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Background:

grele‘loc {esmolol HC1) has a very short duration of pharmacological
action in vivo because of its rapid metabolic inactivation. In animal
studies Tt has been shown that this rapid 1nactivation occurs by .
hydrolysis of the methyi ester functionality in Brevibloc to the
corresponding carboxylic acid (ASL-8123) via esterases in the cytosol of
the RBC's and not by plasma cholinesterases or RBC membrane .-
acetylcholinesterase. The drug must be administered by the intravenous
route and continuous infusion is required to achieve a prolonged \
pharmacological response. The following studies defined the
pharmacokinetics of Brevibloc and ASL-8123, approximately 1/1500 as potent a
esmolol HCI, in humans and provide the basis for the dosage regimen :
developed.

1t should be noted that since blood sampling do2s not stop the
hydrolysis of the drug, rapid inhibition and denaturation of the esterase
followed by separation of drug and metabolite was required. This was
achieved by partial inhibition of the esterase via collection of samples
in sodium fluoride and rapid denaturation and separation of drug and
metabolites be addition of blood into methylene chloride. These steps had
to be performed by the staff at the site of the clinical investigation by
procedures transferred to the clinical site by the sponsor and validated
prior to initiation of the clinical phase of the study.

Study 1:

Title: Dose proportionality pharmacokinetic studv and effect of lon.g term
Tnfusion on distribution and elimination of esmolol in normal subjects.

Objectives: To elucidate the pharmacokinetics of Brevibloc and 1ts major
mett,g ot te {ASL-8123) over the dose range of 50-300 mcg/kg/min in normal
subjects.

To examfne the dose proportionality of the pharmacokinetics of the
drug and metabolite.

To study the effect of long term infusion on elimination of Brevibloc
and 1ts metabolite, ASL-8123, in normal subjects.

ACC Protocol: 8052-82-09

Investigators:
John J. Hanigan, M.D.
Dwight L. Snyder, M.D.

Noble Swanson, M.D.
James E. McClurg, Ph.D,

-4



Institution:
~Harris Laboratories, Inc.; Lincoln, NE 68501

Stud¥ Design:

s was a restricted-randomized, crossover study. The subjects,
clinical staff, and analytical staff were bifnded, while the fnvestigator
was not. Each subject recefved 50, 100, 200, and 300 mcg Brevibloc per kg
per min for 6 hours. Subjects were not permitted to recefve the 200 mg
dose before the 100 nor the 300 mg dose before the 200 mg dose. Thus, it
was not a truly randomized study. A1l four of these treatments were
: "parated by a one week interval. All subjects received a 150 mcg
Brevibloc/kg/min dose for 24 hours in the fifth phase of the stud’. The
fifth phase started two weeks after the start of the fourth phase.

Subject Selection:
t healthy, adult male subjects were selected by the {nvestigator
from the locally available population. The subjects ranged in age from 19

to 26 years. A complete history, physical examinatfon, and laboratory
evaluation prior to starting the study showed no evidence of any organic
or functiona) disease. Normatl inclusfon and exclusfon criteria. Th
subjects were randomized into four groups to determine the sequence of
dosages -of Brevibloc which they were to receive. All subjects signed a
written informed consent.

Administration:
revibloc_Injection: was suppllied to the investigators as a sterile

non-pyrogenic, clear, colorless solution fn 10 m1 clear glass ampuls
containing 100 mg/m1 of esmolo) MC1. :

Each 10 m1 ampul (Lot #736-34) contafned:
Esmolol HC! 19

A11"dosages, calculation, and measurements in this study are based on
the hydrochloride form of the drug and hydrochloride form of the
metabo) {te.

The diluent for all Brevibloc infusion was Dextrose (5%) Injectica,
USP. A final concentration of 10 mg/ml of Brevibloc was prepared by
making a 1:10 dilution of Brevibloc in Dextrose (5%) Injection USP (D5W).
This was done, for example, by removing 50 m) of D5W from a 500 m}
?gasain%‘a)md replacing 1t with 50 ml %5 ampules) of Brevibloc Injection

mg -

Infusion rates of Brevibloc were controlled by an tntravenous fnfusion
pump capable of delivering a stable and sufficienc volume to infuse the
Brevibloc or placebo predictably and as scheduled. Infusfon pumps were
calibrated at the study sites before the study was initiated and checked
throughout the study period to assure proper functioning.
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Sampte Collection:
Blood Samples:

BTood samples (! m! each) to be used for determination of Brevibloc
and ASL-8123 blood concentrations were collected just prior to initiation
of the Brevibloc {nfusion during each of the five phases of the study.
During Phases 0-1IV, blood samples were also collected at 0, .25, .5, 1, 2,
3, 4, 5, and 6 hours; at 361, 362, 364, 366, 368, 370, 372, 374, 376, 378
381 384, 390, and 3%6 minutes. and at 7 8, 10, 12, 14 16 20, and-24
hours followlng infusion inftfation. During Phase V blood samples were
collected at 0.25, .5, 1, 2, 3, 4, 6, 12, 18, and 24 hours. at 1441, 1442,
1444, 1446, 1448, 1450, 1452 1254 1456 1458 1461, 1464, 1470, and 1476
ninutes. and at 25 26 28, 30 32, 34, 38 and 42 hours following
infusion 1n1tlation.

I

In addition to the frequent monitoring of blood for Brevibloc
concentratfon and that of its major metabolite (ASL-8123), the other major
metabolite, methano?!, and its subsequent metabolites were monitored. ~
Methanolol 1{s converted to formeldehyde which rapidly converts to formic
acid. The formic acid formed can drive the equilibrium of bicarbonate
towards formation of C02 and H20 ynder severe conditions thus altering

pH and bicarbonate concentrations.

During all five phases of the study, methanol, formate, and
bicarbonate concentrations in plasma were determined just prior to
initiation of the infusion and at 1, » 12, and 24 hours following
initiation of the dose. During Phase V edditional measurements of
methanol and bicarbonate were taken at hours 36 and 42 while additional
formate determinations were made at hours 34 and 42.

Urine Samples:

— During each of the first hour phases, 14 cumulative urine samples were

collected The time periods, relative to infusion inftiation, were -2-0,
-g 1-2, 2-3, 3-4, 4-6, 6-8, 8-10, 10-12, 12-14, 14-18, 18-22, 22-26, and

26- 6 hours. Seventeen cumulat'lve urine samples were collected during

Phase V; the time periods were -2-0, 0-1, )-2, 2-3, 3-4, 4-6, 6-12, 12-18,

18-24, 24-26, 26-28, 28-30, 30-32, 32-36, 36-40, 40-44, and 44-54 hours.

Analytical Mathodology:
Eecause of the hgile nature of the methyl ester of Brevibloc,

particularly 1n blood, rapid extraction of Brevibloc and ASL-8123 was done
at the clinical facility. ( The extraction, therefore, {s a 1ikely source
of error.) The firm stated that they processed samples as expeditiously

a le extracts were sent by air freight on dry ice to
for analysis. Analysis for Brevibloc and ASL-8123
in blood and urine samples were done using the standard methodologfes

described 1n Appendix A. Brevibloc was measured in blood using a 6L.C
method and 1n urine using an HPLC method. The metabolite was measured in
blood and urine using an HPLC method. In addition, Harris Labs also
generated extracts of standard curves for the an2lysis. Results are .
presented in Appendix A.

Analysis of methanol and bicarbonate was done by GHBINNEE. Mean
methanol concentrations in plasma did not exceed 5 mcg/ml, toxic
concentrations are 1,000 to 3,000 mcg/m1, while normal levels are 0.1 to
2.0 mcg/ml. A complete description of the methanol validation, procedure
and results are presented in Appendix A. A1l measurements of Sicorbonnte
were found to be within normal ranges.
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Analysis of formate were conducted at American Critical Care. None of
the formate concentrations were found to exceed the reported normal
endogenous range of 3.2-19.1 mcg/ml. A complete description of the method
and its validation also is presented in Appendix A.

Statistical Methodology: .
Due to the iroio—'co‘ restrictions between treatment phase and Brevibloc
dosage, a typical crossover analysis was not applicable. Since there were

no systematic differences amor:.' the pre-phase means, results over Phases
I-IV for the 50, 100, 200, and 300 mcg/kg/min dosages were combined. For
each dosage level, one-way repeated-measures analysis of variance models
were then used to test for statistically significant differences among the
means at the varjous time periods. If significant differences were
observed, Dunnett's one-sided test was used to determine which subsequent
means were significantly less than the pre-infusion mean.

Pharmacokinetic Methodology:

The pharmacokinetic analysis for this study was done as a two stép

process..
The first step utilized non-compartmental methods. Brevibloc

steady-state blood concentrations (Css) were determined by dose and by
subject as a mean of all Brevibloc blood concentration measurements taken
between 1 hour after start of the infusion and the end of the infusion.
T1/2 was determined by using a natural log-1inear least squares anaiysis
of the latest concentrations from a concentration vs. time profile.

Other parameters:
C1 = Ko/Css.
(Xo) (Tinf) {AUCt-00)

Vdss= - : .
(Css) (AUCO-o00)

AUC was calculated by the trapezoida) rule and adding the ratio of
the final plasma concentration divided by the terminal slope of the In
concetration vs. time curve.

Clearance of ASL-8123 was calculated employing the following equation:
Cle = (fm) Dose/AUCO-o00

where: fm §s the fraction of the dose converted to ASL-8123, dose =
(Xo)(Tinf), and AUC parameter is the area under the metabolite
eoncentration vs. time curve from the start of the fnfusion to infinity.
The value for fm was individualized by subject and dose. The fraction of
the dose excreted fn the urine as ASL-8123 was used.




The expected steady-state concentrations of ASL-8123 were estimated by:
Cssm = fm Xo/Cle or Cssm= AUCO-00 / Tinf
The frim reported that since the metabolite §s eliminated in a
mono-exponential fashion, the volume of distribution could easily be
calculated as: .
V¥m = Cle / Kel

Where Kel §s the elimfnation rate constant of metabolfte.

Other parameters to be reported included: Cmax, Tmax, Cle, and t1/2,

d

Compartmental Methods:

See Figure 1 for a diagram of the model emnloyed to describe tﬁe
distribution of the drug and the principle metabolite. \

Results:
Analytical methodology was valid.

Brevibloc Concentrations in Blood:

Blood concentrations vs. time estimates for each dose of esmolol and
for each in¢ividual are presented in Tables 1 to 2. Mean plots of the
data are presented in Figure 2.

Blood concentrations vs. time estimates of the major metabolite
(ASL-8123) for each dose of esmolol also are presented in Tables 1 and 2.
Mean plots are presented in Figure 3.

Blood concentrations of methanol 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/m). Formate, an oxidation product of
methanol, is responsible for the toxicity assoctated and normal
concentrations are reported to be between 3.2 and 19.1 mcg/ml. The fim
reportcd that none of the formate concentrations determined in the study
were above the normal range. None of the bicarbonate measurements were
found to be outsfde the normal range (23-32 mmol/L). Results are
presented in Table 3.

Urine:

summary of the mean amount and percent of the dose excreted for both
drug and metabolite {s presented i{n Table 4. The.firm expressed the .
results as the hydrochloride salts. The firm adjusted for the difference
in mol. weight in determining percent of the dose excreted. The overall
mean pe~cer* .yes of the dose excreted for all doses were 0.76% and 73.2%
for Brevibluc and ASL-8123, respectively.




Pharmacokinetic Analysis:
Non-compartmental: =L

Brevibloc Kinetics:

The steady-state concentrations (Css) determfned from the samples
taken between one hour and the end of the {nfusion are presanted in Table
5 and a plot of the mean values {s presented in Figure 4. A l{near least
squares regression of the relatfonship between Css and the dose resulted
in a correlation coefficient of 0.819. The firm stated that this
translates into a highly significant (p 0.001) 1inear correlation between
dose and steady-stae blood concentrations for the dose ra~ge of 50-300
mcg/ml/ein with an intercept not statistically significant 1ifferent from
zero. This does support the claim that the elimination of '.refbloc was
not saturable within the study range. <

Half-1ife estimates, determined by 1inear regression of the terminal
phase of the in esmolol conc. vs. time curve, are presented in Table 6.
The half-1ife estimate was not dose dependent and the overall mean _
half-1ife wes reported to be 0.131 hours or 7.88 +/- 3.48 minutes.

Vdss were calculated as described previously and the results are
summarized in Table 7. The overall mean +/- S.D. was 2.42 +/~ 1.36 \
(n=30) LAXg.

T mThg mean TBC was 20.9 +/- 8.0 L/Kg/Hr and the results are presented in
a e L]

ASL-8123 Kinetics: .

nfusion of esmol0l was not long enough to have establfished
steady-state of ASL-8123 during the 6 hour ‘{nfusion periods. The mean
concentration observed al 6 hours vs. dose by subject is plotted in Figure
5. Again, a 1inear least squares regression of these data resulted in a
correlation coefficient of 0.937. This also translated into a highly !
significant (p 0.001) Yinear correlation between dose and sfx hour blood
concentrations for the dose range 50-300 mcg/kg/min.

The predicted values for Css are reported in Table 9. A comparison
of the predicted mean Css values with the mean maximum concentrations
determined at six hours suggested that the ASL-8123 concentrations was-at
68.5, 63.2, 73.7, 62.1, and 631 of the steady-state concentrations at 6
hours for the 50, 100, 150, 200, and 300 mcg/m}/min doses, respectively.

The half-1ife was calculated as 1n2/slope of the natural log-1{near
plot. The determined half-1ife estimates are presented {n Table 10. The
terminal mean half-1{fe was 4.03 +/- 0.56 hours and was not dose dependent.

The TBC for ASL-8123 was calculated from dose and AUC as previously
described. The individual estimates are presented 1n Table 11 and the
mean +/- S.D. was 0.08 +/- 0.016 L/Kg/Hr.

The vol. of distribution of the metabolite are summarized in Table 12
and the mean +/-~ S.D. was .485 +/- 0.085 L/Xg, (n=38).

The steady-state blood conc. of both esmolol and ASL-8123 apparently
increase 1inearly with dose while the t1/2, C1, and Vd for both compounds
are apparently dose independent. The firmm has constructed a table which
presents the means, By dose, for esmolol and ASL-8123.

A summary of the PK parameters is presented in Table 13 for both
Esmolol and for ASL-8123.




Model Dependent Kinetics:

The model, diagram presented in Figure !, was employed to predict the
distribution and eiimination pharmacokinetics of Brevibloc. The firm has
provided various parameters which indicate the suitability of the model
and least-squares fitting procedure to determine the absence of systematic
deviation in the plateau and biexponential dispasition pattesn of
Breviblo: and essentially zero-order rise and subsequent moroe=xponential
decline of metabolite concentrations.

The firm reported that the results yielded good to excellent
correlation coefficients between the measured and fitted blood
concentration profiles.

A sumary of the NONLIN-generated least-square estima‘ed parameters
for Brevibloc and {ts metabolite as well as various secondary parameters
for each of the 8 subjects is presented in Table 14.

Results suggested that esmolol distributes rapidly and appreciably
into tissues. The mean intercompartmental clearance :f 7.4 L/hr/kg is
approximately 8.6 ./min., which is similar to cardiac cutput. The firm
concluded that perreability of the drug into tissues s high since blood
flow 1s the rate-limiting factor in the rate of tissue distributfon‘Qf the
drug.

The mean estim:te of the Vc (1.9 L/kg) and Vss (3.3 L/kg) suggests a
moderately large distribution space of the drug. This suggests that the
drug may be appreciably bound to tissue or that there is a partibning of
the drug. The Vss value can be interpreted as a whole body tissue to
blood distribution ratio and thus predicts that tissue concentrations at
steady-state will average 3.3 times the blood concentration.

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.). This suggests that the high clearance of the drug 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 the large volume of distribution of esmolol acco'nt 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 fitted parameters were employed to calculate Css for esmolol for
each subject receiving each dose. The calculated Css are compared with
the measured values presented in Table 15. The comparision also is a
measure of the goodness of fit of the model to the data.

ASL-8123 Xinetics:

The propionic acid metabolite exhibited a small mean volume of
distribution (Vm=0.44 +/- 0.09 L/kg) and a low mean clearance (Ce= 0.82
+/- 0.006 L/hr/kg). These results are consistant with the behavior of
weak acids which are fonized at a physioiogical pH, and thus do not
distribute to a great extent into the intracellular space. The result is
that this drug is cleared to a large extent by the kidney (see kidney
results where urine averaged 73.2 +/- 3.0% of the total dose). The Cle of

ASL-8123 1s moderate, 95 m1/min, and supports the premise that the
clearance of this biotransformation product is




dependent upon the renal function of the patient and the subject.

Engloyi ng fitted parameters, the expected maximum concentrations of
#SL=8123 at the termination of the infusfon are presented in Table 16.
The comparison of the measured values in the same table are {n agreement.

Corslusion. .

The parameters, in general, calculated by the non-compartmental and
compartmental mode! methods are 1n good agreement. There appears to be
more var{ability assocfated with pharmacok{netic parameters determined for
esmolo) when compared to the metabolite, hcwever, this would be expected
since the drug 1s eliminated so rapidly. ’

The pharmacokinetic analysis of the esmolol data demonstrated no dose
dependency. There was an apparent 1i{near 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 _
T1/28B and the rapid clearance of the crug from the blood (mean of 27
L/min.) greatly exceeded both 1iver and cardiac output. This suggests
tl:at the drug 1s hydrolyzad extensively within the blood and surrounding
tissues.

The pharmacokinetic analysis of the principle metabolite, ASL-8123
(propionic aci¢ metabolite), demonstrated dose independent
pharmacokinetics. The renal clearance of ASL-8TZ23 {s approximately 95.
mi/min which is slightly less that the GFR in normal man, approximately
131 mi/min. This suggests that passive diffusion of the biotransformation
product may play an important role fn the reral excretion of the
metabolite. :

The firm determined that 73% of the dose was accounted for in the
urinegaxwhﬂe in another study, the overall percent accounted for in urine
was . ;
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Study 2

Title: Pharmacokinetics Summary: Subacute human tolerance and beta
blocking activity of ASL-8052 in normal volunteers.

Background: ASL-8052, esmolol, is & beta-adrenergic antagonist that,
because of fts short biological half-1ife, has been proposed to give
physicfans the flexibility of rapidly controlling not only onset, but also
remission of therapeutic action. This study was partially designed to
define the pharmacokinetics of ASL-8052 and fts principle metabolite
during and after a 48 hour infusion of ASL-8052 at 150 ug/min/kg.

Princigle Investigator: .

u nelle, K.U. -

Clinical Site: IPHAR, Munich, West Germany

Analytical Methodology: American Critical Care =
ACC Study: #8052-81-03 \
Objective: The purpose of this report was to define the phamacokine.tic

parameters of a short acting beta-adrenergic blocking agent, ASL-3052, and
its major metabolite, ASL-8123. .

Protocol: Eleven norma) male subjects received ASL-8052 at an infusion
rate of 150 ug/min/kg. The duration of the infusion was 6, 12, 24, 36,
and 48 hours for subjects 201, 202, 203, 204-205, and 206-211,
respectively. 9lood samples were collected during and for 18 hours after
the infusion. Complete urine also was collected during and up to 12 hours
after infusfon. '

Sampling Process and Analytical Methodology: ;
00d samples wer, ected and extracted by *aud
shipped to for analysis. The processing was done

according to the standard procedyre presented in ndfx B. Standard
curves also were prepared by and shipped ¢t Urine samples.were
pooled for apprepriate time periods, mixed, and an atiquot sent to in
the frozen state. Extraction and assay of urine samples, as well as
preparation of standard curves for urine assays, were done at

The GLC assay with electron capture detectfon of ASL-8052 was done
according to procedure presented in Appendix B. This assay {s
sensftive to ng/ml with a coefficient of variation 9.4% at tha
concentration. The coefficient fs 12.8% and 11.5% f ng/ml ano’
ng/ml, respectively. The linearity between and ng/m) 1s r = 0,983
with an n = 43. The assays for ASL-8123 were done using a HPLC method
al1so presented in Appendix B. This assay 1s sensitive /ml with a
coefziacient of varfation of 8 to 133. The Vinearity was r = 0.997 with an
n = 48,
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Pharmacokinetic Analysis:
The firm repo r'E% that the steady-state concentration of ASL-8123 was
calculated as a mean of the blood concentrations found between 17 hours

and the end of tne infusion. The rate of elimination (B) was calculated
by fitting the data on a semilog plot from stop of infusion until no more
metabolite could be measured.

Total clearance was determined employing the following equations:

Ko 60 F f KO GOF T 60 ¢
TC 8 ecoescesacses - OF Tc:
Css AUCO-- Joo

Where: F= 0.95 (mol. wt. ASL-8123/mo) wt. of ASL-8052)
f= 0.88 (fraction of drug converted to ASL-8123 determined via
urinary excretion)
T= time of infusion, hours
Css= steady-state concentration of ASL-8123 ug/m) (as descri
above) :
\

The AUCO-00 for blood ASL-8123 was determined using the trapezoidal
rule method for the time until the final sample at time t* was taken. The
remaining portion of the AUC was estimated by dividing the plasma
concentration at time t* (Ct) by B.

VdB was calculated as TC/B.

Results:

Analytical methodology was valid.

There 1s a major problem with the quantification of ASL-8052 in blood
samples. The firm reported that because of inconsistant quantities of the
internal standard for ASL-8052 found in different tubes for the standard
curve, ou.~titation of ASL-8052 in the blood samples was not possidble.. A
rough estimate was made employing peak heights of the samples and
comparing them to heights from the standard curves. This eliminates the
use of internal standard and the values obtained are truely estimates.

The results obtained from this study are not valid and merely suggest a
:‘nnd and consequentialy, there will be no further review cf the ASL-8052
ta.

Results from the metabolite study are presented in Table 1, of
Appendix C. These results determined a mean half-1ife of 243 minutes (+/-
13.7), mean total clearance of 118.1 (+/- 20.3) mi/hr x kg, mean
steady-state blood concentratfons was 65.1 (+/- 10.8) ug/ml, and a mean
VdB of 0.68 (+/- ,09) L/kg.

Urinary excretion of the two compounds are presented in Table 2. The
results deterained that 89.63% of the dose was accounted for {n the urine
of these subjects with 88.2% ‘n the form of ASL-8052. For the 6 subjects
receiving a 48 hour continious infusfon, the mean percentage of the dose
excreted was 94.4, 88.3, and 90.1 for the 12-24, 24-36, and 36-48 hour
perfods, respectively.

The firm has admitted that a further study will be necessary to obtain

valid pharmacokinetic information for the ASL-8052.
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Conclusions: Results from the esmolol study are not valid, while the
metaboTite results merely suggest apparent PK parameters. The firm
concluded that a further study was necessary to obtain valid
pharmacokinetic information for the drug.

Study 3:
Title: Pharmacokinetics of ASL-8052 in Patients with Renal Impairment

Protocol Number: #8052-32-10

Investigators: Douglas Rollins, M.D., Ph.D.
Keith Toiman, M.D.
Wayne Border, M.D.
Martin Gregory, M.D. .-
Al fred Cheung, M.D. :

Clinfcal Sit:: ‘iniversity of Utah
N .:bbott Research Center
‘4edical Center
Salt Lake City, Utah

Interim Summary: December 3, 1984

Design: This study is still ongoing and is to be performed in three
ealthy, male volunteers; three patients with mild renal impaiment (24
hour creatinine clearance between 60-89 mL/min), three patients with |
moderate renal impaimment (30-59 il/min), and three patients with severe
renal impairment (10-29 miL/min). The study design consists of a 4 hour
Brevibloc (esmolol “wdrochloride, ASL-8052) infusion at 150 ug/kg/min.
Blood and urine sanples are to be taken prior to, during, and after the
infusfon at appropriate {ntervals to allow accurate determination of the
x;t:v'g?gg:dnetic parameter’ of both Brevibloc and its acid metabolite,

The firm has stated that enroliment fnto the study has been very
slow. Of the seven normal subjects and the single patients who completed
the study, no other adverse effects were noted by the investigator. The
study is ongoing and attempts to enroll additional patients in the study
are underway.
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Study 4:
Title: Pharmacokinetics of Esmolol in Patients with Hepatic Disease

o o .
-~z

Protocol Number: #8052-84-50 \

Investiagators: Douglas Rollins, M.D. , Ph.D. . ’{.‘i
Keith Tolman, M.D. N ~f
Kenneth Buchi, M.D. a4

Institution: University of Utah
Abbott Research Center
Medical Center .
Salt Lake City, Utah -

Interim Summary: December 3, 1984

g e

Study Design: This also 1s an ongoing study and is to be performed.in
none patients with documented Tiver disease (alcololic cirrhosis) and in
three normal, healthy male volunteers. The study design consists of
four hour Brevibloc infusfon at a rate of 200 ug/min/kg with blood and
urine samples taken prior to, during, and after the infusion at
appropriate intervals to allow accurate determination of the
Apg:ngggkinetic parameters of both Brevibloc and its acid metabolite,

So far, three normal subjects and five patients have completed the
study. An additional four 1iver disease patients will be studied. The
firm stated that the analysis of the samples is {n progress.

<
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Study 5:

Title: A drug fnteractfon study of esmolol HC1 and digoxin in normal
subJects.

Investigator: David Lowenthal, M.D.

Institution: Likoff Cardiovascular Institute of Hahnemann University
Hahnemann University
Philadelphia, Pa

0b€ect1ves: To evaluate the pharmacokinetic and pharmacodynamic
nteractions, 1f any, between {v infused Brevibloc and ordl digoxin under
steady-state conditions in normal, healthy, male subjects.

Stugx Design: Open label with a drug-free baseline control period,
ollowed by Brevibloc, digoxin, and Brevibloc-digoxin study periods.

Study Population: Twelve healthy subjects, 22-33 years of age, were
selec ased upon acceptable and normal chemical and physical critéria.

Drug Administration: Brevibloc was administered by intravenous infusion.
The dose of Brevibloc was titrated from 50-300 ug/min/kg and then
maintained at 300 ug/min/kg. A loading dose (500 ug/min/kg) was given for
one minute before each change in the dose during the titration. The total
infusion time for Brevibloc was 6 hours. The loading doses were given in
order to rapidly achieve the steady-state blood concentrations at each new
dose Tevel. The dose titration was continued until the maximum dose of
300 ug/kg/min was reached and this infusion rate was then maintained for
330 minutes. Digoxin (Lanoxicaps, Burroughs-Welcome) was administered !
orally. On the first day of digoxin administration each subject was given
digoxin in two divided doses at twelve hour intervals and then a single
dose 1n the morning on the subsequent study days. Doses were adjusted by
subject to achieve a therapeutic serum concentration of .8-2 ng/ml. After
study day 2, subjects were discharged from the institution with -
fnstructions for taking digoxin and making return visits for blood
sampling. On the day before the last day of digoxin dosing, the subjects
were admitted to the clinic and monitored for a 24 hour period. On the
last day of digoxin dosing the subjects were administered Brevibloc and
digoxin concomitantly and they remained in the clinic for 24 hours.

Stug¥ Medication: Brevibloc injection (Lot #933-37) was supplied by
erican Critical Care in 10 ml ampuls containing 250 mg of Brevibloc.
Each 10 m1 ampules contained:

Esmolol HCI 2.5 gm
Propylene Glycol USP 2.5 ml
Alcohol USP 2.5 ml

Water for inj. USP q.s. to 10 ml
Buffer with sodium acetate, USP, and glacial acetic acid, USP
Diluent for Brevibloc infusion was dextrose {5%) injection, USP.

Digoxin, in the form of Lanoxicaps, soft elastic gelatin capsules (0.2
mg, Lot #3F2864 and 0.1 mg, Lot #3J2889) was purchased from

TR TSR VMRIVEN IS T I N s e - WS



Study 5:

Title: A drug interactfon study of esmolol HC1 and digoxin in normal
subjects.

Investigator: David Lowenthal, M.D.

Institution: Likoff Cardiovascular Institute of Hahnemann University
Hahnemann University
Philadelphia, Pa

Obéectives: To evaluate the pharmacokfnetic and pharmacodynamic
nteractions, 1f any, between iv infused Brevibloc and oral digoxin under
steady-state conditions in normal, healthy, male subjects.

Stugx Design: Open label with a drug-free baseline control period,
ollowed by Brevibloc, digoxin, and Brevibloc-digoxin study periods.

Study Population: Twelve healthy subjects, 22-33 years of age were'
selec ased upon acceptable and normal chemical and physicai criteria.
Drug Administration: Brevidbloc was administered by fntravenous infusion.
The dose of Brevibloc was titrated from 50-300 ug/min/kg and then
maintained at 300 ug/mfn/kg. A loading dose (500 ug/min/kg) was given for
one minute before each change in the dose during the titration. The total
{nfusfon time for Brevibloc was 6 hours. The loading doses were given in
order to rapidly achieve the steady-state blood concentrations at each new
dose level. The dose titration was continued until the maximum dose of
300 ug/kg/min was reached and this {nfusfon rate was then maintained for
330 minutes. Digoxin (Lanoxicaps, Burroughs-Welcome) was administered !
orally. On the first day of digoxin administration each subject was given
digoxin in two divided doses at twelve hour intervals and then a single
dose in the morning on the subsequent study days. Doses were adjusted by
subject to achfeve a therapeutic serum concentration of .8-2 ng/ml. After
study day 2, subjects were discharged from the institution with -
instructions for taking digoxin and making return visits for blood
sampling. On the day before the last day of digoxin dosing, the subjects
were admitted to the clinic and monitored for a 24 hour period. On the
last day of digoxin dosing the subjects were administered Brevibloc and
digoxfn concomitantly and they remained fn the clinic for 24 hours.

Study Medication: Brevibloc injectinn (Lot #933-37) was supplied by
American tical Care 1n 10 ml ampuls containing 250 mg of Brevibloc.
Each 10 m] ampules contained:

Esmolol HC1 2.5 gm
Propylene Glycol USP 2.5 ml
Alcohol USP 2.5 ml

Water for inj. USP q.s. to.lo m
Buffer with sodium acetate, USP, and glacial acetic acid, USP
Diluent for Brevibloc infusion was dextrose (5%) injection, USP.

Digoxin, in the form of Lanoxicaps, soft elastic gelatin capsules (0.2
mg, Lot #3F2864 and 0.1 mg, Lot #3)2889) was purchased from




Burroughs-Wellcome.

Brevibloc was administered by fv infusfon. A pre-calibrated IMED
volumetric pump (model No. 927 or 928) was used to predictably deliver a
constant and pre-determined volume of Brevibloc as scheduled.

Digoxin was administered orally. Subjects were instructed to take the
mediic:;.ion at home during study days 3 through 11 (digoxin stabil{2ation
periad).

Sample Collection:
BYood samples were drawn before a:‘ministration of Brevibloc at 4, 9,
14, 19, 24, 30, 60, 120, 240, and 360 minutes during infusion and 2 1, 3,

5,7,9, 12, 15, 18, 21, 30, 60, 120, 240, and 360 minutes after
discontinuation of Brevibloc. All samples were extracted at the study
site and then stored in dry ice and flown to American Critical Care for
further analysis.

Urine samples were scheduled to be taken before administration of -
Brevibloc at 0.5, 2, 4, and 6 hours during infusion and at 0.5, 2, 4, and
6 hours after discontinuation of Brevibloc infreion. Urine samples were
packed with dry ice and sent by air freight to A.2rican Critical Care for
further analysis.

Analytical Methodology: Presented in Appendix B.

Pharmacokinetic Calculations:

Css = average of the 60, 120, 240, and 360 minute
concentrations during infusion of Brevibloc.

Cl = Ko / Css

T1/2 = 1n2/the elimination rate constant (det. from 1inear
regression analysis) : -

- AUCO-6 for digoxin using the trapezoidal rule. .

Brevibloc blood concentration-time data were also analyzed by
non-11{near regression analysis using the SAS methodologies and assuming
Tinear kinetics. A weighting factor of 1/y2 and a one-compartment open
mode] was used to fit the concentration versus time data.

Results:

Analytical method was valid.

Non-compartmental method:
ATY subjects completed the study. Individual blood concentrations for
Brevibloc and {ts metabolite and serum concentrations for digoxin are

presented in Appendix D. Complete urine samples were available only for

Subjects 11 and 12, and all urine data are presented in Appendix D.
Pharmacokinetic parameters calculated using the non-compartmental

wethod are presented in Table 1. The concentrations of Brevibloc after

-the administration of Brevibloc plus digoxin increased in 7 subjects while

the concentrations decreased in 4 subjects. Means were not significantly
different (pi0.05) between the two treatments with the mean

S
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Css of 1.57 and 1.8) 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. There were
statistfcally significant differences (pi0.05) {n the mean clearances
between the two treatments. The mean total body clearances were 223 and
231 ml/min/kg after administration of Brevibloc and Brevibloc-dfgoxin,
respectively.

The Tl/’é 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.

e

Compartmental Model
The post-TnfusTon Brevibloc blood concentration vs. time data were
described by a one term polyexponential equation following a 6 hour

infusion of Brevibloc. The pharmacokinetic parameters calculated from the
fitted data are presented in Table 2. The mean blood concentration-time
plots for Brevibloc and 1ts metabolie are presented in Figures 1 and 2,
respectively. A

The mean t1/2 of Brevibloc was 5.0 and 5.4 minutes after Brevibloc and
Brevibloc-digoxin treatments, respectively. The results are very simflar
to the results presented above. Again, there were no statistically
significant differences in the half-11ifes between the two treatments.

TBC of Brevibloc calculated using the nonlinear computer fitting of
the data were generally lower after Brevibloc-digoxin treatment. The
table shows that the clearance varied considerably among subjects and
between the two treatments, the difference between the means was not
statistically significant {(p 0.05). The mean clearance was 251 and 222
ml/min/kg after Brevibloc and Brevibloc-digoxin treatments, respectively.
This compares favorably with the estimates reported above in the
non-compartmental analysis.

The average volumes of distribution at the terminal phase were
reported to be 1.97 and 1.60 L/kg following Brevidbloc and
Brevibloc-digoxin treatments. No statistically significant differences
were reported when comparing the means of each treatment. -

Urinary Recovery of Brevibloc and ASL-8123
Us*ng the available data from only two subjects, the “average' urinary

recoveries of Brevibloc were 0.96% and 1.4% after Brevibloc and
Brevibloc-digoxin treatments, respectively.(Tables 3 and 4) The parent
drug was not determined in the urine 6 hours after temmination of the
infusion. The major fraction of the dose was recovered as the metabolite,
ASL-8123. The recovery of the dose after 12-hours was 67.6% after
Brevibloc and 61.8% after the administration of Brevibloc and digoxin.
Plots are presented in Figure 3.

Blood Concentration and Half-1{fe of the metabolfte, ASL-8123:

There were nn significant changes (P10.5) 1n the t1/2 oF in Cmax
concentrations of the metaboite, ASL-8123, between Brevibloc and
Brevibloc-digo.in treatments. The average max. conc. attained were 97.5
and 99.3 ug/ml following Brevibloc and Brevibloc-dfgoxin treatments,
respectively.(Table 5) The average apparent elimination half-life, as
determined by the non-compartmental method, averaged 3.5 hours after the
Brevibloc treatment and 3.2 hours after the Brevibloc-digoxin treatment.




-

Digoxin Serum Concentrations:
The mean digoxin serum concentrations at different time points and

peak concentrations during digoxin and Brevibloc-digoxin treatment are
presented in Table 6. The average digoxin serum concentration-time
profiles during the two treatments are presented in Appendix D.
The mean Tmax was reached at approximately 2 hours after efther
treatment. Differences between the mean Cmax were not statistically
significant (glO.S). The digoxin serum concentrations also were compared /
and only the 4-hour concentration was significantly different. - !
The AUC were calculated {0-6 hours) and are presented in Table 6. The
mean AUC was significantly higher (p 0.5) after the Brevibloc-digoxin
treatment than after digoxin treatment, averaging 11.4 ng x hr/ml after
digoxin and 12.7 ng x hr/ml after Brevibloc-digoxin. .
The estimated mean urinary recovery of digoxin was 27 and 33 % with
and without Brevibloc, respectively. The urinary recoveries of digoxin
are presented in Table 7.

Conclusion: .
ere does not appear to be any significant differences in the -
steady-state concentrations of Brevibloc between Brevibloc and \
Brevibloc-digoxin treatments indicating that the steady-state blood
concentrations were not affected by digoxin. 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. The 1imited urinary excretion data suggested that the parent drug
was extensively biotransformed and éliminated 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. This
suggests that the pharmacokinetic disposition is not influenced by the
co-administration of digoxin. ‘

There were no significant differences in digoxin peak serum
concentration or {n the time to reach the peak concentration. This
sugoests that Brevibloc did not affect the digoxin blood concentrations.

-

Labelling:
A copy of the pharmacokinetic labelling is presented in Appendix E.
The firm has presented labellfng 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 PK profiles were
unchanged in these patients compared to those in normal subjects. I
called the firm and talked to the Director of Regulatory Affairs, Lee
Possley. I asked if they had submitted PK studies to substantfate the
labelling claims. He stated that they had just completed the work on
these studies and that the firm was reviewing the results. He made no ,
mention of suppling the data to the Division of Biopharmaceutics at this
time. Since the firm can not substantiate these claims at this time, the
:1;21?:st delete this section from the PK and Metabolism section of the
a ng.



|

Overall Conclusion:

1. The firm has defined the PK profile of the short acting beta-blocker,
esmolol HCl and its weakly active biotransformation product, ASL-8123.

2. The firm must remove the following section in the pharmacokinetic and
metabolism section of the labelling: .

“The pharmacokinetics of Brevibloc have also been evaluated in
patients with hepatic disease (cirrhosis) and end-stage renal disease.
The pharmacokinetic profiles of esmolol were unchanged in these patients
compared to those in normal subjects. The pharmacokinetics of the acid
metabolite, however, were significantly different in patients with renal
disease. The elimination half-1ife in these patients was_-increased about
tgn tim:suthat 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/ml strength, has been found acceptable by
the Division of Biopharmaceutics. However, the firm must delete the
section in the PK and Metabolism section of the labellfng which addresses
the issue of pharmacokinetic profiles in patients with hepatic disease and
end-stage renal disease.

;he firm should be informed of the above recommendation and comment number

'Dmé{,{'w{ PP

Donald L. Heald, Ph.D.
Pharmacokinetics Review Branch

RD Injtialed by Mei Ying Huang, Ph.D.

FT Initialed by C.T. Viswanathan, Ph.B=" SEE Tne SviERuseRy ~loamen T

ENC LoSED

cc: NDA 19-386 orig., HFN-110, HFN-226(Heald), Chron, Drug, Review, and
Division Files






THESE PAGES ARE FROM DR. LIEBERMAN'S MEDICAL OFFICER'S REVIEW OF
NDA 19-388, BREVIBLOC.




por ]

- L e 2 Vo 4
Ao » il e R St e
et e \—. ,“-.. c . . s
N SIEVIROC® (owated 0 4 CYIDN GIDR 19-308) . &
N SMIMAYT TARE - AL INION STUONLS V=]
. o
£.0.6. IPECIAL STWDIES: PUROODTINNICS .. o
N 1
FRESTIOATOR / o . v SEIRIPTION mn ) =
msrITeTIoN L] ROy TET PR TENS FON nmn >
PATIERTS ¢ A0 RMATIN SAFETY AND/OR EFPIOCY -
: (7=
itime, e, A0 §032-80-98 12 Subjects Stagie-dlind, plevete Srovidiee® 100, 200, ond 300 Ascossnent of Sate Miecheds by Srovittee® rodvord hewrd t:o
Sene 11se conivel ted scpfhg/ntn fer 60 aln of cech dotornination of boart refe rate rospense to (2]
Saternisation of the dove level, oith ayprepelate sosponms fo tonpreterensi. [ ' o
retationdilp botveen tosding ¢ome,”. ‘ Tetect vos raplf ie emnet
dwretion of renidie® : nd allinat, ond raningg
Infusion ond aneet ond .. sessntistly feved over
Gogren of Sote bechedy, . ooch Infusion perled.
o thees dow lovels. There vee so oigntticant
. C1tterance tn hoor? rote
rofuciion mong the thren
' G tevels.
Yolume 3.12 ‘ 2% Mogr Onstenses of
. Sratycardle ond Mppetensien
were roperted, oo voll »
o twmtence of Siatiness
4 o Inerensed PIC frequency,
Yook %o RO 00308543 14 Sdjecte Spomistet, rondmised, Memihins®s eotetermncy Moswreeet of Mart tote ™ile Brmvibiae® ome
p1ecnto 4080 11ne contratind doses of 100, 200, 290, respense to lenpreterens) otgrtticentty love
omperioen of bote bextades 300, 900, ond 790 -‘nwn chel longe during coch ool ettective, them 1.9, o
ond Gwrotion of for onp howr sach, with reginson. o pregromist Ia
0hiee® vo. orel ond sprcpriate Lending dosen. ottenmring howt oete
. le%a propronsiol. rowense te isopretersme!
als 99 seg/ain ol longn, he 300 acghg/aie
for oo howr, oifh sppropriete G of Srevittec® L)
loading Gosen. oflect rovghly syntvaiont to

Mat of erel Jrowensiol

Seal Prenrsanislt @ oy $14 0 10 oy 114, Slesdy stete
duys, then 00 ny $14 a2 deys. Sete bierheds ves ropidiy

ey 1 o A
" felioeing ferminatlon of
mm o/aln tufeston,

e Ve orperdonts T
N sphg/ain

Volume 3.13  (Medical) . - X frvmet brovche

ot Nigh dores.
ond nm:u. -t ‘-
Yolume 3.14  (Statistical) N F peiprr b A ey
sysptanstic Wrodycordle
. " t¢ 99 oyo) stom eboerved.
" oo atovte Teating fotioneet 160 englogrophy of Srevidioc® ont prowanetol
tdhandrien, A, RO, 092-02-19 13 Putlents D-Mo;:::a:.' m' m : ,.":""’.,"'"" . :::' : .:!' s o ::2; - .'““ 1:,::.:."”.
] nuows L J aeed
o eetet on myccorfil 750 sa/ngratn il Shen o Goring Bribiers, ool wiog  S)on TN edtec toaes,
. » 'd
Volume 3.15 . o peinct v SO el odonts betuoen aach, Glod btk ot rest aad ot pest
h-»nid: Pow Injections w:::gr:. t:‘mn.::.. swectes. £
ot legiatat = ", ong o a
elth ?d: M.::-o nr"-‘ l'..n :onmlnﬂon. bl Mgy Nore reper ted. &-‘
Satueen dowe 2 and 5.

ok

- =



N - >a
. N - LA
w7 $ : 3
[r=1
o
. ~
. 1
. =2
SREVIBLOC® tomplot ICT) TRIECTION (DA 19-398) b=
SOURY TAE - OLINIOR STUDIES —_
' &
D
E.0.c. SICIR STOITS MANRCOIOTINICS .
OREStINATR / s e o SESORIPTION o .
MSTITHTION tR apscy oot . TESY PARAIETERS POR ALALTS
PATIENTS ) M0 DUMT 0N SAFETY MTD/OR EFFIONCY
Ashonszi, Josmgh, RD. S03E2-14 12 Puttonts M febe! ovolmtlon of Oresibien® '.“l [ 2] lu.ll. ml Thie intasion tevel
Chicogo, R ic oifects of 900 acghp/uin 0: 4 aln oert refe, opstellc HJ’ 1903 wtgfngfmind
ln:m In patients tol foned by selintencnce prosswre, cordiss tafen, sodest dut stetisticetly
wndergoing cordiee Infestion of 300 sxg/hg/uln Mrnﬁ Inton, ond tott olgntficant hemodynenic
cofheterizaiica, for tote! tatuston $ime mlair ajection fractiond chenges typtent of beter
of 20-77 ol ond rasesmrenent ot Infesion sdvanergic Slocheds.
Volume 3.16 ' G Ly
a o o' COver
0 ’ . and setobel ite fmvel Iateyion ¢lacontizvation,
’ ostorninations, consistont aith he
) . ahort hel 1=100e of
Brovidtoc®.
. .
L]
»
| §
. N,
L]
. \et
LY
‘ &
. . &
-dle
e
.
B N WL TR T SN O PRI R Vi o somer S e Lt cet :'-' B
O PR P TR TR PL LN PR LR B SR et meemer ot
R e R R Y Srteteny LG T - e



‘ s -1 —~= L P aiiins o o= - - - - . —~— |
LI L TR R R s o SRRSO S R {
K N - et . '
-, *e v
° [-1]
BRITITLOC® tommolel MTHD IMS1¢Y I tiga . .
TS 1L« QLINIEN SO ®©
[}
: = -
>
g.0.c. TPICIA STDIES: PVIRDTRINTS —
o
WWESTIONTOR / sy v SESRIPTION ome WIT MANETERS PO [ 8] &,
INSTITUTION L s|acy o0sAst SALTT MEVUR SFFIORCT [+
mreeary AO UM 0N o
hatrnenot—dht it rertpartoraie | Voo torime ctentes et by remerems g Tetomton, Thors astost
[ 1] ol 3 fo tive cinmte g on,
* tiects of o ibioe®  meintenance Intusion of 7 rerainations of bob stotisticelly
otaintstered by f.v 300 exg/ng/ain for fois! Infosign oiwetrict nedel Pwnct otgniticont changes
Intestien §2 yetionts tiae of 13 to 49 oin. atrlio) conduction Hae gore sotedy
bosplitetifaed vov ond atrist retfrecterinems, 19 bourt rate docreese
revting €logron‘ie m sods ond Me-Pulinje 20 3A sole recovery
ot seteephystolog: © opvten function, ims preolongetion
tosting. ventriculor function, 9) Protlongution of M
ond retrogrofe conduction) Istervat duwring
12-1end () Mamstelopgy) awist pacing
=12 earun olocireliyfons 4) tocrense In entogrele
. ond erimtyels, m.-‘“. cyele N
Miety ainetes posteinfusion
ssversl signiffcant chonges
fren benel lan vere ehserved:
10 tacreess In hesrd rote,
; 2) ohartond siner- ond
’ m'rm [ ]
recsvery
33 ohar toned puced
tatervel,
. &) sher tonag AT wode
ottective relractory
poried ot 830~ e
400 evee,
$) ohortsrad otvint
ot focttve rofrectory
ported during $0 B
|
Volume 3.17 — ';M
il "=y
. Siepharerls, otriel ftetter,
. chast Hghtnees, prevsere,
) Gratycardia, vesovaget
rosction, vanting,
Onty vomifing vee
N atirtiuted to Brevibten®.
Replon, ooty RO, WINES-23 20 Pylionts Sobiediind, rendenited, Orovidioe?® tnfused ot 100-, Reedyam ie_asevereonts Provitiee® ene bane-
W Yorh, wv . piacsbo-cantrel ted otety 200-, oné 508 megMg/aln tor po-m.e::})pn- dyrenicatty safe ot o)
ol the oflects of Brovitiec® ton alin of ouch Iovel, slin Intwdatlon, of the conciusien theas aving fovels tn this
o8 hemedyranice n ouch fovel pracoded oy o of osch @ueing intervel, and af  gotieont growp esesthetiazed
sthetized pationts %€ ofnin teating oo 1%« snd 30 min povi-intution. with fenteml, owpgon, ond
post=intubotion. Sor 1.9 ale er plecede. goncwonimm, .
VYolume 3.18 M'es Owe patlent ":
- . veceliving plocodo doveloped C..
| sealycerdis ond tow s
cordioe Indan, e
::
\ ] '
b IR A TR LR R D N B AR S TR PN Ry DRI Ll R UL S S TP AL I O U TN ¢l ot ’ ;



woo

Study Number
. Pharmacokinet ics

8052-01-01
(vot,. 3.2,
page 1)

8032-81-02
{vot, 3.3,
pege 1)

8052-81-03
{vol, 3.9
psge 1)

20%2-82-00 -
‘vﬂ' . 3-'.
psge 1)

Pharmacodynsmics

8082~084-38
(volt. 3.i2,
pege 1)

a052-83-43
{vel. 3,13,
pege 1)

Orug Intersction

0052~-83-30
{vol. 3,19,
pape ¥)

8052-03-39
(VO'- 3-210
pege 1)

Pharencok inetics in Horma) Subjecte

. Dosspes Glven
YN _ecaltu/min_(duration)

1

t0, 40, ‘00, 30, 200, 300,
450, 630 (1.0 hr each)

80, 150, 400 (2.0 hr snch)

180 (6-49 hours)

s0, 100, 200, 300 (6.0 hr each)
180 (24 hours)

100, 200, 300 (! O hr each)

100, 200, 300 (1.0 hr each)
250, 800, 760 .(1.0 hr each)

300 (8 he)

300 (6 hr)

Nu&hnf of
Viluntears

12

10

Phersscohinatic Results

et et

8lood level! proportional to dose,

Estimated apparent half~1ife less then
10 minvtes, -

Large tote! clesrante »12 L/hr/hg,

Blood levels proportions! to dose.

Data it 2 compartment model.,

Phereacok tnet ic paramaters def ined
for 400 mcprkg/min dasape.

Brevibioc data not retrievadie.

Actid matabolite pharmacohinetics
def ined, R

Urinary excretion measured.

Compiete pharmacokinetic ansiysis of
Brevibloc and scid metabolite.
Osmonstraten tinesr hinetics.

Conf trmed theoreticat cdos.ag scheme,
Stesdy-state levels proportional to
dose,

Rapid elttminatton postinfuston shown,

Steady-stete level measuread and found
proportional (o dose.
Rapid alimination postinfuston shaun,

Stesdy-ataty of Srevibioc elevated

in soms subjects during morphine
. sdministretion,

A1l other kinetic psrameters unchanged.

No effect of digoain of Brevibinc
kinoticse,

—
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Study tumber
8052-82-10¢¢
8052-83-50%¢
8032-82-13
8082-92~14
8052-82-18
so0s2-02-21*

8052-82-28°
8052-83-44*

sos2-a3-~as*
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.17
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3.18
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Table Eéf'
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Pharmacohinntica I tlinnane Statese

Patisnt Typs

Ranal tepeirment o
Hepatte Disesen .
Organie Heart Disnpna
Organie Heart Disnnan
Coronary Artary DVtrnse

Coronary hevssculhrtzation
Coronary Revas-uint tzation
Non-cardiac Suspeey

Non-ecardiac Surgery

cdmmt = e e e 2

Dosages Given

meging/ain Ourat fon

150 (4.0 hrs)
200 (4 hra)
300 (<31.0 hr)
300 (1S min}
200 (<1 bhr)

100 or 200 or 300
{? min sach)

100, 200, 300
(10 min each)

100 or 200 or 300
(10 min sach)

100 or 200 or 300

2

Yetunisers
12
1?2
l.1
12
[}.]
42

20
40

BSrevitbioe after digcontinunt ton af Infusion wes docimentad In saeh study.

Studiss in progress.
Anesthesia studies.

Srevibloc steady-~ststas wnere wmessursd in att studies snd showis 1o be proportionsl

to dosage in studies whers multiple dosages were piven, the raptd slimtnation ot
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3. Description of Dosage Form and Quantitative Composition

Srovibice® (Injection $s & sterlle, non-pyrogenic solvtion for
fatravencus Infuston, suppiied In 10 at Type ( glass enpuls In two
strongthss 1.0 /10 oL (100 ng/al) and 2.5 /10 sl €250 mp/aL)e The
o str s are {dentical In composition with respect to both active
ond tmactive [agredients and differ only with respect to concentration

s shorn bolavs .
° 1 2.9 grm
loo'::li. 250 51-.
A 3
Bative_lnpredlant
Emolol Wdrochlertde . t0p 25¢

C. Overview of Pharmacokinetics/Pharmacodynamics/Safety

A series (approximately 40-50 studies) of phase * and II studies defined the

safeiﬁ. harmacokinetics {PK) and pharmacodynamics (PD) of esmolol and
provided Initial evidence of efficacy. An overview of the studies,

investigators, purposes, doses, duration of the studies and results can be

found in Tables A, B;
were primarily refated t5 pharmacokinetics in normal subjects and in diseased

B2 and Table C. Of these studies, approximatel

subjects, 4 were related to drug interactions, 7 were related to

{rritation

patients.

].

otential and 1 evaluated betay selectivity in asthmatic

_ Clinfcal pharmacology studies were arranged by the sponsor iato two
" major categories: . .

Special Studies

a.
b.
c.
d.

e.

Safety (Tolerance)
Pharmacokinetics (PK)
Pharmacodynamics (PD)
Drug Interaction Studies

Other Studies

17

. pharmacodynamics, 7 were related to safety including tolerance and venous
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2. Dose Ranging Studies
a. ST
b. Perioperative
In essence, these studies purport to show that:

1. Esmolol §s reasonably well tolerated in normal subjects and patients
within the dose range evaluated.

2. Esmolol is rapidly metabolized by blood and tissue esterases.
3. Esmolol has a plasma terminal half 1ife (t 1/2) of about 9 minutes.—
4. Esmolo) acts a true “beta blocker in ma. ' '

5. Steady-state blood levels of esuolol and relatively stable beta
blockade are attained with an inftfal loading dose fullowed by a
mintemnce dose.

6. A dose-response relationship.or trend is demonstrated in patients
“with.SVT in.controlling ventricular rate and in perioperative -
(anesthetized) patients fn modulating hypertensfon and tachycardia.

Medical Reviewer's Note

Due to insufficient information and lack of specific date, several of the
above conclusions were not clearly supported by the NDA (especia‘l'ly #3 and
#6). Therefore, we have asked the sponsor to address these issues which
relate to the pharmacokinetic (PK) and pharmacodynamic (PD) data. The
specific deffciencies or problems are identified in the appropriate sections
(overview summary for the respective studies. These include:

(1) Data supporting the computer model for first .order kinetics for the
eliminatie,;a half-11fe.

(2) Data clarifying the relationship of esmolol dose to response as
measur;d by % inhibition of the response to {soproterenol.

What ‘l’s the correct dose response curve?

(3) Data suppor.ing the sponsor's claim of a dose response effect in the
perioperative setting. .

The sponsor's response to the first two issues are found in the Addendum to

the Clinical Pharmacology Section at the end of the entire section: The
analysis re issue #3 1s ¥ouni Tn the section re dose ranging studfes.

-4
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1.

Special Studies

Safety Studfes in Normal Volunteers /

P4
i
1. Tolerance Studies

Twenty-five healthy, normal young adult male volunteers were evaluated in
three single biind placebo controlled human tolerance studies
(8052-81-01/02/03} with IV {nfusions of esmolol conducted by Dr. K.
Schnelle. The pharmacokinetic and pharmacodynamic aspects of these
studfes will be discussed elsewhere under the appropriate section.
Table A summarizes the drug schedules and test parameters for
safety’/efficacy. The data obtained from these studies indicated that ..
esmolol was well tolerated at all the infusion rates and 4uration studfed
(up to 650 ucg/kg/nin for 1 hour, up to 400 mcg/kg/min for 2 hours and up
to 48 hours 150 mcg/kg/min). The side effects reported during these
studfes consisted of: fatigue, headache, facfal warmth, rhinftis,
diarrhea, and ifnability to read due to heavy eyes. The maximum plasma
concentration of methanol resulting from metabolism of esmolol was 9
mcg/ml, which approximates the gndongeous.range and is about 2 orders of
imagnitude below any leveél associated with toxicity. No clinically -
significant effect on laboratory parameters ronftored were noted. In
summary esmolol when admiafstered to normal male volunteers in doses
ranging from 10 to 650 mcg/kg/min for periods ranging from 1 to 48 hours
was well tolerated and showed dose dependent beta blockade of the
tachycardia, increase in SBP, and decrease in DBP induced by an
isoproterenol challenge.

2. Irritation Potential Studies

Three additional studies (8052-82-12, 8052-83-24, and 8052-83-46) were
conducted to evaluate the venous and perivascular {rritation potential of
esmolol. The first study 8052-82-12 employed esmolol 10 mg/ml whereas the
other two studies used a esmolol concentration of 20 mg/ml. All three
studies wére assocfated with a significant incidence of venous and
erivascular adverse effects including pain, swelling, soreness, ftching,
urning, erythema, numbness and induration. In contrast to the first
study Ain which only a minority of subjects [3 out of 19] were terminated
due to local infusion site reactfons), the other two studies resulted in a
majority of subjects being prematurely terminated due to severe local
infusion site reactions. Phlebitis and thrombosis of the infused vein was
noted in 8 out of 9 subjects in the third study. These studies led to the

uideline that the concentration of esmolol should not exceed 10 mg/ml.
%H'iaaTtiEﬁ:1r1ﬁiﬁ3TEﬁtTBEf‘EtEtT§tT5ET17'!T§BTTTESHTFTPTnREEﬂﬁrqﬁkimP

e
was noted at 20 minutes and 12 hours after the start of the esmolol
infusion,
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3. Beta 1-Selectivity Study in Asthmatic Subjects 8052-83-34

Study Objective :

The objective uf this study was to compare the safety of esmolol with
placebo in patients with asthma by examining the effects on airway
function, responsiveness to dry air induced bronchial constrictfon, and
responsiveness to isoproterenol-induced bronchial dilation.

Patients

Ten patients with mild asthma entered and completed the study. Data from
all 10 patients were acceptable for analysis of pulmonary function. The.
safety evaluation was based on all 10 patients, but one patfient had
prestudy laboratory data exclvded from analysis. Under a protocol
amendment, 6 of the 10 patients were also studied to compare the effects
of propranolol vs placebo.

Study Design and Treatment Plan

“This study 'was a doub’le-blit.ud'. randomfzed, placebo controlsed crossover

study. Following baseline puimonary function testing, esaolol or placebo
was administered by continuous intravenous infusfon fn a titration phase
and a maintenance phase. The infusion was titrated stepwise to dosages of
100, 200 and 300 mcg/kg/min; each dose was preceeded by a loading dose of
500 mcg/kg/min for 1.5 minutes. The fnfusion was continued to the
maxmimue dose. The patient was entered into a mafntenance phase at a dose
of 300 mcg/kg/min for 30 minutes. Throughout the dry air and
{soproterenol dose response periods, the infusion of esmolol or placebo
was continued at the 300 mcg/kg/min dosage. Additionally, propranolol was

administered by bolus injection to 6 of the 10 patients after completion
of the entire esmolol-placebo phase in a dosage of 1-5 mg.

Efficacy Evaluation

The primary endpoints assessed included pulmunary function test,
plethysmography, blood chemistry, hematology, urinalysis and vita! signs.

Resul 1':3

During the titration and maintenance periods, no significant differences
were found between the effects of. esmolol and placebo on airway function,
in the dry air test however esmolol when compared to placebo lowered the
ventilation producing a 1003 increase in specific airway resistance
(PY-100). This effect was small in magnitude - PV-100 was 46.3 + 1.7
during esmolol and §0.2 + 2.7 during placebo. This suggested a Slightly
enhanced bronchomotor sensitivity to the stimulus of dry air during
esmolol infusion. Esmolo]l inhibited Lronchomotor responsiveness to
isuprel in comparison to placebo but only after the first meter dose of
fsuprel. The difference between esmolol and placebo and specific afrway
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resistance (sRaw) after the first isuprel dose was also small, sRaw was
6.77 + 1,2 during esmolol and 5.7 + 1 during placebo. Esmolol also had a
reater than 75% reversal of induced bronchial constriction after the
girst dose of isuprel. In the propranolol part of the study, 2 of the 6
patfents had marked symptomatic bronchial constriction after 1 mg of
propranolol. A third patient had a clinically significant change in
sensitivity to dry air; PV-100 after propranolol was 26 11ters per minute
compared to 45.3 liters per minute after placebo.

Adverse Drug Effects

§ of the 10 patients had adverse effects during esmolol infusion. The —
adverze effects consisted of hypotension (2 instances), dizziness (2
instances), anxiety, headache and slight bronchial constriction except for
headache which occurred during the post infusion period. All adverse
effects occurred during the maintenance period at the 300 mcg/ka/min
dosage period. All adverse reactions were described as mild and none
required discontinuation of esmolol infusion. In conclusion, esmolol in
the doses administered produced siight but statistically significant
effects on bronchomotor response to dry. air and fsuprel in patients with

“ mi1d asthma. Propranolol in the same patients, produced more profound
effects: marked symptomatic bronchoconstriction in 3 uf the 6 patients
accompanfed by an increase in the specific airway resistance without dry
air provocation in two of the six patients. Since the number of patients
studged was relatively small no absolute conclusions about the overall
safety of esmolol in patients with astiaa can be drawn. These studies are
of particular relevance to the clinical efficacy trials since the loading
dose titration schedule and ma‘ntenance doses were almost identical to the
treatment schedule employed in the clinical efficacy trials involving
patients with SVT and in the perioperative setting.

CLINICAL PHARMACOLOGY -
1. special Studies

b. Pharmacokinetics

Overview S&mq

The pharmacokinetics 6f esmolol and its chief metabolite (ASL-8123) have been
deduced from a series of clinfcal studies in normal, healthy human volunteers
(8052-81-01/02/03/09) (Tables A, By).. Additional data has been obtained
from patients with various disease states and in patients undergoing surgical
or other medical procedures (see Tables By and C). These studies have
provided the basis for the dosage regimen developed and subsequently employed
in the controlled clinical trials (sce Table D). In addition, a computer
modeling system was developed to predict blood levels based on varying
infusion regimens. (For complete details see Appendix 1A,) As a result of
this modeling scheme, it was deduced that the optimum regimen would require an
initial loading dose followed by a maintenance dose in order to rapidly

.- -~
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achieve the: desired steady state blood levels. Based on the results of the §
studfes summarized {n the preceeding tables, the following conclusions about
the pharmacokinetics of esmolol and its acid metabolite are purported by the
sponsor: j '/ y

1. Esmolol displays 1inear kinetics over the dose range of
§0-300 mcg/kg/min.

2. It has a terminal half.life (t1/2) of about 9 minutes.

bl 2

3. Clearance s primarily the result of hydrolysis of fts ester bond in
blood and tissues and is not significantly dependent on blood flow as its
clearance exceeds cardiac output. : .

4. The majority of esmolol is excreted changed (as the azid metabolite).

5. The acid metabolite formed by hydrolysis of esmolol 1s cleared by
renal_ excretion and has a terminal half 1ife of almost 4 hours (3.7 hours).

6. Therefore the rapid metaﬁolism of esmolol allows blood levels and
‘beta blocking activity to be quickly altered or eliminated by changes in
the infusion rate of the drug.

One important technical consideration relates to the fact that blood sampling
does not stop the hydrolysis of the drug and so rapid inhibition and
denaturation of the esterase followed by separation of the drug and metabolite
was required. -This was solved by partial {nhibition of the esterase by
collection of samples 1n sodium flouride and rapid denaturation and separation
of the drug and metabolites by the addition of blood into methylene chloride.

Medical Reviewer's Note

Due to lack of data points and incomplete graphs, it is not possible to
conclude that_esmolol's elimination half-l1ife follows first order kinetics.
The data presented fmplies that the time to reach steady state depends on the
infusion rate. Hence the following data plots have been requested for studies

01,02,09: ,

1. A plot of the individual subjects (1og blood conc vs time) for
esmolol, acid metabolfte and methanol.

2. Analysis of above to check for model fit.
3. Data re infusion studies for 100, 250, 500 and 750 mcg/kg/min.
4. Details of the analytical sensitivity for esmolol,

Note:

The sponsor's response to this request can be found in Appendix 1C of th
Addendum to the Clin. Phar. :

-4 s
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Results of Specific Studies
Studies 01, 02, 03, 09

[Inftial Studies and Computer Modeling] ,
The initial clinical study (8052-81-01) demonstrated that steady state
concentrations of esmolo) were proportionally linear with the dosage Y

administered over the range of 40-650 mcg/kg/min and that the drug had a
elimination half life of less than 10 minutes. This data-was obtained in 6
normal male subjects who received the following 1 hour infusiops of esmolol at
40, 100, 200, 300, 450 and 650 mcg/kg/min. Basic pharmacnkinetic parameters™
of esmolol and ASL 8123 were then established in stugx 02 (8052-81-02) using:
dosages of 50, 150, and 400 mcg/kg/min administered for 2 hours. In this
study 8 normal male subjects were each infused for 2 hours at three different
dosages of esmolo), However, only the 400 mcg/kg/min dosage resulted in
sufficient esmolol blood level data to allow standard pharmacokinetic i
modeling. The data were fitted to a two-compartment model and the following
parameters were established for esmolol:

ELENTIE S S T R LI

CURR ¥ ST

" 7.59 meg/m)
03 minutes

19 minutes
43 1iters/kg

7.1 1iters/hr/kg
Additionally, the data obtained at three dosage levels for the acid metabolite

Steady -state concentration 400 mcg/kg/min: 1
Half life of distribution: 2.
Half 1ife of elimination: 9.
Volume of distribution: 3.
Total body clearance: 1

. ASL-8123 were fitted to a one-compartment model? and its pharmacokinetic

parameters were established as follows:

Kalf life of elimination: 223 minutes
Volume of distribution: 0.41 liters/kg
Total body clearance: 0.077 1iters/hr/kg

These pharmacokinetic parameters were then used to simulate blood
concentration curves for the 50 and 150 mcg/kg/min dosage, and the actual data
compared very well (according to the sponsor) with the simulated values as
sown in the following figure,

*
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An additional-study (8052-81-03) was designed to further define the kinetics
of esmolol and ASL-8123, This was a study in 11 normal male subjects who
received a single infusion of esmolol. Subjects received 6, 12, and 24 hour
infustions,”or 36 hour infusions or a 48 hour infusion. Due to difficulties in
the extraction procedure at the clinfcal site, the only retrievable data was
for the acid metabolite, ASL-8123. It was shown that the elimination
half-11fe, volume of distribution, and total clearance of metabolite were 222

minutes, 0.69 Jiters/kq, and U.118 liters » respectively, Urine analysis
results showed that 1.4% of the dose administered during the 48 hour infusion

was excreted as unchanged drug. However, almost 90% of the dose was accounted
for in the form of urinary ASL-8123. These results were similar to animal
data which showed around 98% of the dose was excreted as esmolol or ASL-8123
in the urine and around 4% of the dose in the feces.
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Hence the data from these early studies were used to model blood.levels for
varjous dosing regimens. Two criteria were used in design of dosing
regimens. First, the infusion rate should remain below the maximum 650
mcg/kg/min dosage which was shown to be well tolerated in the fnitial clinical
study and secondly, steady state drug levels should be established raﬁ'ld'ly
enough to allow a decisfon to be made within 5§ minutes to go to a higher
dosage (if inadequate response) or remain at the current dosa¥e (if adequate
response). Computer simulations (Study 8052-81-02) of blood level profiles
resulted in the dosage regimens employed in subsequent controlled clinfcal
studfes. (See Appendix 1A) .

[Additional Studies and Conclusions]

Another detafled study (8052-82-09) was conducted to establish the
pharmacokinetics of esmolol and 1ts acid metabolite in normal subjects. The
study consisted of 5 phases: 4 phases were randomized and consisted of 6 hour
esmolol infusions at 50, 100, 200, and 300 mcg/kg/min. The fifth phase for
all subjects was a 24 hour infusion of esmolol at 150 mcg/kg/min. Data from
the study were analyzed by subject using (1) models of independent methods to
confirm that l1inear kinetics were followed and also by (2). comprehensive.
modeling of both drug and actd metaholite data for all 5§ doses ‘

- stmultaneously. The linearity of Brevibloc blood levels vs dosage was
demonstrated (sze the accom ing Tigure) and complete pﬁamacaainetic

results for esmolol an are summarized in the following table.
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The overall results of this study are as follows:

1. Brevibloc distributes rapidly and significantly into tissues. Since
the fntercompartmental clearance is approximately 8.6 1iters/minute (which
ts similar to cardfac output), the permeability into tissues {s high and
blood flow is probably the rate-limiting factor in tissue distribution.

2. The central (v. equals 1.9 liters/kg) and total (Vss equals 3.3
11ters/kg) volume o? distribution of the drug are moderately large. This
is consistent with the high permeability rate and {s {ndicative of
significant tissue binding. Extrapolating from the Vss value, it can be
predicted that tissue concentrations at steady state will average 3.3 ~
times the blood concentration. )

3. The total clearance of esmolol was found to be 22.9 L/hr/kg or
roughly 27 liters/min which clearly exceeds botk liver flow (1.5 L/min)
and cardiac output (8 L/min). The hi?h clearances and a pathway which
mainly involves formation of the proplonic acid metabolite by ester
h{drolysis 1s consistent with biotransformation by nonspecific enzymes in
blood and various body tissues. Methanol, the other metabolite formed
from esmolol metabolism, does mot appear to significantly accumulate
(studies 8052-81-03 and 8052-82-09).

4. The mean residence time of 8.3 minutes suggest that the major
determinant of the duration of drug concentration {n body will be the
duration of administration. The disposition occurs with an inftial
(alpha) half life of 2.3 minutes and a slower (T1/2 beta) half 1ife of 9
minutes. The T1/2 beta 1s the dominant phase of elimination with a very
small variation among the subjects studied (study 8052-82-09).

5. In contrast, the acid metabolite {ASL-8123) shows a small volume of
distribution and Tow total body clearance. The renal clearance of
ASL-8123 1s moderate, (about 95 ml! per minute,) and probably will be
strongly dependent upon the renal function of the patient or subject.

Steady State Levels of ASL-8123

Two stud?és (8052-81-03 and 8052-82-09) had sufficiently long infusion rates
to be able to establish steady state parameters of the acid metabolite. Both
long term infusions were at the 150 mcg/kg/min dosage. In these studies mean
steady state AS1-8123 levels were found to be 65.1 mcg/ml and 64.3 mcg/ml. In
general the maximum concentrations were proportional to esmolol dose.

Steady State Levels of Brevibloc in Disease States

In addition to these key pharmacokinetic studfes just described, additional
blood levels have been determined from a number of studies to check for
consistencies of these parameters in various disease states. In all of these
studies, the dosing regimens involved loading doses of 500 mcg/kg/min for
various lengths of time followed by maintenance doses of the desired rates.
Study 8052-81-58 confirmed that the approximate steady state levels were

obtained within 5 minutes using this scheme. The data from studies in
patients with hepatic dysfunction and renal insufficiency are not available as
yet for anaiysis (studies incomplete).
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Steady State Brevibloc Levels (Venous and Arterial)

The steady’ ktate venous and arterial esmolol levels from the va.r'lous
S are n

aphic form 1n the following figures.
findings that the ste—al'v'?ﬁgﬁ_ﬂ'ﬁ

{ndividual studfes are

roy

following tables and summarized in

These studies refnforce the previous

esmolol blood levels are proportional to dose.
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Elimination of Brevibloc and Plasma Half Life

The rapid elimination of esmolo} was also monftored in these studfes by
sampling 30 minutes after termination of the infusion. The results
consistently showed that very low levels were present 30 minutes after
termination of infusion (these were usually not quantifiable). Estimated half
lives {which were based on a 1imited number of data points) were reasonably
consistent with an estimation of less than 10 minutes whether in normal
subjects or the diseased states previously discussed. (See Appendix 1C)

Protein 8inding of Brevibloc and ASL-8}23 _

In vitro studies were conducted to measure the tamt:eﬂl binding of esmolo) and

fts acid metabolite. The results as noted in the accompanyin figure show
only moderate binding of esmolol and negligible binding of ASL-8123.

Protein Binding of Brevibloc and ASL-8123

_ Bpecies of 8 Brevibloc % ASi-8123
Protein ution Bound Bound
Dog Serum 38.3 2.0
Bunen Serum ) 6.2 7.0
. Human Alemin .5 4.3
Euman AN 1.3 4.4
g Mouse Senmy 43.8 e
Rabbit Lerum 42.0 8.7
’
’ Rét Serum €4.3 8.4

’
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Supmary and Conclusion

Esmolol has a very short duration of pharmacologicdl action in vivo because of
its rapid metabolic biotranstormation. Animal s'%ﬂ?es‘ have shown that this
rapid fnactivation occurs by I‘gzdrolﬁsis of the me‘t_;gxl ester groug in esmolol
to the corresponding carboxylic ac 00 sue
esterases. The drug must be administered by the IV route and continuous
infusion 1s required to achieve a prolonged pharmacological response. The
clinical studies conducted to define the pharmacokinetics of esmolol and fts
acid metabolite in humans have provided basts for the subsequent dosage

regimen employed in clinical trials. It was deduced from computer modeling _
that following a loading dose infusion of esmolol and a maintenance infusion,

esmolol blood levels and beta biockade are at a steady state within b minutes
(3T a loading dosage is omitted, computer simulations :su est that
approximately 45 minuEs might be required to reach steady state blood
Tevels). Usgng an appropria oading dose, steady sta ood levels of
esmolol for dosages from 50-300 mcg/kg/min are readily obtafned within 5
minutes. B8lood levels of esmolol increased 1inearly over this dosage range.
While steady state b*rod levels are maintained during infusion, they decrease
rapidly after termination of the infusion. - The elimination half life of - -.
esmolol after IV infusion {s approximately 9 minutes. Hence, because of its
short half 11fe and rapid metabolism blood Tevels of esmolol can be rapidly
altered by increasing or decreasing the infusion rate. Elimination kinetics
of the drug have also been found to be independent of thé dosage I1n the range
50-300 mcg/kg/min. Within 24 hours at the end of infusion, 73g881 of the
dosage has been accounted for in the urine as the acid metabolite of esmolol..
netics of the acid metabolite have been found to be ‘lnaeg:ndent of the
dose while its elimination half life is about 3.7 hours. The total body .
clearance is equivalent to the glomerular filtration rate. Methanol blood
levels, monitored in patients receiving esmolol for up to 6 hours and 24 hours
at 150 mcg/kg/min were usually within endogenous levels and always at least 2
orders of magnitude beTow those levels associa with methanol toxicity.
Esmlol was sﬁown to be 55% bound tv human plasma protein while the acid

metabolite was only 10% bound.

¢. Pharmacodynamics

Seven stuflies (see Table A:8052-58, 43, 03, 15, 14, 13, 25) were primarly
concerned with descriptive clinica) pharmacology. The results are summarized
below organized by major phenomena rather than by individual study.

i. Beta Blockade .

Overview Summary

I) Request for Additional Data

It was decided that the effects of beta blockade could be better assessed if

the data were plotted in semilog format. Therefore, re Studies 58, 43 and 03
the following graphs were requested.
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