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BIOCHEMICAL ANALYSIS PRIZL:

Applications for the prize, which is for outstanding and novel work in the ficld
of biochemical analysis or brochemical instrumentation or for significant contri-
butions to the advancement in cxperimental biology (particularly relating to chni
cal biochemistry), are now being accepted. Papers, either published or accepted
for publication between Oct. 1. 1987, and Sept. 30, 1989, should be submitted
before Oct. 15, 1989,

Contact Dr. H. Feldmann, Institute fiir Physiologische Chemie der Universitit,
Goethestrasse 33, D-8000 Munich 2, Federal Republic of Germany; or call (49)
89 5-99-61.

POSITRON EMISSION TOMOGRAPHY

The “Ist Invitational Conference of the Institute for Clinical PET Practice™ will
be held in Bermuda, Oct. 26-28.

Contact Inst. for Clinical PET Practice, Suite 700, 1101 Connecticut Ave.,
NwW, Washington, DC 20036; or call (202) 857-1135.

BABY DOE DECISIONMAKING IN THE 1990°S

The conference will be held in Milwaukee, Sept. 14 and 15.

Contact Anne Maric Talsky, Ctr. for the Study of Biocthics, Medicat Coll.
of Wisconsin, 8701 Watertown Plank Rd., Milwaukee, W1 53226; or call (414)
257-8498.

REPRODUCTIVE SCIENTIST TRAINING

Applications are being accepted for the program, which is designed to facilitate
research training of obstetrician-gynecologists in contemporary rescarch ap-
proaches and techniques, and to further progress in the reproductive sciences in
medical school departments of obstetrics and gynecology. The program entails a
five-year commitment to basic science research. Physicians arc encouraged to
apply who have completed an approved four-year residency program, who desire
to spend several years developing strong basic science skills in addition to their
clinical skills, and who arc committed to a career in academic obstetrics and
gynecology. Deadline for applications is Sept. 15.

Contact Leona Zanetti, Assoc. of Professors of Gynecology and Obstetrics,
409 12th St., SW, Washington, DC 20024; or call (202) 863-2507

CALL FOR ABSTRACTS

Abstracts are being accepted for a conference, entitled “Temporal Control of
Drug Delivery,” 10 take place in New York, Feb. 26-28, 1990. Deadline for
submission is Scpt. 15, 1989,

Contact Conf. Dept., New York Acad. of Sciences, 2 E. 63rd St., New York,
NY 10021; or call (212) 838-0230.

CALL FOR ABSTRACTS

Abstracts arc being accepted for the “12th World Congress on Occupational
Safety and Health,” to be held in Hamburg, Federal Republic of Germany, May
6-11, 1990. Deadline for receipt is October 1, 1989,

Contact Hamburg Messe und Congress GmbH, Postfach 30 24 80, D-2000
Hamburg 36, Federal Republic of Germany; or call (49) 40 35-69-22-42.

SPECIAL REPORT

PRELIMINARY REPORT: EFFECT OF
ENCAINIDE AND FLECAINIDE ON
MORTALITY IN A RANDOMIZED TRIAL OF
ARRHYTHMIA SUPPRESSION AFTER
MYOCARDIAL INFARCTION

Abstract The occurrence of ventricular premature de-
polarizations in survivors of myocardial infarction is a
risk factor for subsequent sudden death, but whether
antiarrhythmic therapy reduces the risk is not known,
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The Cardiac Arrhythmia Suppression Trial (CAST) is eval-
uating the effect of antiarrhythmic therapy (encainide, fle-
cainide, or moricizine) in patients with asymptomatic or
mildly symptomatic ventricular arrhythmia (six or more
ventricular premature beats per hour) after myocardial
infarction.

As of March 30, 1989, 2309 patients had been recruited
for the initial drug-titration phase of the study: 1727 (75
percent) had initial suppression of their arrhythmia (as as-
sessed by Holter recording) through the use of one of the
three study drugs and had been randomly assigned to
receive active drug or placebo. During an average of 10
months of follow-up, the patients treated with active drug
had a higher rate of death from arrhythmia than the pa-
tients assigned to placebo. Encainide and flecainide ac-
counted for the excess of deaths from arrhythmia and non-
fatal cardiac arrests (33 of 730 patients taking encainide
or flecainide [4.5 percent]; 9 of 725 taking placebo [1.2
percent]; relative risk, 3.6; 95 percent confidence inter-
val, 1.7 to 8.5). They also accounted for the higher total
mortality (56 of 730 [7.7 percent] and 22 of 725 [3.0 per-
cent], respectively; relative risk, 2.5; 95 percent confi-
dence interval, 1.6 to 4.5). Because of these results, the
part of the trial involving encainide and flecainide has been
discontinued.

We conclude that neither encainide nor flecainide
should be used in the treatment of patients with asympto-
matic or minimally symptomatic ventricular arrhythmia
after myocardial infarction, even though these drugs
may be effective initially in suppressing ventricular ar-
rhythmia. Whether these results apply to other patients
who might be candidates for antiarrhythmic therapy is un-
known.

ASYMPTOMATIC ventricular premature depolariza-
tions are a risk factor for sudden death after myocardi-
al infarction,'? and are often treated with antiarrhyth-
mic drugs.” The Cardiac Arrhythmia Suppression
Trial (CAST), a multicenter, randomized, placeho-
controlled study, was designed to test whether the
suppression of asymptomatic or mildly symptomatic
ventricular arrhythmias after myocardial infarction
would reduce the rate of death from arrhythmia. In
the Cardiac Arrhythmia Pilot Study,* encainide, fle-
cainide, and moricizine were shown to suppress
arrhythmias adequately in the target population.®
Thus, these drugs were selected for use in CAST.
CAST begins with an open-label titration period to
identify patients who respond to treatment with one
of the drugs. The patients who respond are then
randomly assigned to receive either the effective ther-
apy or a matching placebo. This design was chosen
to test the hypothesis that the suppression of ven-
tricular arrhythmias by antiarrhythmic agents re-
duces the rate of death from arrhythmia. To avoid
aggravation of left ventricular dysfunction, flecainide
was not given to patients with an ejection fraction
below 0.30.°7 Because the ability of moricizine to
suppress ventricular arrhythmias was somewhat less
than that of encainide or flecainide,® moricizine was
used as a second drug for patients with an ejection
fraction of 0.30 or more. A three-year recruitment was
planned, from June 1987 to June 1990, and follow-
up is scheduled to end in June 1992.
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This paper presents preliminary results of the com-

arison of encainide and flecainide with their corre-
-ponding placebos after an average of 10 months of
follow-up.

MEeTHODS
Eligibility of Patlents

Patients were eligible to be screened for CAST between six days
and two years after a documented myocardial infarction. Screening
for arrhythmias consisted of an ambulatory electrocardiographic
(Holter) recording, with a minimum of 18 hours of analyzable data.
The eligibility criterion on the basis of the screening Holter record-
ing was six or more ventricular premature depolarizations per
hour." Because the risk of death from arrhythmia after a myocardial
infarction decreases with time, and in order to enroll enough poten-
tially high-risk patients to maintain adequate statistical power, a
lower ejection fraction was required for patients whose myocardial
infarction had occurred more than 90 days before Holter record-
ing."? If the qualifying Holter recording was obtained within
90 days of the myocardial infarction, a left ventricular ejection frac-
tion of 0.55 or less was required. If the qualifying Holter record-
ing was performed between 90 days and two years after the myocar-
dial infarction, an ejection fraction of 0.40 or less was required.
Patients were excluded if they had ventricular arrhythmias caus-
ing more severe symptoms (such as syncope or presyncope) re-
sulting from hemodynamic compromise or if they had any unsus-
tained ventricular tachycardia with 15 or more successive beats at a
rate of = 120 beats per minute. Palpitations alone did not exclude a
patient from participation in CAST. In addition, patients were ex-
cluded for reasons of potentially poor compliance, either with ther-
apy or with follow-up; contraindications to any of the drugs being
used; other life-threatening conditions; or electrocardiographic ab-
normalities that would make the interpretation of rhythm difficult.
Signed informed consent was required of all patients. The protocol
was approved by the institutional review board at each clinical
center.

Titration

Patients first underwent an open-label titration phase (averaging
15 days), during which up (o three drugs (encainide, flecainide,
and moricizine) at two oral doses each were evaluated. The doses
of encainide were 35 mg three times daily (dose 1) and 50 mg
three times daily (dose 2); of flecainide, 100 mg twice daily (dose 1)
and 150 mg twice daily (dose 2); and of moricizine, 200 mg
three times daily (dose 1) and 250 mg three times daily (dose 2).
The titration was stopped as soon as a drug and dose were found
that suppressed the arrhythmias. The criteria for suppression were
= 80 percent reduction of ventricular premature depolarizations
and 2 90 percent reduction of runs of unsustained ventricular
tachycardia as measured by 24-hour Holter recording 4 to 10 days
after each dose was begun. Paticnts with a left ventricular ejection
fraction of 0.30 or more were randomly assigned to one of
two titration sequences: encainide followed by moricizine and
then by flecainide or flecainide followed by moricizine and then
by encainide. Moricizine was used second in both sequences be-
cause it was found to be less efficacious in the suppression of ar-
rhythmias in the pilot study.! Patients with an ejection fraction
below 0.30 were randomly assigned to receive either encainide fol-
lowed by moricizine or moricizine followed by encainide. Flecainide
was not given to patients with an ejection fraction below 0.30 be-
cause of concern about its negative inotropic properties. In our pi-
lot study, encainide and moricizine appeared to be about equally
cffective in patients with a lower ejection fraction (<0.30).” The
titration had to be completed within 90 days of the qualifying
Holter recording. Patients whose arrhythmia increased during the
open-label titration or who were intolerant of the drugs were not
wdvanced to the randomized phase of the trial. A total of 447 pa-
dents (19 percent) fell into this category (or died before randomiza-
tion). Another 135 patients (6 percent) had only partial suppression
of their arrhythmia and did not meet the criteria for effective sup-
pression. These patients were subsequently randomly assigned to
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receive the “best drug” or placebo, but they are not further de-
scribed in this article.

Randomization and Follow-up

Patients whose arrhythmias were successfully suppressed were
randomly assigned to a treatment group by means of a telephone
call to the coordinating center, and had an equal likelihood of re-
ceiving the successful drug or a matching placebo. The groups were
stratified according to the clinical center, left ventricular ejection
fraction (20.30 or <0.30), and time between the qualifying Holter
recording and the myocardial infarction (290 days or <90 days).
After randomization, follow-up visits were scheduled at four-month
intervals, at which time data were collected on secondary end points
such as new or worsened congestive heart failure, sustained ventric-
ular tachycardia, recurrent myocardial infarction, various cardiac
procedures, and the quality of life. Compliance with treatment was
assessed by counts of study medication.

The primary CAST end point is death from arrhythmia, defined
according to criteria developed in the Cardiac Arrhythmia Pilot
Study.® This definition includes witnessed instantaneous death in
the absence of severe congestive heart failure or shock, unwitnessed
death with no preceding change in symptoms and for which no
other cause can be ascribed, and cardiac arrest. The end point is
initially categorized by the local investigator without knowledge of
the blinded therapy. Each end point is then reviewed by the Events
Committee, a subcommittee of the investigators who are blinded to
the treatment each patient received.

Of the deaths included in this report, 78.5 percent had been
reviewed and classified by the Events Committee as of the March
30, 1989, analysis date, and the results had 86.3 percent concord-
ance with those of the principal investigator at each clinical center.

Statistical Analysis

CAST was designed as a one-tailed test and was intended to
assess whether drug therapy was beneficial or had no beneficial
effect, with an alpha level of 0.025 and a power of approximately
0.85. The study was not designed to prove that an antiarrhythmic
drug could cause harm. The projected mortality for the primary end
point (death from arrhythmia) in the placebo-treated group was 11
percent over an average of three years of follow-up. On the basis of
these assumptions and the assumption that the active drug would
tead to an estimated 30 percent reduction in the rate of death from
arrhythmia, we estimated that the sample size required was 4400
patients.

The Data and Safety Monitoring Board, a group of experts inde-
pendent of the study investigators, is responsible for evaluating any
possible harmful effects of the drugs. The board meets twice yearly
to review the unblinded CAST results. It approved an interim mon-
itoring protocol in September 1988, before examining the data. This
protocol included a conservative boundary for stopping the study
because of demonstrated benefit, a symmetric boundary for advis-
ing stopping the study because of adverse effects, and a boundary
for stochastic curtailment (i.e., stopping because of a low probabil-
ity or power of demonstrating a beneficial effect).”'? The bound-
aries were designed to be adaptive to the number of arrhythmic
events expected by the planned end of the study. This number
was initially estimated to be 425, but the accumulating data as of
March 30, 1989, indicated that the total events would probably be
less than 300.

For the analyses presented in this paper, base-line comparisons
were performed by t-tests and chi-square tests, and primary com-
parisons were performed by log-rank tests. The significance levels
for the individual drug comparisons were increased by a factor of 3
to adjust for multiple comparisons (three independent drug sub-
groups).'* Confidence intervals were estimated by the method of
Cornfield.'* The relative risk of treatment in clinically defined sub-
groups was calculated to evaluate the consistency of the drugs’
effects across subgroups.

REsuLTs
As of March 30, 1989, a total of 2309 patients had

been recruited and were undergoing or had completed
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Table 1. Base-Line Characteristics of 1455 Patients Randomly Assigned to Receive Encainide or Flecainide, or Matching Placebo. *

ENCAINIDE/

FLECAINIDE PLACEBO
VARIABLE (N = 730 (N = T725)
Male sex (%) 81.1 83.1
Age (yr) 6110 61+10
Age (%)

<55 yr 26.2 25.8

56-65 yr 38.4 37.0

66-75 yr 30.4 32.3

>75 yr 5.0 4.9

White (%) 823 81.7
Ejection fraction 0.40+0.10 0.39+0.09
Ejection fraction (%)

<0.20 1.9 2.5

0.20-0.29 13.0 12.8

0.30-0.39 334 323

0.40-0.49 30.9 338

0.50-0.55 21.0 18.6

Serum cholesterol (mmol/liter) 5.66%1.33 5.51x1.31
Before MU, history of (%)

Congestive heart failure 13.7 11.5

Angina 45.9 45.5

Hypertension 30.2 328

Diabetes 19.8 20.4

Cardiac arrest 2.2 2.4

vT 2.6 2.2

Ml 349 37.6

CABG or PTCA 15.9 16.8

Aneurysm/arthythmia surgery 0.6 0.7

Qualifying MI (%)

Abnormal Q waves 73.0 74.1
New anterior 20.0 18.2
New lateral 4.8 5.8
New inferior 19.9 18.4

Posterior infarction 9.1 9.9

Abnormal ST efevation 45.0 46.8

Abnormal ST depression 33.9 337

Abnormal T inversion 68.3 71.6

Procedures after M1 but before
randomization (%)

Thrombolytic therapy 28.2 24.3

PTCA 19.1 18.7

CABG 18.6 18.6

Temporary pacemaker insertion 0.6 1.1

Canadian angina class'® (%)

No angina 81.4 80.7

1 8.7 9.1

I 7.7 8.6

I 2.3 1.6

EnCaINDE/
Frrcanme PLACTLBO
VARIABLE (N - 730y (N - 735
Smoking status (%)
Current 398 39.1
Former 41.4 40.8
Never 18.8 20.1
=90 Days from Ml 21.4 219
to Holter recording (%)
Base-line electrocardiogram
PR interval (sec) 0.17£0.03 0.1720.03
QRS duration (sec) 0.09£0.02 0.09+0.02

QT interval, uncorrected (sec) 0.3920.04 0.3920.04

Atrial fibriflation or flutter (%) 2.0 1.3
Left ventricular hypertrophy (%) 4.7 27
Paced (%) 0.4 0.3
Base-line Holter recording
VPD/hr 127%254 1282249
VPD/hr (%)
=10 15.4 16.2
10.1-50 398 40.7
50.1-100 17.6 15.8
>100 27.5 273
VT runs (3120 beats/min/24 hr) (%)
None 78.8 79.9
1 10.7 11.4
2-5 6.2 5.2
=6 4.3 3.5
Atrial fibrillation or flutter (%) 3.5 2.6
Permanent pacemaker (%) 1.1 1.7
LBBB (%) 1.8 1.7
Base-line physical examination
Sitting heart rate (beats/min) 74x13 7313
Systolic blood pressure (mm Hg) 12618 1252:18
Diastolic blood pressure (mm Hg) 7711 76+ 10
Concurrent drugs at base line (%)
Beta-blocker 30.4 331
Calcium blocker 523 49.3
Digitalis 21.2 18.5
Nitrate 47.4 43.7
Diuretic 31.6 31.8
Other antihypertensives 24.2 22.4
Total no. of concurrent drugs (%)
None 1.1 0.4
1 4.9 4.6
2 17.6 16.4
3 17.3 222
4 19.1 20.4
=5 40.0 36.0

*Plus—minus values are means £SD. None of the differences were significant. CABG denotes coronary-artery bypass graft surgery, LBBB left bundle-branch block, LVH ieft ventricular
hypertrophy, M1 myocardial infarction, PTCA percutaneous transtuminal coronary angioplasty, VPD ventricular premature depolarizations, and VT ventricular tachycardia.

the open-label titration phase of the study. Suppres-
sion of their arrhythmias had been achieved in 1727 of
these patients, and they had been randomly assigned
to receive blinded therapy: 1455 had been assigned to
encainide, flecainide, or placebo, and 272 to morici-
zine or placebo.

The CAST Data and Safety Monitoring Board met
on April 16 and 17, 1989, reviewed the data that were
complete as of March 30, 1989, and recommended
that the original study protocol be modified — in par-
ticular, that encainide and flecainide be discontinued.
This decision was based on the observation that the
overall study group (all patients treated with active
drug as compared with all patients treated with pla-
cebo) had crossed the lower advisory boundary for
harm (boundary Z = —3.11; observed Z = —3.22)
and the boundary for stochastic curtailment (bound-
ary power = 0.35; observed power, <0.27).*'? In ad-
dition, subgroup analysis of each drug and its placebo
indicated that the adverse findings for the primary end

point were limited to encainide and flecainide, two
drugs with Class IC antiarrhythmic action. The re-
sults for encainide and flecainide are presented togeth-
er because the study was not designed to detect indi-
vidual differences between these two drugs, the results
for the two were virtually identical, and both belong to
the same class of antiarrhythmic drugs. No significant
difference was observed in either direction with re-
spect to moricizine or its placebo. Those results are
not reported because the Data and Safety Monitoring
Board further recommended that the study be contin-
ued with moricizine; therefore, the investigators re-
main blinded to the effects of moricizine.

The base-line characteristics of the 730 patients
randomly assigned to receive flecainide or encainide
as compared with the 725 receiving placebo are shown
in Table 1. The populations were similar with respect
to all characteristics, including age, ejection fraction,
time elapsed since myocardial infarction, and use of
beta-blockers, calcium-channel blockers, digitalis, or
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diuretics at base line. The mean left ventricular ejec-
tion fraction was 0.40 in patients treated with encai-
nide or flecainide. Only 2.2 percent of the patients had
an ejection fraction below 0.20, whereas 20 percent
had an ejection fraction between 0.50 and 0.55. The
mean frequency of ventricular premature depolariza-
tions was 127 per hour in drug-treated patients, and
20.6 percent of the patients had at least one run of
unsustained ventricular tachycardia (2120 beats per
minute) during their base-line Holter recording. As of
March 30, 1989, encainide or flecainide therapy had
been withdrawn in 8.4 percent of the patients (4.8
percent for protocol-defined reasons such as major ad-
verse events or symptoms, and 3.6 percent by personal
preference or on the advice of their physician), and
placebo had been withdrawn in 8.6 percent (3.9 per-
cent and 4.7 percent, respectively). Of the patients
still receiving active therapy or placebo, 79 percent
were taking at least 80 percent of their medication. Of
the patients who died of arrhythmia or were resusci-
tated after a cardiac arrest, 88 percent were following
the study regimen at the time of the event.

Table 2 shows that the number of deaths from ar-
rhythmia, the number of deaths from a nonarrhyth-
mic cardiac event, and total mortality were higher

Table 2. Events in 1455 Patients Randomly Assigned to Receive
Encainide, Flecainide, or Matching Placebo.

ENCAINIDE/

FLecaINiDe PracERO
VARIABLE (N = 730y (N = 725)
Average exposure (day) 293 300
Death from arthythmia or cardiac arrest 33 9
Other cardiac death 14 6
Noncardiac or unclassified death or cardiac arrest 9 7
Total deaths or cardiac arrests 56 22

among patients assigned to encainide or flecainide
than among those assigned to the corresponding pla-
cebo. These data include all deaths reported as of
March 30, 1989, and reviewed by the Data and Safety
Monitoring Board at its April 1989 meeting. Death
from arrhythmia was more common in patients treat-
ed with flecainide or encainide (4.5 percent) than in
patients given placebo (1.2 percent); the relative risk
was 3.6 (95 percent confidence interval, 1.7 to 8.5).
The relative risks of death from arrhythmia or cardiac
arrest for patients receiving encainide or flecainide
considered separately were not different: 3.4 and 4.4,
respectively. Survival plots comparing the primary
end point of death from arrhythmia among patients
receiving placebo and encainide or flecainide are
shown in Figure 1. Total mortality was also higher
with encainide or flecainide therapy than placebo: 7.7
percent as compared with 3.0 percent (relative risk,
2.5; 95 percent confidence interval, 1.6 to 4.5). The
relative risks of mortality from any cause for encainide
and flecainide considered separately were not differ-
ent: 2.7 and 2.2, respectively. The survival plots for
total mortality are shown in Figure 2.

Subgroup analyses of base-line covariates revealed
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Figure 1. Survival among 1455 Patients Randomly Assigned to
Receive Encainide or Flecainide, or Matching Placebo.

The cause of death was arrhythmia or cardiac arrest. The nominal
P value was based on a traditional two-sided log-rank test adjust-
ed for multiple groups.

a remarkable consistency of drug effect. In all sub-
groups, patients treated with encainide or flecainide
had higher rates of death from all causes and death
due to arrhythmia than patients treated with placebo.
In particular, the observed increased risk from encai-
nide or flecainide was present regardless of age; use of
beta-blockers, calcium-channel blockers, digitalis, or
diuretics at base line; or a prolonged QRS interval
(Table 3). Patients with an ejection fraction =0.30
had an equal chance of being given encainide or flecai-
nide. In this group, the relative risks for encainide
and flecainide were virtually identical: 4.6 and 4.4,
respectively.

Discussion

After a myocardial infarction, patients have an
increased risk of death from arrhythmia and non-
arrhythmic cardiac causes. Although many factors
contribute to this risk, ventricular premature depolari-

100 1

95 -

——— Placebo (n = 725)

Encainide or flecainide (n = 730)

P = 0.0003

0 50 100 150 200 250 300 350 400 450 500

Days after Randomization

Figure 2. Survival among 1455 Patients Randomly Assigned to
Receive Encainide or Flecainide, or Matching Placebo.
The calculations were based on all causes of death. The nominal
P value was based on a traditional two-sided log-rank test adjust-
ed for multiple groups.
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Table 3. Primary End Points of the Study: Subgroup Findings.*

confer an independent risk for both
death from arrhythmia and deaths

SUDDEN

No. or ARRHYTHMIC DEATH TotaL DEATHS

from all cardiac CaUSCS.l“‘) It has VARIABLE Patientst OR CARDIAC ARREST OR CARDIAC ARRESTS

. 2 RFLATIVE: RELATIVE
b_een pOS(ll]d[(‘,d that the SUppFF‘S— DRUGY PLACEBO  RISK DRUGI PLACEBO  RISK
sion of spontaneous arrhythmias
after myocardial infarction would percent percent
reduce the incidence of sudden ar- Treatment assignment, EF >0.30
rhythmic death. Previous studics gl"”‘,"i%" or P';’““:}“ 2;)1 ‘;g (‘)-9] 3-3 (5”1‘ ;g’ %f

: e . o ecainide or placebo . . . . . .
using dntldr_rhythmlc agents Lo sup- Ejection fraction
press ventricular premature depo- <0.30 20 95 36 27 176 63 2.8
larizations have failed to demon- =030 . 1235 37 08 45 59 24 24

. . Digitalis at base line§
strate improved survival. These Yes 2%7 98 3.0 12 162 45 36
studies had too few subjects and No ner 3209 37 54 27 2.0

- s Diurctic at base linc§
often l}ulcd to limit eprollmem to Yes 459 93 22 42 139 57 25
high-risk patients with arrhyth- No 989 24 08 30 48 18 26
mias.'?* CAST was designed to Calcium-channel blocker at base line§

. g Yes 736 50 L 4.4 94 34 28

test the hypothesis that the sup- No M2 41 14 30 S8 27 24
pression of these asymptomatic or Beta-blocker at base line§

. . . 3
mildly symptomatic arrhythmias ::’f ‘;;g 3'?'5 ?'2 ‘3“3 g'i gz ;2
would prolong survival. Base-line QRS duration§

In this study, drugs are adminis- <0.1 sec 896 39 1.2 3-3 8-2 i; gg

: ., . =0.1 sec 538 5.8 1.4 4. 10. . .
tered.unul adequate suppression of Base line VPD/hr
ventricular premature depolariza- <50 797 26 15 1.7 54 32 17
tions is achieved. Patients are then Mlzbi(g - 68 68 09 72 103 28 37
. . . ore quaitryings
randornly aSS{gned to receive either Yoy T quaying 22 96 19 5.1 150 37 40
that drug or its matching placebo. No 918 19 09 2 38 27 ta
4 - Time from MI to qualifying Holter recording
Thgrefore, at t_he time of randomi <90 days 1140 46 16 29 7.0 34 21
zation, the patients have responded 290 days 315 45 0.0 — 96 1.9 5.1
to an antiarrhythmic drug. The Thrombolytic therapy§ ) 2’5 00
Yes 37 1.5 00 — . . —
drugs for the study were cho§<?n be- No 1062 58 1.7 35 98 4.1 2.4
cause of a documented ablllty to Age at qualifying Holter recording
suppress ventricular premature de- <60 yr 577 3407 47 > 18 28
pp p d 260 yr 878 54 16 34 95 38 25

polarizations. Encainide and flecai-

nide showed outstanding suppres-
sion of ventricular premature
depolarizations in the Cardiac Ar-
rhythmia Pilot Study, and morici-
zine showed good suppression of
ventricular arrhythmias and was well tolerated.” Oth-
er antiarrhythmic agents (such as quinidine, procain-
amide, disopyramide, mexiletine, and tocainide) were
not used because previous studies suggested that they
did not suppress arrhythmias as well or that adverse
effects precluded their long-term use in a large per-
centage of patients. Other, newer experimental anti-
arrhythmic agents swere not used because of poor sup-
pression of ventricular premature depolarizations,
adverse effects, or lack of enough experience to ensure
long-term safety and tolerance by patients.®

The rate of death from arrhythmia in the placebo
group in CAST was lower than the expected rate. Sev-
eral possibilities may explain this finding. First, physi-
cians may not have enrolled their sickest patients. Sec-
ond, the requirement of a response to antiarrhythmic
agents may have contributed to the selection of a low-
risk population. Third, the deaths during open-label
titration (which are not reported in this article) re-
duced the subsequent death rates in the randomized,
placebo-controlled portion of the study. Finally, over-
all mortality from subsequent events among these pa-

*EF denotes cjection fraction, VPD ventricular premature depolarizations, and M1 myocardial infarction.
tApproximately half thc members in each subgroup received active treatment, and half received placebo.
1Either encainide or flecainide was given.

§Data missing or incomplete as of the March 30, 1989, cutoff date.

tients after myocardial infarction may be lower than
that found in previous studies, possibly because of
therapeutic developments in recent years (such as
thrombolysis). The CAST protocol has been revised
to enroll higher-risk patients in the future.

This study was unable to identify any confounding
factors to explain the marked difference in mortality
rates between the treated and placebo groups. Base-
line clinical and laboratory characteristics were simi-
lar in those treated with encainide or flecainide and
those who received placebo. The results could not
be explained by differences in other medications at
base line.

Clinical trials are not designed with adequate power
to detect the main effect in subgroups or interactions
between specific subgroups.?®? However, we have
chosen to present a series of subgroup results, but only
for the purpose of demonstrating the consistency of
the estimate of harm. In every subgroup examined,
treatment with encainide or flecainide either was
harmful or could not be evaluated because of the lack
of end points.



Vol. 321 No. 6

Treatment with encainide or flecainide produced a
poorer outcome, whether the end point was death
from arrhythmia, death from a nonarrhythmic cardiac
cause, death from any cardiac cause, or death from
any cause. The classification of death events was quite
consistent between the principal investigators at the
enrolling centers and the Events Committee, and it
was not a determinant of the outcome of the study.

CAST has demonstrated that the use of encainide
or flecainide to treat asymptomatic or mildly symp-
tomatic ventricular ectopy in patients with mild-
to-moderate left ventricular dysfunction after myocar-
dial infarction causes an excessive mortality rigk.
Thus, the suppression of ventricular premature depo-
larizations alone in this population is not an adequate
indication that a drug will be helpful in prolonging
survival. Encainide and flecainide, two drugs with
Class IC antiarrhythmic action® that cause marked
conduction slowing with less prominent effects on re-
fractoriness, have previously been found to have pro-
arrhythmic effects in patients with structural heart
disease and more complex arrhythmias.?®* Whether
the results of this trial can be extrapolated to other
patient groups is unknown. In addition, it appears
that each antiarrhythmic drug must be evaluated in-
dividually.

This study emphasizes the need for more placebo-
controlled clinical trials of antiarrhythmic drugs with
mortality end points. It also demonstrates the necessi-
ty in such trials of a data- and safety-monitoring
board that has established guidelines for monitoring
and stopping the study to protect patients.

The CAST Data and Safety Monitoring Board rec-
ommended that the study continue with moricizine
and possibly with other antiarrhythmic agents that do
not have Class IC antiarrhythmic action. Patients
with asymptomatic or only mildly symptomatic ven-
tricular premature depolarizations after a myocardial
infarction have a twofold to threefold risk of dying as
compared with patients without arrhythmia.’? The
reduction of this risk, especially among patients with a
reduced ejection fraction, is still a highly desirable
objective.

Tue CARDIAC ARRHYTHMIA
SuppressioN TriarL (CAST)
INVESTIGATORS

CAST Coordinating Center
1107 NE 45th, Rm. 505
Seattle, WA 98105

Supported by contracts with the National Heart, Lung, and Blood Institute,
Department of Health and Human Services.

Address reprint requests to the CAST Coordinating Center, | 107 NE 45th, Rm.
505, Seattle, WA 98105.

APPENDIX

Participants in CAST are as follows: University of Alabama af
Birmingham, Birmingham, Ala.: William J. Rogers, M.D. (principal
investigator), Andrew E. Epstein, M.D., Joaquin G. Arciniegas,
M.D., Sharon M. Dailey, M.D., G. Neal Kay, M.D., Randall E.
Little, M.D., William A.H. MacLean, M.D., Silvio E. Papapietro,
M.D., Vance J. Plumb, M.D., Sigmund Silber, M.D., Andrea R.
Baker, R.N., Melanie Cox, Carolynn Thomas, R.N., Donna Von-
Hagel, R.N., and Annie E. Walton, R.N.; Baylor College of Medicine,
Houston: Craig M. Pratt, M.D. (principal investigator), John Mah-
marian, M.D., Terry Eaton, R.N., and Gail Morris, R.N.; Beth Israel
Medical Center, New York: Thomas Killip, M.D. (principal investiga-

SPECIAL REPORT 411

tor}, Andrew Van Tosh, M.D. (principal investigator), Susan R.
Hecht, M.D., George A. Gabor, M.D., Warren A. Kossowsky,
M.D., Martin Dolgin, M.D., John E. Madias, M.D, Orest B. Bar-
toszyk, M.D., Ann Grayeski, RN, B.S.N., Melissa Flon, RN,
B.S., Ann M. Kelly, RN, BSN, Mary Louise Conte, R.N.,
B.S.N.; Brown University Affiliated Hospitals Center, Providence: Robert
J. Capone, M.D. (principal investigator), Lawrence Gorkin, Ph.D.,
Abdul Hakim Khan, M.D., Kenneth Korr, M.D., Andrew Ross,
M.D., Kathy Alberti, RN, B.S., Emily Connolly, R.N., Pat Rub-
bert, RN, B.S., and Tina Cameron, R.N_; University of Calgary and
Cooperating Hospitals, Calgary, Alb.: D. George Wyse, M.D., Ph.D.
(principal investigator), Henry J. Duff, M.D., L. Brent Mitchell,
M.D., Anne M. Gillis, M.D,, . Wayne Warnica, M.D., Robert S.
Sheldon, M.D., Ph.D., N. Robert Lesoway, M.D., Joyce Kellen,
R.N,, B.N,, Charlotte Hale, R.N., and Karen Hillier, R.N.; Case
Western Reserve University, Cleveland: Albert L. Waldo, M.D. {princi-
pal investigator), Richard W. Henthorn, M.D., Mark D. Carlson,
M.D,, Joel B. Holland, M.D., Dale Adler, M.D., Robert C. Bahler,
M.D., Frank X. Pamelia, M.D., Carol Buchter, M.D., Pamela Red-
mon, R.N., B.S., Melinda A. Vargas, R.N_, B.S.N., and Christopher
E. Kobus, RN, B.S.N.; Columbia University Affiliated Hospitals, New
York: J. Thomas Bigger, Jr., M.D. (principal investigator), Jona-
than 8. Steinberg, M.D., Judith S. Hochman, M.D., Robert Case,
M.D., Henry M. Greenberg, M.D., Edward M. Dwyer, Jr., M.D,,
John J. Gregory, M.D., Stephen T. Rothbart, M.D., Annmarie
Squatrito, R.N., Madeline Kelly, R.N., Jeanne M. Campion, R.N.,
Deborah Tormey, R.N., Robin Anthony, R.N., Elizabeth Cal-
laghan, R.N., Maureen Chapnick, R.N., Barbara Ripley, R.N_, and
Cheryl Fontana, R.N.; Emory University School of Medicine, Atlanta:
Robert C. Schlant, M.D. (principal investigator), Daniel Arens-
berg, M.D., John D. Cantwell, M.D., J. Arturo Corso, M.D., John
W. Hurst, Jr., M.D., Lawrence M. Lesser, M.D., Douglas C. Mor-
ris, M.D., Corinne F. Quinn, M.D., Stanley W. Sherman, M.D.,
Barry D. Silverman, M.D., Mark E. Silverman, M.D., Shirley K.
Ballou, M.S., Velma D. Jeffries, R.N., Joy Lee Crowe, RN, and
Janice M. Parrott, R.N.; George Washinglon University Medical Center,
Washington, D.C.: Richard J. Katz, M.D. {principal investigator),
George A. Besch, M.D., David Briil, M.D., Robert DiBianco, M.D.,
Dennis Donohue, M.D., Gregory Fisher, M.D., Cleveland Francis,
M.D., Dennis Friedman, M.D., Daniel Goldberg, M.D., Samuel
Goldberg, M.D., Gregorio Koss, M.D., Louis Larca, M.D., Roger
Leonard, M.D., Keith Lindgren, M.D., James Ronan, M.D.,
Arnold Rosenblatt, M.D, Douglas Rosing, M.D., Allan Ross,
M.D., Alberto Rotsztain, M.D., Harry Schwartz, M.D., Fayez
Shawl, M.D., Thomas Sinderson, M.D., Roger Stevenson, M.D.,
Bruce Tinker, M.D., Jacob Varghese, M.D., Mark Weinstein,
M.D., John Yackee, M.D., Kay Cross, R.N., Joan Daly, RN,
and Mary Beth Swisher, R.N.; Giteborg University, Goteborg, Sweden:
Lars Wilhelmsen, M.D. (principal investigator), Robert Berg-
strand, M.D. (principal investigator), Bengt-Olof Fredlund, M.D.,
Christer Gottfridsson, M.D., Axel Sigurdsson, M.D., Sverker Jern,
M.D., Ramon Sivertsson, M.D., Karl Swedberg, M.D., Gunnel
Schlyter, R.N., Svisse Haegelind, R.N., Gunnel Hedelin, R.N,, and
Margareta Leijon, R.N.; Halnemann University, Philadelphia: Joel
Morganroth, M.D. (principal investigator), Joseph Carver, M.D.,
Leonard Horowitz, M.D., Steven Kutalek, M.D., Louis Papa,
D.0O., James Sandberg, M.D., Mark Victor, M.D., Sharon Cesare,
R.N., Brenda Krein, R.N., Chris Vrabel, R.N., Donna Trigonc,
R.N., Karen Talarico, R.N., Karen Nuschke, R.N., Susan Luh-
mann, R.N., and Donna Palazzo; Henry Ford Hospital, Detroit: Sidney
Goldstein, M.D. (principal nvestigator), A. David Goldberg,
M.D., Howard Frumin, M.D., Douglas Westveer, M.D., Michael
DeButlier, M.D., John Schairer, D.O., Robert Stomel, D.O., Diane
M. Frank, R.N., B.S.N., Regina Jarandilla, R.N., B.S.N., Debbie
Davey, R.N., Karen Stemmer, R.N., B.S.N,, Chris Thom, R.N.,
and Elaine Martin, R.N.; University of Kentucky, Lexington, Ky.: An-
thony N. DeMaria, M.D. {principal investigator), Chien-Suu Kuo,
M.D,, James M. Kammerling, M.D., Chris Dunn, R.N., Debra M.
Powers, R.N., and Jody Corum, R.N.; University of Maryland, Balti-
more: Robert Peters, M.D. (principal investigator), Frederick Sut-
ton, M.D., Stephen Gottlieb, M.D., Lisa Martin, M.D., Laurie
Todd, R.N., B.S.N., and Cynthia Cusack, R.N., B.S.N.; University of
Massachusetts Medical School, Worcester, Mass. Joseph S. Alpert, M.D.
(principal investigator), Joel M. Gore, M.D. (principal investiga-
tor), 8.K. Steven Huang, M.D., Mary Ryan, R.N_, and Carol Shus-
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tak, R.IN.; University of Minnesota, Minneapolis: M. Hodges, M.D.
(principal investigator), D.M. Salerno, M.D., Ph.D., B. Anderson,
M.D., W. Hession, M.D., M. Manoles, M.D., J.M. Haugland,
M.D., C. Gornick, M.D., M. Tolins, M.D., D. Berman, M.DD.,
G. Granrud, M.D., J. McBride, M.D., D. Dunbar, M.D., D. Bend-
itt, M.D., 8. Riendl, M.D., A, Ettinger, RN, S, Tait Peterson,
R.N., R. Piper, R.N., and R. Slivken, R.N.; Montreal Hearl Institute,
Montreal: Denis Roy, M.D. (principal investigator), Pierre Theroux,
M.D., Robert Lemery, M.D., Doris Morissette, R.N., Louise Gi-
rard, and Suzanne Ranger; Oregon Health Sciences University, Portland,
Oreg.: John H. McAnulty, M.D. (principal investigator), Steven E.
Reinhart, M.DD., Gordon Maurice, M.D., Edward S. Murphy,
M.D., Joel E. Cutler, M.D.| Jack Kron, M.D., Christy Marchant,
R.N., Janie Boxer, R.N., Laurie Princchouse, and the cardiologists
at Southwest Washington Hospitals, Tuality Hospital, Good Sa-
maritan Hospital, Portland Veteran’s Administration Hospital, and
Providence Medical Genter; University of Ottawa Heart Institute, Otta-
wa: Donald Beanlands, M.DD. (principal investigator), Richard Da-
vies, M.D., Martin Green, M.D., William Williams, M.D., Michael
J. Baird, M., Linda Warriner, RN, B.Sc.N., Janet Borthwick,
R.N,, Liliane Marois, R.N., and Kirsten Waoodend, R.N., B.Sc.N.:
University of Rochester, Rochester, N.Y.: Toshio Akiyama, M.D. (prin-
cipal investigator), William B. Hood, M.D., Paul N. Yu, M.D>,
S. Serge Barold, M.D., Robert Easley, Jr., M.D., Richard Kunis,
M.D., Gerald Ryan, M.13,, John Gillespic, M.D., Laura L. Butler,
B.S., Phyllis A. Gehring, R.IN., B.S.N., Marcia L. Keller, RN,
B.S.N., Michael Roache, P.A., and Polly Stanley; Rush-Presbyterian-
St. Luke’s Medical Center, Chicago: Pablo Denes, M.D). (principal in-
vestigator, 1986 to 1988), James A. Schoenberger, M.D. (principal
investigator, 1989 to present), Philip R. Liebson, M.D., Philip E.
Hill, M.D., A. Tom Petropoulos, M.D., Joanne Kocourek, R.N.,
and Cathleen Daly, R.N.; Salt Lake Clinic Research Foundation, Sall
Lake City: Allan H. Barker, M.D. {principal investigator), Jeffrey L,
Anderson, M.D., Robert E. Fowles, M.D., Thomas B. Keith, M.D.,
C. Basil Williams, M.D., Fidela Moreno, M.D., Ellen N. Doran,
Barbara Fowler, Kaye Summers, R.N., and Carla White, L.P.N;
8t. Louis University Medical Center, St. Louis: Jerome D. Gohen, M.D.
(principal investigator), Harold 1.. Kennedy, M.D., M.P.H., Wil-
liam P. Hamilton, M.D., Thomas A. Buckingham, M.D., Sondra
M. Seiler, E.A., and Sally S. Anderson, R.N., B.S.N.; State University
of New York Health Science Center at Brooklyn, Brookiyn, N.Y.: Nabil El-
Sherif, M.D. (principal investigator), Shantha N. Ursell, M.D.,
Soad Bekheit-Saad, M.D., Arnold M. Einhorn, M.D., Mary Lynn
Brezsnyak, R.N., Ann V. Porter, R.N. and Patricia M. Rosa, R.N;
Vanderbilt University, Nashville: Raymond L. Woosley, M.D., Ph.D.
(principal investigator, 1986 to 1988), Dan M. Roden, M.D. (prin-
cipal investigator, 1988 to present), W. Barton Gampbell, M.D.,
Debra 8. Echt, M.D,, John T. Lee, M.D., Judi Diekhoff Spell, R.N,
M.S.N,, Susan T. Bonhotal, R.N., M.S.N_, Leslic L. Jared, R.N,,
M.S.N,, and Tina Ingle Thomas, R.N.; Medical College of Virginia,
Virginia Commonwealth University, Richmond: David W. Richardson,
M.D. (principal investigator), Donald W. Rombhilt, M.D., Kenneth
A. Ellenbogen, M.D., Robert A. Bauernfeind, M.D., Barbara B.
Bane, Jeanne K. Sanders, RN., M.S.N., and Sherry F. Shrader,
R.N., B.S.N.; Washington Hospital Center, Washington, D.C.: Edward
V. Platia, M.D. (principal investigator), Susan O’Donoghue, M.D.,
Cynthia M. Tracy, M.D., Nayab Ali, M.D., Patrick Bowen, M.D.,
Andrew I. Cohen, M.D., Kenneth M. Brooks, M.D., Andrew J.
Keller, M.D., William Qetgen, M.D., Lawrence T. Weston, M.D.,
Sue Barrett, R.N., Maria R. Johnson, R.N., Diane E. Law, R.N.,
and Dulce Obias-Manno, R.N.; Drug Distribution Center, VA Coopera-
tive Studies Program Clinical Research Pharmacy Coordinating Center, Albu-
querque, N.M.: Clair M. Haakenson, R.Ph., M.S., Mike R. Sather,
R.Ph., M.S., and Loretta A. Malone; Coordinating Center, University of
Washington, Seattle: Alfred P. Hallstrom, Ph.D. (principal investiga-
tor), Mary jo Gillespie, M.S., H. Leon Greene, M.D., Yudianto
Pawitan, Ph.D., Ruth McBride, Robert Ledingham, M.S., Salvador
Munoz, Robin Reynolds-Haertle, M.S., Melissa Huther, Margit
Scholz, Linda Stefan, and Surena Khatir; Program Office, Clinical
Trials Branch, Division of Epidemiology and Clinical Applications, National
Heart, Lung, and Blood Institute, Bethesda, Md.: Lawrence M. Fried-
man, M.D., Eleanor Schron, RN., M.S., Joel Verter, Ph.D.,
and Cheryl Jennings; and Data and Safety Monitoring Board: J. David
Bristow, M.D. (chairman), David L. DeMets, Ph.D., Charles Fisch,
M.D., Alan S. Nies, M.D., Jeremy Ruskin, M.D., Harold Strauss,
M.D., and Leroy Walters, Ph.D.
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