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DATA ON SURROGATE END POINTS SUCH AS BLOOD

pressure or body weight have often been used to
support the approval of new pharmacologic treat-
ments for cardiovascular risk factors. In small,

short-term studies, a new drug reduces the level of a risk
factor, and the changes in risk factor levels are interpreted
as if the health benefits expected on the basis of those changes
will necessarily follow. An editorial on the pharmaco-
therapy of obesity illustrates the argument1: in the context
of discussing the association between appetite suppressant
drugs and primary pulmonary hypertension,2 the editori-
alists used observational evidence on the association of body
mass index with mortality and translated data on weight loss
in a small, short-term trial of dexfenfluramine3 into an es-
timate of lives that could be saved by long-term drug therapy
for obesity. The US Food and Drug Administration (FDA)
approved dexfenfluramine on the basis of this same surro-
gate end point argument4: “the potential health benefits of
anorectic drugs outweigh their risk when considered against
the health hazards of obesity.”5 When, after the drug was
approved, the adverse effects were found to be greater than
estimated on the basis of preapproval trials,6,7 the drug was
withdrawn. Is this an example of the drug-approval pro-

cess working well, or does it point to a fundamental flaw in
the way drugs are approved?

Surrogate end points sometimes fail to serve as valid pre-
dictors of important health outcomes.8 One remedy would be
to require, prior to approving new drug therapies for cardio-
vascular risk factors, large, long-term clinical trials to assess
the drug’s effects on major disease end points. The historical
precedent of having accepted surrogate end points and the cur-
rent interest in minimizing the time to drug approval may make
this approach impracticable. Alternatively, a regular require-
ment for phase 4 trials would perhaps be a practical and achiev-
able strategy for drug approval, one that improves incremen-
tally upon the current approach, which usually requires no
other evaluation than the use of surrogate end points.

Cardiovascular Risk Factors as Surrogate End Points
Surrogate end points traditionally have been used to approve
drug therapies for cardiovascular risk factors—obesity, hy-
pertension, hypercholesterolemia, and diabetes mellitus. An
argument based on surrogates appears to have the logical ap-
peal and the formal structure of deduction: a risk factor causes
morbidity and mortality, and the intervention reduces the risk
factor level; therefore, the intervention will reduce the risk of
morbidity and mortality.9 This rationale represents an argu-
ment by analogy rather than empirical evidence.

Manycardiovascularriskfactorspresentasasymptomaticcon-
ditions. With rare exceptions, hypertension and hypercholes-
terolemia do not produce symptoms before a cardiovascular
event. The symptoms of type 2 diabetes mellitus are often so
mild thatestimating thedateofonset isdifficult.Theserisk fac-
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tors areassociatedwithmajorcomplications,most commonly
stroke,myocardial infarction,renal failure,andcongestiveheart
failure. Although physicians routinely monitor risk factor lev-
els during therapy, the purpose of treatment is to reduce the
occurrence of these often devastating complications.

Drug therapies for these risk factors are often long-term,
sometimes lifelong. For most patients, the absolute risk of
cardiovascular disease is low. For instance, in the Systolic
Hypertension in the Elderly Program,10 the rates for the com-
bined end points of stroke or coronary disease were 2.71
and 1.87 per 100 person-years in the placebo and treated
groups, respectively. The risk difference of 0.84 events means
that in order to prevent 1 cardiovascular event, about 120
older adults with isolated systolic hypertension need to be
treated for 1 year. Most treated patients will receive little
benefit. If there are unanticipated adverse effects, even rela-
tively uncommon ones may minimize or eliminate the av-
erage health benefits expected from drug therapy.

Surrogate end points have several potential advantages.
Clinical trials evaluating surrogate end points require smaller
sample sizes, and they can sometimes be completed in weeks
or months rather than years. If the end point is lipid levels,
trials of lipid-lowering therapy typically include around 100
patients observed for 3 to 12 months. If the end point is the
incidence of cardiovascular events, the trials often require
several thousand patients observed for 4 to 5 years.11,12 The
ability to bring potentially effective therapies to clinical prac-
tice quickly and inexpensively makes surrogate end points
attractive in the drug-approval process.

The principal disadvantage of using surrogates to assess
therapies is the possibility of an incomplete, inadequate, or
misleading evaluation.8,13,14 To use only a surrogate end point
is to accept as empirical evidence for clinical practice a hy-
pothesis about health benefits that has never been tested.
Drug therapies usually have multiple effects, and resorting
to a single surrogate end point that focuses exclusively on
1 intermediate effect often precludes the evaluation of other
intended or unintended health effects. While even large clini-
cal trials may not be able to provide a complete evaluation
of safety for rare adverse events, the small sample sizes and
short trial durations typically required in surrogate end point
trials provide little assurance of long-term safety.

Clinical Trials of Drug Therapies
for Cardiovascular Risk Factors
The results of long-term trials of lipid level reduction have
been mixed. In men with hypercholesterolemia, clofibrate
was associated with a 20% decrease in the risk of ischemic
heart disease but a 44% increase in the risk of total mortal-
ity.15,16 In a meta-analysis of cholesterol reduction trials,17

the fibrates were associated with a 30% increase in the risk
of noncoronary disease mortality (95% confidence interval
[CI], 8%-56%) and a 19% increase in total mortality (95%
CI, 3%-33%). In part as a result of the adverse effects seen
with clofibrate, the FDA encouraged the pharmaceutical in-

dustry to mount long-term trials and evaluate 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase in-
hibitors in terms of major disease end points. The large trials
evaluating simvastatin and pravastatin have recently dem-
onstrated important reductions in the occurrence of car-
diovascular events in patients with and without preexist-
ing coronary disease.11,12,18 Thus, some important health
outcomes of cholesterol-lowering trials appear to depend
on the class of drug used to lower cholesterol level.

Similarly, evidence from large trials of hypertension treat-
ments suggests that the findings for the surrogate end point
of blood pressure reduction may fail to mirror those for the
endpointof incidenceofcoronarydisease. Inameta-analysis,19

low-dose diuretic therapy was associated with a reduced risk
of coronary heart disease (relative risk reduction [RRR], 28%;
95% CI, 15%-39%), but not for high-dose diuretic therapy
(RRR, 1%; 95% CI, −18% to 17%) or b-blocker therapy (RRR,
7%;95%CI,−9%to20%).Whileall3 regimens loweredblood
pressure, drug treatment with high-dose diuretic therapy or
b-blocker therapy failed to prevent coronary heart disease.
Some of the possible explanations for the lack of benefit of
high-dosediureticshavebeenreviewed.20 Thehealthoutcomes
of blood pressure reduction appear to depend not only on the
type but perhaps also on the dose of the drug.

The largest US trial demonstrating the health effects of treat-
ing type 2 diabetes mellitus is still the University Group Dia-
betes Program.21 In this placebo-controlled trial, tolbuta-
mide was associated with a doubling of the risk of
cardiovascularmortality (relative risk[RR],2.61;95%CI,1.29-
5.27). In contrast to the findings for type 1 diabetes melli-
tus,22 intensive treatment of type 2 diabetes mellitus, com-
pared with usual care, has yielded equivocal results. While
intensive treatmentwasassociatedwithdelayedonsetofmicro-
vascular disease in one trial,23 the findings of another trial24

suggested that persons who receive intensive treatment for
type2diabetesmellitusmayhaveahighercardiovascularmor-
tality rate than those who receive usual care (RR, 1.67; 95%
CI, 0.88-3.13). In a recent UK trial of patients with type 2
diabetes, intensive blood glucose control with insulin or sul-
fonylureas was associated with a decreased risk of microvas-
cular but not macrovascular complications.25 However, the
interpretation of this large, complex trial is difficult.26

The effects of drug therapies on levels of glucose and gly-
cosylated hemoglobin or even their effects on the occurrence
and progression of microvascular disease may not predict their
overall health effects on macrovascular disease.27 In patients
with type 2 diabetes mellitus, macrovascular disease is twice
as common as microvascular disease, and fatal macrovascu-
lar disease is 70 times more common than fatal microvascu-
lar disease.28 New therapies are available or expected soon, in-
cluding troglitazone and inhibitors of gluconeogenesis or
lipolysis.29 Approval of these therapies by the FDA depends
on the ability of the drugs to reduce levels of blood glucose
or glycosylated hemoglobin in small, short-term trials even
though these drugs are likely to be used by millions of dia-
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betic patients for extended periods. The liver damage associ-
ated with troglitazone is an example of the postapproval dis-
covery of major toxicity that led to the drug’s being withdrawn
in the United Kingdom30 and perhaps dampened enthusiasm
for the therapy in the United States.31

Validating a Surrogate as a Risk Factor vs Using a
Surrogate to Evaluate a New Therapy
The literature on surrogate end points often has failed to dis-
tinguish between the effort to validate a surrogate end point
as a risk factor and the use of a surrogate end point to evalu-
ate a new therapy. In the first instance, the validation of a sur-
rogate end point is similar to showing that a risk factor is likely
to be the cause of a disease. Strong, consistent, and indepen-
dent demonstrations of the association in observational stud-
ies help to establish the factor as a “risk factor” for the out-
come. Randomized trials showing that some form of treatment
reduces both the level of the risk factor and the occurrence
of the outcome of interest provide good evidence for a causal
association. Unfortunately, randomized trials are not tests of
particular risk factors or mechanisms of therapies. They are
always trials of particular interventions, often specific drugs
in particular doses. One trial of a drug from a single class does
not provide much information about the validity of the sur-
rogate end point because the evaluated therapy may in fact
work through a mechanism completely independent of the
surrogate. In other words, surrogate end points are best vali-
dated as “risk factors” by multiple trials using drugs from a
variety of drug classes. With this sort of evidence, we can be
more confident about our conclusion of the status of the “sur-
rogate end point” as a “cause” of the disease.

In the second instance, a surrogate end point is used to
evaluate a new therapy as safe and effective. This activity
involves generalizing from one drug or class of drugs to an-
other drug or class of drugs. The argument for the ap-
proval of a new drug on the basis of surrogates takes the
following form: (1) in large, long-term clinical trials, drug
A reduces both the surrogate end point and the disease in-
cidence; (2) in short-term trials, drug B reduces the level of
the surrogate end point; (3) in clinical practice, drug B will
behave like drug A in its effect on disease incidence. In this
argument by analogy, the net health effects of the untested
drug are simply assumed to be the same as the net health
effects of the tested drug. No empirical evidence exists to
establish that these assumed benefits are not meaningfully
offset by some combination of the known risks, the dem-
onstrated adverse effects, or the unintended, unrecog-
nized, and undocumented effects of the new drug.

The generalization from 1 tested therapy to a new therapy
is most likely to be true when the 2 drugs are similar. If drugs
A and B are from different drug classes, then their disparate
mechanisms of action or adverse effects make the generali-
zation from drug A’s demonstrated benefit to drug B’s hy-
pothesized benefit more uncertain and tenuous. In other
words, the use of a surrogate end point to evaluate a new

therapy is most likely to be valid when the 2 therapies rep-
resent similar drugs, preferably from the same drug class. Para-
doxically, surrogates are most likely valid where least needed.
Of course, exceptions to the criteria for validating surro-
gates or evaluating therapies are possible. For example, the
findings for high-dose and low-dose diuretic therapy on the
outcome of coronary disease were not the same even though
both therapies came from the same drug class.19

Because several antihypertensive drug classes, including low-
dose diuretics and b-blockers, have been associated with a
reduced risk of myocardial infarction, heart failure, or stroke,
high blood pressure may be regarded as a validated risk fac-
tor for cardiovascular disease. The use of high blood pres-
sure as a surrogate end point to evaluate a new therapy none-
theless remains problematic, especially for new drugs from
new drug classes. Given the various actions of antihyperten-
sive drugs—diuretics, b-blockers, calcium channel block-
ers, a-blockers, and angiotensin-converting enzyme inhibi-
tors—the assumption of equal net health effects across the
drug classes seems questionable. Despite comparable effects
on blood pressure and other risk factors, for example, long-
acting calcium channel blockers are associated with a higher
risk of cardiovascular events than the angiotensin-
converting enzyme inhibitors in hypertensive patients with
type 2 diabetes mellitus.32-34 Even if all available classes of an-
tihypertensive drugs had been tested and shown to reduce
the incidence of cardiovascular disease in large, long-term tri-
als, it remains an open question whether the health benefits
associated with the tested drug classes would necessarily be
generalizable to the health outcomes of the next new class of
drugs that may lower blood pressure in short-term trials.

To focus on the surrogate end point as if we could inter-
vene directly on the risk factor per se is to ignore major dif-
ferences among pharmacologic agents. Conceptualizing the
issue in terms of “the surrogate end point”—drug effects on
risk factor levels—unfortunately encourages easy extrapo-
lation from one drug to another drug even though the mecha-
nisms of action, the adverse effects, and the effects on clini-
cal end points may differ markedly between drugs or drug
classes. For the fibrates, cholesterol lowering appears to be
inadequate to counteract other drug effects that increase mor-
tality.15-17 For the statins, the stabilization of plaques,35 the
reduction in isoprenoids,36 and the effects on platelets, co-
agulation, endothelial function, and inflammatory re-
sponses37,38 may be important mechanisms that provide health
benefits independent of their ability to lower cholesterol.

Proposed Revisions to the Drug-Approval Process
Major revisions to the drug-approval process in the United
States have been driven historically by drug tragedies. In
1938, the FDA acquired new authority to regulate drug safety
after about 107 children died after consuming a poisonous
ingredient in a sulfonamide elixir.39 In 1962, the thalido-
mide tragedy renewed interest in drug regulation and led
to the Kefauver-Harris Drug Amendments, which required
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that pharmaceutical companies, before marketing their drugs,
demonstrate not only drug safety but also the effectiveness
for intended use.39

The 1962 requirement for adequate and well-controlled
studies is currently satisfied by surrogate end point trials for
drug therapies of cardiovascular risk factors. Although sur-
rogate end points are important early in the evaluation of drugs
in development, their use in the drug-approval process for
the treatment of what are generally asymptomatic risk fac-
tors does not provide an evaluation of meaningful clinical ef-
fectiveness and limits the ability to assess safety by permit-
ting evaluation of the drug in fewer people exposed for a
shorter time. In the late 1990s, millions of Americans are tak-
ing antihypertensive and antidiabetic therapies that have not
been adequately evaluated in large, long-term clinical trials.
Despite the widespread use of calcium channel blockers, an-
giotensin-converting enzyme inhibitors, a-blockers, sulfo-
nylureas, metformin, and troglitazone, their optimal role in
the treatment of hypertension and type 2 diabetes mellitus
based on clinical trials remains unclear. From the point of
view of public health, drugs that may be used for many years
by millions of people should be adequately evaluated.40

As Califf and Kramer41 point out, “Large, randomized tri-
als assessing therapies for common chronic diseases such as
hypertension need to happen sooner rather than later in the
development of new therapies, and these same types of trials
are needed to identify the older therapies that are truly ben-
eficial.” They suggest that “physicians and health care provid-
ers take the lead inpointingout theneedforadequateoutcome
data.”41 While this strategymightworkwell ina fewinstances,
relyingoncalls forclinical trialsbyclinicians isunlikely topro-
vide a consistent and systematic approach to the evaluation
of the safety and efficacy of drug therapies, old or new.

One systematic approach is a requirement that, prior to
their approval, new drug therapies for cardiovascular risk
factors should be evaluated in large, long-term clinical tri-
als to assess their effects on major disease end points. The
use of surrogate end points is avoided, and the major health
outcomes are known prior to marketing. Such an approach
would slow the time to drug approval and may meet with
resistance from pharmaceutical manufacturers.

An alternative systematic approach is a requirement for the
regular use of phase 4 trials in the approval of new drug thera-
pies for cardiovascular risk factors. This strategy would rep-
resent an incremental improvement over the current ap-
proach, which usually requires little evaluation other than
the use of surrogate end points in small, short-term studies.
These required phase 4 studies should be large, long-term clini-
cal trials designed to assess the effects of drug therapies on
major disease end points over 3 to 5 years. The evaluation of
the HMG-CoA reductase inhibitors is an excellent model. Ini-
tially approved on the basis of their ability to lower choles-
terol in small, short-term studies, HMG-CoA reductase in-
hibitors have been associated with major reductions in the
risk of heart disease and stroke in large, long-term tri-

als.11,12,18 Unfortunately, we lack comparable information for
most drug therapies for hypertension, diabetes, and obesity.

Even such a simple proposal as the regular requirement
of large, long-term phase 4 trials raises a number of ques-
tions. This approach implicitly, though provisionally, ac-
cepts the validity of surrogate end points. Also, recruit-
ment of subjects for a trial of an approved drug may be
difficult. Does every new drug in a class require 1 large, long-
term phase 4 trial for the evaluation of health outcomes?
The time and costs of conducting health-outcome trials need
to be balanced against the information they would yield.
However, given the immense costs of long-term treatment
of a large proportion of the population, it is difficult to jus-
tify cost as a reason not to conduct large, long-term trials
of drug therapies for cardiovascular risk factors.

While the proposal to adopt phase 3 or phase 4 trials of
health outcomes for new therapies of cardiovascular risk fac-
tors has drawbacks, the current system fails to encourage
the clinical trials that are most important for clinical prac-
tice.42 In the late 20th century, the FDA drug-approval pro-
cess may benefit from revisions that reflect both the ad-
vances and the limitations of our current understanding of
drug therapies for cardiovascular risk factors.
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Are Surrogate Markers Adequate
to Assess Cardiovascular Disease Drugs?
Robert Temple, MD

THE USE OF SURROGATE END POINTS AS A BASIS FOR REACH-
ing conclusions about the benefit of therapy has been
met with both rising enthusiasm, reflected in recent

changes in the Food, Drug and Cosmetic Act1 and some re-
cent US Food and Drug Administration (FDA) actions, and
rising concern, reflected in several strongly stated warn-
ings.2-4 The mixed response is not surprising: reliance on
surrogates, when the surrogate proves to predict clinical ben-
efit, can bring treatment benefits to patients years before in-
formation on clinical outcomes could be available and at rela-
tively low cost. But reliance on surrogates, when the effect
on the surrogate does not lead to clinical benefit, can lead
to the adoption of useless or even harmful therapies. The
obvious community goal is to make decisions most likely
to yield the former of these outcomes.

Defining Surrogate End Points
As defined in the preamble to the FDA’s proposed acceler-
ated approval rule, “A surrogate end point, or ‘marker,’ is a

laboratory measurement or physical sign that is used in thera-
peutic trials as a substitute for a clinically meaningful end point
that is a direct measure of how a patient feels, functions, or
survives and is expected to predict the effect of the therapy.”5

An effect on the surrogate end point is thus not per se of any
value to the patient. It is a benefit only to the extent that it
causes or predicts an improved outcome (fewer myocardial
infarctions, strokes, or deaths). Most surrogates are chosen
because they are thought to be on the causal chain leading to
the clinical outcome. Surrogates can be early or late in the pre-
sumed causal chain: cholesterol (a biochemical variable), blood
pressure (a pathophysiologic variable), and coronary vessel
diameter and left ventricular hypertrophy (morphological vari-
ables) are all surrogates,4 but the last 2 are closer to certain
clinical events (myocardial infarction and heart failure). Some
surrogates are not etiologic but are thought to reflect the ac-
tivity of the underlying process that leads to adverse out-
comes. Some surrogates can be thought of qualitatively (the

See also p 786.
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