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Preface

Modern drug therapy has made dramatic contributions to the prevention and
treatment of cardiovascular diseases. Rrugs are now available for a range of cardio-

‘vascular conditions, from hypertension to arrhythmias. This volume addresses one

of the key problems in ihe further development of new and more effective drugs—
the need to find reliable biological end points that will aid scientists and physicians
in the early determination of the drug or combination of drugs and other therapy
that may be most effective in the prevention and management of a particular
condition or disease. A . :

- Current clinical research tends to rely on end points such as morbidity and
mortality. These end points may take years to develop, necessitating costly clinical
trials, which may require hundreds of millions of dollars, and involving thousands
of participants over many years. The U. S. National Heart, Lung, and Blood
Institute has funded a number of trials of this magnitude. In addition to the huge
costs and delays in obtaining objective, reliable results from these trials, they are
also difficult to manage from a logistic standpoint. There is a continuing problem
of maintaining patient adherence and double-blind protocols for the experimental

_group receiving drug therapy and the control group receiving placebo.

This volume brings together specialists with a broad range of expertise in research
dealing with the clinical entities, biological end points, means of intervention, and
monitoring techniques pertinent to the topic of cardiovascular drug studies. These
specialists discuss a number of drugs that have been shown to be of value in the
prevention and treatment of atherosclerosis, thrombosis, coronary spasm, and ar--
thythmias. They consider new pharmaceutical agents currentls y under development
that may offer advantages over traditional agents in terms of selectivity, specificity,
side effects, interaction with other drugs and body functions, and clearance pro-
cesses. These will need to be evaluated through basic and clinical research and
compared with more traditional agents.

The end points for such drug studies need further development. While morbidity
and mortality continue to be important indices for large-scale population studies,
the noninvasive assessment of alterations in atherosclerotic lesions and arterial walls *
themselves and the ‘effect of drugs in inhibiting or regressing these changes are

~ extremely promising lines of inquiry for cardiovascular research.

In the case of atherosclerosis, certain drugs can affect the regression or progres-
sion of lesions. Combined therapies are evaluated ds a means of lowering lipids,
and a new drug that has only a moderate effect on cholesterol levels is reported to
completely inhibit atherosclerotic lesions in rabbits. The role of coronary thrombosis
in the etiology and pathogenesis of acute myocardial infarction is now known to
be significant, and interest has been renewed in thrombolytic therapy using two
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available agents, streptokinase and urokinase, for activating plasmin. Other newer
drugs may also be of value. With better understanding of myocardial necrosis and
hore precise means for measuring infarct size, the authors propose that it may be
timely to consider clinical studies to evaluate such agents.

Additional clinical and therapeutic studies are also needed to evaluate pharma-
“cological treatment of disturbances in blood flow leading to pathological conditions.
~Agents that improve red blood cell deformability may be advantageous. For the

;. prevention of arterial thrombosis, drugs with primary effects on platelet function
“are also needed, since there are indications that the inhibition of platelet activation
‘might delay the progression of atherosclerosis. The discrepancy in aspirin function
. in laboratory tests and clinical trials suggests that clinical investigation with low-
dose aspirin may be of value. Study of its effects on other tissues and other agents
is also warranted. A review of the mechanisms of action and effects of nitrates and
calcium antagonists in the treatment of coronary artery spasm suggests that a
combination of drugs is effective in reducing the end points associated with this
disease problem. A more rational approach can also be taken today in the treatment
and prevention of arrhythmias with clearer delineation of the pharmacokinetic
parameters of new agents as well as traditional enes. .

The biological end points for lipids include cholesterol and triglyceride levels.
Synthetic peptides designed to bind and transport plasma lipids may be valuable in
altering lipid metabolism and promoting the removal of cholesterol. Weight control
and changes in diet also have resulted in favorable changes in plasma lipids.

Two major prevention programs are reported in this volume: the special inter-
vention program of the Multiple Risk Factor Intervention Trial (MRFIT), and the
Rome Project of Coronary Heart Disease Prevention (PPCC). The program goal$
and results of a 6-year follow-up are reported for both: The specific effects of
treating hypertension with diuretics is related from the MRFIT, and the PPCC
reports that the treated groups in that study showed a decrease in coronary risk of
almost 40% and a decrease in mortality from coronary heart disease of more than
25%. This volume includes the first international publication of the follow-up results
from the PPCC.

Three techniques important to early diagnosis of asymptomatic atherosclerosis -
are discussed in this volume; they are ultrasonic tissue characterization, ultrasound
B-mode imaging of the arterial wall, and echo-Doppler examination. These tech-
niques also have a role in monitoring the progression or regression of disease and
the effects of drug therapy. :

The direction of future research points toward earlier end point measures, more
effective drugs, improved understanding of the atherosclerotic process, and earlier
detection of cardiovascular disease. Clinical testing of new pharmacological agents
will be impertant, as will the continued development of more precise noninvasive
diagnostic techniques. This book will be of interest both to research scientists for
its review of the state of the art in drug therapy and to practicing clinicians
interested in the treatment of major cardiovascular disorders.

Claude Lenfant
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Drugs to Produce Atherosclerosis Regression

David H. Blankenhorn

School of Medicine, University of Southern California, Los Angeles, California 90033

There are two general strategies to test the efficacy of drugs that may cause
atherosclerosis regression in humans. The first is to study drug effects on morbidity
or mortality of atherosclerosis, a strategy that has been accepted for many years
and was used in the Coronary Drug Project (1), the Multiple Risk Factor Interven-
tion Trial (MRFIT) (2), and the World Health Organization trial of clofibrate (3).
It is assumed that drug effects will be powerful enough to emerge despite the
presence of advanced complicated lesions, because these are largely responsible for
morbidity and mortality due to atherosclerosis.

The second strategy to test the efficacy of drugs that may cause atherosclerosis
regression employs auxometry, measurement of the rate of atherosclerotic lesion
change in test and control groups. It is assumed that drug effects will be more
pronounced on early-stage lesions, but that long-range benefit will accrue if growth
of these can be reversed or retarded. Selective arterial angiography is now used to
measure lesions, and although there is good reason to believe that angiography will
be augmented by less invasive, more flexible procedures, the nature of angiography
largely determines the charcteristics of current studies. Selective angiography in-
volves significant cost, plus some discomfort and risk to patients. This tends to
restrict the number of measurements that can be made per subject and the number
of subjects included in a trial. As a consequence, the drugs selected in current
trials have generally been chosen with the expectation that they will produce a
major alteration in atherosclerotic risk factors in hopes that large changes in ath-
erosclerosis growth rates will result.

Eight auxometric trials in progress were described at a symposium sponsored
by thé National Heart, Lung, and Blood Institute and the American Heart Asso-
ciation in February, 1982 (4), and, since that time, two new trials have entered a
start-up phase (B.G. Brown, personal communication, 1983; E.L. Alderman,
personal communication, 1983). Lipid-lowering drugs are being tested in 7 of the
10 trials. The two drugs most frequently tested are colestipol and niacin, which
are administered together in 5 of the 10 trials. Since this drug combination is a
first choice of a majority of investigators who hope to produce relatively large
effects on atherosclerosis, the characteristics of the combination are worth consid-
ering in detail. This chapter describes drug effects observed to date with combined

1



2 DRUGS FOR ATHEROSCLEROSIS REGRESSION

TABLE 1. Characteristics at entry

Characteristic Mean SD Range

Age 52 48  42-59
Systolic BP (mm Hg) 123 15 97-161
Diastolic BP (mmHg) 80 10 50-104

FBS (mg/dl) 92 13 70-136
Weight (Ib) 182 25 135-243
Relative weight 12 014 0816

BP, blood pressure; FBS, fasting blood sugar.

use of colestipol and niacin in an angiographic auxometric trial of atherosclerosis
treatment. )

The Cholesterol Lowering Atherosclerosis Study-I (CLAS-I Study) is now in
progress at the University of Southern California (USC). The primary end point
measure is atherosclerosis change rate as determined from selective femoral angio-
grams. The sample size, 80 in a drug treatment group and 80 in a placebo group,
is planned to provide a test with a type I error of 0.05 and a type II error of 0.15,
assuming a 2% per year difference between the drug and placebo groups. Secondary
end point measures are provided by selective coronary angiograms, an aortic arch
injection angiogram, and 9-MHz ultrasound imaging of the right common carotid
artery. The interval between angiograms is 2 years. A total of 180 men will be
randomized to adjust for dropouts so that 80 men per group will complete a second
angiogram. To date, 137 men have been randomized, 71 to drug therapy and 66
to placebo. An additional 2-year period of observation followed by a third angio-
gram is planned (CLAS-II). )

Major selection criteria are male sex, nonsmoking status, and ages 40 to 59
years on entry. Additional criteria require coronary bypass surgery 6 months to 5
years before entry and exclude those with total plasma cholesterol greater than 350
mg/dl or less than 185 mg/dl. The first 100 men who have been randomized had
characteristics at entry shown in Table 1.

Randomized men have all passed a 6-week pretrial of drug therapy during which
‘colestipol, 30 g/day, and niacin, 3 g/day, are given. Niacin is started at a dose of
100 mg three times a day and increased to reach 1,000 mg three times a day within
2 weeks. After the full niacin dose is reached, the total plasma cholesterol level
must have been reduced 15% compared to baseline levels to be accepted for
randomization. Angiography is performed immediately after the pretrial in those
who pass. Following angiography, patients are randomly assigned to drug or placebo
treatment for 2 years. Patients randomized to placebo have colestipol and niacin
stopped immediately after angiography. Patients randomized to colestipol plus

" niacin continue on 30 g colestipol, but have the niacin dose adjusted according to
plasma lipid response. Dosage of niacin averages 6.3 g/day (3-12 g range). A diet
prescription for the drug group provides 23% of calories from fat (5% saturated
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TABLE 2. Plasma lipids in drug and placebo groups, all subjects

Lipid (mg/dl) Group Baseline Current Percent change Difference

Chol Drug 249 185 —25% 22
Placebo 242 234 -3

Trig Drug 142 111 —15@ 16
Placebo 153 144 1

HDL-chol Drug 45 61 378 34
Placebo 45 46 3

LDL-chol Drug 176 102 —418 a7
Placebo 167 159 -4

aPercent change is different from 0 when tested at the 0.01 level.
Chol, cholesterol; Trig, triglycerides; HDL-chol, high-density lipoprotein cho-
lesterol; LDL-chol, low-density lipoprotein chc.esterol.

fat) and less than 125 mg cholesterol/day. Diet in the placebo group provides 27%
of calories from fat (5% saturated fat) and less than 250 mg cholesterol/day.
Table 2 presents the status of plasma lipid levels at the end of April, 1983. The
data are for 62 men in the drug group and 61 in the placebo group and are averages
obtained using the lipid levels at the last clinic visit for each patient. Some patients
in Table 2 have been in their assigned group almost 2 years, and others have been
in their assigned group only a short period. Plasma lipid determinations presented
in Tables 1 and 2 were performed in the USC Lipid Research Laboratory, which
is standardized by the Center for Communicable Diseases in Atlanta, Georgia.
Changes during the first year of therapy, where six plasma lipid level determi-
nations contribute to the average value for each patient, are shown in Table 3.
These data are based on the first 29 patients to complete 1 year of treatment.

TABLE 3. Plasma lipids in drug and placebo groups at 1 year

Lipids Percent
(mg/dl, mean + SEM) Group  Baseline 1 Year Change? = change
Total cholesterol Drug 245+8 1727 -73 = 11b -29
Placebo 247 + 10 248 + 12 1+10 0
Triglycerides Drug 189 + 22 106 = 11 —83 + 19b -41
. Placebo 193 + 32 168 * 31 -25 + 13 -12
LDL cholesterol Drug 164 = 7 95+ 6 -69 + 9 -40
Placebo 168 =10 173+ 9 59 3
HDL cholesterol Drug 44 + 57 + 4 13 = 3b 33
Placebo 40 + 2 42 = 2 2+2 8
LDL/HDL ratio Drug 39*03 17+0:2 -22+03 -54
Placebo 44 *04 43 +03 -01+03 -3

8|n each treatment group, change is analyzed using a two-sided t-test of Ho: expected change
is zero.
bSignificant at the 0.01 level.
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TABLE 4. Plasma apolipoproteins in drug and placebo groups at 1 year

Apolipoproteins Percent
(mg/dl, mean + SEM) Group Baseline 1 Year Change® change
Al Drug 129 = 5 138 + 7 9=+5 8

Placebo 115 =5 122 £ 5 7+4 8
B Drug 124 =+ 8 84 + 11 —40 = 130 -31
Placebo 111 =6 129 = 10 18 + 6¢ 12
Clll ratio Drug 1.2 + 0.1 25+03 1.3 = 0.2 136
Placebo 1.1 = 0.1 1.1 +£02 0.0 = 0.1 -3
Clil total serum Drug 115+07" 108+09  —-07 + 1.1 -2
Placebo 127 +13 129+ 19 02 +1.0 &
Clll heparin superate Drug 59 + 0.5 70 = 0.6 1.1 % 0.7 26
Placebo 6.1 + 0.8 57+06  -04=x05 4
Clll heparin precipitate ~ Drug 56 £ 04 32+04 -24=+05b -41
Placebo 6.1 = 0.6 6.5+ 0.9 04 + 0.6 14

#In each treatment group, change is analyzed using a two-sided t-test of Ho: expected change
is zero.

bSignificant at the 0.01 level.

¢Significant at the 0.05 level.

Courtesy of Dr. Petar Alaupovic, Oklahoma Medical Research Foundation.

TABLE 5. Blood chemistry values at baseline and 1 year (mean + SE)

Determination and P
laboratory normal Group N Baseline 1 Year Value®
Glucose Drug 35 94 + 2 94 +3
(62-110 mg/dl) Placebo 36 91 +2 87 £ 2
Total bilirubin Drug 35 0.8 = 0.1 0.8 + 0.1
(0.2-1.5 mg/d) Placebo 36 0.7 £ 0.3 0.8 = 0.1 0.04
Uric acid Drug 35 6.0 = 0.2 77 03 0.0001
(3.0-7.5 mg/dl) Placebo 36 6.1 £ 0.2 6.4 + 0.2 0.03
Alkaline phosphatase Drug 11 20 = 0.1 27 £ 0.2 0.003
(1.0-3.0 Ulliter) Placebo 10 1.8 = 0.1 1.8 = 0.1
Creatine phosphokinase®? Drug 34 184=+23 192 + 43
(25-200 1U/liter) Placebo 36 153 = 17 109 + 12 0.0004
LDH Drug 11 424 + 23 562 + 17 0.001
(200-500 henry) Placebo 10 394 + 24 420 + 19
SGPT Drug 1 35 + 12 32+3
(540 karmen) Placebo 10 35+ 10 25+ 2
SGOT Drug 1 37+8 42 +7
(540 karmen) Placebo 10 31+2 28+ 2

%n each treatment group, change is analyzed using a two-sided t-test of Ho: expected
change is zero.

bExtreme case with entry value of 2750 |U/liter identified as an outlier and not included in
means for drug group at baseline or 1 year.



