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The Cardiac Arrhythmia Suppression Trial (CAST) was a stud:
designed ta test the hypothesis that suppression of ventricular
premmture compiexes alter a myocardin! infaretion would Im-
prove survival. Preliminary resuits showed that suppression of

ventricular 1achyeardia was chanped to allow patients with more
serious arrhythmias o be entered into the trial.

The Curdlac Arrhythmia Seppressiom Trial-Hl was suhse.
qmni]v ferminated prematurely because 1) patients trealed with

vemtricular premature with inide and fecatmid;

warsened survival, and the CAST continued as the CAST-1? with
.izine compared with its placebo,

The protocol for the CAST-11 was changed to attemp to enroll
patienis more likely to experience serious arshythmias, The
enrollment Sme was narrawed to 4 tc 90 days after myoeardial
infarction; the qualifying ejection fraction was lowered to <0,40;
@ higher dose of maricizine could be used; early titration itself was
double-blind with a placebo, and the definition of disqualifying

had an excessive eardiac mortality rate during the Ist
2 weeks of exposure to the drug, and 2) there appeared 1o be little
chance of showing a long-term survival benefic from freatment
with moricizine.

This report outlines the rationale behind the Cardiac Arrhyth-
mia Suppression Trial and the reasons for selection of the drugs
used in the CAST and CAST-I.

(1 Am Col! Cardiol 1992,19:894-8)

The initial results of the Cardiac Arrhythmia Suppression
Trial {CAST) (1) led clinicians caring far patients with
arrhylhmias 10 quastion treatment strategies that had been
wridely d, though rot validated. The purposc of this
report is 10 summirize how and why the desien of the study
was chanped for the continuation of the trial, colled the
Cardiae Arthythmia Suppression Trial-1T (CAST-11).

The Cardiac Arrhythmin Suppression Trial
(CAST) Hypothesis and Original Design

Two hypathescs were considered for testing in the Car-
diac Arrhythmia Suppression Trial: 1) thut drug reeatment of
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asymptomatic ventricular premature complexes in patients
after a myoeardial infarction would improve survival, or
2} 1hat drog suppression of asymptematic ventricular prema-
ture coimpiexes would improve survival. These two hypoth-
eses rad major implications for study design. With the drug
tregtment hypolhests, patients would simply be randomly
assigned to treatment wilth an antiarthylthmic drug or its
placebo; they would he conlinued on long-term therapy to
examine the effect of the drug on survival. The drug sup-
pression hypothesis more closcly mimicked clinical practice.
Analvsis of Holler recordings would be required 1o show
that a drug had indeed suppressed vemticular premature
complexes adequately before a patient could be randomly
assigned to long-term trealment with that agent or its pla-
cebo, Ultimately, it was decided 1o west the drug suppression
hypothesis in the CAST.

In the criginal design of the CAST, each patient's ven-
Iricular premature compiexcs werc suppressed by an anti-
arrhythmic drug (selected randomly for the dase titrotian
phase), and the paiient was then randomized (0 treatment
with either the active drug that suppressed the ventricular
premature complexes or its matching placebo. Thus, the
design of the CAST identified *responders™ 10 a drug, who
were then randomized either to that drug or Lo its matching
placebo, Patients who had inadequate suppression of ven-
tricular premature complexes or who had proarrhythmic
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responses during (he dose titration phase were entered inio
varicus. substudies and not comsidersd part of the main
study.

Because the increased risk for sudden arrhythmie death
in the presence of ventricular ectopic activity and depressed
left ventricular function may persisi losg after a mvocar fiat
frfarction u:;. inc orgimal entry window included caiients
& days 1w 2 years afler « myocardial infarction, and upper
limits for gjection fraction were scught to enroll a high risk
population, There was no fower limit on ejection fraction. If
the elapsed time since the myocardial infarclion was long
(90 days to 2 years), the ejection fraction had to be <0.40 for
the paticnt 1o be cligible. For patients with a more recent
myuocardial infarction (6 10 89 days), the ejection fraction had
to be =<0.55. The rationals for this design was that the
ighest risk for arrhvihmic death is during the first few
months after myocardial infarction. After the first few
months, the risk decrenses and is minimal unless left ven-
tricular function is reduced. ‘Therefore, patiems who emered
the CAST late aftzr mycardial mfarcuon were required to
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Tabt: 1. Criteria for Drug Selection: The Cardize Arrhythwia
Suppression Triai (CAST)

High degrec af »

Ideally, =807

cremoture mmulcxes and =507 %uwrfs«von of \emrctlar tachycardia

at tolerated dosages

High degree of tolerance: =805 uf patients having a=hutkmias

sppressed and tolerating the drug for 2 years

Tnfrsquent dasing.

Infrevuenl serious proarshyts

Infrequent serious noncardiac adverse effects

. Extensive experience in postmyccardial infarction pationts wiln
ventricular ectopic activity

emature conplores.
d)

pression af ventic

mn

7. Effective in other patient grougs

Suitable for a multiple dose. mubtiple drug blinded t:i

. Murketed or soon 1 be marketed in the Unlied States

10, Mininial negative inotropic alfzis

11. Mo drug imeractions (spacifisally, with digitatis and beta-adreneryic
blacking agents)

. Uniform dosing (minimal dose changes raquired in potiznts wilh beart
failure, renzl failure, liver failure, for exampiel

. No additional nonantiasThyiimic cctions (for example, inrnnsic pela-

adrenergic blockade)

=

=

have a lower ejection fraction to mai a suificiently high
risk of suddea death that participants in this trial might
demonstrate benefir,

Patients with 26 ventricular premature complexesih were
entered in the CAST because it appeared that the risk of
arrhythmic events begins with 1 ventricutar premature com-
plexth and increases 10 a plateau at a rate of =10 such
complexesh (33,

The definition of ventricular tachycardia for the CAST
allowed enrollment of palients thought o be at relatively

13, Ef s judged by i study (sishigh
elestrophy siofogic study itsclf wiuhd not be used in (e CASTY

The “'Standard’ IA Drugs

Note of the commonly prescribed *‘stondard™ antiar-
rhythmic agents was deemed acceptable for inclusion in the

high risk. The length of ventricular tachycardia defined to be
disqualifving was =15 beats ai a rate of =120 beats/min.
Patients with éundie bréach tluck were also included in the
CAST

Drug Selection for the CAST

The sefection of antiarvhythmic drugs for inclusion in the
CAST was based on the specific characieristics of the drugs,
the proposen pai nopulation and the requirements dic-
taled by the ventricuar ectopic activity suppression hypoth-
esis (4). As with all secondary prevention tials. drug selec-
tion was based primarily on the relative risk/benefit ravio fr
each drug. Dependence an 2 single drug was aot considered
to be desirable because the intent of the CAST was to fest a
treatment strategy and not a specific drug.

In Jate 1986, during the planning phase of the CAST, the
Drug Sclection and Titralion Subcommitiee reviewed cur-
remly available and investigational mytiarrhythmic ngenss for
potential inelusion in the wrial. The criteria in Table | were
assessed for each drug. The Subcommittee also considered:
1) the total number of persons evaluated in clirical studies,
2) the rotal number of patients who had been evaluated for
drug safety and efficacy For > | year, und 3) the quality of the
data base in patients comparable to patients prejected for
inclusicn in the CAST.

CAST. [nadeq) pp of v prematurs
1 or unk degree of supp of ventricular
compl characterized most drgs considered.

Qmmdlne Thls drug has a predictably high (approxi-
mately 306%) early dranomt rate due to gastrnintestingt and
other toxic cffects (5.6) and thus would ml achieve the
CAST gual of =80% suppression of i
compicxas and 290% suppression of vantricular tachycmﬂm
mainiained in at least B0% of paticnts at 1 year. Additionally,
published estimales of proachythmia (including torsade de
pointes) ranged from 0.5 10 292 {7 8). These data heightened
concern about initiating this drvg for prophylaxis against
sudden death in a large number of outpatients with asymp-
tomatic “potentially leshal™ venrricular arshythmins, cvea
though the proarrhythmic effect of quinidine may bc no
worse than that of many other drups. The quinidine-dipoxin
intcraction would also complicate a double-blind ¢rial.

Procainamide. This drug was censidered of limited nse
for widespread secondary prevention because of the need for
fuur times daily dosing and the high incidence of drug-
induced lupus erythematosus (positive antinuclear antibody
in 60% to 70% and Inpus symptoms in 20% to 3055 of paticnts
at 1 year). In a previous secondary prevention irial by
Kosowsky et al, (9), 23% of subjects discontinued therapy
within 3 months and 41% terminated use of the drug before
completion of the 2-year study. Of additional concern were
the reports of procainamide-associated hlaod dyscrasias,
estimated to be as high as 0,55, which would require weekly
blood counts for 2 weeks.
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Disopyramide. This drug also had been studied previ-
ously in postmyocardial infarction secondary prevention
trials (10-12) without evidence of henefit. In 610 patients
combined from three studies, the mortality rate was 8.6%
with the active drug versus 8.8% with placebo. Other limi-
tations of disopyramide included potential aggravation of
congestive heart failure in patients with a low ejection
traction and bothersome antichalinergic side cffects m 10%
0 40% that often led to withdrawal from therapy.

The Class 1B Drugs

Tocainide and mexiletine. Neither of the class IB antiar-
rhythmic agents, tocainide and mexiletine, had demon-
strated promise for preventing sudden death in earlier post-
myocardial infarction secondary prevention trials (13-16),
nor were they verv effective in suppressing ventricular
premature complexes, Although these triaks had not selected
subjects for the presence of ventricular premature com-
plexes and had nul assessed suppression of ventricilar
ectopic activity, the dropout rai2 due to gastrointestinal and
central nervous system toxic effects was high, and no
favorable survival trends were noted. In fact, a trend toward
increased mortality was seen with mexileline in the largest
trial, the International Mexiletine and Placebo Antiarthyth-
mic Coronery Trial (36), which tested mexiletine versus
placebo. This krial observed a [-year mortality rate of 7.6%
with mexiletine versus 2 4.8% rate in the placebo group (p =
N8). These results were consisient with the many reparis
(17,18} demonstrating that class IB drugs achieved only
moderate suppression of ventricular premature ccmplems
ag assessed by Halter monirar and poor suppression of

ventricular tachycardia on electrophysiclogic study. Fur- .

thermare, tocainide, like procainamide, was considered to

have an unacceptable safety profile because it rarely induced

aranulocytopenia.
¢

and iletine. This combina-
tion had several mcrlls for consideration for use in the
CAST. When uged in combination, each agent can be
administered in lower doses. decreasing intolerable side
effects while enhancing efficacy (19). Reports o success with
quinidine plus mexiletine have been encouraging with both
Holter-guided therapy and electrophysiologic testing (19,20).
Enthusiasm for this drug combination was guarded, how-
ever, because of the rather small data base (<400 patients in
published reports on this regimen and <100 patients fol-
lowed up for > 1 year} and the undesirable complexity of
using two drugs in a CAST populaiion. The proarrhythmic
potential of quinidine and its interaction with digoxin also
decreased the desirability of this combination.

Other Drugs

Amicdarone. The well established toxicity af amio-
darone, especially pulmonary fibrosis, diminished enthusi-
asm for its use in this asympromatic patient group. Further-
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more, its compiex pharmacokinetics and its interaction with
digoxin and warfarin made it undesirable for use in this
blinded trial.

Propafenone. This class [C drug with a data base of
nwearly 1,000 patients {Knoll Pharmaceuticals) appeared to
have good suppression of ventricular premature complexes
and tolerance. However, the dose-response relation for
arrhythmia suppression was not defined, and patients could
be either slow or fast metabolizers with different rates of
response and side effects (21). Long-term drug efficacy and
safety information were sumewhat limited, and the potential
beta-adrenergic blocking effect (22) would have confounded
the ability to test the hypothesis of suppression of ventricu-
Jar premature complexes. Any reduction in mortality ob-
served could possibly have becen due to beta-adrenergic
blockade and unrelated 15 suppression of ventricular prema-
ture complexes.

Other investipational drugs. These drugs (pirmenol,
cibenzcline, indecainide, sotalol, d-sotalot, bepridil, lorcain-
ide, n-acetylprocaimamide) were excluded for a variety of
reasons, primarily limited patient exposure with an inade-
quaic data base for safety and efficacy in a CAST population,
even though some were thowght to be promising new agents.

Rationale for Encainide, Flecainide and
Movicizine in the CAST

The four drugs tested ia the earlier Cardiac Arthythmia
Pilot Smdy (CAPS) (23) were reassessed for inclusion in the
CAST. n the CAPS, imipramine caused only limited sup-
pression of ventricular premature complexes (52%) and had
a high ratc (2675 of macepiable sids effects, particularly
ooetaral hypotension, and Lthus was eliminated as a candi-
date for the CAST. Both class IC drugs. encainide and
flecainide, had achieved the gonl of 2704 suppression of
venfricular premature complexes in the CAPS in 79% and
3% of paticnts, respectively. The incidence of intolerable
side effects for encainide (5%) and fiecainide (5%) was
comparable ta thai of placebo (3%). Proarrhythmia did not
appear excessive during t year of follow-up (encainide 1%,
flecainide 3%, placebo 3%). Large dala bases (albeit not for
patients in the i di ion period)
were available for both encalmde and flecainide, The fourth
CAPS érug, moricizine, afforded satisfactory efficacy (66%
of patients showed =70% suppression of ventricular prema-
ture complexes) although the rate of suppression was slightly
lower thun that e: Recainide or encainide. The pharmaceu-
tica! manufacturer’s data base for moricizine (E.1 DuPont
deNemours) included 1,190 patients with good drug toler-
ance and there was a low incidence of proarrhythmia and
congestive heart failure.

[2zarths and proarrhythmia were infrequent in the CAPS
(23). Congeslive heart failure requiring hospitalization ap-
peared to occur slightly more frequently in flecainide-treated
paticnts (20% taking flecainide, 6% taking encainide, 10%
taking placebo) (24). This finding in the CAPS prompted
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CAST investigators to reslrict the pse of fecainide to
patients with an ¢jection fraction =0.30 (24.25). Patients
with such an ejection ftaciion were randomized 1o gither
1) fecainide, then moricizine and then encainide. or
2) encainide, then moricizine and then ﬁecamlde The iwo
class IC antiarrhythmic agenis, inide and fl idh
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Enitial Resuits of the CAST

Encainide and fecainide. Randomization in the CAST
began i June (987, Most patients {75%) achieved satisfuc-
tory suppression of ventricular premnture complexes, 52%
‘with the first dose of the first drug. In April 1989, encainide

were always given first because these agents seemed to be
better at suppressing ventricular premature complexes.
Treatment proceeded from one drug to the next only if
ventricular premature complexes were not suppressed by
the highest dose of drup or if adverse effeets oceurred. For
patients with an ejection fraction <0.30, the drug sequence
was gither 1) encainide then moricizine. or 2) moricizine and
then encainide. The study was thus designed to idennify
suppression of ventricular premature complexes at the ear-
liest possible time, both for simplicity of protocol and for
case of patient recruitment and compliance.

Though both elass IC drugs, encainide and fiecainide, had
been marketed for only t to 2 years at the iniliation of the
CAST and moricizine had not received aporoval of the Food
and Drug Administration, these agents appeared to have the
most favorable overall profile for application in the CAST
protocal.

Implications of the Open Label Drug
Titration Design

Because the study was designed as a suppression trial, an
altempt was made to identify rapidly a drug that would

pp vestricular p ! for each individ-
ual patient. In the CAST, the dose titration phase of the
study was not placch lled. The i of arrhyth-
mia aggraval.ion during the CAPS dose titration phase (ap-
proximately 2 wecks) and, in particular, during the initial
2-day inpatient treatment initiation phase in the CAPS, was
very low (1% tc 3%) and was similar in all treatment groups,
including the placebo group. Furthermore, this arthythmia
apgravation in the CADPS consisted almost exclusively of
asymptomatic imcreases in frequency of ventricular prema-
ure complexes. Therefore, in the CAST hospitalization was
not required for initiation of treatment, The CAST included
higher risk subgroups, such as those with ejection fraction
<0.20 or bundle branch block. Investigators recognized that
having an cpen label itration phase at the beginning of the
study could result in mortality or side effects during the
titration phase that could not be interpreted because ne
plecebo control was included at this time. However, because
of the need to identify a svccessful drug rapidly, this
trade-off was accepted.

Only after each patient was identified as a “‘responder™
was the patient randomized to either the successful drug or
its placebo. Patients with partial (1% to 79%) ion of

and flecainide were d from 1he CAST (26). A total of
498 paticnls had been randomized either to encainide or
flecainide or to their placebos. At that time, the sludy
determined that both total cardiac mortality and deaths from
arrhythmias were increased in the groups treated wirl,
enc-imde or Hecainide (1).

Iaricizine. Only a reiatively small number of patients
had actually been randomized to moricizine or its placebo
(277 a3 of Apnit 1989) for two reasons: 1) moricizine was the
secand drug in the sequence for patients with an ¢ection
fraction 20.30. but encainide and fiecuinide were so success-
ful in suppressing ventricular premature complexes that very
few patients were exppsed 10 moricizine in this high ejection
fraction group; and 2) equal aumbers of patienis were
ramdomized to encainide or mericizine among thosc with an
ejection fraction <0.30, but fewer pativiits qualificd in this
catzgory.

The Data and Safety Monitering Board and the Nationai
Institutes of Health enthusiastically endorsed continuation
of the CAST with moricizine, the continuation of the study
calied the Cardiac Asthythmia Suppression Trial-tf (CAST-
.

Impact of the Initial CAST Reselts and
Design of CAST-II

The preiiminary results of the CAST in paticnts with
myscardial infarction established that either the hypothesis
of suppression of venwricuiar premature complexes was
invaliu or that it may be drug specific. 1 is unknown whether
the CAST findings apply only to patients who have recestly
survived a myocardial infarction. The mechanisms arc also
unknown-—presumably interactions among an antiarrhyth-
mic drug, myocardial scar and some intercurrent factor,
such as ischemia or infarct healicg.

Because of these results, encainide and flecainide were
remeved from the CAST. Consideration was given 10 the
addition of another drug or drugs. Because no drug met the
original acceptability criteria, and because i would have
heen logistically difficult to add another drug, the CAST-1E
continued with moricizine only. Afler April 1589, several
other major changes were made in the protocol for the CAST
that continued as the CAST-1I (Table 2). Because no sudden
arrhythmie deaths pecurred in the patients enrolled lme alter
their myocardial infaretion, the enroflment time was fimited
to 4 to 90 days after myocardizl infarction. Similarly, the
yualifying cjection Fraction was lowered o =0.400 Ta at-
templ to achieve & higher rute of suppression of ventricular

ventricular premature complexes entered a substudy.

a higher dose of moricizine was
allowed Pauenm formerly treated with encainide o flecain-
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Teble 2. Major Changes in CAST Protocol for Continuation
as CAST-1I

Encainide 2nd feeainide were removed: no new drugs were sdded
Qualifying cicetion fraction was reduced to =0.40

Enmilment Llime was chanped 10 4 to 90 deys after myacardia] infarction
A higher dosc of moricizing (900 mgtlay) was added

Titratinn phase was double-olind with & placena to detect adverse
events/deaths during titrader

6. Definition of disquelifying ventriculir tachycardia ws changed to 230 5
ata rate of =127 beals/min or ventricular tachyeardia tha! was
symplomalic

e e

ide (or with encainidz placebo or flecainide placeha) could be
rerandomized if they met the new entry criteria {cxcept for
the criterion of time since myocardial infarction). The titra-
tion phasc of the CAST-H study was placebe conteolled to
determine if there was a moriality benefit (or risk) during the
Lst 2 weeks of exposure to drug.

Muoricizine. The results of the CAST-II evaluated the
utility of ventricular premature complex suppression with
mericizine after myocardial infarction. Initial exposure to
moricizine yielded a higher mortality rate than that of iaitial
exposure to placebo. In addition, the long-term phase of the
study was unlikely 10 show any survival benefit from treat-
ment with the drug (CAST [nvestigators, unpublished obser-
valions). Thus, the ventricular premature complex hypoth-
esis was disproved, and we concluded that patients with
ventricular premaiure complexes afler myocardial infarction
should not be routinely Lrealed with antiarrhylhmic agents.
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