
A Randomized Clinical Trial Evaluating Therapeutic Drug
Monitoring (TDM) for Protease Inhibitor–Based Regimens in
Antiretroviral-Experienced HIV-Infected Individuals: Week 48
Results of the A5146 Study

Mary Albrecht1, A. Lisa Mukherjee2, Camlin Tierney2, Gene D. Morse3, Carrie Dykes4, Karin
L. Klingman5, and Lisa M. Demeter4

1Division of Infectious Diseases, Beth Israel Deaconess Medical Center, Boston, Massachusetts,
USA
2Harvard School of Public Health, Boston, Massachusetts, USA
3Department of Pharmacy Practice, SUNY at Buffalo, Buffalo, New York, USA
4Infectious Diseases Division, University of Rochester School of Medicine and Dentistry,
Rochester, New York, USA
5Division of AIDS, National Institutes of Health, Bethesda, Maryland, USA

Abstract
Background—We devised an open-label, randomized trial to evaluate whether therapeutic drug
monitoring (TDM) of protease inhibitors (PIs) and dose escalation based upon a normalized
inhibitory quotient (NIQ), which integrates PI trough concentration and drug resistance, could
improve virologic outcome in PI-experienced patients with treatment failure. Secondary analyses
through 48 weeks are presented.

Methods—Eligible HIV-infected subjects with a screening viral load of ≥1000 copies/mL
initiated a new PI-based regimen at entry and had NIQ performed at week 2. Subjects with an NIQ
≤1 were randomized at week 4 to a standard-of-care (SOC) arm or TDM arm featuring PI dose
escalation.

Results—One hundred and eighty-three subjects were randomized. There was no significant
treatment difference in change from randomization to week 48 in HIV-1 RNA [P = .13, median
(25th, 75th percentile log10 copies/mL change): −0.03 (−0.74, 0.62) with TDM and 0.11 (−2.3,
0.82) with SOC]. In subgroup analysis, patients with ≥0.69 active PIs benefited from TDM
compared to those with <0.69 active PIs (P = .05).

Conclusions—While the TDM strategy of PI dose escalation did not improve virologic
response at week 48 overall, in subgroup analysis, TDM favorably impacted virologic outcome in
subjects taking PI-based regimens with moderate antiviral activity.
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The optimal management of antiretroviral-experienced patients experiencing virologic
failure1–4 remains complex despite the advent of novel classes5–7 of antiretroviral agents
with enhanced potency against drug-resistant viral isolates. Protease inhibitor (PI)–based
therapy1,2,8–10 remains a critical component of antiretroviral therapy when alternative
regimens are devised in the setting of virologic failure.

While therapeutic drug monitoring (TDM) has been utilized in HIV-infected individuals to
guide individualized dosing of PI and non-nucleoside reverse transcriptase inhibitor
(NNRTI) agents to confer improved adherence and virologic outcome,11–13 to identify
potential antiretroviral drug-drug interactions,14 and to limit selected drug toxicities,15 the
role of TDM in the setting of treatment failure to improve virologic efficacy has not been
uniformly established.

The application of TDM based upon inhibitory quotient (IQ) defined as plasma trough
concentration divided by 50% inhibitor concentration (IC50) for selected PI agents
previously demonstrated an association between plasma trough concentrations achieved and
virologic outcome in several retrospective studies.16–29

We conducted a randomized, multicenter trial to determine whether PI dose escalation
incorporating a normalized inhibitory quotient (NIQ) as a component of a TDM strategy
could enhance virologic efficacy and confer improved therapeutic outcome in antiretroviral-
experienced patients. The primary week 24 study results were previously published.30 The
week 48 secondary analysis results of the study are presented in this report.

METHODS
Participants

Eligible subjects were HIV-infected adults experiencing virologic failure within 90 days of
study entry while on at least one PI-based regimen with plasma HIV-1 RNA level of ≥1000
copies/mL and a virtual phenotype resistance test demonstrating resistance to at least one
drug on the failing regimen. Subjects initiated a new PI-containing regimen at study entry.
Participants were recruited from 45 AIDS Clinical Trials Units in the United States and
Puerto Rico. The study was approved by the institutional review boards at the participating
sites, and all subjects provided written informed consent.

Normalized Inhibitory Quotient
Optimal PI drug concentrations were calculated by determining an NIQ for each PI in the
subject’s antiretroviral regimen that was initiated at study entry. NIQ was defined as
IQsubject divided by IQreference in which IQsubject was computed as subject’s PI trough
concentration divided by fold change in IC50 of subject’s viral isolate; and IQreference was
calculated as reference population trough PI drug concentration divided by fold-change IC50
of the resistance threshold to that PI. The reference IQs for the specific PIs used were
derived from patient populations evaluated in prior studies18,19,31–33 and incorporated the
ratio of patient trough concentrations to the fold change in IC50 of their virus isolate that was
correlated with virologic success for that given PI.34 An NIQ ≤1 indicated that the subject’s
IQ was below the threshold associated with virologic suppression for that given PI. The
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study identified subjects with NIQ ≤1 as having low likelihood of virologic response who
potentially could benefit from PI dose escalation.

Study Design
The study featured 3 steps (Figure 1). At study entry (Step 1), subjects initiated a new PI-
containing regimen that was selected based upon virtual phenotype obtained at screening. At
week 2, a PI trough concentration was obtained and an NIQ was calculated and used to
determine eligibility for randomization at week 4 after study entry.

At Step 2 entry (week 4), subjects with NIQ ≤1 were randomized to the standard of care
(SOC) arm or the TDM arm. Randomization was performed using permuted blocks and was
stratified by use of a new antiretroviral class of drugs versus none at study entry. Subjects
randomized to the TDM arm received PI dose escalation recommendations from the study
team based upon protocol-specified doses, and dose escalations were to be implemented
within 72 hours of randomization. Subjects randomized to the SOC arm did not undergo PI
dose escalation and remained on the same PI dose regimen initiated at study entry. PI trough
concentrations were measured at 2 and 6 weeks after Step 2 entry (randomization) in both
study arms; only subjects in the TDM arm received NIQ results based upon real-time PI
trough concentrations and were eligible to undertake a second PI dose escalation at week 8 if
their NIQ was ≤1. Subjects with NIQ >1 were assigned to the observational (OBS) arm that
was capped at 50.

The study protocol stipulated the following criteria for study follow-up discontinuation after
Step 2 entry: malignancy requiring systemic chemotherapy, requirement for prohibited
medications, inability by subject to adhere to study requirements, request by the subject to
withdraw, request by the provider to withdraw the subject, the subject reaches a defined
study endpoint, or pregnancy.

The primary endpoint of the study was change in log10 HIV-1 RNA 20 weeks after
randomization at Step 2 (week 24 after study entry). The secondary endpoint was change in
log10 HIV-1 RNA 44 weeks after randomization (week 48 after study entry).

Antiretroviral Regimens
All US Food and Drug Administration (FDA)–approved antiretroviral drugs available
during enrollment (June 2002 to May 2006) were allowed. The PI-based regimens were
selected by the subject’s primary care provider and were based upon the virtual phenotype
resistance test obtained at screening.

Subjects initiated protocol-specified doses of PIs in combination with low-dose ritonavir for
pharmacokinetic enhancement. Dual-PI regimens were allowed provided that there were no
known adverse pharmacokinetic interactions between the PIs.

Prespecified PI dosing escalation algorithms were devised for each PI-based regimen.34

Implementation of PI dose escalation was not allowed if nonadherence or dose-related
toxicity was identified.

Study Evaluations
Clinical assessments and laboratory tests were performed at screening; study entry; week 2;
Step 2 entry (randomization) at week 4; and at weeks 2, 6, 12, 16, 20, 28, 36, and 44 weeks
following randomization. Timed plasma PI trough concentrations were obtained 2 weeks
after study entry and at 2 and 6 weeks post randomization in Step 2.30
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Monitoring
The Division of AIDS Data and Safety Monitoring Board reviewed the study’s efficacy and
safety results annually on 3 occasions without modification to the study. The O’Brien-
Fleming stopping rule with Lan and DeMets spending function was used to evaluate interim
efficacy primary endpoint results.35 No early stopping boundary was reached for the
duration of the study.

Signs and symptoms and laboratory values were graded according to the Division of AIDS
grading scale.36 Protocol-specified criteria were formulated to guide treatment interruption
and/ or delayed PI dose escalation in response to selected toxicities.

Outcomes
The primary comparison evaluating the difference between TDM and SOC in the
distribution of change in log10 plasma HIV-1 RNA level from randomization (week 4) to
week 24 was previously published.30

Secondary analyses evaluated virologic and safety outcomes that included change in log10
HIV-1 RNA level from randomization to week 48 after study entry (44 weeks post
randomization at Step 2); time to virologic failure, defined as a confirmed HIV-1 RNA level
≥1000 copies/ mL at or after week 24 (week 20 after step 2 randomization); and the
combined endpoint of time to first grade 3 or 4 sign/symptom or laboratory abnormality.

Statistical Analysis
Analyses were intent-to-treat unless otherwise specified. The analysis evaluating change in
plasma HIV-1 RNA level required censoring data methods and the primary comparison
approach specified a Gehan-Wilcoxon test. If no viral load result was available at either
week 4 or week 48, the subject was excluded from the analysis. If both values were below
the assay quantification limit (<50 copies/mL), the change in viral load was defined to be
zero and subjects were deemed to be virologic successes and included in the analysis.

Sensitivity analyses for this endpoint included (a) nonparametric approach where premature
study discontinuations that resulted in missing viral load data were ranked as the worst
HIV-1 RNA outcome in both arms, and (b) last observation carried forward for missing
HIV-1 RNA data. Censored regression models were used to explore the associations of
baseline characteristics with the week 48 change in HIV-1 RNA and the possible interaction
with TDM effect. For categorical variables, univariate censored regression model testing the
TDM effect was conducted. For continuous variables, such as the number of active PIs at
baseline, subjects were classified into 2 categories using the sample median.

Time to event distributions were summarized using Kaplan-Meier (KM) curves and the log-
rank test was used to compare the event time distributions. In evaluating time from Step 2
randomization to study discontinuation, subjects who prematurely discontinued study
follow-up were considered an event at their last study evaluation date. Subjects who
completed the study at 37 or more weeks of follow-up after Step 2 randomization/entry were
censored at their last study visit. In determining time from randomization at Step 2 entry to
first permanent discontinuation of a PI in the initial regimen, subjects who prematurely
discontinued a PI for reasons other than completion of study/step were considered events at
the time of treatment modification.

Wilcoxon rank sum tests and Kruskal-Wallis tests were used to compare continuous
endpoints.
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RESULTS
Baseline Characteristics

The baseline characteristics for 411 subjects enrolled at study entry (Step 1) have been
previously reported.30 Table 1 presents the baseline characteristics for the 233 subjects who
registered to Step 2 and were either randomized to the SOC or TDM arms or assigned to the
OBS arm. The baseline characteristics in the 2 randomized arms were well balanced.

PI-Based Regimens
There were 13 different PI regimens used in the study (Table 1). All regimens were ritonavir
(RTV)-boosted with the exception of nelfinavir. The PI combination regimens were
comparable between the SOC and TDM arms with saquinavir+ fosam-prenavir (18%),
saquinavir + lopinavir/ritonavir (17%), fosamprenavir (14%), and lopinavir/ritonavir (12%)
being the most frequently used regimens.

PI Dose Escalations in the TDM Arm
Sixty-two of 85 patients (73%) in the intent-to treat group undertook all the recommended
PI dose escalations stipulated at Step 2 entry (week 4) and at week 8 for NIQ ≤1. Eight of 23
patients did not comply with PI dose escalations because of protocol-mandated toxicity
management. The remaining 15 deviations with no PI dose adjustment in the TDM arm
occurred due to site error and patient or physician preference. No SOC patient underwent PI
dose escalation.

Study Follow-up Disposition and PI Treatment Discontinuation
Sixteen (17%) subjects in the TDM arm prematurely discontinued the study prior to
completing 37 weeks of follow-up post randomization at Step 2 compared to 7 (8%) subjects
in the SOC arm. More subjects in the TDM arm discontinued the study for reasons of severe
debilitation compared to the SOC arm (3 vs 0) and withdrawal of consent (4 vs 1). There
was a total of 6 deaths in Step 2 with 2 deaths each in the randomized (SOC, n = 2; TDM, n
= 2) and observational (OBS, n = 2) arms. Four subjects in the SOC (n = 2) and TDM (n =
2) arms discontinued the study in Step 2 for inability to adhere to study requirements. The
time to premature study discontinuation (Figure 2A) was significantly shorter for subjects in
the TDM arm compared to those in the SOC arm (P = .05, log-rank test).

A total of 45 subjects (49%) in the TDM arm compared to 35 subjects (38%) in the SOC
arm prematurely discontinued their first PI on the initial regimen. There were 9 and 8
virologic failures reported in the SOC and TDM arms, respectively, as the reason for
permanent discontinuation of the first PI. There were more clinician requests (TDM 8; SOC
5) and unmanageable intolerance issues (TDM 2; SOC 0) in the TDM arm compared to the
SOC arm cited as reasons for discontinuation of the first PI. There was a nonsignificant
trend for a shorter time to first permanent discontinuation of the PI in the initial regimen for
subjects in the TDM arm versus those in the SOC arm (P = .07, log-rank test; Figure 2B).

HIV-1 Viral Load Response
The 2 randomized arms had comparable HIV-1 RNA level distributions at all study weeks.
At week 48, the change endpoint was designated as missing data for subjects without RNA
result available for Step 2 entry (SOC 1) or at week 48 (SOC 8; TDM 18) or missing HIV-1
RNA levels at both study Step 2 entry and week 48 (SOC 1). Among subjects with data,
there was no significant difference in the change in plasma HIV-1 RNA level from
randomization to week 48 post entry (week 44 post Step 2 randomization) between the 2
randomized arms (P = .13, Gehan-Wilcoxon test). The median (interquartile range) change
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in HIV-1 RNA level from Step 2 entry to this time point was estimated to be 0.11 (−0.23,
0.82) in the SOC arm and −0.03 (−0.74, 0.62) log10 copies/mL in the TDM arm (Figure 3).

Sensitivity analyses were conducted to further evaluate viral load response given the higher
number of premature study discontinuations in the TDM arm (n=18) versus the SOC arm
(n=8) with subsequent missing viral load data at week 48.

When worst rank (ie, the worst HIV-1 RNA outcome) was assigned for missing HIV-1 RNA
data in both arms, there was no significant difference in the change in plasma HIV-1 RNA
level from randomization to week 44 post randomization between the 2 arms (P = .86,
Gehan-Wilcoxon test).

No significant difference in the change in plasma HIV-1 RNA level from randomization to
week 44 post randomization between the 2 arms was found (P = .28, Gehan-Wilcoxon test)
when using the last observation carried forward for missing HIV-1 RNA data in both arms.

There was no apparent treatment effect modification (P = .86; results not shown) conferred
by the randomization stratification factor (whether a subject started a new antiretroviral class
of drug), which was similar to the primary analysis findings.30

Subgroup Analyses: Response to TDM
In subgroup analyses, the difference in change from Step 2 entry to week 48 in plasma
HIV-1 RNA level between the TDM and SOC arms according to the number of active PIs in
the subject’s regimen and race/ethnicity was assessed.

The treatment effect differed by the number of active PIs (P = .05). Subjects with at least
0.69 active PIs in their study regimen benefited significantly from receiving the TDM
strategy, whereas no significant difference was observed for those with fewer than 0.69
active PIs (Table 2). This finding was concordant with the primary analysis.30

No significant differential effect of TDM by race/ethnicity on viral load response at week 48
was observed (P = .63). This was in contrast to the primary endpoint subgroup analysis that
demonstrated that black and Hispanic patients appeared more likely than whites to benefit
from TDM.30 The reasons for this discordant result may relate to fewer observations being
available at week 48 in the white non-Hispanic subgroup (n = 74) compared to week 24 (n =
84).

Virologic Failure
There was a nonsignificant trend for shorter time to virologic failure for subjects randomized
to the SOC arm compared to the TDM arm (P = .08, log-rank test). There were 71 virologic
failures in the SOC arm, 56 in the TDM arm, and 18 in the OBS arm. A total of 134 subjects
(67 in SOC arm, 49 in TDM arm, and 18 in OBS arm) had confirmed virologic failures
before their first PI discontinuation date. When excluding the 11 subjects (4 in SOC arm, 7
in TDM arm) who had virologic failure after their first PI discontinuation date, there was a
significantly shorter time to virologic failure for subjects randomized to the SOC arm
compared to the TDM arm (P = .05, log-rank test).

CD4 Cell Count Responses
The median (interquartile range) change in CD4 count from Step 2 entry (week 4) to week
48 was estimated to be +4.2 (−39.5, 56.5) and + 19.4 (−48.0, +76.0) cells/mm3 in the SOC
and TDM arms, respectively. There was no significant difference between the randomized
study arms in change in CD4 cell count from randomization to week 48 (P = .65, Wilcoxon
rank-sum test).
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Safety and Adverse Events
There were comparable numbers of grade 3 or 4 sign/symptoms in the 2 randomized arms
for all categories except for neurologic events with 6 reported in the SOC arm and 1 in the
TDM arm. The total number of subjects with grade 3 and 4 signs/symptoms (n=16) and,
separately, of laboratory abnormalities (n=38) reported was the same in both randomized
arms. The most frequent grade 3 or 4 signs/symptoms reported were ache/ pain/discomfort
(SOC 6; TDM 2); fatigue/malaise (SOC 1; TDM 3); respiratory symptoms including cough
and dyspnea (SOC 2; TDM 4); and gastrointestinal symptoms including diarrhea (SOC 3;
TDM 2), nausea (SOC 0; TDM 2), and vomiting (SOC 1; TDM 3).

The most frequent laboratory abnormalities included creatine phosphokinase (CPK)
elevations (SOC 4; TDM 2); hematology abnormalities, including neutropenia (SOC 5;
TDM 7); metabolic derangements with fasting hyperglycemia (SOC 2; TDM 2); elevated
fasting cholesterol (SOC 0; TDM 5); elevated fasting low-density lipoprotein (SOC 1; TDM
5); elevated triglyceride levels (SOC 5; TDM 10); abnormal liver function tests with
elevated total bilirubin (SOC 2; TDM 3); elevated gamma-glutamyl transpeptidase (GGT)
(SOC 3; TDM 3); elevated serum glutamic pyruvic transaminase (SGPT) (SOC 2; TDM 0);
elevated serum glutamic oxaloacetic transaminase (SGOT) (SOC 4; TDM 3); and abnormal
pancreatic function with serum lipase elevation (SOC 7; TDM 7).

There was no significant difference between the 2 randomized arms (P = .68, log-rank test,
primary safety endpoint) in time to first grade 3 or 4 sign/symptom or laboratory
abnormality that was at least one grade higher than at Step 2 entry (randomization).

DISCUSSION
This interventional study was the first randomized trial that evaluated the impact of TDM
using IQ to guide PI dose escalation on virologic outcome in antiretroviral-experienced
subjects.

The study patient population was heavily treatment-experienced with extensive protease
resistance. The SOC and TDM arms had comparable distributions of the number of active PI
drugs in the antiretroviral regimens at study entry with 63% of subjects having less than one
active PI in the regimen and 24% with no active PI. Since PI trough concentrations achieved
at week 2 were generally similar in all 3 study arms, extensive protease resistance rather
than low PI trough concentrations emerged as the major determinant of low NIQs. This
study primarily addressed whether selectively increasing PI drug exposure in individuals
with NIQ ≤1 might overcome drug resistance and enhance virologic suppression.

A potential limitation of the A5146 study was not evaluating the impact of the TDM strategy
with darunavir in this extensively treated population. Darunavir was not included because it
was FDA approved immediately prior to completion of accrual.

The TDM strategy of PI dose escalation based on NIQ did not provide any improved long-
term virologic outcome at week 48. This finding paralleled that in the primary analysis
evaluating viral load change from randomization to week 24.30

The heterogeneity of the diverse number of PI-containing regimens initiated at study entry
and the different PI dose escalation algorithms stipulated for each PI regimen30,34 may have
negatively impacted the ability to detect a long-term viral load difference between the
randomized arms. In subgroup analysis, there was evidence of a differential treatment effect
by number of active PIs in the regimen. Subjects with ARV regimens containing at least
0.69 active PIs were shown to significantly benefit from TDM with an improved virologic
outcome at week 48. This finding was also observed in the week 24 primary endpoint.30 The

Albrecht et al. Page 7

HIV Clin Trials. Author manuscript; available in PMC 2012 April 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



week 48 results suggest that the TDM strategy with PI dose escalation if NIQ ≤1 could
favorably impact longer term viral load response in subjects taking combination regimens
with intermediate protease resistance compared to regimens with extensive protease
resistance.

The TDM strategy employing serial PI dose escalations was safe and generally well
tolerated. There was no significant difference in the number of adverse signs/symptoms or
laboratory abnormalities reported between the randomized arms.

The time to permanent discontinuation of scheduled clinic evaluations was significantly
shorter for subjects in the TDM arm than those in the SOC arm. The differential higher rate
of discontinuation of clinic evaluations seen in the TDM arm is not readily explained as
there were no excess deaths, increased study treatment dose-dependent toxicities following
PI dose escalation, or greater numbers of confirmed virologic failures in this arm compared
to the SOC arm. Similar numbers of patients in each arm discontinued the study because of
inability to adhere to required study procedures.

There was also a trend of shorter time to first PI discontinuation for subjects in the TDM
arm than in the SOC arm. The higher rate of premature PI discontinuations observed in the
TDM arm is not readily attributable to higher rates of virologic failure or selected dose-
dependent toxicities. Of note, the TDM arm had more frequent subject- and clinician-
initiated requests to discontinue the PI-based regimen compared to the SOC arm. There were
similar numbers of subjects in the randomized arms who discontinued the first PI for reasons
of noncompliance with study medications and/or study visits.

These week 48 secondary analysis results need to be cautiously interpreted due to the
observed differential treatment arm effect noted in time to discontinuation of study follow-
up and discontinuation of the first PI in the initial regimen.

Although there were no significant differences reported in grade 3 or 4 clinical or lab-related
toxicities between the 2 randomized arms, we were unable to determine whether PI dose
escalation in the TDM arm may have been associated with a potentially lower grade of
intolerance due to higher pill burden, increased daily ritonavir dosing for pharmacokinetic
enhancement, or increased PI daily dosing. Because as many as 62 of 85 (73%) subjects in
the TDM arm undertook all the recommended PI dose escalations,30 substantial intolerance
to the increased ritonavir and/or PI daily dosing seems unlikely to account for the higher
number of premature study treatment discontinuations seen in the TDM arm.

TDM has been used in an array of HIV settings to limit antiretroviral drug exposure within
therapeutic range and prevent specific toxicities such as efavirenz-associated
neurotoxicity15; to identify factors influencing antiretroviral drug metabolism such as weight
and ethnicity37; to delineate potential drug-drug interactions of antiretroviral agents when
used in novel combinations or with other drugs that affect metabolism of cytochrome P450
system14,38; to monitor maternal pharmacokinetics of PI and NNRTI agents in pregnancy to
assess individual plasma drug concentrations achieved during stages of gestation39; and to
individualize antiretroviral dosing of selected PI and NNRTI drugs12,13,15,40,41 to optimize
virologic efficacy in treatment-experienced patients with virologic failure.16–29

Current clinical application of TDM varies with greater use in Canada and European HIV
treatment centers and less use in the United States.2,42–46 However, most centers that
provide clinical criteria for TDM often include patients with pre-existing resistance as
demonstrated by phenotype (eg, IC50) based on the underlying premise that increasing drug
exposure in relation to the IC50 will provide improved antiviral activity.

Albrecht et al. Page 8

HIV Clin Trials. Author manuscript; available in PMC 2012 April 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The TDM strategy in A5146 utilized an NIQ that integrates both drug exposure and viral
drug resistance. The NIQ was based upon a predicted IC50 fold change from a virtual
phenotype report34 and was shown to correlate with virologic outcome in treatment-
experienced patients in retrospective studies.25,29 The A5146 study design could have
incorporated an alternative modality with the use of a genotypic inhibitory quotient (GIQ) in
which the number of resistance mutations determines the extent of drug resistance, rather
than the IC50 fold change.30,47,48 To date, it has not been established which of these
approaches in determining IQ could best validate predicting virologic outcomes.

Patients having an NIQ ≤1 indicated that the IQ was below the threshold associated with
virologic success for the given PI. An NIQ ≤1 was therefore selected on an empiric basis to
target those patients with reduced likelihood of virologic success who might selectively
benefit from PI dose escalation.30,34 Given that the subjects with NIQ >1 in the OBS arm
achieved better virologic outcomes than the 2 randomized arms, the choice of an NIQ ≤1
cutoff appears clinically justified.

The extent of drug resistance was very high in the A5146 study population; this resulted in
low NIQs that could not be overcome despite achieving increased concentrations of PIs
following serial dose escalation.

Despite the inherent limitations in conducting a randomized, interventional trial
incorporating a time-sensitive TDM strategy, the study demonstrated that in PI-experienced
subjects with virologic failure, TDM may be more beneficial if undertaken at earlier stages
of resistance when the current PI retains at least partial activity.

The current approach to virologic failure in the United States does not routinely incorporate
TDM strategies within clinical practice guidelines. This is in large measure due to the
recently expanded armamentarium featuring inherently more potent PI agents, including
darunavir,9,10 with proven efficacy in patients with extensive protease resistance; the
addition of second-generation NNRTI agents etravirine49,50 and the recently FDA-approved
rilpivirine51,52; the availability of selected agents from new antiretroviral drug classes
including the integrase inhibitor raltegravir5,53 and the CCR5 inhibitor maraviroc6,7 that can
be used in novel combinations to devise individualized regimens based upon prior
antiretroviral treatment history; and resistance testing with the goal of providing at least 3
active drugs in combination.

While the PIs featured in A5416 are no longer routinely used as the first-line agents for
virologic failure, A5146 was designed as a strategy trial in which the results may prove
clinically applicable and relevant to newer antiretroviral agents. First, dose escalations of PIs
and dual-PI regimens are feasible, can increase the NIQ, and are generally well tolerated.
Second, resistance is the primary driving force influencing TDM, rather than variations in PI
trough levels. Third, TDM may potentially benefit those patients with intermediate level of
resistance.

The concept of using TDM to maximize drug exposure in relation to virus susceptibility
remains feasible and should be applicable across the PI class, including newer intrinsically
more potent agents such as darunavir9,10 that would be selectively used in virologic failure.
The use of TDM as a global strategy for managing virologic failure in resource-limited
regions that lack ready access to newer PI agents remains a consideration.

TDM with PI dose adjustment may also serve to optimize viral load response and limit
selected toxicities in an aging HIV population that may incur higher plasma concentrations
of PIs on standard doses due to decreased clearance based upon age-related changes in the
pharmacokinetics of PI drugs.54

Albrecht et al. Page 9

HIV Clin Trials. Author manuscript; available in PMC 2012 April 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Further research is needed to identify additional patient covariates that might determine
whether implementing a TDM interventional strategy in patients experiencing virologic
failure is likely to enhance virologic response.
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Figure 1.
Study design and disposition of patients. TDM = therapeutic drug monitoring and protease
inhibitor (PI) dose escalation arm; SOC = standard of care arm; OBS = observational arm.
NIQ = normalized inhibitory quotient; ITT = intent -to-treat.
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Figure 2.
Figure 2A. Time to premature discontinuation of scheduled clinic evaluations. Kaplan-Meier
curve of time to premature study discontinuation. Solid line represents standard of care
(SOC) arm; hatched line represents therapeutic drug monitoring (TDM) arm; horizontal axis
displays week since randomization to Step 2; vertical axis displays proportion of subjects on
study.
Figure 2B. Time to first permanent discontinuation of protease inhibitor (PI) in the initial
regimen. Kaplan-Meier curve of time to permanent discontinuation of first PI. Solid line
represents standard of care (SOC) arm; hatched line represents therapeutic drug monitoring
(TDM) arm; horizontal axis displays week since randomization to Step 2; vertical axis
displays proportion of subjects on PIs.
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Figure 3.
Median change in plasma HIV-1 RNA from Step 2 randomization. Symbols represent
median log10 viral load; vertical lines represent interquartile range. Solid line represents
standard of care (SOC) arm; dotted line represents therapeutic drug monitoring (TDM) arm;
dashed line represents observational (OBS) arm; horizontal axis displays study week;
vertical axis displays median change in log10 HIV-1 RNA.
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Table 1

Baseline characteristics at Step 2 randomization

Subjects in Step 2 (n = 233)

Characteristics at Step 2 entry SOC arm (n = 91) TDM arm (n = 92) Observational arm (n = 50)

Sex

 Male 83 (91%) 81 (88 %) 43 (86%)

 Female 8 (9%) 11 (12%) 7 (14%)

Race/Ethnicity

 White non-Hispanic 44 (48%) 46 (50%) 19 (38%)

 Black non-Hispanic 24 (26%) 21 (23%) 21 (42%)

 Hispanic 21 (23%) 23 (25%) 9 (18%)

 Asian, Pacific Island 1 (1%) 2 (2%) 1 (2%)

 American Indian, Alaskan 1 (1%) 0 (0%) 0 (0%)

Median age, years 46 44 44

IV drug use

 Never 81 (89%) 75 (82%) 34 (68%)

 Current/previous 10 (11%) 17 (18%) 16 (32%)

PI regimens

 APV 4 (4.4%) 5 (5.4%) 4 (8%)

 ATV 6 (6.6%) 2 (2.2%) 0 (0%)

 Fos-APV 12 (13.2%) 13 (14.1%) 11 (22%)

 IDV 2 (2.2%) 4 (4.4%) 2 (4%)

 LPV/r 12 (13.2%) 10 (10.9%) 17 (34%)

 SQV 11 (12.1%) 8 (8.7%) 6 (12%)

 TPV 2 (2.2%) 5 (5.4%) 0 (0%)

 NFVa 1 (1.1%) 0 (0%) 0 (0%)

Dual-PI regimens

 APV+LPV/r 3 (3.3%) 1 (1.1%) 3 (6%)

 IDV+LPV/r 3 (3.3%) 4 (4.4%) 0 (0%)

 SQV+fos-APV 15 (16.5%) 18 (19.6%) 1 (2%)

 SQV+APV 5 (5.5%) 6 (6.5%) 3 (6%)

 SQV+LPV/r 15 (16.5%) 16 (17.4%) 3 (6%)

New class of ARV drugs 9 (10%) 14 (15%) 7 (14%)

Median HIV-1 RNA copies/mL 4606 3850 310

Median change in RNA from Step 1 (study entry) to 2
(randomization), log10 copies/mL

−1.0 −1.0 −2.0

Median CD4 cell count, cells/mm3 226 220 270

Change in CD4 cell count from Step 1 to Step 2, cells/mm3 +22 +9 +38

Note: Values given as n (%) unless otherwise indicated. SOC = standard of care; TDM = therapeutic drug monitoring; IV = intravenous; ARV =
antiretroviral. Protease inhibitors (PIs) used in the study included amprenavir (APV), atazanavir (ATV), fos-amprenavir (fos-APV), indinavir
(IDV), lopinavir/ritonavir (LPV/r); saquinavir (SQV), tipranavir (TPV), and nelfinavir (NFV).

a
All PI-based regimens were pharmacokinetically boosted with ritonavir except for nelfinavir.
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