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Figure 4. Mean (£5.D) 45 Minute ACT (seconds) by GFR Category.
Controlled Studies C92-304-1 and C92-304-2 Combined
bivalirudin
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— Degree of Renal Impairment

' Using data from the Phase 3 studies, each of the following factors was evaluated with respect to

its ability to account for the variability of bleeding rates in bivalirudin-treated patients: GFR
category (normal, mild renal impairment, moderate renal impairment, and severe renal
impairmerit), gendcr (malc, female), and age (<65 265). A total of 1914 bivalirudin-treated
patients with nor--mlssmg data were included in this ana.lysxs For each covariate and
combination of covariates a coefficient of vanatxon (R ) was calculated usmg a logistic regression
model and the method proposed by Nagelkerke *. Using this method R is scaled to have a -
maximum value of one, corresponding to the case where all variability is accounted for by
covariates. in the logistic model. Results from this analysis are presented in Table 3.
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Table 3: Bleeding Covariate - . —

Analysis B
EXPLANATORY VARIABLE(S) - R? —_—
GFR category . 0.054-——
Gender o B 0021
Age o 0027 -
— GFR category and gender 0.063
— GFR category and gender 0.057
Age and Sex T o042
GFR category, gender, and age - 0.066

Results from this analysis mdlcate that GFR category accounts for twice the variability in

bleeding as either sex or age (R =0.054 versus 0.021 and 0.027, respectively). In addition, GFR
category alone accounts for nearly all of the variability accounted for by all three covariates

together (R*=0.054 for-GFR categorv versus 0.066 for GFR category, gender, and age).

'However, GFR category does not fully account for the increased bleeding risk in females.
Adjusting for GFR category and age, females are significantly more likely to experience a
bleeding event than males, as evidenced by an odds ratio (95%CI) of 1.75 (1.02, 3.02). Adjusting
for GFR category and sex, patients 65 years of age and older are not significantly more likely to

have a bleeding event than patients less than 65 years of age [odds ratio (95% CI) of 1.49(0.77,
2.88)]. -

Rationale for Blvallrudln Dosing Recommendatlons m Renal
_Impalrment

The evidence from the pharmacokinetic and pharmacodynamic data in renal impairment
indicates that there is a need to reduce the dose of bivalirudin in renal impairment. Elderly
patients have reduced glomerular filtration rates and dose reduction is also indicated for elderly —
patients on the basis of their GFR. Total bivalirudin clearance will be reduced in direct :
‘proportion to the degree of renal mpamnent. For a drug with a narrow therapeutl& indication
this would necessitate dose reductions in direct proportion to the degree of renal impairment.

For bivalirudin the pharmacodynamic data in renal impairment and the analysis of incidence of

- major hemorrhage versus calculated GFR in the phase III data provides evidence that dose
reduction is only required in patients with moderate and severe degrees of renal impairment
(GFR<60mVmm, <Iml/sec). In these patients the same loading dose should be used, followed by
reduction in the maintenance infusion dose according to the degree of renal impairment.

Similarly for elderly patients (>65 years of age) GFR should be estimated using the Cookcroft and
Gault formula and the maintenance dose reduced on the basis of the calculated GFR, if this is less

- than 60ml/mm or 1ml/se glomerular filtration rate can be estimated using the Cookcroft and
Gault formula:

o,
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(140-age) x weight (kg)
GFR(ml/s)}= 48869 x plasma creatinine (mmol/L) _ (x 0.85/for females) _

Dose Adjustment Proposal to be Included in Label

Renal Function Initial infusion for 4-
(GFR mU/min) Bolus - hours
Nomal renal functon 1img/kg 2.5mg/k
290 mUmin oh
* Mild renal impairment 1mg/kg 25mgk

B 60-90 mi/min oh
Moderate renal impairment - 1mg/kg 125 mgkgh
30-59 mVmin
Severe renal impaiment 1mg/kg 0.5 mgkgh
10-29 mi/min
Dialysis dependent patients 1mg/kg 0.25 mg/kgh
{monitor ACT)
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Figure 3: Maximum BG8967 concentrations and steady-state aPTT measurements (C90-041)
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Similar aPTT Ep, values are obtained for Hirulog doses of 0.6 mg/kg/h and 1 mg/kg/h while plasma
bivalirudin mean Cmax value for the 1 mg/kg/h dose was approximately twice the value for the -
0.6 mg/kg/h dose.

~ Even with the uncertainties related to the specificity of the ELISA assay, these results strongly support that
bivalirudin concentrations are needed for -aecurate comparison of Hirulog formulations and-that aPTT
measurements are not suitable to link the data from C93-310 and C93-316. Significant differences m aPTT
measurements are reported due to differences in commercially available aPTT reagents (6-9).
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4. STUDY PATIENTS ' .
o Eleven patients are reported in this interim analysis; 8 males and 3 females.
e All patients enféred in the study received study drug (bivalirudin) and so these patients comprise:
the Study Population.
» For the GFR subcategones, there is one patiént with moderate renal xmpa.lrmem, 5 patients with -
— mild renal impairment and 5 patients with normal renal function.
" All patients received study drug (bivalirudin bolus and infusions). However one patient was
under-dosed by 17% and one patient had their infusion start 44 minutes after their bolus dose.
e Protocol deviations were infrequent and did not affect the study results. The most common —
~ deviation was-missing a blood sample (not taken) or an ACT test (failure of the Hemochron® or
msufﬁc1ent ‘sample)- —

Individual patient data and patient demographics are given in tables 1 and 2 respectively.

4.1 Patient Data.

Patients were pre-stratified according to their sex and calculated GFR. Once a potential patient for the
-study was identified the Study Project Manager was contacted to check that a patient of a given sex
and GFR was required from fkat site.

It was planned for each centre ta recruit 15 patients; 7 or 8 males and 7 or 8 females; 5 patients with
normal renal function (i.e. calculated GFR 90+ ml/min), 5 patients with moderate renal impairment

(i.e. calculated GFR 60-89 ml/min) and 5 patients with mild renal impairment (1.. calculated GFR
30-39 ml'min). Within each of the two categories of renal impairment, 3 sub-categories were defined

to ensure a spread of GFR values within ach group. Ideally no more than one patient per sub-
category per centre per sex was required. The goal was to obtain a spread of calculated GFR values

for each gender. _ ' T T
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- Table 1 summarises the patient entry information.

Table 1
Individual Patient Data

28June 1999 00GCC .0

Green Lane Hospital pétients: 401-407; Flinders Medical Centre patients: 501-504;

Renal function | Calculated GFR | Age at Study Sex Patient
category (ml/min) Entry (years) -~ | Number
[ Normal 151.3 155.2 M 405
-Normal 114.5 52.0 M 403
Normal 104.3 56.3 M 404
Normal 103.0 51.8 F 407
Normal 95.6 55.5 M 503
Mild impairment | 86.1 50.4 M 402--
Mild impairment | 85.4 67.5 M- 501
Mild impairment | 76.3° - 65.9 M 502
Mild impairment | 71.5 70.0 M 401
Mild impairment | 64.8 654 F 406
Moderate 36.3 77.7 F 504
impairment ‘
o APPEARS THIS WAY
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~ Table 2 outlines the demographic characteristics of the study population: -

Bivalirudin PK/PD Study TMC98-09  Interim Study Report 28 June 1999

4.2 Patient Demographics

e Demographics of the two patient populations are similar. -

Table 2 o

Demographic Characteristics (Study Population)

Characteristic - All Patients Green Lane Site Flinders Site
) N (%) TN (%) N (%)
Number of patients 11 (100%) . |— 7 (64%) 4 (36%)
" Gender: Male 8 (73%) 5(71%) : 3(75%)
Female 3(27%) 2(29%) 1.25%)
GFR (ml/min): '
30-59 . 1 (9%) - 0 (0%) - 1 (25%)
60-89 5 (45%) B 3 (43%) 2 (50%) !
90+ 5 (45%) i . 4(57%) 1(25%) '
Mean age (years) 60.7 ' 57.3 - 66.6
Mcean 126.5/75.0 127.1/75.7 125.0/73.3 :
systolic/d:astolic BP | - : i
(mmHg) : — ' ;
Mean weight (kg) 82.4 B 89.1 - 70.5

One patient (405) had Non-Insulin Depcndént Diabetes Mellitus.

e - -—

4.3 Protocol Deviations

- Two patients-at the Green Lane Hospital site did not receive their treatment as perthe protocol.
One patient (401) had a 17% reduction imrthe dose of bivalirudin in their infusion, due to a
counting error in the number of bivalirudin vials added to their infusion bag (i.e. 5 vials of
bivalirudin were added to the infusion bag instead of 6). Another patient (407) received their

bolus dose but the infusion was not started until 44 minutes later.

e For ACT tests, three patients had one timepoint where either a blood sample was not taken or the
corresponding ACT test result was unavailable. The ACT tests failed either because the sample
taken was too small or the battery was too low. However, due to the
number of other timepoints available, the pharmacodynamic calculations were not affected.
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5.1 Mean Bivalirudin Plasma Concentrations and ACTs during Infusions of 2.5 mg/kg/hr and
0.5 mg/kg/hr

e Plasma concentrations were similar for patients with normal renal function and those with mild
_ renal impairment, achieving steady state of 15-20 pg/mi at the 2.5 mg/kg/hr dose and 4-6 pg/mi
at the 0.5 mg/kg/hr dose.in most patients The patient with moderate renal impairment had higher

plasma concentrations of bivalirudin, with a steady state of around 30-40pg/ml at the 2.5mg/kg’hr
dose, and 13-16 pg/ml at the 0.5 mg/kg/hr dose

e ACT values were sxrmlar in all groups, achieving a steady state of around 350 seconds with the
2.5 mg/kg/hr dose and around 220 seconds during the 0.5 mg/kg/hr infusion.

- Meaa bivalirudin concentrations and ACT values at each of the timepoints measured are given for

patients with normal renal function (Table 3), mild renal impairment (Table 4) and moderate renal
impairment (Table 5) and presented graphically in Figures 1, 2 (kinetics) and 3 (dynamics).
Individual patient plasma concentrations are given numerically and graphically in Appendix Ia and II.

Individual ACT values are given in Appendix II] and IV. Individual bivalirudin urine concentrations
are given in Appendix Ib. -
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Fig.1 - Mean (+/- SD) PIasmL Bivalirudin Concentrations for Patlents with Normal
Mild Renal Function
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA:20-873 ' Submission Date:
Hirulog® (Bivalirudin) Injection December 29, 1997
_ January 31, 1998
— - February 25, 1998
March 25, 1998
May 11, 1998 NOV 1 9 JeS
Sponsor: Quintiles for Medicines Company, Reviewer: Arzu Selen, Ph.D.
Cambridge, Massachusetts

Type of submission: Original NDA

Code: 1S - N -

BACKGROUND

Hirulog, originally developed by Biogen, Cambridge, MA (patented March 23, 1993) was acquired by the
Medicines-Company, Cambridge, MA, in March 1997. Following a meeting with the Agency in August
1997, the Sponsor submitted the Hirulog NDA, NDA 20-873, on December 29.

Hirulog (bivaluridin, BG8967) is a completely synthetic 20 amino acid peptide, claimed to be a direct and -

specific thrombin inhibitor. The Sponsor has proposed use of Hirulog as an anticoagulant in patients
undergoing percutaneous transluminal coronary angioplasty (PTCA) and has evaluated Hirulog against
heparin in this patient population. The Sponsor also claims an advantage over heparin that Hirulog can be
used ir patients with heparin-associated thrombocytopenia (HAT) and heparin-induced thrombocytopenia
. and thrombosis (HITTS). In the NDA, the Sponsor claims better safety but similar efficacy profile to

heparin. However, as heparin is not an approved treatment for anticoagulation in PTCA patients, safe and
" effective use of Hirulog for this indication was identified as one of the topics to be discussed at the advisory

committee meeting. : '

This review is based on the clinical pharmacology and biopharmaceutics information submitted in the NDA

and the subsequent 4 amendments made by the Sponsor in January, February, March and May 1098. In
addition. in this review, occasional references are made to the Sponsor’s recent amendment dated October
19,-1998 to identify the additional information provided by the Sponser before the Advisory Committee
Meeting took place on October 23d 1998, This most recent amendment provides responses to some of the
questions that were raised earlier and also informs of ongoing work by the Sponsor. However, even with
this amendment there are still outstanding issues that may be addressed in the future if the Sponsor would
wish to continue development of bivalirudin. Because of unresolved issues, an adequate assessment of the
clinical pharmacology and biopharmaceutics information of the Hirulog NDA 20-873 can not be made in
this review. Nevertheless, the available information is presented in order to provide a scope of the
submission and also to indicate the areas identified for further assessment. -
Following the advisory committee meeting on October 23rd, 1998, the clinical division has decided not to
approve biva.irudin based on lack of sufficient safety and efficacy data.

Hirulog NDA 20-873 1
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Since submission of the Hirulog NDA 20-873, five amendments were made by the Sponsor (January 31,
February 25, March 25, May 11, and October 19, 1998). : ;

The first amendment, dated January 31, 1998, was submitted by the Sponsor prior to communication of
the comments raised during the NDA 45 Day Filing Review. This amendment consisted of CMC stability
data and a diskette of individual plasma bivalirudin concentrations obtained from Hirulog pharmacokinetic
studies (C90-010, C90-G41, C91-016, C92-305, C92-306, C93-310, C93-313, and C93-317). In this
amendment, it was indicated that Study C91-016 included on the diskette had not been included in the
NDA. As there is no other information supporting the data provided for C91-016, and because of pending
assay method related questions (including non-specificity of the assay), a review of this data file is not
included in thisTeview. .

The items noted during the 45-Day Filing Review of the Hirulog NDA included issues related to analytical
methods, calculation of pharmacokinetic parameters, data interpretation (such as period and formulation
interaction), c\(aluatiBn of drug-drug interactions, and dose-adjustment in renal impairment (recommended
in summary documents but not reflected in the proposed package insert). These items were communicated
to the Sponser in the FDA letter dated February 11, 1998. -

In Sponsdr's February 25, 1998 response, some of these items were addressed while other items were
acknowledged to be outstanding by the Sponsor. The FDA'’s response to this amendment was on March
17. 1998. i

On March-24, 1998, the Sponsor provided via fax a copy of a published article as the proposed study
design for the in vitro drug-drug interaction study (1) in response to ome of the items raised in the FDA

lewer dated February 11, 1998. The proposed study design was considered acceptable and this was

communicated to Ms. Julieann DuBeau, the Consumer Safety Officer, ot March 24, 1998.

The Spensor submitted a third amendment, dated March 25, 1998, to address some of the remaining issues
raised in the FDA February 11, 1998 letter. -

Finily. 2 paper copy of the in vitro metabolism article, sent to the Agency via fax on March 24, 1998 was
submitted by the Sponsor and included in the May 11, 1998 Amendment.

Third and fourth FDA letters (dated May 19 and June 15, 1998) were sent to the Sponsor listing
outstanding items fromn the previous Agency lerters and requesting additional information-and clarification
fori:ems .hat were-noted during continued review of the Hirulog NDA 20-873-—Some of-these items such

as clarification of specificity of bivalirudin assay and information regarding assay method and sample. -

handling had been requested from the Sponsor in the FDA Febmary»_ll, 1998 letter.

The Sponsor’s recent amendment, dated October 19, 1998, addresses most of the issues that were raised
in earlier FDA letters although in this amendment the Sponsor has indicated that additional work is ongoing
1o address bivalirudin assay related issues. S

SYNQPSIS

Hirulog, a 20 amino acid peptide is similar to hirudin as it inhibits thrombin-mediated or associated
processes or functions, however, unlike hirudin, binding of bivalirudin to thrombin is reversible and its

Hirulog NDA 20-873 — : ' 2



from medicinal leech, hirudo medicinalis, inhibits thrombin by forming a complex which is more effective
in inhibiting clot-bound thrombin in vitro than the heparin-AT III complex (3). As an anticoagulant,
modeled after hirudin, an advantage of Hirulog over heparin is claimed to beits ability to act on free and
- fibrin-bound thrombin (4).

The proposed dosage form of Hirulog is 250 mg lyophilized powder for solution. In the proposed package
insert, Hirulog is recommended to be administered to patients as a 4 h infusion, at an infusion rate of
2.5 mg/kg/h with a 1 mg/kg iv bolus dose administered immediately after initiation of the infusion. After
completion of the 4 h infusion period, Hirulog infusion could be extended at 0.2 mg/kg/h rate for up to
20 h, as clinically warranted. The Sponsor has indicated that this recommendation is based on data from
2161 Hirulog-treated patients studied in two randomized, double-blind studies comparing Hirulog and
heparin in a total of 4312 patients undergoing PTCA for treatment of unstable angina. The Sponsor's
- analyses of these efficacy trials show that Hirulog has a similar efficacy but better safety profile than
heparin. However, at the Advisory Committee Meeting, higher bleeding events observed with heparin
were atributed to aggressive use of heparin in these patients while acknowledging that heparin has not been
approved for this indication.
A review of the summary documents (Sections 3 and 6 of the NDA and the supporting clinical
pharmacology smdy reports) shows that pharmacokinetic and/or pharmacodynamic data were obtained from
a small number of studies over a dose range mostly lower than the recommended clinical dose. Although
a limited number of pharmacokinetic studies were conducted, efforts were made to study bivalirudin
pharmacokinetics in patients with renal impairment and also in volunteers undergoing dialysis.

The specificity of the assay method for bivalirudin has not been adequately addressed by the Sponsor, and
2s a result the pharmacokinetic parameters provided by the Sponsor can not be considered meaningful.
Furthermore, in the recent amendment (October 19, 1998), the Sponsor has included a 1994 dated draft

enzivucal report (Attachment 8 of the Amendment) where an attempt was made to characterize bivalimdin —

=1

sizboliies in plasina by wewess MS. As indicated in this report, bivalirudin could be determined in the
~-plasma samples of the volunteers. In addition, bivalirudin related 4 to 7 analytes were detected in the
asidose plasma samples and structures were proposed for 4 of these analytes. The identity of these
-~ meizbolites could not be confirmed in this siudy, possibly due to lack of reference materials at that time.
Based on this draft reporz, the Sponsor could utilize the existing LC/MS assay method for accurate
"characterization of bivalirudin concentrazicn and pharmacokinetic parameters. '

e

In the following scctioiifa summary of the available information on Hirulog and key points for future
considzrations are presented.

Absorptiop: ‘ T .

As Hirulog is an injectable formulation for iv administration, bioavailability issues are not anticipated. A
subcutzneous formulation has been evaluated in earlier studies but is not included in the current NDA
sutmission plan.

Distribution:
Distribution volume of bivalirudin is stated to be small (approximately 0.2 L/kg, Volume 1.002 page 137).

Th's appears 1o be consistent with its protein-binding characteristics, as bivalirudin is indicated not to bind
te plasria groteins except thrombin.

Hirulog NDA 20-873 ' T 3



Since assay specificity has not been demonstrated and information in the recent amendment (October 19,
1958) indicates the likelihood of circulating metabolites of bivalirudin in plasma (which may also be
detected by the ELISA assay used in this submission), the bivalirudin distribution volume, as reported in
this review, is considered to be descriptive and not suitable for labeling purposes.

Metabolism and Elimination:

Metabolism or routes of excretion of bivalirudin were not studied in humans. However, literature articles
are included in Section 6 describing catabolism of proteins (5). It is conceivable that-as a peptide,
bivalirudin is most likely proteolytically metabolized to individual amino acids. In preclinical swdies, it
was noted thata significant portion (approx. 80%) of the radiolabeled bivalirudin was recovered within the
first day of dosing (P90-035, P8967-93-13).

It is claimed that bivalirudin is rapidly and completely excreted with estimated elimination half-life ()
vaiues ranging from 20 to 40 minutes (Volume 1.038, page 7). Accumulation of bivalirudin is not
expected with the recommended dosing regimen even though bivalirudin clearances were lower in Datients
than those seen in healthy volunteers. Lower clearance of bivalirudin in patients may be due to ths health
stztus of the patients. However, it is also possible that this observation may reflect dose-depenczncy in
bivaluridin clearance as the doses studied in volunteers were lower than the clinical dose and this may
warrant further exploration if higher doses of Hirulog are intended for clinical use.

A specific assay should be used for-quantitation of bivalirudin and this would allow characterizzton of
disposition of bivalirudin. The LC/MS assay method provided in the October 19, 1998 ame=dment
(A=achment 8) could be utilized for accurate quantitation of bivalirudin concentrations and tereby,
accurate assessment of bivalirudin elimiration half-lives and clearances and furthermore, this me:hod or
its 2rimized version may be able to provide information on circulating putative bivalirudin metabclites (4
t0 7 Eivalirudir related analytes) in plasma. :

Drug-Brug Interaction Studies:

In z25ponse to the FDA request, in March 1998, the Sponsor proposed an in vitro metabolism sudy to

explore the potential of possible drug interactions with bivalirudin. A draft report of the results of this

stedy are included in the October 19, 1998 amendment. A preliminary review of this report skows that
- bivalirudin is urlikely to inhibit the activity of the major human p450 enzymes: a -

The Sponsor has claimed that no adverse events were observed in PTCA patients in the efficacy trials that

could suggest drug-drug interactions, particularly with chronic prophylactic anticoagulants, thrombolytics,

ar. other agents. —- , o
In the clinical trials, C92-304-1 and C92-304-2;the sponsor reports a higher incidence of major bleeding
¢ :nis in patients receiving heparin, warfarin, and other thrombolytics in addition to Hirulog than patients
wio received Hirulog alone. However, the Sponsor has also claimed that occurrence of major bleeding
events were lower in patients randomized to Hirulog (including patients with concomittant thrombolytic
administration) than the patients randomized to heparin. The further assessment of this claim is expected
to e in the safery assessment of the medical review of this NDA. ”

Ir. zddition, potential of interacdon of bivalirudin was studied with heparin and aspirin, respectivziy. in two

Hirulog NDA 20-873 : 4
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studies, C93-317 and C90-010. Lack of an appreciable effect of aspirin on bivalirudin pharmacokinetics
anc pharmacodynamics is reported. Again uncertainty regarding analytical methods preclude further-
assessment of these results. When switching from continuous iv infusion of heparin to bivalirudin, a
transient increase in activated partial thromboplastin times (aPTT), and from bivalirudin to heparin a

transient decrease-in aPTT was observed (and is reflected in the prog .s=d package insert).

~ Patients with renal impairment and patients undergoing dialysis:

-~ Slower clearance of Hirulog in patients with moderate to severe impairment (GFR < 60 ml/min) was noted
and this is also stated in the proposed package insert. In addition, a dose-adjustment recommendation is
-made for patients undergoing dialysis (Study C93-313). ’

As communicated to the Sponsor earlier, dose-adjustment recommended for patients with severe and
moderate renal impairment in the summary documents needs to be also reflected in the package insert.

In study C93-313, 0.5 mg/kg/h doses of bivalirudin were administered for 4 h to normal subjects and
patients with varying degrees of renal impairment. The recalculated “clearance™ values of bivalirudin is
approximately 4-5 ml/min/kg in subjects with GFR values equal to or greater than 60 ml/min. Whereas

—  in subjects with GFR values berween 30 to 59 ml/min and GFR values less tha;'t—"30 ml/min, the mean (SD)
bivalirudin “clearance” values were 2.41 (1.47) and 1.11 (0.46) mi/min/kg, respectively. In dialysis
peients, the mean (SD) bivalirudin “clearance” values were 0.83 (0.44) ml/min/kg for patients off-dialysis
ard 1.81 (0.63) ml/min/kg for patients on-dialysis.

In response to the Agency’s request, the Spomsor has proposed a dosing scheme for bivalirudin in
Autachment 6 of the October 19, 1998 Amendment. The proposed bivalirudin dose for the patients with
GEFR values equal to or greater than 60 ml/min is 2.5 mg/kg/h for 4 h (plus 1 mg/kg iv bolus dose) and
-7 petients with GFR values 30 ml/min to-59-ml/min, the proposed bivalirudin dose is 1.25 mg/kg/h for
+ & plus 1 mg/kg iv bolus dose). - And for patients witk GFR values less than 30 ml/min, the proposed
bivalirudin dose is 0.75 mg/kg/h for 4 h (plus 1 mg/kg iv bolus dose). It is important to note that even
the proposed adjusted dosing scheme is based on doses higher than the dose evaluated in the renal
imrairment swudy, C93-313, and is based or-approximations. Furthermore, unresolved analytical issues
such as use of a nonspecific assay, preciudes an accurate determination of Clearance values. The proposed
dosing schzme is considered unacceptable and needs to be further studied in a relevant clinical setting
foliowing quantitation of bivalirudin by a specific assay. - B

égg quivglgﬁ‘gg’gf Hirulog Egnnr 'ﬁ]a:ﬂ_g»ns -

Specificity of the bivalirudin assay as well as other analytical method related issues need to be Tesolved
prior to further evaluation of bioequivalence of Hirulog formulations. In this NDA, the Sponsor refers
10 two studies (C93-310 and C93-316) to lirk the clinical trial formulations to the proposed injectable
product. Because of the peptide nature of the product, it is possible that differences in manufacturing
processes may result in Hirulog batches with different antithrombin activity. As a result, to ensure
<.at the clinical trial formulations and ferrulaticns tested in Phase I and preclinical studies were
comparable and linked, during early development of Hirulog, Hirulog formulations were compared in
clinical bioavailability/bioequivalence studies. The major assumption in these studies was that -
—comparable plasma bivalirudin concentrations, as determined by an ELISA assay, reflected the

antithrombin activity of these Hirulog products. -

-~ Hirulog NDA 20-873 -5



~ In Study C63-310, the pilot scale frozen Hirulog formulation (Lot 67Z01S), used in efficacy trials was
compared against the-pilot scale synthesis, lyophilized Hirulog. formulation (Lot 67Z04S).

s In Sudy C93-316, intended to be the pivotal bioequivalence study, the two formulations of Hirulog, pilot
scale frozen formulation (Lot 67A04Z) and commercial-scale synthesis lyophilized formulation (Lot
67A02Q) were compared. However, because of lack of temperature control, the Sponsor has indicated that
bivalirudin concentrations could not be measured in Study C93-316. Subsequently, the Sponsor has
B amended the report for Study C93-310 to reflect the reanalysis of data (calculation of 90% confidence
~_intervals for bioequivalence assessment) in order to support the bioequivalence of the lyophilized
‘formulation (commercial scale synthesis) to the frozen formulation (pilot scale). '

The Sponsor has proposed linking of the two studies C93-310 and C93-316 based on aPTT measurements.
However, as discussed in the main review section, bivalirudin concentrations-are needed for accurate
comparison of Hirulog formulations and that aPTT measurements are not suitable to link the data from
C93-310 and C93-316 to support comparability of Hirulog products. '

Furthermore, during review of this NDA, the Sponsor has also indicated that they can no longer T
_manufacure Hirulog injectable product according to the method submitted in this NDA and they need

to modify the manufacruring method. As a result, if the Sponsor decides to continue with development

of bivalirudin, and will not use the data in this NDA for future submission(s), then the bioequivalence

RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceutics/Divisions of Pharmaceutical Evaluation II and
II! hzve reviewed the clinical pharmacology and biopharmaceutics information of the Hirulog NDA 20-873
and the responses from (=== . dated February 25, March 25, and May 11, 1998. The i:formation
ne2dad for complete review of Hirulog NDA 20-873, requested in several FDA letters dated February,
March ard June-1998 were not available during review of this NDA. Although some of the responses to
22 questions raised by the Agency have been provided in the Sponsor’s October 19, 1998 submission. in
the same amendment, the Sponsor has also indicated thar they will continue to work on assay related issues.
- I7 the Sponsor decides to continue development of the Hirulog injectable product, then it is important that
the -Sponser—disqusses the issues raised below with the Office of Clinical Pharmacology and.
Bicpharmaceutics. The primary issues that were noted during review of this NDA are the following:

 The Sponsor has reported that clearance of bivalirudin in patients with renal impairment is significandy
lower than that of the patients with normal renal function and had proposed dose-adjustment in these
patients in summary documerts but not in the proposed package insert. In response to the Agency’s
requast, in the October 19, 1998 Amendment, the Sponsor has proposed a “questionable™ dosing
scheme for patients with renal impairment and for patients undergoing dialysis. The dosing scheme
proposed by -the Gponsor is considered questionable because it refers to doses not even tested in the
renal impairment study and furthermore, issues related to non-specificity of the ELISA assay have not
been resolved. As a result, accuracy of bivalirudin clearance estimates is unknown. The Sponsor has
indicated that they will be continuing to work on assay related issues.

- If he Soonsor cecides to continue development of bivalirudin, it is recommenced that the Sponsar

Hirulog NDA 20-873 -6



- conducts a pharmacokinetic/pharmacodynamic study in patients with renal impairment, and use a
specific assay (such as the LC/MS method used in the October 1998 Amendment) for quantitation of
bivalirudin. This study may be conducted according to the OCPB guidance (Guidance for Industry:
Pharmacokinetics in Patients with Impaired Renal Function-Study Design, Data Analysis, and Impact
-on Dosing anu Labeling) and per guidance, it will include control group subjects as well as patients
with renal impairment. Use of a specific bivalirudin assay in this study will allow accurate assessment

of bivalirudin pharmacokinetic parameters and appropriate dosing recommendation for this patient
population. .

The renal impairment study may be conducted in control group of volunteers (both male and female)
receiving 0.5 mg/kg/h dose of bivalirudin for 4 h and PTCA patients with normal and impaired renal
--function receiving the following bivalirudin doses for 4 h. The recommended Hirulog doses for the
PTCA patients would be 2.5 mg/kg/h, 2.0 mg/kg/h, 1.0 mg/kg/h and 0.5 mg/kg/h for the patients with
normal renal function (GFR >80 mV/min), mild renal impairment (GFR: 50-80 mV/min), maderate renal
impairment (GFR: 30-50 ml/min) and severe renal impairment (GFR <30 ml/min), respectively. In
addition to collection of blood at specified times, all urines voided during the study must also be
collected. The Sponsor is encouraged to discuss the renal impairment study protocol with the Agency.

* In addition, the draft report on LC/MS analysis of bivalirudin metabolites in plazma included in the
October 1998 Amendment, suggests that additional metabolite isolation and identification efforts ma
- be warranted. :

- /S/ fon

\

Arzu Selen, Ph.D.
Deputy Director,
Division of Pharmaceutical Evaluation III
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Director, DPE II :
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Atachment C: Synopses of the Hirulog studies submitted by the Sponsor

Hirulog (bivaluridin, BG8967) is a completely synthetic polypeptide with the following sequence of amino
acids:

'D-phenylalanyl-L-prolyl-L-arginyl-L-prolyl- glycyl-glycyl-glycyl-glycyl L-aspargyl-glycyl L aspartyl-L-
phenylalanyl-L-glutamyl-L-glutamyl-L-isoleucyl-L-prolyl- L-glutamyl-L-tyrosyl-L-leucine trifluoracetate
(salt) hidrate. Molecular weight of bivalirudin is 2180.19 da}tens Itis clalmed to be readily soluble in

Walar., —

Hirulog was developed as a direct-acting A‘f HI independent thrombin inhibitor.

Hirulog and hirugen were developed after hirudin, a 65 amino acid polypeptide. Hirudin binds to thrombin
at its catalytic site and also at its anion binding exosite by an anionic tail fragment. Hirugen; a

-. dodecapeptide comprising of amino acid residues of 53 to 64 of the C-terminal region of hirudin, exerts

its antithrombin activity by its interaction With the anion binding exosite of thrombin (5). “The binding of
hiruger: to thrombin blocks fibrinogenolysis without affecting Factor V activation or the amidolytic activity
of the enzyme. The advantage of Hirulog over hirugen is that it has a tctrapcpude region, D-Phe-Pro-Arg-
Pro. that interacts with the catalytic site of thrombin. This tetrapeptide is linked to a fragment identical
10 the anion bindirg tail fragment of hirudin by a polyglycyl linker. As a result, bivalirudi achieves
inkibition of both the fibrinogenolytic and amidolytic activities.

Th= amino acid sequence of bivalirudin is as follows:

D-Phe-Pro-Arg-Pro Asn-Gly-Asp-Phe-Glu-Glu-lle-Pro-Glu-Glu-tyr-Leu
R (Gly4

Catalytic site Hirudin tail fragment
Biring regiou

Hirulcg NDA 20-873 8



Bivalirudin has been shown to have activity on free and clot-bound thrombin ).

The formulation history of Hirulog and a list of studies conducted to evaluate Hirulog formulations are

‘provided in Attachment A.

The IND o======was for a frozen preparation using mannitol-phosphate buffer formulation which was
originally prepared as a 1 ml product and later produced as a 4-ml product (100mg/vial). Three sites
manufactured the frozen product. Bioferon frozen product (manufactured in Germany) was used in Phase
I studies, UCB-Pharma frozen product (manufactured in Belgium) was used in Phase I/II studies and
Biogen frozen product (manufactured in USA) was used in Phase II/III studies.  _

The Sponsor reports three methods of synthesis dhring development of Hirulog: 1/ a solid-pﬁase peptide
synthesis method, 2/'a homogeneous-phase peptide synthesis on pilot scale and 3/ a modified homogzneous-
phase peptide synthesis on commercial scale.

The Sponsor indicates that the purification step is identical procedures in 1, 2 and 3. The differzaces In
Processes 2 and 3 are indicated to be the choice of protecting groups and the strategy of asscmbly_ of the
sub-fragments. The Sponsor claims that the pilot scale lyophilized product evaluated in C93-310 and the
commercial scale chemistry lyophilized product evaluated in C93-316 are identical.

In additon to the Hirulog lots tested in the NDA, three additional lots of Hirulog (Lots 41692, 41693 and
42376) were manufactured for use in clinical trials. The FDA field investigator has noted that ttese lots
wzre manufactured under non-GMP conditions and were made according to a slightly different

mznufzcruring process than that used for all the lots used in the NDA studies. Because of the difficulties
in this manufacturing process, e = (the manufacturing contract laboratery) has

~proposed 2 modified method for preparation of future lots. This process has not been submitted for CMC

r2view, although a brief description was provided to Dr. A. Shaw, Chemistry Reviewer, in a meetng with

" the Sponsor on July 27, 1998. This prccedure is expected to be used to manufacture the cormmercial

product and all lots to be used for future trials. According to Dr. A. Shaw, the manufacturing procedure
uszd 10 nrepare the lots used inthe NDA trials, the procedure used to prepare the three lots (Lots 41692,

: 41693-a_nd7427376), and the proposed new comunercial procedure (July 1998) are similar enough such that

there is no reason to expect that these lots of bivalirudin drugproduct will not be bioequivalent as long as
ecuivalent antithrombin acivity is achieved with these products.

In response to the Agency's request, the Medicines Company has validated a chromogenic assay for
ass2ssment of antithfombin activity and has proposed a 42% to 52% spec, based on this validated assay.
In the bivalirudin lots used in the NDA studies, although there are unceitainties in the manner the specs
were deiermined, the antithrombin activity of these bivalirudin lots are claimed to be "45% to 50%".

Ttz proposed dosage form of bivalirudin is 250 mg lyophilized powder for solution in a 10 m] ===
glass vial. To reconstimte, 5 mi of water for injection (USP) should be added to each vial of lyophilized
Hirulog injectable product. Fcllowing dissolution of all the material in the vial, the reconstituted Hirulog
iniection will contain 50 mg/ml bivalirudin, sodium hydroxide, NF, 4.35 mg/ml, and mannitol, USP,
23 mg/ml The proposed new commercial formulation (July 1998) may also contain trifluoroaczdc acid
to adjusr the pH. -

Hirulog NDA 20-873 - 9
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Pharmacodynamic measurements: w
Methods/equipment used for the pharmacodynamic measurements are not described. This is particularly
i~ norant for across-study assessments. The aPTT measures are indicated to be performed at the clinical
siizs. some of which were in the United States and some of which were in England. The global coagnlation
meLi0ds are reported to be highly variabie and highly dependent on the systems and the reagents used for
measurements (6-9). The information supporting the pharmacodynamic measurements has been requested
from the Sponsor. ' '

In response to this question, in the October 19, 1998 Amendment, the Sponsor has provided information

on aPTT measurements from 5 clinical sites that participated in the Phase I Study, Study C90-041. This
information is included in Appendix B. _. -

4. An overview . o e . .

An overview of the submitted clinical pharmacology and biopharmaceutics studies is given in the ‘following
table, Table 2. Because of outstanding issues, data from the Hirulog studies cam not be considered final
and an in depth discussion or assessment of data from the individual study reports can not be provided.
However. to provide a scope of the conducted studies, synopses of individual study reports provided by
the Sponsor are included in Attachmen: C. Bivequivalence studies are also discussed in detail in this
section.

Hirulog NDA 20-873 -1



Table 2: A Tabulated Overview of Hirulog Clinical Pharmacology Reports

Voi.,
Study Number

Study title, methods

Comments

1.039
and
1.04,

1 C90-010

Title: A phase I, dose escalating study of BG8967 in
normal male volunteers. )

Methods: Doses of BG8967 were administered as a 15 ]
min iv infusion (0.05, 0.075, 0.15, 0.3 and 0.6 mg/kg),
as IV bolus (0.3 mg/kg) or as a 2 h infusion at a rate of

| 0.6 mg/kg/h. Twelve and twenty-four hour infusions of

BG8967 were at 0.3mg/kg/h dose with aspirin.

Subcutaneous doses of BG8967 (0.3 mg/kg, 0.6 mg/kg
_and 1.0 mg/kg) were also administered.

Plasma BG8967 concentration-time profiles could be
characterized only for the 0.3 and 0.6 mg/kg BG8967
doses. Anticoagulant activity was measured based on
activated clotting ime (ACT), aPTT, PT and TT.

This study is referred to in the
PI, as evidence of linear dose-
and concentration-dependent
-anticoagulant activity of
Hirulog. However, based on -
the actvated clotting time
(ACT), aPTT, PT and TT, and

| plasma BG8967 parameters

obtained at 2 doses, it is not

possible to claim linear dose-
and concentration-dependent
anti-coagulant activity. _.

Tite: A Phase I dose tolerability study of different
formulations of BG8967 given subcutaneously to normal
volunteers. ’

Methods: Tolerability of 3 s.c. formulations (BG8967
in phosphate buffer, NaOH or in TRIS)in healthy male
volunteers was evaluated.

Consistent with the study
protocol, there is no
pharmacokinetic information

Title: An open label, randomized, crossover study to. -
compare the pharmacokinetic profiles of two
formulations of BG8967 in healthy volunteers.

_ | Methods: Frozen formulation used in clinical trials and

refrigerated experimental formulation were administered
at 0.5 mg/kg/h dose for 4h as iv infusion in a
randomized cross-over fashion to héalghy male (n=10)
and female (n=10) volunteers. Blood Samples were
collected for BG8967 and aPTT measurements.

The Sponsor claims that the
pharmacokinetic parameters
are similar for the two
formulations (the refrigerated
formulation is not pertinent for
this submission). -

A difference berween the
formulations is in the increased
incidence of nausea with the
réfrigerated solution. A study
is. recommended for further
assessment. -

Hirulog NDA 20-873




Table 2 continued: A Tabulated 6verview of Hirulog Clinical Pharmacology Reports

pharmacokinetic profiles of two formulations of
BG8967 in healthy volunteers.

Methods: This study, although not initially intended, is
now being filed as the primary evidence of
bioequivalence of the frozen and lyophilized bivalirudin
formulations.

_BGB8967 frozen formulation used in clinical trials,
lyophilized BG8967 formulation or placebo (saline) was
administered to each volunteer at 0.5 mg/kg/h dose for
4h as iv infusion in a randomized cross-over fashion to
healthy male volunteers. Each infusion was separated
by 7 days and 3 months later, lyophilized formulation of
BGB8967 was administered as rechallenge. -~

Blood samples were collected to measure BG8967,
aPTT and antibody formation.

Assay method is described in the report but there is no
information on assay validation, assay performance
during sample analysis or effect of storage conditions on
samples.

In Sponsor's comparison of the two formulations of
BG8967, period and period and treatment interactions
were noted.

Vol., Study title, methods Comments
Study Number o
1.043, Title: A double-blind, randomized, placebo-controlled | One of the 2 planned phases
C92-306 study to determine the tolerability and to compare the was completed because of an
pharmacokinetic profiles of various formulations of “adverse event observed in one
BGB8967 in healthy volunteers. of the volunteers.
Methods: The study would be conducted in 2 phases. -
In Phase I, frozen BG8967 formulation used in clinjcal | Limited pharmacokinetic data
- trials or a placebo were to be administered at are provided.
0.5 mg/kg/h dose for 4h as iv infusion in a randomized .
cross-over fashion to healthy female volunteers. In
Phase II, volunteers would have received one of the 5 - .
formulations of BG8967 or placebo. Blood samples
were collected for BG8967 and aPTT measurements.
P 1.044, Title: A double-blind, randomized, placebo-controlled Following recalculation and
C93-310 study to determine the tolerability and to compare the reanalysis of pharmacokinetic

parameters, the source of
period and period*weatment
effect seen in some of the
pharmacokinetic parameters
was identified. Use of an
incomplete data set from one
of the subjects to estimate an

AUC value had resulted in this I

observation.

In addition, errors were noted
in calculation of AUC values.
Reanalysis of data and
recalculation of 0%
confidence intervals by the
reviewer, albeit remaining
analytical issues, supports the
Sponsor's conclusion that the
Hirulog formularions (pilot
scale frozen and commercial
scale chemistry lyophilized)
are bioequivalent. However,
analytical issues need to be
resolved to reach this
conclusion.

Hirulog NDA 20-873
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Table 2 continued: A Tabulated Overview of Hirulog Clinical Pharmacolog): Reports

Vol.,

Study Number

Study title, methods

Comments

1.045 and
1.046,

C93-313

| maintenance hemodialysis at least twice per week.

Title: A pharmacokinetic and pharmacodynamic study
of BG8967 in subjects with renal insufficiency.

Methods: BG8967 was administered to subjects with
normal renal function (n=8), mild (n=8, GFR: 60-89
ml/min/1.73m?), moderate (n=7, GFR: 30-59

| ml/min/1.73m?) and severe renal impairment (n=10,

| GFR: <30 mV/min/1-73m?). BG8967 was also infused
| to dmlysns—dcpcndent subjects (n=8) requiring

BG8967 doses, except two of the subjects with severe
renal impairment, were infused at 0.5 mg/kg/h for 4 h
and two doses (0.5 mg/kg/h and 0.25 mg/kg/h) of
BG8967 were evaluated in dialysis patients.

Blood samples were collected to measure BG8967 and
aPTT.

Dose adjustment is
suggested/recommended in
patients with moderate and
severe renal impairment. Also
bivalirudin can be dialysed and
dose-adjustment (a step-up
increase in infusion rate) may
be needed during dialysis.

1
!

Title: A double-blind, randomized, cross-over study to
determine the tolerability and to compare the
pharmacekinetic profiles of BG8967 injection prepared
usicg homogeneous-phase pilot chemistry versus
homogeneous-phase commercial chemistry

Methods: Hirulog formulations (pilot chemistry, frozen
and commercial chemistry, lyophilized) were evaluated
in healthy male volunteers. BG8967 formulations were
administered to each volunteer at 0.5 mg/kg/h dose for
4h as iv infusion in a randomized cross-over fashion.
-Each infusion was separated by 7 days. Blood samples ]
were collected to measure BG8967 and aPTT.

Urine samples were aiso collected. However, BG8967
is reported to be uastable in urine under the conditions
it was collected in this study. -

as discussed under——

Bivalirudin in samples could
not be assayed. The sample
integrity is indicated to be
compromised due to lack of
temperare control
(mechanical difficulties with
the air-conditioning unit).

Based on aPTT, E, and E,
values, both formulations are
claimedzquivalent. However, -{ -

bioequivalence studies, there is
also additional information
demonstrating that these
parameters are not as
discriminatory as bivalirudin
plasma concentrations and-can
not be used for bioequvalence
assessment.

Hirulog NDA 20-873
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Table 2 continued: A Tabulated Overview of Hirulog Clinical Pharmacology Reports

Vol.,
Study Number

Study title, methods —

Comments

1.048,

-C93-317

Title: An open label, randomized, cross-over study in
healthy volunteers to evaluate the interaction of BG8967
and heparin.

Methods: Subjects (n=6) randomly assigned to two
dosing sequences, received both treatments: heparin
followed by BG8967 or BG8967 followed by heparin.
Treatment periods were separated by 7 days.

Blood samples were collected to measure BG8967,
heparin and aPTT.

A 30 min. interval between
discontinuation of bivalirudin
and initiation of heparin is
recommended.

1.065. _
C94-321

'Tnle The antihemostatic effects of BG8967 in subjects

with renal faxlurc treated with chronic hemodialysis

Methods: aPTT measurements were made after iv
bolus, iv infusion and sc doses of BG8967. Different
dosing regimens, based on aPTT were evaluated.

Bivalirudin was well-tolerated
and results in a predictable
effect in patients on dialysis.

1.066,
1.067.
1.068,
1.069

and 1.070,
C90-041

Title: A dose ranging study of BG8967 in routine
percutaneous transluminal coronary angioplasty (PTCA)

Methods: Six dosing regimens were evaluated in
patients. BG8967 iv bolus doses 0.15, 0.25, 0.35, 0.45,
0.55 or 1 mg/kg were followed by 4 h infusion of 0.6,
1.0, 1.4, 1.8, 2.2 and 2.5 mg/kg/h doses of BG8967,
respectively. If the site of the lesion was unstable,
infusion of BG8967 centinued at 0.2mg/kg/h.
Coagulation parame‘ers were measured in all patients

-{ and BG8967 were measured in some patients.

If analytical issues can be
resolved, pharmacokinetic data
from this patient population
would be useful. Furthermore,
this is the only study where
pharmacckinetic information
may be available at the
recommended clinical dose.

B:. '-V-l - . -

~ The specificity of the assay utilized for bivalirudin quantitation is uncertain. As a result, the following -

summary of studies and their results are presented for information purposes and not as an indication of their
acceptability for assessment of bioequivalence of the commercial scale lyophilized formulation (proposed
market formulation) io the pilot frozen formulation used i the efficacy trials. An additional assumption -
that is also questioned by the reviewer is the one to one correlation of plasma “bivalirudin” measurements
and antithrombin activity of the Hirulog formulations.

In Jene 1993, Biogen as the Sponsor, had outlined a series of studies to evaluate bioequivalence of the
commercial scale lyophilized formulation to the pilot scale frozen formulation used in the efficacy trials.
However, in October 1994, Biogen proposed to submit results from two studies, C93-310 (as pivotal) and
C93-316 (25 suppcrtive) evidence of binequivalence of the lyophilized commercial scale synthesis

Hirulog NDA 20-873 —
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formulation o the pilot scale frozen formulation of Hirulog.

Swudy C93-310:

The objective of Study C93-310 was to d:"2rmine tolerability and pharmacokinetic profiles of two
formulations of bivalirudin following administration of 0.5 mg/kg/h Hirulog as a 4 h infusion to 15 healthy
male volunteers. The formulations tested were pilot scale frozen formulation (Lot 67Z01S), pilot scale
lyophilized formulation (Lot 67Z04S) and placebo: Frozen and lyophilized Hirulog formulations and
placebo were administered according to a three-way randomized double-blind cross-over design on three
occasions separated by a week. Three months later, lyophilized Hirulog formulation was administered to
all volunteers as rechallenge to test for its antigenic effects. : ‘

" The ori ginal planned analysis was a comparison of bivalirudin pharmacokinetic parameters and activated

partial  thromboplastin time (aPTT) E,. and E,yc values. Statistical comparison of- bivalirudin
pharmacokinetic parameters (Cmax, and AUC(0-28)), E,, and E,;,c of aPTT measurements obtained from
the frozen and the Iyophilized formulation was performed by ANOVA testing for treatment, period and
subject effects. Although not detailed in the text ofthe report, in the appendices, a statistically significant
treatment effect was observed for AUC(0-28) and significant treatment and period effects were observed
for En,x and E,yc. Statistical comparison of the lyophilized formulation administered on two occasions was

- also performed-by ANOVA GLM procedure testing for treatment and subject effects and a statistically

significant difference was observed in E,,, values. In general, bivalirudin values (Cmax and
AUC(0-28) ) were higher for the lyophilized formulation than the frozen formulation. The mean Cmax
values after the frozen formulation, lyophilized fofmulation and the rechallenge lyophilized formulation
were 1474 ng/ml, 1668 ng/ml, and 1935 ng/ml, respectively with corresponding AUC(0-28) values of
5638 ng.h/ml, 6202 ng.h/ml and 7369 ng.h/ml.

 Smdv C93-316:

The Study C93-316 was originally intended as the pivotal bioequivalence study for comparison of the two
formulations of Hirulog, pilot scale frozen formulation (Lot 67A04Z) and commercial scale synthesis
lyophilized formulation (Lot 67A02Q). Hirulog doses of 0.5 mg/kg/h were administered as a 4h infusion
to 18 healthy male volunteers according 1o a two-way randomized cross-over design one week apart.

* Bivalirudin concentrations were identified as a measure of assessment of bioequivalence. However, the

Sponsor claims that sample integrity was compromised because of lack of temperarture control (due to

-mecnanical difficulties with air-conditioning) and bivalirudin concentrations in samples could not be

measured.” As a resuit; only the pharmacodynamic parameter, activated partial thromboplastin time (aPTT) -
was measured in this study. -

-

After completion, Study C93-316 was considered-to be a supportive study for the bioequivalence claim and
the report for Study C93-310 was amended to reflect the reanalysis of data in order to support the
bioequivalence of the lyophilized formulation (commercial scale synthesis) to the frozen formulation (pilot
scale). B '

Bivalirudin pharmacokinetic parameters and aPTT effect measures from Study C93-310, excluding the data
from the rechallenge phase, were analyzed by ANOVA. Except for significant period and period and
trearmen: intaraction 2ffects, there were no other statistically significant differences. The two cae-sided
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ttest approach was utilized to calculate 90% confidence intervals of log-transformed bivalirudin
pharmacokinetic parameters (AUC(0-28), AUC(0-infinity) and Cmax) and aPTT efficacy parameters (E,,,
and E,ic). All of these parameters yielded 90% confidence intervals that were within the 80% 0 125%
range. The period and period and treatment interaction effects were noted in the study report but not
mentioned in Section 6 of the NDA. o

Analytical information (such as assay performance before and during sample analysis) was not provided -
in the NDA and it is not possible to determine whether the period effect and/or the treatment-period
interaction may be assay related. However, a closer review of the data from C93-310 showed that the
observed period and treatment interaction could be attributed to inclusion of an incomplete data set and
hence, incorrect AUC calculation from one of the subjects. The statistical analysis of data, including
calculation of 9% confidence intervals for “bivalirudin” Cmax and AUC values by the reviewer confirms
the Sponsor's conclusion that the confidence intervals were within the 80% to 125% range. The concerns
regarding the nonspecificity of the bivalirudin assay and its impact on assessment of data from Study )
C93-310 have been communicated to the Sponsor. In the most recent amendment, the Sponsor has
indicated that they will be continuing to work on the assay related issues.

< o . . R

In Srudy C93-316, log-transformed aPTT parameters (E,,, and E,,c) were analyzed by ANOVA. There
were no statistically significant reatment, sequence, and period effects. However, a significant subject
within sequence effect was noted for both parameters. The 90% confidence intervals calculated for the
aPTT parameters by the Sponsor are within the 80% to 125% range and based on this data, the Sponsor
claims that the two Hirulog formulations (frozen pilot scale synthesis and lyophilized commercial scale
synthesis) tested in this study were bioequivalent.

In addition. the Sponsor also claims that based on superimposability of aPTT mean profiles and plasma
bivaiirudin concentrations obtained in Scudy C93-310, and the similarity of mean aPTT profiles from
Studies C93-316 and C93-310, the data from the two studies can be linked, and Smdy C93-316 can be
used to support C93-310. The aPTT results obtained from the two studies are illustrated in the following

figures, I_:igures 1 and 2.

APPEARS THIS WAY - :
~~ ON ORIGINAL -
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Figure 2: Mean aPTT measurements obtained after pilot scale frozen formulation and commercial scale
synthesis lyophilized formulation (C93-316)
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~ The average aPTT values as a function of time appear comparable across the two studies, however, it ir
important to note that while similar aPTT mean Emax values were obtained in both studies, bivalirudin
inean Cmax values were slightly different for the two Hirulog formulations. In Study C93-310, bivalirudin
mean-€max values were 1474 ng/ml, 1668 ng/ml-and 1935 ng/ml, following administration of the. frozen
formulation, lyophilized formulation and the second administration of the lyophilized formulation,
respectively. The corresponding aPTT mean E,,,, values were 52.3, 51.6-and 53.9 sec. In Study 93-316,
aPTT mean E,, values were 58.5 and 59.5 sec for the frozen and the lyophilized formulations.

Furthermore, as illustrated in Figure 3, aPTT is not a discriminatory parameter suitable for bioequivalance
assessment. -

Hirulog NDA 20-873 ' , 19



'APPEARS THIS WAY
ON ORIGINAL

Simiiar aPTT E,, values are obtained for Hirulog doses of 0.6 mg/kg/h and 1 mg/kg/h while plasma
tivalirudin mean Cmax value for the 1 mg/kg/h dose was approximately twice the value for the

~ 0.6 mg’kg’h dose. :

Even with the uncertainties related to the specificity of the ELISA assay, these results stronigly support that e
bivalirudin concentrations are needed for accurate comparison of Hirulog-formulations and that aPFT-
measurements are not suitable to link the data from €93-310 and C93-316. Significant differences in aPTT -
measurements are reported due to differences in commercially available aPTT reagents (6-9).

APPEARS THIS WAY
ON ORIGINAL
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ATTACHMENT C: Synopses of the Hirulog PK and PD studies.

ARS8 TG Wy
B g

B fFET RS THIS WAY
Ud ORIGINAL

APPYARS THIS WAY ™
U ORIGINAL

ArrCarS THIS WAY

| G ORIGINAL
Firulog NDA 20-873



INVESTIGATOR

OBJECTIVE

STUDY DESIGN

TEST DRUG
SCAEDULE

POPULATION

= Blood drawn for dezermination of BG8967 antibody formation.

[ ]

STUDY SYNOPSIS
Study Number C90-010

A Phase I, Dose-escalating Study of BG8967
" in Normal Male Volunteers -

Dr. TGK Mant, Guy's Drug Research, Lid., London, United Kingdom

Primary: Test the safety of BG8967 when administered intravenously (Iv) or - __
subcutaneously (SC), alone or in combination with aspirin (ASA), to normal male
volunteers. - - ‘

Secondary: Determine the olerability =f 2G8967 when ad=izistered IV or SC to

normal male volunteers. Determine the pharmacokinetics of v or SC.BG8967
administration, alone or in combination with ASA, 1o normal Malé volunteers.

Determine the harmacodynamic effects of various doses of BG8967, alone or in
combination with ASA, by monitoring coagulation parameters (bleeding time, -
activated partial thromboplastin time, prothrombin time, thrombin time, platelet
aggregation).  Identify polential BG2967 dose levels to be used in Phase I studies. -

Single-blind, placebo~controlled, dose escalation study in healthy males.

Blood drawn for measurement of cosgulation parameters: activated partial
thromboplastin time (aPTT), prothrombin time (PT), thrombin time ().

Blood drawn Jjar measurement of fibrinogen levels and collagen-induced and ADP-
induced platele: aggregation assays. ’

Blood drawn for plasma levels of BG8967.

Urine collected for measurement of total urine volume, urine ereatinine levels, and
excretion levels of BG8967. '
Safety monitored by vital signs, ECG monitoring, physical examination, assessment of
bleeding including bleeding time, blood chesistry, hematwlogy, coagulation
parameters, urinelysis, messurement of fecsl occult blood, and adverse event
reporting. . -
BG8967 administered via IV infusion over 15 minutes, 2 hours, 12 hours, or 24
hours, or via Iv bolus, or via two SC injections to the abdomen. A 48 bour IV
infusion was planned but not done.
Doses used for ($ minute IV infusions were 0.05 mg/kg, 0.075 mg/kg, 0.15 mg/ke,
0.3 mg/kg and 0.6 mg/kg. .
Doses used for SC administration were 0.3 mg/kg, 0.6 mg/kg, and 1.0 mg/kg. -
Dese used for v bolus was 0.3 mg/kg.- :

" Dose used for 2 hour IV infusion-crossover withi Placebo or aspirin was 0.6 mg/kg/h.
Dose used for 12 and 24 hour IV infusions with aspirin was 0.3 mg/kgi.

Seventy-two bealthy male volunteers. R

Major exclusion criteria: active or prior history of bleeding tendencies, history of

cloting disorders, defects in platelet function and coagulation factor activity, history
_ of cardiovascular and/or peripheral vascular discase, predisposition to development of

- keloid formation, history of severe allergic or anaphylactic or transfusion reactions.

A total of 72 caale subjects, 18 to 36 years of age, were recruited. Fifty four
received BGB367 and 18 received placebo. All subjects completed the study.

Man arca under the curve (AUC), peak concentration (C,), time of peak -
concentration (1), half-life, clearance, and area under the aPTT-, PT- and TT-ime
curves adjusted from pre~dosc appear on the next page.

Concurrent administration of aspirin does not influence the pharmacokinetic or anti-
thrombotic propertics of BG8967. ' -
Plasma AUC was lincarly related o dose of BG8967.

Kinctic evaluaion demonstrated that antithrombotic effects of BG8967 were linearly
related to plasma BG39€7 AUC. : -

Meaan renal excretion as a percentage of total elimination ranged from 9.9% 10 21.8%
across all dose groups.

The most ccmmonly reported adverse events were headache (11% on BG8967 and
1% on placcho), injection site pain (13% on BGB967 and 6% on placebo), postural



STUDY SYNOPSIS (continued)

hypotension (7% on BG8967 and 22% on placebo),

BG2967 and 6% on placebo).
* The bleeding time was within the normal range for the majority of subjects.

Placebo-Controlled Dose-Escalation

Study Number C90-010

injection site hemorrhage (7% on

Number Half- _ —_

— _ Dose of AUC? Cuu e Bfe Claanance V3  JPTT. PT. Tl
Route  (mg/kp) Subjocts (min.ug/mlL) (ag/mL) (min) (min) (ml/min) 18] (min.s) (min.s) (min.s)
1Smin  Phcebo 10 - - - - - - -s3 . 383

v 0.08 4 - 69 15.0 - - - 985 251 1145
iafusion  0.078 4 - B4 15.7 - - - 1442 152 213
- 0.15 4 - 679- 150 - - - 1255 -~ 214 2220
03 4 4656 12771 155 2.8 545 16.67 1083 73 1960
0.6 4 96.10 4309 155 2456 472 16.82 1360 628 4144
sC Placebo [] - - - - - - 56568 54 -347
injecion 03 4 - 0 - - - - 2836° 3 5030
0.6 4 - 3w - - - - 4414° 955  11318°
- 1.0 4 - 523 - - - - 5625° 13183 12659
IV boilus  Placebo 2 - - - - - - =374 27 113,
03 4 28.53- 1975 2.0 12.2 865 13.65 2432« 251* 2868~
*® Mecans are-satistically significant different from placebo, p <0.05.
T AUC based oa fined pharmacokinetic models. - -
Crossover with Placebo or Aspirin PR
Eigh: subjects received - Half-- o
C.§ mgikg/t for 2 h AUCt Cu. lifle Claarance Vd oPTT., PT_ Tl .
co-sdministered with  (minpg/ml) (ng/mb)  (h) (min) (ml/min) (L)  (min.s) (min.s) (mins)
Placebo 275 2647 156 233 334 1098 9118 1349 8349
Aspinin 310 ——— 2918 | Prpd 2.8 236 9.84 9015 1429 84381
T AUC based on fined pharmacokinetic models.
___Proionged Infusion -
Five subjects in each grovp Half- : ]
received aspirin with 0.3 AUCt Cu. — Gfe Clearance V4 oPTT., FT., TT.
mg'kgh [V infusioa for  (minsg/ml) (agfml) ()  (min) (ml/mir) (L) (min.) (mins) (mins)
121 341 1116 7.40 286 68 14.66 29544 3618 329N
24 h 1752 112s 240 N4 300 12.95 56645 7619 65658
T AUC based on fited ph kinetic model ) -
CONCLUSIONS * BG2567, s direct thrombin inhibitor, was found 1o be an active anticoagulant without

significant bleeding time prolongation in a study with human volunteers.
® Single dosc suidics demonstrated that the drug was well<olerated. .
* Dosc-dependent prolongations in clotting time variables were observed, with excellent .

correlation of these changes to the pharmacokinetics for the peptide.
*- The short half-life of EG8767 leads to rapid revcrsal of its anticoagulant activity.
*

The renal excretion of BG8967 comprises approximately 10 o 20% of the

adminictered dose suggesting that renal excretion of BG8967 accounts for only a small
componeat of the clearance.

Et



- " STUDY SYNOPSIS (continued)
Study Number C90-010

* Prolonged infusion of BG8967 in subjects receiving aspirin was welltolerated and
— showed no apparent interactions of the two drugs. There was a stable and consistent

prolongation of the aPTT at the doses used without evidence for a cumulative effect.

— ¢ The pharmacokinetic profils of intravenous BG3967 was not importantly influenced

. by dose, duration of infusion, or co-administration of aspirin,
T ' ® The wienability and pharmacodynamic properties of BG3967 support continued

-— evaluation of this therapeutic agent in the management of arterial and venous

thrombosis. - =
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STUDY SYNOPSIS
Study Number C30-041

A Dose-Ranging Study of BG8967 in Routine
Percutaneous Transluminal Coronary Angioplasty (PTCA)

. Protocol .

Change Version  Date
Administrative Change 1' 2 November 8, 1590
New Protocol Version (Appendix [.A) -2 December 18,1990 ~
Amendment 2 (Appendix|.B) 3 February 25, 1991
Administrative Change 2 (Appendix 1.C) 4 April 8, 1991 )
Amendment 3 (Appendix 1.D) 5 May 9, 1991

— Amendment 4 (Appendix i.E) 6 August 1, 1991
Amendment 7 NA September 13, 1991

-— Amendment 8 NA  January 27, 1992
Amendment 9 (Appendix |.F) - 7 November 3, 1992

‘Incorporated directly into Version 2 of the protocal.
Note: There is no Amendment 1 per Version 3.
Note: Theére are no Amendments S and 6 to this protocol (Biogen memo dated January

21, 1994). -

INVESTIGATORS .

Dr. R. Bonan, Montreal Heart Institute, Montreal, Canada

Dr. D. de Bono, Glenfield General Hospttal, Leicester, UK

Or. M.D. Cohen, Indiana Heart Physicians, Beech Grove, iN.

Or. D. Jewitt, King's College Hosgpital, London, U.K.

Or. P. Ganz, Brigham & Women's Hospital, Boston, MA.

Or. A Minisi, McGuire VA Mecical Center, Richmond, VA

Or. M. Rothman, Lendon Chest Hospital, London U.K.

Or. U. Sigwart, Royal Bromptan National Heart and Lung Hospital, London, U.K.
Dr. J. Strony, University Hoscitals of Cleveland, Cleveland, OH.

OBJECTIVES —™— -

BGH967 in routine PTCA—

tiood coagutation.

and a positive clinical effect.

STUDY DESIGN .

Dr. E.J. Topel, University of Michigan, Ann Arbor, M. and Cleveland Clinic
i ‘ Foundation, Cleveland, OH.
— ) Dr. J.T. Willerson, University cf Texas Medical School, Houston, TX.

To determiné whether BGBS67 could safely replace heparin during PTCA.
+ To document the frequency of abrupt vessel closure in patients administered f

To evaluate the anti-thrombin activity of BG8967 using biochemical markers for

» To determine the minimum cose fmf_ angioplasty necessary to maintain tolerability

Open-label, multicenter, dose-ranging, Phase .

 Antithrombin acﬁvity evaluated for dose-ranging using"biochemical markers

(ACT).

+ Frequency of abrupt vessel closure (AVC) ar.d complicztions of AVC were

m.easured.



TESTORUG
SCHEDULE

POPULATION

RESULTS

Each dose regimen had three stages of administration: an [V boius pre-PTCA
dilaticn, an infusion of 4 hours during PTCA, and, if the site of the lesi. ., was
unstable, an IV infusion of 0.2 mg/kg. ’

Six dose regimens of BG3g67:
. IV bolus _____IVintusion for 4 hours
Group (make) (ma/ke/h)

Sy - 0.15 06

B 2 025 _ 1.0

3 0.3 1.4

4 0.45 1.8

5 0.55 22
- 6 " 100 25 )

- In Group# 110 §, 0.2 mg/kgh as an IV infusion could be administered for up to 20

hours (Hours 4-24) if the
-infusion was to be given t

lesion was unstable. In Group 6, 0.2 mg/kg/h IV
0 all patients for 8 hours post-PTCA.

Males and females, who qualified for PTCA by virtue of >70% stenasis of the
vessel intended for angiopﬁasty.-- ’

Major exclusion criteria: active or prior history of blesding tendencies, disease
with a potential for bleeding, stroke, or allergy to radiopaque dye.

303 patients were recruited of whom 291 were dosed with BG8967. One patient
who enroiled in Group 1 was discantinued due to an acdverse event .

Ages ranged from 29 to 78 years.

Two patients in the 1
during fcliow-up.

Pharmacodynamics/Pharmacokinetics

- Of the 291 patients dosed, 240 (82"/-‘) were male and 51 (18%) were female.

_.0 mg/kg/h Group died; one during hospralization and one

Plasma drug levels were dose-related and blood coagulation parameters (ACT,
aPTT, PT) correlated with plasma drug concentrations. -

Hirulog demonstrated dose-dependent anticoagulation. With increasing dose,
the percentage of patients achieving rnaxdimum ACT levels >300 seconds
increased For thetowest dose, this
dose this percentage was 100%.

percentage was 12% while for the highest 7

These results exhibited a significant decrease in the occurrence of unsuccessful
angioplasty in patients receiving the 3 higher dosing regimens, relative to patients
receiving the 3.lower dosing regimens (p-value = 0.038). In addition, no patient
treated at the highest dosing regimen (1.00 mg/kg bolus and 2.5 mg/kgh IV
infusion for 4 hours) reported unsuccessful angioplasty during this trial

Incidence of unsuccessful angioplasty defined by abrupt vessel tiosure and

clinical events were;

i



Safety

CONCLUSIONS

Theseui_n_diviqual study conclusions are supported in this report

.-

Bolus (mg/kg) 015 0.25 0.35 0.45 055 1.00

Infusion (ma/ka/h) 06 1.0 1.4 1.8 2.2 2.5

Grouo 1 2 3 4 s 6

Pagents (%) achieving 12% 26% 50% 72% 82% 100%
ACT >300 sec - a

No. of patients dosed 57 S0 45 73 sS4 12

No. of patents 52 44 41 70 51 12
evaluated ’ )

No. with unsuccessful 3 {€%;- 5 (1 1%) 6{15%) 3(4%) 2(4%) 0(0%)
angioplasty

P-values:

1,2,3 versus 4,56 0.038 i

1,2,3 versus 4,5 - 0.062

BGa967 was weltolerated in doses up to a bolus dose of 1.0 mg/kg BG8SE7
followed by 2.5 mg/kg/h 4-hout |V infusion followed-by 0.2 mg/kg/h IV infusion for
up to 20 hours. One patient prematurely discontinued therapy with BG&S57 due
to experiencing an adverse event (transient ischemic attack). None of the
patients who experienced bleeding or peripheral vascutar complications cied or
had premature study drug discontinuation. cot

Two patients, both in the BG8S67 1.0 mg/kgh group, died: eticlogies were
ventricular fibrillation (Patient 0525) and coronary artery disease (Patient 0704).
The investgator did not consider the deaths to be related to BG3S67 therapy.

Adverse events with an incidence of 5% or greater were angina pectoris (103
patients - 35%), intravascular puncture site hemorrhage (83 patients - 28°%), back
pain (S0 patients - 17%), ecchymosis (33 patients - 11%), nausea (23 pajents -
8%), heacache (22 patients - 8%), injecsion site pain (17 patents - 6%),
bradycardia (17 patients - 6%), fever (16 patients - 5%), hematuria (15 patients -
S5%), and pain (15 patients - S%). Intravascular puncture site hemorrhage was
the most common event judged to be related to the test medication (72 pagents -
25%). - — -

Th‘e_most common bleeding events were intrévascular puncture site hemorrhage ---
(83 patients - 29%), ecchymosis (33 Patients - 11%) and hematuria

_ {15 patients - 5%).

BG89E7 can safely be used as the primary anticoagulant in patients uncergoing
PTCA -

Higgér dosing regimens of BG8967 at or above 1.8 mg/kg/h are associated with a
lower rate of abrupt vessel closure than lower BGB8867 dosing regimens.

Dose-related anticoagulation was observed, in parficular for ACT, without an
increase in bleeding or adverse events.

Rapid achievemnent of steady-state ACT and plasma concentration levels was
dose-dependent

Due o dose-dependent anticoagulation effects, dose-dependent rapid achievement of steady-state ACT and
plasma concentrations, a posiive clinical effect in recucing AVC rates, and a maintained good safety profile,

v



the dosing-tegimen of 1.0 mg/kg IV bolus followed by a 4-hour 2.5 mg/kg/h IV infusion is zonsidered

appropriate for further investigation in Phase lii trials.
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INVESTIGATOR
OBJECTIVES

STUDY DESIGN

TEST DRUG
SCHEDULE

POPULATION

RESULTS

CONCLUSION

STUDY SYNOPSIS
Study Number: C91-125

A Phase | Dose Tole;bﬂuy Study of DifTerent Formulations
of BG3967 Givea Subcutaneously in Normal Volunteers

Dr T G K Mant, Guy’s Drug Rescarch Unit Limited, London, UK.

* To evaluate the local wlerance of BG8967 in three formulations ldmini.nerad by

subcutaneous injection.
® To determine the local tolérance of varyiig conceatations < sew 363967 formulations

administered by a subcutancous injection. -
* To identify & well-tolerated formulation of BG8967 that will allow & smaller dose volume

© be.administered subcuuneou:ly

Double-blind, placebo-controlled, Phase 1 study in two parts. ,_

Part | was 2 randomized block design in which esch of 8 subjects received three

formulations of BG8967 and one saline control as 0.5 mL subcitancous injections in

random order into four different sites in the anterior abdominal wall.

¢ Part Il was a2 combined randomized block and crossover design in which 8 subjects. ARt
received two different concentrations of each of the two new formulations as 0.5 mL

subcutaneous injections, in random order, into two of four different sites; they received

onc formulation on one oceasion, the other on a separate occasion.

[

Part I: 0.5 ml subcutancous injections of BG8967 (25 mg/mL) in phosphate buffer
(frozen formulation), sodium hydroxide (NaOH) or tromethamine (TRIS) (both new
formulations) and saline control.

Part II: 0.5 mL subcutaneous injections of BG8967 at 25 mg/mL and 7S mg/mL in either
NaOH or tromethamine (TRIS). : o

16 healthy male subjects, 8 subjects in each part

Major exclusion criteria: active or prior history of bleeding tendencies, history of cloging
disorders, history of ardxomculzr and/or peripheral vascular disease, stroke or Lransient
ischemic aack.

16 males, aged 21 to 29, completed the study. No onc withdrew. -
All subjects were included in analysis of local tolerability and safety. Subcutaneous
injections caused only minimal and very transient local pain. Minor bruising occurred at - -
the site of the injection.
In Part ! of the study, subjects considered injections of BGS%‘I in phosphate buﬂ'cr to
be slightly more painful than the other treatments immediately post-dosing. T
In Part I of the study BG8967 (7S mg/mL) in tromethamine emerged as the least painful
formulation. - .
* No significant d:ﬂ'erence was observed in terms of local erythema and swelling between

any of the formulations used in cither Pants | or 1T of the study.
* Physical examinstion, urinslysis, plasma biochemistry, hematology " and
electrocardiography showed no evidence of clinically significant toxicity of BG8967.

BG8967 in tromethamine and BG8967 in sodium hydroxide at concentrations of
75 mg/mL were well tolerated and are suitable for further study in Phase IVTII clinical
trials.



STUDY SYNOPSIS
Study Number C92-305

An Open Label, Randomized, Crossover Study to Compare the Pharmacokinetic

INVESTIGATOR
OBJECTIVES

 POPULATION

RESULTS

CONCLUSIONS

Profiles of Two Formulatioas of BG8967 in Healthy Volunteers

® Dr. T.G.K. Mant, Guy's Drug Research Unit, Lid., London, U.K.

* To estimate the pharmacokinetic profiles of two formulations of BG8967 (referred 1o
as BGB967F and BG3967R) during and following a 4 hour infusion at 0.5 mg/kz/a.
® To correlate plasma drug levels with wgvuad partial thromboplastin times (aPTT).

¢ Open label, randomized, crossover in healthy volunteers.

® Subjects randomized into one of two treatment sequences. .

¢ Blood drawn during infusion and the 24 bour period after infusion for determination
of plasma concentrations of BG8967 and . °

®  Urine collected during infusion and the 24 hour period after infusion for
determination of concentrations of BG8967 in urine.

® Safety monitored by vit! signs, physical examination, blood chemistry, hematology,
urinalysis and adverse cvent reporting.

* Two formulations of BG3967, one frozen (BG8967F) used in clinical trials and one
experimental refrigerated solution formulation (BG8967R).

¢ Day 1: Each subject received one 4 hour infusion of the randomly selected test
formulation at the rate of 0.5 mg/kg/h. :

¢ Day 8: Esch subject received one 4 hour infusion-of the. alternate test formulatica at

~— the rate of 0.5 mg/kg/h.

Healthy male and healthy fermale subjects.

*__Major exclusion criteris: active or prior history of bleeding tendencies, history of
cloting disorders, history of cardiovascular and/or periphenal vascular disease, soke
or transient ischemic acack.

¢ 11 subjects randomized 1o BG8967F then BG8I6ETR, 9 subjects randomized to
BGB96TR then BGBY6TF.

* 10 males and 10 females, aged becween 20 and 31, completed the study. Howeve,
one male had infusion of BGE9S7R discontinued $ min earlier than scheduled guce o
swealing, nauses and vomiting. -

¢  Least squares mean area under the curve from 0 to 28 hours (AUCyy) and from 0 to
infinity (AUC,.L), peak concentration (C,), time of peak concentration {t__,), -
terminal slope (A), half-life, clearance, and volume at steady state (V,) from
crossover analyses of variance were - - i

© Clearanee Véas
(mlUmin/kg) %)

AUC AUC-
o [ c W N Halffe
. Gag/ml)  (uag/al) ) ™ a9 @

BGI96TF 7608.9 7627.6 0659 . 177 1.14 1351 4352 14 ]
BGI9TR

733.0 7512 1959.6 3.0 0.94 120 4.65 7

® The formulations were biocquivalent with respect o AUC, 4 and C_,. BG8967F 2ad
significandy lor.ger ¢, than BG3967R (p=0.016).

® A significant relationship between sPTT and plasma concentrations was evident in
cach subject during and following cach formulation.

¢ The most common trestment emergent signs and symptoms following BG3967F were
dizziness (25%), syncope (10%), nsusea (10%) and sweating (10%). For BG8967R.
the most common cvents were nauses (60%), vomiting (30%), dizziness (30%),
sweating (20%) and injection site pain (15%).

Pharmacokinetic parameters for BGB967F and BG896TR were similar, while smal
differences were observed in t_,.
*__Both BGB967F and BGB967R showed anticoagulant activity in normal volunteers.

Pharmacodynamics of the two formulations were similar.



STUDY SYNOPSIS {continued) _

Study Number C92-305 —

-o A significant mcruse in the incidence of nausca and vomiting was observed for

BG3967R, indicating that this formulation was not well tolerated.
* Further study of the Wicrability of BG8967R is warranted.
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— STUDY SYNOPSIS
Study Number C92-306

A Double-Bliad, Randomized, Placebo-Controlled Study to Determine tie Tolerability and
to Compare the Pharmacokinetic Profiles of Various Formulations of BG8967 iu Healkthy Volunteers

INVESTIGATOR ~— o

OBJECTIVES

STUDY DESIGN

TEST DRUG
SCHEDULE

“"POPULATION

'RESULTS

—_—

Dr. S. Oliver, G. H. Bessclaar Associates, Leeds, UK. -

To determine the twlerability to, and to estimate the pharmacokinetic profilés during

_and following 4 bour infusions of 0.5 mg/kg/h of various formulations of BG8967.

To correlate plasma drug levels with sctivated partial thromboplastin time (aPTT).

Study to be conducted in two phases in healthy volunteers.

Phase [ (double-blind, rendomized crossover): ten female subjects to be randomized to
one of two treatment sequences: BG896TR (a refrigerated fomulation used in stdy
€92-305) then placebo, or placcho then BG896TR. .
Phase 11 (double-blind, randomized, panallel group): thirty female subjects to be
randomized W one of five different formulations of BG8967 or placebo. If tolerated,
an additional tea males would be dosed. '

Blood drawn during infusion and the 24 hour period after infusion for determination
of plasma concentrations of BG8967 and oPTT.

Urine collected during infusien and the 24 hour period after infusion for
determination of concentrations of BG8967 in urine, '

Safety monitored by vital signs, physical examination, blood chemistry, hematology,
urinalysis and adverse event reporzing. -

Phase I: On Day I, each subject to receive onc 4 hour infusion of either placebo or
BGB967R at the rate of 0.5 mg/kgh: on Day 8, each subjest to reccive the alternate
teament during 2 four hour infusion. If the formulation was not well-tolerated, Phase
I was to be initisted. '

Phase [I: Each subject to receive one 4 hour infusion of a formulation of BG8967 at
the rate of 0.5 mg/kg/, or placedo.

Healthy male and healthy female scbjects—
Major exclusion criteria: active or rior history of bleeding tendencies, history of
clotting disorders, history of cardicvascular and/or periphenal vascular disease, stroke

or transient ischemic amtack.

8 female subjects, aged between 20 and 35, were recruited to Phase I, of whom 4
were randomized to placebo then 3G8967R, and 4 to BG8967R then placebo.

One subject was withd-awn prior 0 the second dosing period due to low hemoglobin
from multiple venipuncture. -
One subject with pre-existing ante=ovenous malformation had an intra-cranial
hemorrhage 18 days following dosing with BG8967R (i.c., off-study). Therefore,
Phase ! of the studv was terminated carly, and phase I was not initiated. . .
Mecan arca under the curve from 0 to 28 hours (AUC,5) and from 0 & infinity -
(AUGC,..). peak concentration (C_), time of peak concentration (L), terminal slope
(M), half-iife, clearance, and volume at steady state (V) were

AUC AUC

o O e - A Haliife Cearmacs = Vdas
Grag/ml) (hag/ml) (sg/ml) ™ (L] [ (ml/mn/kg) (L'xg)

5475.7 5073.9 14645 35 L 0.70 632 [+B}

Mean aPTT at the various time peints:

Time (h): 0 025 05 1 2 4 425 45 475 S 6

aPTT (s): 286 453 529 573 68.9 66.1 438 399 400 348 289

For each subject, regression showed a strong positive rclstionship (P <0.05) between

~ aPTT and plasma concentration.



S’

CONCLUSIONS

L I

STUDY SYNOPSIS (costinued)
Study Number C92-306

Al subjects had adverse cvents at some time during the study. The most common
events in the placebo penod were headache (57%), nausca (43%), dizziness (43 %).
The most common cvents in the BG8967R period were nausea (50%). vomiting
(38%), dizziness (38 %), asthenia (25%) and pharyngitis (25%).

Regarding tolerability, results are inconclusive.
Dosing with BG8967 resulted in near atainment of steady state levels.

Consistent prolongation of aPTT in association with drug sdministraion. aPTT
" directly correlated with BG8967 plasma concentration.

) ’, "'}‘K‘ 2 'f”.‘«!‘s VJAY
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STUDY SYNOPSIS o
Study Number C93-310 :

A Double-Blind, Randomized, Placebo-Controlled Study to Determine the Tolerability
and to Compare the Pharmacokioetic Profiles of Two Formulations of BG8967 ia Healthy Volunteers

INVESTIGATOR o«
OBJECTIVES

STUDY DESIGN o

TEST DRUG
SCHEDULE .o

POPULATION .

- RESULTS .

Dr. T.G.K. Mant, Guy's Drug Research Unit, Lid., London, U.K.

To determine the tolerability to two formulations, frozen and lyophilized, of BG8967.
To estimate the pharmacokinetic profiles of two formulations of BG8967 during and
following a 4 hour infusion at 0.5 mg/kg/h. .

To correlate plasma drug levels with acdvated partial thromoopiastin time (aPTT).
To evaluate antibody formation to BG8967, particularly following repeat exposure.

Double-blind, randomized, three-period, three-treatment cro¥sover in healthy male
volunteers. B
Subjects randomized into one of six treatment sequences.

Blood drawn during infusion and the 24 hour period after infusion for determination
of plasma concentrations of BG3967 and aFTT. -
Urine collected during infusion and the 24 hour period after infusion for T
determination of concentrations of BG8967 in urine.

Safety monitored by vital signs, physical examination, blood chemistry, hemawlogy,
urinalysis and adverse event reporting.

Subjects recumned at 3 months for a 4 hour infusion at 0.5 mg/kg/h of lyophilized
formulation BG8967. Blood drawn for determination of plasma concentrations of
BG8967, al’TT and antibody formation.

Placebo anc two formulations of BG8967: one frozen, one lyophilized.
Each subjee: received each formulation once and placebo in & random order, with

_each infusicn scparated by 7 days. The Iyophilized formulation was administered

again, thres months later.
Each formuiation of BG8967 infused for 4 hours at a rate of 0.5 mg/xg/h.

Placebo (saline) infused for 4 hours using the same rate as for both formulations of -
BG8967.

Healthy mzle subjects.
Major exclusion critesia: active or prior history of bleeding tendencies, history of
clogting disorders, history of cardiovascular and/or peripheral vascular discase, stroke

or transient ischemic attack. -

In the crossover phase, 15 males, aged betweza 22 and 35, were enrolled into the

study. One subject was withdrawn due to thrombophicbitis in the second dosing

period (with placebo). -

Of the 15 subjects participating in the crossover phase;-13 retumed for rechalienge

with the lyophilized formulation. The remaining two subjects were unable o attend.

Mean area under the curve from 0 to 28 hours (AUC, ) and from 0 w0 infinity )

(AUG,.). peak concentration (C_). time of peak concentration (t_), terminal slope

). half-life, clearance, and volume at steady state (Vdss) were —_

AUCe3z AUC. C.. tu XA Hlflift Clamnce  Vdss
(h.ng/ml) (hng/mL) (ng/mL) (b)) () (h) {mL/minkg) (L/kg) _

Frozen
Lyophilized

Lyophilized
(Rechallenge)

5638.44 591552 1474.13 336 120 0.61 652 o
620246  6543.19 166754 ‘314 125 0.61 62¢ -~ o021

7368.56 T7368.56 1935.08 383 126 0.62 4.63 0.20




CONCLUSIONS

STUDY SYNOPSIS (coutinued)
Study Number C93-310

The frozen and lyophilized formulations were bioequivalent with respect o AUC,

and C__, as were the lyophilized formulations from the crossover and rxhnllenge

phases.

Anmxﬁaﬂnhncuhpbawemn?ﬁmdphmwmnwaﬁmmeuh

subject during and following administration of each formulation.

Both formulations, frozen and lyophilized, were well-4olerated at these doses.

The formulations were considered bioequivalent.

aPTT directly correlated with plasma coricentrations of 5G3567.

All assays for antibody o BG8967 were negative.

chalcq»mbBGt%?wuwdHokamdwdmmocnwdwnhmﬁbody

formastion.
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STUDY SYNOPSIS
- Study Number C93-313

A Pharmacokinetic and Pharmacodynamic Study of BG8967 in Subjects with Renal lasufficiency

INVESTICATOR

OBJECTIVES

—STUDY DESIGN

TEST DRUG
SCHEDULE

POPULATION

" Domenic A Sica, MD, Medical Coliege of Virginia, Virginia Commonwealth

University, Richmond, VA

) Tbc primary objectives of this study were to determine the safety, and the

phammacokinetic and pharmacodynamic profiles of BG8967 when administered to
subjects with varying degrees of renal insufficiency T3 compared to healthy subjects,
Thesmndaqobjeeﬁvcmbdamninethephmmkiuﬁcuﬂd .
pharmacodynamics of BG3967 when administered during dialysis.

Open label, panallel group in bealthy subjects, subjects with mild, moderate or severe -

renal impairment, and dialysis-dependent subjects.

Up to 8 subjects in each group.

Six of the 8 dialysis-dependent subjects received 2 infusions: one on an “off dialysis®
day, the other during dialysis. _ "
Subjects whodidnmmmplmtheinfusiondnem’inbngdmgnhﬁmﬁmcmld
reczive an additional infusion at a half dose (025 mg/kgh).
Blooddnwndu:inginﬁuionmdmeuhou:paiodnncrinﬁxsion for determination of
plasma concentrations of BG8967 and aPTT or ACT.

Safety monitored by vital signs, physical examination, blood chemistry, hematology, -
urinalysis and adverse event reporting.

BGBS67 infused for 4 hours at a rate of 0.5 mghgh

Haldiy subjects with a glomerular filration rate (GFR) of at least 90 mi/min/1. T3m?.

Subjects with mild renal insufficiency with 2 GFR of 6089 mL/min/l.73m?
Subjects with moderate renal insufficiency with a GFR of 30-59 mL/min/1.73m®.
Subi. 213 with severe renal insufficiency with a GFR of less than 30 mUmin/).T3m?.
Dialysis-dependent subjects requiring maintenance hemodialysis at least twice per
week,

Major exclusion eriteria: active or prior history of bleeding tendencies, history of
clotting disorders, history of cardiovascular and/or pesiphenal vascular disease, sgoke
or transient-ischemic arack,

39 subjects, 25 male, |4 female, aged between 21 lndﬁ.m;ecruiwdtnddnsed
with BGB967. S
lomjmiamemﬁmmemdimpﬁmmmdmdimmr
hemodialysis had aPTT over 10$ seconds: § were infused with a reduced dose.

*  Man pharmacokinetic and pharmacodynamic parameters were

Norwat Mild Mederste
Reral Renal Renmal

- oﬂm’" -deDe -

= Severe Remal Impuurment =  OfT Dia. Off Dia.

{nef) (n=§) (a=T) {n=$) (s*2) (n=g) T (e=d)

.

03 mpkeh 025 me/AgR 05 mefkph U2 mphph —————

I J

-

v S

Half-life (b)

 (ng/ml)

27 3 17 33 40 37 38

214603 20953 w00 sis13 2400 174 3088

16105 0748y 134732 - 51X 136133 37742 217083
052 068 149 203 % 333 s

Oaace (mUminkg) 458 49 230 T 146 157 1.04 on

Ve iLagy

aPTT:

G e

€. tsae)
Eope- thusexc)

. a3 on o o0 o 027 o.le

7 7 7 .7 30 s 2
EL 8 L R4 6.8 X f2 2] 844 N2
13 150.6 2483 P X e - Ly 81 3067




- STUDY SYNOPSIS (continued)
- " Study Number C93-313

*  Mean pharmacokinetic parameters in dialysis-dependent subjects (n=6) while on

dialysis were
lae (W) 3.7
C.. (ngml) 3154.3
- A (h.ng/mL) 152629
Halflife (h) 126
Claannce (mL/min/kg) ’ 229
vd (L/kg) 025

. saﬁmmmmm:wmmh parameters and
mo!tmﬂﬁlw:C_AUGE_.Emmwimmzdemofmm

. impairment.

+ BG8967 was dialysable.

. Vuyfwﬂvmmmm&&emeomnbﬁn;wudﬂaﬁmﬂmof
hlaﬁjmwi&mrmlhnimmgaﬁlof&ela:bje:nnquﬁn;dhlyﬁs;
mdrﬁniﬁs(lo{mc1mje=:withmildmdinpimmmdlonhzssnbje:n
while on dialysis).

CONCLUSIONS . BG8967 was well wlerated in subjects with renal insufficiency. There was a
coaﬁmwolon;:ﬁonofmhmodaﬁonwimdmgadminknﬁommdamng
positive correlation betweea aPTT and plasma BG8967 concentration. ]

. lewﬁnedcmdphamadymmicpmﬁlesmsimihrmn;mbje:cwimw

- renal impairment and mild remal impairment. [n subjects with moderate reml

. impﬁmmmd.inpuﬁmhnmemﬂﬁﬂupﬂutmamqumwds -
decreased BG3967 clearance and, thereby, increased pharmacodynamic effect. Dosage
- adjustnent of BG8967 consisent with pharmacodymamic effect would seem indicated
in patients with moderate and severe renal failure, Moreover, BGE967 appears w be
— dialysable and, during dialysis, may require a step-up of an existing infusion rate if an
- _ . established level of anticoagulation is to-be maintained.
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INVESTIGATOR
OBJECTIVES

STUDY DESIGN

TEST DRUG
SCHEDULE

POPULATION

RESULTS

-CONCLUSIONS

STUDY SYNOPSIS
S*-dy Number C93-316

A Double-Blind, Randomized, Crossover Study to Determine the Tolerability and to Compare the

Pharmacokinetic Profiles of BG8967 Injection Prepared Using

Bom\pgo.ne-ous-l’hase Pilot Chemistry versus Homogeneous-Phase Commercial Chemistry

Dr. T.G.X. Mant, Guy's Drug Research Unit, Lid., London, UK.

To determine the tolerability and estimate the pharmacokinetic profiles of pilot
chenisury frozen formulation BG8967 and commercial chemistry Ivophilized
formulation BG8967.

To compare the BG8967 produced by these two methods.

To correlate plasma drug levels with activated partial thromboplastin tme (aPTT).
Double-blind, randomized, two-period, two-treatment crossover in healdry male
volunteers, -

Subjects randomized: into one of two treatment sequences.

Blood drawn during infusion and the 24 hour period after infusion for determination
of plasina conceatrations of BG8967 and aPTT. )

Urine coliected during infusion and the 24 hour period after infusion for determination
of conceztrations of BG8967 in urine, . '
Safery monitored by vital signs, physical examination, blood chemistry, hematology,
urinalysis and adverse event reporting.

Two formulations of BG8967 injection: one frozen formulation prepared from pilot
chemistry BG8967, one lyophilized formulation prepared from commercial chemistry
BG8967. -

Each subject received each formulation once in'a random order, with each infusion
separated by 7 days. ’

BG8967 infused for 4 hours at a rate of 0.5 mg/kg/h.

Healthy male subjects. :
Major exclusion criteria: active or prior history of bleeding tendencies, history of
clowing disorders, history of cardiovascular and/or peripheral vascular disease, siroke
or transieat ischemic atrack. -

Twenty male caucasians, aged between 22 and 33 years, were enrolled and
randomized into the study, ,

Two subjects were incorrectly dosed, and were then withdrawn.

Nine sutjects in each treanment sequence received both pilot and commercial
chemisuy BG8967. i —_— ..
Plasma drug concentration assay failed due to mechanical difficuities with the air
conditioning system during higher than usual environmental temperatures. BG8967 is
no: stable in urine under the conditions used in this study for collection.
From ths aPTT-time curves, during and following infusion, the maximum ‘change
from: bassline, E,,. and the area under the aPTT-time curve, E, . were

Pilot chemisury Commercial chemistry
E., (s2) 585 59.5

Eavc (h.sec) 219.6 241.4

Both formulations were considered equivalent with respect to aPTT.
Very-few subjects had advers: events: only headache and diarrhes were noted.

Formulacions of BG8967 prepared from pilot and commercial chemistries of BG8967
are equivalent.

Formulations prepared from both chemistries were well-tolerated.



STUDY SYNOPSIS
Study Number C93-317

An Open-label, Randomized; Crossover Study in Healthy Volunteers
) _. to Evaluate the Interaction of BG8967 and Heparin

INVESTIGATOR - Dr. T.G.K. Mamt, Guy's Drug Research Unit, Lid., London, UK.  — -

OBJECTIVES *  To determine and compare the tolerability and pharmacokinetic profiles of BG8967
when given either immediately after or immediately before treatment with heparin,

* To correlate plasma BG8967 levels with activated partial thromboplastin time @PTT),

andwevﬂmumephammkimicpmméofbepaﬁnwhmadminiszemdseﬁallywim

BGg967.

STUDY DESIGN *  Openrlabel, randomized, two-period crossover in bealthy male volunteers.
*  Subjects randomized into one of two dosing sequences: '

Beriod 1 - Beried 2
Sequence A Heparin then BG8967 BG8967 then Heparin
- ‘ Sequence B: BG8967 then Heparin Heparin then BG8967

*  Blood drawn during and after infusion for determination of plasma concentrations of
BG2967, oo mems 2351y {0 estimate plasma heparin levels.
The protocol allowed for changes to heparin and/or BG8967 dosing regimens based
on aPTT, wtizh was not allowed to exceed 50 sec.

- Urine colleczed during infusion and the 24 hour pesiod after infusion for determination
of concentrations of BG8967 in urine. - .

- Safety monitored by vital signs, physical examination, blood chemistry, bematology,
urinalysis and adverse event reporting.

_ TEST DRUG - =
SCHEDULE « ~ Each subject received, in random order, BG8S67 immediately follcwed by heparin in L
) one treatment period, and heparin immediately followed by BG8967 in the other
mmempexiod.Tmmmpcriodswmsepmmby7days.
. - BG8967 infused for 4 hours at a rate of 0.25 mg/kg/h. R .
. Hepadnzdmininer_egby!vbohso.‘wkg).thzninﬁxsedfor‘hoursaamof
15 U/kg/h. Protocol update eliminated the nesd for the IV bolus.

POPULATION *  Healthy maie subjects. : ’ ‘
o ) +  Major exclusion eriteria: active or prior history of bleeding tendencies, history of
cloaing disorders, - history of cardiovascufar and/or peripheral vascular disease, stroke
— or transient ischemic attack, ' _
RESULTS »  Twelve males, qadbaweenzsmu.mmuwinm:hemdy. Six subjects
N were randomized into each dosing sequence. _
B . ‘lhcﬁrstsubjecttobedosedmiwdanlvbolusofbeparin.followedbyanlv
- infusion of beparin, followed by an IV infusion of BG8967. aPTT was elevated
during the heparin and BG8967 infusions and the lazter infusion curtailed. No other
subject received IV boluses of heparin. -
- Based on study C90-010, a one-compartment model was developed to predict plasma
concentration-time curves of BG8967 and heparin.
*  The antithrombetic effects (E) of both heparin and BG8967 are related to their
respective plzsma concentrations based on the equation E=BC*. - - .
. mmddpr&kﬁmmq:pinngﬁmmemhnpimduﬁngmencs -
- heparin schedule.
— : + The model prediction was less consistent with the data during the heparin-BG3967 _
schedule.

CONCILUSIONS * When insantancously switching between therapeutic doses of heparin and BG8967
adequate and safe anticoagulation is maintained.
) - Heparin bolus dosing is not necessary when switching from BG8967 1o heparin.



STUDY SYNOPSIS
- Study Number C93-317

. mmmm»msm.mm«mw — iy

seen. m‘muwwmawmummmw”w
of BG8967 and initiation of heparin,
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INVESTIGATOR
OBJECTIVE

STUDY DESIGN

TEST DRUG
SCHEDULE

POPULATION

RESULTS

STUDY SYNOPSIS
Study Number C94-321

The Antihemostatic Effects of BG8967 in Subjects with
Renal Failure Treated with Chronic Hemodialysis

L A Harker, MD, Emory University School of Medicine, Atlanta, GA

To dezermine the antihemostatic dose-response effects of BG8967 in renal failure
mbje::mwdwithchmnichemodialysis.nismdymtodeﬁneanfemd
effective regimen for use in testing the hypothesis that BG8967 prevents failure of
aneriovenous vascular (AV) access grarts in dialysis patients. -

Open-label, single center. _

Five groups of two to five subjects were dosed in three stages: an initial iv bolus,
then 45 minutes later an iv infusion for 4 hours followed by sc administration for'24
bours.

Coagulation times measured, — “
In two groups, '"'Ind-platelets were reinfused with periodic y-images of the AV graft
aken.

Subje=zs underwent follow-up hemodialysis.
Some subjects were dosed more than once, in different groups.

Group 1: 0.1 mg/kg iv bolus, 0.5 mg/kg/h iv infusion for 4h, 1 mg/kg sc injection
q8h for 24h.
Group 2: 0.2 mg/kg iv bolus, 1.0 mg/kg/ iv infusion for 4h, 2 mg/kg sc ihjection
q8h for 24h.

_ Group 3: 0.05 mg/kg iv bolus, 0.25 mg/kg/h iv infusion for 4h, 0.5 mg/kg sc

injecion q8h %ar 24h.

Group 4: 0.2 mg/kg iv bolus, 1.0 mg/kg/ iv infusion for 4h, 2 mg/kg sc injection -
q8h for 24h (""Ind-platelets).

Group 5: 0.5 mg/Xg iv bolus, 2.0 mg/kg/ iv infusion for 4h. 0.5 mg/kg/h sc infusion

for 244 ("*'Ind-platelets). :

Clinicaily and biochemicaily-stable on regular and adequate hemodiatysis.

No hypertenrion, bleeding problems, significant confounding diseases or therapies.

Subjecs were excluded with cerebral vascular event within prior two months, history

of gaswointestinal bleeding in the past year, known coagulopathy or therapy with oral
anticcagulants or aspirin. :

8 males, 3 females, 30 to 73 years of age, were dosed. Six subjecss were dosed once,

four were dosed twice, and one was dosed three times. —
There were 5 subjects in Group 1; 4 and 2 subjects ifi Groups 2 and 4 respectively,

and 3 subjects in each of Groups 3 and §.

All subjects completed; aone were withdrawn. -
One pasient died of cancer eight months after dosing. This was not considered 1 be”
related 10 BG8967. —_

APPEARS THIS WAY
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CONCLUSIONS

STUDY SYNOPSIS (continued)

Study Number C94-321 .

. Manaminthemupsmufollows: ’

-

Group 3 1 2and 4 5
iv bolus (mg/kg) 0.05 01 — 02 0.5
Pre-dose ’ . 250 25.8 26.1 25.6
S min 413 -538 61.0 8.8
10 min 381 ~ 474 542 78.0
20 min 353 442 423 68.0
30 min — 313 39.7 430 7.0
45 min- 30.6 36.4 40.2 5.0
iv infusion (mg/kg/h) 0.25 0.5 20 20
2h s4.7 69.9 94.8 115.0
4h 66.0 88.9 124.1 167.0
=
sc injection (mg/kg) 05 <. 10 2.0 -
Ist injection - v
— Pre-dose 272 32.6 362 -
2h 58.1 73 84.0 -
4h 49.0 62.7 78.0 "
— 8h 339 — 550 55.0 -
2nd injection
2h s1.1 . 85.6 -
4h 50.0 57.8 75.4 .
6h - - 69.4 -
8h 34.8 438 $5.0 -
3rd injection
1h s3 55.7 85.4 -
2h . 52.5 - 90.1 -
4h a5 65.4 827 - -
-~ 6h 22 - . -
$h 31.0 434 513

e In patients with chronic renal faiiure who are on dialysis, adminisiration of BG8967
by iv bolus, continuous iv infusion or repeated subcutaneous injection results in 2

predictable dose-refated effect on aPTT.
BG8967 was well tolerated in this population.

B



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW
NDA 20-873 Submission Date:
Bivalirudin Injection January 31, 1998
February 25, 1998
_. ) March 25, 1998
| Moy 11. 1998 MAY 2 6 1998
BRAND NAME: HIRULOG®
SPONSOR: Medicines Company " REVIEWER: Arzu Selen, Ph.D.
Cambridge, MA

(Regulatory Liaison: Quintiles Inc.) -

TYPE OF SUBMISSION: Amendments to NDA

Code: 1S ' ) -

The objectives of this review are to provide an overview of all of the amendments to date,
respond to the Sponsor’s amendments (dated February 25 and March 25, 1998) and provide an
update on the-status of all of the questions raised in the two FDA letters-dated February 11,
1998 and March 17, 1998. — '

The first amendment (dated January 31, 1998), was submitted by the Sponsor prior to

~ communication of the comments raised during the NDA 45 Day Filing Review. This

amendment consisted of CMC stability data and a diskette of individual plasma bivalirudin
concentrations obtained from Hirulog pharmacokinetic studies (C90-010, C90-041, C91-016,
€92-305, €92-306, C93-310, C93-313, and C93-317). It was indicated that C91-016, included

on the diskette, had not been includzd in the NDA..

The items noted during the 45-Day Filing Review of the Hirulog (bivalirudin) NDA
submission, such as issues related to analytical methods, calculation of pharmacokinetic
parameters, data interpretation (such as pcriod and formulation interaction), evaluation of drug-
drug interactions, ard dose-adjustment in renal impairment (recommended in summary
documents but not reflected in the proposed package insert) were communicated to the Sponsor
in the FDA letter dated February 11, 1998. )

In Sponsor’s- Fcbruarv 25, 1998 response, some of these items were-addressed while others
were acknowledged by the Sponsor as outstanding and feedback was requested for one of the
items, that is-use of mitochondria ir. in vitro assessment of potential drug-drug interactions with
bivalirudin. The FDA’s response to this amendme=nt was on March 17, 1998.

On Marck 24, 1998, the Sponsor provided via fax a copy of a published article as the proposed
study design for the in vitro drug-drug interaction study (1). In this article, inhibition of
activity of cytochrome P450 enzymes (1A2, 2C9, 2C19, 2D6, 2El, and 3A) by several
protease inhibitors was evaluated. The substrate and the respecuve posmve controls (inhibitors)
used in this publication were phenacetin (1A2) and .o tolbutamide (2C9)
and - - = and omeprazole dextromcthoxphan (2D6) and

Firulog NDA #20-873 - 1



quinidine and fluoxetine @sitive controls), desipramine (2D6) and quinidine, chlorzoxazone
(2El) and = triazolam (3A) and ketoconazole. The proposed study design

~ with emphasis on use of positive controls was considered acceptable and this was communicated

to Ms. Julienne DuBeau, the Consumer Safety Officer, on March 24, 1998. The hard copy of

this article was filed by the Sponsor as an amendment (dated May 11, 1998) related to issues
raised in the FDA February 11, 1998 letter.

The Sponsor submitted a third amendment, dated March 25, 1998, to address some of the
remaining issues raised in the FDA February 11, 1998 letter. —

The status of the items, Items D1 through D10, as identified in the FDA February '11, 1998
letter to_the Sponsor, are listed in the following section with the pertinent responses from the
Sponsor in the three amendments dated February 25, March 25, and May 11, 1998. These
amendments are in Appendices 1, 2 and 3.

The comments that need to be communicated to the-Sponsor are listed under comments to be

- communicated to the Sponsor.

THE STATUS OF ITEMS THAT HAVE BEEN COMMUNICATED TO THE SPONSOR:

1. Item DI:
Assay validation and related information for each study, preparation and performance of
quality control samples, raw-data (including data utilized to construct calibration curves),
stability of bivalirudin in samples, freeze-thaw stability, sample storage conditions as well
as information and supporting raw data were requested.

Status: Outstanding.
In their March 25, 1998 dated letter, the Sponsor indicated that the analytical report(s)
addressmg the issues raised in this item wxll be submitted in June.

Further action: Additional questions related to assaymethod development, the specificity
of the antibody, lack of use of quality control standards in all studies (although implied in
the assay validation report), and other method -related issues were also identified as issues to
be communicated to the Sponsor in the Clinical Pharmacology and Biopharmaceutics

review dated April 30, 1998. — -

-—

«:2_. - Item D2: —

A tabulated summary listing assay method, validated analytical range, the dates of assay
validation and sample analysis for each Hirulog® study was requested.

Status: Outstandmg

In their March 25, 1998 dated lettcr. the Sponsor indicated that the analytical report(s)
addressing the issues raised in this item will be submitted in June.

Further action: None at this time.
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