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ABSTRACT: Contemporary evidence-

based medicine aims to apply knowl-

edge gleaned from the scientific

method to medical practice. While

clinical trials based on meaningful

endpoints provide the most robust

guidance, the measurement of these

may be inappropriate or not techni-

cally and financially feasible in many

clinical situations. As a result, clini-

cally related, laboratory-derived sur-

rogate endpoints have been pro-

posed as alternatives. In the case of

atherosclerosis, clinical endpoints

such as stroke, myocardial infarc-

tion, and amputation are often pre-

ceded by many years of subclinical

arterial wall changes and luminal

narrowing. The recent ENHANCE

trial used carotid intimal-medial

thickness as a surrogate endpoint in

its evaluation of ezetimibe, and ulti-

mately generated more questions

than answers. With numerous other

trials presently underway, we are

likely to obtain additional evidence

about ezetimibe and its impact on

atherosclerosis in future. In the

meantime, it appears prudent to pre-

scribe ezetimibe only for individuals

with atherosclerosis or at sufficient

risk of atherosclerosis who cannot

reach the guideline-recommended

level of low-density-lipoprotein 

cholesterol on the highest tolerated

dose of statin.

In contemporary medicine, the clin-
ician must be able to readily incor-
porate information from clinical

trials into his or her busy clinical prac-
tice. This process is made easier when
the information is derived from rigor-
ously conducted, large-scale, random-
ized clinical trials with meaningful
endpoints (such as trials that show a
reduction in mortality from a particu-
lar intervention). However, in modern
clinical trials, measuring these end-
points may be difficult or impossible.
This limitation is especially true in the
study of atherosclerosis.

Atherosclerosis is a dynamic pro -
cess that occurs over decades. Clini-
cal endpoints such as stroke, myocar-
dial infarction (MI), and amputation
are often preceded by many years of
progressive subclinical arterial wall
changes and luminal narrowing. Un -
fortunately, any clinical trial looking
at an intervention that may alter these
changes requires an extraordinarily
large number of patients who need to
be followed over a long period. Trials
of this magnitude are not feasible tech-
nically and financially. As a result,
clinically related, laboratory-derived
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surrogate endpoints have been propos -
ed as alternative endpoints to be used
in these situations. Intimal-medial
thickness (IMT) progression has been
proposed as one such surrogate end-
point in the study of atherosclerosis
progression. In the recent ENHANCE
trial (Effect of Combination Ezetimibe
and High-Dose Simvastatin versus
Simvastatin Alone on the Atheroscle-
rotic Process in Patients with Hetero -
zygous Familial Hypercholesterol -
emia),1 IMT measurements were used
to evaluate the ability of ezetimibe to
halt atherosclerosis.

Clinicians can benefit from look-
ing at the original derivation of clini-
cal surrogate endpoints and previous
research that has validated IMT as a
surrogate endpoint. They can also
benefit from considering how the
findings about ezetimibe from the
ENHANCE trial might be applied to
clinical practice.

Surrogate endpoints
A surrogate endpoint is an intermedi-
ate variable that is statistically related
to the clinical endpoint of interest.2

Surrogate endpoints have been used
in numerous recent clinical trials to
save time and money, and to make
studies with interventions on longitu-
dinal disease processes feasible. The
stronger the relationship between a
surrogate endpoint and the clinical
endpoint of interest, the better a clini-
cian is able to interpret changes in the
surrogate endpoint as clinically mean-
ingful. Common examples of surro-
gate endpoints include the measure-
ment of glycosylated hemoglobin
(HbA1c) as a surrogate for long-term
diabetes control and cholesterol or
blood pressure reduction as a surro-
gate endpoint for reductions in car-
diovascular (CV) events or mortality.

In order to assess the clinical valid-
ity of a surrogate endpoint, Boissel
and colleagues2 described three re -

quirements that must be met. The first
requirement is that the surrogate end-
point should occur more frequently
than the clinical endpoint and there-
fore be much easier to assess. The sec-
ond requirement is that the surrogate
endpoint should have a relationship 
to the clinical endpoint, and this rela-
tionship needs arise from epidemio-
logical data. The third requirement is
that the surrogate endpoint must accu-
rately provide an “estimate of clinical
benefit.” Thus, by modifying the sur-
rogate endpoint, one should be able to
estimate a similar change in the clini-
cal endpoint of interest. This is the
most important criterion, as it allows us
to deduce changes in the clinical end-
point through changes in the surrogate
endpoint. This estimation is usually
obtained through clinical trial data.

It is important to keep in mind that
the relationship between the surrogate
endpoint and the clinical endpoint
may not be direct. There are numerous
relationships that may exist. Three
possible relationships are shown in

.
In the first (a), the relationship is

direct, as the surrogate endpoint is an
intermediate event or condition on the
pathway leading to the clinical end-
point of interest. One such example
would be measuring beta-hydroxy -
butyric acid as a surrogate for ketone

Figure 1
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Figure 1. Surrogate and clinical endpoints: Three possible relationships.

(a) Cause surrogate endpoint clinical endpoint

(b) Cause

(c) Cause

surrogate endpoint

clinical endpoint

surrogate endpoint clinical endpoint

variables (unmeasured)

production in patients with suspected
diabetic ketoacidosis. In this example,
the surrogate endpoint would be an
ideal one to measure because measur-
ing the surrogate endpoint would pro-
vide direct information about the clin-
ical endpoint of interest.

In the second relationship (b), 
the surrogate endpoint and the clini cal
endpoint share a remote cause. Al -
though the clinical endpoint of inter-
est cannot occur without the surrogate
endpoint occurring, the surrogate end-
point does not cause the clinical end-
point. An example of this would be
measurement of HbA1c as a surrogate
endpoint of cellular glycemic control.
In this case, both share a common
cause (persistent hyperglycemia), 
but HbA1c does not cause cellular
glycemic control. In this situation, the
surrogate endpoint would also be an
ideal one to measure because the clin-
ical endpoint cannot occur without the
surrogate endpoint occurring.

In the third relationship (c), the
clinical endpoint of interest may have
multiple causes, only one of which
causes the surrogate endpoint. In this
situation, the surrogate endpoint has a
complex relationship with the clinical
endpoint of interest. It may, therefore,
not be an ideal surrogate endpoint, and
changes in the surrogate endpoint may
not adequately reflect changes in the
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clinical endpoint of interest. An exam-
ple of this would be using homocys-
teine levels as a surrogate endpoint for
cardiovascular events.

Intimal-medial thickness
as a surrogate endpoint
Atherosclerosis is a complex process
leading to the progressive narrowing
of arterial lumina. A preliminary com-
mon pathway of this process appears
to be thickening of the arterial walls.
Using B-mode ultrasonography (see

), the combined thickness of
the intima and media can be assessed
(as measured from the inner intimal
layer to the outer medial layer of the
wall). It is deduced that changes in
IMT reflect atherosclerotic changes.
Unfortunately, other disease process
can also cause changes in medial
thickness (such as infiltration or in -
fection of medial layers). IMT mea-
surements cannot distinguish between
these changes and atherosclerotic
thickening, and consequently may
lead to overestimation of atheroscle-
rotic changes. For this reason, multi-
ple samples of different segments 
are taken since the global change in
IMT is more likely to reflect athero-
sclerotic changes than IMT changes
in specific segments.

Pignoli and colleagues were the
first to introduce IMT as a way to 
measure wall atherosclerosis.3 In their
study, the authors correlated IMT
ultrasound measurements to gross
pathological specimens from normal
and atherosclerotic arterial samples 
of 10 young male patients. They con-
cluded that IMT measurements did not
differ significantly between modali-
ties; however, there was a greater
degree of error in samples with estab-
lished atherosclerotic plaques (approx-
imately 10% to 20%). They conclud-
ed that IMT measurements using
ultrasound are best undertaken in the
early stages of atherosclerotic disease.

Figure 2
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Following the introduction of
ultrasonography for measuring IMT,
there have been a number of studies
that have attempted to validate IMT
progression as a surrogate endpoint
for atherosclerosis progression.4 The
first epidemiological data came from
two large cohort studies: the Rotter-
dam Study and the Atherosclerosis
Risk in Communities (ARIC) Study.5,6

In the Rotterdam Study,5 the risk of
MI increased by approximately 40%
per standard deviation increase in
IMT measurements, with the highest
risk being seen in patients with an IMT
measurement of greater than 0.908
mm. In the ARIC study,6,7 every 0.2
mm progression in IMT measure-
ments was associated with a 28% rel-
ative increase in the risk of stroke and
a 33% relative increase in the risk of
MI. This risk was highest in patients
with established CV risk factors, such
as hypertension and smoking. These
studies provided the first clinical data
suggesting that increases in IMT mea-
surements were associated with an
increase in CV events, thereby mak-
ing IMT progression a possible surro-
gate for atherosclerosis progression.

Figure 2. Carotid IMT measurement.

Source: G.B.J. Mancini.

Since these two large epidemio-
logical studies, there have been 
several prospective trials that have
examined the effect of various lipid-
lowering strategies on IMT progres-
sion/regression and CV endpoints.
The first such trial was the Choles-
terol Lowering Atherosclerosis Study
(CLAS),8 a randomized, placebo-con-
trolled angiographic study that exam-
ined the effect of colestipol-niacin
therapy in nonsmoking men with 
progressive atherosclerosis and previ-
ous coronary artery bypass surgery.
Carotid IMT ultrasound measure-
ments were taken in a subset of 78
individuals and repeated at 2 and 4
years. The authors demonstrated a
progressive reduction in carotid IMT
in patients on colestipol-niacin, with a
corresponding improvement in lipid
levels. Though the study was not
intended to look for CV endpoints, it
was the first interventional trial to use
IMT progression as a surrogate for
atherosclerosis progression.

Following CLAS were a number
of studies looking at the role of HMG-
CoA reductase (statin) therapy with
respect to IMT progression. These tri-
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als were added to a recent meta-analy-
sis by Espeland and colleagues9 that
evaluated the rates of IMT progres-
sion and corresponding rates of CV
endpoints from six large clinical trials
involving nearly 3000 patients on var-
ious statin treatments (see the ).
The pooled results demonstrated an
overall decrease in mean IMT pro-
gression of 0.012 mm/y in patients on
the treatment group and a correspond-
ing odds ratio of developing CV end-
point (such as CV death, MI, and
stroke) of 0.48. Overall, the results of
these trials suggest that halting IMT
progression can significantly reduce
CV endpoints. Furthermore, these
studies suggest that reductions in the
rates of atherosclerosis progression
can be deduced through reduction in
rates of IMT progression.

Ezetimibe and the
ENHANCE story
In vivo research first suggested that
Neimann-Pick C1 Like 1 (NPC1L1)
protein located on the intestinal brush
border was essential for uptake of cho-
lesterol and non-cholesterol sterols.10

This led to the development of eze-
timibe, a selective inhibitor of the
NPC1L1 protein. In a 12-week pilot
study, Ballantyne and colleagues11

examined the effect of the addition of
ezetimibe versus placebo to atorvas-
tatin in patients with established dys-
lipidemia. With the addition of eze-
timibe, the authors were able to show
an additional 12% to 15% reduction in
low-density-lipoprotein cholesterol
(LDL-C) levels.

These initial promising results led
to the ENHANCE study,1 which was
intended to look at IMT progression
on a select high-risk group of 720
patients with familial hypercholes-
terolemia treated with simvastatin
plus ezetimibe versus placebo. Over
the course of the 24-week study, there
was a 20% further reduction in LDL-

Table

C and total cholesterol in the combi-
nation therapy group compared with
the simvastatin monotherapy group.
However, there was no appreciable
difference in IMT progression, though
both groups had essentially halted
IMT progression. The study also did
not show significant differences in
adverse events between the groups,
and was not powered to look at differ-
ences in CV endpoints. Subsequently,
the trial was considered a failure. Crit-
ics questioned the methodology of the
study and challenged the role of IMT
progression as an adequate surrogate
of atherosclerosis progression. Was
the previous data linking IMT pro-
gression to atherosclerosis progres-
sion wrong? And what was to be done
about ezetimibe? Should doctors con-
tinue to prescribe a drug that averaged
nearly $5 billion in sales in North
America in 2007 with no robust clini-
cal outcomes?12

Conclusions
So how does the clinician interpret
IMT studies and integrate the findings
of ENHANCE into his or her prac-

tice? To interpret the IMT trials, we
first have to decide whether IMT pro-
gression serves as a suitable surrogate
endpoint for atherosclerosis progres-
sion. Applying the requirements pro-
posed by Boissel and colleagues,2

IMT measurement is convenient
(requirement 1) and clearly linked to
atherosclerosis progression from epi-
demiological data (requirement 2).
From clinical studies, there is consid-
erable evidence to support that halting
IMT progression has a favorable
impact on cardiovascular endpoints
(requirement 3). The initial work also
reminds us that IMT measurements
were most accurate in study subjects
with early atherosclerotic changes,
and significant errors began to occur
when the measurements were applied
to specimens with established athero-
sclerotic plaques.

If we examine the results of the
ENHANCE trial in this light, some
unique criticisms become clear. First,
the population used in the ENHANCE
study had familial hypercholestero -
lemia—a genetic disorder associated
with advanced atherosclerosis and
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Table. Clinical trials involving HMG-CoA reductase, IMT progression, and CV events.

Source: Adapted from Espeland M, O’Leary DH, Terry JG, et al.; used with open access permission.9

Clinical trial Number Drug
Impact on IMT 

progression
Odds ratio of developing 

CV endpoint

ACAPS 919 Lovasatin - 0.015 mm/y 0.34

KAPS 447 Pravastatin - 0.014 mm/y 0.57

PLAC-II 151 Pravastatin - 0.009 mm/y 0.37

CAIUS 305 Pravastatin - 0.014 mm/y 1.02

REGRESS 255 Pravastatin - 0.030 mm/y 0.51

BCAPS 793 Fluvastatin - 0.008 mm/y 0.64

Pooled data 2,870 N/A - 0.012 mm/y 0.48
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premature cardiovascular disease.
Most of these patients had previously
received cholesterol-lowering drugs.
Given the advanced atherosclerotic
burden, it is quite possible that IMT
measurements were not the ideal
modality to use when monitoring ath-
erosclerosis progression in this group.
Also, the trial used only a 6-week
washout period, in which patients
were taken off their previous lipid-
lowering drugs.13 This was possibly
insufficient time and could have con-
founded the results. Next, the combi-
nation group derived only an addi-
tional 20% reduction in LDL-C and
total cholesterol compared with the
simvastatin monotherapy group. Based
on previous research we know that
there is little observed benefit in CV
endpoints until there is at least a 30%
reduction in LDL-C levels.14 Perhaps
the degree of LDL-C reduction is the
key factor in reductions in atheroscle-
rosis progression. Finally, both groups
demonstrated a near halting in IMT
progression. As suggested earlier, per-
haps this is ultimately the important
variable in reducing CV endpoints.

Overall, the ENHANCE trial gen-
erated more questions than answers
about ezetimibe and its clinical use in
reducing atherosclerosis progression.
Currently, there are no robust clinical
outcome data to support its use as 
a cholesterol-lowering drug, and it
appears prudent to use ezetimibe in
the clinical situations it was first in -
tended for—that is, in individuals with
or at sufficient risk for atherosclero -
sis who cannot reach the guideline-
recommended level of LDL-C on 
the highest tolerated dose of statin.
There are, however, numerous trials
presently underway looking at the
effect of ezetimibe on objective clini-
cal outcomes. We are likely to learn
much more about this drug and its
potential impact on atherosclerosis 
in the future.

When interpreting results derived
from clinical trials using surrogate
endpoints, it is helpful to ask ques-
tions based on the requirements out-
lined by Boissel and colleagues: 1.
Does the surrogate endpoint occur
more frequently than the clinical end-
point? 2. Does epidemiological data
indicate that there is a relationship
between the surrogate and clinical
endpoints? 3. Does the surrogate end-
point provide an estimate of clinical
benefit? It is also helpful to maintain
a healthy sense of skepticism for inter-
ventions that do not have robust clin-
ical outcome data supporting their
use: our health system and the patients
we care for deserve as much.
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