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Aims REVEAL was the first randomized controlled trial to demonstrate that adding cholesteryl ester transfer protein in-
hibitor therapy to intensive statin therapy reduced the risk of major coronary events. We now report results from
extended follow-up beyond the scheduled study treatment period.

Methods A total of 30 449 adults with prior atherosclerotic vascular disease were randomly allocated to anacetrapib 100 mg

and results daily or matching placebo, in addition to open-label atorvastatin therapy. After stopping the randomly allocated
treatment, 26 129 survivors entered a post-trial follow-up period, blind to their original treatment allocation. The
primary outcome was first post-randomization major coronary event (i.e. coronary death, myocardial infarction, or
coronary revascularization) during the in-trial and post-trial treatment periods, with analysis by intention-to-treat.
Allocation to anacetrapib conferred a 9% [95% confidence interval (Cl) 3—-15%; P =0.004] proportional reduction
in the incidence of major coronary events during the study treatment period (median 4.1years). During extended
follow-up (median 2.2 years), there was a further 20% (95% Cl 10-29%; P <0.001) reduction. Overall, there was a
12% (95% Cl 7-17%, P<0.001) proportional reduction in major coronary events during the overall follow-up
period (median 6.3 years), corresponding to a 1.8% (95% Cl 1.0-2.6%) absolute reduction. There were no signifi-
cant effects on non-vascular mortality, site-specific cancer, or other serious adverse events. Morbidity follow-up
was obtained for 25 784 (99%) participants.
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Conclusion The beneficial effects of anacetrapib on major coronary events increased with longer follow-up, and no adverse
effects emerged on non-vascular mortality or morbidity. These findings illustrate the importance of sufficiently long
treatment and follow-up duration in randomized trials of lipid-modifying agents to assess their full benefits and po-
tential harms.

Trial International Standard Randomized Controlled Trial Number (ISRCTN) 48678192; ClinicalTrials.gov No.
registration NCT01252953; EudraCT No. 2010-023467-18.

Key question

What were the long-term effects of anacetrapib on atherosclerotic vascular disease during longer-term follow-up of the REVEAL random-
ized controlled trial?

Key findings

The beneficial effects of anacetrapib on major coronary events increased with longer follow-up and no safety signals emerged. No adverse
effects emerged on non-vascular mortality or morbidity.

Take-home message

Trials of lipid-modifying agents need to have sufficiently long treatment and follow-up durations to fully assess the benefits and harms of
treatment.

Effects of anacetrapib on first major coronary event during the in-trial,
post-trial, and overall follow-up periods
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HPS3/TIMI55-REVEAL was the first randomized controlled trial to follow-up period of 4.1years."* Anacetrapib is a potent inhibitor of

demonstrate that adding cholesteryl ester transfer protein (CETP) in- CETP that increases circulating levels of high-density lipoprotein

hibitor therapy to intensive statin therapy reduced the risk of major . (HDL) cholesterol and lowers the levels of non-HDL cholesterol

coronary events. Compared with placebo, anacetrapib produced a : [particularly low-density lipoprotein (LDL) cholesterol]. It is highly
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lipophilic and accumulates in adipose tissue during continued dosing,
creating a reservoir that leads to its slow elimination from the periph-
eral circulation.® As a consequence, residual lipid-modifying effects—
albeit substantially reduced—are observed for some years after stop-
ping prolonged treatment.*

We now report efficacy and safety results from an additional
2 years of follow-up following the discontinuation of the randomized
anacetrapib treatment or matching placebo in REVEAL.

Methods

Patients

The design of REVEAL has been reported previously™ and is described
in detail, together with the plan for post-trial follow-up, in Supplementary
material online, Appendix S1. Between August 2011 and October 2013,
men and women aged 50 years or older with pre-existing atherosclerotic
vascular disease were randomly allocated to receive anacetrapib 100 mg
daily or a matching placebo after having been given an open-label atorvas-
tatin regimen intended to lower their pre-randomization LDL cholesterol
to below 77 mg/dL (2.0 mmol/L). At their final follow-up visits between
July 2016 and January 2017, the randomized anacetrapib or placebo and
the study atorvastatin were stopped, and participants were advised to dis-
cuss their future non-trial LDL-lowering treatment regimen with their
family doctor or cardiologist.

All surviving participants who had a final follow-up visit in person or by
telephone were eligible to take part in the post-trial follow-up study.
Participants who withdrew consent or were lost to follow-up during the
in-trial period, and those followed at the time of their final follow-up visit
via a relative, carer, or medical record review, were excluded. In addition,
70 of the 431 study sites declined involvement in the extended follow-up
study. We were able to follow participants who attended 58 of those
sites via another local study site or their regional co-ordinating centre;
however, it was not possible to follow-up 194 participants (95 in the ana-
cetrapib group vs. 99 participants in the placebo group) from the remain-
ing 12 sites.

In order to yield unbiased assessments of the longer-term effects of
anacetrapib, participants and their doctors (as well as trial personnel)
remained blinded to the previous randomized study treatment unless
there was a particular requirement to know it. During the combined
follow-up period, only 112/30 449 (0.4%) participants were unblinded
(55 in the anacetrapib arm vs. 57 in the placebo arm).

Procedures and follow-up

During the in-trial on-treatment period, routine follow-up visits were
scheduled at 2 and 6 months after randomization, and every 6 months
thereafter until the end of the treatment phase of the trial. Information
was sought about all serious adverse events (including trial outcomes),
non-serious adverse events attributed to the study treatment that
resulted in its discontinuation, and any symptoms suggestive of hepatitis
or myopathy. Other non-serious adverse events were recorded only for
participants in North America. Blood samples were checked at every visit
for evidence of liver or muscle injury. At selected visits, samples were
sent for central analysis (including blood lipids) and archiving to allow sub-
sequent assays. During the in-trial period, it emerged that LDL choles-
terol levels measured by a direct assay may be underestimated in those
treated with anacetrapib compared with the gold standard beta-
quantification method.™® Therefore, further descriptions in this manu-
script are framed in the context of non-HDL cholesterol rather than LDL
cholesterol. More information on the sampling schedule can be found in

the protocol.’ Those participants who were not able to attend clinic visits
were contacted by telephone, or followed indirectly via their relatives or
carers, or by reviewing their medical records.

During the post-trial period after cessation of study treatment, trained
research co-ordinators collected information for consenting participants
by telephone interview or medical record review once every 6 months
from May 2017 to April 2019. Information was sought only about serious
adverse events and the use of LDL-lowering therapy, in the same way as
for the main trial, by taking a medical history from the patient, albeit this
was done remotely rather than in-person. Participants remained blind to
their treatment during both phases of the study and therefore any effect
of this difference in event ascertainment was the same in both treatment
groups, which minimizes any bias in between-treatment comparisons. No
biological samples or physical measurements were collected during the
post-trial period.

Adjudication of study outcomes

The pre-specified primary outcome for this report was the first major
coronary event (i.e. the composite of coronary death, myocardial infarc-
tion, or coronary revascularization) during the combined in-trial and
post-trial follow-up periods.

During the in-trial treatment period, reports of possible myocardial in-
farction, coronary revascularization, stroke, cancer, death, and serious
liver or muscle events were centrally adjudicated by clinicians blinded to
the treatment allocation using pre-specified definitions." Endpoint adju-
dication was completed for more than 99.9% of relevant in-trial event
reports.’ After the database was finalized for analyses of the in-trial fol-
low-up period, the impact of adjudication was assessed (Supplementary
material online, Appendix S2 and Table S7). The adjudication process
resulted in relatively little re-categorization of the reported coronary
deaths (91% confirmed), myocardial infarctions (87% confirmed), and
coronary revascularizations (91% confirmed), with modest re-categoriza-
tion of strokes (81% of ischaemic strokes and 70% of haemorrhagic
strokes were confirmed), and causes of death (80% of cardiovascular
deaths and 79% of non-cardiovascular deaths were confirmed). As a con-
sequence, the adjudication process had a little material impact on analyses
of the effect of anacetrapib on the primary endpoint of major coronary
event during the in-trial period (rate ratio 0.88; 95% Cl 0.82-0.95;
P<0.001 using pre-adjudicated data compared with rate ratio 0.91; 95%
Cl 0.85-0.97; P=10.004 using adjudicated data) or on any of the compo-
nents of the primary outcomes or on other cardiovascular outcomes
(Supplementary material online, Appendix S2 and Figure S1).

For the post-trial follow-up period, the main outcomes of interest
were cardiovascular events, cancers (by site and overall), deaths (cause-
specific and overall), and other serious adverse events (see
Supplementary material online, Appendix S1). In view of the minimal im-
pact of adjudication on the assessment of the effect of anacetrapib on the
primary outcome of first major coronary event during the in-trial period,
as well as the high confirmation rate of other cardiovascular events and
cancers, only deaths and strokes reported in the post-trial phase were
adjudicated (with 97.8% of such events successfully adjudicated).
Subtypes of ischaemic stroke were not ascertained in either phase of the
study.

Statistical analysis

The data analysis plan for the extended follow-up period was published
on the trial website (www.revealtrial.org) before any members of the
Steering  Committee were unblinded to the post-trial results.
Supplementary material online, Appendix S1 provides the data analysis
plan that contains a detailed description of the statistical methods. The
log-rank method was used to conduct intention-to-treat comparisons of
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Figure | Consort diagram for randomized in-trial and post-trial cohorts. PTFU, post-trial follow-up.

the time to the first event of interest during the overall follow-up period
between participants who had originally been randomly allocated anace-
trapib and those who had been allocated placebo. Recurrent events were
analysed using the negative binomial. Two-sided P-values <0.05 were
regarded as statistically significant, although allowance for multiple hy-
pothesis testing was made in their interpretation. Minor differences in the
results of in-trial analyses between the previous publication’ and the pre-
sent report are due to the inclusion of a small number of events reported
after the previous analysis was done.

Funding and organization

The trial was designed, conducted, analysed, and interpreted by inde-
pendent investigators in the Clinical Trial Service Unit (CTSU) at the
University of Oxford (the regulatory trial sponsor), Oxford, UK, in col-
laboration with the Thrombolysis in Myocardial Infarction (TIMI) Study
Group at Brigham and Women’s Hospital and Harvard Medical School in
Boston, USA, along with other members of the Steering Committee and

Merck & Co, Inc., NJ, USA. Merck funded the trial and provided trial
drugs. The writing committee prepared the manuscript, which was
reviewed and approved by the trial Steering Committee. The decision to
submit it for publication was independent of all funding sources.

Results

Between August 2011 and October 2013, a total of 30 449 men and
women were randomized at 431 sites in Europe, North America, and
China. They had a mean age of 67 years, 84% were male, 88% had a
history of coronary heart disease, 22% had cerebrovascular disease,
and 37% had diabetes mellitus.” By the end of the pre-randomization
run-in period, blood cholesterol levels were well-controlled on the
study atorvastatin regimen: mean LDL cholesterol was 61 mg/dL
(1.58 mmol/L), non-HDL cholesterol was 92 mg/dL (2.37 mmol/L),
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Year of First Event

Anacetrapib

(N=15225)

Placebo

(N=15224) Rate Ratio (95% Cl) P Value

No. of participants with events (%)

In-trial
Year 1 465 (3.1) 476 (3.1) —.l—
Year 2 398 (2.7) 414 (2.8) ——
Year 3 370 (2.6) 427 (3.0) ——
Year 4+ 410(3.1) 488 (3.7) ——
All 1643 (10.8) 1805 (11.9) - 0.91 (0.85-0.97) 0.004
Post-trial
Year 1 231 (2.0) 305 (2.6) —_—
Year 2 272 (2.4) 309 (2.8) R . —
All 503 (4.3) 614 (5.3) T 0.80 (0.71-0.90) <0.001
Full follow-up period 2146 (14.1) 2419 (15.9) o 0.88 (0.83-0.93) <0.001
0!6 0!8 1.0 1!2

Anacetrapib Better Placebo Better

Figure 2 Effects of anacetrapib on first major coronary event by year during the in-trial, post-trial, and overall follow-up periods. Rate ratios are
shown for the first major coronary event among patients in the anacetrapib group vs. those in the placebo group according to period of follow-up.
The numbers at risk decline with each year of follow-up because of censoring, and the percentages are the number of events as a proportion of the
number at risk. For each year of follow-up, rate ratios are plotted as squares (with the size of each square proportional to the amount of statistical in-
formation) and their 95% confidence intervals are represented as horizontal lines. For pre-specified composite periods of follow-up (indicated in
bold text), the rate ratios and their corresponding 95% confidence intervals are represented by diamonds, and P-values are shown. Squares or dia-
monds to the left of the vertical line indicate benefit with anacetrapib, and the comparison is significant (P < 0.05) if the horizontal line or diamond

does not overlap the solid vertical line. Cl, confidence interval.

HDL cholesterol was 40 mg/dL (1.04 mmol/L), and apolipoprotein B
was 62mg/dL (0.0012 mmol/L). Baseline characteristics of partici-
pants who entered the post-trial follow-up study (Supplementary
material online, Appendix S2 and Table S2) were not notably different
to those of the randomized participants in the trial as a whole."

During the in-trial period, 2278 (7.5%) of randomized participants
died, 33 (0.1%) withdrew consent, and 43 (0.1%) were lost to follow-
up (Figure 1). A further 708 (2.3%) were excluded from post-trial
follow-up because their final follow-up visit was not conducted in
person or by telephone. Of 27 387 (89.9%) participants who were
eligible for post-trial follow-up, 1180 did not give consent and 78 had
previously attended 1 of the 12 sites that did not take part in the
extended follow-up study. Consequently, 26 129 (85.8%) individuals
from the original cohort entered the post-trial follow-up phase: of
these, 970 died during the post-trial period and 539 withdrew con-
sent or were lost to follow-up. Follow-up was a median of 4.1 years
for the in-trial period, 2.3 years for the post-trial period, and 6.3 years
for the combined periods.

During the in-trial period, use of statin treatment was 95% at the
study midpoint in both groups and 92% at the final visit, and it was still
high at the end of the post-trial period (89% in those originally allo-
cated anacetrapib vs. 90% in the placebo group; Supplementary ma-
terial online, Appendix S2 and Table S3). Adherence to the
randomized treatment was also high: 90% at the study midpoint in
both groups and 85% at the final visit.> Compared with placebo,
mean HDL cholesterol at the in-trial study midpoint was 43 mg/dL
(1.12mmol/lL) higher (85mg/dL vs. 42mg/dL), and non-HDL

cholesterol was 17mg/dL (0.44 mmol/L) lower (80mg/dL wvs.
97 mg/dL) among the participants randomly assigned anacetrapib.?
The lipid effects of anacetrapib persisted at the final follow-up visit;
mean HDL cholesterol was 44 mg/dL (1.13 mmol/L) higher and non-
HDL cholesterol was 17 mg/dL (0.44 mmol/L) lower in those allo-
cated the active drug.

Effects on first vascular events

During the in-trial period, allocation to anacetrapib was associated
with significantly fewer first major coronary events [1643 (10.8%) of
15 225 anacetrapib-allocated vs. 1805 (11.9%) of 15 224 placebo-
allocated participants; rate ratio 0.91; 95% CI 0.85-0.97; P=0.004:
Figure 2]. Subsequently, during the post-trial follow-up period, there
was a further significant reduction in first major coronary events
among the participants who had originally been allocated anacetrapib
[503 of 11 777 (4.3%) vs. 614 of 11 617 (5.3%); rate ratio 0.80; 95%
Cl 0.71-0.90; P<0.001]. Consequently, during combined follow-up
for a median of 6.3 years, allocation to anacetrapib treatment for a
median of 4.1 years resulted in a significant 12% proportional reduc-
tion in the rate of first major coronary events [2146 (14.1%) vs. 2419
(15.9%); rate ratio 0.88; 95% Cl 0.83-0.93; P<0.001; Figure 3A;
Graphical Abstract], with larger proportional reductions observed in
the later years of follow-up (P for trend across rate ratios by year of
first event = 0.01; Figure 3B). The absolute reduction in major coron-
ary events of 1.1% (95% Cl 0.4-1.8%) at the end of the in-trial treat-
ment period increased to 1.8% (95% Cl 1.0-2.6%) by the end of the
combined follow-up period. The effects of anacetrapib allocation on
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Figure 3 (A) Effects of anacetrapib on first major coronary event during the in-trial, post-trial, and overall follow-up periods. (B) Effect of anacetra-
pib on major coronary events by year of follow-up. Figure legend as for Figure 2. P-value for trend across rate ratios by year of first event = 0.01. Cl,

confidence interval.

major coronary events appeared to be similar among various patient
subgroups (Supplementary material online, Appendix S2 and Figure
S2).

Larger reductions in the rates of secondary cardiovascular out-
comes were also observed with extended follow-up (Figure 4). A
non-significant 7% proportional reduction in the incidence of first
major atherosclerotic event during the in-trial period (rate ratio 0.93;
95% C1 0.86-1.00; P = 0.052), was followed by a 16% reduction in the
post-trial period (rate ratio 0.84; 95% Cl 0.75-0.95; P=0.005), yield-
ing a significant overall risk reduction of 9% (rate ratio 0.91; 95% ClI
0.85-0.96; P=0.002). Likewise, a 7% proportional reduction in the in-
cidence of major vascular events during the in-trial period (rate ratio
0.93; 95% Cl 0.88-0.99; P=0.02) was followed by an 18% reduction
in the post-trial period (rate ratio 0.82; 95% Cl 0.74-0.91; P<0.001),
resulting in a significant overall risk reduction of 10% (rate ratio 0.90;
95% C10.86-0.95; P<0.001).

There was no clear beneficial effect of anacetrapib on stroke (ei-
ther overall or by subtype; Supplementary material online, Appendix
$2 and Figure S3) or on non-coronary revascularization procedures
(Supplementary material online, Appendix S2 and Figure $4) during the

in-trial treatment period or at the end of the combined follow-up
period.

Effect on recurrent vascular events

During the combined follow-up period, the incidence of first and sub-
sequent major coronary events combined was reduced by 14% in
those allocated anacetrapib (rate ratio 0.86; 95% CI 0.81 to 0.92;
P <0.001). Treatment of 1000 people with anacetrapib for a median
of 4.1years resulted in 17.9 (95% Cl 9.9-26.0) people avoiding 27.5
(95% CI 18.5-36.5) major coronary events during a median of
6.3 years of follow-up (Table 7). There were similar results for first
and subsequent major atherosclerotic events and major vascular
events (Supplementary material online, Appendix S2 and Table S4).

Effects on mortality, cancer, and other
serious adverse events

During the in-trial treatment period, there were no significant effects
of anacetrapib on death from coronary disease, other vascular dis-
ease, non-vascular causes, or all causes combined.” Subsequently,
during the post-trial follow-up period, a beneficial effect of
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Anacetrapib Placebo
Type of Event (N=15225)  (N=15224) Rate Ratio (95% Cl) P Value
No. of participants with events (%)
In-trial
Coronary death 389 (2.6) 420 (2.8) ——
Myocardial infarction 670 (4.4) 769 (5.1) ——
Coronary death or MI 935(6.1) 1048 (6.9) - 0.89 (0.81-0.97)
Coronary revascularization 1083 (7.1) 1203 (7.9) e B
Major coronary event 1643 (10.8) 1805 (11.9) L 4 0.91 (0.85-0.97)  0.004
Presumed ischaemic stroke 486 (3.2) 491 (3.2) ——
Major atherosclerotic event 1385(9.1) 1485(9.8) - 0.93 (0.86-1.00) 0.05
Major vascular event 2072 (13.6) 2218 (14.6) > 0.93 (0.88-0.99)  0.02
Post-trial
Coronary death 127 (1.0) 162(1.3) —8%—
Myocardial infarction 215(1.7) 254 (2.1) —a—
Coronary death or MI 310 (2.5) 369 (3.0) —~— 0.83 (0.71-0.96)
Coronary revascularization 300 (2.5) 372(3.2) —a—
Major coronary event 503 (4.3) 614 (5.3) - 0.80 (0.71-0.90) <0.001
Presumed ischaemic stroke 216 (1.7) 263 (2.1) —a—
Major atherosclerotic event 500 (4.1) 583 (4.9) > 0.84 (0.75-0.95)  0.005
Major vascular event 676 (5.9) 808 (7.1) . 0.82 (0.74-0.91) <0.001
All
Coronary death 516 (3.4) 582 (3.8) ——
Myocardial infarction 885(5.8) 1023 (6.7) ——
Coronary death or MI 1245(8.2) 1417 (9.3) - 0.87 (0.81-0.94)
Coronary revascularization 1383 (9.1) 1575(10.3) -.—
Major coronary event 2146 (14.1) 2419 (15.9) > 0.88 (0.83-0.93) <0.001
Presumed ischaemic stroke 702 (4.6) 754 (5.0) —+
Major atherosclerotic event 1885 (12.4) 2068 (13.6) > 0.91 (0.85-0.96)  0.002
Major vascular event 2748 (18.0) 3026 (19.9) > 0.90 (0.86-0.95) <0.001
0.I6 0.18 1.0 1I.2

Anacetrapib Better

Placebo Better

Figure 4 Effect of anacetrapib on other pre-specified vascular outcomes during the in-trial, post-trial, and overall follow-up periods. Figure legend
as for Figure 2. The primary outcome was major coronary event (composite of coronary death, myocardial infarction, or coronary revascularization).
Secondary outcomes were presumed ischaemic stroke (i.e. not known to be haemorrhagic), major atherosclerotic event (coronary death, myocar-
dial infarction, or presumed ischaemic stroke), and major vascular event (major coronary event or presumed ischaemic stroke). The composite of

coronary death or myocardial infarction was a pre-specified tertiary outcome. A single patient may have had multiple events and so may contribute
information to more than one row. Cl, confidence interval; Ml, myocardial infarction.

anacetrapib on coronary death did emerge (rate ratio 0.78; 95% Cl
0.62—-0.98) such that, by the end of the combined follow-up period,
there were marginally significantly fewer coronary deaths among par-
ticipants originally allocated anacetrapib [516 (3.4%) vs. 582 (3.8%);
rate ratio 0.88; 95% Cl 0.79-1.00; P=0.04; Figure 4]. Overall, there
were also fewer deaths from cardiovascular causes among partici-
pants who had been allocated anacetrapib [722 (4.7%) vs. 796 (5.2%);
P=0.05], but no apparent effect on deaths due to all non-vascular
causes [860 (5.6%) vs. 870 (5.7%); P=0.76] or any particular non-
vascular cause (Supplementary material online, Appendix S2 and
Figure S5).

No significant effects of anacetrapib were found during extended
follow-up on the incidence of cancer at all sites combined [1437

(94%) vs. 1418 (9.3%); P=0.79] or at any pre-specified site
(Supplementary material online, Appendix S2 and Figure S6). Nor was
there evidence of adverse effects on the incidence of hypertension-
related or other serious adverse events (Supplementary material on-
line, Appendix S2 and Figure S7).

Discussion

We have previously reported that adding anacetrapib to intensive
statin therapy for a median of 4 years reduced the incidence of major
coronary events, with the proportional reduction in risk appearing to
increase with treatment duration.' We now report that the risk
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Table |

Effect on first and total number of major coronary events

First events

Total events

Follow-up period Anacetrapib Placebo Events avoided Anacetrapib Placebo Events avoided
per 1000 patients per 1000 patients

In-trial 1643 1805 10.6 2142 2408 17.5

Post-trial 503 614 10.1 719 872 12.0

Combined 2146 2419 17.9 2861 3280 27.5

reduction continued to increase during the 2-year period after the
anacetrapib treatment had stopped, such that the absolute reduction
at 6 years was more than 50% greater than at the end of the treat-
ment period. In addition, there was a significant reduction in the risk
of death from coronary heart disease during extended follow-up.
Importantly, no safety signal emerged with prolonged follow-up; in
particular, there was no evidence of any adverse effects of anacetra-
pib on cancer, non-vascular mortality or other serious adverse
events.

The results of REVEAL contrast with those reported from the
large clinical outcome trials of other CETP inhibitor agents. The
ILLUMINATE (Investigation of Lipid Level Management to
Understand its Impact in Atherosclerotic Events) trial was termi-
nated because of excesses of cardiac events and death with torce-
trapib, which have been attributed to various off-target drug effects
on blood pressure.” The Dal-OUTCOMES (Effects of Dalcetrapib
in Patients with a Recent Acute Coronary Syndrome)® and
ACCELERATE (Assessment of Clinical Effects of Cholesteryl Ester
Transfer Protein Inhibition with Evacetrapib in Patients at a High
Risk for Vascular Outcomes)® trials were both stopped early after
only about 2 years of treatment because of a perceived lack of effi-
cacy. Dalcetrapib is a relatively weak CETP inhibitor that does not
lower LDL cholesterol at the dose tested in Dal-OUTCOMES,
whereas evacetrapib has effects on blood lipid levels similar to
those of anacetrapib. However, ACCELERATE involved fewer
patients than REVEAL (12 092 vs. 30 449), had fewer primary car-
diovascular outcomes (1555 vs. 3443), and shorter treatment dur-
ation (median of 26 vs. 50 months).

Analyses of genetic variants in CETP indicate that differences in
coronary disease risk are due largely to the genotype-related differ-
ences in LDL cholesterol levels.'® As previously reported, the 9%
proportional reduction in major coronary events observed during
the in-trial period of REVEAL' is consistent with the risk reduction
expected from the Cholesterol Treatment Trialists’ meta-analysis
of randomized trials of 4-5 years of statin therapy with the 17 mg/
dL (0.44mmol/L) reduction in non-HDL cholesterol that was
achieved in REVEAL."" These observations reduce the likelihood
that other actions of anacetrapib played a major role in modifying
the risk of coronary events. In particular, the 43 mg/dL (1.12 mmol/
L) increase in HDL cholesterol does not appear to have had an ef-
fect on major coronary events as large as would be anticipated
from observational epidemiological studies.'” As observed with
anacetrapib in REVEAL, the reductions in major coronary events in
the trials of statin therapy tended to increase with increasing

duration of therapy, and these beneficial effects persisted or even
increased after study treatment had been stopped."™"*"® In a sub-
set of participants in the Determining the DEFINE (Efficacy and
Tolerability of CETP Inhibition with Anacetrapib) trial, low plasma
concentrations of anacetrapib were still detectable 2—4 years after
the treatment had stopped.*'® Consequently, the prolonged half-
life of anacetrapib may have contributed to some extent to the
benefit seen in REVEAL during the 2 years of extended follow-up
after the study treatment phase had ended.

Our study has several strengths that facilitate a robust assessment
of the persistent effects of previous treatment with anacetrapib. In
particular, a high proportion of randomized participants completed
the extended follow-up phase (blind to their initial treatment alloca-
tion), use of statin therapy was equally high in both randomized
groups, and large numbers of vascular and non-vascular events
occurred during the extended follow-up period. Only those deaths
and strokes that were reported during post-trial follow-up were
adjudicated, but analyses of the impact of adjudication during the in-
trial period (Supplementary material online, Appendix S2, Table S1,
and Figure S1) indicate that this would not materially alter the findings.

There are some limitations to our study. We did not collect blood
samples for lipid analysis during the post-trial follow-up study and
therefore, we are limited in the mechanistic insights we can provide
for anacetrapib effects on major coronary events. Data on the time
course of lipid parameters after the cessation of treatment have been
published elsewhere.>*'? Unlike adipose tissue, evidence from other
studies has shown a relatively quick elimination of anacetrapib in
plasma after the cessation of treatment. Plasma concentrations of
anacetrapib were reduced to ~40% of their on-treatment level
12 weeks after stopping treatment in the 76-week DEFINE trial.* The
effect on LDL cholesterol was 18.6% and on HDL cholesterol was
73% of that seen on treatment.* Estimates of the effect of anacetrapib
on lipid parameters after the cessation of chronic dosing, over a lon-
ger time course, are not available from the REVEAL trial or other
studies. The effect of anacetrapib on blood pressure was presented
in the main REVEAL results paper.’ Blood pressure measurements
were slightly higher among those randomized to anacetrapib com-
pared with placebo (by 0.7 mmHg and 0.3 mmHg for systolic and dia-
stolic readings, respectively); however, there was no significant
difference in the rates of serious adverse events attributed to hyper-
tension." We did not perform physical measurements on patients
during the post-trial period, but similarly, no hazard for hypertension-
related events emerged. Finally, we have not assessed effects that
might take longer than 5—6 years to emerge (e.g. adverse effects on
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cancer or neurocognitive disorders, or beneficial effects on heart fail-
ure'), so itis intended to continue long-term follow-up through link-
age to routine data on causes of hospitalization, cancer, and death in
countries where these are available.

In conclusion, extended follow-up of the REVEAL trial showed
that the absolute reduction in major coronary events produced by
adding anacetrapib to effective statin therapy was about 50% larger at
6years than it had been at the end of the 4-year treatment period.
Although the manufacturers of anacetrapib decided not to pursue
regulatory approval or commercialization of anacetrapib,”® these
results still have important implications. In particular, they indicate
that randomized trials of the effects of lipid-modifying drugs on clinic-
al outcomes need to involve prolonged treatment and follow-up in
order to avoid under-estimating treatment effects (as, e.g. may have
been the case in the trials of proprotein convertase subtilisin/kexin 9
monoclonal antibodies“). Moreover, if the benefits seen with anace-
trapib in REVEAL were largely due to the reduction in non-HDL
cholesterol, then CETP inhibitor agents that produce larger reduc-
tions in non-HDL cholesterol** may produce larger benefits that
would be considered clinically worthwhile.

Supplementary material
Supplementary material is available at European Heart Journal online.
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