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Abstract Development of the cholesteryl ester transfer
protein (CETP) inhibitor, torcetrapib, was halted after the
ILLUMINATE trial revealed an increase in both all-cause
mortality (ACM) and major cardiovascular events (MCVEs)
associated with its use. We now report that the harm caused
by torcetrapib was confined to those in the 10 mg atorvasta-
tin subgroup for both ACM [hazard ratio (HR) = 2.68, 95%
CI (1.58, 4.54), P< 0.0001] and MCVEs [HR = 1.41, 95% CI
(1.14, 1.74), P = 0.002], with no evidence of harm when
torcetrapib was coadministered with higher doses of ator-
vastatin. In the atorvastatin 10 mg subgroup, age, prior heart
failure and stroke were significantly associated with ACM,
independent of torcetrapib treatment, whereas low apoA-I,
smoking, hypertension, heart failure, myocardial infarction,
and stroke were independently associated with MCVEs.
After adjusting for these factors, the HR associated with
torcetrapib treatment in the 10 mg atorvastatin subgroup
remained elevated for both ACM [HR = 2.67, 95% CI (1.57,
4.54), P<0.001] and MCVE [HR = 1.36, 95% CI (1.10, 1.69),
P = 0.005]. Thus, the harm caused by torcetrapib was con-
fined to individuals taking atorvastatin 10 mg. The harm
could not be explained by torcetrapib-induced changes in
lipid levels, blood pressure, or electrolytes.Hl It is conceiv-
able that higher doses of atorvastatin protected against the
harm caused by torcetrapib.—Barter, P. J., K-A. Rye, M. S.
Beltangady, W. C. Ports, W. T. Duggan, S. M. Boekholdt, D.
A. DeMicco, J. J. P. Kastelein, and C. L. Shear. Relationship
between atorvastatin dose and the harm caused by torce-
trapib. J. Lipid Res. 2012. 53: 2436-2442.
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The Investigation of Lipid Level management to Under-
stand its iMpact IN ATherosclerotic Events (ILLUMINATE)
trial was designed to test the hypothesis that torcetrapib,
the first cholesteryl ester transfer protein (CETP) inhibi-
tor to be tested in a clinical outcome trial, would decrease
the risk of cardiovascular events in subjects with coronary
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heart disease or risk equivalents (1). Quite unexpectedly,
the trial was terminated prematurely for safety reasons.
The primary results have been described previously (1).
Briefly, torcetrapib 60 mg/day on a background of ator-
vastatin 10, 20, 40, or 80 mg/day, raised HDL-cholesterol
(HDL-C) and lowered LDIL-~cholesterol (LDL-C), but also
resulted in a significantly increased risk of both all-cause
mortality (ACM) [hazard ratio (HR) =1.58,95% CI (1.14,
2.19), P=0.006] and major cardiovascular events (MCVEs)
[HR =1.25,95% CI (1.09, 1.44), P=0.001].

Observed adverse effects of torcetrapib included an in-
crease in both systolic blood pressure (SBP) and diastolic
blood pressure (DBP), an increase in the levels of sodium,
bicarbonate, and aldosterone, and a decrease in the level
of potassium (1). Subsequent preclinical studies have
shown that torcetrapib increases the synthesis and secre-
tion of aldosterone and cortisol from cultured adrenal
cortical cells (2, 3), has an adverse effect on endothelial
function, and increases expression of endothelin-1 in
the artery wall (4). These adverse effects of torcetrapib
have been shown to be unrelated to inhibition of CETP
activity (2, 3).

We now report a post hoc exploratory analysis of the
ILLUMINATE trial in an attempt to determine potential
predictors of ACM and the occurrence of MCVEs.

METHODS

ILLUMINATE was a prospective, randomized, multi-center,
double-blind clinical trial as previously described (1). Briefly,

Abbreviations: ACM, all-cause mortality; BMI, body mass index;
CETP, cholesteryl ester transfer protein; CHF, congestive heart failure;
CRP, C-reactive protein; DBP, diastolic blood pressure; HDL-C, HDL-
cholesterol; HR, hazard ratio; LDL-C, LDL-cholesterol; LLQ, lower
limit of quantification; MCVE, major cardiovascular event; SBP, systolic
blood pressure.
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men and women between the ages of 45 and 75 years were eli-
gible to participate in the trial if they had a history of cardio-
vascular disease (including myocardial infarction, stroke, acute
coronary syndrome, unstable angina, peripheral vascular dis-
ease, or cardiac revascularization) 30 days to 5 years before
screening. Subjects with type 2 diabetes were also eligible. Exclu-
sion criteria included evidence of an unstable medical condi-
tion, life expectancy of less than 5 years, or an LDL-C level of
less than 100 mg/dl (2.6 mmol/1) if the subject was not receiving
a lipid-lowering drug. Written informed consent was obtained
from the subjects who agreed to participate.

During a run-in period of 4 to 10 weeks, patients underwent
lifestyle counseling and also received atorvastatin at a dose
titrated at 2-week intervals to achieve an LDL-C concentration of
less than 100 mg/dl. Subjects were excluded at the end of the
run-in if they had had a cardiovascular event during the run-in
period or if they had uncontrolled hypertension (defined as SBP
>140 mm Hg or DBP >90 mm Hg), or if the LDL-C target level
had not been reached at the end of the run-in period. Eligible
subjects were then randomly assigned to one of two treatment
arms: torcetrapib 60 mg or its matching placebo added to their
atorvastatin dose established during the run-in period (10, 20,
40, or 80 mg/day). All baseline values presented in this paper are
those collected at the time of randomization. It should be noted,
however, that most of the participants were already taking statins
at the time of recruitment into the trial and, by design, all were
on atorvastatin at the time of randomization. Thus, baseline val-
ues do not represent values prior to taking statins.

Study outcomes

The primary outcome was time to the first occurrence of an
MCVE, a composite that included four components: death from
coronary heart disease (defined as fatal myocardial infarction ex-
cluding procedure-related events, fatal heart failure, sudden
cardiac death, or other cardiac death), nonfatal myocardial in-
farction (excluding procedure-related events), stroke, and hospital-
ization for unstable angina. The various methodologies employed
in the measurement of blood pressure, aldosterone, lipids, and
lipoproteins have been previously described (1).

Statistical analysis

All treatment comparisons were performed with the use of an
intention-to-treat analysis. All data were censored for the primary
analyses on December 2, 2006, when the trial was prematurely ter-
minated. Multiple regression analysis using the Cox proportional
hazards model was employed to screen those baseline covariates
related to ACM and MCVEs. A forward stepwise selection proce-
dure (entry at P< 0.10 and exit at P> 0.15) was used to select the
covariates among the baseline factors considered to be of prognos-
tic importance while retaining treatment group in the model. The
baseline factors considered included age; body mass index (BMI);
gender; smoking status; weight; levels of apoA-I, apoB, HDL-C,
LDL-C, triglyceride, serum bicarbonate, C-reactive protein (CRP),
potassium, and sodium; SBP; and a history of congestive heart fail-
ure (CHF), hypertension, myocardial infarction, stroke, and type 2
diabetes. The final models were derived using those factors that
were deemed significant based on the stepwise selection process.

The treatment effect on observed month 3 biomarker values
(e.g., lipids, apolipoproteins, and electrolytes) was examined us-
ing an ANCOVA model that included terms for treatment group
(placebo or torcetrapib 60 mg), baseline biomarker value, back-
ground atorvastatin dose, age category (<60, 61 to 70, >70) and
an interaction term for treatment group and atorvastatin dose.
The leastsquares means estimates were obtained and examined
for the final model for each biomarker.

To determine the potential for loss of information bias in
these later analyses, we examined characteristics of subjects at
baseline and those with available information at month 3.

As previously described for the post hoc measurements of al-
dosterone (1), most analyzed samples had aldosterone levels be-
low the lower limit of quantification (LLQ; <4 ng/dl for samples
with sufficient volume and <8 ng/dl for samples with insufficient
volume requiring dilution). Baseline levels of aldosterone were
not included in the forward stepwise regression procedure for
ACM or MCVEs due to missing aldosterone values. Month 3 val-
ues were used in the ANCOVA model described above; values
reported at the LLQ were imputed to a value half of the LLQ for
statistical analyses. All analyses were performed with SAS 8.2 (SAS
Institute, Inc.; Cary, NC).

RESULTS

ACM

Of the 34 excess deaths in the torcetrapib group (93 vs.
59 for torcetrapib vs. placebo, respectively), 31 (91%) oc-
curred in the 10 mg atorvastatin dose subgroup (50 vs. 19
for torcetrapib vs. placebo, respectively) for an HR of 2.68
(95% CI, 1.58 to 4.54; P < 0.001). No other atorvastatin
dose subgroup had an elevated risk (Fig. 1). The torce-
trapib plus 10 mg atorvastatin subgroup, as compared with
the atorvastatin 10 mg-alone subgroup, had an increased
risk of death from both cardiovascular causes (30 vs. 13,
P<0.008) and noncardiovascular causes (19 vs. 6, P< 0.008)
(Table 1).

MCVEs

Of the 91 excess MCVEs in the torcetrapib treatment
group (464 vs. 373 for torcetrapib vs. placebo, respec-
tively), 55 (60%) were in the atorvastatin 10 mg subgroup
(202 vs. 147 for torcetrapib vs. placebo, respectively) for
an HR of 1.41 (95% CI, 1.14 to 1.74; P=0.002) (Fig. 2).

Because the torcetrapib plus atorvastatin 10 mg sub-
group was the only atorvastatin dose subgroup with either
a trend toward or a statistically significant increase in ACM
and MCVEs, this subgroup provided an opportunity for
further exploration of possible factors responsible for the
harm. Whereas the randomization was not stratified by
atorvastatin dose, baseline demographic and clinical char-
acteristics of the two treatment groups in the atorvastatin

!
Atorvastatin T/A A 1 Hazard ratio
Dose (Events/n) (Events/n) H 95% CI) P-value
I
All doses 93/7533 (1.24%)  59/7534 (0.78%) :+ 1.58 (1.14,2.19) 0.006
I
|
I
10mg 50/3218 (1.55%)  19/3274 (0.58%) ! +> 268(1.58,4.54)  <0.001
I
20mg 21/2036 (1.03%)  17/2027 (0.84%) —'-0— 1.23 (0.65,2.32) 0531
i
40mg 12/1508 (0.80%)  12/1559 (0.77%) —‘— 1.04 (0.47,2.31) 0927
h
1
80mg 10771 (1.30%)  11/674 (1.63%) —’-:— 0.80 (0.34, 1.88) 0.609
T
0 1 2 3 4
Favors T/A Favors A
Fig. 1. Estimated HRs for ACM by atorvastatin dose. Treatment

groups: T/A indicates torcetrapib treatment on background ator-
vastatin; A indicates atorvastatin background treatment alone.
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TABLE 1.

Cause of death by treatment group and atorvastatin dose

Atorvastatin dose

10 mg

20 mg 40 mg 80 mg

Number of subjects

T/A 3,218 A3274 T/A2,036 A2027 T/A1508 A1,559 T/A771 A674

Event
All Deaths 50 19
Any CV cause 30 13
Sudden death 15
Fatal MI (not procedure related)
Fatal stroke

Hemorrhagic

Ischemic

Embolic

Fatal heart failure

Other vascular cause

Fatal MI (procedure related)
Other cardiac cause

Any non-CV cause

Cancer

Infection

Trauma

Suicide or homicide

Other cause

Reason unknown

—
— 0O OVWNOFNFNON—= WD

QO OHOUT —HFONODODODODON®

Number of events

21 17 12 12 10 11
11 9 4 6 4 7
5 7 3 4 3 6
2 2 0 1 0 1
2 0 1 0 0 0
2 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 1 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 1 0
9 6 6 4 6 4
4 3 4 4 4 2
3 0 2 0 1 0
1 2 0 0 1 0
0 1 0 0 0 0
1 0 0 0 0 2
1 2 2 2 0 0

T/A: torcetrapib plus atorvastatin; A atorvastatin alone; CV: cardiovascular; MI: myocardial infarction.

10 mg subgroup were balanced (Table 2), indicating
that the hazards presented above were not the result of
identifiable selection bias. Although this poses some limi-
tations, the comparisons done were still between random-
ized treatment groups.

Baseline predictors of ACM in the atorvastatin
10 mg subgroup

Results from the forward stepwise regression procedure
for ACM are shown in Table 3. Independent of treatment
group, the presence at baseline of increased age, a history
of CHF or stroke, or an increased CRP level were associ-
ated with an increased risk of death due to any cause in the
atorvastatin 10 mg subgroup. The strongest baseline pre-
dictor of death was age >70 years. After accounting for
these baseline predictors, the adjusted HR for subjects
treated with torcetrapib versus placebo in the atorvastatin
10 mg subgroup was 2.67 (P< 0.001). Baseline factors that
were not predictive of ACM (P> 0.10) were gender; smoking

Atorvastatin T/A A 1 Hazard ratio
Dose (Events/n) (Events/n) i 95% CI) P-value

i

All doses 464/7533 (6.2%) 373/7534 (50%) : + 1.25 (1.09, 1.44) 0.001
'
'

10mg 202/3218 (6.3%) 147/3274 (4.5%) : —’— 1.41(1.14,1.74) 0.002
I

20m,; 118/2036 (5.8%)  94/2027 (4.6%) T’—I 1.26 (0.96, 1.65) 0.098
g 1

40mg 87/1508 (5.8%)  84/1559 (5.4%) + 1.08 (0.80, 1.46) 0.594
i

80mg 57/771 (7.4%) 48/674 (7.1%) —,— 1.04 (0.71,1.53) 0.831

0 1 2 3

Favors T/A Favors A

Fig. 2. Estimated HRs for major cardiovascular events by atorvas-
tatin dose subgroup. Treatment groups: T/A indicates torcetrapib
treatment on background atorvastatin; A indicates atorvastatin
background treatment alone.
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status; history of diabetes or myocardial infarction; BMI;
weight; and serum levels of sodium, potassium, bicarbon-
ate, triglycerides, HDL-C, LDL-C, apoA-I, and apoB.

Baseline predictors of MCVEs in the atorvastatin
10 mg subgroup

Results from the forward stepwise regression procedure
for MCVEs are shown in Table 4. Independent of treat-
ment group, baseline factors associated with the occur-
rence of MCVEs in the atorvastatin 10 mg subgroup
included an inverse association with apoA-I level and posi-
tive association with smoking status; and history of CHF,
hypertension, myocardial infarction, and stroke. After ac-
counting for these baseline predictors, the adjusted HR
for subjects treated with torcetrapib versus placebo in the
atorvastatin 10 mg subgroup was 1.36 (P=0.005). Baseline
factors that were not associated with the occurrence of an
MCVE (P> 0.10) included gender; age; history of diabetes;
BMI; weight; and blood levels of CRP, sodium, potassium,
bicarbonate, triglycerides, HDL-C, LDL-C, and apoB.

Measurements at 3 months postrandomization

The torcetrapib-induced changes between baseline and
month 3 in levels of LDL-C, HDL-C, SBP , sodium, potas-
sium, bicarbonate and CRP were analyzed for heterogene-
ity across the four atorvastatin dose subgroups (Table 5).
This was done to determine whether differences between
the changes in the atorvastatin 10 mg subgroup and those
in the other atorvastatin subgroups could account for the
harm being confined to subjects taking the 10 mg dose of
atorvastatin. There was no heterogeneity in the torce-
trapib-induced change across the different atorvastatin
subgroups in any of the measured parameters, with the
exception of HDL-C and apoA-I. However, the magnitude
of the differences in the torcetrapib-induced increases in
HDL-C and apoA-I between the subgroups was very small
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TABLE 3. Baseline predictors of ACM from the Cox Proportional

Hazards Model in the atorvastatin 10 mg group

Baseline factors H (Pvalue) 95% Confidence interval
Treatment group (T/A versus A) 2.67 (<0.001) (1.57, 4.54)
Age >70 yearsa 3.51 (<0.001) (1.76, 6.98)
Age 61-70" 2.20 (0.014) (1.17,4.12)
History of CHF 3.20 (< 0.001) (1.80, 5.69)
History of stroke 2.76 (0.002) (1.46, 5.20)
CRP > 7.5 mg/l 2.67 (0.004) (1.36, 5.23)
CRP >3-7.5 mg/lb 1.81 (0.038) (1.03, 3.17)

T/A, torcetrapib plus atorvastatin; A, atorvastatin alone; CHF,
congestive heart failure; CRP, C reactive protein. A treatment hazard
ratio >1 indicates increased risk in the T/A treatment group compared
with the A treatment group.

“ Relative to age <60.

’ Relative to CRP <3 mg/1.

(30 mg/dl in the 10 mg group vs. 28 mg/dl in the other
groups for HDL-C and 32 mg/dl in the 10 mg group vs. 28
mg/dl in the other groups for apoA-I) (4). There was no
evidence that the slightly higher HDL-C and apoA-I levels
after 3 months of treatment conferred additional risk of
death in the atorvastatin 10 mg dose subgroup, as the lev-
els at month 3 and changes from baseline to month 3 were
identical for those who were alive or deceased at trial
termination.

Impact of potential loss of information in the analyses
from month 3

Of the 69 deaths that occurred in the atorvastatin 10 mg
dose subgroup (torcetrapib, 50; placebo, 19), 64 deaths
(torcetrapib, 47; placebo, 17) occurred after the 3 month
time point. A comparison of the two treatment groups’
baseline demographic and clinical characteristics in the
atorvastatin 10 mg dose subgroup showed similar relation-
ships when comparing all deaths and deaths occurring
after month 3 (data not shown).

Similarly, of the 349 MCVEs occurring in the atorvasta-
tin 10 mg dose subgroup (torcetrapib, 202; placebo, 147),
280 MCVEs (torcetrapib, 161; placebo, 119) occurred af-
ter month 3. Baseline demographic and clinical character-
istics in the atorvastatin 10 mg dose subgroup showed
similar relationships when comparing all MCVEs and
MCVEs occurring after month 3 (data not shown).

Baseline levels of aldosterone were not included in the
forward stepwise regression procedure due to missing al-
dosterone values, which would have excluded 13 of 50

TABLE 4. Baseline predictors of major cardiovascular events from
the Cox Proportional Hazards Model in the atorvastatin 10 mg group

Baseline factors HR (Pvalue) 95% confidence Interval
Treatment group (T/Aversus A) 1.36 (0.005) (1.10, 1.69)
ApoA-I > 142 mg/dl 0.76 (0.043) (0.58, 0.99)
History of CHF 1.55 (0.012) (1.10, 2.18)
History of hypertension 1.46 (0.005) (1.12, 1.89)
History of MI 1.41 (0.002) (1.13, 1.75)
Smoker at baseline 1.35 (0.015) (1.06, 1.73)
History of prior stroke 1.57 (0.017) (1.08, 2.28)

T/A, torcetrapib plus atorvastatin; A, atorvastatin alone; apoA-I,
apolipoprotein A-1; CHEF, congestive heart failure; MI, myocardial
infarction. A treatment hazard ratio >1 indicates increased risk in the
T/A treatment group compared with the A treatment group.
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(26%) torcetrapib and 9 of 19 (47%) placebo ACM events,
and 34 of 202 (17%) torcetrapib and 32 of 147 (22%) pla-
cebo MCVEs.

DISCUSSION

The main finding from this post hoc analysis was that
the torcetrapib-induced increase in ACM and MCVEs ob-
served in the ILLUMINATE trial was confined to the par-
ticipants taking 10 mg atorvastatin, with no evidence of
harm in those taking higher doses of atorvastatin.

It is possible that the 10 mg atorvastatin group was dif-
ferent from other groups. This is not supported by the val-
ues in Table 2 showing no differences between atorvastatin
dose subgroups for any parameter measured. However, it
should be noted that these baseline values were collected
at the time of randomization, when all participants were,
by design, taking atorvastatin. Indeed, most of the partici-
pants had already been taking statins for some time before
recruitment into the trial, making it impossible to obtain
true baseline values collected prior to commencing statin
therapy. However, patients who achieved LDL-C targets
with a daily dose of only 10 mg atorvastatin most likely had
lower prestatin levels of LDL-C than those needing higher
doses of atorvastatin to achieve the target. Thus, we cannot
exclude the possibility that those with lower prestatin lev-
els of LDL-C were more susceptible to the harm caused by
torcetrapib.

Itis recognized that any post hoc analysis must be viewed
with caution and could be spurious. Nevertheless, the ap-
parent trend of decreasing risk with increasing atorvasta-
tin dose for both endpoints, combined with a lack of
imbalance in other predictors that would explain the re-
sult, is consistent with the proposition that higher doses of
atorvastatin may have protected against the adverse effects
of torcetrapib via properties of the drug unrelated to the
lowering of LDL-C (5). These results do not support the
proposition, suggested by others (6), that addition of
higher doses of atorvastatin may have interacted adversely
with torcetrapib, because in this case, the opposite rela-
tionship with atorvastatin dose would have been observed.
Nor does the analysis support the proposition that the ad-
verse effects of torcetrapib were the consequence of the
observed changes in blood pressure, concentrations of
plasma lipoproteins, electrolytes, or CRP. Rather, the anal-
ysis is consistent with the proposition that the harm cause
by torcetrapib was independent of any of the factors mea-
sured. One unexpected result was the observation that
event rates in both groups taking 80 mg atorvastatin (with
or without torcetrapib) were higher than in those taking
lower doses of atorvastatin. The explanation for this is not
known.

It should be noted that the concentration of HDL-C
does not necessarily equate with HDL function (7) and
that HDL function was not assessed in the ILLUMINATE
trial. We cannot, therefore, exclude the possibility that
HDL function may have been impaired by torcetrapib and
that the impairment was greater in the 10 mg atorvastatin
group than in those taking higher doses of atorvastatin.



TABLE 5. Change in values from baseline to month 3 by atorvastatin dose

Atorvastatin dose

10 mg 20 mg 40 mg 80 mg
Variable P T/A A T/A A T/A A T/A A
HDL-C <0.001 30+14.4 0.5 +6.1 28.2 + 14.3 0.2 £6.0 284 + 14.4 0.5+6.3 28.0 + 14.1 1.1+6.9
(mg/dl) n = 3,100 n=3,180 n=1,964 n=1,961 n = 1,447 n=1510 n =745 n =663
LDL-C 0.195 —-21.7+20.0 0.8=+15.4 —20.8+22.1 0.5+16.6 —-21.6+21.2 0.6+16.8 —20.4 + 23.6 0.1 +18.6
(mg/dl) n = 3,090 n=3,170 n=1,954 n=1,955 n=1,443 n=1,504 n =740 n = 659
ApoA-1 <0.001 26.4 +24.3 1.5+21.7 24.8 +29.2 1.1+17.7 24.2 + 20.1 1.4 +14.1 24.4+17.5 1.4 +14.1
(mg/dl) n = 3,059 n=3,135 n=1,929 n=1,934 n = 1,426 n = 1,497 n="736 n =652
ApoB 0.225 —129+18.4 2.1x159 —-11.8+20.8 19+17.5 -13.1+17.9 2.0+16.7 —11.6 +20.2 1.1 £16.5
(mg/dl) n = 3,060 n = 3,060 n=1,929 n=1,934 n=1,425 n="736 n="736 n = 652
Systolic BP 0.121 4.8+12.2 0.3 +10.7 41+11.4 0.4+10.5 4.0+11.5 0.7 +£10.2 49+12.3 0.4+11.0
(mm Hg) n=3,135 n = 3,207 n=1,973 n=1,972 n = 1,460 n=1,517 n =749 n =667
Potassium 0.3256 —0.1+0.4 0.0+0.4 —-0.1+04 0.0+0.4 -0.1+04 0.0+0.4 -0.1+04 0.0+0.4
(mmol/1) n = 3,081 n = 3,155 n=1,955 n = 1,950 n = 1,440 n = 1,502 n =742 n = 659
Sodium 0.109 0.6 +3.3 —0.1+3.1 0.6 +3.3 0.0 +3.2 0.6 +3.1 0.1+3.1 0.4+3.1 0.0+3.1
(mmol/1) n = 3,099 n = 3,168 n = 1,963 n = 1,960 n=1,447 n = 1,509 n="744 n =662
Bicarbonate  0.571 0.9 +3.7 0.6 +3.8 0.8+3.3 0.5+34 0.7+3.4 0.6 +3.3 0.9+3.2 0.5+3.2
(mmol/1) n = 3,089 n=3,163 n = 1,954 n = 1,956 n = 1,444 n = 1,504 n =740 n =661
Aldosterone  0.214 0.4 6.5 0.3+5.2 0.7+5.3 —0.4+8.0 0.8+55 0.2+5.7 0.4+73 0.0 + 6.6
(ng/dl)) n =863 n =800 n==607 n =527 n =399 n =404 n=188 n=170
CRP (mg/1)  0.461 0.0 (=0.5,0.6) 0.0 (=0.6,0.6) 0.1 (—0.3,0.7) 0.1 (=0.4,0.7) 0.0 (=0.4,0.5) 0.0 (=0.5,0.5) 0.0 (—0.4,0.5) 0.0 (—0.6,0.5)
n=3,074 n = 3,149 n=1,944 n=1,943 n=1,439 n = 1497 n="737 n =656

Mean + SD, except for C-reactive protein (CRP) values that are medians (interquartile range). Pvalues indicate the test of heterogeneity across
the atorvastatin doses. T/A, torcetrapib plus atorvastatin; A, atorvastatin alone.

The observation that postrandomization changes in
LDL-C, SBP, aldosterone, and electrolytes were not associ-
ated with adverse clinical outcome should again be inter-
preted with caution, inasmuch as post hoc exploratory
analyses are known to have methodological limitations
and thus may have the potential to yield false-negative re-
sults (8).

If the harm caused by torcetrapib cannot be easily ex-
plained by changes in lipid levels, SBP, electrolytes, al-
dosterone levels, or CRP, the question arises: what did
cause the harm? Clearly, this question cannot be an-
swered by a post hoc analysis of the ILLUMINATE trial,
but there are some interesting possibilities. One is that
increasing doses of atorvastatin had beneficial effects
on lipoprotein metabolism and function (unrelated to
lipoprotein concentration) that counteracted the adverse
effects of torcetrapib. However, there are other possi-
bilities that have some support from preclinical studies.
For example, clues from recent studies have shown a re-
duced expression of endothelial nitric oxide synthase
mRNA and protein, reduced nitric oxide release, and
an increased expression of endothelin-1 in the arteries
of animals treated with torcetrapib (4). These changes
coincided with a reduced endothelium-dependent vaso-
relaxation. Because endothelin-1 levels were not measured
in the ILLUMINATE trial, it was not possible to determine
whether a torcetrapib-induced increase in endothelin-1 in
arteries may have contributed to the cardiovascular harm
observed in those taking torcetrapib in this trial. Neverthe-
less, given the evidence that endothelin-1 levels are also
associated with a worse prognosis in people with cancer
(9), it is possible that a torcetrapib-induced increase in
endothelin-1 may also have contributed to the apparent
(nonsignificant) increase in cancer deaths in those taking
torcetrapib in the ILLUMINATE trial. Given the evidence

that atorvastatin reduces endothelin-1 levels (10-12), it may
be speculated that treatment with higher doses of atorvas-
tatin partially protected against this adverse effect of torce-
trapib. An analogous argument can be made with regard
to cortisol levels. Preclinical experiments have shown that
torcetrapib stimulates cortisol release via induction of 11
B-hydroxylase (2, 3). It has also been reported that ele-
vated cortisol levels are associated with poorer cancer sur-
vival in a mechanism involving inflammatory cytokines
such as IL-6 (13). The fact that atorvastatin reduces 1L-6
levels (14) may again explain the apparent protection
against cancer death in those taking higher doses of ator-
vastatin. It should be noted, however, that although the
excess of ACM in those taking atorvastatin plus torcetrapib
(compared with those taking atorvastatin alone) was sig-
nificant in the 10 mg atorvastatin group (but not in the
higher-atorvastatin groups), there were very few deaths at-
tributed to cancer and infection across all atorvastatin sub-
groups, limiting conclusions to be drawn about these
specific causes of death.

Other than the dose of atorvastatin, increasing age was
the most important factor predicting the torcetrapib-in-
duced increase in ACM, an effect that could not be ex-
plained by differing lipid responses in this group. These
age-related findings are consistent with the observation of
a reduced clearance of torcetrapib in older subjects (un-
published observation) that would result in a higher expo-
sure to the drug and thus an increased risk of adverse
effects. Baseline predictors of mortality other than age in-
cluded a history of CHF or stroke and high baseline CRP
(>3 mg/1). A lower baseline apoA-I and a history of hyper-
tension, CHF, myocardial infarction, stroke, or being a
smoker were all associated with an increased risk of having
an MCVE. For both endpoints, the increased risk associ-
ated with these factors is not unexpected, based on prior
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experience in clinical trials. However, after adjusting for
these predictors, the hazard associated with taking torce-
trapib in the 10 mg atorvastatin group remained virtually
unaltered. Furthermore, with the exception of minor dif-
ferences in the increase in HDL-C and apoA-I, the torce-
trapib-induced changes in these parameters were not
different between the atorvastatin 10 mg dose and the
higher-atorvastatin dose subgroups.

It should be emphasized that the analyses reported in
this paper were not prespecified and that conclusions
drawn from post hoc examinations such as these should
be viewed with a degree of caution. It is possible, for ex-
ample, that conclusions may have been different had the
trial not been terminated early (the median follow-up was
only 550 days) and had data been available over a longer
follow-up.

It must also be emphasized that even in the absence of
the adverse off-target of torcetrapib, it cannot be assumed
that CETP inhibition will be cardio-protective. The un-
expected termination (for reasons of futility but not harm)
of the dalOUTCOMES trial using dalcetrapib (15) has
raised questions about the value of CETP inhibition as a
cardio-protective strategy. However, the hypothesis will be
tested in an ongoing clinical outcome trial using anace-
trapib, a CETP inhibitor that is much more potent than
dalcetrapib and which does not have the adverse off-target
effects of torcetrapib (16).

In conclusion, we have shown that adverse effects of
torcetrapib in the ILLUMINATE trial were largely con-
fined to participants taking the lowest dose of atorvastatin.
This effect of atorvastatin dose cannot be explained in
terms of changes in lipid levels, blood pressure, electro-
lytes, or indeed in any of the variables that were measured.
Itis possible that the adverse effects were the consequence
of a torcetrapib-induced increase in endothein-1 in the ar-
tery and that this adverse effect was partly offset in those
taking higher doses of atorvastatin Hf
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