


PHARMACOLOGIST'S REVIEW

NDA: 50-708 and 50-709

~SUBMITTED, RECEIVED, 50-708: 7/26/93, 7/27/93, 7/28/93
. AND ASSIGNED DATES: 50-709: 8/3/93, 8/9/93, 8/11/93

DATE COMPLETED: 11/29/93
SPONSOR: Fujisawa
- DRUG: FK506

ROUTE ADMINISTERED:  oral tablet
RELATED INDs:

INDICATION: immune suppression of
liver graft rejection e

DEFINITIONS:

FK506BP = FK506 binding protein

FK506 = PROGRAF® = Tacrolimus

2-AAF = 2-acetylaminofluorene “

TC-5R = Hydroxypropylmethylcellulose 2910

(USP)

Ac-Di-Sol = Croscarmeliose sodium (carboxy-

methyl cellulose sodium, NF)

CTl. = cytotoxic T-lymphocyte

PCA = passive cutaneous anaphylaxis

ASA = active systemic anaphylaxis
TNBS = trinitrobenzsulfonate
HCO-€0 = polyoxyethylene hydrogenated castor oil

WBC = white blood cell LYM = lymphocytes RBC = red blood cell

CyA = cyclosporin A ND = not determined

LD = low dose HD = high dese IV = intravenous

MD = middle dose iL = interleukin PO = perioral

MST = mean survival time - F1 = first gengration IM = intramuscular

Tmax = time until Cmax th = half-life AUC = area under the curve
Vd = volume of distribution Cmax = maximum concentration

F2 = second generation BWG = body weight gain

BUN = blood urea nitrogen LDH = lactate dehydrogenase

TNF-a = tumor necrosis facter alpha CTL = cytotoxic T lymphocyte

MLR = mixed lymphocyte reaction LDg, = lathal dose, 50% of treated population -
ICs = concentration, 50% inhibition PHA = phytohemaggluttinin

Cll = bovine collagen EAU = experimental autoimmune uveoretinitis

HVG = host versus graft GVHD = graft versus host disease

MCV = mean corpuscular volume MCHC = mean corpuscutar hemoglobin concentration
GM-CSF = granulocyte-maciophage colony stimulating factor

HPLC = high performance liquid chromatography

Orthograft: substitute donor organ for recipient’s

Heterograft: add donor crgan, without removing original organ.

Allograft; donor and recipient are of the same species

Xenograft: donor and recipient are of different species.

BACKGROUND

FK506, a macrolide similar in activity to Cyclosporin A, hss been used in the clinic sigce eagly 1989
as an immunos#ppressant therapy to prevent organ rajection in graft recipients. Organs which
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have bean successfully treated following transplantation have included kidney, liver, heart, lung,
and pancreas. F\506 has been used in combination with other immunosuppressive agents. These
nclude prednisone or other steroids, antilymphocy:e immunoglobulin or OKT3, antiinflammatory
agents such as prostaglandin E1, and anti-metabolites such as cyclophnsphamide or azathioprine.
These combinations rely on diverse mechanisms to suppress both cellular and humoral imnwune
reactinns 1o foreign tissue. FK506, like cyclosporin, has shown itself to be especially active in
suppressing T cell responsiveness to nove! antigens, and for this reason, FK506 is administered
simultaneousiy with or prior to engraftment. Studies using cultured lymphocytes have documented
that FK506 suppresses the mitogenicity of Concanavalin A, mixed lymphocyte respenses, and the -
responses of cytotoxic T-lymphocyte precursors, as well as cellular production of IL-2, IL-2
receptor, IL-3, Il.-4, y-interferon, TNF-a, and GM-CSF. Because no direct effects of FK506 have
been noted on intracellular signals evolved by T-cell receptor binding to antigen, interaction of
FK506 at the lavel of gene regulation of IL-2 gene transcription have been implicated. At least 5
different proteins must bind to gene regulatory regions upstream from the IL-2 promotor region in
order for the IL-2 gene to be transcribed. Interfering with the nuclear factors which bind to these
regions is a likely explanation for the diminished production of IL-2 seen following FK506
treatrrient. A protein named "FK506-binding protein,” (FKBP) an immunophilin which binds to
FK506 with high affinity, is likely to be involved in mediating FK506's effects on gene
tra.xscription.

Clinical usage of FK506 is dictated by several factors including indications of drug toxicities at
higher doses and the liklihood of rejection at lower doses. To complicate the picture, FK506 is
rarely used clinically as :-onotherapy; FK506 is often combined with short-term steroids. FK506
treatment is started with i.v. infusions, with conversion to orai tablets, twice/day as soon as
possible. In monitoring FK506 levels, whole blood rather than plasma should be used due to the
sequestration of FK506, and possibly metabolites, in erythrocytes. The blood levels correlating
with optimal clinical benefits, or the proposed efficacious range, is thought to be ng/mil.
Doses are adjusted downwards with time following surgery to avoid toxicities (rena!, neural, and
carbohydrate metabolic), and to maintain sufficient immunosuppression to prevent graft rejection.
For the 1st month, blood levels correlated with these doses are 10-25 ng/ml; during months 2-3,
levels are 5-20 ng/mi; and during months 4-12, !svels are 5-15 ng/ml. The oral doses needed to
achieve these blood levels are not precisely identified in the submissions to date, but oral dosing is
typically started at 0.3 mg/kg/day. .

-

—~ INTRORUCTION .

The following comprises a review of the nonclinical toxicology studies ;.erformed with FK506, as
well as summaries of additional pharmacology, nonclinica! therapeutic, and pharmacokinetic reports
submitted by the sponsor to completa the filing of the NDA. Praviously reviewed material relevant
ic the NDA is contained in three reviews of the IND containing analysis of the rat, baboon,
genotoxicity, and reproductive toxicity studies. The stamp dates of these reviews are 8/31/93,
9/20/93, and 9/22/93; one review is in final processing.

Comment: The review of the mouse dietary studies of FK506 (13-week dose ranging and 78-week
carcinogenicity studies) is written, but is being considered seperately from the NDA, as
carcinogenicity studies were agreed by the agency and the sponsor not to be required for NDA
approval. See the .eview labeled, * IND carcinogenicity,” for the discussion of these
studies. The study performed in rats has not yet been submitted, and the mouse study is currently
not considered adequate for the purposes of product labelling. w. -~
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NONCLINICAL TOXIZOLOGY STUDIES: OVERVIEW
Study Summary:

A, Acute _
A1l. Acute toxicity study of FK506 in rats following i.v. and oral dosing’. (GLR880181; Fujisawa,
non-GL.P; 5/87-8/87; lot no. 016073L). -
A2. Acute toxicity of FK506 in yuung rats following oral dosing. (GLR910392; Fujisawa; Japan
GLP; 5/90-9/9Q; lot no. 10306YL).
A3. FKb506 acuts oral and i.v. toxicity to baboons by single administration.

Study no. 881636; lot # G02672S; GLP; 5/28/88)
A4. Single dose toxicity study of FK506 and its deterioration products, related compounds, and
tautomer in JckICR mice (i.v. dosing). (Fujisawa; Japan GLP; GLR 910601; 7/91; lot no. not
provided)
Ab. Single dose toxicity study of related compound and a . 1etabolite of FK506 in mice using i.v.
dosing. (Fujisawa; Japan-GLP; lot no. not provided ; GLR920309; 1/92) ’

B. Subchronic
B1. Preliminary 2-wk oral toxicity study of FK506 in rats. (GLR 910477; Fujisawa; non-GLP; 2/86-
4/86; lot no. 011050L),
B2. FK506 toxicity to rats by repeated oral administration for 13 weeks. {GLR 880273;
GLP; 10/26/87-1/26/88; lot no. 10306YL)
83. FK506 toxicity to rats by repeated oral administration for 52 weeks. (GLR 910589;
GLP; 2/12/90-2/11/91; lot no. s 034103L, 8/27/90-2/8/91; and 01 8270L, 2/6-
8/24/30)
B4. Four-week oral toxicity study of FK506 in young rats. (GLR 910393; Fujisawa; Japan GLP;
7/30-3/91; lot no. 018178L)
B5. FK506 toxicity to rats by repeated i.v. administration for 4 weeks. (GLR 9001 60;
: GLP; 12/8/88-1/5/89; lot no. 018178L). :
B6. FK506 preliminary toxicity study in baboons by repeated oral administration for 28 days,
Study no. 880271; 6/24/87; GLP; lot no. GO03719)
B7. FKb06 toxicity to baboons by repeated oral administration for 13 weeks.
: Study ro. 880272; GLP; lot no. G02672S;.11/4/87)
B8. FK506 toxicity to baboons by repeated oral administration for 13 weeks Il .
Study ng. 890443; GLP; iot no. G02672S; 7/15/88)
B9, FK506 toxicity to baboons by repeated administration for 52 weeks. .
Study no. £10520; GLP; lot no. 239684K; 3/13/91)
B10. FK506 toxicity to baboons by repeated i.v. administration for 4 weeks.
Study no. 890444; GLP; lot no. 111385K, 111285K, and 111185K; 8/11/88)
B11. Four week i.v. toxicity of FK506 in rabhits with 4-wk racovery. (GLR 930031;
‘non-GLP; lot no. 718619K; 4/2/92)
B12. Dose-range finding study in rats by dietary adiinistration for 13 weeks.
Lot no. 203001K; GLR 910196; GLP; 3/23/90)

'Unless otherwise stated, FK506 was administered by oral gavage to animals used in all toxicity
studies in a dispersed suspension, stirred continuously during dosing. The formulation for the
vehicle was TC-6R, lactose, and Ac-Di-Sol at proportions of 1 :2:1, stirred with distilled water. The
formulation used for i.v. dosing in nonclinical toxicity studies was HCO0-60, polyoxyethylenom.
hydrogenated cgstor oil.

}
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B13. Preliminary 2-week oral toxicity study of FK506 in dogs. (Fujisawa; GLR 910395; Lot no.
FRO11050L; 4/86; non-GLP) ' e

C. Genotoxicity .

C1. Evaluation of FK506 in a chromosomal aberration test with chinese hamster lung cell ling V79.
(Fujisawa; GLR 930182; Japan GLP; lot no. 0541YL; 4/93) -

C2. Evaluation of the potential of FK5E06 to induce unscheduled DNA synthesis in the in vitro |
hepatocyte DNA repair assay using the male F-344 rat. (GLR 910559; GLP; 5/20/91-
8/8/91; lot no. 038008L). .

C3. FK506 effects on in vitro non-mammalian cell systems: 1. (Reversion or Ames tests). (GLR
880249; Fujisawa; 9/87; lot no. 011050L; Japan GLP)

C4. FK506 effects on in vitro non-mammalian cell systems: |l. (Reversion or Ames tests), (GLR
910396; Fujisawa; 10/90; lot no. 035005L; Japan GLP)

C5. Mutagenicity study of FK506- chromosomal aberration test with chinese hamster lung cells in
culture. (GLR 880250; Fujisawa; 9/87; lot no. 011050L; Japan GLP) '

C6. Evaluation of FK506 in the chinese hamster ovary coll/HGPRT gene mutation assay. (GLR
910560; 4/91; lot no. 038008L; GLP)

C7. Mutagenicity study of FK535- micronucleus test in mice tollowing single oral dosing. {GLR
910320; Fujisawa; 8/90; lot no. 018178L; Japan GLP)

C8. Mutagenicity study of FK506- micronucleus test in male and female mice. (GLR 930076;
Fujisawa; 11/92; iot no. 207781K; Japan GLP and QECD)

D. Reproductive toxicity
D1. Study of FKEO6 on fertility and general reproductive performance in rats {Segment 1)
(GLR890455; GLP; . lot no. 018178L and 014071L,
5/11/88-9/7/88)
D2. Developmental toxicity study in rats of p.o. FK506 {Segment Il) (GLR910516; GLP;

tlot no. 018270L.; 4/17/90-9/29/90) -
D3. Perinatal and lactation study of FK506 in rats {(Segment ill) (GLR91 059; GLP; lot 034103L;
11/2/90; |

. D4, Segment |l reproductive toxicity study in New Zoalund white rabbits. (GLR 890389:

GLP; 8/1/88; lot no. 018178L)

E. Vehicle toxicity :

E1. Reactions to HCO-60 (GLR920256; non-GLP; -

E2. Gingle dose toxicity study of HCO-60 in rats by i.v. dosing. (Fujisawa; GLR930079; non-GLP;
11/92; lot no. FF1853)

E3. HCO-60 toxicity to rats by repeated administration for 4 weeks. {(GLR810360; non-GLP;

E4. (34,654/151) Four week i.v. toxicity study of HCO-60 in rats. (Fujisawa; GLR 930211; Japan
GLP; lot no. FF-2198; 1/93)
E5. (34,654/151) Mutagenicity of HCO-60 {micronucleus test) in mice. (Fujisawa; GLR 930173;
Japan GLP; lot no. FF-2918; 2/93)
E6. (34,654/151) Evaluation of HCO-60 in chromosomal aberration test with chinese hamster lung
cells line V79, (Fujisawa; GLR 930167; Japan GLP; lot no. FF-2918; 2/93)
E7. Antigenicity study of HCO-60 and cremophor in guinea pigs. (Fujisawa; GLR920248; Japan-
GLP; lots FFO733 and MOE1381; 8/3/90)
E8. Correlation between plasma histamine levels and infusion time of HCO-60 in dogs. (Fujisawa;
non-GLP; lot no. FFO733; 7/92; GLR 920324) w.
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E9. HCO-60 toxicity to baboons by repeated i.v. administration for 4 weeks.
. Study no. 910404; rnion-GLP; lot no. 111585K; 6/28/88)

E. Special toxicity

F1. Morphological and functional changes in islet of Langerhans in FK506 treated rats.
(GLR910177; non-GLP; Fujisawa) -

FZ. Effects of FK506 and cyclosporin A on exocrine function of the rat pancreas. (GLR910616;
non-GLP; Fujisawa) i

F3. Antigenicity study of FK506 in mice. (Fujisawa; Japan-GLP; GI.LR910600; lot no. 109003K; -.
8/31) .
F4. Antigenicity study of FK506 in guinea pigs. (Fujisawa; Japan-GLP; GLR910318; 10/88; lot no.
019186L.)

F5. Local irritation test of FK506 injectable formulation in rabbits by i.m. injection, (Fujisawa; GLR
890179; Japan-GLP; lot no. 111685K; 11/38)

TOXICITY STUDY REVIEWS

ACUTE TOXICITY:
A1, _Acute toxicity study of FK506 in rats following i.v, and oral dosing. (GLR880181) Sprague-
Dawley rats (5/sex/group) were given i.v. doses of vehicle (PEG-400), or FIK506 at doses of 10,
32, or 100 mg/kg; or oral doses of oral vehicle, or FK506 doses of 32, 100, or 180 mg/kg.
Animals were observed twice per day and weighed 5 times following the dosing day until day 14.
TN The LDg, was calculated by probit method for i.v. dosing to be 67 mg/kg for males and 24 mg/kg

i ‘for females; similarly for oral dosing, 134 mg/kg for males and 194 mg/kg for females. Survivors
(of doses which were lethal to some animals) showed transient reductions in weight gain which
had normalized by the end of day 7. Rats died in 5 min following i.v. doses of 100 mg/kn; deaths
following 32 mg/kg tended to fall wthin the next 5 days. Autopsies of the dead animals revealed
no definate cause of death. Clinical signs were evident following all i.v. doses in males- bloody
urine at 10 mg/kg, prostration up to 30 min post-dose, and reduced activity up to 6 h post-dose at
32 mg/kg. In females, the same signs were noted, but additionally, ptosis and hypersensitivity to
touch were noted shortly prior to deaths. Bloody urine was not noted following oral doses of
FK506; no signs were noted on day 1 following oral doses, and signs (same as those above) noted
on days 2 and later were shortly prior to death. Necropsy findings of animals dead on study
following i.v. ar oral doses revealed red or black foci in the glandular stomach (correlating with
submucosal hemmorhage), atrophied spleen and thymus, and intussusception of the jejunum and
ileum,

A2. Acute toxicity of FK506 in young rats foilowing orai dosing. (GLR910392) Sprague-Dawley
rats (age 21 days, weight approximately 50 g, 5/sex/group) were piven oral vehicle or FK506 at a
dose of 0, 10, 32, 100, or 320 my/kg. Mortalities were seen at doses at and above 32 mgl/kg on
days 1-6. The LD, caiculated from probit analysis was approximately 70 mg/kg. Abnormal clinical
signs were seen fater than 6 h post-dosing on clay 1 and days 2-10 in surviving animals; thaese
included salivation, increased irritability, and decreased activity. Suppressed body weight was
noted on day 2 at 32 mg/kg in females and at 10 mg/kg {and above) in males. The ruts found
dead generally had atrophied lymphoid follicles in the spleen and thymus, red foci {erosion) in the
glandular stomach, ulcer in the forestomach, and thick limiting ridge. The exact cause of death
was not determined.

A3, FK506 acute oral and i.v. toxicity .0 baboons by single admigistration. FKS06 was ..

administered i.y, to 2 baboons (1 male, 1 female} and orally tu 2 bakwois. Single, ascending doses
)_:
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were given with 2-week washout periods. Baboons were given 50, 100, or 250 mg/kg of oral
FK506, or vehicle, 2, 10, or 50 mg/kg of i.v. FK606. Ciinical signs seen following administration
of drug were quietness, huddled posture, and piloerection. Following 50 mg/kg i.v., one female
was sacrificed for humane reasons; an acute shock reaction (flushing, prostration, hypotension)
followed the injection; the animal showed unsteadiness and dyspnoea; 5 h later, no improvement
was seen and sacrifice was conducted. The male receiving the same dose showed similar signs,
but recovered fully after 4 days. Administration was associated with reduced RBC, PCV, and
hemoglobin only at 250 mg/kg orally and 2 mg/kg i.v. {and highar; the response did not change
with dose). Anemic changes were evident 7-10 day following the dose. No control animals were-
allotted to this study; therefore, comparison of organ weight changes were not conducted. No
histopathological analysis was conducted.

A4, Sinale dose toxicity study of FKE06 and its detarigration products, related compounds, and
taytomer in Jcl:ICR mice (i.v. dosing), Single i.v. doses of products related to FK506, as well as
light (exposed to 30,000 lux for 14 days) and heat damaged vehicle and FK506 (exposed to 90

degrees C for 10 days) were administered at 56 and 100 mg/kg to mice (5/sex/group). FK506 was
administered at doses of 18, 32, 56, and 100 mg/kg. The LD,q, for all the test substances was
100 mg/kg: animals died within 5 minutes. One death (out of 10 mice) was observed for FK506
{undamaged) at 56 mg/kg, but 7/10 deaths were observed with light-damaged FK506 at this dose.
Adverse clinical signs were seen at 32 mg/kg of FK506, including decreased spontaneous motility
and prone position. Necrosis and loss of part of the tail were seen at doses of 5.6 mg/kg and
above following injection in the tail.

AS. Single dose toxicity study of compounds related to and a metabolite of FK506 in nvice using

i.v. dasing. Single i.v. injections of 56 or 100 mg/kg were injected into Jcl:ICR mice ( 10/sex/group)
to evaluate doses associated with lethality. No significant differences in mortality due to injection
of thase compounds were noted.

SUBCHRONIC TOXICITY:

B1. _Preliminary 2-wk oral toxicity study of FK506 in rats. (GLR 910477) Sprague-Dawley rats (6-
vveek-old; 5 males/group) were used to in a dose-ranging study to identify the doses for a 13-week
study; histopathological analysis was limited to liver, kidney, spleen, and thymus. Rats were given
oral vehicle or FK606 at doses of 1.0, 3.2, 10, or 32 mg/kg of FK506 daily for two weeks. Effects
wers compared with a positive control group, cyclosporin-(in olive oil) at doses of 32 or 100
mg/«g. While no mortalities were seen on study, weight loss was seen in the 32 mg/kg group, and~
decreased body weight gain (23%) was seen at 3.2 mg/kg: food consumption was not affected by
FK508 (but was reduced by 100 mg/kg cyA). At 3.2 mg/kg, slight increases in creatinine and
potassium, and decreases in sodium and calcium were seen {or at 32 mg/kg of CyA) as well as
decreased spleen and liver weights. At 10 mg/kg, urine output {measured post dosing) decreased
from 3.0 to 1.8 mi; glucose was also noted in the urine {as well as at 32 mg/kg of cyA), increased
cholestero! and triglycerides were seen (as well as at 32 mg/kg of cyA), and decreases were noted
in organ/body weight ratios of the liver, spleen and thymus (atrophy}. At 32 mg/kg, increased
reticulocytes, neutrophil, and eosinophil counts, decreased RBC and hemoglobin, total protein and
albumin, and increased BUN and kidney weight/body weight ratios were seen with tubular atrophy
and calcification.

B2. FKBOE_toxivity to rats_by repeated oral administration for 13 weeks. (GLR 88-273) Sprague-

Dawley rats (5 weeks old; 12/sex/group) were given oral vehicle or FK506 at doses of 0.32, 1.0,
or 3.2 my/kg {groups 1-4) daily for 13 weeks. An additional group was given vehicledolive wil) or
CyA at 10 mg/kg. One mortality was seen on study due to anesthetic overdose following
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hematologic sampling during week 13; no mortalities occurred which were attributable to drug
exposure. The only clinical sign seen on study was occasicnal post-dosing salivation, gvident at a
low incidence in all dosed groups. Effects in group 4 included decreased body weight, gain (males;
slight effect in females), slight reductions in food consumption in week 1, reduced efficiency of
food utilization (males) towards the end of dosing, increased water consumption (males), and lens
opacity (or lenticular degeneration; 3 /12). Serum chemical and hematological changes seen in
group 4 included decreased packed cell volume and MCV as well as increased MCHC; decreased
lvmphncytes and WBC (males); increased BUN, cholasterol and rhospholipids; increased urea
nitrogen; decreased total proteins and globulin, decreased glucose {males), glucose in urine (maies),
and slightly decreased potassium (males), stightly increased LDH (females); and acidified urine.
Effects on organ weights and histopathology included decreased weights of male reproductive
organs, spleen, submaxillary glands, and liver; increased ovary weights, increased cervical lymph
node size, decreased thymus cellularity with cortical lymphocytolysis, pancreatic vacuolation
(males), basophilic cortical tubules (group 3 as well), mineralization of the corticomedullary junction
of the kidney; focal encephalomyelitis of the brair: and spinal cord, and interstitial inflammation of
the Harderian gland (males). (Effects seen with CyA were decreased thymus cellularity, hyperplasia
of the cervical lymph nodes, decreased prostate weights, increased ovary weights, focal
encephalomyaelitis, slight decreases in lymphocyte count, increased glucose excretion, and
decreased body weight gain in males.)

B3. FK506 toxicity to rats by repeated oral administration for 52 weeks. (GLR 910589) Sprague-
Dawley rats (20/sex/group) were given daily oral vehicle or FK506 at doses of 0.15, 0.5 or 1.5

mg/kg groups 1-4) of FK506. Mertalities occurred among 1 male in group 2 (unknown cause), 1
male in group 3 (brain tumor - astrocytoma), 6 males in group 4 (2 with nerve lesions, 1 in poor
clinical condition, 3 unknown causes), 1 female in group 1 {pituitary tumor), and 1 f2male in group
3 (lymphoma - see comment 1 below). Many group 4 males exhibited reduced body weight,
tremors, unsteadiness, and poor condition of coat. Other animals exhibited hunched posture as
well as these clinical signs. Observations included reduced body weight gains (groups 3 and 4
males, week 0-1; group 4 males, weeks 1-26), weight loss (group 4 males, weeks 26-52), reduced
food consumption (groups 3 and 4 males, week 0-1; group 4males, weeks 26-52); slightly reduced
food utilization efficiency (group 4 males and females, weeks 2-26), greatly increased water
consumption (group 4 males, week 52) and cataract {1 maly, week 52).

Hematological-findings were reducad WBC and lymphocytes (groups 3 and 4 males, week 13 and
females, week 26), increased hemoglobin, MCHC, and MCH (week 26, group 4 males), and-
increased neutrophils and eosinophils {group 4 males, week 52). Serum chemical changes noted
were decreased albumin (group 4 males, week 13), increased plasma urea nitrogen (groups 3 and 4
females, week 13; groups 4 males, week 26), increased phospholipid and triglycerides (group 4
females, week 13; group 3 fomales, week 26; groups 3 and 4 males, week 26), decreased
potassium and increased sodium (group 4 malss, week 52) as well as increased alkaline
phosphatase {(group 4 females, week 26; groups 3 and 4 males, week 52), GOT, and GGT { group
4 males, week 52). Urinalysis revealed reduced urinary protein (group 4 males, week 13),
decreased pH in males (group 4, week 13), increas:.d specific gravity (group 4 maies, week 26),
increased total reducing substances {sugars) were evident (group 4 males, high incidence, and
females, low incidence, week 26),

Pathology results in group 4 indicated increased kidney/body weight ratios and decreased prostate
ratios (males), increased thymus, uterine, ovarian, and kidney weight ratios (famales), reduced
thymus size (males), cortical/subcapsular lens opacity (13/14 yroup 4 males; 1 group3 ande?
group 4 femalegs; week 52 only), and reduced adipose tissue. Microscopic analysis confirmed

3
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reduction of thymic medulla, vacuolation and hypertrophy ot pancreatic islet celis, clear cells in

. kidney collecting tubules, reduced colloid in prostate and senvnal vesicles, luminal dilatation in
uterus, decreased incidence of corpora lutea in: ovaries, lenticular degradation and degenerative
fibres (with prominent gitter cells) in eyes, degenerative fibers in sciatic nerve (2 group 4 males,
which exhibited loss of hindlimb use and subsequently were sacrificed in moribund condition; 5
males and 1 female in group 4 which survived to study termination), and inflammation in spinal
nerve root (1temale, group 3). Distension (nongaseous) of the stomach, small intestine, and cecum
was avident in group 4 males and famales; corpus mucesas were cnngested in some males of
group 4. .

Comment 1: Female no. 122 died on week 38, showing the following clinicai signs: loss of
hindlimb use, red staining of muzzle, pallor of extremities, red periorbital staining. On micrescopic
evaluation, lymphoblastic lymphoma was noted with lymphoid muiticentric tumors.
Lymphocytolysis was noted in the thymus. Transformed lymphocytes were evident in lymph
nodes, liver, spleen, ovaries, skeletal muscle, bone marrow, femur joint. Also evident was
degenerative nerve damage in spinal cord and spinal nerve roots of the lumbar region.

Cumment 2: Following evaluation of individual animal data, n; direct (1:1) correlation could be
drawn between degeneration of sciatic nerves and unsteady gait, as some animals which evidenced
altered gait had no evidient nerve degeneration. Similarly, no 1:1 correlation could be drawn
between fasted blood glucose levels and any of the following: poor clinical condition, lenticular
degeneration or vazuolated pancreatic islet cells. In both cases, the incidence of these findings
gl increased with dose. Interestingly, there was limited histopathologic evidence of immune

i suppression - decreased WBC and reduction in thymic medulla; theie were no decreases in size or

' number of germinal centers in the white pulp of the splesn or lymph nodes.

B4. Four-week oral toxicity study of FK506 in youngq rats. (GLR 910393) 21-day old rats were

given oral vehicle or FK506 at doses of 0.32. 1.0, and 3.2 mg/kg. No changes were evident in
survival, clinical signs, ophthalmic paramerzrs, body weights, or food consumption. Hematological
changes evident at 3.2 mg/kg were slightly lower WBC and lymphocyte counts, and slight drops in
hemoglobin counts (males). Dose-related serum chemical changes evident at 3.2 mg/kg were
increased serum cholesterol (males), slightly increased glucose, creatinine, and BUN; as well as
increased inorganic phosphate, sodium, calcium, and decreased chloride (males). Decreased
pituitary, salivary gland, spleen (slightly), and increased ovary weights were sexn.
Histopathological changes noted were_slight hypoplasia in lymphoid follicles of tha spleen, cortical
thickenirg in the thymus, moderate degree of calcification in the outer medulla of the kidney, and
basophilic tubules in the kidney.




Acuts

Male b-FomaIe

Subchronic - 3 month

1 Mals Female

Q.15

ND

0.32

ND

0.0

ND

isnticular
degenaretion

basophilic cortical t:ibizies

ND

clear cells in kidn
sins and aibu
¢ ialets, ‘len




—

e

e o o

Mals

1BWG, food utilization efficiency;

L', WBC;

twotar intake; lans opacity
pancreatic vecuclation, {glucoss,

gluccse in urins;

+LDH;
#weight of ,sproductive organs tovary weight

tcervical iymph node wt; thymlc cellularity: ¢ splesn walght;
$BUN, turins pH, minerelization of cnrticomedulisry juncton in

kicney;

tchoiesterol, phospholipids; TP, globulin, & livar weight;

tMCV & MCHC;

s submaxiiiary gland weight; inflammation of Hardesian gland;
focal sroaphalomyelitis in brair

ND.




_;NDA 50-708 and 50-709 PHARMACOLOG'ST'S REVIEW 11

' EFFECTS OF ORAL FKS08 Ii 21-DAY-OLD SPRAGUE-DAWLEY RATS
Repaated dose study - 28 days
Dose
(mgkg) Mot Temasle .
i 0.32 No effocts
1.0 NOEL
3.2 t phusph,, tNa & Ca, ICl:
#cholesterol; § hemoglobin tovary weight
¥ +WBC, LYM, & splaen weigit; hypoplastic lymphoid follicles, cortical
A thickening in thymus; teroatinine & BUN ; calcified outar kidney
medulla, basophilic tubulas; t glucese, ipituitary & salivary gland wts.
10.0 ND :
- 320 ND
100 ND
‘o 320 ND

[ e o= —

¢ B5. K506 toxicity to rats by repeated i.v. administration for 4 weeks. IGLR 9001 60) FK506 was
administered by daily i.v. injections of vehicle (400 mg of HCO-60 in 1 ml of ethanol, diluted 1:50
with saline solution) or FK506 at doses of 0.032, 0.1, 0.32, or 1.0 mo/kg to Sprague-Dawley rats
(12/sex/dosel. Mortalities occurring on study (weeks 1, 3 and 4) were 1 female in the 0.1 mg/kg
group (#92; death likely anesthetic overdose) and 2 feinales in the 0.32 mg/kg group {#s 102 &
108). Histopathologic analysis of these 3 ninimals revealed no more severe lesions attibutable to
drug than others in their dosing groups, and therefore, the relationship of these mortalities te drug
treatment is uncertain. Effects on weight gain and focd conversinn were evident in males only,
including slight decreases in body weight gain (BWG: 0.1 mg/kg), markad decreases in BWG (0.32
and 1 mg/kg), and uscreased food conversion efficiency (weeks 1 and 2, 0.32 and 1.0 mp/kg;
weeks 3 and 4,.0.1 mg/kg). Hematological and serum chernical findings wera decreased WBC,
lynmphocytes (0.1 mg/kg in males, 0.32 in females): uecreased neutrophils and eosinophils {*+
- mg/kg); decreased total pretein and albumir (0.32 mg/kg), increased BUN and potassium {1
mg/kg); increased triglyceri Jes, cholestere!, and phospholipids (0.1 mg/kg, males), and increased
—;:.‘ cholesterol and phospholipids (.32 mg/kg, females). Urinalysis results showed decreased pH in
urine (males, all doses), decreased urine protain concentration .1 ma/kg, males; or 1.0 mg/kg,
temales), and increased urine volume (1 mig/kg). The following changes in absolute organ weights
. were seen in males: decreased pituitary, thymus, spleer, prostate, testes, epididymides, and
' salivary gland weights, and increased tung, Kicney, and adrenal weights {0.32 mg/kg). In females,
decreased pituitary and spleen weights {0.32 my/kyj, and decreased uterine, ovarian, and kidney
weights (1 mg/kg) were seen; dose-dependunt decreases in salivary gland weight were evident at
all doses (8-27%).
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EFFECTS OF FKSO06 IN SPRAGUE-DAWLEY RATS FOLLOWING L.V. ADMINISTRATION
Dose Repeated Dosa - 4 Week.
mg/kg Males Females
0.032 +WBC & LYM; mineralization
$urine pH of kidney corticomedullary .
junction: ¢ salivary gland wt,
0.1 $BWG, food utilization efficiency;
burine protein; minseralization of
kidney corticomedullary junction;
¢WBC & LYM; ttrigiycerides,
phospholiplds, & cholesterol
+size and number of erminal centers, splaen and lymph nodes;
¢ proninance of thymic medulla; vacuclated pancreatic islets
0.32 dthymic, salivary gland weights; tcholestero! and phospho-
imale reproductive organ weights lipids; narrow uterine walls
4pituitary and splesn weights; tlung and adrenal waights; {total
protein and albumin
1.0 dutorina, ovary and kidnoy
wts.; durine protein
tBUN, K, and urine volume; tneutrophils & eosinophils;
perivascular intlam. at injection site; myocardial inflammation
10.0 {E)
32,0 ND
o l

Microscopic histopathological -»nalysis revealed myocardial inflammation {minimal to moderate;
2/12 male and 1/12 female rats, 1.0 mg/kg), increased cortical lymphocytolysis and reduced
proininence of mmedulla in the thymus (0.1 myg/kg), inconspicuous germinal centers in the lymph
nodes and spleen (0.1 mg/kg), vacuolation of islet cells in pancreas (12/12 males and 1/12 -
females, 0.1 mg/kg), focal mineralisation in the corticomedullary junction of the kidney (0.1 mg/kg,
males; 0.032 mg/kg, females), narrowed uterine vsalls (0.32 and 1.0 mg/kg), contraction of
prostate and seminal vesicles (0.32 mg/kg), and inflammation and hemorrhage at injection sites
{minimal degree, 1.0 ma/kg).

B6. FK506 prelimin ary toxicity sturdy in baboons by repeated oral adminisiration for 28 days.
Groups of 2 baboor s (1 maig, 1 female) were given doses of vehicle, 3, 6, and 10 mg/kg/day of
FK506 orally for 28 days. Slight losses of body weight and clinical signs {quietness, huddled
posture, and pilosrection) were seen at 10 mg/kg. No other effects were seen in hematological,
serum chemical, or lustopathological analysis.

B7. FK506 toxicity to baboons by repeated ora administration for 13_weeks. Groups of 6 animals
(3 males, 3 females) were given doses of vehicle or 1, 3, 6, or 9 mg/kg/day of FK506 for 13
weeks. Quietness and huddled posture were seen at all doses. Body weight loss wasssesn & the

4
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6 and S mg/kg groups in the first 2 weeks, followed by decreased body weight gain. Food
consumption drops were seen in the first 3 weeks (females only), increased eosinophils, and
decreased RBC (3 mg/kg) were seen. Decreased MCH, hemoglobin, serum calcium, total protein,
and albumin and increased serum urea and glucose in urine were seen (6 mg/kg). Increased spleen
weights, indistinct medulla nf the thymus and inconspicuous germinal centers of the spleen werg
noted {6 mg/kg). Increased LDH and MCHC, as well as decreased PCV, MCV, totai WBC and
neutrophils were seen (9 mg/kg). No effects were seen on ophthalmoscopic or
electrocardiographic parameters.

88. FK506 toxicity to_baboons by repeated oral auministration for 13 weeks (I}, A second 13-
week study was performed with higher doses; groups (3 males, 3 females each) were given 0, 18,
or 36 mg/kg/day. Clinical signs were lethargy, weakness, tremors, gingivitis, intermittent emesis or
inappettance, and weight lgss with subsequent suppression of body weight gain was seen in both
treated groups. While increased APTT, decreased neutrophils, lymphocytes, platelets and
erythrocytic parameters (decreased PCV, hemoglobin, RBC, MCHC, MCV, and MCH) were seen
only at 36 mg/kg, the foliowing effects were seen at both 18 and 36 mg/kg: increased serum urea,
glucose, triglycerides, and urinary glucose and pH; and decreased cholesterol, albumin, phosphorus,
and albumin/globulin ratio. Changes evident in necropsy results at 18 mg/kg were decreased
thymic and pancreas weights; changes evident at 18 mg/kg in histopathoiogical reports were
decreased numbers of medullary lymphocytes of the thymus, and proliferation of large lymphocytes
in the paracortical regiun of the lymph nodes, reduced germinal centers, thymic atrophy, reduced
cellularity of lymphoid follicles in the intestinal lymphatic tissue, degranulation of exocrine cells of
the pancreas, increased sosinophilic granularity in islets, lymphocytic infiltration of the intestines
(36 mg/kg only), and interstitial inflammatory infiltrate with basophilic and dilatad tubules (1 male,
36 mg/kg). No effects were seen on ophthalmoiscopic or electrocardiographic examinations.

B9. EK506 toxicity to baboons by repeated administration for 52 weeks, Baboons {4/sex/group)
were yiven oral vehicle or doses of FK506 at 1, 3.2, or 10 mg/kg/day. Effects at 10 mg/kg for 52

weeks were qualitatively and quantitatively the same as thos seen at 9 mg/kg for 13 weeks with
the following additional effects: at 10 mg/kg; increased spleen weight, increased myeloid cells in
the bone marrow (1 male}, and degranulation of exocrine cells of pancreas (seen at 18 mg/kg for
13 weeks} were seen. In all dosed groups, some animals showed discolored and congested
gastrointestinal mucosae, one female at 1 mg/kg and 1male at 10 mg/kg showed red discoloration
of the rectum and passed occasional red stained faeces. The only hematolugical changes were
slightly increased eosinophils at 10 mg/kg, 52 weeks; only 1 male at 10 mg/kg showed glucose in
the urine.

B10. EKS06 tuxicity to baboons by repeated i.v. administration tor 4 weeks. Baboons (3 males
and 3 femies/group) were administered i.v. vehicle or FK506 at doses of 0.5, 1, or 2 mg/kg/day
(actually FK506 was given at 0.55, 1.1, and 2.2 mg/kp/day due to error in dilutions) for 28 days.
One baboon (male, group 4) was seen to be ill, and was sacrificed due to humane reasons - on
necropsy, ii addition to the effects seen in other baboons, this male showed lesions and
hemorrhage in the gastrointestinal tract caused by a fungal infection (perhaps secondary t; immune
suppression)., Clinical signs were drowsiness, lethargy, pilo-erection, and hunched posture; all were
seen in all treated groups. Slight losses of body weight (<10%) and decreased food consumption
ware seen in all groups. Glucose was elcvated in the urine of all groups, while serum urea and
potassium were elevated at 1 mg/kg and above. Increased BUN was seen at 1 mg/kg and above; a
slight increase in urine pH was evident at 2 mg/kg. Hematological changes evident were slight
decreases in WBC and neutrophils (1 my/kgj and increased eosinophils (all treated grayps). Platelet
counts were dq’yvn 27% in the 2 mg/ikg group. Histopathological changes evident in all treated
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groups (incidence increased between 0.5 and 1 mg/kg; no further increase was seen between 1
and 2 mg/kg) were adverse effects in organs of immunity {decreased germinal centers in spleen and
lvmph node, decreased numbers of non-germinal lymphocytes in spleen, increased apoptosis and
indistinct medulla of thymus) as well as angiectasis in some islets of Langerhans of the pancreas.
Increased prostate weight was seen at 2 mg/kg, and increased heart and lung weights were seen in
all treated groups. :

Comment: Immune suppréssion was evident at all doses, and was likely to have bean the primary
tause of the mortality seen on study (sacrifice for humane reasons, due to fungal infection).

-Pancreatic toxicity was seen at all doses as well, and evidenced as glucose in the urine {and

possibly as angiectasis in pancreatic islets). Slightly decreased WBCs were seen at doses of 1
mg/kg and above. Kidnay toxicity was evidenced as elevated BUN (1 mg/kg) and increased urine
pH (2 mg/kg). No histopathological changes ware noted in the kidney. No NOEL was determined.

B11. Four week i.v. toxicity of FK506 in male rabbits with 4-wk recovery. Rabbits {10/group; with
2 recovery groups, vehicle and high dose, 10 rabbits each) were given saline, vehicle, or daily f.v.
doses of FK506 at 0.05, 0.1, or 0.2 mg/kg for 4 weeks. Recovery groups were necropsied after a
further, 4 week, drug-free period. Four mortalities occurred on study, all in the 0.2 mg/kg group on
days 18, 20, 21, and 28; 3/4 animals showed retention of fluid in the thoracic or abdominal cavity.
Six of the remaining 8 animals in this high dose groups showed retention of fluid in the pericardiac
cavity. At this high doss, reversible decreases were noted in HB, HC, and MCV; also decreases in
sodium and chloride; increases in reticulocyte percent and potassium. The changes in electrolytes
at this dose wers probably indicative of adverse effects on kidney tubule function. At 0.1 and
above, body weight loss was evident, as was an increased incidence of perivascular interstitial
edema and fibrosis, thickening of arterial walls, and myofiber disarray. These effects were not
evident in recovered rabbits, with the exception of slight increases in heart weight. Whila 2 rabbits
in the 0.1 mg/kg groups showed some renal tubule degeneration, this effect was not seen in the
high dose group. At 0.05 mg/kg, the following effects were seen: decreased body weight gain and
food consumption; and increased serum glucose and heart/body weights,

Comment: Rabbits given i.v. FK506 showed mortality, decreased erythrocytic parameters, and
kidney functional changes at 0.2 mg/kg, body weight loss and cardiovascular toxicity at 0.1 mg/kg
and above, and decreased body weight gain and increased blood glucose at 0.05 mg/kg and above.
No NOAEL was_gemonstrated in this study. The cardiovascular changes exhibited in this study
were unique to the rabbit. No evidence of immunosuppression {thymic or other lymphoid tissue
atrophy) was seen at any dose tested here.

B12, Dose-range finding study in _rats b dietary administration for 13 weeks. Sprague-Dawley rats
(10/sex/group) were given FK506 in the diet at doses of O (vehicle), 0.5, 2.5, or 5 mg/kg for 13
weeks. An additional set of animals (9/sex/group) were given the FK506 doses for the sole
purpose of obtaining plasma samples at 9 a.m. on day 2 and weeks 6 and 12. No adverse clinical
signs or mortalities occurred, nor were there any differences among tha groups on study for food
consumption or body weight gain measures. Levels at week 6 in males/females, from low to high
doses, respectively, were 0/0.02, 0.03/0, and 0.08/0 ng/ml. Standard deviations equalled or
exceeded these values, showing the plasma levels to be variable, and too low for useful
comparison of dose proportionality. Hematologic measure showed only a slightly lower gosinophil
count in all females, which was within expected normal values, A slight reduction in WBC was
seen in high dose females, only. Slight reductions in mean calcium and phosphorus values in all
treated males and (phosphorus only) in high dose females. While individual values wera.genagally
with normal ran%es, 5 mg/kg is probabiy the NOAEL in females and 0.5 mg/kg, the NOAEL in

;
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males; the significance of this finding is reinforced by other studies in rats, showing electrolyte
changes to be associated with FK506 following oral administration. Histopathologic analysis
revealed no changes attributable to dosing. ’

Comment: In this reviewer's opinion, the doses used in this study were too low for use in
determining the aporopriate doses for a 2-yr carcinogenicity study in rats. This opinion ‘was also
held by Dr. A. Taylor, and expressed to the company in 1980. Two rat carcinogenicity studies
have been initiated; neithier have been submitted to the IND; the sacond study which is being '
performed with higher doses than ihe first, is ongoing.

B13. Preliminary 2-week oral toxicity study of FK506 in dogs. Beagle dogs (ages 4-5 months:
groups of 3, random sex) were given FK506 at doses of 0.32 or 1.0 mg/kg, or cyclosporine A at
10 mg/kg, daily for 2 weeks. While no dogs dicd, vomiting and bloody teces were seen from day
9 onwards in one dog receiving the high dose, correlating with intussusception of the colon. While
this dog suffered gastrointastinal distress and other signs (hemato- and hepatoxicity,
immunotoxicity shown by atrophied lymphoid tissue, elevated BUN and electrulyte changes
characteristic of kidney toxicity, and body weight decreases), other animaiz showed o severe
signs of gastrointestinal toxicity with the exception of vomiting. The only effect on organ weights
was a 15% decrease in thymus wt., seen at 1 mg/kg. Vomiting was also seen at (.32 mg/kg in all
3 animals, mainly during the first 5 days. Given the frequency of vomiting, it would be unlikely
that the full absorption of the doses was achieved.

GENOTOXICITY:

€1, Evaluation of FKE06 in a chromosomal aberration test with chinese hamster lung cells line
V79, Cells were incubated with FK506 at concentrations up to 100 ug/mi for 6, 24, or 48 hin

the presence or absenice of microsomal fraction S9. or with positive control agents, mitomycin C or
dimethylinitosamine (with activation). Concentrations of 100, 50, and 25 ug/m| were-associated
with 30-90% suppressions of the mitotic index, limiting the concentrations evaluated in the assay.
No increase in chromosomal aberrations was noted in drug-treated plates up to cuncentration of 25
ug/ml, while significant increases were noted in positive controls.

(.2._Evaluation of the potential of FK506 to induce unscheduled dna synthesis in the in vitro
hepatocyte dna repair assay using the male F-344 rat. FK506 was dissolved in DMSO to yield

concentrated solutions; these_solution were added to hepatocyte cultures to achieved final -
concentrations ranging from ug/ml with a maximum DMSO level af 1% v/v. Hepatocytes
were isolated by harvesting the liver from 2 rats, digesting the livers with collagenase, and placing
the cells in primary culture. Cultured cells were simultaneously exposed to FK506 2ad 10 uCi/ml of
3H-thymidine for 19 h. For a positive control, 0.5 ug/ml of 2-acetylamincfluorene (2-AAF) was
used; %IR (cell in repair throughout liver) was considered negative if below 10%; the 2-AAF
response was approximately 80%. While concentrations of 50 ug/ml of FK506 and higher were
cytotoxic, %IR levels (in response to FK508 cancentrations ranging from ug/ml) ranged
from % and were scored negative in this assay. Thus, FK506 does not cause unscheduled DNA
synthesis in rodent hepatocytes.

C3._FK508 effects on in vitro non -mammaliary cell systems: |, Bacterial tester strains (TA,

salmonella; WP, E. coli.) TA1535, WP2, and TA100 {base-uair mutations); TA1537 and TA 98
(frameshift mutations) were exposed {in the presence and absence of S9 microsomal preparation)
to FK506 dissolved in DMSO in culture at 37 degrees for 16 h. Concentrations testag werg,.
ug/plate;gZ-aminoanthracene at  ug/plate, sodium azide at ug/plate, 9-amincacridine at
;
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ug/p:ate, and 2-(2-Furyi)-3-{5-nitro-2-furvl)-acrylamide at ug/plate were used as positive
controls. All positive controls produced positive results (2-aminoanthracene required metabolic
activation) while FK506 produced nenative resuits at all concentrations tasted, with or_wiithout
metabolic activation,

C4. FK506 effects on in vitro non-mammalian cell systems: |1, (Reversion or Ames tests); Bacterial
taster strains (TA, salmonella; WP, E. coli.) TA1635, WP2, and TA100 (base-pair mutations);

TA1537 and TA 98 {frameshift mutations) were expnsed (in the presence and sbsence of S9
microsomal preparation) to FX506 dissolved in DMSO in culture.at 37 degrees for 16 h.
Concentrations tested were ug/plate; 2-aminocanthracene at  ug/plate, sodium azide
at ug/plate, 9-aminoacridine at  ug/plate, and 2-(2-Furyl)-3-(5-nitro-2-furyi)-acrylamide at

ug/plate were used as positive controls. All positive controls produced positive results (2-
aminoanthracene required metabolic activation) while FK506 produced negative results at all
concentrations tested, with or without metabolic activation.

C5._Mutagenicity study of FK506- chromosomal aberration test with chinese hamster lung cells

(V79) in culture. Chinese hamster lung cells were incubated in vitro with FK506 at concentrations
of ug/ml for 24 h (without activation) or ug/ml for 6 h {with activation); these

concentrations were chosen in a pretest to determine maximum roncentrations which would not
inhibit cell growth. Matabolic activaticn was achieved by addition to the culture media of S9
microsomal preparation. Positive controls, mitomycin C {0.04 ug/ml) and dimethylnitrosamine
(1000 ug/ml) showed positive results (chromosomal breaks and chromatid exchanges) in this
system. FKb506 at any of the concentrations tested, did not induce an increased incidence of
chromosomal structural abnormalites or polyploids.

Comment: Appendices with actual data results were missing and requested by phone on 7/14/93.

C6. Evaluation of FK506 in_the chinese hamster ovary (CHO} cell/hypoxanthina-quanine
phosphoribosyl transferase (HGPRT)_gene mutation assay. Mutations in these cells are detected by
resistance to 6-thioguanine in the growth madia. Cells were incubated {with and without S9

microsomal traction) with FK506 for 4 h at concentrations of ug/ml; concentrations
higher than approximataly 30 ug/ml caused reductions in growth rates; 50 ug/ml reduced growth
rates 50%. Ethylmethane sulfonate (EMS; 200 ug/ml) and 3-methylcholanthr.ne (3-MC; 5 ug/m)
were used as positive controls in the absence of activation and dimethylbenzanthracene (DMBA; 3

-ug/mi) was used in the presence of activation. Positive results, as defined by a greater than 3-fold

increase: in the vehicie-induced (background) incidence of vevertants, were obtained with the
positive cootrols (approximately 15-fold), and with une experimental sample with 40 vg/plaie
(approximately 3-fold background; with activation). In the same oxperiment, a negative result was
obtained at 50 ug/plate, and the positive result 1t 40 ug/plate was not replicated in a second
experiment. FK506 was ot mutagenic in the CHC/HGRPT mutagenesis assay at the
concentrations tested.

C7. Mutancnicity study of FK506_micronucleus tast in mice following singte oral dosing. DE1
male mice (5/group) were given a single oral dose of distilied water, oral vehicle, or FK506 at doses
of 128, 250, or 500 mg/kg of FK5CE. Twenty four, 48, and 72 b post-dosing, miga were
sacrifined, and bone marrow cells weve examined $or micronuclgated, polychromatic erythrocytes.
Mitomycin C {2 mg/kg) was used as a positive control and produced z 50-fald increase in the
incidorice of micronucleated calls. At the single doses tested, FK506 did net induce increased

levels of migronucleateds erythrocytes, and therefore was rot considered clastogenic inghis agsay.

B
i
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C8. Mutagenicity. study of FK506- micronucieus test in male_and female mice. A similar {to C7)
study was performed in mzle and female mice (5/sex/group). The only dose of FK506 tested was
500 mg/kg. At the single doses tested, FK506 did not induce increased levels of micronucleated
erythrocytes, and therefore was not corsidered clastogenic in this assay.

REPRODUCTIVE TOXICITY: .
D1. Study of FK506 on fertility and general_reproductive performance in rats (Segment ). CD

rats {30/sex/group) were given oral vahicle (suspending agents in distilled water} or FKE0O6 at doses
of 0.32, 1, or 3.2 mg/kg {LD, MD, andiHD, respectively). The clinical maintenance dose of FK506
is approximately 0.15 mg/kg (or 10 ng/mi, whole blood levels), equivalent on a body surface area
basis (correction by a factor of 6.3) to a rat dose of approximately 1 mg/kg, the MD. Males were
dosed for 60 days prior to mating, during mating {a maximum of 15 days), and up until day 13 of
gestation, when they were sacrificed and necropsied. Females were dosed for 14 days prior to
mating, during mating (a maximum of 15 days), during gestation (typically 20-21 days; dams not
delivering by day 25 were sacrificed to determine cause), and during factation (21 days). One-third
of the dams were sacrificed and necropsied at day 13 of gestation; two-thirds were permitted to
continue through parturition and nursing. Litters were culied to 10 pups each at day 4 of lactation
to an equal number/sex where possible using a random number table. Clinical observations, indices
of reproductive performance, estrous cycle observations, body weight, food consumption, and
necropsy results of sires, dams, and pups were monitored during the study with the exception of
food consumption during cohabitation and mating,

Four deaths occurred on study; a control animal died from gavage error; 3 animals died in the 3.2
mg/kg (HD) group. One male was sacrificed in extremis on day 76 following signs of emaciation,
labored breathing, sensitivity to touch, circling, tremors, and leaning. Two females died, one on
day 43 (lactation day 2) with no signs except blood in one uterine horn; the other on day 51 (day
10 of lactation), showed abnormal signs of emaciation, swollen ventral abdomen, enlarged spleen,
mottled lungs, and abscess in une uterine horn. Clinical signs suggestive of neurological
involvement and soft stools were evident in HD males; additionally, decreased body weight gains
(BWG) and food consumption (FC) were noted. In the HD groups, lower body weight gains were
seen during gestation, but this was attributable to the low total litter weights. Evidence of
maternal toxicity was decreased body weights at lactation day 7 in the HD only; also HD dams
showed reduced food consumption during gestational intervals 0-7 and 7-13 and during lactation.
Maternal toxicity was not evident at the MD. No eifacts of drug were seen on production or
release of corpora lutea or conception rate; however, effects on other aspects of ferale .
reproduction were marked at the HD. These effects were lengthened diestrus, increased copulatory
interval [average time until confirmed mating, and increased pre- and post implantation losses (early
resorptions only}l. These effects resulted in a 40% and 79% reductions in live litter size at the
gestation day 13 and postpartum, respectively. Increased preimplantation loss was also evident at
the MD. Preimplantation losses for the 4 groups were: control, 5 lost from 2 dams; L.D, 9 lost frem
4 dams; MD, 28 lost from 7 dams; and HD, 27 lost from 6 dams. Although this effect was evident
at a low incidence in the controls, the site and dam incidence was 5-fold and 3.5- fold the control
incidence, respectively, at the MD leval. The dose-trend and litter gGistribution suggest the
biological signiv.cance of this effect. Marked effects on parturition were observed including
increased average time to delivery among HD dams (23 vs. 21days); 75% of the HD dams failed to
deliver spontaneously; 4 dams displayed partial deliveries with retainud pups found to be nonviable
in uterc at terminal necropsy {7 pups from 4 dams); 3 MD dams retained pups (4 pups from 2
dams) or piacenia (1 placenta, 1 dam); 1 LD dam retained 1 pup; and no retentions were evident in
control animals. The dose dependence and litter distribution of this effect suggest dryg-relagpd
abnormalities ir)“ parturition in the MD group.

K]
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~ While the pups delivered of the HD dams were nermal in weight, viability was significantly reduced,

with only 30% of the pups surviving to lactation day 7; pups surviving to day 7 also survived to
day 21. Mean weights werz reduced in this group at day 7, but subsequent weighings showed that
between days 7 and 14, mean weights increased to control levels and remained equal until day 21,
As reported by the sponsor (no data table included; requested 7/2) thera were no consistent
skeletal or visces il abnormalities in the pups which died; however, 1 pup from each of 2 dams
were noted to have an unusual intraventricular septal defect. (An additional dam was seen to have
a pup retained in utero which had ablepharia, cleft palate, and craniorachischisis.) Among the MD
pups which died, one had a vertebral maiformation, another had a 7th rib, and another had
hydronephrosis. (After 1 HD dam died, her litter was sacrificed; of these pups, 3 had
hydronephrosis.)

Comment: Confirmation of the malformation “fs.a in the form of individual pup necropsy data has
been requested on 7/2/93.

D2. Developmental toxicity study in rats of p.o. FK506 (Seqment Il). Female CD rats {40/group),

designated the FO generation, were given oral vehicle or FK506 at doses of 0.32, 1.0, or 3.2
mg/kg from gestation days 7-17 (during F1 organogenesis). On gestation day 20, half of the FO
females were subjected to ceasarian section and necropsy; 10 of the remaining 20 were permitted
to deliver. From those 10 litters, effects on tha F1 litter viability were enumerated; culiing of the
F1 pups was performed on lactation day 4. Following lactation day 21, the F1 pups were further
selected (2/sex/litter) for testing developmental and behavioral parameters (1/sex/liter), as well as
for evaluating fertility and reproductive parameters (1/sex/litter; at aged 90 days) and effects on
the F2 generation. The following behavioral and developmental indices were tested in the F1 rats:
static righting reflex, pinna detachment, cliff aversion, eye opening, air-drop righting reflex,
neuropharmacoiogical evaluation (irwin test), auditory response, rotarod performance, activity and
emotionality (Digiscan® activity monitor), and passive avoidance test. The latter two tests are
known to be sensitive behavioral indicators of adverse effects on neurological development. No
effects of FO dosing were seen on the behavior, development, or reproductive function of the F1
generation, nor were any offects seen on the viability, weight, or clinical appearance of the F2
pups. Maternally toxic effects were seen in the HD FO dams; these effects were reduced body
weight gain (41%) during gestation days 13-18 and reduced food consumption (23%) during days
7-14. Two mortalities which may have been related to drug treatment (exact cause undetermined)
were both in the HD group and occurred on days 13 and 23 of gestation; the former was
associated with dilated kidney and blood in the urine; the latter was associated with parturition.

Effects on the F1 generation included decreased fetal body weights in the MD and HD groups, and
was consistant with a slightly increased incidence of developmental variations (101 HD pups rather
than 67 in controls showing unossified bones and rib variations). A slight {not statisticaliy
significant) increase in post-implantation loss was seen in the HD only which correlated with a
slight increase in late resorptions (0.2/dam rather than O/dam in controls) and decrease in live litter
size at birth (a 20% raduction in the number born live/number of implantations; effect not evident
at ceasarian section). Decreased pup viability was also seen on days 0 and 1 in the HD group:
pups living to,day 4 were still alive at day 21, Of the pups found dead on these days (8), 2 were
cannabilized, 1had an interventricular septal defect (seen also in the previous study). No
observations seen in pups found dead were seen in more than 1 pup; no effects appeared to be
dose-responsive.

D3. Pgrinatal and lactation study of FK506 in rats (Segment lll). Female Crl:CD VARPIus ggts,

designated the;FO generation, were given oral vehicle or FK506 at doses of 0.32, 1.0, or 3.2

4
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mg/kg (LD, 25 mated; MD, 31 mated; and HD, 33 mated; respectively) from gestatio~ day 17
through parturition (on gestation day 21 or iactation day 0) through lactation day 21, when the F1
ganeration was weaned; culling of the F1 pups was performed on lactation day 4, The F1 was
only exposed in uters for 5 days after organogenesis, and are likely to have been exposed to
FK506 or its metabolites during nursing as chown in the section below on pharmacokinetics. The
F1 pups were selestnd {2/sex/litter) for testing developrnental and behavioral parameters
{1/sexfitterl, as well as for evziuating fertility and reproductive parameters {1/sex/litter; at ageq 90
days) and effects on the £Z generation. The foltowing behavioral and developmental indices wore
tested in the F1 rats: static righting reflex, pinna detachment, generaiized hair growth, tooth
eruption, cliff aversion, eye opening, corneal reflex, pupillary reflex, air-drop righting reflax,
neuropharmacolngicai evaluation (Irwin test), pain response, testicular descent, auditory responsy,
vaginal opening, rotarod performance, activity and emotionality (Digiscan® activity rmonitor), asned
passive avoioance test. The latter two tests are known to be sensitive behavioral indicators of
adverss effects on neurological development. The only effects seen in the behzviorat angt
developmental tests was slight delays in eve opening and rasticular descent. No mortalities ov
changes in noimal clinical signs were detected on study.

Maternzi toxicity was shown by decreased body weight gain {BWG; 72%) and food consumption
(FC; 40%) in the HD FO dams during gestation days 17, 18, 19, and 20, the period during which
dosing commenced. Body weaight gains were increased (>2x) in the HD dams during lactation
days 0-21; during day 0-7, all groups gained similarly; during days 7-14, the KD group gained 40%
more than the other groups; and during days 14-21 when contral, LD, and MDD dams _lost 14-22 g
of waight, HD dams gained 8 g. These effects on BWG during lactation are paradoxical when
compared with FC patterns; FL among HD dams was reduced significantly during lactation days O-
7 {30%) and days 7-14 {17%).

Only one dam on study did not deliver and was confi med gravid; a HD dam. The results of the
Segment 1 study showed a marked adverse effect of 3.2 mg/kg FIK506 on the parturition lndex.
The birth index {the number of live newborns per no. of implantations) was not reducad in this
study; however the HD Fi pups showed reduced viability between lactation days 0 and 4 {78% of
the number bomn viable remaind at day 4 in the HD, vs. 95-97% in the other groups). Body
weights of the HD F1 pups were lower than weights of control pups during lactation (approximiately
20%) and maturation (10% lower, out to 20 weeks). Body weights of the MD F1 animals was also
reduced (approximately 1055) to a degree which was statistically significant by lactation day 7.
Among the F1 pups which disd, 48 pups from 10 HD litters were exarmined for gross abnormalities;
6/48 showed kidney hydronephrosis but no other abnormalities were evident. Following maturation
of the F1 generation, young adults were mated; no effects on the F1 reproductive capacitios or the
F2 pups waera noted.

Comment: The Segment Hl study in rats evaluated doses of 0.32, 1.0, and 3.2 mg/kg; dams were
dosed after organogeriesis and during lactation. Maternal toxicity was evident at 3.2 my/fkg and
expressed as decreased body weight gains and food ronsumption during gestation, decreased food
consumption during lactation, and increased body weight gains during lactation. Aiso evident ax
this dose was reduced pup viability during lactation days Q-4 and reduced pup weights which were
evidenit as late as 20 weeks of ago. The only effect seen at doses below those which werd
maternally toxic was reduced pup weights in litters from dams given 1.0 mg/kg. This effect was
avident only during -he later stages of lactation, indicating that FK506 may inhibit lactation.

D4. Seament Il reproductive tuxicity study in New Zealand white rabbits, Pregnant daes waie

ANG_Wwnite rat
’

: wiite
dosed orally with vehicle or FK506 at doses of 0.1, 0.32, or 1.0 mg/kg during organogenesis of the
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fetus. day 6-18 in the rabbit. Parturition normally occurs at day 30 in this species; on day 29, all
dams were sacrificed and full examination was made of reproductive organs and fetuses. Maternal
toxicity was evident in the LD, MO, and HD groups tor the day 6-18 time period as evidenced by a
50% decrease in body weight gain in the LD group, no BWG in the MD group, and a 154 g
(approximately 5%) weight loss in the Ho group. Decreased food consumption was also seen in
the MD {10%) and HD (50%) groups during the dosed interval. Clinical signs were also-seen in the
MD and HD group including reduced stool, soft stool, increased lacrimation, and stained fur )
{inadequata greoming}. Two dams aborted: one on day 29 and tha other on day 23 in the MD and
HD groups, respectively. Adverse efiects on reproduction and fetal health were evident in the MD
and HD groups. At the HD, a 4-fold increase (ovar control level) was seen in post-implantation
toss, which corresponded with decreased litter sizes. Also seen in the HD fetuses was an
increased incidence of developmental varianons (over control levels; unossified sternabrae, fetal
and litter incidence increased 50%; greater than 712 pairs of full ribs, fetai incidence increased 2-
fold; increased 27 presacral vertebrae, 2-3 fold increases in fetal and litter incidence) and
malformations (cardiovascular: ventricular hypoplasia, interventricular septal defect, bulbous aortic
arch and stenosis of arch and ductus arteriosis; omphalocele, interrupted ossification of vertebral
arch, vertebral malformation, rib malformation, ane gallbladder agenesis}). The total number of HD
maiformations was 22 out of 12 fetuses, from & does; litters from a total of 16 does were
examined in the HD group. The rates of malformations in the MD groups was similar to control; 2
malformations in 2 fetuses, from 2 litters out of 18 does. While the vertebral malformation
appeared once at the MD, twice at the HD {2%). and not at all in the LD and control groups, and
appearad to be duse-responsiva, this is a common malformation seen in historical controls at a rate
of 0.6%; therefore, in this reviewer's opinion, increased rates of malformation are not seen at the
MD. (A similar case is true for the increased 27th presacral vertebrae and unossified sternebrae;
stightly increased rates of variations or tronds upward were evident at the MD, but only for the
most common variations.)

INTRAVENOUS VEHICLE TOXICITY:

E1. Reactions 10 polvoxyethylene hvdrogenated castor oil 60 (HCQO-60) Reactions to the the
formulating ageat, HCO-60 (diluted with saline}, were evaluated in several species. Dogs (3/group)
wers given i.v. injections of 0.625, 1.25, 2.5, or 10 mga/kg; one dog given 10 mg/kg under
aresthesia was bled and liver and skin section from the ear, abdomen and lip were fixed in
Carnoy’s and stained with toluidine bi.2 and examined to determine mast cell degranulation
patterns. In a separate group, an i.v. injection of 10 mg/kg was administered immediately
following an injection of 5 mg/kg of diphenhydraming or cimetiding; bicod prassure~and clinical
signs were monitored. Dog blood was also incubated in vitro with 0.01, 0.1 or 1.0 mg/ml of HCO-
60 for 15 min to determine histamine release into the supernatant. Monkeys {3/group) and rabbits
{5/grouy ) were given i.v. injections of §C or 100 mg/kg; guinea pins (S/group), and rats (5/group)
werg given i.v. injections of 10 or 100 mg/kg. Plasma histamine was ronitored 10, 30, and 60
min following injection. Doses of 1.25 mg/kg and higher were associated with decreased
spontaneous motility and blood pressure (40% drop 10 min following injection of 10 mg/kg), as
well as elevated plasma histamine (increase to 600 ng/mi 10 min following injection of 10 mg/kg;
200 ng/ml, after 2.5 mgrkg), flush, swelling, and itching in dogs. No such changes were evident in
menkeys, rabbits, guinea pigs, or rats. Mast cells in the skin were degranulated; those in the liver
wera not. No direct affect of HCO-60 on blood was noted. The pretreatrent with
diphenhydramine (not cimetidine) helped alleviate the effects of HCO-60 on blood pressure and
Spontaneous motility, but flushing and swelling was still evident.

E2. Single dose taxicity study of HCO-60 in rats by i.v. dosing. .jcl:SD (Sprague-Dawley) rats

(5/sex/group) were given a single i.v. dose of KCO-60 at 1000 or 2000 mg/kg. Ratsgvere o,
observed for 1{} days. No abnormal signs or effects on body weight gain wera obsarved.

’
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E3. HCO-60 toxicity to rats by repeated i.v. administration for 4 weeks Crl:CD SDBR rats {12
males, 12 females) were given i.v. injections of HCQ-60 (400 mg/ml in ethanol, diluted 1:50 with
saline) at doses of 40 mg/kg daily for 28 days. No effects were seen on body weight, food
consumption, water consumption, ophthalmoscopic, hematological, serum chemical, urine
analytical, organ weight, or histopathological parameters compared to historical controls from this
strain and age of rats; no control data were supplied with the study report. .

E4. Eour week i.v. toxicity study of HCO-60 in_rats. Sprague-Dawley rats {10/sex/group) were
given i.v. doses, of saline or 100, 320, or 1000 mg/kg of HCO-60, the i.v. vehicle used in the
clinical i.v. formulation of FK506. The HCO-60 is an oily solid at room temperature, and must be. .
warimed slightly to form a liquid which can be diluted with saline solution. Injection volumes were
adjusted with saline to equal 5 ml/kg (a 1.25 ml injection volume in a 250 g rat). At 100 mg/kg,
spleen weight increased (males), but was not above the normal range. At 320 mg/kg and higher,
glucose (females) and liver wt. increased; AP and cholesterol decreased slightly. Vacuolation was
seen in macrophages of the femoral bone marrow, splgen, lymph nodes, adrenal, testis, ovary, and
uterus. Vacuolation of epithelial cells of the proximal tubules of the kidney were seen (in the
absence of any change in BUN, creatinine, or serum electolytes). At 1000 mg/kg, triglycerides,
WBC, LYM, platelets, and segmented neutrophils (males and females) decreased; hematocrit, RBC,
and HG, ovary weight and corpora lutea (females) decreased; and kidney wt. (males and females)
increased. The NOAEL in this study was 100 mg/kg.

E5. Mutagenicity of HCO-60 {micronucleus test) in BDF1_mice. Mice {5/sex/group) were given
HCO-60 at a single i.p. dose of 2000 mg/kg and mice were sacrificed 24, 48, or 72 h later to
evaluate th~ bone marrow for the incidence of micronucleated polychromatic erythrocytes. Positive
results were obtained for the control, an i.p. dose of 2 mg/kg of mitomycin C. No difference was
evident in results from saline or HCO-60 treated mice, therefore, this compound is considered
negative in this assay of clastogenic potential.

E6. Evaluation of HCO-60 in_a chromosomal aberration test with chinese hamster lung cells line
V79. Cells were incubated in medium containing the test article for 6 h (followed by refeeding for
18 h), 24, or 48 h. Concentrations of 5000, 2500, or 1250 ug/ml were tested for these times.
respectively in the presence and absence of S9 activation. Chromosomal aberrations w<,e not
evident in any group with the exception of the positive control groups, exposed (o mitomycin C
(0.04 ug/ml) or dimethylnitrosamine (5000 ug/ml, used with activation); therefore, this compound
was not considered positive for clastogenicity in this assay.

E7. Antigenicity study of HCO-60 and cremophor in quinea pigs. ASA and PCA were performed
using guinea pigs, as explained in experiment F4, to evaluated sensitization and IgE development to
the HCO-60 used in the i.v. formulation of FK506. For ASA, the i.v dose of HCO-60 used was 100
mg/kg; for PCA, 20 mg/kg was used s.c. The positive control in this assay was egg albumin (EA)
at a dose of 5 mg/kg. Three animals/group were used for testing sensitizing guinea pigs for ASA,
involving administration of the test substance with or without Freunds adjuvant. One out of 3
animals which was not previously sensitized, died following injection of HCO-60. For the 10
animals sensitized with HCO-60, no animals died following rechallenge, whick: should have
confirmed the finding of mortality if the effect were reproducible. Therefore, the one death is
considered to be unrelated to the test agent. All animals sensitized and rechallenged with EA died.
E8. Correlation between plasma histamine levels and infusion time of HCO-60 in dogs. Plasma
histamine levels were measured following the infusion of 4 mga/kg of HCO-80 in beagle dogs;
infusion times were eithier 30, 60, or 120 min. Plasma histamine levels during each infusion were
a maximum of 84, 31, or 6 ng/mli, respectively. Therefore, the histamine release known to occur in
dogs in association with HCO-60 i.v. administration may be controllable by the adjusting the rate of
infusion,

F9, HCO-60 toxicity to baboons by repeated i.v. administration for 4 weeks. HCQO-6Qavas u.

administered 1\2, to 3 male and 3 female baboons at a dose of 40 mg/kg, daily for 28 days. No
]
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control group was evaluated; results were compared with historical controls and pretreatment
values. No effects were seen on clinical obsarvation, ophthalmoscopic, urinalysis, serum chemical,
hematologic, electrocardiographic, histopathologic, or Qross necropsy parameters.

SPECIAL TOXICITY:

F1. Morphological and functignal changes in_islet of Langerhans in FK506 treated rats (non-Gi.P),
Pancreatic islet cell vacuolation has been detected in subchronic toxicity studies of FK506 in .
rodents. To avaluate this effect further, a study was conducted with oral doses fo 1, 5, or 10
mg/kg for 14 days in 6 wk-old male Sprague-Dawiley rats (12/group). lIslets of Langerhans were -
evaluated histopathologically following dosing (7/12) and after a 2-wk recovery period (5/12).
While higher plasma glucose levels were not evident under normal feeding condition, a glucose
challenge (3 g/kg following 18 h fasting; days 15 and 22) revealed inadequate insulin response in
the 10 mg/kg group and glucose intolerance in the 1, 5, and 10 mg/kg groups measured at 30 io
240 min following challenge. Vacuolation and degranulation was svident in the 5 and 10 mg/kg
group, but these responses were reversible following 2 weeks of recovery. :

F2. Effects of FK506 and CyA on exocrine function of the rat pancreas. Carbachol-stimuiated
(1x10®) amylase ar:d lipase secretion from the pancreas were unaiiected by 14 days of oral dosing
with 1 or 5 mg/kg of FK506 administered to 5-wk old male Sprague-Dawley rats. Pancreas was
harvested from drug and vehicle-treated rats, incubated with carbachol for 10 min, homogenized,
and supernatants were tested for amylase and lipase using a commercial kit. CyA (50 mg/kg) did
affect exocrine secretion as shown by reduced amylase secretion induced by carbachol.
F3._Axtigenicity study of FK506 in_mice. IgE antibody formation was evaluated in BDF1 mice
following 15 injections of FK506 at a dose of 1 mg/kg (with or without 4 mg aluminum
hydroxide/mouse as an adjuvant), spread over 19 days; egg albumin (EA; 1 ug/mouse) was used as
a positive control. Ten days later, mice were bled and blood was tested using a PCA (passive
cutaneous anaphylaxis) assay in the rat. A small aliquot of mouse serum was injected under the
clipped skin of the rat. Serum samples from mice were injected i.v. into rats, along with the
putative antigen, FK506, and Evans Blue dye. The scrum dilution correlating with a blue tinting of
the skin (in the area previously injected) of = 5 mm? in diameter was used to characterized the
potency of the response, correlating with the titre of the IgE antibodies formed in response to the
antigen. No serum injections, with or without adjuvant, elicited a reaction in this assay with the
exception of those from the positive control, which elicited a reaction when diluted 640-fold.

F4. Antigenicity study of FK506 in guinea pigs. Skin reactivity, passive cutaneous and acute
active systemic anaphylaxis were tested following 3 injections of FK506 at a dose of § mg/kg
(once/week for 3 weeks in Slc:Hartley male guinea pigs); 2 days later, blood was withdrawn for
PCA testing in a naive guinea pig. For the skin testing, [2,4,6]-trinitrobenzene sulfonate (TNBS)
was used as a positive control agent, along with Freund's complete adjuvant. An immediate
aliergic reaction resulted from an i.d. injection of 50 ug of TNBS; 50 ug of FK506 was used for
comparison in an evaluation of skin reactivity. For active anaphylactic responses in sensitized
animals, TNBS was used to prepare an EA (egg albumin)- TNP (trinitrophenol) conjugate for use as
a positive control. This agent was used at a dose of 2.5 mg/kg in an i.v. dose to elicit active
systemic anaphylaxis {ASA). Passive cutaneous anaphylaxis (PCA} was performed as stated in the
experiment described above, using EA-TNF as a positive control. None of these assays showed a
positive anaphylactic response to, or sensitization caused by, FK506.

F5. Local irritation_test of FK506 injectable formulation in rabbits by i.m. injection. New Zsaland

White rabbits (3) ware injected with one of 2 concentrations of FK506, either a 0.01 or 0.1%

solution of FK506 in the i.v. vehicle (400 mg of +1C0-60 and 0.6 ml ethanol, diluted 1:10 with

saline solution). Positive controls used were either 0.425% or 17% acetic acid; reactions to the

test articles were guaged relative to the damage cause to the local muscle by the acstic aci

controls, Musg;le samples were examined imacroscopically either 2 or 14 days following a single
;



" NDA 50-708 and 50-709

PHARMACOLOGIST’S REVIEW 23

injection. Effects of either of the FK506 solutions were not different as guaged in this assay from
the placebo. Injuries were seen only on day 2 for FK506 or placebo, and were characterized as
hemmorrhage and whitish coloration. Acetic acid at 0.425% caused similar reactions, but the
effects persisted to 14 days.
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Review:

Determination of a novel potent immunosuppressant (FK506) in_rat serum and lymph by high- -
performance liquid chromatography with chemiluminescenca detection. (see ref. 1) An HPLC
method was developed which was used for Jdatermining FK506-levels in rat plasma and lymph by -
prelabelling with dansyl hydrazine, and detection using chemiluminescence; detection sensitivity
was 0.5 ng/ml. The more widely used assay, an enzyme immunoassayv technique is less specific
because the antibody used cross reacts with some metabolites of FK506.

Measurement of FK506 by HPLC and isolation and characterization of its metabolites, (see ref 2)
FK506 was incubated ex vivo using humaa liver microsomes and metabolites were evaiuated using
HPLC and fast atom bombardment mass spectrametry (FAB-MS). Mctabolites were also evaluated
for immunosuppressive activity by inclusion in un assay of mitogen {phytohernagglutin; PHA)
stimulated lymphocyte proliferation. Nine metabolites were identified by this method. Metabolic
pathways were typical of Phase | metabolism - products were mainly o-demethylates and
hydroxylated. Demethylated and double-demethylated metabolite fractions were shown to be
inhibitory of lymphocyte proliferation and possessed 1Cy0s of approximately 10 ug/l : the Gy, of
FK506 in this system was approximately 1 ug/L. These two metabolites weras also generated by
rat small intestine microsomes.

Pharmacokinetics: (see refs. 3-5) Based on single dose studies in rats, both FK506 and total
radioactivity are more completely detected by measuring whoie blood thari by measuring plasma
levels; a point also illustrated by the 20% smaller Vd seen when measiiring whole bicod. FK506 is
rapidly metabolized; exposure to metabolites is 3-fold the exposure to FK506 as shown by the
higher radioactive AUC, which is not accounted for by radioactivity due to FK508 itsalf. The
clearance of these metabolites is nearly 2X slower than the clearance of FKED6. The Tmax of
FKBOS6 following oral treatment is approximately 0.5 h and the t% of FK50S is approximately 6 h;
these parameters were not related to dose. Cmax and AUC for FK506 are related (o dase {roughiy
proportional) in the dose range of 1.0-1C.0 mg/kg. The bioavailability of FK506 from the oral routw
is best measured in whole blood and is approximately 12% based on equal nominal doses
administered orally and intravenously. Results are suminarized in the foliowing table,

-




