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BACKGROUND: Exploratory analyses of previous randomized trials 
generated a hypothesis that the clinical response to cholesteryl ester transfer 
protein (CETP) inhibitor therapy differs by ADCY9 genotype, prompting the 
ongoing dal-GenE trial in individuals with a particular genetic profile. The 
randomized placebo-controlled REVEAL trial (Randomized Evaluation of the 
Effects of Anacetrapib through Lipid-Modification) demonstrated the clinical 
efficacy of the CETP inhibitor anacetrapib among patients with preexisting 
atherosclerotic vascular disease. In the present study, we examined the impact 
of ADCY9 genotype on response to anacetrapib in the REVEAL trial.

METHODS: Individuals with stable atherosclerotic vascular disease who were 
treated with intensive atorvastatin therapy received either anacetrapib 100 mg 
daily or matching placebo. Cox proportional hazards models, adjusted for the 
first 5 principal components of ancestry, were used to estimate the effects of 
allocation to anacetrapib on major vascular events (a composite of coronary 
death, myocardial infarction, coronary revascularization, or presumed ischemic 
stroke) and the interaction with ADCY9 rs1967309 genotype.

RESULTS: Among 19 210 genotyped individuals of European ancestry, 2504 
(13.0%) had a first major vascular event during 4 years median follow-up: 
1216 (12.6%) among anacetrapib-allocated participants and 1288 (13.4%) 
among placebo-allocated participants. Proportional reductions in the risk 
of major vascular events with anacetrapib did not differ significantly by 
ADCY9 genotype: hazard ratio (HR) = 0.92 (95% CI, 0.81–1.05) for GG; HR 
= 0.94 (95% CI, 0.84–1.06) for AG; and HR = 0.93 (95% CI, 0.76–1.13) 
for AA genotype carriers, respectively; genotypic P for interaction = 0.96. 
Furthermore, there were no associations between ADCY9 genotype and the 
proportional reductions in the separate components of major vascular events 
or meaningful differences in lipid response to anacetrapib.

CONCLUSIONS: The REVEAL trial is the single largest study to date 
evaluating the ADCY9 pharmacogenetic interaction. It provides no support 
for the hypothesis that ADCY9 genotype is materially relevant to the clinical 
effects of the CETP inhibitor anacetrapib. The ongoing dal-GenE study will 
provide direct evidence as to whether there is any specific pharmacogenetic 
interaction with dalcetrapib.
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Recently, the randomized placebo-controlled RE-
VEAL trial (Randomized Evaluation of the Effects of 
Anacetrapib through Lipid-Modification) showed 

that a median 4 years of treatment with the choles-
teryl ester transfer protein (CETP) inhibitor anacetrapib 
significantly reduced the incidence of cardiovascular 
outcomes among 30 449 patients with preexisting ath-
erosclerotic vascular disease who were receiving effec-
tive low-density lipoprotein (LDL)–lowering atorvastatin 
therapy.1 By contrast, smaller randomized controlled tri-
als of other CETP inhibitor agents (i.e., torcetrapib, dal-
cetrapib, and evacetrapib) that did not continue for as 
long were not able to demonstrate overall beneficial ef-
fects on major cardiovascular events.2–4 However, it has 
been suggested that the ADCY9 genotype may identify 
individuals who would benefit particularly from CETP 
inhibitor therapy.5,6 In retrospective analyses of the dal-
OUTCOMES trial, which involved 787 major cardiovas-
cular events, there appeared to be a pharmacogenetic 
interaction, with a 39% proportional risk reduction in 
events in individuals assigned dalcetrapib who were 
homozygous for the rs1967309 A allele but with little 
apparent benefit among heterozygotes and a 27% 
increase in risk in those who were homozygous for  
the G allele. These observations, along with supporting  

evidence on carotid intima-media thickness, C-reactive 
protein, and cholesterol efflux suggesting a CETP-relat-
ed mechanism linked to inflammation,5,6 prompted the 
initiation of the ongoing dal-GenE trial among individu-
als with evidence of recent acute coronary syndrome 
who are homozygous for the rs1967309 A allele.7 Fol-
lowing publication of a nonsignificant (albeit consis-
tent) trend in clinical risk reductions with evacetrapib 
across rs1967309 genotypes (despite being driven by 
differences in the event rates between genotypes in the 
placebo arm) in a nested-case control pharmacogenetic 
study involving 1427 cardiovascular events in the AC-
CELERATE trial (Assessment of Clinical Effects of Cho-
lesteryl Ester Transfer Protein Inhibition With Evacetra-
pib in Patients at a High Risk for Vascular Outcomes),8 
the size of the dal-GenE study was increased from 5000 
to 6000 randomized individuals, and it is currently an-
ticipated to complete in late 2020.

The present pharmacogenetic study involving about 
2500 major vascular events among more than 19 000 
participants in the REVEAL trial includes a greater num-
ber of events than the 2 previous studies combined. 
Consequently, it provides a well-powered test of the hy-
pothesis that ADCY9 influences the effects of the CETP 
inhibitor anacetrapib on major cardiovascular outcomes.

METHODS
Proposals for data access will be considered by the REVEAL 
Steering Committee in accordance with the trial protocol. 
The procedures for accessing the data are available at https://
www.ndph.ox.ac.uk/data-access.

The REVEAL Trial
REVEAL was a randomized, double-blind, placebo-controlled 
trial of the CETP inhibitor anacetrapib, details of which have 
been reported previously.1,9 In summary, 30 449 men and 
women older than 50 years of age were recruited between 
2011 and 2013 in Europe, North America, and China. 
Individuals were eligible if they had a history of myocardial 
infarction, cerebrovascular atherosclerotic disease, peripheral 
artery disease, or diabetes mellitus with symptomatic coro-
nary heart disease. Individuals with an acute coronary event 
or stroke less than 3 months before randomization or with a 
planned coronary revascularization were excluded. After an 8 
to 12-week prerandomization run-in phase with study ator-
vastatin alone, eligible patients were randomized to receive 
the addition of anacetrapib 100 mg once daily or matching 
placebo for a median duration of about 4 years. The pre-
specified primary outcome of the main trial was first major 
coronary event (a composite of coronary death, myocardial 
infarction, or coronary revascularization), with additional 
secondary outcomes including first major vascular event (a 
composite of major coronary event and presumed ischemic 
stroke). Adjudication was complete for 99.9% of primary and 
secondary outcomes. The trial was approved by all relevant 
institutional review boards and regulatory authorities, and 
participants provided written informed consent.

Clinical Perspective

What Is New?
•	 Exploratory analyses of previous randomized trials 

generated a hypothesis that clinical response to 
cholesteryl ester transfer protein (CETP) inhibitor 
therapy differs by ADCY9 genotype.

•	 The REVEAL trial (Randomized Evaluation of the 
Effects of Anacetrapib through Lipid-Modification) 
is the single largest study to date evaluating the 
ADCY9 pharmacogenetic interaction and has 
provided robust evidence that ADCY9 genotype 
does not affect response to the CETP inhibitor 
anacetrapib.

What Are the Clinical Implications?
•	 The REVEAL trial indicated that the CETP inhibi-

tor anacetrapib reduced the risk of major vascular 
events to the extent expected from the reduction in 
non–high-density lipoprotein cholesterol that was 
produced.

•	 The present analyses do not support the hypoth-
esis that the effects of anacetrapib are materially 
altered by ADCY9 genotype, although an effect 
that is specific to another CETP inhibitor cannot be 
ruled out.

•	 The ongoing dal-GenE trial includes patients on the 
basis of a specific ADCY9 genotype and will directly 
assess its relevance to dalcetrapib.
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Genotyping Assays
All randomized participants with appropriate consent from 
Europe and North America were included in the genetic sub-
study (permission to genotype participants recruited in China 
is not currently available). DNA was extracted from stored 
buffy coat or plasma-depleted blood at the UK Biocentre in 
the United Kingdom, and genotyping was undertaken by 
Thermo Fisher (Santa Clara, CA) using the Axiom Precision 
Medicine Research Array, which included direct measurement 
of the ADCY9 rs1967309 variant. After exclusion of poor-
quality DNA samples, genotyping was successful in 20 265 
of the 20 395 participants in whom DNA was available. 
Subsequently, 19 951 individuals passed bioinformatic qual-
ity control and relatedness exclusions. To avoid the potential 
biases that can result from population stratification, the pri-
mary analyses were conducted among the 19 245 participants 
of European ancestry (based on concordant genetically deter-
mined and self-reported information). The genotype call rate 
for the ADCY9 variant of interest (rs1967309) was 99.8%, 
which corresponds to directly measured genotype data for 
this variant being available in 19 210 participants.

Statistical Analyses
Primary analyses in this REVEAL pharmacogenetic study are 
for major vascular events (which includes stroke) for greater 
comparability with previous studies that examined the poten-
tial ADCY9 pharmacogenetic interaction.6,8 Intention-to-treat 
analyses were undertaken using Cox proportional hazards 
models to test for interactions between ADCY9 genotype 
and the effects of anacetrapib on first major vascular event 
(and its components). Hazard ratios (HRs) were estimated 
from models with main effects for randomized group and for 
genotype (coded 0, 1, and 2, corresponding to the A allele 
count) and adjusted for the first 5 principal components of 
ancestry, with an interaction term between randomized 
group and genotype. Treatment-by-genotype interaction P 
values were obtained from 1 and 2 df likelihood ratio tests 
for additive (Padd, per A allele) and genotypic (Pgeno, compar-
ing AA versus AG versus GG) effects, respectively. The results 
from the previous hypothesis-testing trials were combined 
in an inverse-variance weighted fixed effects meta-analysis. 
Lipid and blood pressure differences between the random-
ized treatment groups were assessed at the trial midpoint, 
stratified by ADCY9 genotype. Treatment-by-genotype inter-
action P values for the effects on lipids and blood pressure 
were obtained from 1 and 2 df likelihood ratio tests for addi-
tive and genotypic effects, respectively, based on modeling 
measurements at the trial midpoint adjusted for the first 5 
principal components of ancestry and the comparable mea-
surement at the randomization visit. All analyses were per-
formed using SAS version 9.3 and R version 3.0.1.

RESULTS
Baseline Characteristics
The frequency of the rs1967309 A allele was 39.8% over-
all (40.1% in the placebo group and 39.4% in the anace-
trapib group), which is consistent with previous studies,6,8 

and it did not deviate from Hardy–Weinberg equilibrium 
(p=0.93). Baseline characteristics in the genetic study did 
not differ materially from those in the whole trial (with 
the exception of race).1 Of the participants with ADCY9 
data, 86.0% were male, 86.6% had stable coronary 
heart disease (exclusion criteria included acute coronary 
event, stroke less than 3 months before randomization, 
or planned coronary revascularization), and 32.7% were 
diabetic. At randomization, LDL cholesterol levels were 
well controlled (1.6 mmol/L), with 51.0% of participants 
receiving atorvastatin 80 mg daily, while the remainder 
received 20 mg daily. These participant characteristics did 
not differ materially by ADCY9 genotype (Table 1).

Association of ADCY9 Genotype With 
Major Vascular Events in Placebo-
Allocated Participants
The association of ADCY9 with incident major vascular 
events (ie, after randomization) was assessed in 9577 
placebo-allocated participants. No significant associa-
tion with ADCY9 genotype was observed with either 
major vascular events (N=1288; Padd=0.85, Pgeno=0.90; 
Table in the online-only Data Supplement) or major  

Table 1.  Baseline Characteristics of Randomized Participants, by 
ADCY9 Genotype

Characteristic

rs1967309 Genotype

GG AG AA

Participants

 ������� Total no. 6974 9196 3040

 ������� Male 6027 (86.4) 7896 (85.9) 2599 (85.5)

 ������� Age, y 67.6 (8.2) 67.7 (8.2) 67.8 (8.2)

 ������� Body mass index, kg/m2 29.6 (5.4) 29.6 (5.1) 29.5 (5.1)

 ������� Systolic blood pressure, 
mm Hg

130.6 (17.9) 130.4 (18.0) 130.2 (17.9)

 ������� Diastolic blood pressure, 
mm Hg

77.8 (10.7) 77.7 (10.7) 77.3 (10.8)

Prior disease

 ������� Coronary heart disease 6064 (87.0) 7950 (86.5) 2618 (86.1)

 ������� Stroke 1268 (18.2) 1716 (18.7) 577 (19.0)

 ������� Diabetes mellitus 2258 (32.4) 2986 (32.5) 1033 (34.0)

 ������� Heart failure 343 (4.9) 484 (5.3) 154 (5.1)

Study statin at baseline

 ������� Atorvastatin 80 mg 3517 (50.4) 4726 (51.4) 1554 (51.1)

Baseline lipids, mmol/L

 ������� LDL cholesterol 1.6 (0.4) 1.6 (0.4) 1.6 (0.4)

 ������� Non-HDL cholesterol 2.4 (0.5) 2.4 (0.5) 2.4 (0.5)

 ������� HDL cholesterol 1.1 (0.3) 1.1 (0.3) 1.1 (0.3)

 ������� Triglycerides 1.6 (0.9) 1.5 (0.8) 1.5 (0.8)

Categorical variables are shown as n (%), and continuous variables are 
shown as means (SD). HDL indicates high-density lipoprotein; and LDL, low-
density lipoprotein.
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coronary events (N=1093; Padd=0.93, Pgeno=0.69), irre-
spective of the modeling approach.

Effects of Anacetrapib on High-Density 
Lipoprotein and Non–High-Density 
Lipoprotein Cholesterol, by ADCY9 
Genotype
Differences in non–high-density lipoprotein (HDL) choles-
terol and HDL cholesterol between randomized groups 
were examined in strata defined by ADCY9 genotype. 
The overall reduction in non-HDL cholesterol at the study 
midpoint was 0.45 mmol/L (18.1%), with a slightly larg-
er absolute reduction in AA carriers than in others (Ta-
ble 2). The interaction between anacetrapib and ADCY9 
genotype on non-HDL cholesterol was marginally signifi-
cant after adjustment for principal components of an-
cestry alone (interaction Padd=0.03) but was attenuated 
after further adjustment for non-HDL cholesterol levels 
at randomization (interaction Padd=0.30, interaction Pge-

no=0.34). Overall, there was a 1.12 mmol/L (100.4%) in-
crease in HDL cholesterol with allocation to anacetrapib 
at the study midpoint, with no evidence of a treatment 
by ADCY9 genotype interaction before or after adjust-
ment for HDL cholesterol at randomization (Table 3).

Effects of Anacetrapib on Systolic and 
Diastolic Blood Pressure, by ADCY9 
Genotype
Given previously observed associations between CETP 
inhibitor therapy and blood pressure, differences in sys-
tolic and diastolic blood pressure between randomized 
groups at the trial midpoint were examined in strata de-
fined by ADCY9 genotype (Table in the online-only Data 
Supplement). There was a 0.75 mm Hg higher systolic 
blood pressure among participants allocated anacetra-
pib versus placebo overall but no significant interaction 
with ADCY9 genotype for either systolic or diastolic 
blood pressure.

Effects of Anacetrapib on Major Vascular 
Events, by ADCY9 Genotype
Among the genotyped individuals, 2504 (13.0%) had a 
major vascular event during the 4-year median follow-
up period: 1216 (12.6%) among anacetrapib-allocated 
participants and 1288 (13.4%) among placebo-allo-
cated participants. There was a 7% proportional re-
duction in major vascular events (HR = 0.93; 95% CI, 
0.86–1.01), consistent with the effect of anacetrapib 

Table 2.  Effects of Anacetrapib on Non-HDL Cholesterol at Trial Midpoint, by ADCY9 Genotype

rs1967309 
Genotype

Total No. of 
Participants

Non-HDL Cholesterol, mmol/L
Reduction in Non-HDL 

Cholesterol

P Value for Interaction 
(Anacetrapib×Genotype)*

Anacetrapib-
Allocated

Placebo-
Allocated

Percentage
Absolute, 
mmol/L(n=9276) (n=9230)

GG 6734 2.04 (0.01) 2.48 (0.01) 17.5 0.43  

AG 8848 2.03 (0.01) 2.47 (0.01) 18.1 0.45 P=0.30 (additive)

AA 2924 2.01 (0.01) 2.50 (0.02) 19.7 0.49 P=0.34 (genotypic)

Overall 18 506 2.03 (0.01) 2.48 (0.01) 18.1 0.45  

Unadjusted mean (SE) values are shown by randomized treatment and genotype among participants with non-HDL cholesterol measurements 
available at randomization and trial midpoint. HDL indicates high-density lipoprotein.

*P values for interaction are based on a model for non-HDL cholesterol at trial midpoint adjusted for 5 principal components of ancestry and 
non-HDL cholesterol  at randomization. P values for interaction based on a model for non-HDL cholesterol at trial midpoint adjusted for 5 principal 
components of ancestry only are P=0.03 (additive) and P=0.05 (genotypic).

Table 3.  Effects of Anacetrapib on HDL Cholesterol at Trial Midpoint, by ADCY9 Genotype

rs1967309 
Genotype

Total No. of 
Participants

HDL Cholesterol, mmol/L Increase in HDL Cholesterol

P Value for Interaction 
(Anacetrapib×Genotype)*

Anacetrapib-
Allocated

Placebo-
Allocated

Percentage
Absolute, 
mmol/L(n=9276) (n=9230)

GG 6734 2.23 (0.01) 1.11 (0.00) 100.6 1.12  

AG 8848 2.23 (0.01) 1.11 (0.00) 99.8 1.11 P=0.74 (additive)

AA 2924 2.24 (0.01) 1.11 (0.01) 101.7 1.13 P=0.24 (genotypic)

Overall 18 506 2.23 (0.01) 1.11 (0.00) 100.4 1.12  

Unadjusted mean (SE) values are shown by randomized treatment and genotype among participants with HDL cholesterol measurements 
available at randomization and trial midpoint. HDL indicates high-density lipoprotein.

*P values for interaction are based on a model for HDL cholesterol at trial midpoint adjusted for 5 principal components of ancestry and 
HDL cholesterol at randomization. P values for interaction based on a model for HDL cholesterol at trial midpoint adjusted for 5 principal 
components of ancestry only are P=0.70 (additive) and P=0.50 (genotypic).
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on major vascular events observed in the whole trial (HR 
= 0.93; 95% CI, 0.88–0.99). As illustrated in Figure 1, 
there was no evidence that the proportional reduction 
in major vascular events was associated with rs1967309 
genotype status: HR = 0.92 (95% CI, 0.81–1.05) for 
GG; HR = 0.94 (95% CI, 0.84–1.06) for AG; and HR = 
0.93 (95% CI, 0.76–1.13) for AA; interaction Padd=0.93; 
interaction Pgeno=0.96.

Analyses stratified by baseline characteristics among 
participants with or without coronary heart disease, with 
or without diabetes mellitus, receiving atorvastatin 80 
mg or 20 mg daily, and male or female did not identify 
an impact of ADCY9 genotype on the proportional re-
duction in major vascular events (all allelic and genotypic 
interaction P values of >0.05). Nor were there significant 
differences between the proportional reductions in any 
of the major vascular event components (Figure I in the 
online-only Data Supplement). Furthermore, in a sensitiv-
ity analysis including all 19 912 participants with ADCY9 
genotype data passing quality control (ie, not restricted 
to those of European ancestry), there was also no impact 
of ADCY9 genotype on the proportional risk reduction in 
major vascular events (interaction P

add=0.96, interaction 
Pgeno=0.87).

DISCUSSION
These pharmacogenetic data from the REVEAL trial 
provide results from the single largest study to date 
of the impact of ADCY9 on the effects of CETP inhibi-
tor therapy. They do not support the hypothesis that 
the effects on major vascular events of CETP inhibi-
tor therapy (at least with anacetrapib) differ among 
people with different ADCY9 genotypes. The large 
number of events on which these analyses are based 
enable us to exclude the hypothesized large differenc-
es in the proportional risk reductions between ADCY9 
genotype groups.

ADCY9 and CETP Inhibition
Adenylyl cyclase is a membrane-bound enzyme that 
catalyses the formation of cyclic AMP from ATP. The 

ADCY9 gene encodes adenylate cyclase type 9, 
which is a widely distributed adenylyl cyclase, and the 
rs1967309 variant has been associated with changes in 
ADCY9 gene expression.10 Potential mechanisms link-
ing ADCY9 and CETP inhibition remain unclear. Howev-
er, further to the observation of an apparent difference 
in the effect of dalcetrapib on cardiovascular events 
in people with different ADCY9 genotypes, some sup-
porting evidence has emerged. For example, among 
386 participants in the dal-PLAQUE-2 trial, assign-
ment to dalcetrapib for 6–12 months was associated 
with plaque regression among individuals with the AA 
genotype but not among those with other rs1967309 
genotypes.6 It has also been suggested that ADCY9 
may modulate immune cell function and inflamma-
tory responses.11,12 In dal-OUTCOMES, there was an 
overall 18% proportional increase in C-reactive protein 
between baseline and the trial end but no change in 
those with the AA genotype (P=0.02 for interaction).5 
In contrast, however, the 9% proportional increase in 
C-reactive protein observed in the ACCELERATE trial 
was not influenced by ADCY9 genotype (data on C-
reactive protein are not currently available for REVEAL). 
Experimental studies in mice have indicated that, in the 
absence of CETP activity, ADCY9 inactivation protects 
against atherosclerosis, potentially through decreased 
macrophage accumulation and proliferation in the ar-
terial wall, as well as by improving endothelial func-
tion.13 ADCY9 mediates β2-adrenoceptor signaling, 
and it has been suggested that an interaction between 
HDL/ApoA1 and ADCY9 on this signaling may be rel-
evant to the apparent pharmacogenetic interaction 
observed in dal-OUTCOMES.14

Comparison With Previous Trials  
of CETP Inhibition
REVEAL involved a considerably longer treatment pe-
riod than did dal-OUTCOMES and ACCELERATE (over 
4 years vs 2–2.5 years) and is the only study of a CETP 
inhibitor to have demonstrated beneficial effects on 
clinical outcomes (Table 4). The lipid effects of the vari-
ous CETP inhibitors differ materially: both evacetrapib 

Figure 1. Effects of anacetrapib on major vascular events, by ADCY9 genotype. 
Hazard ratios for each genotype are indicated by squares (size inversely proportional to the variance) with horizontal lines indicating 95% CIs. The hazard ratio and 
95% CIs for all participants combined is indicated by a diamond.
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and anacetrapib increase HDL cholesterol by more 
than 100% as well as reducing non-HDL cholesterol by 
~20%; by contrast, dalcetrapib increases HDL cholester-
ol by ~30% and has no effect on non-HDL cholesterol. 
In addition, the underlying study populations differed 
somewhat, with dal-OUTCOMES enrolling patients 4–
12 weeks after an acute coronary syndrome, ACCELER-
ATE enrolling patients 1–12 months after an acute cor-
onary syndrome, and REVEAL excluding patients within 
3 months of an acute coronary syndrome (as well as en-
rolling patients with cerebrovascular disease, peripheral 
arterial disease, or diabetes mellitus with symptomatic 
coronary heart disease). The number of events included 
in the REVEAL pharmacogenetic study was over 3-fold 
greater than that in dal-OUTCOMES and 75% greater 
than that in ACCELERATE.

CETP inhibition is known to lower non-HDL choles-
terol levels by decreased transfer of HDL cholesteryl 
ester into triglyceride-rich lipoproteins that are con-
verted into LDL, decreased transfer of HDL cholesteryl 
ester into LDL, and increased uptake of LDL particles 
by the hepatic LDL receptor.15 Both evacetrapib and 
anacetrapib reduce LDL cholesterol, with the effect 
of anacetrapib on clinical events in REVEAL consistent 
with that expected from the achieved change in non-

HDL cholesterol over a 4-year period. In REVEAL, there 
was no material difference in the effects of anacetrapib 
on these biochemical measures by ADCY9 genotype. 
By contrast, although dalcetrapib has little overall ef-
fect on LDL cholesterol, there was an apparent trend 
towards a slightly larger reduction in LDL cholesterol 
among those with the rs1967309 AA genotype in dal-
OUTCOMES.6

Figure 2 shows the observed effects of CETP inhibitor 
therapy on major vascular events by ADCY9 genotype 
in the original hypothesis-generating dal-OUTCOMES 
trial in which there was a 39% (95% CI, 8%–59%) 
proportional reduction with dalcetrapib in individuals 
with rs1967309 AA genotypes compared with a 27% 
(95% CI, 2%–58%) proportional increase in those 
with GG genotypes, yielding a significant interaction 
(interaction Padd=0.001, interaction Pgeno=0.006). In the 
ACCELERATE genetic study, which involves high pro-
portions of genotyped individuals with cardiovascular 
events because of its case-control design, there was a 
nonsignificant trend that is directionally consistent with 
the dal-OUTCOMES result. That trend appears to be 
driven largely by differences in the event rates in the 
placebo arm rather than by differential rates in the eva-
cetrapib arm. Moreover, when the hypothesis-testing 

Table 4.  Comparison of Characteristics Between Cholesteryl Ester Transfer Protein Inhibitor Trials Examining Clinical Response, by ADCY9 
Genotype

dal-OUTCOMES ACCELERATE REVEAL

Characteristics of the original trial

 ������� Cholesteryl ester transfer protein inhibitor Dalcetrapib Evacetrapib Anacetrapib

 ������� Pharmacological properties Noncompetitive, irreversible Selective, reversible Selective, reversible

 ������� N randomized 15 871 12 092 30 449

 ������� Inclusion criteria Acute coronary syndrome Acute coronary syndrome or 
stable cardiovascular disease

Stable cardiovascular disease

 ������� Background statin Standard care Standard care Study atorvastatin

 ������� Study duration (months) 31 26 49

 ������� Effect on non-HDL cholesterol, % ~0 ~20 ~20

 ������� Effect on HDL cholesterol, % ~30 ~130 ~100

 ������� Efficacy Neutral (stopped early for futility) Neutral (stopped early for futility) Significant benefit

Characteristics of the ADCY9 genetic substudy

 ������� Study design Time to event Nested case control Time to event

 ������� Ancestry European 87% European European

 ������� Primary outcome Coronary heart disease death, resuscitated 
cardiac arrest, nonfatal myocardial 

infarction, unstable angina with evidence 
of ischemia, atherothrombotic stroke, 

unanticipated coronary revascularization

Death from cardiovascular 
disease, myocardial 

infarction, stroke, coronary 
revascularization, hospitalization 

for unstable angina

Coronary death, nonfatal 
myocardial infarction, coronary 

revascularization presumed 
ischemic stroke

 ������� Events/N genotyped 787/5741 1427/2959 2504/19210

 ������� Effect on C-reactive protein 18% increase, no increase in AA carriers 9% increase, no effect of 
genotype

Unavailable in REVEAL (phase 2 
study: 18% increase)

 ������� Additional comments 3-fold increase in cholesterol efflux in AA 
carriers

 Long terminal plasma half-life, 
accumulates in adipose

ACCELERATE indicates Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition With Evacetrapib in Patients at a High Risk for Vascular 
Outcomes; HDL, high-density lipoprotein; LDL, low-density lipoprotein; and REVEAL, Randomized Evaluation of the Effects of Anacetrapib through Lipid-Modification.
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ACCELERATE and REVEAL trials are combined, ADCY9 
genotype is not associated with significant differences 
in the proportional reductions in major vascular events 
(interaction Padd=0.32, interaction Pgeno=0.56). Given 
the ADCY9-dependent effects of dalcetrapib on C-
reactive protein and efflux capacity that have not cur-
rently been observed with the other CETP inhibitors, it 
is still possible that the relevance of ADCY9 genotypes 
to vascular risk reduction may be specific to dalcetrapib.

Conclusions
Results from the REVEAL trial do not provide support 
for the hypothesis that ADCY9 genotype is materially 
relevant to the effects of anacetrapib on major vascular 
events. The dal-GenE trial, which completed recruit-
ment in late 2018 and has an estimated completion 
date of late 2020, will provide a specific test of the ef-
fects of dalcetrapib among people with the rs1967309 
AA genotype.7
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