DESCRI PTI ON
Busul fan is a bifunctional alkylating agent known chenically as

1, 4- but anedi ol , di net hanesul fonate. BUSULFEXa (busul fan)
Injection is intended for intravenous adm nistration. It is
supplied as a clear, colorless, sterile, solution in 10 nL

si ngl e use anpoul es. Each anpoul e of BUSULFEX contains 60 ng (6
ng/ mL) of busul fan, the active ingredient, a white crystalline
powder with a nol ecul ar fornula of CHSOQ( CH,) ,OSO,CH; and a

nmol ecul ar wei ght of 246 g/nole. Busulfan is dissolved in N, N

di met hyl acet ani de (DMA) 33% wt/wt and pol yet hyl ene gl ycol 400,
67% wt/wt. Busulfan's solubility in water is 0.1 g/L and the pH
of a >0.5% solution in 0.9% Sodi um Chl oride Injection, USP or 5%
Dextrose I njection, USP as recommended for infusion reflects the
pH of the diluent used and ranges from3.4 to 3.9.
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BUSULFEX is intended for dilution with 0.9% Sodi um Chl ori de
I njection, USP or 5% Dextrose Injection, USP prior to
i ntravenous i nfusion.

CLI NI CAL PHARMACOLOGY

Mechani sm of Acti on:

Busul fan is a bifunctional alkylating agent in which two |abile
net hanesul f onate groups are attached to opposite ends of a four
carbon al kyl chain. 1In aqueous nmedia, busulfan hydrolyzes to
rel ease the nethanesul fonate groups. This produces reactive
carboniumions that can al kyl ate DNA. DNA damage i s thought to
be responsible for nmuch of the cytotoxicity of busulfan.

Phar macoki neti cs:

The pharmacoki netics of BUSULFEX were studied in 59 patients
participating in a prospective trial of a BUSULFEX-

cycl ophosphami de preparatory regi nen prior to allogeneic

hemat opoi etic progenitor stemcell transplantation. Patients
recei ved 0.8 ng/ kg BUSULFEX every six hours, for a total of 16
doses over four days. Fifty-five of fifty-nine patients

(93% admi ni st ered BUSULFEX mai nt ai ned AUC val ues bel ow t he

target value (<1500 pMmin).

Tabl e 1: St eady State Pharnmacoki netic Paraneters
Fol | owi ng Busul fex (busulfan) Infusion (0.8
ng/ kg; n=59)

Mean CV(% Range
Cmx (ng/ L) 1222 18 496- 1684
AUC (uMmi n) 1167 20 556- 1673
CL (m/mn/kg)* 2.52 25 1.49-4.31

* Clearance normalized to actual body weight for all patients.
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BUSULFEX phar macoki neti cs showed consi stency between dose 9 and
dose 13 as denonstrated by reproducibility of steady state Cux
and a | ow coefficient of variation for this paraneter.

Di stri bution, Metabolism Excretion:

Studi es of distribution, netabolism and elinination of BUSULFEX
have not been done; however, the literature on oral busulfan is
relevant. Additionally, for nodul ating effects on

phar macodynani ¢ paraneters see Drug |Interactions.

Di stribution: Busulfan achi eves concentrations in the
cerebrospinal fluid approximately equal to those in plasm
Irreversible binding to plasma elenments, primarily al bum n, has
been estimated to be 32.4 £ 2. 2% which is consistent with the

reactive el ectrophilic properties of busulfan.

Met abolism  Busulfan is predom nantly netabolized by

conj ugation with glutathione, both spontaneously and by

gl utathione S-transferase (GST) catalysis. This conjugate
under goes further extensive oxidative netabolismin the liver.

Excretion: Followi ng administration of “C- |abeled busulfan to
humans, approxi mately 30% of the radioactivity was excreted into
the urine over 48 hours; negligible amunts were recovered in
feces. The inconplete recovery of radioactivity nmay be due to
the formation of long-lived netabolites or due to nonspecific

al kyl ati on of macronol ecul es.

CLI NI CAL STUDI ES

h:\ 20954l bl . doc 02/10/99 Page 3 of 28



This label may not be the latest approved by FDA.
For current labeling information, please visit https://www.fda.gov/drugsatfda

NDA 20- 954 Busul fexd (busulfan) Injection

Docunent ati on of the safety and efficacy of busulfan as a
conponent of a conditioning reginen prior to allogeneic

hemat opoi etic progenitor cell reconstitution is derived fromtwo
sources: i) analysis of a prospective clinical trial of
BUSULFEX that involved 61 patients diagnosed with various
hemat ol ogi ¢ mal i gnancies, and ii) the published reports of
randoni zed, controlled trials that enployed hi gh-dose ora

busul fan as a conmponent of a conditioning reginmen for
transplantation, which were identified in a literature revi ew of
five established commercial databases.

The prospective trial was a single-arm open-label study in 61
pati ents who recei ved BUSULFEX as part of a conditioning reginen
for allogeneic hematopoietic stemcell transplantation. The
study included patients with acute | eukenia past first remnission
(first or subsequent relapse), with high-risk first renission,

or with induction failure; chronic nyel ogenous | eukema (CM.) in
chroni c phase, accel erated phase, or blast crisis; primry
refractory or resistant relapsed Hodgkin's di sease or non-
Hodgki n” s | ynphoma; and nyel odyspl astic syndrone. Forty-eight
percent of patients (29/61) were heavily pretreated, defined as
having at | east one of the follow ng: prior radiation, > 3 prior
chenot her apeuti c regi nens, or prior hematopoietic stem cel
transplant. Seventy-five percent of patients (46/61) were
transpl anted with active di sease.

Patients received 16 BUSULFEX doses of 0.8 ng/ kg every 6 hours
as a two-hour infusion for 4 days, followed by cycl ophosphani de
60 ng/ kg once per day for two days (BuCy2 reginmen). Al patients
recei ved 100% of their schedul ed BUSULFEX regi nen. No dose

adj ustnments were nade. After one rest day, allogeneic

hemat opoi eti c progenitor cells were infused. The efficacy
paranmeters in this study were nyel oabl ati on (defi ned as one or
nore of the follow ng: absolute neutrophil count [ANC|] | ess
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than 0.5x10% L, absolute |ynphocyte count [ALC] |ess than
0.1x10% L, thronbocytopenia defined as a platelet count |ess
than 20, 000/ nmm? or a platelet transfusion requirement) and

engraftment (ANCE0.5x10%L).

Al'l patients (61/61) experienced nyel oabl ation. The nedian tine
to neutropenia was 4 days. Al evaluable patients (60/60)
engrafted at a nmedian of 13 days post-transplant (range 9 to 29
days); one patient was consi dered non-eval uabl e because he died
of a fungal pneunonia 20 days after BMI and before engraftnment
occurred. All but 13 of the patients were treated with

prophyl actic G CSF. Evidence of donor cell engraftnent and
chimeri smwas docunented in all patients who had a chronpsona
sex marker or |eukem c marker (43/43), and no patient with
chimeric evidence of allogeneic engraftnment suffered a | ater

|l oss of the allogeneic graft. There were no reports of graft
failure in the overall study population. The nedi an nunber of
pl atel et transfusions per patient was 6, and the nedi an nunber
of red blood cell transfusions per patient was 4.

Twenty-three patients (38% relapsed at a nedi an of 183 days
post-transpl ant (range 36 to 406 days). Sixty-two percent of
patients (38/61) were free fromdi sease with a nedian foll ow up
of 269 days post-transplant (range 20 to 583 days). Forty-three
patients (70% were alive with a nmedian follow up of 288 days
post-transpl ant (range 51 to 583 days). There were two deaths
before BMI Day +28 and six additional patients died by BMI Day
+100. Ten patients (16% died after BMI Day +100, at a nedi an of
199 days post-transplant (range 113 to 275 days).

Oral busulfan literature review Four publications of

random zed, controlled trials that evaluated a high-dose ora
busul f an-cont ai ni ng condi tioning regi men (busulfan 4 ng/kg/d x 4
days + cycl ophospham de 60 ng/kg/d x 2 days) for allogeneic
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transplantation in the setting of CM. were identified. Two of
the studies (Cdift and Devergie) had popul ati ons confined to CM.
in chronic phase that were random zed between conditioning with
busul f an/ cycl ophosphamni de (BU CY) and cycl ophosphami de/tota

body irradiation (CY/TBI). A total of 138 patients were treated
with BUCY in these studies. The populations of the two
remai ni ng studi es (R ngden and Bl une) included patients with
CM., acute |ynphoblastic | eukenia (ALL), and acute nyel ogenous

| eukenia (AML). In the Nordic BMI Group study published by

Ri ngden, et al., 57 patients had CM.,, and of those, 30 were
treated with BUW CY. Patients with CM. in chronic phase,

accel erated phase, and blast crisis were eligible for this
study. The participants with CM. (34/122 patients) in a SWG
study published by Blume, et al., had di sease beyond first
chroni ¢ phase. Twenty of those CM. patients were treated with
BU/ CY, and the TBI conparator armutilized etoposide instead of
cycl ophosphami de.

Tabl e 2 bel ow sunmari zes the efficacy anal yses reported from
these 4 studies.

Tabl e 2: Sunmary of efficacy anal yses fromthe random zed, controlled
trials utilizing a high dose oral busul fan-containing conditioning
regimen identified in a literature review

adift, 1994
CML Chroni ¢ Phase;
Time to
3 year Q/erall 3 year DFS Rel apse Engr af t nent
Sur vi val (p=0.43) (ANC 3 500)
BU/ CY Cy/ TBI BU/ CY Cy/ TBI BU/ CY Cy/ TBI BU/ CY Cy/ TBI
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80% 80% 71% 68% 13% 13% 22.6 22.3
days days

Devergie, 1995
CML Chroni c Phase

5 year Overall 5 year DFS Rel apse Tinme to
Survi val (p=0.75) (Rel ative Risk Engraf t ment
(p=0.5) anal ysi s (ANC > 500)
BU/ CY: CY/ TBI)
(p=0. 04)
Bu/ CY CY/ TBI BU CY CY/ TBI BU CY CY/ TBI BU CY CY/ TBI
60. 6% 65. 8% 59. 1% 51. 0% 4.10 None None
#11.7% | %12.5% | +11.8% +14% (95% Cl = 1.00- G ven G ven
20. 28)

Ri ngden, 1994
CM., AM., ALL;

3 year Overall 3 year Rel apse Free Time to
Rel apse
Sur vi val Sur vi val (p=0. 9) Engr af t nent
(p<0. 03) (p=0. 065) ' ( ANC >500)
BU/ CY Cy/ TBI BU/ CY Cy/ TBI BU/ CY Cy/ TBI BU/ CY Cy/ TBI
62% 76% 56% 67% 22% 26% 20 days | 20 days
Bl ume, 1993*

CM., AM., ALL; Relative Risk Analysis BU CY: Etoposide/TBI

RR of Mortality DFS RR of Rel apse Time to
anal ysi s
BU CY: Et o/ TBI)
BU CY | Eto/ TBI BU CY Et o/ TBI BU CY Et o/ TBI BU CY Et o/ TBI
0.97 1.02
(95% Cl =0. 64- Not G ven (95% Cl =0. 56- 1. 86) Not G ven
1. 48)

*Eto = etoposide. TBI was conbined with etoposide in the conparator arm

of this study.
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BU
CY
TBI
DFS
ANC

Busul f an

Cycl ophospham de

Total Body Irradiation
D sease Free Survival
Absol ut e Neutrophil Count

| NDI CATI ONS AND USAGE

BUSULFEXa (busulfan) Injection is indicated for use in
conbi nati on with cycl ophospham de as a conditioning reginmen
prior to allogeneic hematopoietic progenitor cel

transpl antation for chronic nyel ogenous | eukem a.

CONTRAI NDI CATI ONS

BUSULFEX is contraindicated in patients with a history of
hypersensitivity to any of its conponents.

WARNI NGS

BUSULFEX shoul d be admi ni stered under the supervision of a
qual i fied physician experienced in hematopoietic stem cel
transpl antation. Appropriate managenent of conplications
arising fromits adm nistration is possible only when adequate
di agnostic and treatnent facilities are readily avail abl e.

The follow ng warnings pertain to different physiologic effects
of BUSULFEX in the setting of allogeneic transplantation.

Hemat ol ogi ¢c: The nobst frequent serious consequence of treatnent
wi th BUSULFEX at the recomended dose and schedul e is profound
myel osuppression, occurring in all patients. Severe
granul ocyt openi a, thronbocytopenia, anem a, or any conbi nation
thereof may devel op. Frequent conplete bl ood counts, including

h:\ 20954l bl . doc 02/10/99 Page 8 of 28



This label may not be the latest approved by FDA.
For current labeling information, please visit https://www.fda.gov/drugsatfda

NDA 20- 954 Busul fexd (busulfan) |njection

white blood cell differentials, and quantitative platelet counts
shoul d be nonitored during treatnment and until recovery is

achi eved. Absolute neutrophil counts dropped bel ow 0.5x10%L
at a nmedi an of 4 days post-transplant in 100% of patients
treated in the BUSULFEX clinical trial. The absol ute neutrophi
count recovered at a nedian of 13 days follow ng allogeneic
transpl antati on when prophylactic G CSF was used in the majority

of patients. Thronbocytopenia (<25,000/nn$ or requiring

pl atel et transfusion) occurred at a nmedian of 5-6 days in 98% of
patients. Anem a (henpglobin <8.0 g/dL) occurred in 69% of
patients. Antibiotic therapy and platelet and red bl ood cel
support should be used when nedically indicated.

Neur ol ogi cal : Sei zures have been reported in patients receiving
hi gh- dose oral busul fan at doses produci ng plasma drug |evels
simlar to those achieved followi ng the recormended dosage of
BUSULFEX. Despite prophylactic therapy with phenytoin, one
seizure (1/42 patients) was reported during an autol ogous
transplantation clinical trial of BUSULFEX. This episode
occurred during the cycl ophospham de portion of the conditioning
regi nen, 36 hours after the | ast BUSULFEX dose. Anti-convul sant
prophyl acti c therapy should be initiated prior to BUSULFEX
treatnment. Caution should be exercised when administering the
recomended dose of BUSULFEX to patients with a history of a

sei zure disorder or head trauma or who are receiving other
potentially epil eptogenic drugs.

Hepatic: Current literature suggests that high busul fan area
under the plasma concentration verses tinme curve (AUC) val ues
(>1,500 mwmmin) may be associated with an increased risk of

devel opi ng hepatic veno-occl usive disease (VOD). Patients who
have received prior radiation therapy, greater than or equal to
three cycles of chenotherapy, or a prior progenitor cel
transplant may be at an increased risk of devel opi ng hepatic VOD

h:\ 20954l bl . doc 02/10/99 Page 9 of 28



This label may not be the latest approved by FDA.
For current labeling information, please visit https://www.fda.gov/drugsatfda

NDA 20- 954 Busul fexd (busulfan) |njection

with the recormended BUSULFEX dose and regi nen. Hepatic veno-
occl usive di sease developed in 8.2% (5/61) of patients treated
with BUSULFEX in the setting of allogeneic transplantation and
was fatal in 2/5 cases (40% . Jones’ criteria were used to

di agnose VOD (hyperbilirubinema, and two of the follow ng three
findings: painful hepatonegaly, weight gain > 5% or ascites) in
this clinical trial. The incidence of VOD reported in the
literature fromthe random zed, controlled trials (see CLIN CAL
STUDI ES) was 7.7% 12%

Cardi ac: Cardiac tanponade has been reported in pediatric
patients with thal assenia (8/ 400 or 2% in one series) who

recei ved hi gh doses of oral busulfan and cycl ophosphani de as the
preparatory regimen for hermatopoietic progenitor cel
transplantation. Six of the eight children died and two were
saved by rapid pericardiocentesis. Abdom nal pain and vomting
preceded the tanponade in nost patients. No patients treated in
the BUSULFEX clinical trials experienced cardi ac tanponade.

Pul monary: Bronchopul nonary dysplasia with pul nonary fibrosis
is a rare but serious conplication follow ng chronic busulfan
therapy. The average onset of synptons is 4 years after therapy
(range 4 nonths to 10 years).

Carcinogenicity, Miutagenicity, Inpairnent of Fertility:

Busul fan is a nutagen and a clastogen. In in vitro tests it
caused nutations in Salmonellatyphimuriumand Drosophila melanogaster.

Chr omosonal aberrations i nduced by busul fan have been reported
invivo (rats, mce, hamsters, and humans) and in vitro (rodent
and human cells). The intravenous adm nistration of busul fan (48
ng/ kg gi ven as biweekly doses of 12 ng/ kg, or 30% of the total
BUSULFEX dose on a ng/nf basis) has been shown to increase the

i nci dence of thymc and ovarian tunors in mce. Four cases of

acute | eukenia occurred anong 19 patients who becane
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pancytopenic in a 243 patient study incorporating busulfan as
adj uvant therapy follow ng surgical resection of bronchogenic
carcinoma. Cinical appearance of |eukenia was observed 5-8
years followi ng oral busulfan treatnment. Busulfan is a presuned
human car ci nogen.

Ovari an suppressi on and anenorrhea conmonly occur in

pr enenopausal wonen under goi ng chronic, | ow dose busul fan
therapy for chronic nyel ogenous | eukem a. Busul fan depleted
oocytes of female rats. Busulfan induced sterility in male rats
and hanmsters. Sterility, azoosperm a and testicular atrophy
have been reported in nale patients.

The solvent DMA may also inpair fertility. A DVA daily dose of
0.45 g/kg/d given to rats for nine days (equivalent to 44% of
the daily dose of DMA contained in the recormended dose of
BUSULFEX on a ng/nf basis) significantly decreased
spermatogenisis in rats. A single sc dose of 2.2 g/kg (27% of
the total DVA dose contained in BUSULFEX on a ng/nf basis) four
days after insemination termi nated pregnancy in 100% of tested
hanst er s.

Pregnancy: Busulfan may cause fetal harm when adm nistered to a
pregnant woman. Busul fan produced teratogenic changes in the

of fspring of mice, rats and rabbits when given during gestation.
Mal f ormati ons and anomalies included significant alterations in
the nmuscul oskel etal system body weight gain, and size. In
pregnant rats, busulfan produced sterility in both nmale and
femal e of fspring due to the absence of germinal cells in the
testes and ovaries. The solvent, DVA, may al so cause fetal harm
when administered to a pregnant woman. In rats, DMA doses of
400 ng/ kg/ d (about 40% of the daily dose of DMA in the BUSULFEX
dose on a ng/nf basis) given during organogenesis caused

signi ficant devel opnmental anomalies. The nopst striking
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abnormalities included anasarca, cleft palate, vertebra

anonmal ies, rib anomalies, and serious anomalies of the vessels
of the heart. There are no adequate and well-controlled studies
of either busulfan or DVA in pregnant wonen. |f BUSULFEX is
used during pregnancy, or if the patient beconmes pregnant while
recei ving BUSULFEX, the patient should be apprised of the
potential hazard to the fetus. W nen of chil dbearing potenti al
shoul d be advised to avoid becom ng pregnant.

PRECAUTI ONS

Hemat ol ogi c: At the recommended dosage of BUSULFEX, profound
myel osuppression i s universal, and can nmani fest as neutropeni a,
t hronbocyt openi a, anenia, or a conbi nation thereof. Patients
shoul d be nonitored for signs of |local or system c infection or
bl eedi ng. Their hematol ogi c status should be eval uat ed
frequently.

Information for Patients: The increased risk of a second
mal i gnancy shoul d be explained to the patient.

Laboratory Tests: Patients receiving BUSULFEX shoul d be
monitored daily with a conplete blood count, including
differential count and quantitative platelet count, unti
engraftnment has been denonstr at ed.

To detect hepatotoxicity, which may herald the onset of hepatic
veno-occl usi ve di sease, serum transani nases, al kaline

phosphat ase, and bilirubin should be evaluated daily through
transpl ant day 28.

Drug Interactions: |Itraconazol e decreases busul fan cl earance by

up to 25% and nmay produce AUCs > 1500 pMnin in some patients.
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Fl uconazol e, and the 5-HT; antienetics odansetron (ZofranO) and

grani setron (KytrilO) have all been used with BUSULFEX.

Phenyt oi n i ncreases the clearance of busulfan by 15% or nore,
possi bly due to the induction of glutathione-S-transferase.
Since the pharmacokinetics of BUSULFEX were studied in patients
treated with phenytoin, the clearance of BUSULFEX at the
recomrended dose may be | ower and exposure (AUC) higher in
patients not treated with phenytoin. Because busulfan is
elimnated fromthe body via conjugation with glutathione, use
of acetamni nophen prior to (<72 hours) or concurrent with
BUSULFEX may result in reduced busulfan clearance based upon the
known property of acetam nophen to decrease gl utathione |evels
in the blood and tissues.

Pregnancy: Pregnancy Category D. See WARNI NGS.

Nursing Mothers: It is not known whether this drug is excreted
in human mil k. Because many drugs are excreted in human mlk
and because of the potential for tunorigenicity shown for

busul fan in human and ani mal studies, a decision should be nade
whet her to di scontinue nursing or to discontinue the drug,
taking into account the inportance of the drug to the nother.

Speci al Popul ati ons

Pedi atric: The safety and efficacy of BUSULFEX in children have
not been established. Busul fan cl earance has been denonstrated
to be higher in children than in adults. This has necessitated
t he devel opnent of alternative dosing reginens for oral busulfan
in this population. Studies are underway to define the

phar macoki neti cs of BUSULFEX in children. Currently the
recomrended dose of BUSULFEX in children has not been defined.
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Geriatric: Five of sixty-one patients treated in the Busul fex
clinical trial were over the age of 55 (range 57-64). Al
achi eved nyel oabl ati on and engraftnent.

Gender, Race: Adjusting BUSULFEX dosage based on gender or race
has not been adequately studied.

Renal Insufficiency: BUSULFEX has not been studied in patients

with renal inpairnment.

Hepatic Insufficiency: BUSULFEX has not been adm nistered to
patients with hepatic insufficiency.

O her: Busul fan may cause cel lular dysplasia in many organs.
Cytol ogic abnormalities characterized by giant, hyperchronmatic
nucl ei have been reported in [ynph nodes, pancreas, thyroid,
adrenal glands, liver, lungs and bone marrow. This cytologic
dyspl asia may be severe enough to cause difficulty in
interpretation of exfoliative cytol ogi c exam nations of the

l ungs, bl adder, breast and the uterine cerviX.

ADVERSE REACTI ONS:

Di met hyl acet am de (DMA), the solvent used in the BUSULFEX
forrmul ati on, was studied in 1962 as a potential cancer

chenmot herapy drug. 1In a Phase 1, trial the maxi mumtol erated
dose (MID) was 14.8 g/nf/d for four days. The daily
recomended dose of BUSULFEX contains DVA equivalent to 42%
of the MID on a ng/nf basis. The dose-limting toxicities
in the Phase 1 study were hepatotoxicity as evidenced by

i ncreased liver transam nase (SGOT) |evels and neurol ogi cal
synptons as evidenced by hallucinations. The hallucinations
had a pattern of onset at one day post conpletion of DVA
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adm ni strati on and were associated with EEG changes. The | owest
dose at which hallucinations were recogni zed was equi val ent to
1.9 tines that delivered in a conditioning reginmen utilizing
BUSULFEX 0.8 ng/ kg every 6 hours x 16 doses. O her

neurol ogi cal toxicities included somol ence, |ethargy, and
confusion. The relative contribution of DMA and/or other
concomi tant rmnedi cations to neurol ogic and hepatic toxicities
observed with BUSULFEX is difficult to ascertain.

Treatment with BUSULFEX at the recommended dose and schedul e
will result in profound nyel osuppression in 100% of patients,
i ncl udi ng granul ocytopeni a, thronbocytopenia, anenia, or a
conmbi ned | oss of fornmed el ements of the bl ood.

Adverse reaction information is primarily derived fromthe
clinical study (N=61) of BUSULFEX and the data obtained for

hi gh- dose oral busul fan conditioning in the setting of

randoni zed, controlled trials identified through a literature
revi ew.

BUSULFEX Clinical Trials. In the BUSULFEX al | ogeneic stem cel
transplantation clinical trial, all patients were treated with
BUSULFEX 0.8 nmg/ kg as a two-hour infusion every six hours for 16
doses over four days, combined with cycl ophosphamn de 60 ng/ kg x
2 days. Ninety three percent (93% of evaluable patients
receiving this dose of BUSULFEX nmi ntai ned AUCs | ess than 1,500

mvni n for dose 9, which has generally been considered the | evel
that mninizes the risk of VOD
Tabl e 4: Summary of the Incidence (>20% of Non-Henatol ogi ¢ Adverse

Events through BMI Day +28 in Patients who Recei ved BUSULFEX Prior to
Al'l ogenei ¢ Hemat opoi etic Progenitor Cell Transplantation

PERCENT
NON- HEMATCOLOG CAL ADVERSE EVENTS* I NCI DENCE
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BODY AS A WHOLE

Fever 80
Headache 69
Ast heni a 51
Chills 46
Pai n 44
Edema Cener al 28
Al'l ergi c Reaction 26
Chest Pain 26
Inflammation at Inj Site 25
Pai n Back 23

CARDI OVASCULAR SYSTEM

Tachycardi a 44
Thr onbosi s 33
Hypert ensi on 36
Vasodi | ati on 25
Dl GESTI VE SYSTEM
Nausea 98
Stomatitis (Micositis) 97
Vomi ti ng 95
Anor exi a 85
Di arrhea 84
Abdomi nal Pain 72
Dyspepsi a 44
Consti pation 38
Dry Mouth 26
Rectal Disorder 25
Abdoni nal Enl ar gement 23
METABOLI C AND NUTRI Tl ONAL SYSTEM
Hypormagnesemi a 77
Hypokal em a 64
Hyper gl ycem a 66
Hypocal cem a 49
Hyperbil i rubi nem a 49
Edema 36
SGPT El evati on 31
Creatinine Increased 21
NERVOUS SYSTEM
I nsomi a 84
Anxi ety 72
Di zzi ness 30
Depr essi on 23
RESPI RATORY SYSTEM
Rhinitis 44
Lung Di sorder 34
Cough 28
Epi st axi s 25
Dyspnea 25
SKI N AND APPENDAGES
Rash 57
Pruritus 28

* Al reported adverse events regardl ess of severity (toxicity grades 1-4)
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The followi ng sections describe clinically significant events
occurring in the BUSULFEX clinical trials, regardl ess of drug
attribution.

Hemat ol ogi c: At the indicated dose and schedul e, BUSULFEX
produced profound nyel osuppression in 100% of patients.
Fol | owi ng hemat opoi etic progenitor cell infusion, recovery of

neutrophi|l counts to 3500 cells/n? occurred at nedian day 13
when prophylactic G CSF was adminstered to the majority of
partici pants on the study. The nedi an nunber of platel et
transfusi ons per patient on study was 6, and the medi an nunber
of red blood cell transfusions on study was 4. Prol onged
prothrombin time was reported in one patient (2%.

Gastrointestinal: Gastrointestinal toxicities were frequent and
general ly considered to be related to the drug. Few were
categorized as serious. MId or noderate nausea occurred in 92%
of patients in the allogeneic clinical trial, and nmld or
noderate vomting in occurred in 95%through BMI day 28; nausea
was severe in 7% The incidence of vom ting during BUSULFEX

adm ni stration (BMI Day -7 to —4) was 43%in the all ogeneic
clinical trial. Gade 3-4 stomatitis devel oped in 26% of the
participants, and grade 3 esophagitis developed in 2% G ade 3-
4 diarrhea was reported in 5% of the allogeneic study
participants, while nild or noderate diarrhea occurred in 75%
M1d or noderate constipation occurred in 38% of patients; ileus
devel oped in 8% and was severe in 2% Forty-four percent (44%
of patients reported mld or noderate dyspepsia. Two percent
(29 of patients experienced mld hematenesis. Pancreatitis
devel oped in 2% of patients. MId or noderate rectal disconfort
occurred in 24% of patients. Severe anorexia occurred in 21% of
patients and was nil d/ noderate in 64%
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Hepatic: Hyperbilirubinenm a occurred in 49% of patients in the
all ogeneic BMI trial. Gade 3/4 hyperbilirubinenm a occurred in
30% of patients within 28 days of transplantation and was
considered life-threatening in 5% of these patients.

Hyper bi | i rubi nem a was associated with graft-versus-host disease
in six patients and with veno-occlusive disease in 5 patients.

G ade 3/4 SGPT el evations occurred in 7% of patients. Al kaline
phosphat ase i ncreases were nild or noderate in 15% of patients.
MId or noderate jaundice developed in 12% of patients, and mild
or noderate hepatonegaly devel oped in 6%

Hepati ¢ veno-occl usive di sease: Hepatic veno-occlusive disease
(VOD) is a recognized potential conplication of conditioning
therapy prior to transplant. Five of 61 (8% patients treated
in the allogeneic study devel oped VOD and it was fatal in 2/5.

Graft-versus-host disease: Graft-versus-host di sease devel oped
in 18% of patients (11/61) receiving allogeneic transplants; it
was severe in 3% and mld or noderate in 15% There were 3
deaths (5% attributed to GVHD.

Edema: Seventy-nine percent (79% of patients exhibited sone
form of edema, hypervolem a, or weight increase; all events were
reported as nmild or noderate.

I nfection/Fever: Fifty-one percent of patients experienced one
or nore episodes of infection. Pneunonia was fatal in one
patient (2% and life-threatening in 3% of patients. Fever was
reported in 80% of patients; it was nild or noderate in 78% and
severe in 3% Forty-six percent (46% of patients experienced
chills.

Cardiovascular: MIld or noderate tachycardia was reported in
44% of patients. In 7 patients (11% it was first reported
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during BUSULFEX administration. Oher rhythm abnormalities,
which were all mld or noderate, included arrhythm a (5%,
atrial fibrillation (2%, ventricular extrasystoles (2%, and
third degree heart block (29%9. MI1d or noderate thronbosis
occurred in 33% of patients, and all episodes were associ ated
with the central venous catheter. Hypertension was reported in
36% of patients and was Grade 3/4 in 7% Hypotension occurred
in 11% of patients and was Grade 3/4 in 3% MId vasodilation
(flushing and hot flashes) was reported in 25% of patients.

O her cardi ovascul ar events included cardionegaly (5%, nild ECG
abnormality (2%, grade 3/4 left-sided heart failure in one
patient (2%, and noderate pericardial effusion (2% . These
events were reported primarily in the post-cycl ophosphanm de
phase.

Pul monary: MId or noderate dyspnea occurred in 25% of patients
and was severe in 2% One patient (2% experienced severe
hyperventilation; and in 2 (3% additional patients it was mld
or noderate. MId rhinitis and mld or noderate cough were
reported in 44% and 28% of patients, respectively. MIld

epi staxis events were reported in 25% Three patients (5% on
the all ogeneic study devel oped docunented al veol ar henorr hage.
Al'l required mechanical ventilatory support and all died. Non-
specific interstitial fibrosis was found on wedge biopsies
performed with video assisted thoracoscopy in one patient on the
al | ogenei ¢ study who subsequently died fromrespiratory failure
on BMI Day +98. O her pul nobnary events, reported as nmld or
noder ate, included pharyngitis (18%, hiccup (18%, asthma (8%,
atelectasis (2%, pleural effusion (3%, hypoxia (2%,
hemoptysis (3%, and sinusitis (39%.

Neurol ogic: The nobst conmonly reported adverse events of the

central nervous systemwere insomia (84%, anxiety (75%,
di zzi ness (30%, and depression (23%. Severity was mld or
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noder ate except for one patient (1% who experienced severe
insomia. One patient (1% devel oped a life-threatening
cerebral henorrhage and a coma as a term nal event follow ng
multi-organ failure after VOD. O her events considered severe
included delirium (2%, agitation (2%, and encephal opathy (2% .
The overall incidence of confusion was 11% and 5% of patients
were reported to have experienced hallucinations. The patient
who devel oped delirium and hal lucination on the all ogeneic study
had onset of confusion at the conpletion of BUSULFEX. The
overall incidence of lethargy in the all ogenei c BUSULFEX
clinical trial was 7% and somol ence was reported in 2% One
patient (2% treated in an autol ogous transplantati on study
experienced a seizure while receiving cycl ophosphani de, despite
prophyl actic treatnment with phenytoin.

Renal : Creatinine was mldly or noderately elevated in 21% of
patients. BUN was increased in 3% of patients and to a grade
3/4 level in 2% Seven percent of patients experienced dysuria,
15%oliguria, and 8% hematuria. There were 4 (7% G ade 3/4
cases of henorrhagic cystitis in the allogeneic clinical trial.

Skin: Rash (57% and pruritus (28% were reported; both
conditions were predomnantly nild. Alopecia was nmild in 15% of
pati ents and noderate in 2% MId vesicular rash was reported
in 10% of patients and mild or noderate nacul opapul ar rash in
8% Vesicul o-bullous rash was reported in 10% and exfoliative
dermatitis in 5% Erythema nodosum was reported in 2% acne in
7% and skin discoloration in 8%

Met abolic: Hyperglycenmi a was observed in 67% of patients and
Grade 3/4 hyperglycenia was reported in 15% Hypomagneseni a was
mld or noderate in 77% of patients; hypokalema was mild or
noderate in 62% and severe in 2% hypocalcema was mld or
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noderate in 46% and severe in 3% hypophosphatenia was mld or
noderate in 17% and hyponatrem a was reported in 2%

O her: Oher reported events included headache (mild or
noderate 64% severe 5%, abdoninal pain (nild or noderate 69%
severe 3%, asthenia (mild or noderate 49% severe 2%,
unspecified pain (mld or noderate 43% severe 2%, allergic
reaction (mld or noderate 24% severe 2%, injection site
inflammation (mild or noderate 25%, injection site pain (nild
or noderate 15%, chest pain (nmld or noderate 26%, back pain
(mld or noderate 23%, myalgia (mld or noderate 16%,
arthralgia (mld or noderate 13%, and ear disorder in 3%

Deat hs: There were two deaths through BMI day +28 in the

al l ogenei c transplant setting. There were an additional six
deat hs BMI day +29 through BMI day +100 in the all ogeneic
transpl ant setting.

Oral Busulfan Literature Review. A literature review identified
four random zed, controlled trials that eval uated a hi gh-dose
oral busul fan-containing conditioning reginmen for allogeneic
bone marrow transplantation in the setting of CM. (see CLI N CAL
STUDI ES). The safety outcones reported in those trials are
summari zed in Table 5 below for a m xed popul ati on of
hemat ol ogi cal nmalignancies (AM,, CM., and ALL).

Table 5: Summary of safety analyses fromthe randoni zed, controlled
trials utilizing a high dose oral busul fan-containing conditioning
regimen that were identified in a literature review.

aift
CML Chroni c Phase
Henor r hagi ¢
TRM VOD* * GvHD ™" Pul monary Oystitis Sei zure
No Report 1 death from No Report No
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Deat h £100d Acute 3 Grade 2 I di opat hi ¢ Repor t
=4. 1% = 35% Interstitial
(3/73) Pneunonitis and
Chronic = 41% 1 death from
(30/73) pul monary
fibrosis
Devergi e
CML Chroni c Phase
Henor r hagi ¢ .
TRM VoD GvHD Pul nonary o Sei zure
Cystitis
38% 7.7% (5/65) | Acute 3 Grade 2 Interstitial 10. 8% No
Deat hs=4. 6% = 41% Pneunonitis = (7/65) report
(3/65) (24/59 at risk) | 16.9% (11/65)
Ri ngden
CM., AM., ALL
TRM VD GVHD Pul monary Hemorrhagic | oo/ yre
Cystitis
28% 12% Acute 3 Grade 2 Interstitial 24% 6%
GVHD = 26% pneunonitis =
14%
Chronic GVHD =
45%
Bl une
CM., AM., ALL
TRM VD GVHD Pul monary Hemorrhagic | ooy yre
Cystitis
No Report Deat hs = Acute 3 Grade 2 No Report No Report No
4. 9% GVHD = 22% Report
(13/58 at risk)

Chronic GVHD =
31%

(14/ 45 at risk)

*TRM = Transpl antation Related Mrtality

**\VOD = Veno- Cccl usi ve Di sease of the
***GYHD = Graft versus Host
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OVERDOSAGE: There is no known antidote to BUSULFEX ot her than
hemat opoi eti c progenitor cell transplantation. In the absence of
hemat opoi eti c progenitor cell transplantation, the recommended
dosage for BUSULFEX woul d constitute an overdose of busul fan.
The principal toxic effect is profound bone marrow
hypopl asi a/ apl asi a and pancytopeni a but the central nervous
system Iliver, lungs, and gastrointestinal tract nmay be
affected. The hematol ogi ¢ status should be closely nonitored
and vi gorous supportive nmeasures instituted as nedically

i ndi cated. Survival after a single 140 ng dose of Ml erana
Tablets in an 18 kg, 4-year old child has been reported.

I nadvertent administration of a greater than normal dose of ora
busul fan (2.1 ng/kg; total dose of 23.3 ng/kg) occurred in a 2-
year old child prior to a schedul ed bone narrow transpl ant

wi t hout sequel ae. An acute dose of 2.4 g was fatal in a 10-year
old boy. There is one report that busulfan is dialyzable, thus

di al ysis shoul d be considered in the case of overdose. Busulfan
is netabolized by conjugation with glutathione, thus

adm ni stration of glutathione may be consi dered.

DOSAGE AND ADM NI STRATI ON

BUSULFEX shoul d be administered intravenously via a centra
venous catheter as a two hour infusion every 6 hours x 4
consecutive days for a total of 16 doses. Al patients should be
premedi cated with phenytoin as busulfan is known to cross the

bl ood brain barrier and i nduce seizures. Phenytoin reduces
busul fan plasnma AUC by 15% Use of other anticonvul sants may
result in higher busulfan plasm AUCs, and an increased risk of
VOD or seizures. In cases where other anticonvul sants nust be
used, plasma busul fan exposure shoul d be nonitored (See DRUG

| NTERACTI ONS). Antienetics should be adm nistered prior to the
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first dose of BUSULFEX and continued on a fixed schedul e through
adm ni stration of BUSULFEX.

BUSULFEX cl earance i s best predicted when the BUSULFEX dose is
adm ni stered based on adjusted ideal body weight. Dosing
BUSULFEX based on actual body wei ght, ideal body wei ght or other
factors can produce significant differences in BUSULFEX

cl earance anong | ean, normal and obese patients. The usual adult
dose of BUSULFEX as a conponent of a conditioning regimen prior
to bone marrow or peripheral blood progenitor cell replacenent
support is 0.8 ng/kg of ideal body weight or actual body weight,
whi chever is |lower, adm nistered every 6 hours for 4 days (a
total of 16 doses). For obese or severely obese patients,
BUSULFEX shoul d be admi ni stered based on adjusted ideal body

wei ght. 1deal body weight (I1BW should be cal cul ated as foll ows
(height in cm and weight in kg): IBW(kg; nen)= 50 +
0.91x(height in cm-152); |1BWkg, wonen)= 45 + 0.91x(height in
cm-152). Adjusted ideal body weight (A BW should be
cal cul ated as follows: Al BW= |BW+0. 25x(actual weight - |BW.
Cycl ophosphamni de in conbi nation with BUSULFEX is given on each
of two days as a one-hour infusion at a dose of 60 ng/kg

begi nning on BMI day -3, six hours follow ng the 16'" dose of
BUSULFEX.

Preparati on and Adm ni stration Precautions:

As with other cytotoxic conmpounds, caution should be exercised
in handling and preparing the solution of BUSULFEX. Skin
reactions nay occur with accidental exposure. The use of gl oves
is recommended. |f BUSULFEX or diluted BUSULFEX sol ution
contacts the skin or nucosa, wash the skin or nucosa thoroughly
with water.

BUSULFEX is a clear, colorless solution. Parenteral drug
products should be visually inspected for particulate matter and
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di scol oration prior to adm nistrati on whenever the solution and
container pernmit. |If particulate matter is seen in the BUSULFEX
anpoul e the drug shoul d not be used.

Preparation for Intravenous Adm nistration:

BUSULFEX must be diluted prior to use with either 0.9% Sodi um
Chloride Injection, USP (normal saline) or 5% Dextrose
Injection, USP (D5W. The diluent quantity should be 10 tines
the volume of BUSULFEX, ensuring that the final concentration of
busul fan is approximately 30.5 ng/niL. Cal cul ati on of the dose

for a 70 kg patient, would be perforned as foll ows:

(70kg patient) x (0.8 ng/kg)
ng total dose).

(6 mg/nL) = 9.3 nL BUSULFEX (56

5

To prepare the final solution for infusion, add 9.3 nL of
BUSULFEX to 93 niL of diluent (normal saline or D5W as
cal cul at ed bel ow.

(9.3 nmL BUSULFEX)x(10)=93 nmL of either diluent plus the
9.3 nL of BUSULFEX to yield a final concentration of
busul fan of 0.54 nmg/nm. (9.3 nL x 6 ng/nm. + 102.3 nL = 0.54

mg/ mL) .

Al transfer procedures require strict adherence to aseptic
techni ques, preferably enploying a vertical |aninar flow safety
hood while wearing gloves and protective clothing. Using
sterile transfer techniques, break off the top of the anpoul e.
Using a syringe fitted with a needle and the 5 mcron nylon
filter provided with each BUSULFEX anpoul e, renove the
cal cul ated vol ume of BUSULFEX from the anpoul e. Renove the
needl e and filter, replace with a new needl e and di spense the
contents of the syringe into an intravenous bag (or syringe)

whi ch al ready contains the cal cul ated anobunt of either norma
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saline or DSW making sure that the drug flows into and through
the solution. DO NOT put the BUSULFEX into an intravenous bag
t hat does not contain normal saline or D5SW Al ways add the
BUSULFEX to the diluent, not the diluent to the BUSULFEX. M x
thoroughly by inverting several tines.

I nfusi on punps shoul d be used to administer the diluted BUSULFEX
solution. Set the flowrate of the punp to deliver the entire
prescri bed BUSULFEX dose over two hours. Prior to and follow ng
each infusion, flush the catheter |line with approxi mately 5nL of
0. 9% Sodi um Chl oride Injection, USP or 5% Dextrose Injection,
USP. DO NOT infuse concomitantly with another intravenous
solution of unknown conpatibility. WARN NG RAPID | NFUSI ON COF
BUSULFEX HAS NOT BEEN TESTED AND | S NOT RECOMMENDED.

STABI LI TY

Unopened anpoul es of BUSULFEX are stable until the date
i ndi cated on the package when stored under refrigeration at 2°-

8°C (36°-46°F) .

BUSULFEX diluted in 0.9% Sodi um Chl oride Injection, USP or 5%

Dextrose Injection, USP is stable at roomtenperature (25° Q)
for up to 8 hours but the infusion nust be conpleted within that
time. BUSULFEX diluted in 0.9% Sodi um Chl ori de Injection, USP
is stable at refrigerated conditions (2-8° C) for up to 12 hours

but the infusion nust be conpleted within that tine.

HOW SUPPLI ED

BUSULFEX is supplied as a sterile solution in 10 nL singl e-use
cl ear gl ass ampoul es each containing 60 ng of busulfan at a
concentration of 6 nmg/nmL for intravenous use.

h:\120954| bl . doc 02/ 10/ 99 Page 26 of 28



This label may not be the latest approved by FDA.
For current labeling information, please visit https://www.fda.gov/drugsatfda

NDA 20- 954 Busul fexd (busulfan) I|njection

NDC 62161- 005- 38 10mL (6ng/ L) in packages of eight anpoul es
i ncl udi ng ei ght conpatible 25mm 5.0 mm Nyl on
Menbrane syringe filters.

Unopened anpoul es of BUSULFEX nust be stored under refrigerated
condi ti ons between 2°-8°C (36° 46°F).

USE OF FILTERS OTHER THAN THE SPECI FI C TYPE | NCLUDED I N TH S PACKAGE
W TH EACH AMPOULE |'S NOT RECOVMENDED

HANDLI NG AND DI SPOSAL

Procedures for proper handling and di sposal of anticancer drugs
shoul d be considered. Several guidelines on this subject have

1,2,3,4,5,6

been publi shed. There is no general agreenment that al
of the procedures recommended in the guidelines are necessary or

appropriate.

Rx only

Manuf act ured for: Manuf act ured by:

O phan Medical Inc. Ben Venue Laboratories
M nnet onka, M nnesota 55305 Bedf ord, Ohio 44146

For questions of a nedical nature call 1-888-867-7426 (1-888-
8CORPHAN) .

To order BUSULFEX call 1-800-359-4304.

Rev. 12/98
Part No. 4040290
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Reconmendations for the safe handling of parenteral antineoplastic drugs.
Washi ngton, DC. Division of Safety, National Institutes of Health;
1983. US Departnment of Health and Human Services, Public Health Service
publication N H 83-2621

2 AMA Council on Scientific Affairs. Guidelines for handling parenteral
antineopl astics. JAMA 1985; 253:1590- 1591.

% National Study Conmission on Cytotoxic Exposure. Recommendations for
handl i ng cytotoxic agents. 1987. Available from Louis P. Jeffrey,
Chai rman, National Study Commi ssion on Cytotoxic Exposure.
Massachusetts Col | ege of Pharmacy and Allied Health Sciences, 179
Longwood Avenue, Boston, MA, 02115.

Clinical Oncology Society of Australia. Guidelines and reconmendations for
safe handling of antineoplastic agents. Med J Australia 1983; 1:426-
428.

Jones RB, Frank R, Mass T. Safe handling of chenptherapeutic agents: a
report fromthe Mount Sinai Medical Center. CA-A Cancer J for din
1983; 33:258-263.

American Society of Hospital Pharmacists. ASHP technical assistance bulletin
on handling cytotoxic and hazardous drugs. Am J Hosp Pharm 1990;
47:1033-1049.
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