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Efavirenz (EFV) is a Significant Inducer of Simvastatin (SIM) and Atorvastatin (ATR)
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Background: The use of antiretroviral drugs is associated with increases in serum lipid levels often requiring
lipid-lowering therapy to reduce the risk of cardiovascular complications. EFV is one of the most
commonly used and effective drugs for the treatment of HIV infection. EFV use is associated with
hyperlipidemia either when used in combination with protease inhibitors or nucleoside reverse transcriptase
inhibitors. EFV is a mixed inducer/inhibitor of CYP3A4; SIM and ATR, two widely used and potent
HMG-CoA reductase inhibitors, are primarily metabolized via CYP3A4. Thus for the safe and effective use
of SIM or ATR with EFV, it is important to establish how concomitant EFV affects the metabolism of
these two drugs.

Methods: ACTG A5108 examined the effect of 600 mg/day EFV on the plasma pharmacokinetics (PK) of 40
mg/day SIM and 10 mg/day ATR, two of the most popular and effective statins used for lipid-lowering
therapy. Twenty-eight HIV-seronegative healthy subjects participated in the SIM and ATR arms of this
study. The protocol compared the PK of SIM and ATR alone and following administration of 14 days of
EFV. The non-steady state effects of SIM and ATR on EFV plasma PK were examined as well.

Results: EFV was very well tolerated in these subjects with very few dropouts or significant toxicities
reported. EFV reduced SIM acid exposure (AUC 0-24hrs) by 58% from 36.5 to 14.5 ng*h/mL (medians,
Wilcoxon signed rank, p = 0.003; 90% CI of geometric mean ratio [GMR] 0.32-0.61). In addition, the
AUC, », s of the active HMG-CoA reductase inhibitory activity was reduced by 60% (medians, p =
0.0001, 90% CI of GMR 0.32-0.48). EFV reduced ATR exposure by 43% from 11.2 to 6.6 ng*h/mL
(medians, p = 0.0002; 90% CI of GMR 0.50-0.66). In addition, the total active ATR exposure (AUC 54 s
was reduced by 34.5% (medians, p = 0.0052, 90% CI of GMR 0.59-0.79), because EFV induces the
metabolism of ATR active metabolites as well. Neither SIM nor ATR affected the non-steady state EFV/
concentrations.

Conclusions: These data suggest that EFV, when used with SIM or ATR therapeutically, can result in
significant induction of their metabolism. The reduced inhibition of HMG-CoA reductase activity during
co-administration of EFV may result in diminished antilipid efficacy at the usual doses of SIM and ATR.
Some patients taking EFV may require titration to higher SIM and ATR doses to achieve target lipid goals,

but this should only be attempted with increased monitoring for toxicity.

INTRODUCTIO

OTHER ASSESSMENTS

1. Adherence measures using questionnaires and pill counts

2. Throughout the study, history and physical exam were conducted and blood chemistries and hematology
were monitored; all grades of toxicities were recorded

CRITERIA FOR TREATMENT DISCONTINUATION

1. Drug-related toxicity (any grade 2 or above)

2. Requirement and use of prohibited concomitant medication

3. Non-adherence to study medications and visits

4. Pregnancy

5. Request of the subject to withdraw

6. Request by primary care provider or study coordinator that the study is not in the best interest of the
subject

STATISTICAL CONSIDERATIONS AND ANALYSIS
A priori sample size calculation was based on a within-subject coefficient of variation of simvastatin and
atorvastatin AUC of 37% (based on data obtained from BMS). A sample size of 12 would allow
detection of a decrease in statin AUC of 38% or an increase of 60%. The accrual target was 14 in each arm
to ensure that at least 12 subjects had evaluable data.
Atorvastatin and metabolites plasma concentrations were determined at Advion BioSciences, Inc. (Ithaca,
New York) using a validated LC/MS/MS technique with deuterated internal standards and LLQ of 0.1
ng/mL. Simvastatin and acid metabolite plasma concentrations were measured at Merck & Co using
LC/MS/MS with LLQ of 0.05 ng/mL. In addition plasma HMG-CoA reductase activity inhibition was
measured using EIA since not all active metabolites are captured by the LC/MS/MS assay. LLQ for active
and total inhibitors was 2.0 ng-eq/mL. EFV plasma concentration were determined at the U. of Alabama,
Birmingham Pharmacology Support Laboratory using a validated HPLC separation with UV detection and
LLQ of 50 ng/mL. Individual subject concentration-time profiles were analyzed using standard
noncompartmental techniques to calculate AUC and Cmax. AUCs before and after EFV intervention and
the differences were compared using a Wilcoxon Signed Rank test.

RESU

A total of 14 evaluable subjects were included in each arm of this study. The demographics were similar for the arms in
that the median age was 38 years for the SIM arm and 32 for the ATR arm. By far the majority of subjects were male
(86%, 93%, respectively). Also 57% of the subjects in each group were White, Non-Hispanic. In general the study drugs
were well tolerated. The overall adherence to the medications was measured to be excellent with the majority
demonstrating 100% adherence. Only one subject in the ATR arm developed grade 2 CPK elevation and no subject in the
SIM arm had drug-induced CPK elevation requiring protocol-defined drop-out. One subject in the SIM arm dropped out
because of grade 2 sleeplessness and diarrhea. The vast majority of subjects continued with both the statins and EFV
without any significant toxicity. There were two drop-outs unrelated to drug therapy.

The effect of EFV on the PK of SIM and ATR is shown in the table and the two figures. EFV was a potent inducer of SIM
metabolism in that the overall decrease in plasma exposure of either simvastatin acid or total active HMG-CoA reductase
inhibition was ~60%. The effect on ATR was slightly less in that the decrease for total active ATR (ATR + 2 active
metabolites) was 34.5%. All these changes were statistically significant. We also evaluated the non-steady state change in
EFV exposure by the statins and did not demonstrate any change. However EFV has a long plasma half-life and 3 days of a
statin may not have been long enough to demonstrate a significant PK change of EFV by statins if the effect was minor.

The use of PIs and NNRT s is associated with increased serum LDL-cholesterol (LDL-C), sometimes to
levels mandating therapy for elevated serum LDL-C (1-3). The increase can sometimes be high enough to
mandate therapy for elevated serum cholesterol. HMG-CoA reductase inhibitors (statins) are effective first-
line therapy for elevations in LDL-C. Statins are lipophilic drugs that require hepatic metabolism to more
water-soluble metabolites for eventual elimination. Simvastatin and atorvastatin utilize CYP3A4 for
oxidative metabolism. Consequently there is considerable potential for drug-drug interaction with Pls
(inhibit CYP3A4) and NNRTIs (induce CYP3A4). We have previously shown that RTV/SQV greatly
inhibits the metabolism of simvastatin and moderately inhibits that of atorvastatin (4). EFV is a mixed
inducer/inhibitor of CYP3A4. In the PDR EFV is listed as contraindicated with astemizole, cisapride,
midazolam, and ergots because of potential inhibition of metabolism via CYP3AA4. In order to use
simvastatin and atorvastatin safely with EFV, knowledge of the extent of drug-drug interaction is critical
before concomitant use of these drugs can be recommended.

Simvastatin is a lactone prodrug which is converted by enzymatic (esterase) or chemical hydrolysis to the
active HMG-CoA reductase inhibitor simvastatin acid. Both simvastatin and simvastatin acid undergo
oxidative metabolism predominantly by CYP3A4 resulting in inactive lactone metabolites and their
corresponding open acid forms, some of which are also active. These downstream active metabolites are
also partially dependent on CYP3A4 for clearance. Simvastatin undergoes extensive first-pass metabolism
in the intestine and liver and its oral bioavailability is low. Inhibitors of CYP3A4 can increase simvastatin
acid levels and their co-administration with simvastatin has been associated with an increased risk of
muscle toxicity (5,6). Atorvastatin is mainly metabolized by CYP3A4 with the generation of 2-OH and 4-
OH metabolites which are equally active as the unchanged atorvastatin, as well as to inactive metabolites
(7). Therefore, in order to establish the safe use of these statins with EFV/, we evaluated the short-term
effects of EFV on the metabolism of simvastatin and atorvastatin in HIV-seronegative volunteers.

MATERI AND METHODS

ACTG A5108 was a follow-up study to ACTG A5047 (4). In A5108 the primary objectives were to
examine the effect of EFV on the PK of pravastatin, atorvastatin, and simvastatin and the effect of NFV on
the PK of pravastatin. A secondary objective was to examine the effect of the statins on the non-steady state
PK of EFV. The data presented here address the effect of EFV on the PK of simvastatin and atorvastatin.
We have previously presented the effect of EFV and NFV on the PK of pravastatin (9). We studied healthy
HIV-seronegative volunteers to avoid potential confounders from other co-morbidities and drugs used in
the management of HIV disease. All subjects took both EFV and statins in the evening (see PK schema).
Subject inclusion:
1. Absence of HIV-1 infection by ELISA within 21 days of entry
2. Normal blood hematology and chemistry values
3. Fasting serum triglycerides less than 400 mg/dL
4. CPK less than or equal to 4 x ULN
5. Age between 18-60 years
6. Ability and willingness to give written informed consent
7. Subject is within 30% of ideal body weight
8. All subjects of reproductive potential agreed not to participate in a conception process
(Female subjects of reproductive potential were not included in the EFV arms of the study)
Subject exclusion:
1. History of any active medical illness
2. Pregnancy
3. Use of any prescription or OTC drugs except for ASA, acetaminophen, diphenhydramine, multivitamins,
hormonal replacements
4. Active alcohol and illicit drug use

PK schema for EFV — simvastatin and EFV — atorvastatin interaction

Efavirenz 600 mg q.h.s.

- ——

statin EFV

PK consisted of blood draws at times 0, 0.5, 1, 2,3, 4, 6, 8, 12, 24 hours after drug administration

Table 1: AUC 5 Of statins at baseline (day 3) and after EFV (day 18) [AUC for simvastatin acid, atorvastatin, and total atorvastatin is expressed as ng*himL while for
active HMG-CoA reductase inhibition was as ng-eq*himL ]
Mean (z SD} Median (range) Median % change 90% C1 mean ratio

Simvastatin acid - day 3 35(222) 365 (49,68.2) -58 (032,061)
Simvastatin acid - day 18 179 (193) 145 (21,767)

p=00031*
Active HMG-CoA reductase inhib-day 3 157 (86.3) 1369 (525,3889)  -602 (032,048)
Active HMG-CoA reductase inhib-day 18 65.6 (54.6) 457 (24,228.8)

p=00001*
Atorvastatin — day 3 159 (15.1) 11.2(69,663) 427 (050,0.66)
Atorvastatin - day 18 85(4.9) 66(37,213)

p=00002%
Total active atorvastatin - day 3 364(253) 281(178,1168) -5 (059,079)
Total active atorvastatin  day 18 236 (106) 214(129,47.0)

p=00052*
* = statistical comparison of the AUC on day 3 to day 18 was performed using Wilcoxon signed rank est,

Figure 1: The effect of EFV on the pharmacokinetics of simvastatin
acid (top) and active HMGCoA reductase inhibitor in plasma (bottom)
The data are the median values in the two periods. These changes are
significant (p<0.005 for both)

Figure 2: The effect of EFV on the pharmacokinetics of atorvastatin (top) and total
atorvastatin [ATR + 2 active metabolites] (bottom). The data are the median values in the two
periods. The changes are significant (p < 0.05 for both)

clinical trials.

EFV is one of the most effective drugs in the treatment of HIV infection and is the most commonly used in clinical settings. EFV use has been associated with elevation in LDL-C, which may result in the need for statin therapy.

Our study in HIV-seronegative volunteers investigated the PK interaction between EFV and both simvastatin and atorvastatin. Our data demonstrated that EFV is a very potent inducer of simvastatin metabolism and a less potent
inducer of atorvastatin metabolism. These data suggest the EFV in vivo is not an inhibitor of CYP3A4 but a potent inducer as the effect on simvastatin would indicate. The induction of metabolism of statins by EFV is similar in
magnitude to the effect of EFV on the PK of HIV-PIs. Although the effect of EFV on simvastatin PK is not as great as described for rifampin (8), it is of sufficient magnitude to consider whether the antilipid activity may be
compromised to the point that higher doses should be considered if the cholesterol-lowering response is not adequate with the usual doses. However further evaluation is necessary to determine the proper dosage to achieve the
desired antilipid activity without added toxicity. The same concern can also be for atorvastatin although the overall induction of drug metabolism was approximately half of what was observed with simvastatin. One of the
interesting aspects of this study in healthy seronegative volunteers is the excellent tolerability of EFV despite being administered for 10 days. The overall conclusion of this study is that both simvastatin and atorvastatin
metabolism is induced by EFV, similar to what we previously described for pravastatin (9), and this induction of metabolism may result in suboptimal response to statin therapy. However, this needs to be scrutinized in other

CONCLUSIO

of simvastatin acid and active HMG-CoA reductase inhibitors (Figure 1)
+ active metabolites) by 34.5 % (Figure 2)
under non-steady state conditions

there were very few drop-outs for protocol-defined toxicities

any dose escalation will require increased monitoring for toxicity and efficacy

« EFV induces the metabolism of simvastatin as demonstrated by the ~60 % reduction in plasma exposure
« EFV induces the metabolism of atorvastatin by 43% as well as the total active atorvastatin (atorvastatin | |2
< Neither simvastatin nor atorvastatin appear to affect the plasma PK of EFV, although this was evaluated
« EFV, simvastatin, and atorvastatin were very well tolerated in these healthy seronegative volunteers and

 The induction of statin metabolism by EFV may affect the overall antilipid response during therapy but
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