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Nepartment of Health and Human Services
Public Health Service
Food and Drug Administration

Memorandum
Date: i 29 g

To: Director

0ffice of Drug Research and Review, NFN-100
Through: Director

Pivision of Cardio-Renal Drug Products, HFN.T10
From: Ronald Lieberran, M.D., Medical Officer

Diviston of Cardfo-Renal Drug Products, HFR-110
Subject: MDA 18-386 Esmolol

First Safety Update Volumes -,1 and 5,2
July 22, 198§

Per ouyr meeting today in your office the following information ts provided.

In essence, the medical officer's review (MOR) completed March 11, 198¢
reflects and incorporates the information contained in the safety update cited
above, This report contains safety data on the 120 patients and normal
subjects who received Brevibloc in ongoing clinical studies during the peried
from September 30, 1084 (the "date lock point® for the orfginal NDA) to April
192, 1985 (the “date Yock point® for this report). It also contains case
reports for the thirteen (13) patients in whom administration af the study
drug was disconrtinued due to an ADE. It also contafns cdata for the two CABC

studies {80%2-83-27 and B052-£3-5¢),
For further details re safety and APE, please refer to the MOR March 1), 1985,

Ronald Lieberman, .M,
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HFM=-110/RL{eberman;12/29/86
sb/12/29/86;12/29/86/4715s
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DIVISION OF CARDIO-PENAL DRUG PRODUCTS
Oivisfon Director's Review

MOA: 19-386

Sponsor: Owpent Critfcal Care
Navkegen, IL

Mame of Drug: Esmolol

Resume: This {s the third safety update since the origina) submission of this
NOX. ™ The review package s currently with the cffice under consideration for

approval,

This safety update contains all informatfon up to Decemter 2, 1986, and is
cumulative , {.e,, coatains all information Including that previously
reported, It covers data from 432 patfents and 82 norma) subjects, It alsa
contains case report forms for 27 patients in whom administration of study
drug was discontinued due to an adverse experience (mirus) which were
previously sudbmitted; so 20 case report forms are fn this submission,

There fs essentially no change in the spectrum of adverse effects in this
suhbmigssion when compared to thase aiready documented and already » part of

propased labe!ling,
RE2/re/sc

Raymond J. Lipicky, K.D,

cc: ,Orig. RDA
LBMR-110
HFR-110/CS0
HFN-110/RLEpicky:12/16/6F
ef:12/17/86:4073Pq
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Cepartaent of Featth and bewsn Servicer
Puttic Yealth Service

‘emorandum Food and Drug Administratior
Date:

To: Director
Office of Drug Research and Review, HFN-100

From: Director
Nivisfon of Cardio-Renal Drug Products, PFR-11P

Subject: Peview of Safety Update for MDA 15-286 ®reviblnc (esmolol)
Injection

or of trials in progress recarding dosc finting for
10 hiave received 211 nf the

a‘verse drug reaction data from all-trials, These adverse rcactions are
addressed in the laheling. Therefore, no further safety update is nesded at
th’s t'r"-o -

with ex

Raymend 0, Lipicky, M.0,

HFH-110/Norgenstern/12/1/86;12/1 /86
$b/12/1/86312/1/86/45825
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DBepartment o Health and Humar ServicCes
Public Health Service
Memorandum Food and Drug Administration

DATE: NV 2 4 1986

FRON: Director
Division of Cardfo-Renal Drug Products, NFN-110

SURJECY: NDA 19-386, Esmolol, Dupont Critica) Care

T0: Director
Q0ffice of Drug Research and Review, HFR-10Q

This is the second transmittal memorandum regarding HOA 19-0P€, The first
one, cated July 28, 19BF, sti11 §5 a reasonable summary of my thoughts,
However, since that memo, three things have happened:

a8} There was a meeting of the Cardfa-Renal Advisory Committee,

b) As 2 result of that meeting, the Divisfon has changed 1ts opinfon
regarding approvahtlity of esmplel., Tre Cormittee and the Nivision
recomuend appraval of esmolol for short-term control of ventricular rate
in patients with atrial flutter/fitrillation, The fommitter was rather
decisive regarding the perfoperative tndication. The Committee’s thinking
with regard to both indication, 8% Teast as I interpreted it, is
summarized below, )

¢) American Critical fara was merged with Dupont, and 1s now known as
Dupont Critica) Care.

Contrnl of Ventricuylar Rate

The Committee was not comfortable with the affacts of esmolol on blaod
pressure. In spite of adequate basic animal pharmacology, there was no
decisive judgment that the kemodynanic effects of esmol'ol were simply due to
its cardioselective beta blockade. Indeed, the Comnittee desired more
head-to-head comparisons of brevibloc to metoprolol ané atenslol in patients,
In spite of the fnability to feel totally comfortable with the blood pressure
effects of esmolol, the Committee did not helieve that the hlood pressure
effects were of sufficfent concern to preclude use in a patfent population
where short-term control of ventricular rate was an aporopriate therapeutic
gosl, Such patient populations axist; for example, those patients who have
had surgical valve repair or prosthetic valve placement and experience
transient atrial flutter/fidrfllation that occurs postoperatively. In these
circumstances, the arrhythmia s transient (one or two days) and control of
ventricular rate with an easily titrated drug 1s clinically indicated,
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In other circumstances, 1.e., chronic atrial flutter/fidrillation, urere
e{ther conversion or Tong-term control of ventricular rate is needed, twn
factors wefgh rists higher than bepefits,

a) Stnce esmolo)'s effects regress rapidly upon termination nf infusion
(the effects are gone in 10 or 20 minutes), another drug (1.e., digoxin,
verapani]l or some long-acting deta blocker) would need to he started for
mafntenance, Thus, titration with two drugs (firse esmclo), then other
druas) would invariably be necessary. Twn dose-related adverss affect
risks would be necessary,

d) flood pressure lowering effects of esmolo?, to achteve only
short=term control, were thought to be unscceptahle when esmolnl alonz was
nnt +te final therany,

The Division concurs «ith the overell Judgrment, A svite™lyv ravise” package
insert 1s appended.
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Page 5 - NDA 19.335

Attachment

Raymond J, Lipicky, N, D.
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October 23, 1986
Minutes of Meeting
Between
DuPont Critical Care
and

Food and Drug Adminfistration

DuPont Critical Care Participant

Kenneth G. Kasses, Ph.D Pressdent

Robert J. Lee, Ph.D Vice President Research and Development, Surgical/Critical
Care Group, Traveno! Laboratories Inc

Food and Drug Administration Participants

Raymond Lipicky, M.D., Director, Division of Cardio-Renal Drug Products.
Ronald Liberman, M.D. iedical Officer

Constance Burner Henry, Lonsumer Safety Officer

Subject: Esmolol NDA 193856

This meeting was held with DuPont Critical Care to discus the approvability of
their drug product Esmolol (Brevibloc).

Dr. Lipicky felt that there was not much to discussafter the recent advisory
committee meetina. We wili cand the NDA for supraventricular tachycardia to
Dr,Temple,
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m'umng was adjourned.

cc:

Orig NOA 19-386
[HFN=110

HFN=-110/SBenton

HFN=-110/CHenry
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Constance Burner Henry
Consumer Safety Officer
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topartrent ot ticaltl and Muman Services
Putlic health Service
MoRorandum . Foou ans I'rug Adeinistration

vates July 28, 1986

Tos Director
Cffice of Crug Research and Review, hFh-10C

From: Uirector
Division of Cardio-Renal Drug Products, EFN-NIC

Sub,ject: kon-apy roval of KDA 1v-3ul, tsmolol, American (ritical Care

Aeerican Critical Care has subnitted clinfcal trials - suppert e two clatns:

a) Control or ventricular respense 10 the tacs ot suprdventricular
tacrycaraias. .

This NDA has becn a particularly Citficult cecisicen raking exercise ond 1 ar
sti1} rot comfuriatle with tne pesition tie (ivision nas electec,
Conseguenrtly, [ kdave scuecules eseolel te e presentec to tic Lardio-renel
Acvisory Cormiltce 2t 1ts next recting {>cptumber 2& ane <€, 19kt), The
Anesthesia Auvisory fomuittee »ill e suitatly representec at this weeting,
If they disayree with the Civision's position, I an willing to reverse my
cecision. Kevertheless, 1 have evulved & position, an prepered to éct, and
consequently the attachee raterials ccrstitute the Pivisior's recommendation
that the applicaticn ke not apgrovec, In *he case of control of veptricular
response, esmolol has unacceptable risks that outweigh its tenefit.

-

The clinical trials conuuctea Ly the sponscr, tre incications souyht ana the
general strategcy »ith respect to how to achieve epproval were the sublect cf
mectings between Arerican (ritica) Care and the Livision, we were all in
concorcance on each point. The trials that were conceives were apgprepriote,
were conductec well and gata analysis and reporting have Leen exemplary, The
Divisfon, the meaica} cumunity, practicing anesthesivlogists and you (as the
uffice Director) all unink a rapicly acting Leta tlocker wouls be a welcome
armerentarium 1f one were availatle in the marketplace. Yet, the results of
the trials that were to "win apprcsal® contracict all of our preconceived
biases, or perhaps, the in¢icat.ons scuqri were Just 8 pocr choice and another
pursuit would have been more truilful,

mw
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The Summary Basis of Approval was written by American Critical Zare with my
direction., Tue data are accurately represented. Conclusions and arguments
for approval are American Critical Care's, left intact. This was a purposeful
happening. Since this {s a close judgement call 1 thought you should see the
best argument that could be constructed from the data. Data presentation {n
the document 15 not wisleading.

My interpretive comments follow,
Control of Ventricular Response

All six trials shared the same wiode of 2aministration of esiolol, namely,
infusicn at corstantly incrcusing doses urtil a maxfrun: cise of it
micrograns/ig/min was achieved, Cne trial (4052-51-08) was placete
controlled, one trial {6052-61-04) was positively contreilec with proprarolol,
the remainder were simply baseline controlled,

There is no questicn, the use of esmolol increased the furctional A-V
refractory perlod which resulted in a decrease in ventricular rate, without an
alteration in the atrial arrhythmia (there are occasional excepticrs ir
patients with paroxystcl atrial tachycardfaj. The sponsor, rightfully so,
makes nc claim vith rospect to altering tie atrial errhythfa or cenversion to
normal sfnus ryiuw. In the LG52-i1-U4 trial, propranclol arg esmolel were
indistinguishable with respect to thetr abilities to control ventricular rate,

In the trials, oriented towars getting to tne maximal planned Gose ot eswciol,
there was consicerable hypotension cue to esaclol. Tie definition of
hypotension is set forth by American (ritical Cure in the SbA ana its
incidence was Letweer 2G ang 25% across the stucies. In stugdy &GLz-E1-04, the
propranolo) positive control stucy, esmolol's use was associatea with
hypotension in £3 out of 64 patiants {34%) anc 25, of patients were teriinatec
from the stuuy because of hypotension. In the same study propranolol's use
was associated with hypotension in cnly € ovr cof t4 patients (6%) and nonc
were terninatea tecause of hypctension, Lontrol ¢t ventricular response was
not distinguishacle tetween esmolcl are proprarolcl.

In studties BUL2~L2«U5, oLbL=b3~Z25 anyg BUS2-bJ-30 there was about a 0% of
tota) adverse drug reactions attributable to rsnols) and terminations due to
an adverse reaction ranged between 20 ari 25<,

True that 211 these "bac" things reverse quickly and true that in practice one
mignt stop at lower rates of infusion, however, wiy in the world does the
safety margin agpear so narrow. Propranvlol, a beta blocker, controlied
ventricular response adequately without a prominent hypotensive effect, Why
coes the heta blocker esrolol have suck 3 prorinent hypotensive effect?
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Such questions are not addressed by data within the MCA. 1 knov of nr
experiments designed to snswer tne questions, On the face of ft, 1 can easily
postulate that csrnlol has sofe effect other than etd blockace viich, Jeaas to
wmore hypotension than expected. It seems to me that until that postulate is
refuted, we should consfoer esmolol incompletely characterfzed eng that the
transient control of ventricular response {i.e., cnly there while esmolol is
being Infused {ntravenously) is just not worth the rish. linsequently tre
indication cannot b apprevec.

-4
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So in balance, I cannot fina a qood, data dependent, argument to Support
Being a physician, 1 Tike al} the pliysicians I have talked to would
Nonetheless, lacking data cependent arguments,

approval,
11ke to see esmolol approved.

I must recoemend non-approval.

1 look forward to your insights and to the insights of the Advisory Cosmittee,

cc
Orig.

LHEN-110
HFN-110/CS0
HFN-110/RLipicky/7/26/86
sb/7/26/86:7/26/86:3964s

Tt —————

Raymoncé J. Lipicky, H.L.
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MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service
Food and Drug Administration
Center for Drugs and Biologics
Office of Drug Standards

DATE : AN 9 1985 =

Jerome P, Skelly, Ph.D.
Director,

Division of Biopharmaceutics
HFN-220

TO

e

FROM : CT Viswanathan, Ph.D.
Acting Chief, -
Pharmacokinetics Evaluation Branch
HFN-226

SUBJECT: Esmolol HCl (Brevibloc)
NDA 19-386

Supervisory Comment:

Pharmacokinetic Data from Hepatic and Renal Disease Patients:

In 1ight of the conversation between the reviewer and the sponsor, it is
learned that studies on these patient subgroups have been completed.
Furthermore, 1t is understood from the item #2 under overall conclusion that
“the elimination half-1{fe (acid metabolite) in these patients was increased
about ten times that in normals and plasma levels were considerably

elevated". Therefore it is necessary that this data be submitted for
evaluation by the Agency and the labeling be updated for dose adjustment in
these patfents. A clinical judgement needs to be made as to the importance of
the “indicated” tenfold increase of acid metabolite and increased elimination

CT U

CT Viswanathan, Ph.D.
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Table 1

Concentrations of Brevidbioc (ng/el) snd Its Metabol Ite (mcg/al) In Blocod

Mean £ Standerd Deviation (n) =
Dosa: _seg/ho/min = § Hour infusion
" 50 100 200 o0
",
aloates _Bravibloc. _Matabotite _Brevibloc . Mataholite  _Bravibioc _Mefabolite = _Brevibloc = _Matabollite
TR L (6 2% %138 BL €6 s4s 3377 L (6) 1070 £510 1434 0.9¢
) ™ ) m ®
30 150 & 46 =L (N 210 £166 146 £0.93 613 $292 3.654% 1.00 999 $£739  6.86 % 2.18
) ® ) 3 (6 m m
60 170 £ 73 2472007 328 £208 5.002095 515 $207 100 & 1.8 120 £300 208 & 5.4
) 8]) ® (@ 53) D) M ]}
120 160 2 350 6.23£1.25 29 2163 123 £1.3 93 $455 260 £ 3.2 906 2436 470 3123
5 ) ) m Q) ) M ®
190 196 % 49 9,70£2.29 334 £195 187 £2.8 69 £200 5.4 £ 3.6 1210 £600 71.0 $ 16.3
» N 1 o © ® n ®
20 192 £ 65 128 £22 3% $187 243 £2.8 605 £467 49.0 % 7.2 641 £194 3.0 & 20.0
5] ® ()} ® S (9 ) N T}
300 152 £ 31 148 £3.0 ZIS $19% 208 23.4 859 £4%8 555 £ 7.0° 866 £409 116 & 28
) (8 o ® % ® n (T
360 116 £ 24 17,0 £2.9 305 £198 320 247 637 257 624 £ 1.8 192 $462 130 3 25
) ) ) ® ® ) Q) %))
V1 13 2 38 17.2 £28 B4 g4 323 4.2 655 4258 652 £12.2 TS 4151 129 & 2%
) ® ) ) (6) ® 5;) M
362 9878108 177 £3.2 187 ¢ 68 328.83.5 444 2133 642 £ 9.9 621 $27 1B ¢
(T} ® ® ) () ® o ®
34 6622 9.7 17.7 £3.4 12 & 42 326 £4.5 22 & 89 650 2101 413 £150 127 & 20
) ) ® ® ) ® T3) (T}
366 <1022, 169 £3.6 8802374 329 240 209 £ 65 640 & 6.2 26\s 96 13 s 3
') 1)) ® ) * ® M ®
368 3194167 17.7 £3.0 6502327 32,6 $4.7 141 & 92 656 % 6.8 206 £ 80 13 & 25
) m (9 ® ) ) oM )
30 2942225 17,7 £4.0 49845261 328 £4.5 112 £102 638 £ 9.9 112 £ 80 12) & 3%
) m ) @ () .- o H)
372 2032159 173 £33 3923200 3350 $£3.8 85.349.8 654 £ 8.1 145 £ 03 13 & 29 ] -
0} o (T (8 53 m (%) & /”’Lm
R - Date are not retrievedle, : J.& f c
0L ~ Below quentitation 1 inlts of 23.1 ng/sl for Brevidioe or 0.925 mcg/st for fhe metabol ite, ASL-8125. l/
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Teble 1 (GOW' W‘)
Concentretions of Brevibloc (ng/sL) and Its Metabol Ite (mcg/sl) in Blood
Mean ¢ Standard Deviotion (u)
— -
— > . —
) Chooh G < ouny
Tioe, ~—— = = —
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(§)) ()] (8) (1]
450 0L (D 13.6 2122 B0L (@) 2.8 237 oL (%) 1.2 2 5.3 L (D 99.6 & 22.2
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L ~ Delow quentitation (inlts of 23.1 ag/sl tor Breviblioc or 0.925 mcg/sl far the metedol ite, ASL-01D3,
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Medical Summary S8
#8052-82-09

Table 3

~ Plasma Level of Methanol (mcg/mL) and Formate (mcg/mL)

Dose, mcg/kg/min
(measurement time)

50 100 200 300 . 150 -

Subject {6 hr] (6 hr) Té hr) (6 hr] (6 hr) (12 hr) (24 hr)

)| wethanol * * 5.07 3.05 * 3.08 2.85
formate * * ®, 2.68 * * *

: . ”~

2 methanol * * 2.11 4.15 * 3.56 13,15
formate * * 4.03 - * * had

3 methanol 9.52 * 3.90  5.89 . 3.43 5.21
formate * 3.90 4.19 * * ke *

4 methanol ® 2.03 3.71 3.89 3.17 3)%4 2.84

formate ® ® * * 4.19 2.9 4.33

S methanol 2.27 * 3.26 4.77 2.95 3.28 2.88
formate * NS * * ® * »

6 methanol  * * '4.39 2.77  2.64  2.98 4.94
formate * * * - 2.50 * 2,68 *

? methanol * * 2.58 4.34 2.32 2.74, 4.24
fcrmate *® * » * * * ) -

8 methanol 2.62 * 2.35 3.28 2.58 2.98 3.40

formate * NS * * * 2.80 2.62

mean of methanol 3.42 4.02 3.2) 4.94

: S.Dg - - 1.04 1.02 hadd 0032 3.‘5

* Levels vere below the detection levels of the assays (2.0 mcg/mL for
methanol and 2.5 mcg/mL for formate). »Ap

NS - No sample. §u)”
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Dosage
S0

100
200
300
150

Medical Summary 59
#8052-82-09

Table §f
Summary of Excretion of Brevibloc and ASL-8123 -
by Dosage
Brevibloc ASL-8123
Mean Mean
Excretion $ Dose .- Excretion- % Dose
(mg) Excretion (mg) -~ Excretion*
8.63 + 4.177 0.647. + 0.313 929 + 142 73,0 + 2,52
18.0 + 6.10/ 0.672 + 0.182 1850 + 405 72.5 £ 9.33
42.5 +18.9/ 0.779 % 0.288 , 3740 + 508 73.94+ 4.62
76.6 + 23.57 ' 5860 + 1230 77.7 + 9.43
113+ 51.0 7 0.694 » 0.239 10500 + 2100 69.2 + 9.91

- - e = e G - . W ey -

=~
* ASL-8123 excretion calculated as (amount excreted)(l.OS)%ﬁ%&lcsﬁi

51

Total Dose Infused .

'
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#8052-82-09
Table M

~ Steady-State Blood Levels of Brevibloc, ng/mL

' Dose (mcg/kq/min)

Subject 50 100 150 200 300 -
» 1
2
. 3
i 4
5 -
6 \
~ 7
8
N Mean 156 312 479 711 993
’ *+ S§.D. 32 145 195 271 280
n 4 8 8 6 7
All concentrations measured between 1 hour
after start of infusion and the end of
infusion were used to celculate the mean
steady-state concentration by subject and by

dose.

* Without Subject #5, the mean + S.D. = 603 ¢
92 (5).

NR - not retrievable.
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Table ‘

Terminal Half-Life of Brevibloc, hours

Dose of Brevibloc (mcg/kqg/min)

Subject 50 100 150 200 300 Mean :_§.D. (n)
0.135 + 0.066 (4)

1
2 0.115 £ 0.10753) D
3 0.159 + 0.096 (4)
4 0.109 + 0.014 “(4)
5 0.130 +70.030 (4)
6 0.140¢ 0.065 (4)
7 0.116 + 0.051 (5)
8 0.166—t2r~
Mean 0.130  0.120  0.174 . 0,133  0.0985
+S.D.  0.072  0.048  0.067 0.064  0.276
n s 8 7 'E 7

Overall Mean + S.D. (n): 0.131 + 0,058 (30) hours or 7.88 + 3,48
minutes. '

NR - not retrievable.
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Table a
= Total Body Clearance of Brevibloc, L/kg/hour

Dose of Brevibloc (mcg/kq/min)

Subject S0 100 - 150 200 300 Mean ¢ S.D. (n)
1 14.8 + 3.9 (4)
2 30.5 + 9.2 (4)
3 24.7 + 13.6 (4)
4 15.9 + 5.3 (4)
5 20.9 + 8.4 (4) -
6 17.6 » 3.9 (4)
7 19.3 + 1.5 (5)
8 23.9 + 4.8 (4)

. Mean 19.9 2¢.1 21.3 18.5 19.4

* SQD' 421 1zés 766 séz 554

Overall Mean + §.D. (n): 20.9 + 8.0 (33). \

NR - not retrievable. /
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Table 7

Steady-State Volume of Distribution of Brevibloc, L/kg

Dose of Brevibloc (mcg/kg/min)

Subject 50 100 150 200 300 Mean : S.D. ()
1 1.81 + 0,90 (4)
2 3.80 + 2,29 (3)
3 3.1¥+ 1.67 (4)
4 1.36 + 0.56 (4)
] 2,76 + 1.35. (4%
6 2.02 + 0.76 (4)
? 1.77 + 0.62 (5)
8 s.02 08y
Mean 2,63 2.47 3,13  1.58 - 2.01
+ S.D. 1.4¢ 1.54 1.49  0.76  1.14
n 4 8 ? 4 7

Overall Mean + S.D. (n): 2.42 + 1.36 (30).
NR - not retrievable.

* For calculation of AUC, estimated 1440 min sample concen- .
tration as 331 ng/mL, the steady-state concentration.
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#8052-82-09

Table ‘7
- Predicted Steady-State Concentrations of ASL-8123,
mcg/mL
Dose of Brevibloc (mcq/kq/min) T
) Subject 50 100 150 200 300
1l
2
3
‘ -
S N\
\
6
7
8
" Mean 25.3 51,3  74.6 103 202
+ S.D. 5.1 7.6 9.2 16 50
n 7 8 8 8 ?

NR - not retrievable.
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Table 1O
‘ Terminal Half-Life of ASL-B123, hours

Dose of Brevibloc (mcq/kg/min)

' Subject _S50 100 150 200 - 300  Mean ¢.§.D. (n)
| 1 $.57 + 0.35 (5)
| 2 3.86 + 0.29 (5) -
3 3.93 % 0.59 (5)1
. 4.13 + 0.43 (5)
5 3.64 + 1.01 (5)
6 3.88 + 0.43 (5)
: 7 4.29 + 0.35 (4)
b 8 4.02 + 0.38 (4)
!
Mean  3.57 3.85 4.62 3.93 4.16
£8.D. 092 031 027 051 0,33 - .

Overall Mean ¢+ S.D. (n): 4.03 + 0.56 (38). .

NR - not retrievable.
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Table {9
Total Body Clearance of ASL-8123, L/kg/hr

Dose of Brevibloc (mcg/kg/min)

Overall Mean + S.D. (n): 0.0846 + 0.0160 (38).

NR - not retrievable.

Subject s0 100 150 200 300 Mearr ¢ S§.D. (n)
> 1 0.0615 + 0.0118 (5)

2 0.0923 + 0.0162 (5)
3 0.0839 + 0.0207 (5)
4 0.0868 + 0.0070 (5)
5 0.0910 » 0.0165 (5)
6 o.osih\: 0.0178 (5)
7 0.0887 + 0.0073 (4)
8 0.0900 + 0.0046 (4)

Mean 0.0903 0.0859 0.0845 0.0878 0.0740

+#S.D.  0,0173 0.0151 0.0151 0.0134 0.0188
n 7 8 8 8 ?

| wd
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#8052-82-09 ~ @7
Table 'a
Volume of Distribution of ASL-8123, L/kg
Dose of Brevibloc (mcg/kg/min)
Subject _50 100 150 200 300 Mean :_§.D.- (n)
1 0.402 + 0,063 (5)
2 0.512 + 0.096 (5)
3 0.470 + 0.097 (5)
4 0.518 + 0.073 (5)
5 0.460 + 0.084-(S)
6 0.468 + 0.076 (5)
7 0.550 + 0.081 (&)
8 0.522 ¢ 0.070 (4)
Mean 0.455 0.472 0.560 0.482 . 0.438
+ §.D, 0.086 0.047 0,088 0.064 0.099
n 7 8 8 8 7

Overall Mean + S.D. (n): 0.485 + 0.085 (38).

NR - not retrievable.
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Phomecohinetic Sumory
Peranster taen & Stenderd Oevistion (n)
Acsxihios
-Dosa of Braxibioc teco/ko/aind
Dwrasnter 50 o ] 200 g0 — Ovarall
€y M/l 1% 232 o N2 210 " o9 18 w 608 & 92 (1)) ”3 'Y ] m —
Te/ne hows 0.130 £ 0.0712 (& 01208 0,088 (&) 0.174 & 0.087 (M 0.139 & 0,064 (&) 0.093 ¢ 0.,0776 (7) 0.131 $0.0% (20
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Vo Ung 283 gt.40 () 247 & 1.5¢ (@) 343 & 149 1.9 ¢ 0.8 (& 200 2 144 n 242 31,38 (30
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Datsaater 0 100 130" 200 00 . o Overalt
Cyame Scg/el 83 £31 N NI 278 B e 2 92 B 0w 216 e 2200 3 % ¢ —
{predicted)
Y1720 s 337 t092 M 3 & O 482 & 0.7 () 3335 & 09 (B 4.16 2 033 (M €03 $£096 (%
Qe Wr/ng 0.0%093 & 0.0173 (7 0.0839 & 0.015% (8) 0.084% £ 0.019) (8) 00078 & 0.0134 (®) 0.07® £ 0.u1€8 (N 0.0048 ¢ 0,160 (38
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Tadle ‘# 69

Samery of Marmscokisetic Parmeters (5D for Brevibioc end AR-813 Meteto! Ite Frem

Comprarensive Kogs)

Parsmeter y —~ Sblect¥, - — _.:'5'531
V. Lrag - [;':231
Yy UNg 0:6)
Chge LINKY 4
€L, L//kg [:,’;
e U100 - e
Gy trvie £0.0068)
v, Ui @
. b (0:049)
o ~ &%
Y (0:338)
€1, Livag 387,
Yiner,* 0.6
" 6:58)

8 The ficat six parmnecers vere obteimed by MONL IN ¢1vting of Eq. ¥ and 13 and comjuter-generated
stendard devietions ure I perenthems,

5 sgen 92 [Stengerd Oavistion] for prmeters of § subjects.

¥, ® Comtpa) velume OF S13tridution for Srguiblec. BT o Mase Restgence Time of Bewwidlec.
%, © Tisass wlhme ¢f vistrimtion for Srovidtec. /3, ® Olstritution kaif-1ife of Grevidlec.
Cig © Intercompartmncal (#tatribution) clasrance of Srevidiec.  ty,p; © Fltotimtion nf-11fe of Drevidlec,

C. ® Tota) clesrenzs of Brovtdles.

£1g © Farmstion clmroace of R-810 for Srevidlec.

v, ® Wl of Jebfition ‘o ARL-NID. t/anic © Ehimtaation Meif-14fe of A% 8123,

Q. fane) clesrance of ASL-§123.

l. o Fractions) aetadylisr of Bravidisc.

'u * Staly-stute volam of élatrisution fun Breviblec.
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Comparison of Actual® and Predicted Steady-State Brevibloc Concantrations (Cgy!}

S TR

Dy @ 30 mcg/kg/min
Meoas,

Pred.

Do = 100
as.

Pred.

= 130
Wous.

Do = 200
Moos.

Pred.

- 300
Res.
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Meon
. I e . 1 A - . . - " (sol.
1%
032]
136
23
312
(145]
m
[s4]
99 .
[1923
407
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712
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542
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993
(9

814
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® pgasured during the occurrence of picfm Brevibloc concentrations over 60-360 min.
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Comparison of Actuel® and Predicted Moximum ASL-8123 Metabdol)ite Concentrations (C™EX)
Sub fact No.
gu Man
isco/nl) . ) N 2 - -t . . N . . el - S Asol.
= 50 1
Hehids
[2.9)
Pred. 18.2
o [2.5]
bo 1o 324
s [s.0)
A 36.2
Pred ) ) [4.9]
0o = 150 R s
Meas, [.:‘]
R X3
Pred fe:12
- Aot 63.9
Yoos. [9.8)
. 723
Pred [9.9)
Dy = 300
124.6
Mous, (2.3
' .’
Pred, . ' . ' E‘t’: 2
[

© meon of 3 consscutive metatol e concentrations et the end of the Infusion perlod.
® Single value at 1442 min,
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(Eq. 7)

Fljurc. |

The following ‘pharmacokinetic model was used to
characterize the disposition of Brevibloc and its

metabolite, ASL-8123: @
o

L~ s

- ¥
‘g" : cv: o, -@.——Q’ Urine . '
tlo . = / i
Cla and: 7 Lo ‘
where: Urine G ol e tlgeCly :
V“ ° 'c ‘Y
ko = Zero-order infusion rate of Brevibloc (5
rates)
T = Duration of infusion (6 or 24 hours)
Cp = Blood concentration of Brevibloc A
Ve = Central volume of distribution
Vp = Tissue volume of distribution -
Vgs = Steady-state volume of distribution -
Clg = Intercompartmental (distribution) clearance )
Clp = Formation clearance of ASL-8123 \

Renal clearance of Brevibloc

Other clearance of Brevibloc

Total clearance of Brevibloc

Blood concentration of ASL-8123

Volume of distribution of ASL-8123

Renal clearance of ASL-8123

Fractional metabolism of Brevibloc (Clp/CL)
Mean Residence Time of Brevibloc (1.V. bolus
condition)

Css = Steady-state blood concentrations of Brevibloc

n
|
»
I NN NN E NN EEE R

Solution of the equation for blood concentrations
of Brevibloc (Cp) as a function of time (t) yields:

(e)«ZT _. 1) e—k2t -
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Teble 1
SUNMRY OF PRARRACOEINETIC PARAMNETERS OF ASL-0139

Yolume of
L [ Tepge ey, Totel Cleasanee Pistzitation
-1 .
.erecY NOION TTR {pg/el) [ P ] (ats) (rs'sia/nt) (mi/e'tg) (ieer/xg)
wisg € esiog M wing e("_ seteg ANC

m (]
02 13
2 1Y)
204 ”*
) "
208 a® .
2 "
see @
209 «®
10 "
a1 @

mn o )

o« .1 o om% 1 18909 1189 $18.1 .60 .m
2ee-211 L
Teets ' - !
108 o.00d16 1y . s 1.0 "20.9 0.on 0.0%
PEVIATION

vor .
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Table 2

PERCENT OF DOSE RECOVFRED IN URINE
DFUSICY  YOTAL  ____Recovered a8 .

TING DOSE -
Al  (x). AS~8052 ASI-RIA)  JUTAL
301
202
208
206 /
205

206
207

208 .

209 S

210 : .

211 . ,
5.2 85%6

MEAN OF 206-211¢ 1.39

8.D. 0.28 4.89 ~5.01
® These subjects zeceivad the Josgest infusion, 48 Ar, of
AS1-8092.

838 for 12 hours after coeasation of ASL-8052 fafusion.

Urine was oollected during the emtize infusion




FIOURE 1

y
- PLASMA LEVELS
. NEAN OF SUBJECTS NO 206-211
1.2
g s—sei2s
"
! | L]

The values plotted aze me~. s cf the 6 ssbjeots who received 48 hoss
infusions of ASL-8052 at 130 pg/mis/hg.

\

-
i

1%




g e e by
T R T g
T et

e A TreRy

Appenoix D
- ngv'x{;". I MY Actron S /




R
23
L.
Tebie ‘ [
Steady-State ‘Blood Levels, Total Body Clesrance, and Wel f~L1fe of Brevidicc "
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Medical Summary 4
#8052-83-39

Table 5

Maximum Concentration Attained in the Blood and the
Elimination Half-Life of the Metabolite, ASL-8123, After
Administration of Brevibloc and Brevibloc ¢+ Digoxin

Max. ASL-8123 Conc. in Elimination Half-Life of
_Blood (mcg/ml) _ASL-8123 (hr)

Subject _Brevibloc Brevibloc + Digoxin Brevibloc Brevibloc + Digoxin

1 -

2

3

4

s

6

7

9

10

11

12 i
Mean +
S.p. 97.6 + 12.0 99.3 + 14.0 3.5 + 0.85 3.2 + 0.39

40
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Figure 2. Average blood concentration-time profile of the

metabolite, ASL-8123, after administration of

Brevibloc (O) and Brevibloc ¢ digoxin (+) to eleven

subjects.
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Figure 4. Average digoxin serum concentration after administra-
tion of digoxin and digoxin ¢ Brevibloc.
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DEPARTMENT OF HEALTH & HUMAN SERYVICES
Public Health Service
Food and Drug Administration
Center for Drugs and Biologics
0ffice of Drug Standards

MEMORANDUM

DATE : OW 27 |98 -

T0

Raymond Lipicky, M.D.
"Ag'tl:i{lfonf rector, Division ot Cardio-Renal Druj Products

e

FROM : Jerome P. Skelly, Ph.D.
Director, Division of Biopharmaceutics
HFN-220 .-

SUBJECT: Esmolol HC1 (Brevibloc) \

Background:

greviﬁloc (esmolol HCl) has a very short duration of pharmacological
action because of 1ts rapid metabolic inactivation. Animal
studies show that this rapid inactivation occurs via esterase
hydrolysis of the methyl ester functionality in Brevibloc to the
corresponding, non-toxic, carboxylic acid (ASL-8123).
The drug 1s labelled for {ntravenous administration. Continuous infusion is
required to achieve a prolonged pharmacological response. Pharmacokinetic
studies of Brevibloc and ASL-8123, which is approximately 1/1500 as potent as
esmolol HC! in humans provide the basis for the dosage regimen developed.

Pharmacokinetic Analysis: )

Dose proportionality over a dosage range of 50-300 mcg/kg/min was .
established in normal subjects. Blood concentrations of methanol, & major
biotransformation product, rose to 30 to 76 mcg/m1 (normal is 3 to 7 mcg/ml),
and were well below the toxic concentrations reported to be in the range of
1,000-3,000 mcg/m1. Formate, an oxidation product of methanol was reported to
be between 3.2 and 19.1 mcg/ml. None of the formate concentrations determined
in the study were reported to be above the normal range and none of the
bicarbonate measurements were found to be outside the normal range (23-32
mmol/L). The overall mean percentage of the dose excreted for all doses,
adjusted for the difference in mol. weight, was 0.76% and 73.2% for Brevibloc
and ASL-8123, respectively.

\
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The steady-state concentrations (Css) following an intravenous infusion
were determined from the samples taken between one hour and the end of the
infusion. A linear least squares regression of the relationship between Css
and the dose gave a corre'ation coefficient of 0.82 over the dose range of
50-300 mcg/ml/min with an intercept not statistically significantly different
from zero, indicating that the elimination of Brevibloc was not saturable
within the study range.

Half-life estimates, were determined by 1inear regressfon of the
terminal phase of the 1n esmolol conc. vs. time curve. The half-11ife
estimate was not dose-dependent and the overall mean half-1ife was
reported to be 0,131 hours or 7.88 +/- 3.48 minutes. -

Vdss had an overall mean (+/- S.D.) of 2.42 +/- 1.36 L/Xg (n=30).

The mean TBC was 20.9 +/- 8,0 L/Kg/Hr.

Infusion of esmolol was not Tong enough to have established the -
steady-state of ASL-8123 during the 6 hour infusion periods. The terminal
mean half-1ife was 4.03 +/- 0,56 hours and was not dose dependent. \The total
body clearance for ASL-8123 calculated from dose and AUC data was 0.08 +/-
0.016 L/Kg/Hr. The vol. of distribution of the metabolite was 0.485 +/- 0,085
L/Kg, (n=38). The steady-state blood concentrations of both esmolol and
ASL-8123 apparently increase linearly with dose, while the t1/2, C1, and Vd
for both compounds are apparently dose independent.

The suftability of the model employed by the firm to predict the
distribution and elimination pharmacokinetics of Brevibloc was justified by
Teast-squares fitting procedure to determine the absence of systematic
deviation in the plateau and biexponential disposition pattern of Brevibloc
and essentially zero-order rise and subsequent monoexponential decline iof
metabolite concentrations.

Results suggest that esmolol distributes rapidly and appreciably
into tissues. The mean inter-compartmental clearance of 7.4 L/hr/kg is
approximately 8.6 L/min., which 1s similar to cardiac output. The firm

- concluded that permeability of the drug into tissues is high since blood

flow is-the rate-1imiting factor in the rate of tissue distribution of the
drug. The mean estimate of the Vc (1.9 L/kg) and Vss (3.3 L/kg) suggests a
moderately large distribution space of the drug.
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Total systemic clearance of esmolol was obtained at steady-state. The
average value of 22.9 +/- 4.3 L/hr/kg is approximately 27 L/min which
markedly exceeds both 1iver blood flow (1.5 1/min) and cardiac output (8
L/min.) suggesting that clearance is also a function of the ester hydrolysis
and is consistent with biotransformation by “non-specific enzymes' in blood
and various body tissues. The rapid clearance and large volume .of
distribution of esmolol account for the small time parameters of this drug.
These parameters suggest that the major determinant of the duration of the
drug concentrations in the body is the method of administration.” With the
cessation of the infusion of the drug, the mean t1/2 of the alpha phase was
only 2.3 minutes, range (1.4 to 4.0 minutes), while the t1/2 of the beta phase
was only 13 minutes. .

'

The propionic acid metabolite exhibited a small mean volume of
distribution (Vdy=0.44 +/- 0.09 L/kg) and a Tow mean clearance (Clq= 0.82
+/- 0.006 L/hr/kg). These results are consistant with the behavior of
weak actds which are fonized at a physiological pH, and thus do not -~
distribute to a great extent into the intracellular space. The result is
that is cleared to a Jarge extent by the kidney ( averaged 73.2 +/-\3.0% of
the total dose). The Cle of ASL-8123 is moderate, 95 mi/min, and supports the
premise .that the clearance of this biotransformation product is dependent upon
the renal function of the patient and the subject.

The parameters, in general, calculated by the non-compartmental and
compartmental model methods are in good agreement. There appears to be
more variability associated with pharmacokinetic parameters determined for
esmolol when compared to the metabolite, not unexpected since the drug is
eliminated so rapidly.

The pharmacokinetic analysis of the esmolol data demonstrated no dJose
dependency. There was an apparent linear relationship between dose and
blood concentrations, and the elimination parameters were not affected by
alterations in the dose (range 50 to 300 mcg/kg/min). The very short
T1/2B and the rapid clearance of the drug from the blood (mean of 27
L/min.) greatly exceeded both 1iver and cardiac output suggesting .
t?at the drug 1s hydrolyzed extensively within the blood and surrounding
tissues; -

The pharmacokinetic analysis of the principle metabolite, ASL-8123
(propionic acid metabolite), demonstrated dose independent
pharmacokinetics. The renal clearance of ASL-8T23 is approximately 95
m1/min which is slightly less than the GFR in normal men, (approximately
131 ml/min.) suggesting that passive diffusion of the biotransformation
product plays an important role in the rena)l metabolite excretion. Kidney
dysfunction is not expected to be a problem with the metabolite since it is
not considered to be toxic (according to Gorden Johnson, pharmacologist in
Cardio-Renal) and the fact that the drug is not intended to be administered
intravenously for long periods of time.

-
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The firm has reported uncompleted fnterim studies describing the
disposition of the drug and metabolite in hepatic and renal dysfuntion
individuals, Since the labeling claim based on this unsubmitted information
indicates a 10 fold increase in metabolite elimination half-1ife in patients
with end stage renal disease, the data should be submitted and reviewed.

Digoxin Interaction Study:

The post-infusfon Brevibloc blood concentration vs., time data were
described by a one term polyexponential equation following a 6 hour infusion
of Brevibloc. The T1/2 of Brevibloc averaged 5.6 minutes after Brevibloc and
6.1 minutes after Brevibloc-digoxin treatments. There were no statistically
significant differences (p|0.05) between the two treatments.

The concentrations of Brevibloc after the administration of Breviblac
plus digoxin increased in 7 subjects while the concentrations decreased in
4 subjects. Means were not significantly different (p10.05) between the
two treatments with the mean Css of 1.57 and 1.8]1 ug/ml following
administration of Brevibloc and Brevibloc-digoxin, respectively. \

Total body clearance of Brevibloc after Brevibloc-digoxin treatment
were generally lower compared to those after Brevibloc alone.
Non-compartmental analysis showed statistically significant differences
(pl0.05) in the mean clearances between the two treatments. The mean total
body clearances were. 223 and 231 m1/min/kg after administration of Brevibloc
and Brevibloc-digoxin, respectively.’

Tota) body clearance of Brevibloc calculated using the nonlinear computer
fitting of the data showed that the clearance varied considerably among
subjects and between the two treatments. The difference betwe2n the means (251
and 222 m1/min/kg after Brevibloc and Brevibloc~digoxin treatments,
respectively) was not statistically significant (p 0.05).

Clearance of Brevibloc did not appear to be affected by the
co-administration of the digoxin, The large estimate of VdB for Brevibloc
suggests a rapid elimination of Brevibloc and also of the extravascular
distribution of the drug. The limited urinary excretion data suggested that
the parent drug was extensively biotransformed and eliminated extensively by
the non-renal route.

There was a lack of statistically significant differences in the t1/2,
Cmax of the metabolite, ASL-8123, between the two treatments, suggesting that
the pharmacokinetic disposition is not influenced by the co-administration of
dtgoxin, There were no significant differences in digoxin peak serum
concentration or in the time to reach the peak concentration,
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Labelling:

The girm has presented labelling which states that the
pharmacokinetics of Brevibloc have been evaluated in patients with hepatic
disease and end-stage renal disease. The claim states that the
pharmacokinetic profiles were unchanged in these patfents compared to those in
normal subjects. In a conversation between the Division of Biopharmiceutics'
Dr. Donald L. Heald and the Director of Regulatory Affairs, Lee Possley, the
Division was informed that the firm had just completed the work on these
studies and was in the process of reviewing the results. Since the Division
of Biopharmaceutics lacks substantiation for these claims at this time, it is
unable to make any recommendation concerning them. The point is called to the
attention of the reviewing medical officer.

Overall Conclusion:
e Tirm has defined the pharmacokinetic profile of the short acting
beta-blocker, esmolol hC1 and its biotransformation product, ASL-8123."

2. The firm, without submitting corraboration data, indicated chat compared
to normal subjects, the pharmacokinetics of the acid m:tabolite was
significantly different in patients with renal disease in that the elimination
half-1ife was increased about

ten times that in normals, and the plasma levels were considerably elevated.”

Recommendation:

The bioavailability study conducted by American Critical Care on its
esmolol HC1 IV injection, 100 mg/m) strength is approvable from the
biopharmaceutics point of view. Since no data were submitted to document the
increased metabolite plasma half-l1ife, the Division is unable to make any
recommendation in this regard. We call this to the attention of the reviewing
medical officer.
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Jerome P. Skelly, Ph.D.
Director of the Division of
Biopharmaceutics

Wang #6334x

1.

S camm a



