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Background

Inhibition of cholesteryl ester transfer protein (CETP) has been shown to have a sub-
stantial effect on plasma lipoprotein levels. We investigated whether torcetrapib, 
a potent CETP inhibitor, might reduce major cardiovascular events. The trial was 
terminated prematurely because of an increased risk of death and cardiac events in 
patients receiving torcetrapib.

Methods

We conducted a randomized, double-blind study involving 15,067 patients at high 
cardiovascular risk. The patients received either torcetrapib plus atorvastatin or 
atorvastatin alone. The primary outcome was the time to the first major cardiovas-
cular event, which was defined as death from coronary heart disease, nonfatal 
myocardial infarction, stroke, or hospitalization for unstable angina.

Results

At 12 months in patients who received torcetrapib, there was an increase of 72.1% 
in high-density lipoprotein cholesterol and a decrease of 24.9% in low-density lipo-
protein cholesterol, as compared with baseline (P<0.001 for both comparisons), in ad
dition to an increase of 5.4 mm Hg in systolic blood pressure, a decrease in serum 
potassium, and increases in serum sodium, bicarbonate, and aldosterone (P<0.001 
for all comparisons). There was also an increased risk of cardiovascular events 
(hazard ratio, 1.25; 95% confidence interval [CI], 1.09 to 1.44; P = 0.001) and death 
from any cause (hazard ratio, 1.58; 95% CI, 1.14 to 2.19; P = 0.006). Post hoc analyses 
showed an increased risk of death in patients treated with torcetrapib whose reduc-
tion in potassium or increase in bicarbonate was greater than the median change.

Conclusions

Torcetrapib therapy resulted in an increased risk of mortality and morbidity of un-
known mechanism. Although there was evidence of an off-target effect of torcetrapib, 
we cannot rule out adverse effects related to CETP inhibition. (ClinicalTrials.gov 
number, NCT00134264.)
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Evidence supporting the proposition 
that high-density lipoprotein (HDL) choles-
terol should be considered as a therapeutic 

target includes experimental models of athero-
sclerosis,1 an inverse relationship to the risk of 
cardiovascular disease in humans,2 clinical trials 
of drugs for which raising HDL cholesterol levels 
is a primary pharmacologic effect,3 and the re-
sidual risk of cardiovascular disease associated 
with a low HDL cholesterol level after effective 
statin therapy.4

Cholesteryl ester transfer protein (CETP) pro-
motes the transfer of cholesteryl esters from HDL 
to other lipoproteins; the inhibition of this pro-
tein raises HDL cholesterol levels and decreases 
low-density lipoprotein (LDL) cholesterol levels. 
There is evidence supporting CETP inhibition as 
a therapeutic approach to the prevention of major 
cardiovascular events, although there is also evi-
dence to the contrary.5-7

Torcetrapib is an inhibitor of CETP that has 
been shown to inhibit the development of athero-
sclerosis in rabbits.8 In early-phase studies in hu
mans, the drug increased HDL cholesterol by 60 
to 100% at the same time that it lowered LDL 
cholesterol by up to 20%.9,10 Torcetrapib was sub-
sequently investigated in three large trials with 
the use of ultrasonography and other imaging 
techniques and was found to have no significant 
effect on coronary atheroma burden11 or carotid 
intima–media thickness.12,13 Concurrent with 
these imaging studies, the Investigation of Lipid 
Level Management to Understand its Impact in 
Atherosclerotic Events (ILLUMINATE) trial tested 
the proposition that torcetrapib would decrease 
the risk of clinical cardiovascular events. This 
trial was terminated prematurely on December 2, 
2006, in a decision made by the sponsor on the 
basis of the recommendation of the trial’s inde-
pendent steering committee, which was acting on 
advice from the independent data and safety 
monitoring board.14 This report describes the 
main results of the ILLUMINATE trial.

Me thods

Study Design

We conducted a prospective, randomized, multi-
center, double-blind clinical trial, using a central-
ized randomization strategy with a block size of 
four. The trial was designed by an independent 

steering committee in collaboration with the 
sponsor, Pfizer. Data were collected by Pharma-
Net Development Group and analyzed indepen-
dently by the Statistical Data Analysis Center at 
the University of Wisconsin, Madison; represen-
tatives of these organizations vouch for the com-
pleteness and veracity of the data and the analy-
ses, respectively. An institutional review board at 
each center approved the protocol, and patients 
provided written informed consent. The original 
protocol was amended on November 28, 2006, a 
change that had not yet received institutional re-
view board approval at the time of the trial’s ter-
mination. The amendment included the addition 
of hospitalization for unstable angina to the pri-
mary outcome to increase the number of events 
and thus increase the statistical power to reject 
the null hypothesis.

Men and women between the ages of 45 and 
75 years were eligible to participate in the study 
if they had a history of cardiovascular disease (in
cluding myocardial infarction, stroke, acute coro-
nary syndrome, unstable angina, peripheral vas-
cular disease, and cardiac revascularization) 30 
days to 5 years before screening. Patients with 
type 2 diabetes without previous cardiovascular 
disease who met American Diabetes Association 
criteria or were receiving hypoglycemic agents 
were also eligible. Patients were excluded if they 
had evidence of an unstable medical condition, 
a life expectancy of less than 5 years, or an LDL 
cholesterol level of less than 100 mg per deciliter 
(2.6 mmol per liter) if the patient was not receiv-
ing a lipid-altering drug. Patients were also exclud
ed if they had had a cardiovascular event during 
the run-in period or uncontrolled hypertension (de
fined as a systolic blood pressure of >140 mm Hg 
or a diastolic blood pressure of >90 mm Hg) or 
if the LDL cholesterol target level had not been 
reached at the end of the run-in period.

During a run-in period of 4 to 10 weeks, pa-
tients underwent lifestyle counseling and also re
ceived atorvastatin titrated (if needed) at 2-week 
intervals to achieve an LDL cholesterol level of 
less than 100 mg per deciliter. A variability toler-
ance of +15 mg per deciliter (0.4 mmol per liter) 
was allowed. Patients whose LDL level met the 
target were randomly assigned to receive either 
atorvastatin (at a dose established during the run-
in period) plus 60 mg of torcetrapib or atorva
statin plus placebo. After termination of the trial, 
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15,067 Underwent randomization

16,960 Were enrolled in run-in phase

1893 Were excluded
3 Died

1261 Did not meet entry criteria
18 Were lost to follow-up

175 Had a nonfatal adverse event
218 Withdrew consent
218 Had other reason 

19,014 Patients were assessed for eligibility

2054 Were excluded
4 Died

1490 Did not meet entry criteria
22 Were lost to follow-up
15 Had a nonfatal adverse event

348 Withdrew consent
175 Had other reason

7533 Were assigned to receive 
torcetrapib plus atorvastatin

7528 Received assigned treatment
2 Had a nonfatal adverse event
1 Did not meet entry criteria
2 Had other reason

7534 Were assigned to receive
atorvastatin only

7526 Received assigned treatment
2 Did not meet entry criteria
2 Had a protocol deviation
4 Had other reason

1008 Discontinued treatment before
  December 2, 2006

73 Died
21 Had a lack of efficacy

698 Had a nonfatal adverse
event

14 Had a protocol deviation
126 Withdrew consent
19 Were lost to follow-up
57 Had other reason

831 Discontinued treatment before
December 2, 2006

54 Died
91 Had a lack of efficacy

432 Had a nonfatal adverse
event

16 Had a protocol deviation
157 Withdrew consent
20 Were lost to follow-up
61 Had other reason

6520 Discontinued treatment
after December 2, 2006, when
sponsor terminated the study

6695 Discontinued treatment
after December 2, 2006, when
sponsor terminated the study
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Figure 1. Enrollment and Outcomes.

The numbers of deaths shown in the figure do not include those reported after the discontinuation of administration 
of a study drug on December 2, 2006. 
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Table 1. Demographic and Clinical Characteristics of the Patients.*

Variable
Atorvastatin Only 

(N = 7534)

Torcetrapib  
plus Atorvastatin  

(N = 7533) P Value

Male sex — no. (%) 5861 (77.8) 5854 (77.7) 0.90

White race — no. (%)† 7028 (93.3) 7019 (93.2) 0.82

Age — yr 61.3±7.6 61.3±7.6 0.82

Body-mass index 30.2±5.6 30.1±5.7 0.14

Smoking history — no. (%) 0.64

Current smoker 1047 (13.9) 1011 (13.4)

Former smoker 4123 (54.7) 4167 (55.3)

Nonsmoker 2364 (31.4) 2355 (31.3)

Medical history — no./total no. (%)

History of hypertension 5554/7515 (73.9) 5423/7504 (72.3) 0.02

Previous coronary revascularization 5133/7530 (68.2) 5188/7530 (68.9) 0.33

Previous myocardial infarction 3388/7472 (45.3) 3450/7463 (46.2) 0.28

History of angina 4497/7499 (60.0) 4581/7499 (61.1) 0.16

History of diabetes 3390/7504 (45.2) 3271/7517 (43.5) 0.04

Peripheral vascular disease 944/7417 (12.7) 930/7426 (12.5) 0.71

Congestive heart failure (class I or II) 523/7489 (7.0) 504/7494 (6.7) 0.53

Previous stroke 411/7513 (5.5) 394/7512 (5.2) 0.54

Previous transient ischemic attack 405/7477 (5.4) 311/7490 (4.2) <0.001

Lipids

Cholesterol — mg/dl 

Total 157.3±26.9 156.8±26.6 0.34

High-density lipoprotein 48.5±12.2 48.6±12.0 0.24

Low-density lipoprotein 79.9±20.4 79.7±20.4 0.45

Triglycerides — mg/dl 0.14

Median 128 127

Interquartile range 93–179 92–177

Apolipoprotein — mg/dl

A-I 128.3±23.2 128.2±23.2 0.74

B 73.5±15.8 73.2±15.8 0.26

Vital signs

Blood pressure — mm Hg

Systolic 123.0±10.9 122.9±10.9 0.37

Diastolic 73.9±7.5 73.7±7.6 0.26

Heart rate — beats/min 65.4±9.5 65.4±9.6 0.82

Electrolytes — mmol/liter 

Potassium 4.40±0.39 4.40±0.39 0.54

Sodium 140.4±2.7 140.4±2.7 0.67

Chloride 102.7±2.9 102.8±2.9 0.21

Bicarbonate 24.3±3.1 24.3±3.0 0.81
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the sponsor maintained support for independent 
oversight during the trial’s closeout (which in-
volved four of the academic authors) with continu
ing support from the Statistical Data Analysis 
Center, which performed the primary statistical 
analyses.

Study Outcomes

Patients’ visits were scheduled at 1, 3, 6, 9, and 12 
months after randomization. Thereafter, patients 
were to be seen twice yearly. An increase or de-
crease in the dose of atorvastatin was allowed at 
the 12-month visit on the basis of predefined 
LDL cholesterol levels. The level of HDL choles-
terol was determined through enzyme analysis 
with the use of polyethylene glycol–modified 
cholesterol esterase, cholesterol oxidase, and dex-
tran sulfate to generate peroxide that was mea-

sured calorimetrically. Total cholesterol and tri-
glyceride levels were determined by standard 
enzymatic techniques. LDL cholesterol was quan-
tified by the Friedewald formula, except when the 
triglyceride level was more than 400 mg per deci-
liter (4.5 mmol per liter), in which case the level 
was measured by direct beta quantification. Apo-
lipoproteins A-I and B-100 were measured by 
means of immunoturbidimetric assay. High-sensi-
tivity C-reactive protein (CRP) was measured with 
the use of a particle-enhanced immunoturbidi-
metric assay. All measurements were performed 
at a central laboratory (MDS). Blood pressure was 
measured in triplicate at each visit with the use of 
a standard calibrated measuring device with the 
patient seated after 5 minutes of rest. The first 
reading was not used, and the latter two readings 
were averaged for the visit measurement. The esti-
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Table 1. (Continued.)

Variable
Atorvastatin Only

(N = 7534)

Torcetrapib  
plus Atorvastatin

(N = 7533 ) P Value

Renal function

Creatinine — mg/dl 1.0±0.22 1.0±0.22 1.00

Estimated glomerular filtration rate —  
ml/min/1.73 m2

79.4±17.5 79.5±17.7 0.88

Liver function

Aspartate aminotransferase — U/liter 23.1±8.2 23.0±8.1 0.70

Alanine aminotransferase — U/liter 26.2±12.7 26.1±13.2 0.43

Alkaline phosphatase — U/liter 80.5±24.8 80.8±24.2 0.28

Bilirubin — mg/dl

Total 0.65±0.29 0.66±0.29 <0.001

Direct 0.180±0.069 0.183±0.071 <0.001

Creatine kinase — U/liter 125.7±99.7 126.8±136.3 0.47

Other selected measures

QT interval (Bazett-corrected) — msec

Median 410.3 409.8 0.53

Interquartile range 393.3–427.4 393.2–427.1

C-reactive protein — mg/liter

Median 1.40 1.30 0.003

Interquartile range 0.70–3.00 0.65–2.80

*	Plus–minus values are means ±SD. Complete data regarding demographic characteristics and medical history were not 
available for all patients; the minimum totals in each group were more than 95%. The body-mass index is the weight  
in kilograms divided by the square of the height in meters. To convert the values for cholesterol to millimoles per liter, 
multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. To convert the 
values for creatinine to micromoles per liter, multiply by 88.4. To convert the values for bilirubin to micromoles per liter, 
multiply by 17.1.

†	Race was self-reported by the patients.
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mated glomerular filtration rate was calculated 
as described previously.15

The QT interval was calculated with the use of 
Bazett’s correction. A decision to measure aldo-

sterone was made after termination of the trial 
after investigators observed a pattern of change 
in serum electrolytes and blood pressure. Stored 
serum samples that had been obtained from pa-
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Table 2. Changes from Baseline at 3 Months and 12 Months in Selected Measures.*

Variable Change at 3 Months Change at 12 Months

Atorvastatin 
Only

Torcetrapib plus 
Atorvastatin P Value

Atorvastatin 
Only

Torcetrapib plus 
Atorvastatin P Value

Lipids (absolute change) — mg/dl

Cholesterol

Total +1.6±20.5 +5.1±23.9 <0.001 +2.1±22.4 +9.3±26.3 <0.001

High-density lipoprotein +0.5±6.2 +29.0±14.4 <0.001 +0.5±6.8 +34.2±17.0 <0.001

Low-density lipoprotein +0.6±15.8 −20.5±20.8 <0.001 +0.9±17.1 −21.5±22.7 <0.001

Triglycerides

Median +1 −10 <0.001 +1 −10 <0.001

Interquartile range −23 to 26 −38 to 12 −23 to 29 −38 to 14

Apolipoprotein

A-I +0.4±16.0 +30.8±21.9 <0.001 NA NA NA

B +0.6±11.1 −10.1±14.4 <0.001 NA NA NA

Lipids (percent change) — %

Cholesterol

Total +1.7±13.3 +4.2±16.0 <0.001 +2.2±14.5 +7.0±17.7 <0.001

High-density lipoprotein +1.7±12.7 +60.9±28.7 <0.001 +1.8±14.0 +72.1±34.7 <0.001

Low-density lipoprotein +2.5±21.7 −24.0±25.1 <0.001 +3.0±23.7 −24.9±28.5 <0.001

Triglycerides

Median +1 −9 <0.001 +1 −9 <0.001

Interquartile range −17 to 23 −26 to 11 −18 to 25 −27 to 13

Apolipoprotein

A-I +1.3±18.6 +25.3±24.4 <0.001 NA NA NA

B +2.0±16.6 −12.5±19.2 <0.001 NA NA NA

Vital signs (absolute change)

Blood pressure — mm Hg†

Systolic +0.4±10.6 +4.4±11.8 <0.001 +0.9±11.5 +5.4±13.2 <0.001

Diastolic +0.1±6.7 +2.1±7.2 <0.001 −0.1±7.4 +2.0±8.1 <0.001

Heart rate — beats/min +0.4±7.2 +0.2±7.2 0.21 −0.1±7.7 −0.2±7.9 0.25

Electrolytes (absolute change) — mmol/liter

Potassium +0.02±0.37 −0.12±0.39 <0.001 +0.06±0.39 −0.08±0.42 <0.001

Sodium 0±3.14 +0.58±3.21 <0.001 +0.78±2.97 +1.39±3.12 <0.001

Chloride −0.14±2.80 +0.10±2.92 <0.001 +0.01±2.78 +0.08±2.97 0.06

Bicarbonate +0.55±3.54 +0.82±3.45 <0.001 +1.93±3.47 +2.28±3.48 <0.001

Renal function (absolute change)

Creatinine — mg/dl +0.002±0.115 −0.013±0.111 <0.001 +0.005±0.142 −0.008±0.140 <0.001

Estimated glomerular filtration rate —  
ml/min/1.73 m2

−0.2±9.9 +1.0±9.6 <0.001 −0.3±10.8 +0.8±10.8 <0.001
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tients at baseline and at 3 months were used, with 
measurements made by means of liquid chroma-
tography–tandem mass spectrometry (Mayo Cen-
tral Laboratory for Clinic Trials).

Efficacy Measures

The primary outcome was the time to the first 
occurrence of a major cardiovascular event, a com-
posite that included four components: death from 
coronary heart disease (defined as fatal myocar-
dial infarction excluding procedure-related events, 
fatal heart failure, sudden cardiac death, or other 
cardiac death), nonfatal myocardial infarction (ex-
cluding procedure-related events), stroke, and hos-
pitalization for unstable angina.

Secondary outcomes were the time to the first 
occurrence of each individual component of the 
primary outcome, the time to death from any 
cause, and the change from baseline in LDL and 
HDL cholesterol levels. Tertiary outcomes includ-
ed further breakdowns in categories and compos-
ites of secondary outcomes.

Members of a central committee who were 
unaware of study-group assignments adjudicated 
potential outcomes as reported by the investiga-
tors. Adjudicated outcomes are not included in to
tals of adverse events and serious adverse events.

Statistical Analysis

The original design assumed a sample size of 
13,000 patients (6500 per treatment group) to 
yield 551 primary outcomes in the atorvastatin-
only group (8.48%) and 433 in the group receiv-
ing both atorvastatin and torcetrapib (6.66%) after 
an average of 4.5 years of follow-up — in other 
words, an absolute reduction of 1.82 percentage 
points or a relative reduction of 21% in the cumu-
lative incidence. This number of patients would 
provide a statistical power of 90% to detect a treat-
ment difference in the primary efficacy analysis at 
the two-sided level of 0.05 with the use of a log-
rank test. A total of 15,067 patients underwent 
randomization, with overenrollment owing to an 
increase in screening activity after notification of 
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Table 2. (Continued.)

Variable Change at 3 Months Change at 12 Months

Atorvastatin 
Only

Torcetrapib plus 
Atorvastatin P Value

Atorvastatin 
Only

Torcetrapib plus 
Atorvastatin P Value

Liver function (absolute change)

Aspartate aminotransferase — U/liter −0.04±17.3 −0.70±7.3 <0.001 +0.08±9.03 −0.58±16.1 <0.001

Alanine aminotransferase — U/liter +0.1±27.3 −0.6±11.5 <0.001 +0.1±12.5 −0.8±26.8 <0.001

Alkaline phosphatase — U/liter +0.7±12.9 +0.1±14.6 <0.001 +0.3±16.4 +0.2±14.7 0.33

Bilirubin — mg/dl

Total −0.02±0.21 −0.04±0.21 <0.001 −0.04±0.21 −0.06±0.22 <0.001

Direct −0.003±0.053 +0.009±0.057 <0.001 −0.002±0.055 +0.012±0.063 <0.001

Creatine kinase — U/liter +1.3±114.7 −3.4±137.2 0.001 +1.2±93.7 −4.5±138.5 <0.001

Other selected measures (absolute change)

QT interval (Bazett-corrected) — msec <0.001

Median NA NA −0.3 +3.3

Interquartile range −14.3 to 13.7 −10.3 to 17.3

C-reactive protein — mg/liter 0.01

Median 0 +0.04 NA NA

Interquartile range −0.50 to 0.58 −0.40 to 0.60

*	Plus–minus values are means ±SD. Complete data were not available for all patients; for each measurement, baseline values were missing 
for less than 5% of patients, and values at 3 months or 12 months were missing for less than 10% of patients. To convert the values for 
cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129.  
To convert the values for creatinine to micromoles per liter, multiply by 88.4. To convert the values for bilirubin to micromoles per liter, 
multiply by 17.1. NA denotes not available.

†	An increase of more than 15 mm Hg in systolic blood pressure was observed at 3 months in 7.6% of the atorvastatin-only group and 15.3% 
of the torcetrapib group and at 12 months in 9.4% of the atorvastatin-only group and 19.5% of the torcetrapib group (P<0.001 for both 
comparisons).
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an upcoming closure in enrollment at each site. 
On the basis of the modified primary outcome in 
the amended protocol and on the increased num-
ber of patients, the number of primary outcomes 
at an average follow-up of 4.5 years was expected 
to be 1820.

The prespecified safety-monitoring boundary 
(a P value <0.01, unadjusted for multiple compari-
sons) was based on a log-rank test for death from 
any cause. An efficacy-monitoring boundary (to be 
implemented after approximately 50% of the ex-
pected number of events had occurred in the pri-
mary outcome) was prespecified, but the requisite 
event count was never reached.

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 terminat-
ed. Events occurring after that date, in the period 
between termination of the study and the end of 
data collection, are also reported. These events 
were captured either at a final visit after the dis-
continuation of a study drug (active surveillance) 
or as a result of instructions to patients to report 
serious adverse events (passive surveillance). The 
last adjudicated outcome reported during this 
observation period occurred on July 15, 2007.

P values for continuous and ordered categori-
cal data were computed with the use of a non-
parametric Wilcoxon test. Pearson’s chi-square 
test (without continuity correction) was used for 
dichotomous and unordered categorical data. The 
log-rank test was used for time-to-event analyses. 
Post hoc exploratory analyses were also performed; 
only descriptive statistics were used to identify 
patterns of association, since these analyses were 
not inferential in nature. No adjustments have 
been made for multiple comparisons.

R esult s

Patients

Between August 23, 2004, and December 28, 2005, 
a total of 15,067 patients underwent randomiza-
tion at 260 centers in seven countries. Of these 
patients, 7534 were assigned to receive atorva
statin plus placebo (atorvastatin-only group), and 
7533 were assigned to receive torcetrapib plus 
atorvastatin (torcetrapib group) (Fig. 1). At the 
end of the study on December 2, 2006, the median 
follow-up in each group was 550 days. Earlier dis-
continuation of treatment had occurred in 831 
patients in the atorvastatin-only group (11.0%) 
and in 1008 patients in the torcetrapib group 
(13.4%). Higher rates of discontinuation owing to 
nonfatal adverse events in the torcetrapib group 
were associated mainly with a higher frequency 
of hypertension, nonspecific gastrointestinal symp
toms, and headache. Follow-up was 99.7% com-
plete, with 20 patients in the atorvastatin-only 
group and 19 patients in the torcetrapib group 
who were not followed until December 2, 2006. 
Baseline demographic and clinical characteristics 
of the two groups are presented in Table 1. Pa-
tients with a history of diabetes but no evidence 
of cardiovascular disease at study entry repre-
sented 18.8% of the atorvastatin-only group and 
17.9% of the torcetrapib group (data not shown).
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Figure 2. Kaplan–Meier Curves for Death from Any Cause and for the Primary 
Composite Outcome.

Panel A shows the between-group comparison of patients who died from 
any cause during the study: 59 patients in the atorvastatin-only group and 
93 patients in the torcetrapib group. Panel B shows the between-group com-
parison of patients who had the primary composite outcome: 373 patients 
in the atorvastatin-only group and 464 patients in the torcetrapib group. 
The primary outcome was the time to the first occurrence of a major cardio-
vascular event, a composite that included four components: death from 
coronary heart disease, nonfatal myocardial infarction (excluding procedure-
related events), stroke, and hospitalization for unstable angina. Analyses in 
both panels were censored on December 2, 2006.
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Baseline and Follow-up Laboratory  
and Clinical Assessments

Changes in lipids were evident within the first 
month after randomization (Fig. 1 of the Supple-
mentary Appendix, available with the full text of 
this article at www.nejm.org). At 1 year, there 
were significant differences (P<0.001) between the 

torcetrapib group and the atorvastatin-only group. 
In the atorvastatin-only group, all lipid changes 
were minimal during the study; in the torcetrapib 
group, these changes included an increase of 
72.1% in the HDL cholesterol, a decrease of 24.9% 
in LDL cholesterol, and a decrease of 9% in triglyc
erides (Table 2). Apolipoprotein measurements at 
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Table 3. Estimated Hazard Ratios for Protocol-Specified Cardiovascular Outcomes.*

Variable
Atorvastatin Only

(N = 7534)

Torcetrapib plus  
Atorvastatin
(N = 7533)

Hazard Ratio 
(95% CI) P Value†

number (percent)

Primary composite outcome‡ 373 (5.0) 464 (6.2) 1.25 (1.09–1.44) 0.001

Secondary outcome

Death from coronary heart disease 33 (0.4) 40 (0.5) 1.21 (0.77–1.92) 0.41

Nonfatal myocardial infarction§ 118 (1.6) 142 (1.9) 1.21 (0.95–1.54) 0.13

Stroke 40 (0.5) 43 (0.6) 1.08 (0.70–1.66) 0.74

Hospitalization for unstable angina 201 (2.7) 270 (3.6) 1.35 (1.13–1.62) 0.001

Death from any cause 59 (0.8) 93 (1.2) 1.58 (1.14–2.19) 0.006

Tertiary outcome

Composite of death from coronary heart disease, nonfatal  
myocardial infarction, and stroke§

185 (2.5) 214 (2.8) 1.16 (0.95–1.41) 0.14

Stroke

Hemorrhagic 2 (<0.1) 5 (0.1) 2.50 (0.49–12.91) 0.26

Ischemic 30 (0.4) 31 (0.4) 1.03 (0.63–1.71) 0.89

Embolic 9 (0.1) 7 (0.1) 0.78 (0.29– 2.09) 0.62

Not classified 0 0 NA NA

Coronary revascularization procedure 403 (5.3) 505 (6.7) 1.27 (1.11–1.44) <0.001

Peripheral vascular disease¶ 159 (2.1) 110 (1.5) 0.69 (0.54–0.88) 0.003

Transient ischemic attack 13 (0.2) 23 (0.3) 1.77 (0.90–3.50) 0.09

Hospitalization with primary diagnosis of congestive heart failure 50 (0.7) 84 (1.1) 1.69 (1.19–2.39) 0.003

Major coronary event‖ 147 (2.0) 179 (2.4) 1.22 (0.98–1.52) 0.07

Major cardiovascular event and coronary revascularization 
procedure

589 (7.8) 738 (9.8) 1.27 (1.14–1.42) <0.001

Major cardiovascular event, coronary revascularization pro
cedure, and peripheral vascular disease

723 (9.6) 820 (10.9) 1.15 (1.04–1.27) 0.008

Stroke and transient ischemic attack 53 (0.7) 65 (0.9) 1.23 (0.85–1.77) 0.27

Major coronary event, stroke, and transient ischemic attack 197 (2.6) 234 (3.1) 1.19 (0.99–1.44) 0.07

Procedure-related myocardial infarction 8 (0.1) 11 (0.1) 1.38 (0.55–3.42) 0.49

*	Data were censored on December 2, 2006, the date of the termination of the study. NA denotes not applicable.
†	P values were calculated with the use of the log-rank test.
‡	The primary composite outcome was the time to the first occurrence of a major cardiovascular event, a composite that included four com-

ponents: death from coronary heart disease, nonfatal myocardial infarction (excluding procedure-related events), stroke, and hospitalization 
for unstable angina.

§	Procedure-related myocardial infarction was excluded from this category.
¶	Peripheral vascular disease includes either first diagnosis or any procedure.
‖	A major coronary event was the time to the first occurrence of death from coronary heart disease or nonfatal myocardial infarction (excluding 

procedure-related events).

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

2118

3 months reflected the changes in lipids. The mean 
increase in systolic blood pressure from baseline 
to month 12 was 5.4 mm Hg in the torcetrapib 
group, as compared with 0.9 mm Hg in the ator-
vastatin-only group (P<0.001). The change in high-
sensitivity C-reactive protein from baseline to 
month 3 differed significantly between the two 
groups (P = 0.01), but the magnitude of the differ-
ence (0.04 mg per liter) was small.

Electrolyte levels were similar in the two 
groups at baseline (Table 1). At 12 months, there 
was a mean decrease in potassium of 0.08 mmol 
per liter in the torcetrapib group, as compared 
with an increase of 0.06 mmol per liter in the 
atorvastatin-only group (P<0.001). After 12 months, 
2.3% of patients in the torcetrapib group and 
0.6% of patients in the atorvastatin-only group 
had potassium levels of less than 3.5 mmol per 
liter (P<0.001). In the torcetrapib group, as com-

pared with the atorvastatin-only group, there were 
greater increases in levels of sodium (1.39 mmol 
per liter and 0.78 mmol per liter, respectively) and 
bicarbonate (2.28 mmol per liter and 1.93 mmol 
per liter, respectively; P<0.001).

At 12 months, the estimated glomerular filtra-
tion rate increased by 0.8 ml per minute per 
1.73 m2 of body-surface area in the torcetrapib 
group but decreased by 0.3 ml per minute per 
1.73 m2 in the atorvastatin-only group (P<0.001). 
The median change from baseline to month 12 in 
the QT interval was an increase of 3.3 msec in the 
torcetrapib group and a decrease of 0.3 msec in 
the atorvastatin-only group (P<0.001).

Post hoc measurements of aldosterone were 
performed for all patients for whom stored sam-
ples from both baseline and 3 months were avail-
able. One percent of samples submitted to the 
laboratory were of insufficient volume to permit 
analysis. Analysis was performed on baseline sam
ples obtained from 6745 patients in the atorva
statin-only group (90.0%) and 6662 patients in the 
torcetrapib group (88.5%) and on samples ob-
tained at 3 months for 6664 patients (88.4%) and 
6562 patients (87.1%), respectively. Most analyzed 
samples (56.5% in the atorvastatin-only group 
and 52.7% in the torcetrapib group) had aldoste-
rone levels below the lower limit of quantifica-
tion for the test used (<4 ng per deciliter for 
samples with sufficient volume for undiluted test-
ing and <8 ng per deciliter for samples with in-
sufficient volume requiring dilution). Because of 
this, a direct comparison of median or mean val-
ues was not possible with these data. However, it 
was possible to calculate values in the 85th per-
centile and above, since this calculation depended 
only on the values of 8 ng per deciliter or more 
for which data were complete. At baseline, the 
85th, 90th, and 95th percentiles were 8.5, 10.0, 
and 13.0 ng per deciliter, respectively, in the ator-
vastatin-only group and 8.3, 10.0, and 13.0 ng 
per deciliter, respectively, in the torcetrapib group 
(P = 0.21). At 3 months, these percentiles were 
8.6, 10.0, and 13.0 ng per deciliter in the atorva
statin-only group and 9.5, 11.0, and 14.0 ng per 
deciliter in the torcetrapib group (P<0.001). (The 
P values are Wilcoxon comparisons performed af
ter truncating the data below 8 ng per deciliter.)

Study Outcomes

Figures 2A and 2B show Kaplan–Meier curves for 
death from any cause and the primary composite 

n engl j med 357;21  www.nejm.org  november 22, 2007

Table 4. Causes of Death.*

Event

Atorvastatin  
Only  

(N = 59)

Torcetrapib plus 
Atorvastatin 

(N = 93)

no. of patients

Any cardiovascular cause 35 49

Sudden death 25 26

Fatal myocardial infarction (not  
procedure-related)

6 8

Fatal stroke

Hemorrhagic 0 4

Ischemic 0 2

Embolic 0 0

Not classified 0 0

Fatal heart failure 1 2

Other vascular-related cause 2 1

Fatal myocardial infarction (proce-
dure-related)

0 2

Other cardiac-related cause 1 4

Any noncardiovascular cause 20 40

Cancer 14 24

Infection 0 9

Trauma 3 3

Suicide or homicide 1 0

Other cause 2 4

Reason unknown 4 4

*	Data were censored on December 2, 2006, the date of the termination of the 
study.
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Table 5. Relationship between Changes from Baseline to 1 Month in Key Measurements and Death from Any Cause  
or from Coronary Heart Disease and the Primary Outcome among 7533 Patients Who Received Torcetrapib.*

Variable Change from Baseline to 1 Month No. (%) with Missing Data 

High-density lipoprotein cholesterol

Change — mg/dl Increase of ≤22 Increase of >22 

No. of patients 3735 3663 135

Death — no. (%)

Any cause 40 (1.1) 49 (1.3) 4 (3.0)

Coronary heart disease 20 (0.5) 18 (0.5) 2 (1.5)

Primary outcome — no. (%) 239 (6.4) 215 (5.9) 10 (7.4)

Low-density lipoprotein cholesterol

Change — mg/dl Decrease of ≥20 Decrease of <20

No. of patients 3826 3533 174

Death — no. (%)

Any cause 43 (1.1) 46 (1.3) 4 (2.3)

Coronary heart disease 20 (0.5) 18 (0.5) 2 (1.2)

Primary outcome — no. (%) 217 (5.7) 234 (6.6) 13 (7.5)

Apolipoprotein A-I†

Change — mg/dl Increase of ≤30 Increase of >30

No. of patients 3650 3500 383

Death — no. (%)

Any cause 38 (1.0) 32 (0.9) 23 (6.0)

Coronary heart disease 18 (0.5) 15 (0.4) 7 (1.8)

Primary outcome — no. (%) 234 (6.4) 198 (5.7) 32 (8.4)

Systolic blood pressure

Change — mm Hg Increase of ≤2.5 Increase of >2.5

No. of patients 3873 3562 98

Death — no. (%)

Any cause 57 (1.5) 33 (0.9) 3 (3.1)

Coronary heart disease 28 (0.7) 11 (0.3) 1 (1.0)

Primary outcome — no. (%) 245 (6.3) 211 (5.9) 8 (8.2)

Serum potassium

Change — mmol/liter Decrease of ≥0.1 Decrease of <0.1

No. of patients 3709 3629 195

Death — no. (%)

Any cause 54 (1.5) 35 (1.0) 4 (2.1)

Coronary heart disease 26 (0.7) 12 (0.3) 2 (1.0)

Primary outcome — no. (%) 240 (6.5) 211 (5.8) 13 (6.7)

Serum bicarbonate

Change — mmol/liter Increase of ≤0.7 Increase of >0.7

No. of patients 3695 3669 169

Death — no. (%)

Any cause 35 (0.9) 54 (1.5) 4 (2.4)

Coronary heart disease 11 (0.3) 27 (0.7) 2 (1.2)

Primary outcome — no. (%) 214 (5.8) 239 (6.5) 11 (6.5)

*	Data were censored on December 2, 2006, the date of the termination of the study. The primary outcome was the time 
to the first occurrence of a major cardiovascular event, a composite that included four components: death from coronary 
heart disease, nonfatal myocardial infarction (excluding procedure-related events), stroke, and hospitalization for unstable 
angina.

†	The change in the measure of apolipoprotein A-I was between baseline and 3 months.
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outcome. The hazard ratio for the primary out-
come — major cardiovascular events — was 1.25 
in the torcetrapib group, as compared with the 
atorvastatin-only group (95% confidence interval 
[CI], 1.09 to 1.44; P = 0.001) (Table 3). The hazard 
ratio estimates for the individual components of 
the composite outcome ranged from 1.35 for hos-
pitalization for unstable angina (P = 0.001) to 1.08 
for stroke (P = 0.74).

At study termination, there were 93 deaths in 
the torcetrapib group and 59 in the atorvastatin-
only group, for a hazard ratio of 1.58 in the 
torcetrapib group (95% CI, 1.14 to 2.19; P = 0.006). 
The adjudicated causes of death are shown in 
Table 4. There was no significant interaction be-
tween study-group assignment and cause of death 
(P = 0.18). In the torcetrapib group, as compared 
with the atorvastatin-only group, there was an in
creased risk of death from both cardiovascular 
causes (49 vs. 35) and noncardiovascular causes 
(40 vs. 20). No single cause of death explained the 
increased cardiovascular risks. For death from 
noncardiovascular causes, more patients in the 
torcetrapib group than in the atorvastatin-only 
group died from cancer (24 vs. 14) and infection 
(9 vs. 0). The primary sites of fatal cancers were 
similar in the two groups (Table 1 of the Supple-
mentary Appendix). Seven of the nine deaths 
from infection were in patients with diabetes.

Numbers of reported major cardiovascular 
events and deaths occurring after the termina-
tion of the trial were similar in the two groups: 
38 major cardiovascular events in each group, 
with 14 deaths in the torcetrapib group and 20 
deaths in the atorvastatin-only group.

Adverse Events

Adverse events were reported in 86.6% of patients 
in the torcetrapib group and in 83.3% of patients 
in the atorvastatin-only group (P<0.001). Among 
events that were significantly more frequent in 
the torcetrapib group than in the atorvastatin-
only group were reported hypertension, which 
occurred in 1411 patients (18.7%) and 564 pa-
tients (7.5%, P<0.001), respectively; peripheral 
edema, in 467 (6.2%) and 353 (4.7%, P<0.001); 
angina pectoris, in 451 (6.0%) and 360 (4.8%, 
P = 0.001); dyspnea, in 313 (4.2%) and 243 (3.2%, 
P = 0.003); and headache, in 412 (5.5%) and 296 
(3.9%, P<0.001). Serious adverse events were re-
ported more frequently in the torcetrapib group 
than in the atorvastatin-only group (16.4% vs. 

15.0%, P = 0.02) (Table 2 of the Supplementary 
Appendix). Reported neoplasms (128 in the torcet
rapib group and 136 in the atorvastatin-only group) 
and infections or infestations (182 and 177) were 
reported with similar frequencies in the two 
groups.

Post Hoc Exploratory Analyses

Post-randomization changes in selected measure-
ments in the torcetrapib group were examined for 
their relationship to major cardiovascular events 
and death from any cause and from coronary heart 
disease (Table 5). The numbers and rates for 
these outcomes are given for subgroups whose 
change in the indicated measure from baseline 
to month 1 (or to month 3 for apolipoprotein A-I) 
was at or below the study-group median, as com-
pared with above the median. The earliest time 
points were chosen to capture the maximum 
amount of information available before death. For 
death from any cause, higher rates were observed 
in association with greater decreases in potassium 
and greater increases in bicarbonate. For major 
cardiovascular events, lower rates were apparent 
in those with greater increases in HDL cholesterol 
and apolipoprotein A-I and for those who had 
smaller decreases in potassium and increases in 
bicarbonate. Paradoxically, there was an increased 
risk of death and major cardiovascular events in 
patients whose increase in systolic blood pressure 
was less than the median. It should be empha-
sized that the results shown in Table 5 were both 
exploratory and post hoc.

Discussion

The increased mortality associated with the use 
of torcetrapib included increased risks of death 
from both cardiovascular and noncardiovascular 
causes. There was also a significant increase in 
the risk of major cardiovascular events in the 
torcetrapib-treated group. The question arises: By 
what mechanism did torcetrapib cause harm?

Clinical trials such as ours are not designed to 
elucidate mechanisms of either benefit or harm 
associated with the use of a drug. However, they 
may provide clues that have the potential to in-
form future research. To this end, we conducted 
a series of exploratory post hoc analyses in an 
attempt to gain some insight into what might 
have occurred.

There are at least two possible explanations for 
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the observation of increased mortality and mor-
bidity associated with the use of torcetrapib in 
our study: an off-target effect of torcetrapib, un-
related to CETP inhibition, and an adverse effect 
of CETP inhibition per se, with the possible gen-
eration of dysfunctional or even proatherogenic 
HDL cholesterol.

A known off-target effect of torcetrapib is an 
increase in blood pressure. At 12 months in our 
study, systolic blood pressure increased by a mean 
of 5.4 mm Hg in the torcetrapib group from base-
line, a greater effect than had been observed in 
earlier studies of shorter duration9,10 but consis-
tent with the longer phase 3 imaging trials.11,13 
The relationship between changes in blood pres-
sure and clinical outcome in the torcetrapib 
group was counterintuitive, with an apparent in-
creased risk of death in patients whose increase 
in systolic blood pressure was less than the me-
dian. However, it appeared that an increase in 
blood pressure above the median identified a 
group with lower baseline blood pressure levels, 
making it difficult to interpret the relationship 
without further analysis. The observed reduction 
in potassium and increases in sodium and bicar-
bonate in the torcetrapib group, as compared with 
the atorvastatin-only group, raised the possibility 
that the increase in blood pressure may have been 
a manifestation of mineralocorticoid excess. This 
proposition gained further support from post hoc 
findings of an increase in aldosterone levels in 
the torcetrapib group. The mechanism by which 
torcetrapib may have increased aldosterone levels 
is unknown.

Although cardiovascular events caused by a 
torcetrapib-induced increase in aldosterone is one 
possible explanation for the observed adverse 
outcomes, it does not rule out other unknown 
off-target effects of the agent. Nor does it rule 
out the possibility that CETP inhibition per se 
may have adverse effects. It has been suggested 
that the inhibition of CETP may generate HDL 
particles that are nonfunctional or even proath-
erogenic.16 Our study does not address the issue 
of how torcetrapib has a functional effect on 
HDL particles, although it was interesting to note 
that in the torcetrapib group, rates of cardiovas-
cular events and death from coronary heart dis-

ease were lower in those whose increase in HDL 
cholesterol or apolipoprotein A-I was greater than 
the median. However, it must be emphasized that 
these post hoc observations are merely sugges-
tive and do not rule out HDL dysfunctionality, nor 
do they rule out the possibility that other un-
known effects of CETP inhibition may have con-
tributed to a mechanism-related adverse outcome.

In conclusion, our study neither validates nor 
invalidates the hypothesis that raising levels of 
HDL cholesterol by the inhibition of CETP may 
be cardioprotective. Thus, the possibility that the 
inhibition of CETP may be beneficial will remain 
hypothetical until it is put to the test in a trial 
with a CETP inhibitor that does not share the 
off-target pharmacologic effects of torcetrapib.
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Appendix
Committee members of the ILLUMINATE trial are as follows: Steering Committee — P.J. Barter, Heart Research Institute, Sydney 
(chair); M. Caulfield, the Royal London School of Medicine, London; M. Eriksson, Karolinska University Hospital, Huddinge, Stock-
holm; S. Grundy, University of Texas Southwestern Medical Center, Dallas; J. Kastelein, Academic Medical Center, Amsterdam; M. 
Komajda, University Pierre et Marie Curie, Paris; J. Lopez-Sendon, Hospital Universitario La Paz, Madrid; L. Mosca, Columbia Univer-
sity, New York; J.-C. Tardif, Montreal Heart Institute, Montreal; D. Waters, San Francisco General Hospital, San Francisco. Clinical 
Outcome Adjudication Committee — B. O’Neil, Queen Elizabeth II Health Sciences Centre, Halifax, NS, Canada (chair); C. O’Connor, 
Duke University Medical Center, Durham, NC; U. Sechtem, Robert Bosch Krankenhaus, Stuttgart, Germany; J.-M. LaBlanche, Hôpital 
Cardiologique, Lille, France; F. Welty, Beth Israel Deaconess Medical Center, Boston; J.D. Easton, Brown University, Providence, RI; 
M.M. Brown, University College, London; I.E. Silverman, the Stroke Center at Hartford Hospital, Hartford, CT.
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