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

(Tranexamic 7.cid) B Wi
Antifibrinotytic agent t—_——— -
DESCRIPTION APPROVED
Ench tablet contjns 500 mg of Iranexamic ackt

Each ml of the sienlp soiution for iniravenous my
uanaxsmc 8Ci1d and Water lor injection to 1 mL

ronmuLaTiON
Chemical Neme rans-4-{(aminomathylicyclohexanecarboxylic acid
Structursl Formula
CH, ~CH,
CH— COOH
CH, ~CH,”

HN—CH, - CH~
.

Empinca Formula CyH,\NO; Molecutar Weght- 157 2

Tranexamic acd 1% & white crysiatine powder ne: ingredients n the
labiels are microcrystaling cellulose. teIC. magnesum siwerate, sticon
dionsde and povidone Tha agueous sowtion 101 Imecton hea & pH of
863-75

CLINICAL PHARMACOLOGY

Tranasamic acid 18 8 compelitive hibItor of DIRSMHNOGEN activion. and
al much mghar concenirations. a noncompatitive inhititor of plasrmun,
ACUONS SrTuigr (0 SMNCCeprolC acid Transxamic acid I3 aboul 10 kmes
more potent In viteg than am.nocaprowe acid

Tranexamic acrd Pinds more sizongly than AminoCanroc acid to both the
strong and weak recepior sites of the plasminogen T iacule in a ratio
corresponding o the difference in polency between The Compounds.

Howewer, risual abnormaiiles. olten poorly charsclanzed, represent the
most eguenity taponad posimarkelig advaras reschof in Sweden For
patients who are o be tresied continually for longer Than Severai deys. an
OphREIMOOGICal SEBMINANON. tACluding viISUB SCuily, COlOr VISIDN, BY8-
ground and visusl figids, 8 advised, Delors commencing ond ot raguies
intervaly during the course of resiment Traneuamc acd should be ois-
conimuad if changes 1n exsminanon results ars f1ound

PRECAUTIONS

General e
The dose ol Cyklokapron® shouid be reducet i PAIENLS with renal insut-
liciency becauas of the riak of accumulation

See DO AGE AND ADMINISTRATION,

Coarcinog i 9 sla, imprirment of fertitity

An iInCrgased ncidence Of leukama o maly mice 78Cetving ran&namic
acid in tond st 8 conceniralian of 4 8% {equivalent 1o 4DSes B3 high e
5 g/hg/duy) may have basa reisiad th (resimen. Famaw MICe were nod
wcteded in thig sxpenmen .

Hyperpiastas of the biliary iract end cholangoms snd adenocarcinoma ol
the intrahepetic billary system have been raporiad i one sirain of rats
alier distary agministration of doses sxcesding the maximum toierated
Sose lor 22 months. Hyperplashc, but hot neopiastc, IeMOn | wete repored
at lower doses. Subsaquent Iong tem dietary admmalration studies n a
ditfarant stemin of Tal, sach with ati exposura level equs! ic the mantmum
level ampioyed In the earker axpanment. have leiled 1o show such hyper-
plastic/ neoplathic chenget i 'he fiver. No mutagenic activity ~ss been
demonatratred in several in vilre and in vivo W91 2ysiems

Pregnancy (Category 8}

Aeproduction studies parformed in fmce. rats. and rabbits nave not re-
vesiey any svidence of ympmired tenilily or adverse eftacts on the fatus
due o tranéxamic ecd

There aca no adeguale and well -controied studies in pragnant women
Howevar. tanazamic ackd 13 Known 10 pass the giacenta and sppecrs in
cord blood M co A [ aisly squsl 10 MATEMAl CCNCen-
tralion Bacsuie snimal reproduchion studies &re NOT iwaya predicitve

Teararamic ackd (n a concentrancn of 1 mg per miL does nol sgoregate
pisteiats i witro. Tranesamic 101 n concentralions up to 10 mg per mL
biood has no 1 Htuence on the Disielet count. the CORGUIBION 1HMe OF vaIous
coagulaton lactors in whole tlood o Lirated blood trom normail subjacts
On e other & W, transaamic acid i concentrations ot 10 mg and | myg
par ml bload protongs the throminn ime

s nlasma protein binding of tranexamc acid s about 3% st thevapeutic
piasma igvels and seoms to be 'ully accounted for by its binding 1o
plasrminogen. Tranesemc ackd doed not bind 10 serum albunmin

Absorption of ranaxsmic acid afler oral admesiration in humans rep-
ress nts approximately 30 - 59, of the ingesied dose and boavedabikly
is not atiected by food intake

After sn intrgvengus dose of 1 be plasma concentralion ime curve
shows & inenponannial decay wib a halt-hie of abot 2 hours 101 the terminal
slirtungtion phase The mitiai voiume of disinbubian s Sbout 9-12 Hiers.
Uninary sxctetion i3 the main route of elimunalion vim glomeiwiar tiltration.
Qverall refg Cloaran7e is equal 10 Overall plesma ckearance (i 10— 116
mL/min] and mors  ant 95% Gf the dose 15 excreted in the unng aa he
unchanged drug Excretion of iranexamic acid 19 about 80% &t 24 hours
st intravencus admin stration of 10 mg par kg body weight. After oral
admimsiration of 10 - 15 Mg ol g body waght the cumylative uimary
sxcralion at 24 hours 1S 19% and at 48 hours. 41% of the innested gose
5 TB% ang 82% of the absgehea matenal Only 3 smal! fracton of ihe
dtug is metabohized. Aher ofal adrrstration, 1% of the dicarboxyhc
acid png 0.5% 21 the acetyialud compound are axcretsd.

The plasma pesk lavet atter 1 g oraily s 3 mgperi ar fter 29, 15mg
pet L, both obtamned three hows alter dasing

An anthibiory,.  —rvrontrstion of tranexamn. acid remaing o difterent
nasues EOf ADOUL 17 Bours. afvd 1IN 1" @ SBILHM. UP (O 3even of éght hours
Trancwamic acid passes thruuah the placenia. The conzentration in cord
blood alte: an ntravencus injaction ot 10 Mg par kg 10 PreQiian women is
sbout 30 mg p3r L, as high as in [he matarnal blood Transxamic acd
diffuses rapidly mto ;2int fluid and the synovial membrane. in the jont thuid
the s.ama concentration ;s ablainad in ihe Serum The biologhcal hali - tifeof
wranexamic acH] in the (int flu;+ s abgul three houra.

of human respanse, this drug should ba used Cunng prognency onty "
clearly nesded

tadar andt Delivery

See above undet Pragnancy

Nursing Mothers

Trangnzmic BCiG s presantin (ha mother's itk Bl & conceniration ol about
2 hundredth of the corrasponding sarum levels Cautior should be exer-
cisad whan Cyklokapeon® is adminstared 10 a Nursing womsn

Padiatric Use

The drug has had 'imited use in children. principsily in connaction with
1u0th exlraction The limied daia suggesi that dosing instructions far
sdults can be used for chiidren neading Cykiokapron therapy

ADVERAE RZACTIONS

Gastrointestingl disturbances (nauses, vomiing, disrrhes] My occur bul
dissppear whan the dosags 1s reduced Giddiness and hypolansion have
hesn raportad occavichaily Mypotension has bean obasrved when inira-
venous Mjection is 100 ranid To avoid thia response. the soluhon should
~ol be Injecied more rapidly than 1 mL per minute. This adversa resction
has nol baen reported with oral admimistration

OVERDOSAGE

Thers is nc known ctse of guerdosage of Cyslokapron®. Symploms of
overgosage may be nauses. vormiing, orihostatic symploms and/or
hypalension

DOSAGE AND ADMINISTRATION

For denial extrachon in patienis with hemophilla Immadiately belore
surgary. subsbiution therapy 13 given logether with transxamic Beic,
10 mg per kg body weight |V Atier surgery, 25 mg per kg body waight are
given orily three 1o four imes Gaily 107 1wo 10 Sghl days.

Alternatively, trgnexamic acid can pe adminisierad enirgiy oralfy, 75 mg
pat kg body werght 3 'o 4 imes 8 day beginaing one day prior to surgory.
Parenterst therapy, 0 mg per kg body weight 3 i0 4 hmes dady can be
used tor patients unatie 1o |ake o al mactcahon

. - u\ Ty

The concentrabon of 1ianexamic 801 m & number of other HIBAUES té lower
nan in BIood 10 Dreast ik tha CONCaMraion 15 BbOUL One hundredth of
e 2erum peak concentration obtaned s ncid ntration
I~ corebrospinal liusd 1n about one tanth of that of the plasma The drug
39008 N0 NG BTUSOUS HUMOuT. the CONCenItation bsing sbout one tenih
ol the plaama concentration

Trangaamic aCr) has bean datectsd in semen whate it inhitits hbhinolyhc
aciivily but dO8s. not inlluence sperm migration

INDICATIONS AND USAGE

Cykiokapron® s indicatad w1 pahents with hemophila lor short 1erm use
(wo 10 @ight days) 10 1edi.Ce of provent hemorrhage and reduce the nesd
tor replacament theripy duhing and foliowing tooth axtrecton

CONTRAAINDICATIONS

Cyklokspren® is contraindicated

1. I patients with SCqUIeT dOMSChive COlor wigOn, %2Ce ing proubils
measunng one sndpmint that thould be fol.owsed 83 5 Measure of tox-
icity (a0w WARNINGS) ’

2. in patents wiih subarachrmid hamorrhage Anecdoill sEpernencs
IniCalns 1hat Cerental adema and cersial infarcion may be Laused
by Cykiokapion in such palients

WARNINGS

Focal areay of retina! degenerabion have deveioped in cald. 00gs BNG FalN
tollowing D181 OF ‘NiTAVENOUS trangxemic acid at doses between 250 1o
1600 mg/kg: day (610 40 hmas ths recommended usual hurms Bosa) lrom
6 claya 1o 1 year The moidancs of such lesiong has vened from 224 w
100% of animals irasted and wis Jo3e-reisted At lower dosSty sOME
lasons have appeared 10 D reversible

Lumtad Gata in cats and raonits Showed relinal CRANGES ¥ SOMe Animely
with dosas a3 low a3 128 mg/hy/ day (only sboul 3 hmas the recommanded
human dose) sdmustered lor severs) Jays Iu w0 wheks.

No retinal changes have basn reporied of N 'sd 1N SYe SXATWARLIONS n
patients (rasted with trar acyd for 10 MONNE 10 chicl intals.

Note For palients with maderata 1o severs impsired cenal tunction,
(e folfowing dOSages &7e racommended.

Transxamic Acsd Dosage

Surm Coeatinine (uhol /L) 'v Doss Tablets
120 - 2504t 36-2 A2 .ng/oL) 10 mg/ng BIO 15 mg g BID
250 - S00(2 b3 -5 65 egrdlL) 10 mg /g datly 15 mg i kg dady
>500(>5 56 mgrdlL) 10mg/ kg Bvary 15my/kg avery
42 hours 48 hours
or 5 My Lg every or 7 S mg/kg evury
24 hours 24 L0uls

Far iniravencus miusion, Cykiokdg. on® (njecton may be mxed win 5ol
s0hons for -Aiusion such as sisctrolyte solulions, carbahydrate solutions,
amino Acid « Autions and Dexiran splutigns The mixiure ahoukd bhe ore -
parad the samae day the solulion 3 (0 De used Hepann may by 312
Cykiokapron® injechion Cykiokapron® Injection should NOT D muit]
with blood. The drug 13 a synthelic arming acid and shio-#d NOT by mived
wath 30iutions conaining pemcitiin

HOW SUPPLIED
Tabiats 500 mg {lat. while. round with bevelied edges. 5 sbove and
Dalow tha tetters CY) 130 1ablets

Ampoules 100 mg/mL. 10 x 10 my

STORAGE
Siore Cyktokagron tablels and injaction i room lemparatucs (15~ 30°C1

DO Manulaciured by Oistnbuior
32D KabiVitrom AB KabsVitrum inc.
QO G ~ 11287 Siockholim, Sweden Alameda CA 94501 UISA

Ravisad January, 1987 457 127
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DRAFT 4 (12/22/86)

CYKLOXAPRON® Package Insert

(Tranexamic Acid, 500 mg) Page 8 .

P

For intravenous fnfusion, Cykiokapr.,® solution for injection may be mixed
with most solutions for infusion such as electrolyte solutions, carbohydrate
solutions, amino acid solutions and Dextran solutions, The mixture should be
prepared the same day the solution is to be used, Heparin may be added to
Cyklokapron® solution for injection. Cyklokapron® solutions for injection
“hould NOT be mixed with blood. The drug is a synthetic amino acid, and
should NOT be mixed with solutions containing peniciilin, |

HOM SUPPLIED

Tablets 500 mg {flat, white round with bevelled edges, arcs above and below
the letters CY): 50 tablets, 100 tabliets,

Manufactured by
KabiYitrum AB
5-112 87 Stockholm

Distributor:
KabiVitrum, Inc.
Alameda, CA 94501 USA
| ,/6z;éyf'lﬂévrzgs?e? T V]

Revised December 22, 1986
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NDA: 19280
m 19281

Kab{ Vitrum, Inc. -
Greenwich, CT s 3

Submission Date: May 7, 194
Receipt (7 7A) Date: May 7, 1984
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

Drug: (a) Cyklckapron (Tranexamic acid) 500 mg tablets
(b) Cyklokapron (tranexamic acid) 100 mg/ml, I.Y. Solution

Category: Arcifibrinolytic (a competitive inhibitor of plasminogen
acti-ation and at hi?her concentrations a noncompetitive
inhibitor of plasmin).

Indication:

Dose: 1. Local fibrinolysis or prostatectomy: 5 to 10 mi i,v. at a rate
of 1 ml/min, or 2 or 3 tablets b.{.d. or t.i.d.

2. Dental extraction in patients with cozgulopathies: Immediate, ,
10 mg/Kg, i.v. After Surgery, 25 mg/Kg, t.i.d. or q.i.d.,
orally for 6 to 8 days (100 mg/Kg/ day).

3. Hereditary angioneurotic oedema: 2 to 3 tablets, 2 to 3 times
daily, for a few days (to 90 mg/Kg/day).

- ——
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Pharmacology.
(Sponsor, edited)
Tranexamic acid (trans AMCA, Cyklokapron) is an antifibrinolytic drug. It

is the trans-stereo-isumer of 4-aminomethylcyclohexane carboxylic acid.
Mode of action

Tranexamic acid has a mechanism of action similar to that of E-amino
caproic acid (EACA), but is about 10 x as potent, according to sponsor.

Both drugs form reversible complexes with plasmin and plasminogen at sites
of the heavy chain of plasmin and at corresponding sites of plasminogen,
which leads to a dissociation of the complex between fibrin and specific
substrate binding sites on plasmin and plasminogen. The therapeutic
plasma concentrations of tranexamic acid (3 x 105 - 10~4 moles/L; or

5-15 mg/L) is about the same as the dissociation constants for
plasminogen-Tranexamic acid and plasmin-tranexamic acid complexes. The
esterolytic and caseinolytic effects of plasmin are inhibited at more than
10C times higher concentrations. Dissociation of the complex between
fibrin and specific substrate binding sites on plasminogen and appears to
prevent the functional interaction between plasminogen and tissue
activator which is mainly located on the fibrin, EACA and tranexamic acid
bind)to 5-6 different sites in the plasminogen molecule (Marcus et al and
1979).

Tranexamic acid EACA
Native plasminogen 1 strong binding gite 1 strong binding site
(NH2-terminus-Glu) Kdgiss = 1.1 x 10°°M K?iss = 9 x10-6M
S?te 2-5, 8 veak sites Site 2-6, 5 weak sites
Kgi-s =8 109 Kgigs = 5 x 1073M
Proteolytically modified Site 1 = 2 x 10-5"5
(NHz-terminus-Lys) Site 2 = 3.6 x 10'3M
Site 3-5 = 1 x 107M

Influence on other enzymes

Tranexamic acid, ( 5x10~2m) competitively inhibits the activation of
trypsinogen by enterokinase and non competitively inhibits the proteolytic
activity of trypsin at 4-fold greater concentration. The Tranexamic acid
has been found to decresse the tumor growth rate significantly in mice
inoculated intramus.uiarly into one hindleg with a mouse mammary
carcinoma. The growth rate of a 20-methyl-chloranthrene induced sarcom.
was, however, not ‘nfluenced by tranexamic acid.
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Tranexamic arid was found to enhance metastasis formatior when tumor ceills
were given by intravenous injection (for reference see Feterson, 1977).

Interaction with the cardiovascular cystem

Tranexamic acid administered by 1.v. infusion in the anaesthetized cat at
doses of 0.4 to 2 mg/kg/min for 60 minutes (120 mg/kg) and i.m. in the
rabbit, cat and dog at doses of 170 mg/kg did not cause significant
changes in arterial blood pressure, respiration, or ECG. An intravenous
dose of 250 mg/kg in the cat, infused during 60 minutes, increased carotid
blood pressure by about 15X%.

Tranexamic acid did not contract the nictitating membrance in anethetized
cats at doses of 5-500 mg/kg, intravenous'y, injected over 2 minutes.
Contrary to tranexamic acid, EACA at an intravenous dose of 150 mg/kg
caused a arked contraction of the nictitating membrane, which was
prevented by pretreatment with reserpine.

Thrombosis inducing conditions

According to the sponsor, in long term oral toxicity tests, fiorin
deposits or thrombi have not been observed. However, in an oral dog study
(below), 1/3 F at 1200 mg/kg exhibited a meningeal artery thrombus. When
tranexamic acid was given twice daily for 1 month by intravenous infusion
(with 0.9% benzylalcohol) thromboembolism in the peripheral pulmonary
arteries was found in two out of eight dogs. Findings of thrombi were
also observed in four dogs both at the high dose (500 mg/kg) and at the
intermediate dose (100 mg/kg) at necroscopy. The event was not noticed
clinically and the dogs were in good physical condition. Sponsor believes
that the a1istopathologicai alterations were the consequence of the
repeated intravenous infusions, but does not provide substantiation.

Pulmonary thrombosis induced in the rat by lactic acid is not affected by
tranexamic acid at an intravenous dose of 100 mg/kg. The druy (50 mg/kg,
i.v.) does not alter ellagic acid induced hypercoagulable state in dogs.

Thrombin, which given alone to dogs caused oedematous lungs, caused fibrin
thrombi in 2 of 7 dogs simultaneously administered tranexamic acid (59
mg/kg i.v.). A dose of 100 mg/kg tranexamic acid administered
concurrently with thrombin and followed by infusion of the same dose of
tranexamic acid for 6 hrs, resulted in fibrin thrombi in all the dogs. At
this dose, fibrin was also obsarved in the kidney and liver. On the other
hand, no thrombi were fcund in dogs treated with tranexamic acid alone at
the same doses. A deﬁosition of fibrin in the lungs and kidneys of dogs
has also been found when thrombin is given simultaneously with tranexamic
acid (100 /k? every second hour). In rabbits, more capillary
microthrombi, Fibrin deposits in the lungs and kidneys, were found when
they were treated with thrombin and tranexamic acid (50 mg/kg/hour i.v.)
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compareJ to treatment with thrombin alone. In the rat, tranexamic acid (100
m?/kg 1.p.) has been shown to accele: ate the deposition of 125I-Tabeled
fibrinogen in the liver in which necrosis has been fnduced by carbon
tetrachloride. A higher, almost lethal dose (600 mg/kg i.v_) seems to affect
the alteration in the fibrinolytic activity of the pulmonary tissue follocwing
femoral crush injury.

In arterial haemorrhagic shock produced by extensivz blood lass (45-50%)
in dogs, tranexamic acid has been found tc cause major thrombi and emboli
in systemic and portal veins as well as in arteries. The dose used was
high, 100 mg/kg 1.v. every second hour. Contrary to this finding
Avikainen and tklund, 1974, found no macroscopic thrombi in rabbits with
traumatic and haemorrhagic shock (about 20X blood loss) when they were
given l.v. 100 mg/kg of tranexamic acid befcre and 300 mg/kg during the
experiment. Histologically some fibrin with erythrocyte, leucocyte and
platelet aggregations and in addition, perivasular edema, were observed in
the lung in a few cases. In this study radioactive fibrinogen was used to
demonstrate fibrin thrombi, but no increased radioactivity could be
observed in the lung, liver, kidney or spleen.

b. Metabolism

1. Absorption

Tranexamic acid has amphoteric properties with two pKAs, 4.3 and 10.6.

Its solubility in water is about 13 percent (w/w) at physiological pH and
40X (w/w) at pH 4.2. The material produced by Kabi contains less than 0.)
percent of the cis-isomer and less than 0.5 percent of BCA
(bis-trans-4-caF53%ycyclohexanemethyl amine). Tranexamic acid is

determined in biological fluids b; electro capture gas chromatography
developed at Kabi by Vessman, 1977.

Absorption from the gastrointestinal tract is about 20% in the rat in the
dose range 0.4 to 4 g/kg. Following a single oral dose of 0.4g/kg by
gavage, absorption is still taking place 24 hours later, but food intake
markedly decreases the bioavailability in the rat.

In man no effect of foud on gastrointestinal absorption of the drug
following a dose of 2 gm (40 mg/kg) has been observed and there is no
influence of the food on the maximum plasma concentration obtained. The
plasma concentrations following tranexamic acid given by gavage (4g/kg)
and in the feed (4.8 g/kg) to rats 2re in the rarge of 20-50 mg/L during
the 24 hours with both methods of administration. In the dogs, the
gastrointestinal absorption decreases with increased dusage. The
gastrointestinal absorption in the dog is 60-70X, in man 50X, rabbit 50%,
mouse 30X and rat 20% at reasonably low oral doses.

The maximal plasma concentrations are about 50-60 mg/L in dogs after an

oral dose of 100 mg/kg and in rats about 10-30 mg/L after an oral dose of
400 mg/kg.
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Tissue distribution

Tranexamic acid does not bind to serum albumin. The plasma protein
binding seems to be fully accounted for by its binding to plasminogen
which is saturated at very low concentration. 50 percent of the drug is
bound at 50 ug/L and only 10 percent at 2 mg/L. The plasma protein
bindi»g appears to be negligible at the: zpeutic plasma levels of 5-10 mg/L.

Autoradiographic studies of tranexamic-methylene-'4C administered i.v.

in the cat resulted in the highest concentration in the kidney followed,
in order, by the blood, lung, liver, gastrointestinal tract. The cerebral
curtex level was very low, as were levels in cornea, iris, ciliary body
and recina. No activity was seen in the vitrous body and lens.

Detoxification

Possible routes of biotransformation are ac?xy1atiun or deamination
followed by oxidation or reduction. Using '“C-labeled drug, frur
different metavolites can be traced in the urine.

Man appears to produce more of the DCA than of the acetylated compound (2

and 0.?1) while the rabbit produces more of the acetylated compound (0.5
and 4%).

Excretion

From the plasma concentration time curve in rats following oral and

;n:ravenous administration, it has been shown that the half-life is about
ours.

An insignificant fraction of the dose is cleared via the bile, (of the
order 0.1 - 0.2%) and the{ehi? no apparent effect on bile flow or biliary
=)

clearance (0.7-1.5 ml/kg” with increasing piasma concentrations of
tranexamic acid.

In the dog, half-life of the drug is about 2 hours following intravenous
injection. The plasma clearance is comparabie to the glomerular
filtration rate. The dog, similar to the rat, excreted very small amounts
of tranexamic acid in the bile.

II. Toxicology

A. Current Submission
1.  Chronic Rat Study.
Rats, SO, Control, 51/sex; Treated (4.8 ¥ in diet), 54/se«/18

months. (Kabi A B, R&D, Dept. Tox., Stockholm, Sweden April 3, 1978
to October 9, 1979). (Johansson & Jonsson.)
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Average dosage, first month, 4403t 496 mg/kg (M) and 4572} 462
mg/Kg (F); and from 3rd or 4th month until end of study, 2:43% 12)

(M) and 28071 187 mg/Kg (F) (Chemical baiches 5422 - 01, 54525.-51,
and 54530-51).

Schedule for sacrifice was as fcllows:

3 and 6 months, 6/group; 9 months, 4/group;
12 months, 6 group; 15 months, 4/group; terminal, all survivors.

Observations included clinical signs (CS), body waight (BW), food
consumption(FC), blood components{H), bloud chemistry(BC), urinalysis (U),
Gross pathology (GP), and microscopic pathology (MP).

Because a dose dependent bile duct hyperplasia was observed in the Lederle
carcinogenicity study, (to be summarized later in the review) this study
was designed to follow the sequential development of the expected
hyperplasia. Because i1t was a repeat experiment, only the maximum
tolerated Jose level was used.

Results:

Marked diarrhea was the main drug-related sign to be observed. Body
weight gain reduction in the last 3 months was attributed to this
diarrhaea.

Tabulation of Results:

Groups Control Treated
Sex M F M F
Original numbers/group 51 51 54 54
Deaths or moribund sac.(MS) (MS=2) (MS=2) (MS=5) (MS=1)
(From lab Table I) Total 2(4%) 2(4%) 13(24%) 5(9%)
During 10 to 18 mo. period 2/35(6%) 1/34(3%) 12/37(32%) 2136(8
From Summary Page 21, mortality
for 2nd half of study N ¥ 4 - 4% 41% 8%
Renal lestions as cause of death 0 0 10 2
Feed Intake Comparable to Controls
Body Weight gains (X% of controls) - - -11% -23%
Red Blood cells esreeNOt COUNtRDucincciicncannss
Average plasma concentration (9a.m.) (MLF ,46)

mg/L(from Table VIII and p20) (3:30p.m.) (MLF,33)
Creatinine, micromals/L (n=6)

12 mo., as presented in table V! 52.2 52.9 152.7 52.8
minus one outlier(650.0) " . 53.3 .
18 mo., 104.4 53.5 144.1 59.4

Cholesterol, m mol/L 6.6 3.8 5.1 " 3.2
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(No) Control Treated
M F M F
TERMINAL SACRIFICE (23) (22) (15) (23)
Kidney Weight 4.8 2.6 9.7 2.6
Ren. Pel. Concrement 3(minor)/45(MkF ) (15/15)100% (16/23)70%
epithelium (most of those with concretions)
Testicular atrophy (4/23)17% 0 (9/15)60% 0
Vascular lesions 2/23 9% 0O (9/15)60% 0
Testicular 0 0 6/9 with atrophy(above)

(13711 rats: 6, testis; 4, pancreas.; 1, carotid Art.; and 2, epididymis.
(relationship to treat ent unknown, but higher than controls).
0

Myocardiel fibrosis 13% 0 7%

Hyperplasias
Biliary (early) 1/8(15mo) O 1/78(16mo) 0
(T.Sac., 18 mo) 1/723(4%) 0O 1/715(7%) 1/23(4%)
Adrenocortical 0 2/22 0 1/23
Thyroid 2/23(8%) 0 2/15(13%) 0
Parathyroid 2/23 0 2/15¢ 0
*No. 7:1 Exhibited Both. 1/15
Pancreas 1/23(4%) 0 2/15(13%) 0
Adenohypophyseal 1/23 0 0 0

Hepatocellular alterations 7/45(MLF) - 2/38

Mammary fibroadenoma 0 15/51{29%) 0 8/54(15%)

Additional Data

Listed tumors, Scheduled Sacrif ices

Control Treated
M F M F
Mammary tumors (6 and 9 mo.)(6+4) 0/10 3/10 0/10 0/10
(12 and 15 mo.)(6+4) 1710 /71 0/10 2/12
(18 mo.)all survivors 1/23 9/22 0/15 8/23
Pituitary Tumors (15 mo.)(4) 0/4 0/4 2/4 0/4
(not seen earlfer) (18 mo.) 13/23 0/22 0/15 0/23
Pancreatic tumors (18 mo.) 13/23 0s22 10715 0/23
(not seen earlier)
Overall Tumor Incidence (6-15 mo.) 2/20 n/21 3/20 3/22 .
(18 mo.) 24/23 16/22 12715 11/23

Deat.. was attributed to renal pelvic concrement causing either renal

insufficiency or lethal bleeding from the atropic renal parenchyma. Death
totals from various sources do not seem to be in agreement.

Liver weights as wel) as growth and histopatholngy were unremarkable.
The higher average creatinine value in the treated males at 12 months is the

result of -2 single -high value with a 10-fold-increase over control values.
(Possibly a decimal error in data entry?)
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At 18 months one control male also had such an unusually high value while
lesser elevations were seen in 2 more control males, 3 treated females, and
most of the treated males. These elevations seem to be a definite effect of
treatment influenced by sex and age.

The testicular atrophy and vascular lesions were said to be the usual cld-age
degenerations; however, the treatment vs control differences were quite marked
and only the terminal sacrifices were considered. Such testicular effects may
have been present in the animals that died, too.

Sponscr made a distinction between the hyperplasias of renal pelvic epithelium
and h;,erplasias of other organs. The first listed {epithelium) is
prepondrantiy in male treated rats, the res: although approximately equivalent
in number are slightly more frequent in the treated group when expressed as
percentages. The incigence differences for other types lack significance
because of the small numbers involved. The epithelial hyperplasias are said
to be the result of irritation. The danger of hyperplasia appears to be low
and possibly irritation related for the epithelial type; however, these data
do not rule out a higher rate of treatment occurrance in a susceptable strain,
or with longer exposure such as was seen in the Lederle study (22 months),
which will be described later in this review.

2. Reevaluation of the tranexamic acid - induced retinotoxicity in dogs.

Focal anterior retinal atrophy with loss of rods ana cones was seen fn dogs
(1/4) orally administered 800 cr (3/3) given 1600 mg tranexamic acid/Kg/day,

(div. ?.1.d.) for 1 year (Lederle, 1972; pharm review, IND 6406, 1/21/72.
M.M.H.).

This one year study was repeated by Kabi AB with oral doses of 800 and 1200
mg/Kg/day, (div. b.i.d.) (Report '9-99-014, 1979). A light-microscope
examination of the left eye of each dog had revealed* anterior retinal atrophy
in 4/6 high dose and 3/5 low dose dogs, high dose and posterior retinal
atrophy in 5/6 high dose and 1/5 low dose dogs. Thus, retinctoxicity was
confirmed in a repeat study.

*See under Il B, previously reviewed studies

In order to study the morphogenesis of the retinal atrophy, the (preserved,
stored) right ey&s (of the above Kabi Study) were examined by electron
microscopy in order to reevaluate the etiology of the original findings.

According to the sponsor, the developing stages to be retrospectively deduced
from observations of this material are as follows:
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1. Reduction of the length of the photoreceptor outer segments. No
changes were seen in the retinal pigment epithelium (RPE).

2, Apical filaments were seen on the RPE surfaces as long as remnants of
pnotoreceptor outer Segments were present.

3. With diminishing size of the photoreceptor inaer segments, the apical
filaments decreased in size and number.

4. In intermediate stages of atrophy they lost their normal orientation
and became clustered along the RPE surface.

5. When the retinal atrophy comprised the 2niire photor.ceptor layer and
parts of the outer nuclear layer, chang:s also occurred in the RPE.
The epithelial changes at the central retina and at the peripheral
retina differed at this stage.

6. With progressing retinal atrophy, the peripheral RPE hecame condenced
with melanin granules occupying the major part of the cytoplasm and
sparse other organeiles visible, The hasal infoldings were retained
until advanced stages of atrophy.

7. No evidence of total loss of the RPE at the periphery of tne retina

was found; however, the RPE was severely affacted by the atrophy in
the central part.

Degenerative changes were frequently seen in the form of absence of apical
filiments and basal infoldings, vesiculation of the endoplasmic reticulum,
margination of the nuclear chromatin, an irregular nuclear outline and a
varying reduction of the REP thickness. In places the RPE was totally
lost and the remaining retinal cells rested directly on Burch's membrane.
In these instances, collapsed capillaries were seen in the
choriocapillaries. Bruch's membrane did not show any morphologic changes.

The conclusion of Sponsor's report states:
"1t _is suggested that the difference in the severity of the atrophy of the

central and peripheral RPE might be due to the differences in the
microcirculation at the 2 sites."”

Sponsor attributes these effects to a high dose sympathomimetic impairment
of the blood supply.

3. Mutagenicity.
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No mutagenicity was observed in the following'tests according to Shimada,
H., Et al., Oyoo Yakur i (Pharmacometrics) 18 (1): 165-197, 1979.

1. Rec-assay on Bacillus suf:iilis

2. Salmonella microsome test

3. Chinese hamster cytogenic test

4. Chromosomal aberrations in bone marrow cells of m.ce and rats.
5. Dominant lethal test in mice.

Material from previously reviewed IND's.
Toxicology.

1. Acute Toxicity. Orally, the drug volume exceeds the animals test
capacity and a median toxicity value is not determinable. The oral
median toxicity value exceeds 10g/Kg/ in mice, rats, and chickens;
exceeds 5g/kg in dogs; and 3g/Kg in rabbits.

In mice, rats, rabbits and dogs the I.V. median Tethal values were all
between 1.0 and 1.6 g/Kg, the 1.p., 2.1 to 3.4 gm/Kg.

In mice, rats, and rabbits the S.C. median toxicity values were between
3.8 to 6.4 g/Kg.

Following oral administration of high single doses of tranexamic acid, the
main clinical signs are diarrhea in mice and rats, and vomiting in dogs.
After i.v, administration of high single doses, the main symptoms are
convulsions in mice and rats, and emesis and convulsions in dogs.

Subchronic Toxicity:

Table TOXICITY AFTER REPEATED ADMINISTRATION OF TRANEXAMIC ACID TO RATS,

RABBITS, CATS, DOGS AND MONKEYS

Species Duration Route N/group Dose Tevels Parameters  Ref
Schedule (mg/kg/day) _ _ studied

Rat 14 days i.p. 10M+10F  0,257,500,1.000 CS,BW,H,BC,GP Siren,
(7/week) 1967-1969

A notation "blood coagulated" appeare: in 7/6) treated, but 0/20 control
rat records. Also noted were (H-D) hyperemi: of G-] tract mucosa with
slight blood-mixed contents and watery s‘oma: h.

This study indicate: that the blood of trea'ad animals can become
coagulated under normal observation procedures.
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Rat 34 days in diet 6M+6F/GP 0,1,2.5,5,7.5% CS,BW,FC,H,U
(0,1000,2500,5000 DevittodGordon, 1971
and 7500) mg/Kg)

Deaths: 3/6M, 1/uF in 7.5% group;

1/6M, 5%; and 2/12 (1 accidental) in Control group. Body weight reduced:

markedly at 7.5%, moderately at 5%.

Rat 16 weeks pP.o. 6M+6F/GP 0,1,2.5,5gm/kg CS,BW,H,BC,GP
(5 days/week])
17 weeks p.o. 10M/GF 5 & 7.5gm/kg CS,BW,H,GP
(5 days/week. Siren 1967-1968. KABI.
Results:

a, 16 weeks.
Deaths: Not clear. Apparently (6/6)M, 1/6 1F, H-i{5,000 mg/kg); 4/6M,
(2.5gm/kg), 2/6M, (1gm/kg) and 1/6M, control. Most deaths reportedly were
accidental intubdtion deaths without reason given for dose relationship.

Drowsiness was seen (especially H-D); loose stools *quite often seen in
treated rats”.

8lood counts were unremarkable, some plasma protein values were low in H-D
rats which, according to author, corresponded well with microscopical
observations. Organ weights were unremarkable. Sex organs were not reported.

Gross pathology: G-I hyperemia was seen.

Histopathology: Author reports "most interesting® lesions in the salivary
glards of treated animals. Acidophilic substance was seen in the lumina and
dilated ductuli of the glands. Cytoplasm of glandular epithelium was partly

degenerated and loose; however, the slightly enlarged nuclei did not exhibit
signs of degeneration.

An atrophy of all layers of the cecum and colon acendens was seen in some
animals.

b. 17 weeks.

Deaths, 7500 mg/kg, 2/10 (M) (days 22 and 33). Some weight gain depression at
7500 mg/kg. ODrowsy rats. Laboratory findings unremarkable. No
histopathology reported. No deaths were seen at 5,000 mg/kg, in contrast to
the deaths seen in part a, above, where 6/6M, 1/6F (5,000mg/kg), 4/6 M (2,500
mg/kg), 2/6 M (1000mg/kg), and 1/6M (control) were lost.
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Rat 6 months p.o. 20M + 20F/GP O, 750, 1,500, CS, 8W, FC, Takayama et sl,,
5 D/W 3,000 4,000 WC, H, BC, U 1971
mg/Kg GP, MP

Deaths: 25 (21 intubation errors). Diarrhea, dose related, 1500 to 4000
mg/kg. Occult blood in stools increased in severity with time at the higher
dosages. Weight geins were depressed in H-D males. Cholesterol values
decreased in M at 2 highest doses. Catarrhal gastritis was dose and time
related at the 3 highest doses: epithelial necrosis was seen in the cecum of
males at the 2 highest doses at 3 months, but was not noticed at 6 months.
This was also seen in the 16 week study (above). The authors considered
tranexamic acid to be of low toxicity. This is another study with excessive
intubation losses. Whether these deaths were also dose related is no longer
easily determinable because the original IND is in storage. It is obvious
that treated animals are more difficult to work with.

Rabbit 13 days 1{.v. 4M/GP 0, 60, 170, 180 (S, BW Palmer & Readshaw,
mg/kg Lederle, 1969

Results: No mortality; post-injection tachypnoea, dose related; variable
weight changes; Serum concentrations fell rapidly first 30 minutes,
post-injection; Higher serum values at all periods (10, 30, 180 min.) after 13
days. This study indicates that drug blcod leveis decrease rapidly after i.v.
administration.

Dog 3 days i.v. 3/6FP C, 1,000 BC, ECo, GP, MP Guzman, Cutter Labs, 1965
mg/Kg

(Infusion time, 2 hrs. and 10 min.) One Amikapron treated (tranexamic acid)

dog struggled against the restraint during the first infusion, convulsed and
died. Original EKG read as possibly indicating myocardial damage. Autopsy

revealed cardiac hemorrhage. Only this one (of 4) treated cogs exhibited
cardiac petechia

Dog 1 month {.v. 2M+2F/GP 0, 2x10, 2x50 CS, BW, FC, Balazs &

bid, 50/w 2x250mg/kg WC, H, B8C, U Porpora, furpora,
ECG, BP, GP, Ohtake & Kepenis
MP (Lederle Labs, 1969)

Injection rate was 20 mg/kg/minute

Resultz: Emesis and salivation frequently seen in M-D and H-D dogs, dose

related. Urinary output reduced with respect to water intake. Inhibition of

fibrinolysis was found at all dose levels. Toxicity not evident in the

standard blood, clinical tests and physical examinations.

Focal enlargement of acini and dilation of ducts was found in 2 HD and 1 MD

dog. Pulmonary thromboembolism was seen in 1 HD, M and 1 M-D, F,

Dog 18 weeks p.o. 2M+2F/GP 0, 2x50, 2x250 CS, BW, H, BC, U, Siren, 1966
bid 50/ 2x500mg/kg EC6, 0, GP, MP (KAB1-AB)
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Results: No mortality. Weight gains lower in H-D dogs. Emesis and diarrhea
dose-related in incidence and severity. Ophthalmology unremarkable. EKG's
not submitted but reported unremarkable by veterinarian. Blood anc serum
unremarkable. Gross and histopathology unremarkable except for female sex
organs which were larger (or more mature) in 2 control dogs, not in 6 treated
dogs, as follows:

Dose mg/kg Dog Number Body Wts. Utarine Wt.
Before to after 18 weeks
Controls 9 6.9 to 8.1 11.55
24 7.7 to 8.6 17.49
100 15 7.8 to 9.3 2.97
7 6.1 to 7.6 3.63
500 22 7.0 to 8.8 2.36
1 6.2 to 7.4 3.14
1000 6 5.9 to 7.3 2.92
10 6.1 to 6.8 = ~-een-
Dog 12 months + p.c.  3M¢3F/GP 0, 2x100, 2x200 CS, BW, Brecher, Sparano
13 menths 1/3 reserved 2x400, 2x800 FC, WC, Tonelli
for recovery mg/kg H, BC, (Lederle, 1972)
bid 7D/W u, ECG,
ap, 0,
GP, MP

Results: ODeaths 1| HD F on day 277, no apparent cause. High dose compound
intolerance included salivation, lacrimation, emesis, loose stools and reduced
body weights.

Laboratory parameters, gross and histopathology, were unremarkable except for
optical findings such as hyperreflectivity of the tapetum Yucidum and the
peripapillary area and atrophy of the rod and cone layer in the anterior

retina. These fincings were dose and time dependent and occurred only in the
2 highest dosage groups.

One third of the dugs were allowed to recover for 1 zdditional year, but the

H-D eye changes remained uncorrected. Recovery was to be seen in the 800
mg/kg/day dose group

Dog 12 months p.o. 3/sex, C & LD 0, 2x400, 2x600CS, BW, FC, H Ekvarn, et al
bid, 7D/W 4/sex, HD BC, 0, ERG, GP Johansson
MP including Kabi-AB,
1979
electron
microscopy of
eyes

Results: Vomiting and loose stools, diarrhea.
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Deaths: 1 H-D, F, 30 weeks, convulsive state and patho:..gy, : meningeal
artery thrombus. The relationship of these findings to the t)2atment remains
unknown, Hyperreflective areas were szen on ophthalmological examination,

Body weights, food consumptior, hematological, biochemical, gross and
histological observations were unremarkable.

Peak plasma concentrations uf drug were reached about 2-3.5 hours after each
dosage.

Ophthalmoscopy revealed a ch.aged reflectivity in the tapetal fundus,
appearing within the first two months of treatment in all dogs from both dose
groups. The effect occurred throughout the study. Repeated ophthalmoscopy
during one day after 50 weeks of treatment confirmed that these changes we:e
transient and were observed in connection with the peak plasma levels.

Persistent lesicns (hyperreflective areas around the disc and localized
hyperreflective areas elsewhere in the tapetal fundus) were .bserved in six
out of cight dogs given 2 x 600 mg/kg/day. These char jes appeared after 5-14
weeks in five out of the six dogs.

Microscopical examination of the retina revealed atrophy at two distinct zones
in tranexamic acid treated dogs: at the anterior retina (ora ciliaris
retinae) and the posterior retina (around the optic disc).

Anterior retinal atrophy was found in 4 of & dogs after one year in the
highest dose group and in 3 of 5 dogs in the 2 x 400 mg/kg/day dose group.
Posterior retinal atrophy was observed in 5 of 6 dogs given 2 x 600 mg/kg/day
and in one of 5 dogs given 2 x 400 mg/kg/day for one year. The atrophic areas
of the posterior retina corresponded to the hyperreflective areas observed
clinically. The dogs with the largest hyperreflective areas also had the most
advanced posterfor retinal atrophy. The animals with retinal atrophy also had
uwigher peak plasma levels and larger AUC values as compared to those of the
unaffected dogs.

Tranexamic acid did not seem to cause an impaired retinal function as Judged
by electroretinography (ERG). At nine months no ERG changes were observed
(tested before dosage{. At twelve months the electroretinograms (recorded
2-3.5 hours after dosage) were altered in tranexamic acid treated dogs, but
the threshold for the ERG response was normal. The alterations, which
consisted of increased amplitudes and outstretched b waves, were postulated to
be the tunctional equivalent to the transient ophthalmosccoical changes.
Similar ERG changes have been observed in dogs given single high doses
(250-500 mg/kg) of tranexamic acid intravenously.

The mechanism for the development of the retinal atrophy is not known. The
atrophic changes observed tn the retina are similar to those seen at
senescence in dogs as well as in man. No morphologic changes were observed in
the blood vessels in the retina and the choroid. Sponsor has submitted an
electron-microspcopic study of the preserved right eyes and a reevaluation.
See 11, A, current submissions.
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Sponsor notes that tranexamic acid is known to produce sympathomim-tic effects
in cats, and considers it possible the the retinal lesion might be caused by
ischemi» due to transient impairment of binod supply at plasma levels (200-300
mg/1) obtained in this study. (In man, peak plasma levels are in the range of
10-20 mg/1 after a therapeutic oral dose of about 30 mg/kg body weight.)

Sponsor is therefore claiming thai the eye toxicity will not be a proolem
clinically, because it is a high dose exaggerated pharmacological effect.

This claim should be referred to an ophthalmologist.

* €S = clinical signs BW = body weight
FC = food consumption WC - water consumption
BC = blood chemistry U=ur  lysis
0 = ophthalmoiogy ECL - electrocardiography
BP = blood pressura ERG = electroretinograph,
MP = microscopic pathology GP = gross pathology

3. (a) OPTHALMOLOGICAL STUDIES

Rabbit  1-10 months drinking 0, 500 mg/day ERG, electron Johnsson et a’
Daily water 3c, 67 microscopy Tox & Appl.

of eyes Pharm. 4G: 53-

(1977)-Glasgc

Weights not given, dose probably 125 to 250 mg/kg/day.

Results: Revinal architecture appeared normal by both light and electron

microscopy and fully da~k adopted electroretinograms were similar for control
and treated rabbits.

This dose is consiagered by sponsor to be sub-threshold for retinal damage.

Cat 4-6/CGP Daily [.V. Dose, Mg/Kg Clinical and histo- Kleinsorge &
4-6 days,HD 2x250 logical examination Schnitzlein
14 days (LD&MD) 125,250, of eyes 1976
Cat 6 days(?/GP) 125, 250, 500 Clinical and histo- Luckhaus,
daily, 1.v, logical examination Knoll, A.G.
of eyes 1976

Cats, two hour continuous i.v. infusion. In preliminary range finding
studies, doses above 500 mg/kg usually killed the cat, but one survived 1250
mg/k? which had been discontinued because of tonic clonic convulsions.
Survivors included 500 mg/kg/day, divided dose/2 cats, 6 days; 4 cats, 4 days;
and 250 mg/kg, div., 4 cats, 14 days.
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Results: Opthalmologicai changes were observed which had a dose and time
related incidence znd severity. Histologically the dose related findings
included folding of the outer retinal layers, proliferation of pigmented
ephithelium and atrophy of outer nuclear layers in 5 of 6 given 500 mg/kg/day.

At 125 mg/kg there was seen only a mild pigmentation on the 7th day in 1/4
cats with no histological differences from controls. Claimed as no-effec:
level.

Monkey 7-14 days i.v. 1-3 0, 2,000 (S, 0, MP Knezevich & Boshart, 1972
daily

Cynomoligus monkeys, given 20 mg/ml at rate of | ml/kg/min/100 minutes/7 or 14
days to 1 (F) control, 3 (F) treated/7 days; 2M, 1F/group, control and
treated/14 days. (2000 mg/kg)

Deaths: 1, treated, day 13; cause unknown. Treated weight losses up to 10%

or more. Negative ophthalmoscopic findings, and peripheral retinal atrophy,

seen in treated and control alike, led author to conclude no treatment effert
from the drug.

(Bayer Institute for toxikologie, 1976).

Dog, 11 days, ordlly 1000 mg/kg/day.
Cat, 16 days orally 500, 1600, 1500 mg/kg/day.
Cat, 6 days i.v. 125, 250 and 500 mg/kg/day.

Results: Short term i.v. agministration (250 and 500 mg/kg) to the cat was
associated with partial detachment and atrophy of the centra! retina, in
conjunction with proliferative ana degenerative epithelial changes of the
stratum pigmenti retinae.

3. (b) EVALUATIUN OF OPHTHALMOLOGICAL EFFECTS

In the Lederle 22 mo. rat study, retinal atrophy and lenticular lesions,

especially both conditions together, were more prevalent in treated than in
control animals but the incidence at the 0.3% diet level (150 to 300 mg/kg)

appears %0 be little different than the contro! incidence.

In cats 125 mg/kg, i.v. apparently is a minimal-effect level for 6 to 14 day
exposures.

In the dog studies, exposure for 1 year to 800 and 1200 mg/kg revealed a
marked dose dependence.

Bilateral changes in the reflectivity of the tapetum lucidum were seen in 5/5

H~D and 2/6 L-D dogs, while 3/3 H-D dogs and 1/4 L-D dogs examined had
anterior retinal atrophy.
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After a year for recovery with 1/sex/dose, the 2 H-D dogs still exhibited the
fundic changes, as vell as histological anterior retinal atrophy and retinal
atrophy near the optic disc. The L-D dogs were without changes. (However, it
is not clear which 2 L-D dogs were saved for recovery, Considering the low
incidence of reported effects, unaffected dogs could have been chosen from
this dose level),

In general it can be said that the eye effects are dose and time related and
only a high dose effect, but clear cut no effect levels are not always
available because of the tendency to run only very high dosage studies.

Sponsor's contention that the dose relationship and time related pathological
g

progression rule these effects out as a clinical concern has merit, but there
is more theory than hard data supporting this concept.

Because sympathomimetic side effects of the drug are postulated to be the
basis of this pathology, sponsor should especially reference such studies or

publications that might support the concept of sympathomimetic eye damage of
this nature.

4. CARCINOGENIC POTENTIAL OF TRANEXAMIC ACID IN MICE AND RATS

Species Duration Route No/Group Dose levels Parameters Refs
_Schedule .

Mouse 20 morths 60-61 0, 4.8%

(CDF) ad 1ib diet males

Takayama Cancer Institute, Kami Tkebukuro, Toshima-Ku,Yokyo, 1976.

English summary only.

Results: Survival; Control, 50%; Treated, 41%; average wefght gain (based on
average weights of survivors) of treated mice was 30% that of controls. (4.3

rams, controls; 1.3 grams, treated). Ciarrhea was seen in all treated mice
or the first 2 months,

The incidence of tumors was as follows:

No. Examined Lung tumors Liver adenoma Leukemia and/or 1ymphoma
Control 59 7 1 5 (8%)
1S-79 57 3 ] 12 (21%)

*one with reticulum cell carcinoma of spleen.

The incidence 2f leukemia was statiztically insignificant at the 5% level
using the chi ¢ test; therefore, si.nsor drew the conclusion that the drug
was not carcinogenic. Statistical significance would be influenced b
category groupings and the higher survival rate in control=. This ma*e only
stucy is not suitable for carcinogenesis determination.
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Rat, 27 months Control 72/sx, treated 54/sx, U,U.3, 1.2 and 4.8% of djet¥ —

(Shermas-Wychoff) CS,BW,FC,H,BC.U,0,GP MP,
Inte-im sacrifices at 3 & 12 months) LEDERLE LABORATORIES, 1971.

(*approximate dose: Ist month; 300, 1200 and 5,000 mg/kg, respertively,
intaka declined 30 to 40X for next 2 months, then remained constant in ranges
of 145 to 185, 600 to 720, and 2600 to 3200 mg/kg).

Histopathology included liver, kidneys, eyes, and gross pathologies in contr i
and H-D rats, and grossly observable changes in L, and M- animals.

Results: High dose weight-gain decline, diarrhea, and adrenal weight changes
(at 1 year, no 2-yea, weights provided) in which male adrenals were larger,
the female's smaller. Other differences in the examined parameters include:

Dose: 0 0.3% 1.2% 4.8%
Died, 0-3 months 3/144 1/108 2/108 12/108
Necropsied 3 mo. 12/14) 12/107 12/106 12/96
Died 4-12 wo. 5/129 1/95 8/94 6/90
Necropsied 12 mo. 12/124 12/94 12/86 12778
Died 13-21 mo. 37/112 30/82 27/74 33/66
Necropsied 22 mo.75 52 47 33
Biliary Hyperplasia at necropsy:
3 mo. 0/12 0/12 0/12 3/12(1M,2F)
12 mo. 1/12(8%) (M) 0/12 0/12 8/12(3M,5F)
22 mo. 18/75(24%) 17/52(33%) 40/47(85%) 33/33(100%)
(10/41M,8/34F) (11/29M,6/23F) (22/28M,18/19F)(16M,17F)
Pyelolithiasis:
3 mo. 0 0 0 4/12(33%)
12 mo. 0 0 0 2/12(17%)
22 mo. 0 3/23(F)(15%) 3/28(M)(11%) 13/33(39%)
Neoplasms, 22 mo. (partial list)
hepatomas 3/75(4%) 2/52(4%) 3/47(6%) 3/33(9%)
Cholangioma 0/75 0/52 0s47 4/32
(adenoma)
adenocarcinoma 0/7% 0/52 0/47 5/33(15%)

of the intranepatic biliary system.
Retinal atrophy
14% 20% 19%
Lenticular lesions
28% 29% 24% 28%

Both ophthaimic
lesions{above) 4% 6% 9% 13%
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Rats, female, (SD -SLC,) about 60 F/group, Ugawa & Ono, (Deiichi Seiyaku,
Japan, 1976), 0.35 and 3.5 g/kg, S.C., or 1.0 and 10 g/kg, orally. Drug was
given once a week for 5 consecutive weeks; animal; were sacrificed after 1 and
after 2 years. (a total of 5 exposures).

Results: Neoplasm type and incidence did not essentially differ between
controls and treated groups with respect to the many examined tissues.

Group incidence of bile duct hyperplasia (data not provided) ranged from
30-50%. Some of the animals showed foci of parenchymal cell hyperplasia, but
th~se findings were not considered to be treatment or dose related by
sponsor. There was & possible increase *n subcutaneous nodules in S.C.
treated rats,

This study, using females only, is not suitable as a carcinogenesis study.

Rats,SD 20 months diet Controls (24M, 25F), 4.8X (46M, 33F)
Takayama, Cancer Institute, Kami Ikebukuro, Toshima-Ku, Tokyo, 1976.

Deaths for females 60% C, 58%-TS were comparable, treated vs control, but
deaths 50% (C), 74X (TS) were higher for treated males. Average body weight
gains were less for treated rats, especially females. Severe diarrhaea was
ceen, especially during the 1st month,

Treated rat adrenals were slightly heavier than controls.
No report on uterus.

Tumor incidence at 20 months was not diffarent bectween the groups; however, we
note that the base line for histopathological comparison may suffer from a
lack of comparative carcinogenic incubation time information, because only 59

to zoz of the treated and 75 to 92 ¥ of the control rats had a pathology
work-up. .

X of original X of Original Sacrificed
Sex Dose Start Path Cbservations Survivors
MaTe 0 28 18(/5%) TZ(50%)
4.8% 46 27(59%) 12(26%)
Female 0 25 18{921; 10{4013
4.8% 33 23(70% 14(42%

Neither neoplastic lesions in the liver nor biliary hyperplasia were seen.
Yamada, et al (Summary only), 1979 Daiichi Seiyaku Co., Japan.

Rats (Sherman Strain), 54 to 56/sex/dose (0,2.5 and 5.0%) in diet/19
months/sacrified 1 month later. “Histopathological investigations were
carried out on organs from all animals". Organ weights were not provided.
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Mortality was higher in treated rats than in controls. High dose differences
included an increase in deaths the first year and an augmented female death
rate over the two years.

Mcrtality, dead o~ sacrified moribund.

Dose(diet) Control 2.5% 5%

Months M F ¥ F M F
0-12 20 13 22/158 29 23
13-20 19 14 28/17 16 20
No.# of

Deaths/treated 39/56 27/55 50/55 32/54 45/56 43/55
Survival 30% 51X 9% 41% 20% 22%

Louse stools, dose related, were cbserved for all treated rats. High dose
maies exhibited body weight gain retardation.

T.e following (incomplete) table from a table wnich -iginally summarized the
incidence of all proliferative lesions, does not indicate which of the lesions
were found at terminal sacrifice, and which were from animals that secumbed
earlier; therefore, there is no wa; to interpret this data be-ause the
appearance of the lesions is age related.

Sex Male Female
Dose (% of diet) 0 2.5 5.0 0 2.5 5.0
No. of Rats Reported:
a. Start 56 55 56 55 54 B85
b. Deaths 39 S0 45 32 45 43
€. No. Rats with

prolif. lesions k| 32 28 40 38 28
d. Terminal

Sacrifice 17 5 9 28 22 12
b+d, above 56 55 54 60 67 85

There are probably errors in the terminal sacrifice line as tha number of rats
with “proliferative lesions" exceeds the number of rats on the terminal
sacrifice line,

Pathologties (incomplete listing).

Liver bile duct proliferation

&, focal - 17(55%) 13(41%) 10(36%] 70(50%) 25(66%) 15(54%)
b. diffuse 7(23%) 6(19%) 8(29%) 14(35%) 4(11%) 4(14%)
Cystic hyperplasia, liver 0 1(3%)0 : 0 3(8%) 4(14x)
Cholangioma or cholangiohepatoma O 1] 0 0 1 ]
adrenal adenoma, cortical 0 1 2 0 0 0
medullary hyperpiastic foci 2 8 5 3 3 8
pheochromocytoma 8 4 7 0 0 2
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Sex Male F
Dose, mg/kg 5

THYROID adennma

carcinoma

snlid adenoma

Total, thyroid
testis, cell tumor, interst.
Uterus, adenncarcinoma or
sarcoma - - -
Pancreas, nndular hyperplasia 1(3X) 3(9%) 4(14%)
Lukemia 0 0

0

O~0O0 0D
I WwD oD

5.
0
]
1
2

0 1 3(11%)
0 0 1(4%)
0 1(3%) 1(3%) 3(11%)

In spite nf the baseline problem, there appears tn be an increase in
proliferative observations with treatmeni and dose. Interpretation is limited
withnut additional data.

IT(5.) EVALUATION OF CHRONIC STUDIES

Evaluation: In general, there can be seen dose related reduced weight gains,

reduced survival, diarrhea, accult ston) blond, G-l hyperemia, drowsiness, in

all species and, in dngs, salivatinn and emesis. Accidental intubatinn deaths
tend tn be dnse related.

The Lederle studies revealed bile and cystic duct hyperplasia and hyperplasia
of duct-like structures, npthalmalogical problems and hepatomas, adennmas and
carcinomas in the H-D rats.

Sponsor claims that the bile duct and cystic duct hyperplasias are strain
specific tn the extinct Lederle Sherman Wychoff strain and are not
reprnduceable in other strains of laboratary animals.

It is tn be nnted that the later studies which are supponsed tn establich the
aberrancy nf the original study differ in many .ays from the original
experiment and are nnt exactly comparable. There are alsn nther problems in

each nf the cited studies which raise more questinns than answers, for example:
A rough comparison between experiments can be expressed as follows.

a.a. Hyperplasia

Species
Contrnl 0.3% 1.2% 4.8%
Rats 22 mn., Lederle Biliary hyperplasia {is dnse and time
related. .

Sherman Wychnff
at 22 mon. Sacrifice 18/75(24%) 17/52(33%) 40/47(85%) 33/33(100%)
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Rats, 3D.F 24 months once/week/5 weeks®, S.C.. 1 and 10 gms/oral 0.35 and
*{.e., drug only given 5 times, total. 3.5 gms/Kg.

Summary only. Differences claimed by the sponsor to be :ut statistically
significant; however, data was not provided. Group incidence of Biliary
RHyperplasia ranged from 30 to “0X. Note that bilfary hypernlasia was observed.

Rats, 5D 20 months U 4.8% in diet. “No BiTiary hyperplasia seen in

either control or treated
animals. This 1is in contrast to
other chronic studies.

Rats, Sherman, 19 months, {n diet, Daiichi.

Dose (X) (M) O 2.5 5.0% (F)O 2.5 5.0
Bile duct proliferation.
Foca) 17(55% 13(41%) 10(36%) 20(50%) 25(66%) 15(54%)
Diffuse 7(21% 6(19%) 8(29%) 14(35%) 4(10.5%) 4(14x)
Cystic Hyperplasia 0_ ) 0 0 3(8%) 4(14%)

Rats, SD,18 months, 4.8% in diet, Kabl A B, Hyperplasia of renal pelvic
epithelium was exhibited with an
incidence to 100 X of rats with

pyelolithias. Biliary Hyperplasia
2% Control, 5% Treated.

a.b. Evaluation of the Biliary Hyperplasfa (B8H) observations.

b.1. The 22 month Lederle study revealed a dose related and a time-related
fncidence of Biliary Hyperplasia. The L-D difference may not be statistically
different from the controls, but the dose relationship is evident.

b.2. There is a rough time-order relationship between the studies, as follows:

Incidence
Rats, 24 months 30 to 50%
Rats, 22 months 24 to 100%
Rats, 20 months 2e0
Rats, 19 months 10 to 66%
Rats, 18 months 2to 5%

b.3. The 24 month study with only 5 exposures is based upon the premis that a
true carcinogen does not require a lifetime of exposure. On that basis, an{
dose related ditference might be taken as evidence of carcinogenic potentia
with 1imited exposure. An alternative hypothesis would be to consider 5

expesures to be inadequate for toxic expression, leaving the whole study a
study of controls.
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Here the data :ubmitted 1s inadequate. We only know that there was a 30 to
50X incidence of biliary Liyperrlasia in the groups and that sponsor found no
statistical difference in incidenc- between the groups. Should the Control
value be the lowest value, then F[CA statisticians shoulc be asked to review
the data. Certainly it shows that 24 months of age can produce BHP in all
groups. An alternative concept it that limited exposure of this type does not
have uri. rsal applizat:on and/or acieptance, and that the experiment can be
considered to indic:te that limited exposure does not lead to toxic potential.

b.4. The .0 month Takayama study seems tn be out of place in the variou:
possible sequuace alignm ats, but a steep BH incidence curve with time could

$xpla1n the values. (i.e. i8 to 20 months, O to 5X; 19 to .24 months 10 to
00X).

Taken as presented, it indicates a zero boundary for BHP which is possibly
consistant with Lederle data. Lederle found a 25% incidence in treated H-D
males at 3-months, thus time of appearance could be strain-specific. Other
alternatives can be considered because only a summary was provided.

The zero incidence of BH could also be explained by missing or ungenerated
data, by a translator oversight or error, (because scientific translators
are not always available), or the summarizer might have considered the
information unimportant and deleted it.

b.5. Rats, Daitchi, 19 months.

Except Yor liver cystic hyperplasia in the Female, the data is not dose
related.

This study, however, poses many questions because of the method of data

?resentation. There is a lack of specific information Lthat can be compared.
ne tumor incidence table cannot be related to either the terminal sacrifices

or to the intercurrent deaths. Considering the time-related increase to be
observed with BH in the Lederle Study, this is a serious deficiency.

Information that might be helpful would include the relationship of the

ghgrman strain of rat to the Lederle Sherman-Wychoff and the generally used
- r‘ts.

Another question would involve the reliability of such small numbers of

survivors. This survival problem was the reported reason for cutting off the
proposed 22 months repeat study at 18 months - A procedure which may have

solved one problem, but raised others.
At the least, a considerable incidence of BH can be observed in many strains.

b.6. Rats, Kabi AB 18 months. This study is in line with the 20 month S-D
study because of the very low incidence of B in these animals.
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Whether this low incidence is related to the shorter length of time of the
study, to the strain or to a lack of effect in this strain {s not readily
determinable. There is only one dose and it is toxic to the organism. One
can assume that the shortening of the experiment was related to the
progressing die-off of the treated rats. It is possible that a longer
experiment might have revealed biliary hyperplasia.

The kidney duct hyperplasia was reportedly related to the renal pelvic
concrement and occurred in an increasingly large (dose related) percentage of
surviving rats in the treatment groups. The relationship of kidney duct
hyperplasia in the other groups is not available from the accessable data;
however, in the Lederle report pyelclithiasis was dose and time relatad.

Conclusions:

Sponsor's contention that the Lederle experience is strain specific for BHP is

not established by the data as presented.

6. Tumors.

Mice, CDF M (only), 4,8% in diet; Control Treated
20 mo. Tokyo.

lukemia and 1ymphoma 5(8%) 12(21%)
liver adenoma ] 1

Rat, Sherman Wychoff

22 months, Lederle, diet. Control 0.3% 1,2% 4.8%
Hepatoma 3/75(4%) 3/52(6%) 3/47(6%) 3/33(9%)
Cholangioma 0/75 0/52 0/47 4/33(12%)
Adenocarcinoma 0/75 0/52 0/47 5/33(15%)

Rat, SD, F only, 5 dosings (only), 24 months. neoplasms not essentially

different from controls

according to sponsor, but
possible increase in S.C.
nodules after S.C. admin.

Rat, S.D. Takayama. No liver neoplastic (cholangioma or

20 months summary only, cholangiocarcinoma) lesions were seen. Incidence
of other tumors not different between groups.
Because data is not differentiated between
sacrificed and those that died, these data are of
little value as submitted.
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Rai, Sherman, Daiichi 19 months, 19/9

Contro: Z.5% 5%

M F M F M F
Survival 30% 51% 9% 41% 20% 22%
Uterus, adenocarcinoma
or sarcoma (-) 0O p) ) (=) 3(11%)
Pancrea: nodules
hyperplasia 1 0 3 i 4(14%) 1(4%)
Leukemia 0 1 0 1 0 3(11%x)

Rat, S.D., Kabi AB

18 mo.,4.8% in diet Control Treated

# F M F
Mamwmary F1ibioadenoma 0 15/51(29%) 0 8/54(15%)
Pituitary tumors 13727 0726 2/29 0/27
Pancreatic tumors 13/23(56%) 0/22 10/15(66%) 0/23

COMMENTS ON ABOVE INFORMATION

The 8% control and 21% treated group incidence of leukemia and lymphoma in
mice fed for 20 months were not considered to be statistically significant by
spoasor,

NOTE: Leukemia was aiso seen, H-D, 11X in the Sherman Rats.

The Lederle rat study included complete data. The marked increases in
cholangiomas and adenocarcinomas were seen only at the highest dose.

The Takayama 20 month study reported a zero incidence of hepatic tumors and
BH. This can also be viewed 25 an error of reporting or transiation.

The shortcommings of this study have been covered in the BHP (biliary
hyperplasia) discussion.

In the Kabi 18 month study, the incidence of tumors was apparently reduced by
the drug. This is in contrast to the other studies.

In summmary. In spite of a shortage of comparable data, the general

impression is that high doses of tranexamic acid are associated with an
jncreased incidence of bile duct hyoerplasia, leukemia, and uterine tumors in
animals.

Other questions that remain are as follows:
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INCOMPLETE SUBMISSIONS

Was the histopathology ever submitted for report 90; AB KABl, 19677 Their
report 89 noted interesting salivary gland lesions and atrophy of layers of
cecum and colon ascendens, but does not seem to be a complete report.

REPRODUCTIVE ORGANS:

Yterine weights are rarely mentioned; however, in 2 studies there are
treatment differences in weight. Such differences shouTd have alerted
research attention.

a. Dog (88, KABI, 1966, 18 weeks/5 days/week) noted markedly lighter uterine
weights in 6 treated dogs but rot in 2 control Dc  (Previously discussed).

b. Dog, Lederle 1 year, One Dog /1/3) given 400 my/kg had a heavy uterus.
(opposite to the above (a) findings)

c. Rat (Yamada, et al, 1979, 19 mo. Daiichi study, summary only) notes
interstital cell tumors of testis and adenocarcinomas or sarcomas of uterus in
treated rats. Relevance remains unknown because of inadequate data base in
that there is no time-related separation of the data.

2. Lukemias and lymphomas are slightiy increased in treated male mice (95,
Kami lkebukuro 1976), and lukemias slightly increased in rats (Yamada, 1979,
Daiichi). Is lukemia ruled out in the other studies or unobserved?

Submitted summaries do not provide a time-related data base for lesion
comparisons in mice (20 months, Kami lkebukuro), Both rat and mouse studies
need to have results of death separated from results of terminal sacrifices in
histopathological reports, because there is a possible dose related increase
in proliferative changes, lukemias, and tumors, the incidence of which can be
influenced by survival time. The reported bile-duct hyperplasia in the
Daiichi study hes a hi?h control value as it did in the Lederle report, but
comparison are difficult because the apparent dose related cystic duct
hyperplasia is not separately reported by Lederle. However, the reported
{Lederle) pyelolithiasis may be simflar.

Data, as presented, do not permit an evaluation of possible sex-related drug
effects of this product.
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111. REPRODUCTION AND TERATOLOGY STUDIES FERFORMED WITH TRANEXAMIC ACID

Species, Route Treatment period tipse levels Ref
No./qroup adwm. {days) mg/kg/day
Mouse,15 p.0. 7-12 of gestation 0,300.1,500 (Daiichi
1 CR-JCL Morita et
al., 1971)
10 C-Section, day 18
5 to weaning.

e

Results: Normal parameters unremarkable except treated fetuses were heavier
than controls, and survival rate of H-D weanlings was slightly reduced.

Rat, 15/GP pP.0. 9-14 of gestation 0,300,1,500my/ky/day (Morita
Wistar et al.,
1971)
0 C-section, day 20 i
5 to
weaning-

Results: Essentially unremarkable.

Rabbit, 10-13/GP p.o. 6-18 of gestation 0,100,200,400mg/kg/day
Huntingdon,(Palmer & Readshaw, 1971)

C-section, day 29

Results: Deaths, 2 at 400; si. retargat-on of weight gains in treated,

significantly at 400. Slight increase in resorptions and foetal loss of
treated M-D and H-D groups.

Rabbit, 12-13, i.v. 6-18 of gestation 0,50,100,200mg/kg Huntingdon,
C-section, day 29 b.i.d. (Palmer &
Readshaw 1971,)

Results: Slight reduction in weight gain, at H-D. Foetal losses low in
control, higher in treated groups. Extensive data not remarkable.

Rat, 13-33/6P p.o. day 16 of gestation 0,100,300,1,000mg/kg/day
(Strippoli & Jackson, 1971) to day 21, postpartum
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Rat (M) 20 Control, 10/Treated GP(diet) 126 days premating (Strippoli Lederie
(Sherman-Wychoff.) mg/kg/da~ 1971, 79)
0.222,(0,3%)
£56,(1.2%)

Results: No effect on copulation, spermatoger 2sis or fertility.

Rat, 20-30/GP in diet. Females: 2 weeks pre 792-T,760 [1.2%) "~ "(Strippoly

mating; throughout 201-457(0.313 & Jackson,
mating to day 13 of mg/kg,/day Lederle,
gestation and lactation 1971

to day 21 postpartum

Results: Deaths, 1 H-D rat (congested lungs); 3 litters died, one cont-ol
(1/18)(5.5%) and 2/9 H-D (22%). Pups surviving to weaning = 68,65 and 44% (C,
L-0, & H-D), respectively. Enlargement of renal pelvis and underdevelopment
of renal papilae seen in 7 of 20 H-D pups (35%).

Sponsor considered this study to be unremarkable, but there appears to be a
H-D Toxicity.

Rat, Control 40; Treated, 20/GP, gavage, Pregnant females, 0, 100, 300 and
1,000mg/kg
Lederle, 1971
20,40c Treated from gestation
day 16 thru weaning

Results: Treated rats exhibited a higher incidence of respiratory and middle
ear infections; otherwise, study was unremarkable.

IV Mutagenicity Tests in vitro.

Compounds tested included 2 batches of Tranexamic acid (Kabi 1411) anc
(Datichi) and tranexamic acid analogue (Kabi 2017}, in a gene mutation system,
with and without rat Tiver microsomal metabolic activation with Salmonella
typhimurium Strains TA1535,TA1537 and TA1538. Compound concentrations ranged
from 10 to 10,000 micrograms/plate.

None of the 3 compounds tested provided evidence of mutagenic potential with
strains TA1537 or TA1538.

With strain TA 1535, a large increase in the number of reverted colonies was

observed with Tranexamic acid (Dajichi) in the absence of metabolic
activation, and with tranexamic acid analogue (Kabi 2017) in the presence of
metabolic activation.
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With tranexamic acid (Kabi 1411) there was a small increase in the number of
revertant colonies in the presence of metabolic activation.

These respounses were not dose-related and the sponsor consicers the results
spurious. These tests were repeated using testor strain TA1535 in 2 sazparate
=xperiments and no clear evidence of mutagenic potential was observed.

Other test systems were universally negative for the test compounds (alonaside
effective positive controls) and include the following:

MUTAGENICITY TESTS in vitro

Compound Type of test Test system With and
without (W0)
metab, art.

Tranexamic acid Gene mutation Salmonella typhimurium with

0.3 - 3,000 mcg/ (strains TA1535,TA1537 (Rat)

mcg/plate TA1538,TA100 and TA98,

Tranexamic acid Primary DNA Bacillus subtilic W.0.

100, 1000 damage (strains H17(rec+) and
or 6,000 mcg/ml Ma5(rec-)
Tranexamic acid Cytogenetic Chinese hamster cells W.0.
(D6)

In vivo tests were universally negative and included the fo'iowing.

V MUTAGENICITY TESTS with tranexamic acid - in vivo (1.p. adm.)

-~

Type of Test Species Dose levels No of animals/ Dosing Schedule
(strain) (mg/kg) dose group
Cytoganetic  Mouse (ddY) 100,1500,3500 15 Once {Single, 1.P)
Cytogenetic  Mouse (ddY) 100,1500,3500 5 daily for 5 days
(ytogenetic  Rat(Spraque- 100,1500,3000 15-18 Once
Dawley)
Cytogenetic  Rat(S-D) 100,1500,3000 5 daily for 5 days

Cytogenetic Rat (Sherman) 100,1500,3000 18 Once
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Cytogenetic Rat (Sherman) 100,1500,2500 6 daily for 5 days
Dominant Mouse (ddY) 100, 3000 10 Once
lethal test (males)

Conclusion: The review has revealed the following

In the cover letter for the NDA submission, the company dwells on an FDA

general approval of their preclinical data. It is my recollection that our
only comment to the firm was that everything subritted would be reviewed,

There are gaps in the data base which make a detarmination of safety
projection from non-clinical data difficult. Sponsor's contention that other
studies establish a lack of the generally deleterious effects seen in the
Lederle study is not supported by the submitted data.

The drug is toxic to the eye with increased dosage and duration of treatment.

1. Ophthaimoscopic Lesions

Retinal lesions are to be seen in rats, dogs, catc, and rabbits in a dose
related manner for both incidence and severity. The length of treatment is an
important consideration. In the original Lederle study, using Sherman Wychoff
rats, a no-effect level was not clearly demonstrated. Sponsor considered
minor lesions in 1/4 cats given 125 mg/kg/day/7 days, i.v. to represent a
no-effect threshold. Certainly higher dosages did produce retinal lesions
which became progressively worse with increasing duration of treatment. Such
lesions have been shown to be reversible at all but the highest doses at which
levels a one year recovery period does not change atrophy. The threshold for
this lesion remains undefined because most long term studies were repeat
studies which used only the highest clearly toxic dosages.

The human dose for several indications will be near 100 mg/kg/day which is not
far from the 125 mg/kg, i.v., in cats or the 145 mg/kg p.o. in the Lederle rat
Study, but sponsor is persuasive in emphasizing that this is a dose and time
related lesion which will not be a problem in short term clinical use. This

may well be, but the labeling should clearly indicate the narrow safety margin
between the effective dose in man and toxic levels in animals.

I1 Carcinogenic potential and hyperplasias.

A. Biliary hyperplasia has been demonstrated by the Lederle study to be dose

and time related. The Lederle report is more complete than the purported
refutation studies.

Sponsor contends that the effect is strain specific and not shown to be

treatment related by other studies, but we cannot completely evaluate this
contention because of the lack of basic data in the submissions.
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Available data do not support these claims,

Biliary hyperplasias are not strain specific, because they are reported in
high percentage in many of the studies (carried out in rat strains other than
the one employed by Lederle) that sponsor cites for refutation. However, only
summaries of those studies are available with an unevaluable “not
significantly different® statement. The reported incidence in these studies
does appear to increase with increasing duration of the study. This is also
demonstrated by the progressive increase in the treated Lederle rats and
possibly with other studies which have the following duration progression.

The lack of identification of control values limits evaluation.

18 months, 2%(c) to 5% (treated)

19 months, 10X to 66% (summary data)

20 months, zero (summary only)

22 months, 24%(c), L-D 33%, M-D, 85%-H-D 100%

24 months, 30 to 50% (No data and only 5 exposures

to drug, 1 week apart, Possibly all of
the groups can be considered control
groups.)

There are also other hyperplasias and/or lesions which may or may not be
related to the drug or to the bile duct stimulation, such as kidney duct
hyperplasia which was dose related; the "most interesting lesions of the
salivary gland", reported in only one study; and hyperplasia of renal pelvic
epithelium and vascular lesions. Parallels in other studies are not evaluable
because of a lack of submitted data.

B. Tumors are to be seen in increased numbers at the highest dosages ’ur most

studies where data is availible except ror the Kabi 18 mo. S-D rat study which
was more enigma.ic with apparent treatment reductions in mammary fibroademomas

and pituitary tumors (two conditions which are quite variable in their usual
appearances, anyway).

The lack of comparative data between groups and studies could be due to poor
reporting. The lack of lower or intermediate dosages in these chronic
non-Lederle studies prevents non-toxic dose level comparisons.

From the data available, the drug, at least at high dosaces, has demonstrated
tumori?enic and hyperplastic effects as well as a potential for
ophthalmoligical toxicity.

Labeling proposal,
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Comments,

1. Under Toxicology, the first paragraph notes that a study in an extinct
strain is not considered relevant at maximum tolerated doses and repeated
studies in other species and strains failed to reproduce these
toxiciti s. This needs changing.

a. Ali doses in the original study revealed toxicity. There was no
“no-effect” dose level.

b. The studies submittea do not refute the extinct strain studies
because adequate data has not been submitted to establish such a
conclusion, To the contrary, the studies while incomplete, tend to
support the earlier findings with perhaps a difference in sensitivity.

2. Under Pregnancy there 1s a statement that there is no evidence of impaired
fertility or adverse effect on the foetus.

a. This is not quite true.

At 1.2X in diet (H-D), 27 + of the litters died and pups revealed a
reduced survival to weaning. Enlargement of the renal pelvis was
renorted in 35X of the pups.

b. There is no mention that giving 10mg/kg to the dam will provide a
cord blood drug level of 30 mg/L.

Recommendations.

These submissions, NLA 19780
and NDA 19781,

are to be considered non approvable because of incomplete preclinical data

which does not, as claimed, refute the Lederle S-W rat findings of toxic
potential.

The maximum recommended clinical dosage of 90 to 1::0 mg/:g/day for short

periods of time needs to be compared to apparent no-effect animal dose levels
from a time relationship perspective.

Intravenous administration in the cat produced a doss related ophthalmic

effects with 1/4 L-D (125mg/kg) animals still exhibiting a minor effect af*~r
7 days. Sponsor claims this to be a no-effect level, but it would be more
accurate to call it a2 minimal-effect level.

Apparent nn-effect dose levels, oral
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Species Route Duration Manifestation Dose
Rat diet 33 days Reduced weight gain 2500 mg/kg
persistent diarrhea
accidental deaths.
Rat  p.o. 16 weeks Salivary gland Tesions 1000 wg/kg
aD/week atrophy in cecum and
colon ascendens
Rat  p.o 6 months diarrhea, blood in stools 750mg/kg
intubation catarrhal gastritis
Cecal epithelial necrosis
Rat p.o. (LederTe) 22 months Biliiry hyperpiasia None*
diet cholangioma and adenocarcinoma 1.2%
Retinal atrophy none
Uog orally, T year ophthalimological 400

*Sponsor c'aims the L-D of 150 to 300 mg/kg to be a no-effect level, because
the increased incidence over control is not statistically significant.

If clinical experience is adequate to support the safety cl>im, at least the
narrow safety margin of preclinical data should be emphasized in the labeling.

Vel
LT P EAL ]

Wm. C. VanArsde', 3rd, Ph.D.

cc: Original NDA: 19280

NDA: 19281
HFN-110

HFN-110/CS0

HFN-110/W.VanArsdel3rd/10-16-85
k1b/11/18/85;3/31/86/03211
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Empirical Formula: C 0, N0,

mol weight: 157

The drug is chemically and pharmacologically related to €- aminocaproic acid
(EACA). ' It 1s claimed to be 10 times more active Jn vitro and 5-10 times more
active in vivo. It has been Yicensed in Europe.

FORMULATION: ~Tablets of 500 mg
CATEGORY: Mtifibrinolytic agent
PROPOSED INDICATIONS: hemorrhage or risk of hemorrhage due to

dental extractfons in patientsWTth coaguicnathies,,

- - o

DATE OF SUBMISSICH: May 7, 1984

DATE_OF RECEIPT by Medica) Officer: May 2:, 1984
DATE REVIEN COMPLETED: November 16, 1984
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Tranexamic . 'd, Cyklokapron

DATE OF SUBMISSION: February 8, 1585

This submissicn 1s a response o my telephone requests of Decew.er 20, 1987,

It contains:

1.  An enlargesint of the table on p. 293, vo) 1.6 of the origirai
NDA 19-280, t.here the adverse reactions (AR) which were reported in
the clinfc! studies for tranexamic acid, were summarized. The teuvle
1s now rcadable. It appears that the only ARs which were Judged as
definiteiy related to t:e administration of tranexamic acid were
cerebral edema/infarction and diarrhea. The cerebral edema according
to the tpcnsor was observed only when the dru? was administered to
patfents suffering from aneurismal subarachnold hemorrhage which is
an vndication that we should not agprove. The diarrhea was found to
b= dese aependent and could be avoided by reducing the dose.

Xabi_has reported, in addition, that a fall {in blood pressure may iy
cesult, if the drug is injected (IV) fast. They recommend a rate of ¥
1 ml/min to avoid the pressure fall. We should remind them to -
include this recommendation in the insert.

2. K statement about the number of tablets and ampoules which were sold -
in Sweden in 1983 and 1984. From these amounts and the recommended - i ¢
dosage and length of treatment the sponsor calculated that abuut 205 °
thousand patients must have used tranexamic acid per year and a total

of about 4.5 million since 1969, the year the drug was approved in
Sweden.

3. An analysis of the ARs which were reported to the Swedish Drug
Information System (Swedis) since 1969, This analysis shows that
in-all 48 AR reports were made. According to the sponsor 26 of these
reports described 33 reactions which were judged to be due to the use -
of tranexamic acid {.e. the incidence was approximately 1 reaction in b4
170,000 patients. According to the analysis there were 11-
cardiovascular side effects, § skin reaciions, 3 neurologic, 2
[ htha'llalogic. 1 respiratory and 1 psychiatric and dne death. One
elderly patient being treated for hematuria with 1.5 g of tranexamic
acid for 10 days died from pulmonary embol{sm. '

4. A list of the countries where tranexamic acid 1s marketed: 13 i

European countries including Enqlend, W. Germany and Austria besides x
Sweden and Canada.
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EVALUATION: I looked through the copy of the SWEDIS (Swed?sh Drug Infurmatfon
System) report which s included in vo! 1.6 p. 296-305 of the orfginal NDA and -

I war. surprised to see severa) reports of ‘visfon abnormalities and

- hypotension. No such reactions were reported in the clinfcal trials. My
_ analysis of the AR is as follows:

drug taken for
Vision abnormalities (a few days - 2 years)
Acute hypotension
Thrombophlebitis, thr.abosis
Embolism
Neurological manifestations
(including anxiety, paresthesias etc.)
Rash, anaphylaxis
Pancytopenfa
Eosinophilia

el

[Py N AWODND

(al1 died)

4

Some of the visfon abnormalities were characterized as "not possible cr not
assessable® by Swecis. However, in view of the animal data ind the frequency
of these abnormalities (they are the most frequent complaint) we should
consider them as drug related. Another point which we should pay attention to
's that 5 of the cases of thrombophlebitis or thrombosis involved cerebral
veins although none of the involved patients was treated with TA because of
eneurismal subarachnoid hemorrhage. The recorded diagnoses were epistaxis
hematuria or “disease not spccified.® There is also the possibfli{y that the
neurological manifestations may have been due to cerebral vascular
abpormaifties. It 1s true that some of the patients were elderly and had
previously vascular problems and/or received several other drugs concurrently.

RECOMMENDATIONS:

1. Instructions should be given to the Division of Scientific Investigations

that the inspectors pay particular attention to vision abnornn!ities| cerebral

thrombusis, neurological abnormalities etc. recorded in the patients’ records
during the clinfcai trials and also in the Swedis records.

2. Appropriate warnings should be included {n the insert.
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. 2% "Mode of Actfon: Tranexamic acid, Vike EACA, is a competiiive inhibitor of
"7 . _plasdinogen activation and a non-competitive inhibitor oF plasein. It forms
-'reversible complexes with plasmin and plasminogen hy binding with 5-6 sites of
the heavy chain of ;Yasmin and the corresponding sites of plasminogen. This
binding Teads to the dissocfation of fibrin-plasminogen and fibrin-plasmin
complexes and thus to inhibition of fibrigolysi_s. The therapeutic plasma
concentratfon of tranexamic acfd (3 x 103 to 10~ moles/L or 5-15 mg/L)
is about the same as the dissociation constants of plasminogen-tranexamic and
plasmin-tranexamic complexes. Concentrations more than 100 times greater than
t!;ese‘are required to fnhibit the esterolytic and caseinolytic activities of
plasain,

Tranexzamic acid has been shown to potentiate the effect of the naturz)
fnhibitors of plasnin,

Tranexamic acid can also inhibit other enzymes: enterokinase {trypsinogen

- activation) trypsin, pepsin, thrombin and Cl-esterase but at concentrations
) higher than § x 10"5 or ‘N)"2 M i,e. 100-1000 times greater than those

required for the inhibitfon of fibrinolysis. Thus at therapeutic dosages 1t
C' does not affect the actfon of these enzymes.

Effect on the Cardiovascular System: 1Y adminfstration of Tranexamic acid
into cats at dosages greater than 50-10) mgAkg increased blood pressure (by
about 502) and heart rate, Unlfke with what happens with EACA, the fncrease
in blood pressure was not followed by a decrease. Tranexamic acid is less
potent (about 10 times) than EACA on bload pressure and in depleting
catecholamines from the heart. On the other hand, as menticned earlier, {ts
antifibrinolytic effect 1s about 10 times greater than that of EACA.

Chronic oral toxicity studies have showr that tranexamic acid does not cause
thromboembolism. Thromboembolism was induced only after re?oated 1y
-administration >f large doses, 100 mg/kg/day or more, in a local irritant
vehicle (benzylalcohol) or when tranexamic acid was injected at 50 or
100 mg/kg during hyperc ;agulable states created by injection of thrombin or
after hemorrhagic shock induced by 1arge blood volume loss (45-50%). Less
extensive blood loss (™2 20%) was not followed by formation of thrombi after
.. . tranexamic acid administration. Similary, tranexamic acid did not increase
.. -pulmonary thrombusis nduced by lectic or ellagic acfd.
=~ = fbsorption: The amount of tranexamic acid which can be absorbed after oral
.- . administration varies with the species. The amount absorbad by the dog is
60-70%, by the man and rabbit 50%, the mouse 30X and by the rat 203. Most of
: the absorbed drug becomes bound to plasmin and plasminogen and only 3% binds
* to other plasma proteins. Autoradiographic studies have shown thet tranexamic
O\ acid does not accumulate in the tissues. The distritutfon volume in the rat
and do? fs about 1-2 L/xg. Only a very small amount o tranexamfc acid is
metabolized (acetylation or deaminatfon). Its half-l1ife fs 2 hrs (rat, dog)

|
l and s excreted mafnly in the urine. An fnsfgnificant fracticn is cleared
, through the bile.
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Toxiccﬂm" - “-- )
~ Acute Toxicity: -very low: L -
- .‘.':;.‘.__"_:m
) Oral 1.V.

motse >10 1.3,1.4

rat » 10 0.9

rabbit N0 1.4
>5 1.1

dog'
chicken >10
Oral administration of sublethal doses causes diarrhea (mice, rats) and

_ . vomiting (dogs). 1.V. adminfstration of single sublethal doses causes
convulsions in the former and convulsfons and euesig in the latter.

The Subacute and Chronic Toxicity of tranexamic acid was studied n rats,
cats, dogs, rabbits, and monkeys. Tranexamic acid was administered IP fato
rats for 2 weeks at dosages of 250-1,000 wg/kg/day and orally for § and 16

- s or for 6 months at dosages of 1,000-5,000 mg/kg/day by incorporating 1t

c~, into the food. Salivation, diarrhea, poor rooming and reduced body weight
-. gain were observed at the higher dong&s’ ( mg/kg/day). The symptoms were
wmg/kg/day died during the treatment

dose dependant. Two anfmals given 7,
period. Autopsy revealed marked chronic colitis, and cecitis. Catarrhal

astritis and submucosal edema was observed fn the stomach of rats receiving

.000-5.000 "’k’, W-

In cats LY. administration of tranexamic acid at 250-500 ng/kg/day for 6 days

induced proliferation of the pignented epithel {um at the tapetum Yuctidum
(around the optic disc) and partial detachment of the retina resuliting in

folding of the outer nuclear layer and incipfent atrophy. These changes were

frreversible. Lower dosages induced mild pigmentation which was reversidle

~ after drug withdrawal. Oral administration of 500-1,500 mg/kg/day to rats and
.dogs for 15 days showed no evidence of eye damage but longer adeinistration,

up _to 4 year, at dosages 800 mg/kg/day in dogs induced changes in the
reflectivity of the tapetum Tucidum and sometimes along the major retinal

vessels and also at the anterior eye {ora c1)1iaris retinae). These changes
were sinflar to those observed after I.V. adninistratfon fnto cats.

* 1.¥. administration of tranexamic acid 1a 3 qg at 1 g/kg/day as a 5%
- solutfon for 3 days caused salivation, frequen
» - tremors. In addition myocardial petechiae and necrosis were seen fn ) of
" these dogs who died in convulsfons. Eye changes were mot observed. h
" changes, (“fu.'1 accumulation of pigment-laden as wel) as non-pigment-laden
mononucliear coiis in the pigmented epithel{um m.icctin’ fnto and somewhat
n

AN focal disription and atrophy of the Tayer of rodes and-cones-and-the fnner

i

nuclear layer®), however, were observed in dogs given 2 9/kg/day for 7 days. o

vomiting and less frequently

one aye, there wvas
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Eye changes were not observed in monkeys given tranexamic acid I.V. at

- !:_'Ikgldqy for 7 or 14 days.

A dose related tichypnea was observed in rabbits (N.Zealand) after I1.V.

.-, adninistration of 60-180 mg/kg/day.

. -I._*Dj:b

-_v.. «Mo significant changes were reported regarding iaboratory parameters

hematology or clinfcal chemistry) except in SGPT and SGOT which were

...~ _{ncreased in some occasions fn Cogs given 1,000 lg/\:gld;ypfor *3 wecks or

Tonger. Urinalyses revealed traces or larger amounts of protein in the urine

of animals who received 1,000 mg/kg/day for 18 weeks. Mo drug-related changes
were observed in EXG or blood pressure.

Sma11 thromb{ were found in the Tungs of 2/8 dogs after repeated iv
administratfon of 100 and 500 mg/kg/day for a wonth. It was concluded that
these thromt{ had originated from the venfpucture sftes and were carried as

embolf to the lungs. The vehicle, benzyl alcohol, may have contributed to the
formation of the thrombi.

Neoplastic Potential. Effect on Reproduction

Carcinogenicity: The incidence of leukemia in CDFy, mice fed tranexamic

acid for 20 months at about 5 g/kg/day was found to be increased to 21%
comparcd 1o 81 in control mice (Takayama 1976). This difference, however, was
not statistically significant.

A dose related increase in the incidence of bile duct hyperplasia and
adenofibrosis was observed in Sherman-Myckoff rats fed tranexamic acid at
160-3,400 mg/kg/a2y for 22 months {n a study conducted at the Leder)e
Laboratories. In additfon, high dose rats showed an increased incidence in
hemangiomas and adenocarcinomas. Increased tumorogenicity or higher incidence
of Jeukemia however, was not found in 2 subsequent studies using-

Sprzgue-bawley rats fed tranexamic acid at 3 g/kg/aay for 18 months, and 20
months respectively.

The sponsor claims that the Lederle findings are not relevant to the safety
evaluation of tranexamic acid because:

a) Several subsequent carcinogenicity studies have fafled to reproduce
: the neoplastic changes in the 1fver.

b) The dose-dependent biliary hyperplasfa observed §n the Lederle study

' has not been reproduced in subsequent studfes. The historfical
incidence of bilfary hyperplasis fn Sherman-Nyckoff rats at Lederle
Laboratories was (3%3). The high incidence (243) in the control group
in the tranexamic acid study may therefore indicate that an
environmental factor dr contamfnant in the diet may have $nfluenced
the results of that particular‘study. The strain of rats used in
this study has been exterminated and the study cannot be repeated

using the same strain. Also, no samples from the food are availeble
for analysis.
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L - *-....c) No mutagenic acitivity of tranexamic acid has heen demonstrated fn
T . several in vitro and in vivo test systems. ]

- Mutagenicity: Mutagenic activity was studied in cytogenetic tests in vitro
_ {chinese hamster cells) or ex vivo (bone marrow from Sprague-Dawley and
- =~ 'Shermab rats and fron mice), dominant lethal test in mice, and tests using
- - bacterial systems (bac1llus subtilis and salmonella typhimurfum with or
--'~without metabolic activation). The resulis were negative.

Teratogenfcity: negative (mice, rats, rabdits)

Effect on Fertility: negative {rats)
Peri- and postnatal effects: negative (rats)

CLINICAL PHARMACOLOCY

Bioavailability and Pharmacokfnetics: Kab{iVitrum has summarized 9
oavaila s es butl has submitted a copy of only one of these studfes

(P11brant et al, Eur. J. Clin. Pharmacol. 20 65, 1981). These studfes

dpparently have shown that after oral administration to normal volunteers
v 34-54% of the dose fs absorbed. Peak plasma concentration is reached within
O 2-4 hrs and almost all of the absorbed quantity 1s eliminated fn the urine

within 24 hrs. Food was found to have no significant influence on the
absorption as judged by comparison of the peak plasma concentratfon, the time
required to reach the peak, the AUC from zero to 6 hrs and the urinary
excretion data.

After IV administration 303 of the dose is excreted in the urine within one

hr, 45-50% within 2-3 hrs and 90-95% within 24 hrs. Complete e)imination was
found to occur after 144 hrs. The Tl 2 is about 2 hrs and the plasma
clearance 105-135 m1/min. IV admin{ {ration of trane:amic acid into patients
with renal iisease showed that the half-1ife becomes prolonged as renal
function decreases. Consequently, patients with renal disease should be given
Tower dosages based on their serum creatinine levels.

Tranexamic acid diffuses rapidly into joint fluids and synovial membranes
where 1t has been detectad at the same concentration as in the plasma. [ts
half-11fe in the joints is about 3 hrs. It crosses the placeata and the
blood=brain barrfer. Fts concentration in the cord blood after 1V
;adminfstration to pregnant women was at high as in the maternal blood. In
-ancther study, its concentration in the CSF was about 1/10 of that of the
plasma, Tranexgiaic acid has been found In the milk of Tactating women but at
" concentratfons 1/100 of that of the plasma. It has also been detected in the
semen, however, 1t does not affect sperm motflity. Tests in tissues removed
during operations (Jarge intestine, kidney, prostate) have shown that
L trarexanic acid remairs Yonger than EACA. Values have not been quoted by the
: C) sponsor neither copies of the original articles have been submitted.
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8. USE OF TRANEXAMIC ACID IN PATIENTS WITH CONGENITAL COAGULOPATHIES FOR THE
CONTROL OF MEMORRHAGE AFTER TOOTH EXIRACTIONS.

~ w-Jooth extractions {n hemophilfacs and other patients with congenitzl

'. . ... “woagulopathies, even in those yith nild deficiencies, are a very serfous
© . _matter. Thc patient can bleed grofusely and ey die, 1T udequate hewostatic

““therapy 1s not provided. Usually a concentrate of the deficient factor is
fnfused before the extractfon{s) to bring the serum Jevel to at least 20% of

.. - normal-(n-severe cases_from&1%).. _Addftions) fafusfons are then required to

'Reép this Tevel to about 15203 for several days after the extraction AR LE
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order to prevent postoperative bleeding. Coagulation factor concentrates are
very expensive and in 1fmited supply. In addition, they have to be infused,
{deslly, continuously, which is very inconvenient and alse dangerous because

- ..... the preparations may transmit serum hepatitis, AIDS and/or other viral

LI

diseases. They may also induce allergies and the production of antibodies

e g sadcirculating anticoagulants) and thus creats a hemorrhagic condition much more

-l =-d1fficult to treat than the original deficiency.

Several investigators in Europe have introduced the use of antt fibrinolytic
agents, EACA and tranexamic acid, in order to pravent the early dissolution of
the “ragile clois which are formed in the sockets of patients suffering from
congenital coagulopathfes and thus reduce the need for replacemeiit therapy.
KabiVitrum has submitted reports from 6 such studies, wiich I have summarized

in Table 5. Al) of these studies were performed during the late sixtfes and
early seventies,

One of the studies (Forbes) was placebo-controlied, randomized and
double-blind. Two others (RamstrBm-Biomback, Pell) were upen and

retrospective and the remaining 3 (Bjorlin-Nilsson, Tavenner, Creveld) were
uncontrolled.

The Forbes study was adequate and well controlled. It showed that
sfignTficantly less blood was lost and significantly fewer units of
substitution therapy were required to control hemorrhage in the patients who
received tranexamic acid compared to the patients who had received placebo.

The Ramstrom-Blombick study, although not double-blind but retrospective,
seems aiso rellable. It had a good number of patients (55 with hemopht1ia A,
14 with hemophilia B and 19 with V. Willebra.id's disease), the treatment
regimens were well-defined and adhered to, and the results were expressed per
tooth removed according to the severity of the deficiency. Thus Imbalances in
the severity of the disease among the treatment groups were eliminated. The
groups represented 3 treatment modalities which were usei successively at the
Karolinska Hospital in Stockholm, Sweden durin? the period of 1965-73 as the
state of the art for the treatment of hemophflia evolved. The first group
represented gatients treated with substitution therapy alone, the second aroyp
fncluded patients treated with substitution therapy plus trancaamic acid and
‘the third had patisnts treated with local therapy (thrombin, gelatinous sponge
and spiints) fn additfon to substitution them;y and tranexamic acid. The
results were clear-cut: Inclusion of tranexamic acid reduced the need for
substitution therapy to about 1/2. Further, additfon of Yoca) therspy reduced

-this need to approximateiy 1/8 - 1/9, Simflar reductions were observed
- Tegarding bleeding episodes and the days of hospitatizetiin (when the saverity
 of the deficifencies was taken into consideration, Table 9).

“The Pell study, which vas al s0.open and retrospective, was not very well
" controlled. Treatment modalitfes and disease severity were not well

differentiated. Nevertheless, properly --alyzed this study showed results
similar to those of the Ramstrom-Blombic.. study.

The results of the uncontrolled studies corroborated the findings of the
controlied studies.
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oo . - . Review of Individual Studies

-

77"V, FORBES et al (Unfversity of Giasgow, Royal Infirmary) studfed the effect
o - of AMCA as adjunctive therapy in preventing hemorrhage in patients with.
w5 - hemophilia after tooth extractions (Brit. Med. J. 2:311, 1972). The s tudy
. was placebo-controlled, randomized and double-blind. Twenty of the
patients had hemophilia A while 8 had hemophilia B {Christmas G{=masa).
The nurber of extraction sessions, numher of patients with hemophiita A or
B and the severity of the deficiencies per group are shown in Table 6. It

is obvious that there were no significant differences regarcing these
parameters between the groups. :

Qs doting o0 ov o ]
e : 3
SR Ee

r
.
Each patfent recefved only one dose of factor VIII or factor IX
concentrate, equivalent to 1000 m1 ot blood, 1.V. one hour before an
extractfon sessfon. At the same time he received crally 1 g of AMCA or
placebo and 250 mg of tetracycline and these oral dosages were repeated
, every 6 hours for 5 days.
T AN extractions were carried out under local anesthesia and inferior
dental block (1; eppropriate). Blood 1oss was estimated by labeling the
red cells with 31 Cr. The results are shown in Table 7:
002 T Crmperion 1f Thesae? ond Plombe Oveage > Tl Sevemin
- Pune | Vermew
Mo, (vge) of o wawend o oo T.: T
(e memiterm=, o [E1RE [
u:ﬁ?n_-:_—'-'r'-::—-:.-q el E LY
Regrerema- 2| B (T
Y A rank sum test (Mann-Nitney U test) indicated that the difference $n
((‘E ' blood loss between the placebo and the AMCA group was significant (0.01<

p €0.025),
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Re 1aceme6t Therapy: In only two patients it was clinically necessary to
trensfuse plasma or plasma concentrate fn the tranexamic acid group after

~< . the Inftial dose. One of these patients had extraction of 22 roots, the
. .- & - largest nuwber in tiis series. In the placebo group multiple infusfons
© .ot were required for 11 of the extraction sessfons during the five-day trial
: period and only five patfents did not require replacement therapy; all
these had a mild or moderate degree of defect, The patient who required
the greatest amount of replacement therapy in this study had only a

wmoderate degree of hemophilia and had six roots extracted. He was in the
placebo group.

Side Effects were not raported.

Evaluation: This study was adequate and well controlled and clearly
indicated that AMCA administered dafly for a few days to hemophilic
patients after an initial boost of factor VIII or IX Yevels by the use of
a respective concentrate, can control henorrhage after tooth extractions.
Thus 1t caa reduce significantly the need for factor concentrates which
are less plentiful, more expensive and more dangerous (possible
transmission of hepatitis or AIDS, induction of antibodies).

- 2. RAMSTROM and BLOMBXCK (Karolinska Sjukhuset, Stockhoim, Sweden) treated 67
(: ’ patfents with hemophilfa A, or B, or Yon Nillebrand's disease, after the
extraction of 264 teeth and root stumps in 118 treatment sessfons during
1955 - 1973 (Int. J. Ora) Surg. 4:1, 1975). The distribution of the
patients according to disease, sex and age was as follows:

|
;

disordens, s end age
Ne.of
o Age
Dissnse ‘p“ M P mage
Remophllis A
Wty . 8 4 2 153
wodarsie » 2 4
mild 3 M ¢ 2N
Nemevhills §
overe (14 ) [ ] ¢ & 2m
. =i 4 ] 1 &0
o, Wikhraad's -
dismps .
o ¢ 2 By
- - i D 3 U &l
. Tl a & B 40

~

\1
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In 16 cases it vas necessary to prepare mucoperfosteal flaps and in

. another case to enucleate a radicular cysi. In all cases, axcept one

where fitubaticn anesthesia was used, the axtractions and/or operations

. were carried out under loca® anesthesta.

The invesiigators classified the patients ia 3 qroups representing changes
in the method of treatment during the study years. Group 1 consisted of
patients who received substitution therapy only, which was the standard
treatment at the Karolinska Hospital during 1965-9. Group 2 included
ratierts treated with infusfon therapy supported by fibrinolytic
inhibitors and antibiotics. This took place during 1969-1971. In Group
3, the Group 2 treatment was supportecd by local hemostatic means in the
extraction alveolus and an acrylic splint attached to the surrounding
teeth in order to protect the coagulum in the alveolus.

Group 1. Substitution Therapy

The patient was admitted to hospital the dzy before the tooth extraction.
Patfents suffering froa hemophilia A and B received substitution therapy
with plasma or factor concentrate immediately before the axtraction was
performed. The infused quantity for patfents with hemophilia A was
calculated so that the patfent's factor level v uld rise to 30-50% of the
normal value. The next 2-3 days following the :xtraction the level was
permitted to fall to 25-303, and kept 2t about half this value for 6-10
days. For patients with hemophilia B there was no Swedish factor
concentrate avajlable during the first years, which is why only
substitution treatment with plasma could be ovfered. In consideration of
the risk of hypervolemia, the level in these patients on the day of
extraction could not be rafsed to more than 10-203. The ?atient was
discharged from the hospital when he had been free from b eeding, without
substitutfon treatment, for 3-5 days.

In patients suffering from von Nillebrend's discase, the substitution

treatment was begun the day before the extraction, »s these patients show
aiso a slower secondary factor rise, in addition to the primary rise,

On scveral occasfons postoperative bleedings of 1ong duration occurred in
this group, which necessitated renewed substftution treatment. In some of
these cases the “01d” bleeding coagulum was removed under loca)
anesthesia. The alveoius was plugged with Spongostan and the tampon
retained in position by suturing. On the few occasions when severe
postoperative infections occurred, penfcillin was adminfstered.

Group 2. Substitution Therapy Supported By Fibrinolytic Inhibitor and
Antibiotics . .

A11 the patfents in this group were routinely treated with Cyklokapron and
penicillin. The treatment with Cykiokapron (1 g t.1.d. orally) was begun
the day before the ex:=actfon, as a rule on the same day as the patient
was admitted to the hospital. The required quantity of plasma and/or
factor concentrate was calculated and administered during the extraction
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day, 1n accordance with what has dbeu: said above for Group 1. The factor
content in the 7ollowing phase was, nowever, kept at a lower leve) &nd the
treatment concluded earlfer. In meny patients, though, the factor leve)
was raised on the extraction day only to 20-30% (fn Group 1 it was rafsed
t0”30-50%). This applies mainly %o ratients treatsd during the latter
half of 1970, and 1971, as the expurisnce gained from the cambined method
of substitution therapy, fibrinolyiic inhibitors and antitictics was
considered to Justify also an inftial Towsring of the Jevel.

Group 3. Substitution Therapy Supportea by Fibrinolytic Inhibitor,
Antibiotics, Loca) Treatment of Kiveolus and Acrylic Splint

Fibrinolytic fnhfbitor and antibfotics were administered as in aroup 2.
Six patients on 13 extraction occasfcns were not given peniciltin,
however. One of those patients reported an oversensitiv; ty to
penicillin. In the remaining cases, the risk of {nfectious complications
in extraction was assessed as minimal so the adminfstration of penicillin
was not considered {ndicated. Cyklokapror was given perorally at 1 g
t.1.d., but i{n two of the cases fatiravenously 10 ml at 0.1 g/m) also
t.1.d. The quantity of factor concentrate given on-the extraction
occasfon was calculated as increasing the patient's factor level to 5-10%
of the normal value. &——

- . (on the day after the extraction either the same quantity was given, or

half or none at all, depending upor previous experience of the patient's -
or corresponding patient's - respective response to treatment.

The tooth was extracted with as 1{ttle traume as possible and the alveolus
was filled with Thrombase 500 and Thrombase dentafre. A pizse of Surgicel
was then placed over the alveolus &3 a shield. An acrylic splint was then

attached to the surrounding teeth with phosphate cement. The acrylic
splint remained fn place for 8-10 deys.

The distribution of the patients in the various groups and the mmber of

?atients treated 1n more than one group are shown below. Group 2 had the
argest number of patients with severz deficiencies (16) compared to group

3 {10 patfents) or group 1 (5 patients). The ratio was 3:2:)

i

Ve, of Na. of paties’s Jn combiasciogs
PUSE o1 140 343 14343
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Results Table 9 shows the amounts of factor YIIi or iX or plasma which were
used to control the bleeding of the patients and the days of hospitalization
-~ for each group., The results are expressed as total amounts and total days and
.25 as amount and days per tooth extracted. The results are 8150 classified
~a,~- according Lo the severity of the hemophfliss. It is obvious that the units of
- -~ replacement therapy required were decreased to abeut 1/2 when tranexamic acid
- was added and further to 1/8 or 1/9 when Tocal therapy was #lso included .
Moreover, when the coagulation deficiency was mild no replacement therapy was
required when both tranexamic acid and local therapy were usei. Consfderable
decreases were 21so observed regarding the days of hospitalization. These
usre l)-educed to 172 {AMZA addedg and to 1/3 to 0 (AMCA and Yocal therapy
8dded). )

A sumary of the number of bleeding complicatfons in the different groups s
given fn Table 10. In Group 1, postoperative bleedings occurred in 59% of the
treatment sessfons. In Group 2, the bleeding frequency decreased to 28%, and
in Group 3 it was reduced to 103. It should 1lso be pofnted out that the
bleedings in Group ) were far more severe and prolonged than those occurring
in Groups 2 and 3. Nine of the bleedings in Group i were described as severe
and prolonged, but in Groups 2 and 3 there was no such bleeding. Patients
with moderate forms of hemophilfa A were found to be relatively difficult to
treat rccording to the wethod used for Group 1. Mary of the postoperative
bleedings registered were particularly prolonged and complicated. This
patfent category responded vary well to Cyklokapron and antibiotic therapy and
no bleedings were registered fn Group 2.

r

Table K, Bloadiog eompiications in differsas grovps snd disesass

. Creupl CQrep 2 Cresp 3
. Discase . Ne, of Ne. of Ne. of Ne.of Naof No. of
Vearm,  biesdieg wwsm.  Dlretleg wearm. Mewdisg
smsion sampl, sules ssmpl. w00 oyl
Monwpbilis A
svery 3 3 n ¢ b |
mydarste ’ k| 3 L 3 ]
abd . " { | 4 1 1
shware 3 3 3 ] ]
abd . 3 [ 3 ] 3 | B
V.WMI—-_ - ] 3 ] I ¢ ] )
Tonal » -] » ] «® '

% Several patients with mild forms and even w~derate forms of hemophilia and

"% mild forms of von Willebrand's disease could be treated as outpatients when
changed over to treatment according tq Group 2, and later to Group 3. This
has 1ighteded the hospital’s burden considerably.
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-_Ex'.ractions have also been performed on patients with rare coagulation

defects. Two patients with a mild Factor X deficienc: and twO patients with a
#i1d Factor XI deficiency have thus bern treated. Th= patfents were first

'glven Targe quantities of plasma. Later, following the administratfon of
- fibrinolytic inhibitors and antibiotics, the plasma treatment could be
| discontinued. One patient developed hepatitis after plasma treatment in 1967.

Cot'd om T 7
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- 7" side Effects: -None was reported

r " Evaluation. This study had not been planned in advance. It was a
".dL . retrospective effort to evaluate the new treatment which had been introduced

-z - in Europe 1n 1969-73 fcr vatients with congenital coagulopatifes. As a result

ezt 0f the Tack of planning the patfents in the 3 groups were not comparable
‘regarding the severity of their disease. However, the groups were clearly

defined regarding treatment without overlapping of the va:fous modalities and
the results were exyressed (as units of substitutfon therapy or days of
hospitalization) per tooth extracted according to the severity of the
disease. Thus any fmbalances in disease severity between the groups were
eliminated. It was clearly demonstrated that the introduction of AMCA In the
treatment of hemophiliacs requiring tooth extractions reduced the need for
postoperative replacement therapy to about 1/2. When combined with local
therapy such treatment reduced this need further vo 1/8 or 1/9 and in wild
cases 1t complelely eliminated replacement therapy. This s not a small gai.,,
because besides reducing expenses (coagulation factor preparations and
hospitalization are expensive) the new treatment also reduced the danger of
transmitting hepatitis and/or AIDS and of 'nducing the produ.tfon of
antibodfes. The fact that 3 times as many patients with severe hemophilia A
decided to have tooth extractions within the first 2 years (1969-71) that
tranexamic acid was fatroduced fn the perioperative 'treatment of hemophil{a
than they had during the preceding 4 years (1965-9) when such treatment was
™. ‘not avaflable, s ?ermps one of the best arguments in favor of the drug. The
. difference was really 6 fold/year.

3. PELL {n another retrospective study (Rrit. J. Oral Surg 11:155(1973)
dealing with tooth extractions, compared the results observed in 14 hemophilic
or von Willebrand patients where tranexamic acid was used with 5 cases of mfld
bleeders, who were managed without antifibrinolytic drugs, at the King's
College Hospital in London, England. He divided the paticnte in 3 groups
(Tables 11, 12, and 13):

Group I, Table 11: Eight patients with severe or mild hemophilia A er B (f.
VIIT or IX Tevels of 0-15%). These patfents had a mean of 6.5 teeth removed
{1-26) 1n one session. Seven of the 8 received AMCA 0.5-2 g avery 6 hours
preoperatively and/or postoperatively. Five of these 7 patients recefved in
addition cryoprecipftate or fresh frozen plasma (FFP). Moreover, 2 of them
had their sockets treated with Surgicel.

© - -Jwo of the five patients received the coagulatfon supplements preoperatively
- ---(4 units FFP or 10 units of cryoprecipitate), two recefved them
. postoperatively (4 units FFP or 3 bags of cryoprecipitate) and one received
~cryoprecipitate doth before (10 units) and after the extractions (18 unfts).
~These patfents bled for 0-3 days (mean 1 day) and remained at the hospital for
-an average of 10 days (2-22 days). The eighth patient, a 5 year old
hemophiliac boy with a 15% leve) of f. VIII, had 3 teeth extracted but

"}\ received nefther AMCA nor factor VI1I preparations. MNis wounds were packed
o :‘lth Surgfcel and he d1d not bleed. He remained at the hospital for only 2
ays.
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e Geoup I Table }2: Six patfents with afigd hemoph{l g, factor vi11 or IX

- "hvegs of 20-26% or witn von Nillebrand's disease (f, vi11 Tevels of 16y, 293
Ty -and 373), Thege patients had 2.15 teeth extracted (mean 5). a3 recefved
" - 2AMCA pre~ and postoperatively at aboyt the same dosage as the Patients 1

SUhroup 1, Tye of these ¢ patients recefved {n addition FFP, one 2 unfts
. :::omativﬂy and the othep 1 unft postoperatively. while 3 gther patients

ir wourds treated with Surgice) instead of rece{ving Plasmas, One, 11
Year old patfent with 202 of f, IX, recefved "o additiona) hemostatic
“trea

+. He recefved only AMCA, 9/6 hours lsurting before the
extraction), 0! one of the 6 patfents bled and for this reason he was
ated with the unit of Frp postoperatively mentioned above, This patfent
Tned at the hospita) for }9 days. The othepr 5 patfents remained for only
0-5 days (mean 3.4 days) and none of them bled,

Broug lll, Table 13: Five patients, 4 with hemophil{a A (f. viI1 levels of
- $-203) and ) with von Nillebrand's D. (r. vi11 levels of 202). These
patients had 7.7 (mean 3.4) teeth extracted in one sessfon. Three of the
o Patients recefved unit of fresh Plasma or FFp pmpe;atively and § unit of

sto
. . Units of Frp Postoperatively, ' Nope of these patients received All of
p :hen bled for 3.5 days (wean 4.5 days) and remafned at the hospital fop 10-18

¢ Pell 1 nig Publication incyydeqd In addition the cage of 2 patient with g

1
factor Vil activity who developed aner?y to Cryoprecipitate lvesicuhr
et;ythenatous rash ip abdomen, back, shoy ders and arms) aftep the extraction
of 1 tooth and was treated succesfully with tranexamic acid pre- and
postopentfvely.

. Side Effects: None was reported,

Evaluation: The chss'iﬁcation of the Patients {n tpe 3 groups ig rather

messy. It s not clear why Patients with severe bleeding ¢

classitied {a the same group (Group 1) with patients with mfid disorders

Or why patients who recefved Coagulation factor supp!en:?;.s ut: additfon ¢o
I n ¢

were included { " SToup with patients who ot recefye
SUCh supplements Or with patfents who recefved nefther SUpplements nop
AMCA by only treated with surgfcel locally, py Ver, some of

reo the

ﬁtieuts were treated with surgicel {p addition to ACA or {p addition ¢o

: CA and FFp op Cryoprecipitate. 1e We conf'ine the COmparison betwees;

DR mfld b‘leeders. those who recefved AMCA and some sy Plements op surgicel
o.. . - 4and those who recefyed only Supplements byt not AHEA f.e, b

) f

’ ’ ver, be pointed out that 3 of the 6 patients who-received ANCA
had a1sy been treated locally with surgicel while none of the patfents of
(f- - group 111 (who g4g ot recetve AMCA) nad been treated with surgtce).
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< IAVENNER (University of Birmingham Dental School, Birmingham, England) treated
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. &, BJORLIN and NILSSON I.M. (Genera) Hospital, Malmo, Sweden) treated 7

. patients with hemophfiifa A, S patfents with hemophilia B and § patients with

-~ .von Willebrand's disease (17 patients in al1) with a combination of the

respective coagulation factor concentrate and tranexamic actd in order to
prevent bleeding after tooth extractfons (Ora) Surgery 36:482, 1973) The study

' -was uncontrolled. The concentrates were given only once immediately befcre
- the extractions: factor ViIl at dosages of 40-60 units/xg and factor IX at 50

units/kg of body weight. Cyklokapron was administered at about 25 mg/kg qfd
for an average of 7 days following the extractions. The first dose was

administered IV together with the -oncentrate but all the other dosages were
given orelly..

The severity of the disease in the various groups fs shown in Tables 14, 15,
and 16. Altogether 37 permanent teeth and 8 deciduous teeth were extracted.
Other surgical procedures were root resection with evacuation of a granuloma,
removal of an impacted lower right wmolar, and fncisfon of an abscess (Table
17). Suryicel was applied to a1l sockets.

Results: No bleeding complications were observed tn 15 of the 17 patfents.
BTeeding was observed {n one patient with severe hemophilia B from whom 11
teeth had been extracted {n one sessfon and in another patient with severe
hemophilia A from whom 5 teeth had been extracted in 2 sessions {both had
blood levels of the respective factor {0.5%). For these patients it bucame

-necessary to give additional Infusfons of factor VIII or f. IX concentrate to
secure hemostasis.

Side Effects due to AMCA were very few: transient dizriness after the 1Y
adninTstration and GI disturbances after the oral administretion. None,
however, was serious enough to necessitate withdrawal of tha drug. Only the
dose was reduced in some patients.

E;nuat'lon. This study was uncontrolled. Mowever, the levels of the

deficfent factor in many of the patients were very low (5 of tne patients with
hemophilia A had factor VIII levels at €0.5% and the other 2 had levels at 2%
and 33, The patients with hemophilfa B had factor IX levels of £0.5% {2 pts),
A% (1 pt) and the other 4 patfents between 4-7%). Historic evidence and the

- results of the previously reviewed studies have shown that such patfents need

infusions of the respective factor concentrates for several days to avoid
hemrrbm after tooth extractfons. The results of the BJBriin-N{isson study
{that together with local application of surgicel can be quite effective

- =88 adjunctive therapy to prevent hemorrhage after tooth extractions even in

..patients with severe hemophilfa) have been confirmed by the studies of
- Ramstrim and Blombick and Pell, '

L

19 patfents wiih hemophilfa A, 9 patients with hemophilfa B, and 1 patient
with VN disease with tranexamic acid starting 1/2 an hour before the tooth
extractions at 1.5 g t.9.4. t{1l the ‘utlents were discharged from the
hospital. The submissfon contains only the first page of the publication
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- (Brit. Med. J.'2, 314, 1972). From the sponsor’'s report, 1% appear: that the
siuay wac uncontrolled. The results were compared historically wii: =esults
.... obtained with EACA from other studies and was concluded that the res:. :ts
obtatned with tranexamic acid « re slightly bettsr than those obtatn=d with
- .- EACA, the dose used was smaller. and side effects were few.® Mild dfzrrhea

‘“was observed in 2 patients.

CREVELD et o1 (Hemophilfa Ciinic, Huizen Holland; Ned. T. Tandheelk 78:90,
1971; case re.ort publication) described 10 cases of hemophilia A (9 patients)
and 3 cases of hemophilfa B who received AMCA, 0.5-1.5 g t.i.d. for 6 days
after the extraction of 1-7 teeth. A1) patients had received cryoprecipitate
or & prothrombin complex concentrate before the extractions. Twelve of the
patients had severe deficiencies, factor VIII or IX levels were <1%. The
investigators concluded that in 8 of the patients AMCA ..ad good to very good

— results {n that 1t significantly veduced or completely eliminated the
. postoperative need for cryoprecipitate or prothrombin compiex concentrate. In
- two patients AMCA had no effect, while for 2 other patinets with mild and

moderate deficiencies the results were doubltful. On 8 occasions no
postoperative infusions were needed.

C" “C. USE OF TRAHEXAMIC ACID IN HEREDITARY ANGIONEUROTIC EDEMA (MANE)

Hereditary angfoneurotic edema 1s characterized by recurrent, circumscribed,
transient and non-iicting edema of the skir and edema of the mucosa of the
gastrointestinal and upper »espiratory tracts. Involvement of bowel sucous
membranas leads to acute atiacks of abdominal pain wich associated vomiting
.and occasfonally diarrhea. When the edema aftects the upper respiratory tract
there {s a great risk of death by asphyxiation.

Hereditary angfoneurotic edema fs an autosoma) dominant disease. The onset of

symptoms commonly occurs in {nfancy or childhood. Acute attacks usually last

-from one to about four days and may be separated by perfods of remission

ranging from days to years. Prodroma) symptoms are sometimes reported and

vary from patfent to patfent and from site to site. Triggering factors are

g;; clezr’-'ly understood. Edema of allergic origin has to be distinguished from
s entity.

Hereditary angfoneurotic edema has been shown to be due to an fnherited
‘deficiency of the functional plasma inhibitor of the activated first component
(C1) of the complement system. The spisodic swellings are secondary to a
deficiency of this C)-esterase inhfbitor. C1 {s normally found fn the serum
in an Inactive stats but under certain condftions becomes activated and then
triggers the complement cascade. Cl-esterase fnhibitor closely. regulates the
o initia) reaction of the cascade. A deficiency of this enzyme may thus lead tc
N an uncontrolled activation of —_—
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS
REVIEW AND EVALUATION OF WARGFACTURING COXTROLS DATA

Chemist Review #4

Date Completed: December 8; 1986

NDA #:  19-280, 19.281

App!icant : Kabi Vitrum Inc.
Igdress: 1311 Harbor Bay Parkway
Alameda, CA 94501
Tel (415) 769-4650

AF#: Not loacatec on microfiche in Records (will check computer when
up.)

Product Name(s):

Proprietary: Cyklokapron Tablets

Nonproprietary: Tranexamic acid

USAN: Tranexamic Ac1d

Compendium: None

Code Name and/or Number: Trans AMCA is the code name for tranexamic
acid (USAN),

Doscge form(s) and Route(s) of Administration:

Oral tablets, 500mg
Pharmacological Catgory and/or Principal Indication:

To be used as an antifibrinolytic agent. the mechanism is considered
to be an inhibitfon of the plasminogen activation.

Structural Formula and Chemical Neme: Refer to Chemist's Review #1
for NDA 19-280.

Initial Submission: 5/7/84
Recefpt (BD) May 9, 1984
Receipt: Center, May 23, 1984
Assigned: 5/25/85
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C. Remarks:

The two NDAs 19-280 and 19-281 have been dealt with together in terms of
tt2 validation of the anslytical methods cwing to their similarity of
principle and practice. Juestions that are currentiy outstanding are

not=d to apply to both.
fssues is possible at thi

p. Conciusions:

This application continues to be approvable from the stand

chemistry and manufacturing control matters.
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