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of LDL-C by the Friedewald (FR) formula ( 1 ) or by direct 
measurement of LDL-C using detergent- or antibody-based 
methods. The FR formula [total cholesterol (TC) – high-
density lipoprotein cholesterol (HDL-C) – triglycerides 
(TG) / 5] uses direct measurements of plasma or serum 
TC, HDL-C, and TG to estimate LDL-C ( 1 ). In the FR 
formula, VLDL-C is estimated by TG/5 and is based 
upon the assumption that most of the TG in fasting 
plasma is in the VLDL fraction and that there is a 5:1 
ratio of TG to cholesterol in VLDL particles in the fast-
ing state ( 2, 3 ). In clinical settings in which plasma TG 
is markedly elevated (such as fasting or postprandial 
chylomicronemia) or in which particle composition of 
VLDL is altered (such as with fasting TG > 400 mg/dl, 
and type III hyperlipidemia), the FR formula is known 
to be inaccurate. In these situations, alternative meth-
ods of monitoring LDL-C or levels of atherogenic lipids 
are recommended ( 4, 5 ), such as direct LDL-C measure-
ments by detergent or antibody or monitoring non-HDL-C 
or apolipoprotein B levels. 

 Cholesteryl ester transfer protein (CETP) mediates the 
exchange of cholesteryl esters (CE) and TG between HDL 
and apoB-containing lipoprotein particles. Anacetrapib 
(MK-0859) is an orally active, potent, and selective CETP 
inhibitor in Phase III development ( 6 ). Previous studies 
have shown that anacetrapib treatment increases HDL-C 
by up to  � 139% and decreases LDL-C by up to  � 40% 
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were selected from each of the following three baseline LDL-C 
intervals of 25  �  LDL < 60, 60  �  LDL  �  90, and > 90 mg/dl 
(as estimated by the FR formula). Study 1 also included paired 
samples from 25 additional subjects randomly selected from 
among patients with LDL-C values < 25 mg/dl as estimated by 
the FR formula at Week 24 or occurring prior to Week 24, for 
which the protocol called for discontinuation from the study. 
The second set of samples, Study 2, consisted of baseline and 
Week 24 serum samples from two groups of 110 subjects; one 
randomly selected among patients with baseline LDL-C  �  65 
mg/dl and the 2nd with baseline LDL-C >65 mg/dl. Across the 
2 studies, there were 20 patients in which there was either a 
missing baseline or on treatment LDL-C value. Since the results 
of study 1 (n = 100 subjects) and study 2 (n = 220 subjects) 
were similar to each other, data from both studies were com-
bined for a total of 280 unique patients with complete data-
sets. In the 20 cases where a patient’s serum was analyzed in 
both studies, only data from Study 2 were used. 

 Assays 
 Assays were run by Pharmaceutical Product Development 

(PPD Global Central Labs, Highland Heights, KY) for study 1 
and Pacifi c Biomarkers (Seattle, WA) for study 2. Serum samples 
were stored at clinical sites at  � 20°C or at  � 70°C for 1–5 months 
and then at a central facility at  � 70°C for 18–36 months. Subject 
sets (baseline and week 24 samples) were analyzed in the same 
test runs. 

 Lipid parameters were analyzed on a Roche Modular P auto-
mated analyzer. TC was measured by an enzymatic Trinder reac-
tion based on cholesterol esterase and oxidase. TG was measured 
by an enzymatic method with glycerol blanking to eliminate over-
estimation of TG concentrations from endogenous or exogenous 
glycerol. LDL-C was measured by four different methods:  i ) BQ 
( 15 );  ii ) the Roche direct method (RDM; Roche catalog no. 
04714423190, manufactured by Kyowa Medex, Tokyo);  iii ) the 
Genzyme direct method (GDM; Genzyme catalog no. 7120, man-
ufactured by Sekisui Medical, Tokyo); and  iv ) calculated using 
the FR formula ( 1 ). The RDM and GDM were performed accord-
ing to manufacturers’ instructions. 

 BQ was performed as follows. Unfractionated sera were centri-
fuged for 20.5 h at 25,000 rpm (without density adjustment). Af-
ter centrifugation, the tube was sliced to obtain the top and 
bottom fractions (density < 1.006 g/ml and density > 1.006 g/ml, 
respectively). The cholesterol in the top fraction (<1.006 g/ml) 
refl ected the cholesterol content of chylomicrons and VLDL, 
while the cholesterol in the bottom fraction (>1.006 g/ml) re-
fl ected primarily LDL and HDL, with minor contributions from 
IDL and Lp(a). LDL-C concentration was calculated as the cho-
lesterol level in the total density > 1.006 g/ml fraction less the 
HDL-C concentration that was measured in the supernatant 
after dextran sulfate / Mg 2+  precipitation of apo-B containing 
lipoproteins in unfractionated serum. HDL-C was also mea-
sured by Roche (Roche catalog no. 04713257190) and Gen-
zyme (Genzyme catalog no. 6121) direct methods as described 
by the manufacturers. Effi ciency of apoB precipitation   and 
subsequent recovery of apoA-I in the supernatant were unaf-
fected by treatment (data not shown). 

 The ratio of TG/C in the VLDL of each patient in study 2 was 
calculated using VLDL-C and VLDL-TG values obtained by sub-
tracting the cholesterol or TG concentration in the bottom 
(density > 1.006 g/ml) ultracentrifugal fraction from the cho-
lesterol and TG values in the unfractionated serum. 

 To calculate LDL-C by the FR formula, TC and TG were 
measured in unfractionated serum and HDL-C was measured 
by dextran sulfate / Mg 2+  precipitation as described above. 
LDL-C was calculated as TC – (HDL-C) – (TG/5). 

when calculated by the FR formula ( 7, 8 ). These effects on 
LDL-C and HDL-C were observed when anacetrapib was 
coadministered with statins for up to 1.5 years of treatment 
in the DEFINE ( d etermining the  ef fi cacy and tolerability 
of CETP  in hibition with anac e trapib) trial (clinical trials.
gov NCT00685776) ( 9, 10 ). 

 Recently, Krauss et al. reported an enrichment of TG 
and reduction of CE in VLDL, IDL, and the smallest 
LDL fraction in healthy subjects after 2 weeks of treat-
ment with anacetrapib 150 mg daily ( 11 ). In that study, 
the ratio of TG/CE in VLDL particles was increased ap-
proximately 3-fold after treatment with anacetrapib. 
This increase in the VLDL TG/CE ratio would be ex-
pected to impair the accuracy of the TG/5 estimation of 
VLDL-C used to calculate LDL-C with the FR formula. 
Furthermore, the change in TG/CE ratio may also af-
fect the sensitivity and specifi city of the detergent-based 
direct methods due to changes in lipoprotein composi-
tion. Careful evaluation of seven direct LDL-C quantita-
tion methods has demonstrated that measurement bias 
is greater when measuring LDL-C in individuals being 
treated for cardiovascular disease or who had other con-
ditions that might be expected to affect lipoprotein com-
position compared with measurement of LDL-C from 
individuals with no known diseases ( 12 ). 

 In the current study, LDL-C and HDL-C were remea-
sured by several different assay methods using stored 
frozen serum samples obtained from 280 individuals in 
a patient subset at baseline and after 24 weeks of treat-
ment with anacetrapib 100 mg daily in the DEFINE trial. 
To assess the accuracy of the LDL-C methods, the meth-
ods were compared with a modifi ed Centers for Disease 
Control and Prevention (CDC) LDL-C reference mea-
surement procedure (RMP) that involves ultracentrifu-
gation  � -quantifi cation (BQ) ( 13, 14 ). The modifi ed BQ 
procedure involves subtraction of the HDL-C (measured 
in the supernatant after dextran sulfate precipitation of 
serum) from the cholesterol measured in the ultracentrif-
ugation infranate (density > 1.006 g/ml) to obtain the 
LDL-C. We compared the results obtained with BQ with 
those obtained by three methods commonly used in clini-
cal practice. Values for HDL-C concentration using direct 
methods were also compared with those obtained after 
dextran sulfate precipitation of serum. 

 METHODS 

 Patient populations 
 Lipid measurements in the current study were performed us-

ing stored frozen serum aliquots from patients who participated 
in the DEFINE study, a randomized, double-blind, placebo-
controlled trial to assess the effi cacy and safety profi le of anace-
trapib in patients with coronary heart disease or at high risk 
for coronary heart disease ( 9, 10 ).Two sets of serum samples 
were used to perform these measurements. The fi rst set, Study 1, 
consisted of paired patient samples taken at baseline and 
Week 24. These samples were selected according to patient 
baseline LDL-C. Samples from 25 anacetrapib-treated subjects 
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methods were similar to each other. Mean LDL-C by all 
three methods (FR formula, RDM, and GDM) was lower 
than the mean LDL-C level by the BQ method with an bias 
of –12.2 ± 7.5, –10.2 ± 6.6, and –10.8 ± 8.8 mg/dl, respec-
tively ( Table 2 ). 

 Analyses of individual patient LDL-C data revealed 
evidence for a fi xed bias after treatment. Although there 
was a strong correlation at both baseline ( r  = 0.94) and 
at week 24 ( r  = 0.93) (  Fig. 1A , B )  between the FR and 
BQ methods, the FR formula generated on-treatment 
LDL-C values that were signifi cantly lower than those 
measured by BQ ( Fig. 1B, D ). Similar correlations and 
differences were obtained when LDL-C levels deter-
mined by either of the direct methods were compared 
with the values obtained by the BQ method (supple-
mentary Figs. I and II). The differences between indi-
vidual patient FR formula and BQ LDL-C values were 
also evaluated in patients with and without diabetes and 
according to on-treatment TG values above and below 
the median (supplementary Table I and Fig. III). The 
presence of diabetes or absolute TG level did not ap-
pear to alter the mean bias between the methods either 
at baseline or after treatment with anacetrapib. Addi-
tionally, as evidenced by the lack of trends displayed in 
the Bland-Altman plots, the extent of the bias appeared 

 Statistical analyses 
 The baseline and week 24 on-treatment distributions of 

LDL-C were summarized for each of the four methods; the 
resulting six pairwise comparisons between methods were per-
formed to characterize the assay bias relative to the BQ re-
ference. Additionally, the distributions of the absolute and 
percentage changes in LDL-C from baseline were summarized 
for each method. Scatterplots and Bland-Altman plots were 
generated to estimate the bias between each of the methods 
versus the BQ reference. Pearson correlation coeffi cients were 
generated to measure the degree of linear correlation between 
each of the pairwise comparison of methods. 

 RESULTS 

 The primary objective of the current study was to eval-
uate different methods for measuring the concentra-
tion of LDL-C in patients before and after treatment 
with the CETP inhibitor anacetrapib. The patient popu-
lation in the current study was a subset of the original 
812 patients randomized to 100 mg per day anacetrapib 
in the DEFINE trial. To evaluate LDL-C measurement 
methods across a wide range of LDL-C values, the pa-
tient subset was selected according to baseline plasma 
LDL-C values, as calculated by the FR formula using the 
original plasma lipid measurements performed during 
the course of the study ( 10 ). 

 The patient population subset was enriched with a 
greater percentage of patients with lower baseline LDL-C 
values (see Methods). Mean baseline plasma LDL-C (cal-
culated by the FR formula) in the patient subset was 
approximately 9% lower than the overall population 
randomized to anacetrapib (74.1 ± 21.6 versus 81.4 ± 
21.2 mg/dl;   Table 1  ).  Otherwise, the demographic profi le 
and baseline lipids of the selected patient subset were 
similar to that of the overall population in the DEFINE 
trial ( Table 1 ). 

 Stored frozen sera, rather than plasma that was used in 
the original study, was used to remeasure lipids and lipo-
proteins and compare assay methods in the current study 
because of the availability and larger volume of stored fro-
zen serum aliquots. At baseline, serum LDL-C values were 
similar for all four methods, although the mean, percen-
tiles, and range were slightly lower when LDL-C was calcu-
lated by the FR formula (  Table 2  ).  At baseline, the mean 
FR formula, RDM, and GDM LDL-C values deviated from 
the BQ reference standard by –5.2 ± 7.4,  � 2.0 ± 6.6, and 
0.3 ± 7.6 mg/dl respectively. After 24 weeks of treatment 
with 100 mg per day anacetrapib, the mean LDL-C con-
centration calculated by FR formula and the two direct 

 TABLE 1. Patient demographics 

Demographic LDL Analysis Population
DEFINE Anacetrapib 

Treatment Group

(N = 280) (N = 811)

Age (years) [mean (SD)] 62.5 ± 8.8 62.5 ± 8.7
 <65 155 (55.4) 455 (56.1)
  � 65 125 (44.6) 356 (43.9)
Gender, N (%)
 Female 61 (21.8) 182 (22.4)
 Male 219 (78.2) 629 (77.6)
Race, N (%)
 White 244 (87.1) 686 (84.6)
 Asian 15 (5.4) 54 (6.7)
 Other 13 (4.6) 49 (6.0)
 Black or African 
  American

8 (2.9) 22 (2.7)

Diabetic, N (%)
 Yes 157 (56.1) 430 (53.0)
 No 123 (43.9) 381 (47.0)
Baseline LDL-C 
 [mean (SD) mg/dl]

74.1 (21.6) 81.4 (21.2)

Baseline HDL-C 
 [mean (SD) mg/dl]

40.5 (8.3) 40.5 (9.3)

Baseline TG 
 [median (SD) mg/dl]

123.5 (57.0) 127.0 (66.5)

Baseline Total-C 
 [mean (SD) mg/dl] 

141.4(25.3) 150.4 (25.9)

 TABLE 2. Serum LDL-C measurements at baseline and after 24 weeks of treatment with anacetrapib 

Method of Analysis Baseline (n = 280) 25 Percentile 75 Percentile Week 24 (n = 280) 25 Percentile 75 Percentile Change from Baseline

 mean (SD) mg/dl  mean (SD) mg/dl  mean (SD) mg/dl  mean (SD) % 

 � -quantifi cation 76.2 (20.6) 62.0 89.5 56.3 (18.7) 42.0 65.5  � 19.9 (21.4)  � 23.4 (27.3)
Friedewald 71.0 (21.5) 55.5 85.0 44.1 (20.1) 29.0 54.5  � 26.9 (22.4)  � 35.6 (30.3)
Genzyme 76.5 (20.3) 61.0 89.5 45.5 (17.2) 33.0 54.0  � 31.0 (21.4)  � 38.3 (25.1)
Roche 74.3 (21.0) 59.0 88.5 46.1 (18.0) 33.0 55.0  � 28.2 (21.1)  � 35.7 (26.1)
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 The ratio of TG/C in VLDL was measured before and 
after treatment with anacetrapib. At baseline, the VLDL 
TG/C ratio was 4.9 ± 2.1 (n = 201), and it increased to 8.5 ± 
6.7 (n = 186) after 24 weeks of treatment with anacetrapib. 
As TG/5 is used as an estimate of VLDL-C in the FR for-
mula, the correlation and bias between TG/5 and the mea-
sured VLDL-C were also analyzed. Although there was a 
good correlation between TG/5 and VLDL-C at baseline 
and after anacetrapib treatment (  Fig. 2A , B ),  the mean bias 
between TG/5 and VLDL-C increased from 5.1 ± 7.3 mg/dl 
at baseline to 11.9 ± 7.1 mg/dl after treatment. 

 Baseline and on-treatment HDL-C were measured by 
RDM, by GDM, and in serum after dextran sulfate pre-
cipitation. Using the dextran sulfate as the reference 
measurement method, mean values for HDL-C concen-
tration at baseline and on treatment were generally sim-
ilar among the three methods, with the mean GDM having 
somewhat lower HDL-C values (  Table 3  ).  

 DISCUSSION 

 Current guidelines for the primary and secondary 
prevention of cardiovascular disease recommend spe-
cifi c LDL-C treatment goals ( 4, 5, 16 ). LDL-C estimation 
in current clinical practice has been based upon either 
the FR formula calculation of LDL-C or direct LDL-C 
measurement techniques. It is known that FR formula 
calculation of LDL-C becomes less reliable in the setting 
of hypertriglyceridemia; in this setting guidelines rec-
ommend alternative methods. The BQ reference method 

to be relatively constant across the LDL-C range ( Fig. 1C, D , 
and supplementary Figs. I and II-C, D), with a possibility 
of greater negative bias at higher TG values after treat-
ment (supplementary Fig. IV-B). 

  Fig.   1.  Analysis of correlations and corresponding individual differences between LDL-C values measured by the Friedewald formula and 
the  � -quantifi cation method at baseline (A, C) and at week 24 (B, D). In (C) and (D), the mean of these differences (bias) is shown as the 
long dashed line and the upper and lower boundaries are displayed as short dashed lines (±1.96 × SD).   

  Fig.   2.  Correlation between VLDL-C estimated by total plasma 
triglyceride and VLDL-C directly measured by ultracentrifugation 
at baseline (A) and at week 24 (B).   
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ing the FR equation remains uncertain. Nonrandom selec-
tion of the samples, the absence of assay comparison 
measurements on samples from placebo-treated subjects, 
and potential preanalytical variability [e.g., matrix differ-
ences ( 4, 17 ) and effects of long-term frozen storage ( 18 )] 
may have had an impact on the magnitude of the bias and 
calculation of the treatment effect in the current study. It is 
possible that the bias between FR and BQ might also be in-
fl uenced by the sampling procedures. In a previous 8-week 
dose-ranging study ( 7 ), the mean bias between FR and BQ 
LDL-C was  � 6 mg/dl after treatment with anacetrapib 150 
mg in combination with atorvastatin 20 mg (all assays per-
formed on fresh plasma; unpublished data). Additional 
studies are clearly needed to evaluate the bias under various 
clinical settings and sampling paradigms. 

 In summary, the current study indicates that the LDL-C 
calculated by the FR formula or measured by direct deter-
gent-based assays underestimates LDL-C after treatment 
with the CETP inhibitor anacetrapib when compared with 
LDL-C values obtained by the reference BQ method. This 
difference results in an overestimation of the percentage 
change from baseline value; however, the magnitude of 
the overestimation of the treatment effect is uncertain. 
Further studies are needed to prospectively evaluate the 
effects of anacetrapib on LDL-C using the BQ reference 
method. It is also logical to include measures of apoB and 
non-HDL-C, neither of which is subject to the degree of 
variability seen in LDL-C measurement (whether by BQ or 
other methods) and both of which have been shown to be 
more predictive of cardiovascular risk than is LDL-C ( 19, 
20 ). More importantly, the clinical impact of the effects of 
anacetrapib on multiple lipid parameters is currently be-
ing studied in REVEAL (clinical trials.gov #NCT01252953), 
a cardiovascular outcome study of 30,000 individuals with 
preexisting cardiovascular disease.  

 The authors thank Ms. Patrice H. Gibbons and Dr. Edward A. 
O’Neill (Merck Sharp & Dohme Corp.) for their assistance with 
the manuscript. 
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