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Re 58/43
1. Percent beta blockade vs log dose (esmolol)

2. Log percent blockade vs time after stopping the infusion for 50, 100,
200 and 300 mcg/kg/min

3. Percent blockade vs 1og blood concentration
4. Time course of beta blockade for entire study period (#2)

§. If possible pool percent blockade vs log blood for the Ipg starting™

at lowest dose (This turned out not to be feasible) - .
Re 03
1. Log blood conc vs time (esmolol and acid metabolite)

2. ‘Log percent blockade vs time

“The results of the above i'equ'e'st.:ed data’will be presented in the Addendum for

Clinical Pharmacology.

I1) Preliminary Analysis and Comment

The results of studfes 58 and 43 clearly showed beta blockade in men, The
isoproterenol (lz54) dose ratios fmply that 7 times more Iigois req.ired

to achieve the I»5¢ at Brevibloc doses of 750 compared to mcg/kg/min,

It is not clear ﬁow to compare the relative potency of esmolol and
propranolol. There appears to be a contradiction in the dose response curve
for Study 58 vs study 43.

Study 43 (based on Ipgy dose ratios suggest that esmolol doses of 300 are

not at the top of the curve while data from study 58 suggest that the 300 dose
is at the tof or f‘lateau of the curve (since there {s no real difference
between doses of 100, 200 or 300 mcg/kg/min. This is of interest since the

- results of the SVT controlled trials suggest that a dose response effect is

seen at eich stepwise increment thru 200 (and that most of clinical

response is achfeved by 150 mcg/kg/min. One gosslb‘le explanation for the

{nconsistency is that I,s inhibition may not be a good predictor of clinical

rt:sponse in SVT (contro? of heart rate). See Addendum for further analysfs of
e new data. .

Study 8052-84-58
Study Objective

The objective was to determ the relationship between duration of esmolol

infusion and onset and degree of beta blockade, at 3 dose levels. A secondary

gurpose was to examine the relationship between esmolol blood levels and beta
lockade during infusion and after discontinuation.
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Study Design and Treatment Plan

The study wa: a single blind, placebo baseline controlled study involving 12

heaithy male subjects who were selected by the investigator from the lac:i

population. All subjects remained hospitalized during the entire study

duration, Esmolol was given in two rhases. first a 10ading infusfon of 71
500 mcg/kg/min was administered for 1 to 1 1/2 minutes and followed by

majntenance infusions of either 100, 200, and 300 mcg/kg/min for a total

duration of 16 minutes.

Test Parameters for Safety/Efficacy T -

The level of beta blockade was assessed by determining heart rate responses to
bolus IV Injections of tsoproterenol prior to, during and 2fter termination of

esmolo] infusion.

Results

A more detafled display of the data is presented in the Addendum to the
Clinical Pharmacology. .. e L R .

1) Consistent with {ts activity as a beta adrenergic receptor antagonist,
esmolol reduced the heart rate respcnse to {suprel. This beta blocking effect
was rapid in onset (within 5 minutes after initiatiuvi of the loading infusfon)
and rapld in offset (4% beta blockade at 45 minutes following termination of
the maintenance infusion). At each dose level studied, the degree of beta
blockade was not significantly different over a 55 minute period. Although
the level of beta blockade tended to fncrease with dose; however this effect
was nefther dramatic nor statistically significant (p equals 0.10). Overall
means (corbined 5, 10, 30 and 55 minute data) for percent beta blaockade at
each of the maintenance infusion rate were 50% at 100 mcg/kg/min, 57% at 200
mcg/kg/min and 65% at 300 mcg/kg/min. The relatively shallow dose response
curve and low level of maximal beta blockade produced by esmolol may relate to
the relative cardioselective nature of the drug; 1.e., esmolo! would not be
expected to 'éignificantly block the part of the jsuprel induced increase in
heart rate mediated by reflex vagal withdraw due to peripheral vasodilation.

2) In addition, the leve) of beta blockade was directly related to blood
concentration of esmolol but not blood levels of the acid metabolite
ASL-8123. Blood levels of esmolol were relatively stable a. 5, 10, 30 and s5
minutes durlng each of the esmolol maintenance 1n¥usions (see Table below).
However, blood levels of esmolol decreased rapidly following termination of
the 300 mcg/kg/min Infusion. Blood Jevels of the acid metzbolite of esmolol
increased with time during all infusions. -During minute perio

following termination of esmolol infusfon, however, the levels remdined
virtually unchanged (38.00 to 38,97 mcg/mi).

]
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Blood Levels of £smolot and Its Actd Metabolite {ASL-8123)

{ntenance Esmol0} Netr.oolite
Dose Time (Concentration® esn Concentestion® Masn
(ecg/kg/min)| (win) | (mcg/ml) | Comparisons | (mcp/m!) Compartsons
100 13 0.1!:0.5 §5»30>10,5 | 0.18+0.1¢ §520>10>5
30 | 0.4430.04 3.3330.24 -
85 0.5220.05 | 6.4020.2¢ .
200 § 0.94+0.13 xs. | 7.280.31 §5>30>10>5
10 9920, 8.23:0.30
0 .05=0. 12.7430.35
s &5 1.31¢0.11 . 18.38:0. -
300 s 1.69+0.21 NS, 20.72+0.70 $5>30>10>8
m ’l Cled u-’l:o.“
: 30 1.61:0.22 27.61<0.84
. .| .55 1.7150.21 ,6220. .
followup s 0.43:0.09 §510>30,45 | 38.7)s1.48 x.S.
10 | 0.37:0.03 * X ': X
30 | 0.03:0.00 38.9751.36
& 40250, 18.62:1.34

Values are mean ¢ S.E.N.

© Concentrations are expressed as the hydrochloride salt.

Adverse Effects

The sponsor reported that adverse effects occurred in only one subject treated
This subject experfenced dizziness twice:

with esmolol.

once during each

loadingedose': Each episode of dizziness persisted for around 5 minutes, was

modera
showed an increase in PVC £

course of’ the 100 and 200 mcg/kg/min maintenance infusions.
there were minor {nstances of bradycardia and hypotension.

in severity and resolved without intervention.

uency which was present for 2 hours during the
In addition,

These appeared to

This patfent also

be transient in nature and were quickly reversible following termination of

esmolol 1nfusion.
Study 8052-83-43

.

The objective of this study was to compare by measurement of heart .rate
responses to fsuprel the potency and duration of beta blockade produced by IV
esmolol vs IV and oral propranolol {n healthy adult male volunteers.
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Study Design and Treatment Plan

This was an open label randomized placebo baseline controlled study in 14 male
volunteers ran?fng from 21 to 35 years old. Thirteen of these subjects were
defined as healthy and one subject had clinically significant elevated white -
blood count levels. There were three treatment plan schedules which were as

follows:

a. Esmolol mafntenance doses of 100, 200, 250, 300, 500, and 750
mcg/kg/min for 1 hour each preceeded by a 1-1.5 minute loading fnfusion of
500 mcg/kg/min. -

b. Propranolol §5 mcg/min for 1 hour with a loading dose of 10 mg
(administered at a rate of 1.1 mcg/min).

c. Oral propranolol 40 mg/tid X 4 days then 80 mg/tid X 2 days and then
10, 20, and 40 mg q 8 hours X 2 days.

Test Parameters for Safety/Efficacy

_ Measurement -of heart rate Fesponse to {soproterenol challenge during each

dosing regimen. The I»5y doses of isoproterenol required to increase heart
rate by 25 bpm (1251) were determined by 2 different methods: during each 1V
infuston of esmolol or propranolol, the I25 was estimated (I25e) so that this
dose could be administered during subsequent infusions or after termination of
beta blocker infusién. Also following completion of the study, I25 doses were
calculated by 1inear regression analysis and interpolation (I1125%).
Isoproterenol dose ratios were calculated as the 155% determined during beta
blocker administration divided by the 1251 obtajned during placebo fnfusfon

(control).

Results

’
ISoproterenol (I25;) dose ratios (mean + §.E.M.) for the
various doses ¢ Brev?

bloc and propranolol vere as follovs:
Brevi- 100 mcg/kg/min 2.00+0.09  Propranolol 10 mg  9.12+0.85

bloc 200 2.38%0.15 20 18.4251.46
250 3.56%0.29 4  33.503.32
300 3.8030.24 .
500 10.06%1.69 IV 33.09+2.26
750 15.25%0.99 :
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As can be seen from the above summary table, I»g¢ dose ratios obtained with
ropranolol were considerably higher than thosé—obtained with esmolol. In
addgﬁom. the effect of 500 mcg/kg/min of esmolol was approximately equal to
an oral dose of propranolol of 10 mg q 8 hours. Again as was observed in the
preceeding study (8052-84-58) beta blockade produced by esmolol resulted in a
shallow dose response curve and low level of maximal beta blockade. Esmolol
groduced stable levels of beta blockade within 5 minutes of each maintenance
nfusion (preceded by loading dose). Recovery from beta blockade was
relatively quick following termination of the esmolol infusion (300
wcg/kg/min). Eighteen minutes gost termination of the infusion, the heart
rate response to the control I25e was 25 bpm and blood Tevels of esmolo) were
negflible (note at this time the mean biood level of the acid metabolite of ~
esmolol was 35 mcg/m/L). In contrast, at 14-28 minutes after termination of
the IV propranolol infusion, the heart rate responses to the control I25e were
modest and not significantly different from each other (2 bpm and 4 bpm
respectively). Blood levels of propranolol als: were not significantly
different at these two times,

Adverse Effects

. 8 (57%) of the 14 study subjects exhibited some form of adverse reaction °

(headache, nausea, vomiting, diarrhea, arrhythmia, and hypotension). In all,
12 adverse effects occurred. Headache was the most frequent adverse effect
and occurred in 6 subjects treated with esmolol. In the 5 of the 6 subjects
headache was associated with the 750 mcg/kg/min infusion of esmolol,
llysotension 90/60 occurred fn one subject during the infusion of esmolol at .
500 mcg/kg/min.. Hypotension resolved within 40 minutes after stopping the
infusion. In conclusion, 1Y esmolo] was much less effective than IV or oral
propranolo] in attenuating the heart rate response to isoproterenol. The 500
mcg/kg/min dose of esmolol produced a similar effect to that of an oral dose
of 10 mg q 8 hours of propranolol. According to this study model, evaluation
of the beta b]ockin? activity of esmolol compared to groprano‘lol was
complicated due to (1) Breviblc being a beta 1 selective blocker whereas
propranolol {s not and (2) high doses of esmolol fncreased baseline
(preisuprel) "heart rate. Since the level of beta blockade was similar at 5
and 25 minutes during each of the esmolol maintenance infusions, it is
apparent that steady state levels of beta blockade are rapidly obtained. In
addition,”recovery from beta blockade was rapid (18 minutes after termination
of esmolol). The results are consistent with a time dependent recovery from
beta blockade following termination of the esmolol infusion whereas there was
little time dependent recovery from beta blockade with propranolol,

Analysis and Comment

In both study 58 and 43 steady state levels of esmolol were rapidly attained
and proportional to dose. The level of beta blockade was not significantly
different during the length of the maintenance fnfusion perfods in these
studies. Moreover, offset of beta blockade was rapid following termination of
the mafntenance infusion. While the data supports that esmolol is a true beta
blocker in man, its relative potency re propranolol is not readily apparent
nor is the dose response effect on inhibjtion of isoproterenol.
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Study 8052-81-03

This was a tolerance study in which both pharmacokinetics and pharmacodynamics
were also evaluated. ,

Study Objectives

1. To evaluate the effect of varying the duration of esmolol {nfusion (150
mcg/kg/min) from 6 to 48 hours upon blood levels of esmolol and the major
metabolite (ASL 8123) during and after the infusion.

2. To evaluate the relatfonship between esmolol ASL 8123 blood levels during
: :gdhafter infusing esmolol at 150 mcg/kg/min for durations ranging from 6 to -
ours.

3. To evaluate the relationship between blood levels of esmolol, ASL 8123,
the attenuation of maximal 1soproterenol-induced increases in heart rate and

ge_zgegt beta blockade during and after infusing esmolol at 150 mcg/kg/min for

~

W L. O

3

¥ J

ours. .

“Patient Selection and Tredtsent Pian

The subjects were infused with esmolol for durations of 6 hours (Group I,
ey n=1), 12 hours (Group II, n=1), 24 hours (Group I1I, n=1), 36 hours (Group IV,
ey n=2), and 48 hours (Group V, n=6). In additfon, the mean blood levels of
v esmolol and metabolites for all patients combined were also provided at each .
time interval. -

Study Results

a. The following table fllustrates the fact that the mean esmolol blood
concentratfons remained more or less constant at all measurement times during
the infusion (5-44 hours). In contrast, however, blood concentrations of
ASL 8123 showed a progressive fncrease from 5-16 hours and thereafter
demonstrated a plateau up to 44 hours.

/
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b. Esmolol had a significant effect on blunting the {soproterenol induced
maxfmum increase in heart rate during the infusion at all time points when
compared to the preinfusion period. As is shown in the table below sigificant
beta blockade was present at all measurement times during the esmolol
infusion. Moreover a significant positive correlation was found between
esmolol blood levels and the percent beta blockade.
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* ¢._ Esmolol blood levels diminished rapidly upon discentinuation of the
. infusfon whereas levels of ASL-8123 were present at signfficant levels for up
to 4 hours following the infusion. A summary of these results is provided in
the accompanying table. .
4 .
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d. Finally, the percent of beta blockade was shown to decline rapidly by
16-45 minutes post infusion in all ups infused with esmolol (see
accompanyjng table). At this time [post 16-45 minutes), as shown in the
previous ‘table, esmolol blood levels were negligble indicating a significant
positive correlation (p less than 0.03) between esmolol blood levels and
percent beta blockadé. Thus it is interesting to note that a significant
decrease in beta blockade at the 16-45 minutes post infusion period 1s
obtained while blood levels of ASL-8123 showed significant persistence for up
to 4-6 hours post infusion. Therefore the beta blockade observed in this
study was not related to ASL-8123 found in this study. .
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Tobte

Summary of Parcent Bets Slechave A% The Cnd of
Lamate! (nfuaten and Poat Foanlal tafunion

1i. Hemodynamic Effects (non-invasive and invasive)

Overview Summary

While the results of the varfous hemodynamic studies with esmolol do not
indicate anything unexpected in terms of its effects on hemodynamic
parameters, several poiats warrant emphasis.

V4

1) In Study 15, direct comparison with 1V propranolol showed that at peak
exercise, SBP was significantly lower with esmolol. This is of considerable .
{nterest since in the SVT efficacy trials (study 04 and 05) the overall
incidence of hy?otension was quite high particularly in the comparative trial
with propranolol (study 04).

2) fn study 25, each of the key hemodynamic variables showed a dose response
effect with increasing doses of esmolol. This suggests two potential
problems: (1) in the presence of anesthesia, the dose response curve for
these variables may be altered and (2) patients with CAD may be relatively
more sensitive to esmolol in the presence of anesthesia. This is of interest
since the results of the efficacy trial in perioperative patients with
CAD-Study 49 indicated a significant fncidence of myocardial {schemia

associated with esmolol. .
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Study 8052-82-15
Objecti ves"

To compare the effects of esmolol and propranolol on left ventricular function
at rest and during exercise in patients undergoing radionuclide angiography by
the first pass technique.

Study Design and Patients

The study was a double-blind randomized crossover with active control. 15
patients entered and completed the study, 12 of these patfents had coronary ~
artery disease. ] .

Treatment Plan and Test Parameters for Safety and/or Efficacy

Ali ?atients received both study drugs in a double-biind crossover fashion.
Esmolol was given as a 2 minute loading dose of 500 mcg/kg/min followed by a
continuous infusion of 200 mcg/kg/min until the time of peak exercise.
Propranolol was administered as four 1 mg injections eacl given over a 1. .

_° : minute perfod with a 2 minute observation period betweeén 2nd and 3rd

{njections. Radfonuclide angiography at rest and at peak exercise were
determined. Studies were performed predrug, during esmolol and during
propranolol, with 48 hour washouts between each.

Study Results

In general, esmolol and propranolol produced a similar hemodynamic profile
both at rest and during exercise. Data for five key variables yere plotted.
See Appendix 1B for detafls. The following conclusions are suggf'ted by this
data.

a. At rest the HR, SBP, RPP, left ventricular ejection fraction, right
ventricular ejection fraction, cardfac index, and contractil'ty fndex were
significantly lower following either drug when compared to values obtained
on control days. Esmolol and propranolol produced a similar increase in
left ventricular and systolic volume at rest. No significant differences
were/detected between esmolol and propranolol for any of the hemodynamic
variables at rest.

b. VYery similar results were noted at peak exercise, except there was no
significant difference between either esmolol or propranolol in the
control day values regarding left ventricular ejection fraction, or left
ventricular end diastolic volume. At peak exercise, the two drugs
differed only with respect to systolic blood pressure - systolfc blood

pressure was si§n1 ficantly lower at peak exercise with esmolol than with
propranolol administration. (Ihis observation 1s signit ficant since In the

controlied clinical trial study 04 the incidence of hypotension was
significantly higher in the esmolol group compared to propranolol.)

/
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c. The increases in heart rate, systolic blood pressure and rate
pressure product during exercise were sf§ni ficantly less following esmolol
or propranolol treatment than the control.

d. After discontinuation of esmolol infusion at peak exercise, heart
rate returned to baseline whereas in the same period after stopping
propranolol, heart rate remained below the baseline for the entire 30
minute post infusion period.

e, A statistically significant drop in the average esmolol blood level
from the steady state level during the infusion to a very low level during
the 30 minute post infusion period was noted. This esmolol blood level
data was obtained in 9 patients. However, since propranolol blood level™
data was obtained in only 3 patients, these blood levels were not analyzed
statistically.

f. According to the sponsor, no adverse effects were reported by the
investigator nor were any adverse hemodynamic effects found in reviewing
the hemodynamic data. However, it should be noted as reported under *c*
. systolic blood pressure was significantly lower at peak exercise with
" esmolol than with propranolol admin{stration. R .

In summary esmolo} and propranclol in the doses specified resulted in similar
ecreases 1

n the heart rate, ejection fraction, double product, and cardfac
{ndex, both at rest and during exercise fn 15 patients undergoing radionuclide

angiography.

Study 8052-82-14

Objective

Yo evaluate the hemodynamic effects of esmolol in patients undergoin cardia'c

catherization using invasfve and angfographic or muitiple gated acquisition
ood pool i1maging techniques.

Study Design and Patients

This way an open label evaluation in 12 patients, 7 of whom had documented
coronary artery disease.

Treatment Plan and Test Parameters for Safety and/or Efficacy

A esmolol loading dose of 500 mcg/kg/min for 4 minutes followed by maintenance
infusion of 300 mcg/kg/min for a total infusion time of 20-27 minutes. The
following hemodynamic measurements were obtained at baseline, minute 14 of the

infusion and 30 minutes post infusfon: HR, SBP, cardiac index, stroke wor
jndex, and 'le'ft"ven't.?Tcu‘i ar ejection fraction. .
Study Results

1) As can be seen from the accompanying table, esmolol infusion produced a
modest but statistically significant reduction in six hemodynamic variables.
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beart rate 4 bpm, from base line of 73 bpm
systolic blood pressure 15 ; HBg, from baue line of 153
P

cardisc index 0.5 L/min/n?, from base line of
2.88 L/min/n? .
stroke volume index S mL/best/m?, from base line of -
40 ml/beat m?
stroke wvork index 10 ga°M-beat/m2, from base line of
4 _ 50 gm-M-beat/m?

left ventricular 14%, from base line of 74%
ejection fraction

2) The above data was also plotted in graph form. See Appendix 1B.

3) Other related varfables including RPP and cardiac output were also
significantly reduced from baseline. However diastolic blood pressure was not
significantly changed. Although myocardial contractility (dP/dt) tended to

gecregse g'ltinring the infusion, the reduction was not statistically significant
rom baseline. . :

4) 1In contrast to the situation re (ASL-8123) in which blood 1evels continued
to increase Through the final sampling time at 30 minutes post infusion, by 30
minutes post infusfon, nearly all patients had less than quantifiable levels
of esmolo) in both arterial and venous blood.

5) At si':eady state, the mean arterial esmolol blood level (3.91 mcg/ml) was
more than seven times higher than the mean venous blood level (0.53 mcg/ml).

Adverse Effects .

One of the 12 patients who had severe coronary artery disease and impaired
left ventricular function exhibited hypotension at minute 10 of the infusion
requiring discontinuation of esmolol. Hypotension lasted a total of 40
minutes and may have been complicated by the adminjstration of other drugs
such as nitroglycerin and lasix. According to the sponsor no patient had a
systolic blood pressure of less than 90 mm Hg during the esmolol infusion nor
had a heart rate less than 50 bpm during the study. Three patients had normal
baseline ventricular wall motion that became abnormal during esmolol

infusion. Thus the drug potentially could cause abnormalities in left

ventricular function or contractility in certain patients. In summary,
infusion of esmolol at a dosage of 300 mcg/kg/min produced modest but

-4
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statistically significant hemodynamic changes typical of beta adrenergic
blockade. Consistent with the short half 1ife of esmolol, hemodynamic effects
were quickly reversed upon discontinuation of the esmolol infusion.

Study 8052-83-25

Introducticn

Although some of the hemodynamic effects of esmolol have been discussed
previously the results reported in this section are presented separately to
underscore their importance because they represent a stugz in anesthetized
,{:_gtients postintubation prior to CABG suqe¥. The implications o S study
n relationship to the perioperative clinical trials of esmolol, particularly

in study 49 (carotid artery patients) will also be discussed. In addition, a
summary of hemodynamic data in CAD patients will be presented.

Study Objective

To investigate the effects of different doses of esmolol (100, 200, and
300 mcg/kg/min) vs placebo on safety and systemic hemodynamics in patients
anesthetized with fentanyl, oxygen and pancuronium prior to CABG surgery,

Study Design and Patients

This double-blind, randomized, placebo controlled trial anrolled 20 patfents
with documented coronary artery disease. Ten patients recefved esmolol and
ten received placebo. Hemodynamic data from 2 placebo patients were excluded
because one patient received an excluded dru? (nifedipine) prior to the study
and one patient received a vasodilator (IV nitroglycerin).

Treatment Plan and Test Parameters for Safv.y And/Or Efficacy

After induction of anesthesia and endotracheal intubation, esmolol or placebo
was infused 1.V, for a maximum of 34.5 minutes.” The esmolol infusfon rate was
increased i a stepwise fashion from 100 mcg/kg/min to 200 and finally to

300 mcg/kg/min; each dose was given for 10 minutes and each was preceeded by a
loading dose of 500 mcg/kg/min for 1.5 minutes. lenodynamic measurements
including pulmonary artery catheter measurements were taken prior to induction
after intubation, at the end of each dose level of infusion and at 15 and 30
minutes post infusion. Predefined hemodynamic safety checks were established
and if any one of these was reac [3 rug was suppose to be
discontinued. These included: 1) SBP less than 90 mm Hg; 2) DBP less than
50 wm Hg; 3) HR less than 50 bpm; 4) CI less than 2.0 L/min/m2; 5) PCWP
gre?te;d than 20 mm Hg. The foilowing measured hemodynamic variables were
analyzed: .

1. Heart rate

2. Systolic blood pressure

. Diastolic blood pressure

Mean arterial pressure

Systolfic pulmonary artery pressure
Diastolic pulmonary artery pressure
Mean pulmonary artery pressure

. Puimonary capillary wedge pressure
. Central venous pressure

10. Cardiac output

QQNP [LF X7

' ¢




Page 48 - NDA 19-386

The following derived hemodynamic variables were also analyzed:

1.
2.

SN AW

Rate pressure product

Triple index

Cardiac fndex

Stroke volume

Stroke index

Left ventricular stroke work fadex
Systemic vascular resigtance
Pulmonary vascuylar resistance

Figure 1 outlines the overall protocol schema.
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Study Results

1) Except for one parameter, no statistically significant differences were
detected between the esmolo) and placebo groups for any of the hemodynamic
parameters measured. ‘Only the LVSWI showed a significant difference between
the esmolol and placebo groups at the end of the 300 mcg/kg/min dose of
esmolo) (Table 7?.

Ty
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However, differences between the groups for a number of hemodynamic variables

approached statistical significance. As can be seen in Figure 6 for example,
the net reduction in cardiac index in the esmolol group Is greater than that
for the placebo (though not statistically significant at the end of the 200

and 300 mcg/kg/min infusfon periods).
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FIGURE 6
AVERAGE CARDIAC INDEX
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Additionally, Figure 7 shows that the fncrease fn systemic vascular reststance
was greater in Ege esmolol than the placebo group.
£
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.

There were significant changes from baseline (within group changes) for
several varfables 1n the esmolol group such as SBF, RPP, CVYP, C0O, CI, SV, SI

and LYSWI.

Significant decreases from baseline were found in each of these

variables at the end of each dosage level of esmolol. Hence this I{near
pattern of activity is consistent with a probable esmolol dose effect response
for these varfables. As can be seen from Table 4 there was a greater

reduction in systolic blood pressure for “the esmolol group at 5, 15 and 30
minutes post infusion.
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2) In addition to the above data, the sponsor has aiso plotted several key
variables (HR, SBP, RPP, SVR and CI) in a more detailed format for the esmolol
and placebo groups. See Appendix 1B. In general, each of these variables
ordered in terms of response to increasing doses of esmolol. This suggests
that in the’presence of anesthesia, the dose response curve for these
variables may be altered. The potential implications for their effect are
discu:seg in the analysis and comment section.

3) Measurement of blood levels of esmolol and {ts metabolite revealed
findings consistent.with the previous studies. For example the steady state
blood levels of esmolol increased linearly over the dose or dosage range
100-200-300 mg/kg/min. After stopping the infusion, esmolol levels rapidly
diminished and 30 minutes after termination of the infusion, either no esmolol
was detected or the levels were only at the minimum quanifiable levels. As
expected the blood levels of the esmolol metabolite continued to ifcrease
through the 30 minutes post infusion time.

As has been noted in other studies, {see study #14), the steady state blood
levels of esmolo} found in the arterial samples were significantly higher than
those found in venous samples. The increasing amounts of metabolite in the
blood over the entire study period is consistent with a Yonger half life of

the metabolite.

-4
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8100d Levels of Esmolol and Its Metabolite

nd ost [133 13
- [Prefnfugion | 100 200 300 [3 ®in | I5-'oin] 30 @in
®cg/kg/min
Wot deteggec| 1.25 | 2.68] 4.19[ 0. 012 | 0.07
o [(or <BQL ) {40.25 ) +0.56]+1.131+0.16 | +0.04 | +0.01
T 9T 9T 9T 9.7 2 4 3
Not detegcged| 1.83] 3.56] 8.85] 9.32 | 10.00 | 10.80
o | (or <mn) 30.1} _1.33 ;1.3: ;1.5; :1.53 ;x.s:

- Adverse Effects - -

Only one adverse effect was reported by the investigator in this study and
this occurred in patient (19) who received placebo. This patient exhibited
bradycardia (47 bpm) and 1ow cardiac index (1.5 1/min/meterZ) at the end of
the first titration perfod. The placebo infusion was discontinued because of
this adverse hemodynamic findings. Evaluation of EKG abnormalities revealed
no changes consistent with myocardial ischemia. Although only one patient was
reported to have an adverse effect, 3 additional patients (one in the esmolol
group) were prematurely terminated from the study. Patient #12 (esmolol
group) had a Tow CI and §ncreasing PCW at the end of the 200 mcg/kg/min dose
of esmolol. Although only one patient was offfcfally terminated, review of
the data reveals that there were 8 patients who exhibited 1 or more of the
hemodynamic safety checkpoints (criteria for terminatfon of the infusion) yet
the study medication was not stopped. The investigators did not believe that
the patient's safety would be jeopardized even though they exhibited the
hemodynamic checkpoints predefined and hence the infusions were continued.
Seven of these 8 patients were in the esmolol group. This means that 8 of the
10 esmolo] treated patients exhibited one or more of the hemodynamic
checkpoints (see daty below).

f Patient Number
ESmO10) Placebo
emodynamic Endpoint Group Group
1 <2.0 L/min/p? 4,5,8,13,20 3
<50 bpm 4 =
>20 mm Hg 2 -~
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Analysis and Comment

This study provides important data re: esmolol mediated hemodynamic effects
in CABG patients that bear on study 49. The drug dosage and duration in study
25 was very similar to the treatment schedule followed in study 49, However
in stu%z 25 esmolol was given after intubatfon whereas in study 49 esmolol was
star rior to intubation., Hence, stu $ more Of an esmolo erance
study during anesthesia since a major adrenergic stress (intubation) has been
avoided. Although only one variable (LVSNI) showed statistically significant
differences between esmolol and placebo, there were clear cut trends for
several other hemodynamic parameters including cardiac Index (Figure 6), SBP
and systemic vascular resistance {Figure 7). Moreover the majority o -
hemodynamic variables demonstrated a ELI"fn"ea'r pattern (ordered) at each dosage
step consistent with a esmolol dose effect for these variables. In addition
although only one patient in the esmolol group was terminated prematurely, 7
other esmolol treated patients exhibited one or more of the hemoggnmic/safeg
checkpoints and theoretically could have been terminated. Henceé e
“TT“E"E'E‘Ta en n the esmolol group exhibited significant hemodynamic checkpoints.
This stud¥ in CABG patients along with the results in the carotid artery
patients in study.#49 (4 cases of myocardial ischemia) are quite suggestive.
that esmolol at the dosages employed might pose potential and serious y
cardiovascular ADE for CABG patients and/or patients with carotid artery
disease. One question that arises from this analysis is why the majority of
the patients in study 25 exhibited hemodynamic safety checkpoints. One
possible explanation relates to the potential enhancement by anesthesia. It
would be expected that a beta blocker would result in a decrease in left
ventricular inotropic function (decreased cardiac fndex) with a resultant
compensatory increase in systemic vascular resistance. This latter could also
be blunted by anesthesia. In this regard, a comparison of study 14 which also
includes patients with CAD but without anesthesia with study 25 should be
instructive (see table).

Table
Cumparison of Esmolol Mediated Hemodynamic
- Effects in Patients with CAD
Study #14 (12 patients). Study #25 (10 patients)
7’
BaSeline Mean Reduction Baseline Mean Reduction

HR 73 " g 64.3 6.7
sSBp 152 15 . 149.7 28.5
cl 2.88 0.50 2.30 0.4
sv1 40 5.0 36.30 3.3
SH1 50 10 43 8.6
LVEF 74 14 - -

Interestingly, the net mean reductions in several hemodynamic parameters (CI,
SVI, SWI) are very similar in both studies. However, the net mean reduction
in SBP is clearly greater in study 25. This is possibly related to
potentiation of esmolol's effect on systolic blood pressure by anesthesia.
Several explanations could be invoked to explain the changes in hemodynamic
variables assocfated with esmolol infusion. These include the fact that the

compensatory increase in systemic vascular resistance which would accompan
the esmolol. fnduced decrease in cardiac output may not be as effective as it

'
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would be in normal or unanesthetized patients in restorinc adequate systemic
vascular resistance. Another possibility as suggested by the dose response
effect of esmolol is that the leve) of the maintenance dosage employed in
these studies (300 mcg/kg/min) is too high in these patients. These results
suggest that it may be necessary to adjust the dosage of esmolol in the
maintenance phase in order to avoid depressing these hemodynamic variables
during anesthesia.

Addendum to Study 25

A comprehensive (comparative) summary of the major hemodynamic responses
monitored in CAD patients in the esmolol studies has been submitted by the
sponsor in response to our request (see tables below). Analysis of this data
is complicated by the fact that the baseline hemodynamic data listed for

patients in studies 14 and 25 in the new tables differs significantly from the

figures reported in the NDA. The discrepancy in study 14 probably reflects

the fact t only 6 patients with C:) were analyzed as opposed to 12 patients

(entire study group) in the NDA. However, there is no obvious explanation to
account for the gross differences in the baseline values in Study 25 [SBP-130
vs SBP-149.7 (NDA)].. This.latter discrepancy completely changes both the -
result (the net reduction in SBP goes from 28.5 to 8.4 mm H?) and the
mmuﬂon since this parameter was the one most significantly altered by
esmolol.

FEBOOVEADIC GATA (UEAN) BV STUOV (N PATIENTS
WITH CORGMRY ARTEAY 83S8ASS

ASROMAZI (6032-62-10) nesLa (8092-93-29)
viasane ~ s b
sasarine CIBOL0L sasarLpwe JrusION sastLien InPustow
{neg) Tehange from [T )] {ehangs ¢ e change
. taseline) h.o"::: ! .l ¢ -.0::::
4 N
- o) n! . 3.2 o - .9 12 -t.2
59 (e wp) [ -02.9 e 8.8 e a8
0P (am wy) (134 -2.2 .- [ X o .3
W (s ) w.s [ R [ X 4 [ Xad " .07
€3 (Wintara®) nr L X e XY 2.0 2.0 .57
Wi (suset) 0.y -a.8 n.. -2.0 2.8 "s
et (e avet) “.s .0 3.4 8.0 .. 2.4
oetee ety ney e e £t} we Y
0038 (msalhpruin) oo ] - 208 e e ¢

: 3:'.::‘?:"7-:'.:..‘".:.:'" --.cu—-:uo can,
) onte, alne patiente whe reget ] il

G510, 850 Woss patients vere Sneathestsse oten :::1.::0“ 13 she e ee

] 1940.09)

peried
9, Biontficent Girference ta Desel tne velvee ° 089,
Sionifigant Iuvm_. 1 chonge frem Qeceling ond (pe0.08).

"



Page 58 - NDA 19-386

MENODYNSRIEC DATA INEANS DY STVOV IR PaTiENIS
wite COROManvy ARTRAY DISEASE

(L 2 13
Mmougs (9083-58-33) ISHANpPtan (BO22-02-19)°
’ SSM0LOL IRESYVY R0sRANDLIE (REST)
vanisgLs * ml1 e oL oastLy 10PysIOe [
(00199  (chonpu tren (I'"r (ehenge Prem .‘m‘. y
Seest tne) w800 4o} e “";:o“:l

" topm) ” -vp0® " -10.1° * s 8.8 -
09 (mm o} w i IR ‘a3 -10.a® ™) “13.2
Y - . :

2] L -a.2 ” 0.7 [ 1 -..e
o (om ngd ”.0 ,e - . .. -
€1 fromtana®) EX] -0.0s° [X -e.8* 2.8 -0.3
v (mat) 2.8 -2.0 — - - .
wa (s aset) n.e -0 - . .-
o (0 ¢ 0™ we e povs . ——
st a—e
(ronge) - 3;.':'&:"' - 08 axgsrpiuin . eap

© 9. Yom 0f (00 1D C6105 2oL IeNIs NAS' CPARIOIS e tntunenes’ . s : ’
80 e 18 pattents ub rerey renei " y
T fTecetes [ .:" T geevaonied CAD, Soven sere nitipily 1. ond 71v0 core “sngenided to
o Ehonse 48 SipnPisamtiy ¢100arent fran sere (040.08).
Chengon fream Gosnltne @0 wet GIF70r SIPRIfICEntty Belvoen FoaRiet and proprenelet (p°0.08).

- s,
)
e e
Ve te

‘.

1§, Cardiac Electrophysiology (EP)

Study 8052-82-13 .

Objective

To assess the cardiac EP effects of esmolo} administered by IV infusion to
patients ,hospitalized for routine diagnostic EP testing.

Study Dé's'lgg and Patfents

The study was conducted 1n an open label manner. Seventeen patients (11 males
and 6 females) were selected by the {nvestigator from a population
hospitalized for routine diagnostic electrocardiographic testing. The
patients ranged in age from 24-75 years. Six of the 17 patients had a history
of coronary artery disease. Data from 14/17 gatients were el{giblé for the EP
analysis. Data from all 17 patients were ana yzed for safety.

' Treatment Plan and Test Parameters for Safety and/or Efficacy

1 A loading dose of 500 mcg/kg/min for 3-5 minutes followed by maintenance
ANRAE infusion of esmolo) 300 mcg/kg/min for a total infusion time of 13-45
minutes. Efficacy was evaluated by the determinations of SA nodal function,

atrial conduction time, atrial refractoriness, AV node and his-purkinje system
function, ventricular function and retrograde conduction; 12 lead ECG.
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Study Results
The following EP effects of esmolol were noted:
1. Decrease in heart rate (7.8 + 1.9 bpm).
2. Prolongation of sinus node recovery time (88.6 + 28.5 msec).

3. Proluigation of AH interval durin? noiwal sinus riytim (5.8 + 2.3
msec) anu during atrial pacing (cycle length 600 msec) (10.8 + 3.7 msec).

4. Increcase in antegrade Wenckebach cycle length (37.1 + 13.4 msec).

5. In addition, to the above, no signfficant changes ia surface ECG
{ntervals (PR, QRS and QT), sinus node recovery time, SA corduction time,
HY interval were noted.

6. No significant differences were detected in the various EP parameters
between CAD and non-CAD paticats.

L Thirty minutes following termination of the esmolol fnfusion several

significant changes (from baseline) were observed.
1. Increase in heart rate (6.3 + 2.8 bpm).

2. ‘hortening of sinus and corrected sinus node recovery time (146 + 41
and 53 + 20 msec, respectively).

3. Shortening of paced AH interva) (24 + 9 msec).

4, Shortening of the AY noda) effective refractory period at 450 msec
pacing cycle length (40 + 11 msec).

5. Shortening of the AV nodal functional refractory period at 600 msec
pacing cycle length (31 + 13 msec).

6. Shortening of the atrial effective refractory period during 600 msec
pacigg (21 + 9 msec). -

Safety Results .

Five of the 17 patients exhibited 1 oy more of the following adverse effects:
hypotensfon (n=2), diaphoresis (n=2), atrial flutter (n=1), chest
tightness/pressure (n=2), bradycardia (n=1), vascvagal reaction (n=1) and
vomiting (n=1). During the infusion of esmolol, the average heart-rate and
systolic blood pressure decreased significantly from control values of 80 + 3
bpm and 126 + 4 mm Hg to 69 + 3 bpm and 106 + 6 mm Hg respectively. However
mean values Tor heart rate and blvod pressure returned to approximately
baseline levels within 30 minutes following completion of the esmolol
fnfusion. In general the bradycardic and hypotensive effects occurred only
during esmolol infusion and were transient in nature. The 12 lead ECGs
obtained during the post study period were not appreciably different from
those obtained during the prestudy period. Mean blood levels of esmolol
during the steady state maintenance infusion in parallel with EP testing and
observed EP effects were 0.842 mcg/m} in patients re eiving 500 mcg/kg/min
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loading dose for 3 minutes and 0.967 and 1.46 mcg/ml in patients receiving a
Toading dose .for 5 minutes. At 30 minutes post infusion esmolol levels were

efther significantly reduced or below the detectable 1imit. In contrast
levels of the acfd metabolite of esmolol increased during the infusion and
gor;ti?ned to increase at 30 minutes following the termination of esmolol
nfusion.

Conclusion

In conclusion, esmolol groduced modest but statistically significant EP
changes consisted with beta adrenergic blockade: heart rate and AV aodal
conduction were depressed and AV nodal refactoriness as indicated by
Wenckebach cycle length, was fncreased. During the post infusion period
modest but significant changes compared to baseline in the opposite direction
were observed. It is not clear whether the observed effects were related to
esmolol (rebound phenomenon) or due to temporal instability of the patients.

d. Drug Interactfon Studies

Overview

'Threefcl fnica? trials were conductcd to examine potential drug interactions

with esmolol, Two studies focused on ghamacok‘lnet*lc aspects with worphine
(study 8052-83-38) and digoxin (study 8052-83-39). A third completed study
examined the clinical interaction of esmolol and succinylcholine (study

8052-83-48). In addition, a fourth study in progress is designed to examine .

the pharmacokinetic interactions between esmolol and warfarin (Interim report
volume 3.23). There have been no fndications of any clinical interactions
between the two drugs (from the adverse experience reports).

1. Study 8052-83-38
Study Design, urug Dosage and Test Parameters for Safety and/or Efficacy

“his was an open label determination of the interactions between esmolol and

morghine involving 10 normal males. Esmolol was titrated from 50 mcgolgg/min
to 300 mg/kg/min over 30 minutes followed by a 3.5 hour infusion ot
meg/kg/mih.  Morphine sulfate 3 mg vas given by slow IV {njection.

Study Results

As can be seen in the following figure, the mean steady state blood Tevel of
esmolo} was significantly higher (46%, p less than 0.05) during the
morphine/esmolol period.
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However, Morphine had no effect on the half 1ife of esmolol. In addition,
morphine bad no effect on the blood levels, total body clearance, elmination
rate constant, and terminal elmination half 1ife of the acid metabolite of

esmolol.

In addition, morphine serum levels were very similar with and without esmolo)
treatment. Therefore esmolol did not appear-to have any effect ¢a the area
under the concentration time curve (AUC) and terminal elimication half life of
morphine. 'n conclusion, morphine may increase steady state blood levels of
esmolol by. @ .. 101 does not cause any changes {n the pharmacokinetics of

morphine.

Ve
s




L
o

Page 62 - NDA 19-386

; | i

§ ""‘. 3'1'»'2'\\.\'\. )
il |/ =

g

c;'g‘ ":"' ) rosrur{sm‘

.

Study 8052-83-39

Study Design

This was an open label study of the pharmacokinetics and pharmacodynamics
between esmolol and digoxin. The study involved 12 normal male subjects.

Study drug dosage and test parameters for safety and/or efficacy

A 6 hour esmolol infusfon titrated from 50300 mcg/kg/min before and during
digoxin therapy which was titrated to a serum digoxin level of 0.8 to 2.0
nanogramg/miiliters.

Study kesults ’

The steady state blood levels, the tatal body clearance, half lives and volume
of distribution for esmolol did not show any significant changes between
esmolol-digoxin treatments. In addition, there were no significant
differences fn half 1ives or maximum blood levels of the acid metabolite
between esmolol an? esmolol-digoxin treatments. As can be seen in the
following figure esmolol did have an effect on ligoxin levels.
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Serum digoxin levels increased 9.6 to 19.2% during the esmolol-digoxin
treatment compared to digoxin alone. The total area under the digoxin
concentration vs time curve (AUC) during the 6 hour esmolol inTu's'?o"n'n"ns
significantly higher in the presence of esmolol than when digoxin was giver
alone. No s¥gnT¥"!cant change 1n peak digoxin levels were observed. T.g:‘cord' ing
To the sponsor only the four hour digoxin serum level was significantly
elevated when the two treatments were compared by subject. According to the

sponsor caution should be exercised in using the drugs in combination because
digoxin levels may be s1ightly elevated during esmolol infusion.

Study 8052-83-48
Study Design

This was an open label nonrandomized placebo controlled parallel study of the
effect of esmolol on heart rate and blood pressure increases related to
endotracheal intubation and on the duration of succinylcholine-induced
neuromuscular blockade fn patients anesthetized with thiopental.

pPatients

These patients were anesthetized noncardiac elective surgery patients.
“Eighteen patients age 22-57 years were entered irto the study and received
placebo (10) or esmolol (8) in an alternating fashion.

Drug dosage and test parameters for safety and/or efficac,

The study drug dosage was administered according to the following schedule:
500 mcg/kg/min for 4 minutes followed by 300 mcg/kg/min for 8 minutes. This
is the same dosage regimen used in the perioperative studies (see the

Ve~ Y
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mrfoperative studies for clinical efficacy). Efficacy parameters included ;
art rate and blood pressure determinations and continuous muscular twich i
measurements. Continuous recordings of muscle twitch response were made 7
throughout the study perfod using the strength of thumb adduction as measured /
by a gorce—d‘lsplacement transducer. .\ !
-
Study Results
A. Efficacy ‘

Esmolol sfgnificantly blunted the increase 1n rate préssure product when
compared to placebo that occurred in response to the stimulus of endotracheal
{ntubation. This was of interest since the components of rate pressure .
product, namely heart rate and systolic blood pressure when analyzed
separately did not show statistical significance. However, there was a
tendency for esmolol to blunt the fncrease in both heart rate (47 bpm for the
placebo group vs 30 bpm for the esmolol group) and systolic blood pressure (44
mu Hg for placebo, 20 mm Hg for esmolol) following endotracheal intubation.

In additfon, 8 patients fn the placebo group had a heart rate greater than 100
bpm fallowing {ntubation as compared to only 1 esmolol .treated patients. This " i

difference was statistically significant.-

B. Neuromusculaf Blockade

The esmolol group had a signficantly prolonged duration of
succinylcholine-induced neuromuscular blockade compared to the placebo group.
As can be seen in the figure below, the average difference in the time of
recovery of twitch response between the two groups was almost 3 minutes.
According to the sponsor this prolongation of neuromuscular blockade is not
considered to be clinically important, as twitch recovery times for all
esmolol patients were within the range of varfability in response to
succinylcholine at the dosage used in the study. In addition, the. onset of
waximal twitch depression was similar in both the esmolol and placebo groups.
The]mechanisy of prolongation of muscle paralysis in the esmolol group is
unciear.,
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erioperative studies for clinical efficacy). Efficacy parameters included
geart rate-and blood pressure determinations and continuous muscular twich

measurements. Continuous recordings of muscle twitch response were made
throughout the study period using the strength of thumb adduction as measured
by a force-displacement transducer.

Study Results

A. Efficacy

Esmolol significantly blunted the increase in rate pressure product when
compared to placebo that occurred in response to the stimulus of endotracheal
{ntubation. This was of interest since the components of rate pressure .
product, namely heart rate and systolic blood pressure when analyzed
separately did not show statistical significance. However, there was a
tendency for esmolol to blunt the increase in both heart rate (47 bpm for the
placebo group vs 30 bpm for the esmolol group) and systolic blood pressure (44
un Hg for placebo, 20 mm Hg for esmolol) following endotracheal intubation.

In addition, 8 patients in the placebo yroup had a heart rate greater than 100
bpm following intubation as compared to only 1 esmolol .treated patfeats. This
difference was statistically significant.: ’

B. Neuromuscular Blockade

The esmolo? group had a signficantly prolonged duration of
succinylcholine-induced neuromuscular blockade compared to the tglat:ebo group.
As can be seen 1n the figure below, the average difference in time of
recovery of twitch response between the two groups was almost 3 minutes.
According to the sponsor this prolongation of neuromuscular blockade is not
considered to be clinically fmportant, as twitch recovery times for all
esmolol patients were within the range of variability in response to
succinylcholine at the dosage used in the study. In addition, the. onset of
maximal twitch depression was similar in both the esmolol and placebo groups.
The‘nechanisg of prolongation of muscle paralysis in the esmolol group is
unclear,
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Safety Results

Safety was assessed in all 18 patients. No adverse effects were noted in any
patients. .

Analysis and Comment

In all three of these studies, esmolol, digoxin, morphine and succinylcholine
were well tolerated when administered alone or 1n combinatfon with each of
the other agents. In view of the results of these interaction studies,
esmolol g#ld be administered with caution in Fatients receiving digoxin
concurrently. aaministered concurvently morphine, osage of
esmolol may be adjusted as required to achieve the desired effect. It is
unclear as to the clinical significance of the fnteraction between

succinylcholine and esmolol. If necessary, the dosage of esmolol may be
reduced or discontinued. .

e. Other Studies

Esmolol was also considered for possible application in the treatment of
glaucoma. Therefore, two ocular tolerance studies were conducted in normal
volunters studies 8052-82-11 and 8052-82-19. However, this program was
subsequently discontinued in favor of an alternative compound and no other
ocular studies were {nitiated with esmolol. For these reusons, results of
these studies will not be discussed further.
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2. Dose Ranging Studfes
Overview Sumary

Dose Response (Range) Studies

A, SVT

Results of & single dose range study (8052-81-07) constitute the evidence
provided by the sponsor in support of demonstrating a dose response effect on
ventricular rate in SVi. The data is consistent with esmolol producin? a
wodest (20%) reduction in ventrical rate over the dose range assessed (50,

100, 150 and 200 mcg/kg/min). All parameters studied (HR, SBP, DBP and RPP) -

ordered in terms of change with increasing doses of esmolol. Perhaps the most
convincing evidence for an effect is the finding that these parameters recover
(HR and SBP) when the drug infusion s stopped. The actual magnftude of the
response {s obscured by the fact that all parameters decreased as much during
the placebo baseline perfod as they did during the study geriod. Therefore,
it 1s probably an over interpretation of the data to conclu

dose dependent response. Another.{important finding is the fact that recovery.
fron-the effect (1.e., return of HR and SSP toward baseline) correlates with

" decreasing blood levels of esmolol while blood levels of the acid metabolfte

are increasl:g. This is consistent with esmolol being the active mofety while
the acid metabolite 1s really inactive.

B. Perioperative Studies (Anesthesia)

The sponsors claim for evidence of an esmolo! dose response relationship in
attenuating intubation induced tachycardia and systolic hypertension are
provided in three studies (8052-82-21, 8052-83-44 and 8052-83-45). In each
study the primary response varfables were HR, SBP and RPP.

i) Study 21 (CABG patients

The resylts indicate that although each of the response variables orders
in terms of change with increasing doses of esmolol, there were no
statistically significant differences in the groups including control.
Thuss there may be a dose response trend.

11) Study 44 (non CABS patients)

Results of this study are negative. The response variables (KR, $BP and
RPP) do not order or relate to increasing dose of esmolol. Clearly no
dose response trend or effect is evident. .

111) Study 45 (non CABG patfents)

These results indicate that one of the three response variables (HR) does
show an ordered response to increasing doses of esmolol but again the
differences between treatement groups are not statistically signmificant.
The other two variables (SBP and RPP) clearly do not order or even
remotely show a dose response trend or effect. It is interesting to note
that the controlled clinical trials in the perioperative studies followed
a dosing schedule very similar to that described for the Brevibloc

300 mcg/kg/min group. :

de that there was a
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While fajlure to demonstrate a clear dose response relationship in the three
perfoperative studies 1s not totally surprising, the lack of an ordered
response in two of the trials (studies 44 and 45) except for the HR response
n 45 1s of concern. Further, 1t is somewhat surprising that the only
trial (Study 21) which shows ordering of the response for all three variables
differs the most in terms of {ts dosage schedule compared to the controlled

clinical trials.
The following conclusfons can be made re: the dose ranging pilot studies:

a) SVT - The datz establfshes that esmolol had an effect but doesn't
clearly support that {t was dose related (dependent).

b) Perioperative - The data doesn't consistently establish that esmalol
had an effect let alone a dose-related effect.

a. Supraventricular Tachycardfa (SVT)

Two specific dose range studies were {nitiated based an the blood level

,findings and simulations derived from one of the initfal (pharmacokinetic).

studies (8052-81-02). ‘‘(See’(b) Pharmacokinetfc.) . However one of the studfes
was not completed (8052-81-06) but the second (8052-81-07) was completed and
§s discussed in this section. The results of this stidy are veg important
because data derived from this study was used in the design of the controlied
clinical studies and partfally controlled trials.

Study 8052-82-07
Study Objectives

(1) Yo compare’ the efficacy of IV esmolol vs placebo on heart rate fn patients
with supraventricular tachyarrhythmias. :

(2) To exami’ge the safety of esmolo] in these patients.
{3) To study blood levels of esmolol and its metabolite, ASL-8123,

Study Defign

Tnis was an early phase two single blind, baseline controlled pilot study
involving patients with documented SVT.

Patients and Patient Selection

Twelve patients with stabie SVT were entered in the study. The participants
were selected from patients hospitalized with documented SVT (chronic atrial
fibrillation, chronic atrfal flutter, chronic atrial tachycardia or chronic

sinus tachycardia with a ventricular rate of at least 90 beats per minute at
rest‘
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Treatment Plan and Test Parameters for Safcty and/or Efficacy

A 30 minute placebo baseline {nfusion was followed by a 29.5 minute fnfusion
of esmolol at 50, 100, 150 and 200 mcg/kg/min. Each esmolol infusfon was
preceeded by a 0.5 minute loading dose of 500 mcg/kg/min. The fuur primary
efficacy variables were heart 1ite, systolic blood pressure, diastolic blood
pressure and double-product.

Statistical Methodology

The averages over the 3 measurement times (5, 10 and 30 minutes during the
infusion) at each dosage were used as a data for analysis for each patient.

Study Results

Patient Characteristics

At the time of the grestudy examfnation, 6 of the 12 patients were diagnosed
as having atrial fibrillation. One patient had sinus tachycardia and one
patient was in atrial flutter, -Apparently no specific interpretations. were

given for the last 4 patiénts, = -

Protocol Deviations

Three patients were included in the efficacy results (patfent 3, § and 8)
which according to the study criteria should have been dropped from the

study. Patient 3 received verapamil within two half 1ives of the study but
was included anyway. Patients 5 and 8 with baseline average heart rates of 88

and 87 beats per minute were also fncluded even though the cut off was 90
beats per minute. In addition, patient 10 developed hypotension (blood
pressure 75/50 mm Hg and did not complete the study). The patient was
excluded from efficacy analysis. :

Efficacy Results

A summary of the overall findings are {l1lustrated - the following figures and

tables (F’igure 1, Figure 2, Figure 4, Figure 5 and Table 2).
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Fig. 2 Effect of esuio] on systolic blood pressure

(average *+s.em,)
) ::, In summary. 11 of the 12 patients were considered for efficacy analysis. The
e ventricular heart rate, systolic and diastolic pressure and double product

showed a decrease following esmolol when compared to placebo. Furthermore the
reductions were generally greater with increasing doses of esmolol. There ;
were no convérsions to normal sinus rhythm. As can be seen from the

accompanying figure (Figure 4), there was a dose dependent increase in esmolol ‘
blood Tevels over the period of infusion consistent with the PK data ?

previously shown.
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Fig. 4 Blood levels nf esvolol and AS) 8123 (averaqe + s.e.m.)
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For most patients esmolol blood levels seemed to correlate with the reduction
in heart rate, As can be seen from the data, esmolol produced 'significant
reductions in heart rate, systolic and diastolic pressure at all four dosages
of esmolol. The positive relationship between heart rate and esmolol
coucentration in the blood is shown in Figure 5.
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Fig. 5 Heart rate reductfon and esmolol blood levels
. (average ¢ s.e.n.) .

Hence, the data qualitatively supports the idea that esmolo) had an effect but
doesn't clearly support a dose response effect.

Safety Results
Adverse Effects
ocveTss iSe®

Four of the 12 patfents exhibited ADE. The most serious ADE was observed in
patient 10 who developed hypotension with dizziness and fatigue while

_receiving the 150 mcg/kg/min infusion of esmolol. This patient did not

complete the study. The other 3 patients were able to complete the study.
Analysis and Comment

Three of the 12 patients included in the efficay analysfs of this study should
have been excluded based on the principal fnvestigator's own exclusion
criterfa. It 1s not clear what effect excluding these three patients would
have on the overall jinte.pretation of the study. Recovery from beta blockade
which is shown during the post infusion perfod reveals that significant
differences sti1l existed at 15 minutes (heart rate and dfastolic blood

pressure) and 30 minutes (systolic blood pressure and double product). Thus,

the effects of esmolol persisted bzyond the observed elimination half life of
9 minutes. That there was a significant recovery 1s probably the most
convincing evidence that esmolol had an effect at all. This is due to the
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fact that both SBP and HR drifted -‘ownward during the baseline lead in period
and thus the observed effects would be due to time. In addition, although
these results were used to design the clinfcal efficacy trials in SVT, {t is
1ngortant to note that several differences exfist between this study and these
subsequent trials. This fncludes the following: the patient selection
criteria (chronfc stable SVT), heart rate (90 vs 120), response criteria (X3
vs 203) as well as the duration of the maintenance infusion (30 minutes vs &

minutes).

2, Dose Ranging Studies
b. Perioperative Studies (anesthesia)

Three open pilot studies study 8052-82-21, 8052-83-44, and 8052-83-45 were
gerfomed to assess the dose response relationship of esmolol in attenuating
he tachycardia and hypertension associated with the stimulus of endotracheal
intubation in anesthetized patients. The results of these 3 studies were used
to formulate and design the controlled clinical studies that evaluated the
safety and efficacy of esmolol for this indication.

The basic design, the study objectives, treatment .plan, duration and method of
efficacy assessment was similar in all three of these nonrandomized studies.
The major differences revolved around the agent used for induction and the
general anesthestic. In study # 1, patients received diazepam 1V for
induction whereas in study #2 they received thjopental for fnduction and in
study #3 they received ketamine.

Strdy 8052-82-21
Objectives

To evaluate the safety and efficacy of different doses. of esmolol in
attenuating tachycardia and hypertension during endotracheal intubation of
anesthetized CABG patients.

Study Desigg"and Number of Patients

The design of the study was nonrandomized, open label with 4 groups, control
(no treatment), esmolol: 100 mcg/kg/min, 200 mcg/kg/min and 300 mcg/kg/min.
Forty-two CABG patients entered the study: placebo group n=10; esmolu? 100
n=11; esmolo! 200 n=10; and esmolo} 300 n=11. Of these 42 "all patients" 38
were classifed as "efficacy patients”, Analysis of the effect of esmolol on
heart rate and other efficacy variables was thus restricted to the 38 efficacy
patients. Safety analysis was based on the data for all 42 patients.

Treatment Plan and Test Parameters for Safety and/or Efficacy

A1l patients received diazepam I.V. for induction and pancuronium for muscle
relaxation. The study consisted of § periods:

1. A pre-inﬁuction baseline period,

2. A 3 minute post induction (preinfusion) period,

3. A 3 minute preintubation period (esmolol infusion period),
4. A 4 minute post intubation period (esmolol {nfusfon perfod),
5. And a 30 minute post infusion period.
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