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BACKGROUND & RATIONALEBACKGROUND & RATIONALE

• The clinical use of antiretroviral regimens containing various combinations of NRTIs, NNRTIs, and PIs has 
become the accepted approach to therapy for HIV infection, especially for patients with previous antiretroviral 
therapy.  This has led to the design of more potent antiretroviral compounds, requiring clinical studies of new 3-
and 4-drug combinations, and the evolution of “salvage regimens” for PI-experienced patients. 

• Earlier Adult AIDS Clinical Trials Group (ACTG) trials utilized a study design to address the issue of 
virologic failure in patients previously treated with a PI-containing regimen by comparing multiple arms with 
different combinations.  This approach utilized antiviral regimens that included dual NRTIs, dual PIs (one of 
which was APV) and EFV (an NNRTI).  While these combinations were logical with respect to viral genotypes 
expected in the patients with virologic failure, there were limited pharmacokinetic data available to guide the 
dosing selection of APV in combination with EFV and a second PI (IDV, SQVsgq, NFV, or RTV). This 
comparing potent regimens is often combined with a substudy approach to obtaining pharmacokinetic data during 
multiple drug administration. 

• Due to the complex nature of these interactions (hepatic induction versus inhibition) and the desire to 
understand mechanisms underlying these drug interactions, an alternative study design was developed for A5043 
to enroll a population of HIV seronegative individuals in whom 3-way drug interactions could be examined. 

• A trial of similar design to A5043, but in HIV-infected subjects, has been conducted by the intramural program 
at NIH.  In this study of a small group of patients with HIV-1 infection, two dosage regimens of RTV were 
examined in combination with APV, EFV, and NRTIs.  A5043 was designed to complement the intramural study, 
and obtain additional data on IDV- and SQV-containing regimens and their dosage requirements as well as with 
RTV 100 mg q12h and NFV 1250 mg q12h combined with APV and EFV. 

• The rationale for conducting A5043 in HIV-seronegative volunteer subjects is that stepwise introduction of a 
second PI to the combination of APV plus EFV can be accomplished.  This would be more difficult in HIV-
infected individuals and would put them at risk for the development of HIV drug resistance.  In addition, the use 
of a control arm for the combination of APV plus EFV will enhance the interpretation of the PK data obtained; 
this two-drug regimen would not be used in HIV-infected subjects. 

ABSTRACTABSTRACT

Background: : Drug interaction studies of HIV-1 protease inhibitors (PIs) and nonnucleoside reverse 
transcriptase inhibitors (NNRTIs) are often based on predictions from pre-clinical cytochrome P450 isoform 
metabolism data. ACTG protocol 5043 was conducted to examine the two-way pharmacokinetic interaction 
between amprenavir and efavirenz, and the three-way interactions among amprenavir, efavirenz and a second PI 
[nelfinavir (NFV), indinavir (IDV), ritonavir (RTV) or saquinavir (SQV)] based on anticipated mixed inductive 
and inhibitory effects. 
Methods: Healthy subjects (n=85) were enrolled of which 59 completed three pharmacokinetic study days. An 
intensive PK study was conducted after a single dose of APV (Day 0). Subjects then received only EFV 600 mg 
q24h x 10 days, then restarted APV with EFV for days 11-13 with a PK study on day 14. A second PI (NFV 1250 
mg q12h, IDV 1200 mg q12h, RTV 100 mg q12h or SQVsgc 1600 mg q12h) was added to APV and EFV on day 
15 with a repeat PK on day 21. A control group continued APV and EFV without a second PI.  APV AUCs were 
compared, within-subject, between days 21 (with EFV and second PI) and 14 (with EFV only) using the
Wilcoxon signed rank test.  Ninety-percent confidence intervals (CI) around the geometric mean ratios (GMR 
Day 21:Day 14) were calculated.
Results: In the five arms, APV AUCs were 38% to 55% lower (median percent change in AUC) with the 
addition of EFV (Day 14 compared to Day 0, all p-values < 0.05). In the groups receiving NFV, IDV and RTV, 
APV AUCs with EFV+PI were significantly higher than those with EFV alone.  90% CIs around GMR were:  3.7 
to 5.2 for NFV (p=0.0001), 3.0 to 5.1 for IDV (p=0.0001) and 8.3 to 19.3 for RTV (p=0.0020).  The addition of 
SQV resulted in modest increase in APV AUC (GMR 1.1 to 1.5, p=0.0273). AUCs in the control group did not 
differ significantly from day 14 to 21. 
Conclusions: These observations indicate that EFV induction lowers APV AUC. The addition of NFV, IDV or 
RTV countered this induction and increased APV AUCs significantly after one week of triple drug 
administration. The addition of SQV resulted in a modestly increased AUC. Interestingly, NFV and IDV 
increased the APV AUC in the presence of EFV in a manner not predicted from prior isoform and two-way 
clinical interaction studies. Additional EFV PK analyses are underway.
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EXCLUSION CRITERIA

� Age > 18 but < 65 years 
� Within 20 percent (+/-) of ideal body weight and weighs at least 50 kg 
� HIV-1 seronegative 
� The following laboratory parameters: WBC > 4000 and < 1.5 times the upper limit of normal (ULN), ANC > 

1500 cells/mm3 and < 1.5 ULN, HGB > 11.7 and < 16 g/dL for women and > 12.7 and < 18 g/dL for men, 
platelets > 100,000 and < 450,000 mm3.  

� Fasting total cholesterol and triglyceride, blood urea nitrogen (BUN), creatinine, albumin, and serum amylase 
WNL, Fasting total cholesterol and triglycerides < 200 mg/dL, BUN <1.25 x ULN, Creatinine < ULN or 
Creatinine clearance > 80 mL/min, albumin within the normal limits for the testing laboratory, Amylase <ULN; if 
elevated, lipase < ULN or a pancreatic amylase < ULN, Liver function tests:  total bilirubin, AST (SGOT), ALT 
(SGPT), and alkaline phosphatase WNL. LFTs must be <1.25 x ULN.  

� Ability and willingness to give informed consent. 

� Women of reproductive potential 
� Ongoing cardiovascular, renal, hematologic, neurologic, gastrointestinal, pulmonary, psychiatric, endocrine, or 

immunologic disease including, but not limited to, hypertension, coronary artery disease, diabetes, asthma, 
hyperlipidemia, pancreatitis, and blood-clotting disorders requiring anticoagulation 

� Chronic, ongoing gastrointestinal condition that might interfere with drug absorption, Any other medical 
condition which, in the option of the investigator, would interfere with the subject's ability to participate in this 
protocol.  

� Receipt of PIs, NNRTIs, or investigational agents within 60 days prior to study entry 
� Receipt of acute therapy for an infection or other medical illness within 14 days prior to study entry. 

INCLUSION CRITERIA

ENDPOINTS

Primary Endpoints
The AUCs of APV and EFV are the primary PK endpoints.  Other PK parameters may be examined such as Cmax
and Cmin.

Rash Monitoring
Adverse reactions were monitored with a severity of Grade 1 or above, as defined by the DAIDS Toxicity Tables, 
which cannot be directly attributed to another cause besides study treatment after consultations involving the 
protocol team.  For each regimen within each treatment arm, the number of Grade > 1 rashes and the number of 
Grade > 2 reactions of other kinds was counted, as well as the proportion of subjects evidencing such reactions.

Metabolic Testing
Pre-dose fasting metabolic evaluations will be made at all three PK visits, and fasting metabolic evaluations will be 
made at the final safety visit. The metabolic measures are glucose, insulin, C-peptide, triglycerides, total 
cholesterol, and HDL-cholesterol.  At all three PK visits, glucose and insulin will also be measured 2 hours after 
ingestion of study drug and the protocol-specified breakfast.

SAMPLE SIZE AND ACCRUAL

Sample size calculations were based on a two-sided paired t-test, with the type I error rate set to 5 percent and the 
power set to 80 percent. A sample size of 12 per arm was calculated using the minimum detectable percent difference 
in AUC (e.g., percent change in APV AUC  without versus with co-administration of a second PI) for, for various 
within-subject coefficients of variation (CV) in AUC.

METHODS

Design:
• An open-label, pharmacokinetic (PK) trial of orally 
administered amprenavir (APV) alone, followed by APV 
plus efavirenz (EFV), which were then continued with or 
without the administration of a second protease inhibitor 
(PI). 
• The second PI was nelfinavir (NFV), indinavir (IDV), 
ritonavir soft gelatin capsules (RTV), or saquinavir soft 
gelatin capsules (SQVsgc). 
• PK studies were done at three time points: after the 
single dose of APV (first dose), after reaching steady-
state for both EFV and APV, and after reaching steady-
state for the three-drug (APV + EFV + second PI) 
regimen. 

Sample Size: 
Approximately 90 subjects were targeted to be 
enrolled in order to obtain 70 evaluable subjects.  
Subjects were randomized at 14 per arm. 
Population:
Healthy HIV-1 seronegative subjects > 18 and < 65 
years of age who met the eligibility criteria.
Regimen:
Subjects received their randomized study drug 
assignment (Arms A through E) at the first PK visit.

Arm Dose and Regimen 
A APV 600 mg q12h + EFV 600 mg q24h 
B APV 600 mg q12h + EFV 600 mg q24h + NFV 1250 mg q12h 
C APV 600 mg q12h + EFV 600 mg q24h + IDV 1200 mg q12h 
D APV 600 mg q12h + EFV 600 mg q24h + RTV 100 mg q12h 
E APV 600 mg q12h + EFV 600 mg q24h + SQV(sgc) 1600 mg q12h 

OBJECTIVESOBJECTIVES

Primary:
To compare the PK of APV when taken under six conditions:  (1) alone,  (2) with EFV, (3) with EFV plus NFV, 
(4) with EFV plus IDV, (5) with EFV plus RTV, and (6) with EFV plus SQV(sgc).

To compare the PK of EFV when taken under five conditions:  (1) with APV, (2) with APV plus NFV, (3) with 
APV plus IDV, (4) with APV plus RTV, and (5) with APV plus SQV(sgc).

Secondary:
To examine the safety and tolerance of APV combined with EFV before and after the addition of a second PI 
(NFV, IDV, RTV, or SQVsgc.)

To examine the effects of APV combined with EFV and the effects of APV combined with EFV plus a second PI 
(NFV, IDV, RTV, or SQVsgc) on blood glucose and lipid measurements.

To estimate the PK parameters of NFV, IDV, RTV, and SQVsgc when co-administered with EFV and APV.

RESULTSRESULTS

Table 3.  Amprenavir GMR of AUCs for Day 14 and Day 21 

Treatment Arm Median percent change
Day 14 to Day 21 

90% CI1  
around the GMR2 

(Day 21/14) 

Wilcoxon signed rank 
p-value 

A  (no 2nd PI) -21.99 ( 0.64 to 0.94 ) 0.0371 * 
B  (2nd PI:  NFV) 315.74 ( 3.66 to 5.18 ) 0.0001 * 
C  (2nd PI:  IDV) 293.09 ( 2.98 to 4.86 ) 0.0001 * 
D  (2nd PI:  RTV) 1,067.55 ( 8.47 to 14.56 ) 0.0020 * 
E  (2nd PI:  SQV) 19.95 ( 1.06 to 1.44 ) 0.0371 * 
1 CI = confidence interval. 
2 GMR = geometric mean ratio:  exp{mean [ loge ( APV-AUCDay21/APV-AUCDay14 ) ]}. 

PHARMACOKINETIC & STATISTICAL ANALYSIS

�• A model-independent method was used to determine PK using standard noncompartmental techniques 
(WinNonlin®) based on individual subject concentration-time profiles.  

�• Statistical analysis of APV AUCs employed repeated-measures ANOVA.  The differences between the day 14 
and day 21 AUCs on each arm were of primary interest.  The robustness of conclusions to distributional assumptions 
were evaluated using the nonparametric Wilcoxon signed rank test.  Statistical analysis of EFV used the paired t-test 
to compare the second and third PKs EFV AUCs (without versus with second PI); its robustness was evaluated using 
the Wilcoxon nonparametric analogue.

Table 1. Enrollment and Demographics 

Treatment Arm 
 

All arms 
combined 

A:   
APV+EFV 

B:   
APV+EFV+NFV 

C:   
APV+EFV+IDV 

D:   
APV+EFV+RTV 

E:   
APV+EFV+SQV 

Median 29 30 30 29 29 25 

18 to 29 32 (54%) 5 (45%) 7 (50%) 9 (64%) 5 (50%) 6 (60%) 

30 to 39 14 (24%) 2 (18%) 6 (43%) 2 (14%) 2 (20%) 2 (20%) 

40 to 49 12 (20%) 3 (27%) 1 (7%) 3 (21%) 3 (30%) 2 (20%) 

Age at Baseline 
(yrs) 

? 50 1 (2%) 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Male 56 (95%) 10 (91%) 13 (93%) 14 (100%) 9 (90%) 10 (100%) 

Gender 

Female 3 (5%) 1 (9%) 1 (7%) 0 (0%) 1 (10%) 0 (0%) 

White  
Non-Hispanic 42 (71%) 9 (82%) 11 (79%) 8 (57%) 7 (70%) 7 (70%) 

Black  
Non-Hispanic 14 (24%) 2 (18%) 3 (21%) 4 (29%) 3 (30%) 2 (20%) 

Hispanic 
(Regardless of 

Race) 
1 (2%) 0 (0%) 0 (0%) 1 (7%) 0 (0%) 0 (0%) 

Race/Ethnicity 

Asian, Pacific 
Islander 2 (3%) 0 (0%) 0 (0%) 1 (7%) 0 (0%) 1 (10%) 

IV Drug Use at 
Baseline Never 59 (100%) 11 (100%) 14 (100%) 14 (100%) 10 (100%) 10 (100%) 

 
Table 2. Toxicity and Rash Occurrence 

 Treatment Arm 
 Total 

n = 59 
APV+EFV 

n = 11 
APV+EFV+NFV

n = 14 
APV+EFV+IDV

n = 14 
APV+EFV+RTV

n = 10 
APV+EFV+SQV

n = 10 
Chemistry (Grade 2+)  
Yes 1   (2%)   0 (0%)  0 (0%)  0 (0%)  1 (10%)  0 (0%)   
No 58   (98%)  11 (100%) 14 (100%)  14 (100%)  9 (90%)  10 (100%)   

 

Hematology (Grade 2+) 
No 59   (100%) 11 (100%) 14 (100%)  14 (100%)  10 (100%)  10 (100%)   

 

Signs/Symptoms-excluding rash(Grade 2+) 
 Yes 6   (10%)  0 (0%)  2 (14%)  1 (7%)  2 (20%)  1 (10%)   
 No  53   (90%)  11 (100%) 12 (86%)  13 (93%)  8 (80%)  9 (90%)   

 

Rash (Grade 1+) 
 Yes 2   (3%)   0 (0%)  0 (0%)  2 (14%)  0 (0%)  0 (0%)   
 No  57   (97%)  11 (100%) 14 (100%)  12 (86%)  10 (100%)  10 (100%)   

Schedule 
First PK Visit (day 0) 

Days 1-7 Subjects took EFV 600 mg q24h at bedtime 

Days 8-10 Subjects continued EFV 600 mg q24h, but switched to morning 
dosing until the end of the study 

Days 11-13 Subjects added APV 600 mg q12h to the EFV 600 mg q24h 
Second PK Visit 3 or more days after taking the APV + EFV regimen 
Third PK Visit 7 or more days after beginning the second PI 

Figure 2.  Efavirenz Pharmacokinetics

SUMMARY

CONCLUSIONS
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• Rash did not seem to be as much of a problem in this seronegative volunteer pharmacokinetics study as in some 
prior seronegative studies.

• Amprenavir clearance was increased during the 10-day period of combined efavirenz administration.
• The impact of adding a second PI had variable effects on amprenavir disposition

• Nelfinavir increased Amprenavir AUC
• Ritonavir increased Amprenavir AUC
• Indinavir increased Amprenavir AUC
• Saquinavir had minimal effect on Amprenavir AUC 

• The addition of a second PI had minimal effect on EFV disposition.
• Metabolic tests, EFV and 2nd PI pharmacokinetic analysis and toxicity analysis are ongoing.

• Conducting seronegative pharmacokinetic studies provides the opportunities to examine three-way drug   
interactions that would be difficult to examine HIV-infected patients.

• The addition of nelfinavir and indinavir to an amprenavir and efavirenz-containing regimen increased 
amprenavir AUCs and could be considered as alternatives to ritonavir in patients with ritonavir 
intolerance.

• The positive effect of adding nelfinavir, and the minimal effect of saquinavir, suggest that the mechanisms of 
these three-way interactions are complex and likely include contributions from both efflux 
transporter and biotransformation. 

The participation of the study volunteers is appreciated to help answer the clinical research questions in A5043.

The research staff at the following Adult ACTG units participated in A5043:
AIDS Clinical Trials Units: Indiana University, Johns Hopkins University, Ohio State University, Stanford 
University, University of Colorado, University of Rochester, University of Washington, Vanderbilt University, 
Washington University 

Adult ACTG Pharmacology Support Laboratory- University at Buffalo School of Pharmacy and Pharmaceutical Sciences 
faculty and laboratory staff

ACTG Operation Center: Barbara Brizz, Clinical Trials Specialist

Statistical Data Analysis Center: Yoninah Segal, M.S.

Data Management Center: Ann Walawander, M.A., Jeffrey L. Giardini, B.S.

DAIDS: Elaine Ferguson, M.S., R.Ph.

Pharmaceutical Company Representatives: Pascal J. de Caprariis, M.D.(Roche), Alfred J. Saah, M.D., M.P.H. (Merck), 
Mark Becker, Pharm.D.(Agouron), Mary Wire, Ph.D., Mark Shelton, Pharm.D.(GlaxoSmithKline), Kelly Morrissey, 
R.N., M.S.N, (DuPont).

Ratios of EFV AUCs with APV & 2nd PI/with APV only (Days 21/14), GMRs with 90% CIs

A B C D E

ARM

Fig 1.  Amprenavir Pharmacokinetics: Median (25-75 Interquartile Range) - Day 14 vs 21
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