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ABSTRACT
Background

Despite the efficacy of combination antiretroviral therapy (ART) and the improvement in prognosis of those living with HIV/AIDS, a
large proportion of individuals on ART does not achieve or maintain adequate virological suppression. Several tools have been proposed
to enhance ART outcomes, including therapeutic drug monitoring (TDM) of antiretrovirals (ARVs). The aim of ARV TDM is to
identify elevated (potentially toxic) or low (potentially sub-therapeutic) ARV concentrations. ARV TDM may thus optimise efficacy
and minimise toxicity of ART.

Objectives
To evaluate whether ARV TDM reduces mortality and morbidity of adult patients on ART. The primary outcome measures that have

been assessed include death (all cause); occurrence of HIV-related events (death or AIDS-defining illness) and the proportion of patients
achieving and maintaining an undetectable viral load, as defined by the authors.

Search strategy

We conducted a comprehensive search including both published and unpublished studies in all languages in MEDLINE, EMBASE and
The Cochrane Library, between January 1980 and January 2008. Databases listing conference abstracts and reference lists of articles
were searched. Additional data were sought from relevant authors; however, no additional data were provided.

Selection criteria

Only randomized controlled trials conducted subsequent to the introduction of combination ART were included in this systematic
review. Participants could be on either a protease inhibitor (PI)-based regimen or non-nucleoside reverse transcriptase (NNRTT)-based
regimen and be either ARV-naive or -experienced.

Data collection and analysis

Two reviewers independently assessed and extracted data for analysis. Meta-analysis was conducted where appropriate. Where study
outcomes could not be combined, a narrative review was performed. Outcome measures for dichotomous data were reported as a
relative risk with 95% confidence intervals. Stratified analyses were conducted by ARV regimen and treatment groups. Heterogeneity
between studies was anticipated; therefore, random effects models were chosen to generate pooled effects. Differences in the findings
were assessed by the chi square test for heterogeneity (p <0.1) that was quantified by the Higgins I? statistic.
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Main results

Identified were 1408 records, and eight trials with a total of 1181 participants were included in the review. Trials were conducted
in higher income earning countries between 2002 and 2007. Sample sizes ranged between 40 and 230. The methodological quality
of the studies was judged to be generally good, although allocation concealment was reported in only three of the eight studies. A
meta-analysis including three studies did not show any significant effect on virological suppression below 500 HIV-RNA copies/mL
at one year (RR 1.28; [0.86, 1.92] chi? = 11.55 (P = 0.003), I? = 83%). Two trials including participants predominantly treated with
unboosted PI-based regimens reported a 49% increased likelihood of achieving a HIV-RNA viral load below 500 copies/mL at 52
weeks (RR 1.49 [1.20, 1.83] chi® = 0.69 (P = 0.4), I2 = 0%). Safety outcomes were reported in four studies and were similar between
TDM and standard of care. Uptake of expert advice based on TDM results was good in two trials (>70%), but low (<35%) in the
remaining three studies that reported uptake of the recommendations.

Authors’ conclusions

Our review does not support routine use of ARV TDM in ARV-naive or -experienced patients on either boosted PI or NNRTT ART
regimens. TDM in treatment-naive participants on a PI-based ART regimen, particularly if unboosted by ritonavir, may improve
virological outcomes. Trials were underpowered with small sample sizes, short durations of follow-up and generally poor uptake of TDM
recommendations. As these trials were conducted in higher income earning countries, results may not be generalisable to resource-
limited countries where the burden of HIV is heaviest.

PLAIN LANGUAGE SUMMARY
Therapeutic drug monitoring of antiretroviral medications for people with HIV

Monitoring the levels of HIV medications (antiretrovirals) in the blood of patients can reveal if levels are too high or too low. High
levels may lead to side effects and low levels may not prevent the virus from multiplying. Prevention of virus replication is important for
the immune system to recover and to fight diseases. The results from our review show that there is not enough evidence to recommend
that the drug levels should be checked in all patients who use antiretrovirals.

BACKGROUND

Measuring success in HIV drug therapy
Antiretroviral (ARV) therapy aims to durably suppress HIV viral

replication to allow immune system recovery. The introduction
of combination antiretroviral therapy (ART) has been shown to
reduce both morbidity and mortality of individuals living with
HIV (Palella 1998, Lohse 2007). Despite the efficacy of the ARV
agents and the improvements in prognosis, however, a large pro-
portion of individuals on ART does not achieve or maintain ad-
equate virological suppression. In one large systematic review of
ARV-naive patients (3257 participants, 23 clinical trials, includ-
ing both cohort and randomised studies), a total of 47% of pa-
tients on ART were adequately virologically suppressed (viral load
<50 HIV-RNA copies/mL) at 48 weeks (Bartlett 2001). In a large
Swiss cohort, EUROSIDA (2674 patients), 66% of the treatment-
naive patients remained virologically suppressed (viral load <400

HIV-RNA copies/mL) at 30 months (Ledergerber 1999).

HIV viral load decreases in response to ARV therapy. The viral
load is quantified using a technique known as polymerase chain
reaction (PCR) testing that specifically amplifies and quantifies
HIV genetic material (RNA). As technology has improved in sen-
sitivity, so the definition of virological suppression has changed.
In the early 1990’s, achieving a viral load of <1000 or 500 HIV-
RNA copies/mL was accepted as a successful response. Current
technology is able detect concentrations as low as <20 HIV-RNA
copies/mL. Clinicians and researchers accept a viral load below
50 HIV-RNA copies/mL as appropriate virological suppression
and therefore treatment success. HIV viral loads greater than this
signify virological failure. Maximal suppression of HIV viral load
is associated with a lower risk of virological failure over time (
Raboud 1998) and hence becomes a goal of antiretroviral therapy
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and auxiliary HIV interventions.
Virological failure

There are numerous potential causes of virological failure, includ-
ing non-adherence; drug toxicity; factors related to the action of
the drugs in the body (pharmacodynamic factors) and the emer-
gence of viral resistance. Small elevations in HIV viral concentra-
tions may result in the development of resistance to ARVs, hence

the need to maintain therapeutic drug concentrations at all times
(Back 2002).

Defining therapeutic drug monitoring

Therapeutic drug monitoring (TDM) is defined as the analysis
of in vivo drug concentrations and adjusting dosage regimen on
the basis of these concentrations (Back 2002). For the majority of
medicines on the market, acceptable clinical outcomes and safety
margins are achieved without TDM. Certain agents with defined
therapeutic ranges, however, notably anticonvulsants, aminogly-
cosides, immunosuppressants and certain cardiac drugs such as
digoxin, benefit from the monitoring of concentrations to ensure

acceptable safety and efficacy (Gibbon 2005).
Characteristics of drugs for TDM

Several characteristics are necessary for a drug to be considered
an appropriate candidate for TDM (Rayner 2006). An essential
requirement is the presence of a dose-response relationship (i.e.
plasma concentrations should correlate with either drug efficacy
or toxicity). There should also be a recognised defined therapeu-
tic range. Another important requirement is that there should be
significant inter-patient variability that is unpredictable and low
intra-patient variability in plasma concentrations. Importantly, a
reliable drug assay with acceptable sensitivity and high specificity
should be available (Rayner 2006). The clinical value of TDM of
ARVs s yet to be established.

TDM of antiretrovirals

Current ARV therapy combines three or more drugs to minimise
the risk of drug resistance (Hammer 1997): a backbone of two nu-
cleoside reverse transcriptase inhibitors (NRTTs, e.g. lamivudine,
zidovudine) with the addition of either a non-nucleoside reverse
transcriptase inhibitor (NNRTI, e.g. nevirapine or efavirenz) or
a protease inhibitor (PI, e.g. lopinavir boosted with ritonavir or
indinavir). Current guidelines recommend that PIs be coupled
with a small dose of ritonavir to enhance their bioavailability. A
nucleotide reverse transcriptase inhibitor (NtRTI, e.g. tenofovir)
may be included in place of a NRTI and a fusion inhibitor may
be included as add-on therapy in ARV-experienced patients on
salvage therapy. The drug regimen may be altered according to
patient response, toxicity and the development of resistance. The
ARVs are typically administered in standard fixed doses, without
dose adjustment for factors that may affect drug concentrations
in specific individuals, such as sex, diet, genetic polymorphisms

or altered pharmacokinetics (i.e. drug absorption, distribution,
metabolism and elimination).

TDM of ARVs aims to improve ART efficacy and safety by main-
taining individual patients ARV plasma concentrations within a
therapeutic range. Many review articles suggest that ARV TDM
may be a useful tool for improving outcomes for HIV-infected in-
dividuals (Back 2001, Back 2002, Kappelhoff 2004, Molto 2004,
Boffito 2005, Back 2006a). They suggest that TDM of ARV can
potentially identify patients with sub-therapeutic, toxic or appro-
priate drug concentrations. In patients with advanced HIV dis-
ease, a retrospective analysis found an association between sub-
therapeutic drug concentrations at the commencement of ART
and poorer immunological outcomes and failure to achieve viro-
logic suppression in the first year of treatment (Alexander 2003).
ARV TDM is therefore potentially a rational tool to optimise ef-
ficacy and minimise toxicity of ARV therapy.

PIs as potential candidates for TDM
PIs and efficacy

Pl-based therapy has substantial retrospective observational evi-
dence to support the association between drug exposure and vi-
rological suppression (Back 2002, Boffito 2005). This association
is seen across a spectrum of patients, ranging from ARV-naive to
those on salvage therapy on dual-PI regimens. In patients who
have been heavily pre-treated with ARVs, who have multiple re-
sistance mutations, however, this association is less clear. In this
situation, the therapeutic range for drug concentrations is poorly

defined (Back 2006b, Boffito 2005).
PIs and roxicity

The link with PI plasma concentrations and toxicity is described
in small retrospective observational studies (Boffito 2005, Back
2002). There are conflicting results regarding the association with
drug concentrations and the long-term toxicities, such as lipodys-
trophy and hypercholesterolaemia. Well-known short-term ad-
verse effects of the PIs, such as diarrhoea and nausea, may be as-
sociated with higher peak plasma concentrations (Boffito 2005).

Boosting Pls with ritonavir

PIs may be prescribed with a small non-therapeutic dose of another
PI: ritonavir. Its function is to inhibit the metabolic breakdown
of the primary protease inhibitor, thereby increasing the bioavail-
ability and therapeutic drug concentration. Boosted drug concen-
trations have in some studies been found to exceed the necessary
therapeutic concentrations (Murphy 2001). In ritonavir-boosted
regimens, the clinical value of TDM in preventing virological fail-
ure is still to be determined (Boffito 2005).

The NNRTTIs as candidates for TDM

Two NNRTIs are most commonly recommended as part of ART in
international guidelines: nevirapine and efavirenz (WHO 2006).

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review) 3
Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Retrospective data from several cohorts propose an association
between nevirapine concentration and a rapid-onset and long-
lasting virological response to ARV therapy (Veldkamp 2001, De
Requena 2005, Van Leth 2006). Contrary to this, in the prospec-
tive 2NN study, trough concentration measurements of nevirap-
ine were poor predictors of virological failure (Van Leth 2006).
The association between elevated nevirapine concentrations and
toxicity remains conflicting, and therefore early TDM when nevi-
rapine therapy is initiated is not currently advocated (Back 2006a,
Kappelhoff 2005, De Maat 2003).

Efavirenz concentrations have data supporting a correlation with
virological outcomes. In a subgroup analysis in the 2NN study,
not having an efavirenz trough plasma concentration of less than
1.1mg/L had an 89% negative predictive value. That is, partici-
pants achieving plasma EFV concentrations above 1.1mg/L had
an 89% likelihood of not failing virologically (Van Leth 2006). In
addition, neuropsychiatric adverse effects, such as insomnia, have
been associated with supra-therapeutic efavirenz concentrations (

Hasse 2005, Back 2006a).
The NRTIs as candidates for TDM

The NRTTs are pro-drugs that require intracellular activation to
their active form. The process of measuring intracellular concen-
trations of the NRTTs is both complex and costly. Although early
small prospective studies suggested a concentration-effect relation-
ship for NRTIs (Fletcher 2000), these agents are generally not
considered amenable to TDM (Back 2002, Boffito 2005).

The potential role of TDM in the management of HIV

To date, eight randomised studies have evaluated the benefit
of monitoring drug ARV concentrations in adults (Clevenbergh
2002, Fletcher 2002, Burger 2003, Bossi 2004, Crommentuyn
2005, Torti 2005, Khoo 2006, Best 2007); however, a large study
supporting routine use of TDM is still outstanding.

International HIV management guidelines and TDM
The debate regarding the clinical utility of ARV TDM is reflected

by the conflicting recommendations of HIV management guide-
lines internationally. Western Europe and United Kingdom cen-
tres favour the use of TDM in specific clinical situations (Delfraissy
2000, Carosi 2006, BHIVA 2006, Yeni 2006). The British HIV
Association supports the use of TDM in clinical scenarios where
drug concentrations may be difficult to predict (BHIVA 20006).
These clinical situations include pregnancy, paediatric patients,
management of drug-interactions and in salvage therapy, when
TDM can be integrated with genotyping of the viral DNA to as-
sess resistance. These guidelines also support TDM in renal and
hepatic dysfunction; in cases with ARV toxicity and with new reg-
imens whose efficacy and safety are not yet well defined. Guide-
lines from the United States are supportive of ARV TDM without
providing specific recommendations (DHHS 2006). The Inter-
national AIDS Society guidelines suggest that expert clinical phar-

macology advice should be sought when using TDM, and they are
concerned about the lack of prospective studies that demonstrate
an impact on clinical outcomes of patients (IAS-USA 2006, IAS
-USA 2008). South African National guidelines do not include
use of TDM (SADOH 2004). The World Health Organisation
(WHO 20006) guidelines for adults and adolescents of resource-
limited settings do not advocate the use of TDM, particularly
in the context of poor access to immunological and virological
testing. None of the guidelines specify recommendations for the
implementation of TDM, such as appropriate time points or in-
tervals for testing. HIV management guidelines that do mention
TDM agree that large randomised controlled trials are needed to
refine the population that would most benefit from ARV TDM.

OBJECTIVES

The primary objective of this review is to evaluate whether thera-
peutic drug monitoring of ARV reduces mortality and morbidity
of adult patients on combination ART and whether it improves
virological suppression of HIV replication, as defined by the re-
spective authors. The secondary objectives evaluate the effect of
ARV therapeutic drug monitoring on change in HIV-RNA viral
loads; immunological responses in the CD4+ cell count; quality
of life and discontinuation of ART due to toxicity or virological
failure.

METHODS

Criteria for considering studies for this review

Types of studies

Randomised controlled trials were included in this review. Only
trials conducted subsequent to the introduction of combination

ART have been included.

Types of participants

HIV-infected adult patients on ART that must include either a
NNRTT or PI as part of their treatment regimen. Study popula-
tions include ARV-naive, ARV-experienced or a combination of
these.

Types of interventions

Therapeutic drug monitoring of the NNRTTs and PIs will be eval-
uated. The intervention arm may include TDM alone or TDM
plus an additional intervention (e.g. genotyping, adherence sup-
port). The control arm includes participants who have had no
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TDM or are receiving the current standard of care or an alterna-
tive intervention. There are no standard guidelines for the mon-
itoring of plasma concentrations including ideal timing of blood
sampling or number of specimens. TDM will be included when
plasma concentrations are measured at least once in a study that
is examining the clinical utility of TDM.

Types of outcome measures

Primary outcome measures include:

1. Death (all cause)

2. Occurrence of new HIV-related events (death or AIDS-defining
illness)

3. Proportion of patients achieving and maintaining an unde-
tectable viral load, as defined by the authors

Secondary outcome measures include:

1. Change in mean CD4+ cell count (mean relative change [per-
cent] or mean absolute change, compared with baseline, and stan-
dard deviation)

2. Change in HIV-RNA levels (mean relative change [percent] or
mean absolute change, compared with baseline mean, and stan-
dard deviation)

3. Quality of life indicators as reported in the studies

4. Proportion of patients discontinuing or switching ARV therapy
due to virological failure, as defined by the authors (e.g. HIV-
RNA <50 or <400 copies/ mL)

Safety outcomes

1. Proportion of patients discontinuing or switching ARV therapy
due to ARV toxicity

2. Any adverse events, as defined by the authors.

Search methods for identification of studies

See: Cochrane HIV/AIDS Group methods used in reviews.

A comprehensive, reproducible search strategy was developed to
minimise bias and to ensure all relevant studies are found. Studies
were sought regardless of language and publication status (pub-
lished, unpublished, in press or in progress). The search included
publications between January 1980 and January 2008.

The following electronic journal databases were searched for rele-
vant trials:

1. Cochrane Central Register of Controlled Trials (CENTRAL)
2. Cochrane Database of Systematic Reviews

3. EMBASE

4, PubMed

5. Meta Register of Controlled Trials

The following electronic conference databases were searched:
AIDSearch - this platform covers abstracts from a number of rel-
evant international conferences including:

a. Conferences on Retroviruses and Opportunistic Infections

b. International AIDS Conference

Hand searches of the reference lists of all the relevant reviews and
studies found were undertaken. Investigators of identified trials
and other experts were contacted to identify any additional studies
that were not yet identified. The WHO International Clinical
Trials Registry Platform was searched for possible identification of
ongoing trials not yet in the public domain.

The search strategy for randomised controlled trials of TDM of
NNRTTs and PIs used standardised approaches, which will be re-
peated for future updates. The search strategy included the follow-
ing relevant terms for therapeutic drug monitoring: Therapeutic
drug monitoring; concentration-controlled; drug concentration
monitoring; drug monitoring.

Data collection and analysis

Data extraction

The literature search was conducted with the assistance of the Tri-
als Search Coordinator of the Cochrane HIV/AIDS Group, South
African Cochrane Centre. All study abstracts yielded by the search
were reviewed independently by two reviewers (TK, JSW) for in-
clusion in the analysis. We used the specifically designed eligibil-
ity form (Appendix 1). For those studies meeting the inclusion
criteria detailed above, full reports were obtained. Any disagree-
ment regarding study eligibility was resolved by discussion with
the HIV/AIDS mentor (NS) or third reviewer (KC).

The included studies were then assessed in detail by two reviewers
(TK, JSW). The reviewers were not blinded to the names of the
trial investigators, their institutions and journals of publication.
A data abstraction form was developed (TK) and piloted (TK,
JSW), improvements were made prior to further data extraction.
Data was abstracted independently by these two reviewers using
the standardised pre-tested data abstraction form (Appendix 7).
The data abstraction forms included the following details:

o Administrative details: Trial identification number;
author(s); published or unpublished; year of publication;
number of studies included in paper; year in which study was
conducted; details of other relevant papers cited.

e Details of the study: study design; type, duration and
completeness of follow-up; country and location of study (e.g.
higher income vs. lower income country).

o Details of participants: setting, numbers, relevant baseline
characteristics (e.g. treatment naive or experienced).

e Details of intervention: which drug concentrations were
measured, additional interventions.

e Details of outcomes: mortality; HIV-related morbidity;
HIV-RNA viral load measurements and proposed levels for
suppression, as defined by the authors; CD4+ cell counts;

adverse events and toxicity.

Quality assessment
The risk of bias was assessed using the following:
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e Sequence generation: inadequate randomisation sequence
generation may result in groups that are unequal at baseline,
therefore resulting in selection bias.

e Allocation concealment: inadequate allocation sequence
concealment in advance of, or during enrolment. This may result
in unequal groups at baseline, and therefore seleczion bias.

e Blinding (masking) of participants, personnel and outcome
assessors: inadequate allocation sequence concealment in
advance of, or during enrolment. This may result in unequal
groups at baseline, and therefore selection bias.

e Description of the completeness of outcome data for each
main outcome: This is done to assess whether all participants
randomised were included in an intention-to-treat analysis so as
to minimise bias that occurs with loss-to-follow up, azzrition bias.

e assessment of selective reporting: This evaluates whether
each of the pre-specified outcomes was reported, if not done, this
is described as reporting bias.

e Other sources of bias, specific to the study were assessed
(e.g. uptake of recommendations in the trials; adherence to ARV

therapy).

Data synthesis

Meta-analysis was conducted where trials were found to be
methodologically or clinically comparable. Where studies did not
have combinable outcomes, a narrative review was undertaken.
Analysis

Data analysis was conducted using Review Manager (RevMan)
version 5.0.15 (2008). Outcome measures for dichotomous data
(e.g. death, virological suppression) were reported as a relative risk
with 95% confidence intervals. Continuous data (e.g. CD4+ cell
counts, HIV-RNA viral loads) were analysed using the weighted
mean difference and standard deviations. Stratified analyses were
conducted by ARV regimen and differing treatment groups (e.g.
treatment naive vs. treatment experienced). Heterogeneity be-
tween studies was anticipated, and therefore the random effects

models were used to generate pooled effects. Differences in the
findings were assessed using the chi square test for heterogeneity
(p<0.1) which was quantified by the Higgins I? statistic. Statistical
heterogeneity was explored using the following subgroups:

o Patients on NNRTTs vs. Pls
o Patients who were treatment-naive vs. treatment-

experienced.

There was insufficient data to conduct a sensitivity analysis to
evaluate bias introduced by variability in allocation concealment
in the included studies.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies; Characteristics of ongoing studies.

See: Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

Using the standardised eligibility form with pre-specified crite-
ria (Appendix 1), JS and TK independently reviewed 1408 ab-
stracts for eligibility. Of these, 16 abstracts were identified as po-
tentially fitting the criteria for inclusion and the full text articles
were retrieved. Eight of the selected studies were excluded for the
following reasons: TDM was not an intervention (five studies:
Clevenbergh 2003, Durant 2000, Fletcher 2005, Hugen 2002,
Van Leth 2006); conference proceedings which were subsequently
published (two studies: Kakuda 1999; Clevenbergh 2001); report
of an interim analysis (Kakuda 2001) (see QUOROM diagram
Figure 1).
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Figure 1. Quorom flow diagram of search results
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Included studies
The current review includes eight trials with a total of 1181 ran-
domised participants. All studies included were randomised con-
trolled trials (See Characteristics of included studies).
The trials were conducted between 2002 and 2007 in several coun-
tries: France (Clevenbergh 2002, Bossi 2004); the United States
of America (Fletcher 2002, Best 2007); The Netherlands (Burger
2003, Crommentuyn 2005); Italy (Torti 2005) and the United
Kingdom (Khoo 2006). Details of the settings with respect to so-
cio-economic status were not described in any of the studies. The
sample sizes ranged from 40 to 230 participants. The median du-
ration of follow-up was 24 weeks (range 12 to 72 weeks).
Participants
The studies were conducted in adults with an age range of 22 to
68 years (seven studies) (Table 1). Sex was reported in seven of
the eight included studies, representing 742 male and 175 female
participants. This 4:1 male predominance likely reflects the distri-
bution of HIV-infection in the developed countries from which
the participants are sampled (WHO 2008).
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Table 1.

Baseline characteristics across studies

Study ID Age Sex Prior AIDS CD4 count Viral loads (logjo
(cells/pL) copies/mL)
Clevenbergh 2002  Not reported Not reported Not reported median 300 vs. 300 median 4.2
Fletcher 2002 median (range) 37 36 male; 4 female  Not reported median (range) 267 median (range) 4.57
(22-57) vs. 39 (28- (20-666) vs. 70 (52-  (3.79-5.88)vs. 4.56
59) 105) (3.88-5.7)
Burger 2003 median (IQR) 36 131 male; 16 female Not reported median (IQR) 180 median (IQR)
(33-43) vs. 39 (34- (55-320) vs. 232 5.2(4.9-5.5) vs. 5.1
45) (91-380) (4.5-5.5)
Bossi 2004 mean (range) 42 107 male; 27 female 31% vs. 34% median (range) 294 median (range) 4 (3-
(27-65) vs. 40 (18- (60-826) vs. 292 (6- 5.3) vs. 4.1 (3-5.4)
56) 844)
Crommentuyn mean (range) 43 male; 2 female  Not reported mean (range) 309 mean (range) 4.74
2005 41(28-68) vs. 41 (30-696) vs. 296 (3.94 -5.87) vs. 4.5
(22-59) (20-660) (3.57-5.04)
Torti 2005 mean (SD) 40.2+" 158 male; 72 female 27.7% vs. 37.9% mean (SD) Mean
6.5 vs. 40.9 +°8.2 370+ 197 vs. 402+- (SD) 3.8+°0.7 vs.
242 3.8+'0.7
Khoo 2006 Not reported 106 male; 16 female 56% vs. 58%; over- median me-
all 57% (95%CI) 280 (282- dian (95%CI) 4.04
409) vs. 430 (358- (3.03-4.64)n=18 vs.
483); overall 325 4.9 (3.59-5.05)
(337-426) n=20; overall 4.61 (
3.52-4.58)n=37
Best 2007 mean (SD) 40+- 161 male; 38 female 65 (48%) vs. 26 Me- Median (range) 5.2
8 vs. 39+8 ;overall (40%); overall 90 dian (range) 151( (3.4-6.7) vs. 5.2 (
40+8 (45%) 20-675) vs. 190 (20-  3.6-6.4); overall 5.2
570); overall 176 (3.4-6.7)
(20-675)
Totals 22-68 4:1 ratio
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In six of the studies the baseline CD4+ cell counts and HIV-
RNA viral loads were described. In these studies the CD4+ cell
counts were all below 400 cells/pL, and the viral loads ranged from
3 logj copies/mL to 6.7 logjo copies/mL.

Three studies were conducted in ARV-naive participants exclu-
sively (Fletcher 2002; Crommentuyn 2005; Burger 2003); three
studies recruited ARV-experienced patients (Clevenbergh 2002;
Bossi 2004; Torti 2005). Two of the most recent studies included
both ARV-naive and ARV-experienced participants (Khoo 2006;
Best 2007).

Interventions

TDM alone was the intervention in four studies (Fletcher
2002; Burger 2003; Crommentuyn 2005; Best 2007). TDM was
combined with genotypic testing at baseline in two studies (
Clevenbergh 2002; Bossi 2004), with genotypic testing or virtual
phenotypic testing in one study (Torti 2005) and with adherence
support in one study (Khoo 2006) (Table 2).

Table 2. Summary of Intervention vs. Control in included studies

Study ID Intervention Control

Clevenbergh2002 TDM and genotypic testing Genotypic testing only

Fletcher 2002 TDM SOoC

Burger 2003 TDM SOC

Bossi 2004 TDM and genotypic testing Genotypic testing only

Crommentuyn 2005 TDM SOC

Torti 2005 Genotypic testing and TDM; or virtual phenotype Genotypic testing and SOC; or virtual phenotype and
and TDM SOC

Khoo 2006 TDM and adherence support tool SOC and standard adherence support

Best 2007 TDM SOC

TDM of PIs was assessed in three studies: all available PIs (
Clevenbergh 2002), nelfinavir and indinavir (Burger 2003), indi-
navir only (Fletcher 2002). Only Crommentuyn 2005 included
participants on NNRTIs alone. The remaining four studies in-
cluded participants on either PIs or NNRTTs and their outcomes
were not reported by treatment regimen.

Two studies included participants on predominantly unboosted
PIs (Fletcher 2005; Burger 2003), a therapeutic recommendation
no longer in common clinical practice (IAS -USA 2008, WHO
20006).

TDM assessments differed between studies. In the studies assessing
genotypic or virtual phenotypic testing at baseline, Clevenbergh
2002; Bossi 2004 and Torti 2005, TDM samples were collected
at weeks 4, 8 and, for the Torti 2005 study, at 12 weeks. Outcome
was assessed at 12 weeks, within one month of implementing the
TDM recommendations. TDM assessments were conducted over
a longer duration of follow-up in the remaining five studies.

Uptake of TDM recommendations differed between studies. In
the Best 2007 study the uptake of recommendations was 76%
(95% CI 68% - 84%). In three studies, Clevenbergh 2002, Khoo
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2006 and Torti 2005, the uptake ranged between 0%, at one of
the described time points, and 35%.

Outcomes

We aimed to collect data on mortality (all cause); HIV-related
events and quality of life data; however, these were not recorded
or reported in any of the studies.

All studies provided data on the proportion of participants achiev-
ing or maintaining virological suppression as defined by the
respective authors, and these were described at different time
points (Clevenbergh 2002: 12 weeks; Fletcher 2002: 52 weeks;
Burger 2003: 24 and 52 weeks; Bossi 2004: 12 and 24 weeks;
Crommentuyn 2005: 24 and 52 weeks; Torti 2005: 12 weeks;
Khoo 2006: 72 weeks; Best 2007: 24 and 52 weeks).

Adequate suppression ranged from <50 HIV-RNA copies/mL to
<500 HIV-RNA copies/mL. The change in mean CD4 cell count
was described in two trials at different time points (Fletcher 2002:
52 weeks; Bossi 2004: 12 and 24 weeks).

The changes in HIV-RNA concentrations were included in two
studies at different time points (Clevenbergh 2002: 12 weeks; Bossi
2004: 12 and 24 weeks).

The proportion of participants stopping or switching ARV reg-
imens due to virological failure was described in two studies (
Fletcher 2002, Burger 2003).

The safety outcomes included the proportion of participants stop-
ping or switching due to toxicity (two studies: Fletcher 2002,
Burger 2003) and the reporting of any adverse events (four studies:
Fletcher 2002, Bossi 2004, Khoo 2006, Best 2007).

Risk of bias in included studies

See: Characteristics of included studies for details of risk of bias.
Selection bias:

Generation of the randomisation sequence was unclear in two
studies (Burger 2003, Crommentuyn 2005) and adequate in the
remaining six trials (Figure 2; Figure 3).
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Figure 2. Methodological quality graph: review authors’ judgements about each methodological quality
item presented as percentages across all included studies.
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Figure 3. Methodological quality summary: Authors’ judgements about each methodological quality item

for each included study.
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The allocation concealment was unclear in five of the studies (
Bossi 2004, Burger 2003, Crommentuyn 2005, Khoo 2006, Torti
2005) the remaining three were adequate. Both sequence gener-
ation and allocation concealment were clearly adequate in three
studies (Best 2007, Clevenbergh 2002, Fletcher 2002).
Performance bias:

All of the studies were open-label, resulting in potential risk of
bias in performance; however, as the intervention relies on expert
advice, it is not practicable to blind participants or health care
providers. In two studies the expert committees were blinded to
participant allocation and were required to comment on results in
both TDM and standard of care (SOC) arms (Best 2007; Torti
2005).

A major source of potential bias introduced in these studies is
the uptake of the expert advice regarding the TDM results. In
only one study was the uptake of recommendations described as
good 76% (95% CI 68% - 84%) (Best 2007). In three studies the
uptake ranged between (0% at one of the time periods) and 35%
overall (Clevenbergh 2002, Khoo 2006, Torti 2005). There was
no description of uptake of the TDM advice in four of the studies,
and therefore the level of bias is unclear.

Attrition bias:

In three studies (Clevenbergh 2002, Burger 2003, Crommentuyn
2005) the outcome data was not clearly described, however the
proportion lost to follow-up (LTFTU) was not excessive and this
is therefore unlikely to impact on the results. The attrition was
accounted for in the remaining five studies (Fletcher 2002: LTFU
=7%; Bossi 2004: LTFU = 7%; Torti 2005: LTFU = 13%; Khoo
2006: LTFU = 7%; Best 2007: LTFU = 13%). In the reported
studies, attrition was similar between arms.

Reporting bias:

Two of the studies have missing primary endpoint data (Khoo
2006, Torti 2005). The primary endpoints as described in the
studies were omitted from the results sections of the reports. Khoo

2006 reported on actuarial results of virological outcomes at 72
weeks on treatment. Torti 2005 reported on secondary outcomes
only. This selective reporting is a potential source of bias.

Effects of interventions

Primary Outcomes

The primary objective of this review was to assess the effects of ARV
TDM on mortality, morbidity and the proportion of HIV-infected
adults on ART achieving and maintaining an undetectable viral
load, as defined by the authors. The first two outcomes were not
reported in any of the included studies. The proportion of HIV-
infected adults on ART achieving and maintaining an undetectable
viral load is reported in all of the studies at varying time points
(e.g. 12 weeks, 24 weeks or 52 weeks).

Virological suppression

The definition of virological outcomes varied between stud-
ies, viral load ’cut-offs’ included <50 HIV-RNA copies/mL in
Fletcher 2002; Best 2007 and Khoo 2006, <200 HIV-RNA
copies/mL in Bossi 2004 and Clevenbergh 2002 and <400 HIV-
RNA copies/mL in Best 2007; Torti 2005, and <500 HIV-RNA
copies/mL in Burger 2003 and Crommentuyn 2005. For the pur-
poses of this review, all results of <500 HIV-RNA copies/mL were
accepted as virologically suppressed.

All participants on either PIs or NNRTIs

Comparing TDM of all ARV to standard of care (SOC), in both
ARV-naivee and -experienced participants, indicated a non-signif-
icant trend to increased risk of virological failure at 24 weeks (RR
1.09 [0.93, 1.27], 326 participants, 3 trials, Analysis 1.1,Figure
4). As expected, due to clinical differences in the populations in-
cluded in the analysis, there was significant heterogeneity between
studies as reflected by a Chi’= 4.74 (P = 0.009) and Higgins I
2 statistic of 58% indicating a moderate degree of inconsistency
between studies.

Figure 4. Forest plot of comparison: | TDM of all ARVs vs. SOC, outcome: |.l Participants achieving viral
load <500 copies/ml at 24 weeks.

TDM S0C Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bossi 2004 40 BY 35 67 18.8% 1.14[0.85, 1.55]
Burger 2003 G5 69 G2 78 431% 1.191[1.04,1.35]
Crommentuyn 2005 22 24 20 21 381% 096 [0.83,1.12]
Total (95% Cl) 160 166 100.0% 1.09 [0.93, 1.27]
Total events 127 17

Heterogeneity, Tau®= 0.01; ChiF= 4.74, df= 2 (P = 0.09); F= 53%

Testfor overall effect Z=1.04 (P=0.30)

001 0 1 10 100
Favours contral  Fawvours experimenta
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The same comparison of TDM at one year of follow-up, resulted
in a non-significant trend to increased failure (RR 1.28 [0.86,
1.92], 225 participants, 3 trials, Analysis 1.2,Figure 5). Again there
was significant heterogeneity between studies with Chi? = 11.55
(P = 0.003), with Higgins I? statistic indicating high degree of
heterogeneity (I* = 83%).

Figure 5. Forest plot of comparison: | TDM of all ARVs vs. SOC, outcome: 1.2 Participants achieving viral
load <500 copies/ml at | year.

TDM S0C Risk Ratio Risk Ratio
Study or Subgroup Evenis Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Burger 2003 54 69 43 78 365% 1.42[1.12,1.80] =
Crommentuyn 2005 20 24 19 21 36.8% 092 [0.73, 1.16]
Fletcher 2002 15 16 ] 17 267% 1.77[1.11,2.82) -
Total (95% CI) 109 116 100.0% 1.28 [0.86, 1.92]
Total events 39 71

Heterogeneity, Tau®=0.10; Chi*=11.55, df= 2 (P=0.003); *F=83% f f
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No significant effect of TDM was seen on meta-analysis, in-
cluding all ARVs. In light of significant heterogeneity, it may be
inappropriate to pool results of the above studies. Therefore, we
proceeded to analyse in the subgroups according to the pre-spec-
ified treatment groups (ARV-naive and -experienced) and further
according to their ARV treatment regimen (NNRTT and PI).

ARV-naive participants on either Pls or NNRTIs

The subgroup analysis of antiretroviral-naive particiants on either
PIs or NNRTTs did not reach significance at a viral load cut-off
of <500 HIV-RNA copies/mL at 24 weeks of follow-up (RR 1.07
[0.87, 1.33], 192 participants, two trials, Analysis 2.1, Figure 6),
Chi?=4.60 (P=0.03), again with significant heterogeneity, 2 =

78% indicating a high degree of inconsistency between groups.

Figure 6. Forest plot of comparison: 2 ARV naive participants - TDM of all ARVs vs. SOC, outcome: 2.1
Participants achieving viral load <500 copies/ml at 24 weeks.

TDM s0C Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Eurger 2003 B5 B9 B2 7B A21% 119 [1.04,1.35]

Crammentuyn 2005 22 24 20 2 47.9% 0,96 [0.83,1.12]
Total (95% Cl) 03 99 100.0% 1.07 [0.87, 1.33]
Total events a7 82

Heterogeneity, Tau®= 0.02; Chi*= 460, df=1 (P=0.03; F=78% f f
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This same subgroup analysed at 52 weeks revealed consistent re-
sults (RR 1.28 [0.86, 1.92], 225 participants, three trials, Analysis
2.2, Chi?=11.55 (P=0.003), I? = 83%, Figure 7). This indicates
that there is insufficient evidence to support the use of TDM for
all ARV-naive participants on all regimens, even with the longer
duration of treatment and implementation of the TDM.

Figure 7. Forest plot of comparison: 2 ARV naive participants - TDM of all ARVs vs. SOC, outcome: 2.2
Participants achieving viral load <500 copies/ml at 52 weeks.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Burger 2003 g4 69 43 T8 365% 1421112, 1.80] =
Crammentuyn 2005 20 24 19 21 36.8% 0.92[0.73,1.16]
Flatcher 2002 15 16 9 17 267% 177111, 2.82] =
Total {(95% Ch 109 116 100.0% 1.28 [0.86, 1.92]
Total events aa 71

Heterogeneity, Tau®= 010, Chi*=11.585, df= 2 (P =0.003), F=83% f f 1
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Testior overall effect 2=1.22 (P = 0.22) Fawours contral  Fawours experitenta

ARV-naive on Pls
This subgroup including only ARV-naive participants, predom-
inantly on unboosted PI-based ART is clinically homogeneous.
Therefore, meta-analysis was conducted. Participants on PIs had
a 50% increased likelihood of achieving a HIV-RNA viral load
<500 copies/mL at 52 weeks of follow-up (R 1.49 [1.20, 1.83],
180 participants, two trials, Analysis 3.1, Figure 8). Low hetero-
geneity, and therefore consistency between trials, is indicated by

the Chi?=0.69 (P = 0.41) and I? = 0%.

Figure 8. Forest plot of comparison: 3 ARV naive participants - TDM of unboosted Pls vs. SOC, outcome:
3.1 Participants achieving viral load <500 copies/ml at 52 weeks.

TDM S0C Risk Ratio Fisk Ratio
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Total events 69 52
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ARV-experienced participants

Three studies included ARV-experienced participants only, Bossi
2004; Clevenbergh 2002and Torti 2005. In these ARV-experi-
enced participants the baseline ARV regimens were guided by
genotypic or virtual phenotypic testing. Genotypic testing was
conducted in all participants at baseline in Clevenbergh 2002 and
Bossi 2004, whereas Torti 2005 included a factorial design, ran-
domising participants to either genotype testing or virtual phe-
notypic testing prior to randomisation to TDM or SOC. These
studies had short durations of follow-up with outcomes reported
12 weeks after a TDM intervention at either week 4 or 8. Torti
2005 did not find any significant virological suppression <400
HIV-RNA copies/mL at 12 weeks in TDM and SOC for 74% vs.
63.6% respectively (P = 0.1). Clevenbergh 2002 and Bossi 2004
when analysed showed no significant effect of TDM versus SOC
on the background of genotype testing (RR 0.93 [0.73, 1.17],
317 participants, two trials, Analysis 4.1, Figure 9). Here there
was good consistency between trials with Chi® = 0.08 (P = 0.78)
and Higgins' I = 0%. Although we analysed these clinically and
methodologically similar studies, the evidence did not support
routine TDM in ARV-experienced patients.

Figure 9. Forest plot of comparison: 4 ARV experienced participants - TDM and genotype testing vs.
genotype testing alone, outcome: 4.1 Participants achieving viral load <200 copies/ml at 12 weeks.

TDM and genotyping  Genotyping alone Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bossi 2004 29 67 an 67  3B8.2% 0.97 [0.66, 1.42]
Clevenhergh 2002 40 a7 49 95 61.8% 0.90 [0.67, 1.22]
Total (95% CI) 154 163 100.0% 0.93[0.73, 1.17]
Total events 69 79

Heterogeneity: Tau®=0.00; Chi*=0.08, df=1 {F=078) F=0%
Test for averall effect 2= 064 (P =0.52)

Secondary outcomes

Change in mean CD4+ cell count

Two studies (Fletcher 2002, Bossi 2004) reported a change in
CD4+ cell count at varying time points and in different popula-
tions. This was not amenable to further analysis. Neither study
showed significant changes in CD4+ cell counts. In Fletcher 2002,
the mean change in CD4+ cell count from baseline was 214
cells/pL and 167 cells/pL in the TDM and SOC arms, respectively
(P = 0.26). In Bossi 2004 the change in CD4+ cell count from
baseline was 29 to 49 cells/mL (P = 0.278) and 63 to 75 cells/mL
(P =0.510) at 12 and 24 weeks, respectively.

Change in mean HIV-RNA concentrations
Results for the change in mean HIV-RNA concentrations are
available from two studies (Clevenbergh 2002, Bossi 2004). In

| , |
oot 01 1 10 100
Favours control  Favours experimenta

both studies results were reported at 12 weeks, after plasma drug
concentrations were measured at four and eight weeks, and rec-
ommendations were implemented where appropriate. Bossi 2004
does further TDM and HIV-RNA assessments; however, from 12
weeks the TDM results are available to both arms of the study.
In Clevenbergh 2002 the non-significant changes seen were (-
1.7log1o copies/mL) and (-2.0 logio copies/mL) in the TDM plus
genotypic testing arm and the genotypic testing arm, respectively.
In Bossi 2004, the results were (-1.4 logjo copies/mL) and (-
1.3 logjo copies/mL) in the TDM and genotypic intervention
arm and the genotypic testing arm (P = 0.412), respectively. The
Clevenbergh 2002 study does not report results of a test for a
difference between TDM and non-TDM groups, or confidence
intervals, and therefore results of these two studies could not be
combined.
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Quality of life indicators

This outcome was not reported in any of the studies.

Proportion of patients discontinuing or switching ARV therapy
due to virological failure

Two studies report on this outcome (Fletcher 2002 and Burger
2003). In the Fletcher study there were 1/16(6%) and 4/17 (20%)
switches to alternative therapy by six months due to virological
failure (HIV-RNA <200 copies/mL) in the TDM and SOC arms,
respectively. In Burger there was a non-significant difference be-
tween groups, with 2/69 (3%) and 6/78 (11%) stopping due to
virological failure at one year of follow-up in the TDM and SOC
arms, respectively. This study evaluated participants on nelfinavir-
or indinavir-based ART. When analysed by treatment regimen,
there was a significant discontinuation for failure in those on nel-
finavir-based ART (12% vs. 35% in TDM and SOC group, re-
spectively [P = 0.001]).

Safety outcomes

Proportion of patients discontinuing or switching ARV therapy
due to ARV toxicity

Two studies (Fletcher 2002 and Burger 2003) report on this out-
come. In Fletcher, equal proportions of participants stopping due
to toxicity was reported in the TDM and SOC groups, respectively,
at 3/21 (14%) and 3/19 (16%), no P-value or confidence interval
is provided in the report. Burger 2003 results showed discontin-
uations due to toxicity were 7/69 (10%) and 12/78 (16%), not
significantly different between the TDM and SOC groups. There
was no statistically significant difference between TDM and SOC
resulting in stopping for toxicity in a subgroup of participants on
indinavir-based ART (P = 0.07). (See Figure 10)

Figure 10. Forest plot of comparison: 5 Switching or stopping due to toxicity, outcome: 5.1 Stopping due to

Risk Ratio
M-H, Random, 95% CI

toxicity.
DM S0C Risk Ratio
Study or Subgroup  Events Total Fvents Total Weight M-H, Random, 95% Cl
Burger 2003 7 B9 12 T8 T40% 0.B6 [0.28,1.58]
Fletcher 2002 3 21 3 19 26.0% 0.501[0.21, 3.86]
Total {95% CI) o0 97 100.0% 0.72 [0.34, 1.52]
Taotal events 10 15

Heterogeneity, Tau®= 0.00; ChiF=013, df=1 (FP=0.72), F=0%
Test for overall effect: Z= 0.87 (F = 0.38)
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Adverse events

Adverse events were described in four studies (Fletcher 2002; Bossi
2004; Khoo 2006; Best 2007); there were no statistically signifi-
cant differences found between the TDM and SOC arms.

DISCUSSION
Summary of main results

Therapeutic drug monitoring of ARVs has been proposed as a
means to optimise efficacy of ART while minimising toxicity. A
comprehensive search was conducted and 1408 abstracts reviewed
for eligibility. This systematic review included eight randomised-
controlled studies evaluating the clinical value of ARV TDM.

TDM in ARV-naive and experienced participants on Pls or
NNRTIs

A meta-analysis of TDM in all participants (ARV-naive and -ex-
perienced; on either PIs or NNRTTs) showed no effect on viro-
logical outcomes at 52 weeks (RR 1.28 [0.86, 1.92]). There is
strong evidence of heterogeneity between studies, suggesting that
the clinical differences in the participants enrolled in these studies,
and the methodological differences in study designs, minimise the
value of combining these groups.

TDM in ARV-naive participants

A sub-group analysis was performed to evaluate virologi-
cal outcomes in ARV-naive participants only Burger 2003,
Crommentuyn 2005 and Fletcher 2002). No effect of TDM was
found at 52 weeks of follow-up (RR 1.28 [0.86, 1.92]). Although
participants are clinically similar in these small studies, the drug
regimens they were assigned, either NNRTIs or PIs, may differ in
utility of TDM. Crommentuyn 2005 was the only trial enrolling
participants on an NNRTI-based (nevirapine) regimen. Fletcher
2002 and Burger 2003 included participants on predominantly
unboosted PI-based regimens. Despite observational data support-
ing TDM in this subgroup, heterogeneity suggests they should

not be combined in analysis.
TDM in ARV-naive participants on PIs only

In the subset of ARV-naive participants on a Pl-based regimen,
there was a 49% increased likelihood of achieving an HIV-RNA
viral load <500 copies/mL at 52 weeks of follow-up, with low
heterogeneity between studies (RR 1.49 [1.2 to 1.83]).

The two studies in this analysis included participants on predom-
inantly unboosted PI-based therapy, including indinavir or nelfi-
navir. However, nelfinavir and unboosted indinavir have fallen out
of favour in clinical practice, largely due to alternative agents with
better efficacy and tolerability and the introduction of ritonavir

boosting of PIs (IAS -USA 2008, WHO 20006).

Ritonavir, when added in a small dose to PI-based ART, slows
metabolism of the associated PI, thereby increasing its potential
therapeutic drug concentration. Boosted PIs offer the advantage
of simpler dosing regimens and improved efficacy (Flexner 2000).
Torti 2005 supports this in his trial of ARV-experienced partici-
pants, where use of boosted PIs was an independent predictor of
virological success.

TDM in ARV-experienced participants

In this review three studies included participants who had been
exposed to multiple prior ARVs (Clevenbergh 2002; Bossi 2004;
Torti 2005). Two studies (Bossi 2004, Clevenbergh 2002) were
clinically and methodologically similar and could be included in
the meta-analysis. No significant virological effect of TDM versus
SOC was found at 12 weeks of follow-up (RR 0.93 [0.73, 1.17]).
The included studies had short follow-up periods of 12 weeks.
HIV virological responses are unlikely to be seen within this short
interval, and therefore this does not reflect a clinically meaningful
period in which to assess virological outcomes.

The studies were conducted in France, where national guidelines
support the use of routine TDM as their accepted SOC. There-
fore, despite clinical equipoise because of lack of evidence, it was
deemed unethical to withhold TDM in these patients for longer
than 12 weeks. This reveals the difficulty of studying TDM in
countries already incorporating this intervention into their HIV
management.

In these studies, TDM was performed at four or eight weeks after
randomization and a recommendation implemented four weeks
later. A concern with this study design is that participants with
sub-therapeutic drug concentrations for four weeks may already be
accruing HIV resistance mutations (Decks 2003, Jackson 2000).

In this analysis, the ARV-experienced participants may have exten-
sive previous exposure to several classes of ARV resulting in high-
level resistance, making choices regarding therapy challenging. Sal-
vage therapy for these patients may be guided by viral resistance
testing. In these trials, all participants received HIV resistance test-
ing at baseline, either genotype testing or virtual phenotype test-
ing, and were subsequently randomised to TDM versus SOC. In
ARV-naive people on ritonavir-boosted Pls, evidence supporting
TDM is uncertain, as the drug concentrations achieved far exceed
that required to inhibit 50% of susceptible HIV viral replication
(ICsp) (Flexner 2000, Murphy 2001). However, in this subgroup,
with resistant virus, higher drug concentrations are required to
inhibit viral replication, and there may be benefit of TDM if ap-
propriate target plasma ARV concentrations are attained and re-
sistance overcome (Back 2006a).

Target ARV concentrations for this subgroup requiring salvage
therapy are poorly delineated (Boffito 2005). This may compli-
cate results of studies in salvage therapy, where incorrect reference
ranges were applied and participants were managed inappropri-
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ately. Future research addressing target therapeutic ranges for this
subgroup may guide more accurate evaluation of TDM.

Finally, regarding this subgroup, there is growing interest in inte-
grating information from drug concentration measurements and
resistance testing, referred to as the genotypic inhibitory quotient
(GIQ) or phenotypic inhibitory quotient (PIQ). To date, there are
no prospective randomised studies of these interventions to guide
current HIV salvage therapy management (Durant 2000, Boffito
2005). An ongoing study in this area will be incorporated into the
future update of this Cochrane review (Demeter 2008.

Challenges to assessing ARV TDM
ARV efficacy and under-powered studies

Combination ART is an effective intervention for the management
of HIV, and therefore add-on therapies or interventions would
require large, adequately powered studies to demonstrate bene-
fit. Khoo 2006 describes that two-thirds of the heterogeneous co-
hort enrolled in the POPIN study were already virologically sup-
pressed at baseline. This is reflected by other published cohorts (
Ledergerber 1999; Paredes 2000). TDM may only be expected to
contribute marginally to outcomes of ARV therapy. Therefore, it
is anticipated that large, adequately powered studies are required
to evaluate efficacy and safety. In Khoo 2006, a power calcula-
tion for sample size is presented. It proposes that 1000 patients
(500 per arm) will be required to reach a mortality endpoint if
the uptake of expert recommendations regarding TDM is at 75%.
Alternatively, a total of 1720 participants are required if there is
poor uptake of recommendations, around 35%. Sample sizes in
this review ranged between 40 and 230 participants.

Optimal timing for TDM sampling

At the time of recruitment for all included studies there were lim-
ited guidelines regarding the best method and timing for mea-
suring drug concentrations. Trough concentrations, taken close
to next dosing time; sparse sampling, measuring several samples
around the time of a dose or intensive serial sampling, were all

considered possible approaches for TDM.

Studies in the review also incorporated varying target therapeutic
ranges for the same drugs, creating a heterogeneous group to com-
pare in meta-analysis. The first TDM guidelines were presented in
2003 (Back 2003) with a further update in 2006 (La Porte 2006).
The recommendation for measuring trough samples is suggested
(efavirenz is an exception as mid-dosing concentrations are rec-
ommended). The trough sampling approach is supported by em-
pirical in vivo and in vitro evidence, and is simpler to introduce
in a busy clinic setting.

The guidelines for use of TDM provide target plasma concentra-
tions of the various antiretrovirals based on current best evidence.

There are pharmacokinetic and pharmacodynamic data underly-
ing the target ranges in ARV-naive participants. However, in ARV-
experienced patients, where there may be multiple resistance mu-
tations and limited choices of ARVs, target ranges are still poorly
delineated (Back 2006b).

Uptake of expert TDM recommendations

A limitation of the studies to date is the apparent poor uptake
of expert recommendations by the treating clinicians. An inter-
vention was recommended in approximately 20% - 35% of par-
ticipants across studies; however, high-level implementation was
described only in Best 2007 (76%) and Clevenbergh 2002 (71%).
Low uptake of the intervention results in bias, as the true effect
of TDM cannot be assessed in the absence of the advice being
implemented.

There are multiple potential reasons for poor adherence to ad-
vice by physicians. There is a need to evaluate patients holistically,
changes to therapy based on a laboratory result alone, may un-
dermine the assessment made by an experienced clinician. In par-
ticular, despite low or high drug concentrations, the participant
may be clinically well, virologically suppressed and not experienc-
ing adverse effects, and therefore it is inappropriate to implement
a change in therapy. Other explanations include participants’ re-
fusal to alter dose; and the finding that adherence was enhanced
in concentration-controlled groups, simply by highlighting their
low drug measurements, and therefore dose adjustments were not
necessary (Torti 2005).

The high uptake of recommendations in two studies may reflect
the manner in which the advice was given. Best 2007 incorporated
extensive clinical information into the process, aiming to optimise
overall patient care, not simply responding to a single drug con-

centration result.
Adherence
Adherence to ARV therapy

An obstacle to investigating the clinical utility of TDM is knowl-
edge of participants adherence to their prescribed therapy. A sub-
therapeutic TDM concentration may indicate poor adherence in
the days immediately preceding sampling. A recommendation to
alter ARV therapy based on a low concentration should have a
means of assessing drug adherence at the time of blood sampling
(e.g. pill count, pharmacy refill, electronic monitoring). Dose ad-
justments made in the face of unidentified poor adherence may
put the patient at risk of increased drug concentrations and hence
toxicity. Further, these circumstances will compromise the true

evaluation of TDM.
Adherence monitoring in the review

Adherence assessments varied between studies. Best 2007 included
validated electronic tablet bottles that capture and centrally record
the number of times the medicine container is opened (MEMS -
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Medication Event Monitoring Systems, Aprex). Adherence ques-
tionnaires were used in three trials, whereas there was no descrip-
tion of adherence monitoring in three studies.

Generalisability of results

These trials were conducted in higher-income earning settings in
Western Europe and America. These countries differ considerably
from the communities in sub-Saharan Africa where the burden of
disease is heaviest. Access to health care in many African countries
is constrained by resource limitations, both technical and financial.
This impacts directly on HIV management, where basic medicines
and monitoring tests (e.g. viral loads and CD4+ counts) may not
be available. Results of the included studies cannot be generalised
to resource-limited countries. ARV TDM should be studied where
HIV prevalence is highest to assess its practical applicability where
ARV roll-outs are largest and where small improvements in care
may have significant impacts on population health.

Potential limitations of this review
Minimising systematic errors in the review methodology

The retrospective design of a review creates the risk of system-
atic errors in data capturing and the assessment of methodological
quality of the studies. Guided by Cochrane methodology stan-
dards, a comprehensive, reproducible search was constructed and
performed. Independent data extraction by two reviewers was em-
ployed to minimise potential bias. It is possible that unpublished
literature may not have been captured. Attempts were made to
contact each of the authors in the review and enquiries were made
regarding further studies that may not be in the public domain.
No further studies were identified.

Combining outcomes for meta-analysis

Assessment of heterogeneity between studies is important prior to
considering meta-analysis. The internal validity of the trials was
good, although key aspects of quality, such as allocation conceal-
ment, were not reported in several studies. Trials differed in terms
of included participant populations, durations of follow-up, viro-
logical cut-off points and adherence to recommendations, making
comparison difficult. Where populations were similar, such as the
ARV-naive populations on PIs, good consistency between the two
studies was found, as confirmed by the Higgins I2 statistic.

Virological cut-offs differed between studies, from <50 to <500
HIV-RNA copies/mL. The choices of viral load cut-off most likely
reflect the timing of protocol development and the technology
used in each study. HIV-RNA quantitative testing has evolved and
is increasingly sensitive, able to provide values for HIV-RNA <20
HIV-RNA copies/mL. For the purposes of the meta-analysis, as
pre-specified in the protocol, the viral loads indicating virologi-
cal success were grouped to include all results below 500 HIV-
RNA copies/mL. This may be a limitation as there is evidence that
achieving a viral load below 20 copies/mL on ARVs is predictive

of longer-term durability of ARV therapy (Raboud 1998, Mocroft
2007). A future review of this topic, given more trials available,
may choose to separate these virological cut-off points for a more
accurate result.

Choice of primary outcomes

The primary outcomes chosen for this review include all-cause
mortality, HIV-related morbidity and the proportion of partici-
pants achieving virological endpoints. The first two endpoints are
not described in any of the included studies. Studies in HIV that
do report on these clinical endpoints are often large studies with
prolonged follow-up, conducted at great expense. For an inter-
vention such as TDM, they may not be appropriate outcomes to
assess and therefore virological outcomes are chosen as surrogate
markers of the intervention. HIV viral load is a well-validated
marker of successful treatment and has been associated with long-
term successful ARV therapy (Raboud 1998, Mocroft 2007)

Conclusion

A challenge to health care practitioners, public health strategists
and people taking ART, is ensuring the durability of life-long HIV
therapy. This requires treatment regimens that are accessible and
simple to use, with maximal efficacy and minimal adverse drug
effects. TDM of ARV has been proposed as one tool for improving
HIV management. Drug concentrations have been recommended
for practitioners to individualise appropriate therapy by ensuring
that ARV plasma concentrations are neither too low and therefore
sub-therapeutic, nor too high and potentially toxic. However, this

systematic review found little evidence to support routine use of

ARV TDM.

AUTHORS’ CONCLUSIONS
Implications for practice

The studies evaluating TDM may be underpowered to assess vi-
rological, immunological and safety outcomes. This review does
not support routine use of TDM in ARV-naive patients on either
boosted PIs or NNRTIs. TDM in ARV-naive participants on a PI-
based regimen, particularly if unboosted, may improve virological

outcomes.
Indications for TDM

Routine TDM has little place in clinical practice; however, it is
critical to identify individual patient categories that will bene-
fit from this intervention. Current TDM guidelines recommend
TDM for the following specific clinical indications in which the
ARV concentration is expected to fall outside of the therapeutic
range (La Porte 2006):

o Significant drug-drug or drug-food interactions
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e Dlatients with alterations in their organ function (e.g.
gastrointestinal, hepatic and renal dysfunction)

e Treatment-experienced patients with resistant virus and

possible reduced susceptibility to ART

o DPatients with adverse effects that are known to be due to

increased drug concentrations (e.g. insomnia with efavirenz)

e ARV-naive patients with poor response to treatment despite
apparent good adherence

e Monitoring adherence

e DPatients who are pregnant and paediatric patients

These indications require appropriately powered studies to con-
firm their role in improving outcomes for patients on ARVs.

Generalisability of results

The studies included in this review were conducted in Western Eu-
rope and America and as such do not reflect conditions in resource-
constrained environments. The greatest burden of HIV exists in
resource poor settings where access to basic HIV-related care, such
as ARVs and immunological and virological testing, may not be
adequately addressed (Tassie 2003). In these environments, the
value of additional TDM has not been evaluated and can therefore
not be recommended as a routine intervention. Where TDM is
available and accessible, the merits of measuring drug concentra-
tions for specific indications should be balanced against the cost
and potential benefit to the individual patient.

Optimising TDM sampling

Clinical practice must be guided by current evidence-based guide-
lines for the TDM sampling times (i.e. generally trough sampling)
and target therapeutic ranges. Where these have not yet been elu-
cidated, there is no value in performing TDM.

This review does to not support routine use of TDM in ARV-
naive patients on either boosted PIs or NNRTTs. TDM in naive
participants on a PI-based regimen, particularly if unboosted, may
improve virological outcomes. When TDM is conducted for a

particular patient, results should reviewed with a pharmacologist
or appropriate infectious disease clinician.

Implications for research

1. All of the included studies were underpowered to show
outcomes of TDM compared with standard of care, therefore
future studies should include larger study populations, with
longer durations of follow-up

2. Studies of routine TDM should consider investigating its
role in particular patient groups where there is evidence of
biological plausibility for its effectiveness (e.g. salvage therapy,
paediatrics, concurrent treatment with anti-tuberculosis therapy,
pregnancy).

3. There should be close co-ordination between clinicians and
expert pharmacologists in TDM to ensure that full clinical
details are known prior to making recommendations based on
TDM and to ensure implementation of these recommendations.

4. It is essential to monitor adherence to ART (pill counts, 3

or 7 day recall, MEMS).

5. Research should be conducted where the burden of disease
is greatest. In resource-limited countries, there are concurrent
epidemics (e.g. tuberculosis, HIV and malaria) putting patients
at risk of multiple drug interactions that may benefit from TDM.

6. Sampling times for TDM and the relevant target
therapeutic ranges for ARV-naive and experienced participants

should conform to current best evidence.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Best 2007

Methods

Random sequence generation: Central factorial randomisation was computer generated,
block approach and stratified by clinic site (5 sites) and prior treatment (treatment-naive
vs. treatment- experienced).

Allocation concealment: Computer generated, block approach, no further detail given.
Blinding: open-label. A committee of ARV pharmacologists and HIV treatment special-
ists were blinded to the participantsf allocation.

Inclusion of all participants: 241 patients were assessed for eligibility, 230 were randomised
and 199 were finally included in a modified intention-to-treat analysis. Explanations are
given for loss-to-follow up and these were equal between arms.

Duration of follow-up: 48 weeks

Participants

Inclusion criteria: HIV RNA level > 3000 copies/mL with the intention of starting a
new PI- or NNRTI-based regimen. Participants could be either ARV naive, treatment-
experienced and on a stable regimen or treatment-experienced and off ARV therapy for
? 2 months; ? 18 years old; have a life expectancy of ? 12 months; if female, should be
willing to use contraception.

Exclusion criteria: Any sign of an active opportunistic infection or cancer, chronic diar-
rhoea, malabsorption, treatment-limiting toxicity to the current ARV regimen, severe
cognitive impairment, active drug or alcohol abuse, and currently pregnant or breast-

feeding.

Interventions

Pharmacokinetic serial sampling was conducted at 2 weeks and 48 weeks. ARV TDM
concentrations for the PIs and NNRTIs were taken at each clinical visit in all participants
and pharmacokinetic parameters were estimated from the week 2 evaluation, and re-
estimated from samples collected between weeks 2 and 12, 12 and 24, and 24 and 48
visits. Recommendations were provided at week 4, 12 and 24 visits.

Outcomes

Primary endpoints:

(i) Proportion of participants who had a TDM recommendation to change PI and or
NNRTI dosing

(i) Proportion of recommended changes that were carried out (TDM arm only)
Secondary endpoints:

(i)  Proportion of recommended interventions that achieved the target concentration
in the TDM arm

(ii)  Proportion of patients with an HIV RNA level < 400 copies/mL at 48 weeks
compared between arms

(iii) Proportion of patients experiencing grade III/IV and/ or treatment limiting toxicity
compared between arms

Notes

Location: 5 clinic sites in California, United States

Duration of study: Recruitment took place between September 2001 and December 2003.
Follow up was complete by January 2005

Uptake of recommendations: Good ? 76%

Funding: University wide AIDS Research Program of the University of California, the
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Best 2007  (Continued)

National Institute of Mental Health, the National Institute of Allergy and Infectious
Disease, the National Institute for Child Health and Human Development and the
University of California, San Diego Centre for AIDS Research, National Institute for

Allergy and Infectious Diseases

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Central factorial randomisation was com-
puter generated, block (block size 9), and
stratified by clinic site (5 sites) and prior
treatment (treatment-naive vs treatment-
experienced).

Allocation concealment? Yes The central randomisation by computer
generated, block approach ensures alloca-
tion concealment initially. Further infor-
mation regarding allocation concealment is
not provided. Probably done.

Blinding? No open-label

Health care providers

Blinding? No open-label

Participants

Blinding? Yes A committee of ARV pharmacologists and

Expert committee HIV treatment specialists were blinded to
the participants allocation. ARV TDM was
performed on all participants in the study
and the expert committee made recom-
mendations for changes to regimens. Only
those in TDM arm received the results.

Incomplete outcome data addressed? Yes 240 patients were assessed for eligibility,

All outcomes 230 were randomised and 199 were finally
included in a modified intention-to-treat
analysis. Explanations are given for loss-to-
follow up and these were equal between
arms.

Free of selective reporting? Yes All of the endpoints specified are reported
in the results section.

Free of other bias? Yes Good uptake of recommendations.
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Bossi 2004

Methods Random sequence generation: Randomisation list was obtained using the SAS procedure
plan at the data statistical analysis centre. Randomisation was on a one to one basis with
block size of 6.
Allocation concealment: The randomisation list was created at the statistical data centre,
but further description of allocation is not included.
Blinding: Open-label
Inclusion of all participants: Losses to follow up were disclosed and the analyses were
conducted a modified intention-to-treat analysis in which missing = failures and on an
observed basis. Although the authors describe an intention-to-treat analysis, the 139
participants initially randomised were not all included, as 5 were excluded due to 4
withdrawals and 1 lung cancer diagnosis. This is a negligible attrition and not expected
to bias results.
Duration of follow-up: 24 weeks

Participants Inclusion criteria: > 18 years of age, antiretroviral-experienced with a viral load in excess
of 1000 HIV-RNA copies/mL within 1 month of baseline and at baseline. They were
required to be on an antiretroviral regimen including at least 3 drugs including either
one or more protease inhibitors and/or one or more non-nucleoside reverse transcriptase
inhibitors and this regimen should not have been changed over the last 3 months.
Exclusion criteria: Participants with active opportunistic infections, previous resistance
testing and/or those who were pregnant were not eligible to participate.

Interventions Resistance testing was performed on all participants at baseline. TDM recommendations
could be made at each time point (4, 8, 12, 18, 24 weeks) for the group assigned to
TDM, and from 12 weeks to both arms.

Outcomes Primary outcome:
(i)  Proportion of patients with plasma HIV-RNA concentrations <200copies/mL at
12 weeks.
Secondary outcomes:
(i) Changes in plasma HIV-RNA concentrations and
(i) CD4 count from baseline to 12 weeks and 24 weeks
(iii) Changes in plasma drug concentrations during study.
Safety outcomes were reported.

Notes Location: Paris, France
Duration of study: November 2000 to November 2001
Uptake of recommendations: Not reported.
Funding:
Funding support came from SIDACTION (Paris, France) and a grant from Bristol-
Myers Squibb (Paris, France)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Randomisation list was obtained using the

SAS procedure plan at the data statistical

analysis centre. Randomisation was on a
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Bossi 2004 (Continued)

one to one basis with block size of 6.

Allocation concealment? Unclear The randomisation list was created at the
statistical data centre, but further descrip-
tion of allocation is not included.

Blinding? No open-label

Health care providers

Blinding? No open-label

Participants

Blinding? No open-label

Expert committee

Incomplete outcome data addressed? Yes Losses to follow up were disclosed and

All outcomes the analyses were conducted using a firstly
a modified intention-to-treat analysis in
which missing=failures and secondly on an
observed basis. Although the authors de-
scribe an intention-to-treat analysis , the
139 participants initially randomised were
not all included, as 5 were excluded due to
4 withdrawals and 1 lung cancer diagno-
sis. This is a reasonable attrition and not
expected to effect results. Adequate sample
size of 60 per group was achieved.

Free of selective reporting? Yes All pre-specified outcomes were reported.

Free of other bias? Unclear No description of the uptake of the TDM

recommendations by physicians which
could result in performance bias.

Burger 2003

Methods

Random sequence generation: Groups were randomly assigned’ but there is no detail given

for the randomisation process.

Allocation concealment: No details of allocation concealment given.

Blinding: Open-label

Inclusion of all participants: Discontinuation was one of the primary endpoints and was

therefore well reported. Intention-to-treat analysis is performed where non-completer =

failure.

Duration of follow-up: 12 months

Participants

Inclusion criteria: Treatment-naive patients starting antiretrovirals with either Nelfinavir

or Indinavir. They must have signed an informed consent document.

Exclusion criteria: Not reported
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Burger 2003  (Continued)

Interventions TDM was conducted at clinical visits at weeks 4, 12 and every 12 weeks thereafter
in all participants. Only those randomised to TDM received advice regarding drug
concentrations within 4 weeks of the sample.

Outcomes Primary endpoints:

(i)  Treatment discontinuation - the reason for stopping would be recorded
(i)  Virological response to treatment after 6 and 12 months of enrolment
Secondary endpoints and safety endpoints were not reported in the manuscript.

Notes Location: The study was conducted at 22 centres around the Netherlands as part of the
ATHENA Cohort.

Duration of study: Unclear, recruitment was completed as of 1st November 1999.
Uptake of recommendations: This was not described.
Funding: Not described

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear Groups were randomly assigned’ but there
is no detail given for the randomisation
process and allocation concealment.

Allocation concealment? Unclear No details of allocation concealment given.

Blinding? No Open-label

Health care providers

Blinding? No Open-label

Participants

Blinding? No May be blinded to allocation of participants

Expert committee

Incomplete outcome data addressed? Yes Discontinuation was one of the primary

All outcomes endpoints and was therefore well reported.
Intention-to-treat analysis is performed
where non-completer = failure.

Free of selective reporting? Yes All outcomes described in the methods sec-
tion are reported in results.

Free of other bias? Unclear No description of the uptake of the TDM
recommendations by physicians which
could result in performance bias.
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Clevenbergh 2002

Methods Random sequence generation: Centralized open-label randomisation was performed, using
a permuted block approach with assignments sequentially numbered.
Allocation concealment: Sequentially numbered assignments were provided from central
site.
Blinding: Open-label
Inclusion of all participants: Loss to follow up was not reported. However, the losses to
follow up were not large or different between groups and not expected to impact on
results.
Duration of follow-up: 12 weeks

Participants Inclusion criteria: Treatment-experienced patients with viral loads > 2000 HIV-RNA
copies/mL despite 6 months of ART.
Exclusion criteria: Not reported

Interventions At baseline, all had genotype tests done and their antiretroviral treatment changed ac-
cording to the results. Participants were then assigned to either TDM or standard of
care. Both groups had TDM taken at weeks 4 and 8, only those in TDM arm had expert
advice.

Outcomes Primary endpoints:
(i) Change in HIV-RNA level from baseline at week 12
(ii) Proportion of patients with HIV RNA concentrations < 200 copies/ml at 12 weeks.
No secondary or safety endpoints were reported.

Notes Location: Not reported
Duration of study: October 1999 to October 2000
Uptake of recommendation: Poor - 29%
Funding: This study was supported by sponsorship by Visible Genetics, France; Bristol
Myers-Squibb, France; Dupont Pharma, France; Glaxo-Wellcome, Roche, France; and
Virco, Belgium

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Centralized open-label randomisation was

performed, using a permuted block ap-
proach with assignments sequentially num-

bered.

Allocation concealment?

Yes Sequentially numbered assignments were
provided from central site.

Blinding? No Physicians in control arm were blinded to
Health care providers results of the drug concentrations and ad-
herence questionnaire.
Blinding? No Open-label
Participants
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Blinding? No Open-label
Expert committee
Incomplete outcome data addressed? No Loss to follow up was not addressed in

All outcomes

the manuscript. However, the losses to fol-
low up were not large or different between
groups and not expected to impact on re-

sults.
Free of selective reporting? Yes Primary outcomes were reported.
Free of other bias? No Uptake of recommendations by treating

physicians was 29% introducing perfor-
mance bias.

Crommentuyn 2005

Methods

This study was reported in a letter to the editor. This is a 24 month randomised con-
trolled study of antiretroviral naive participants starting nevirapine-based therapy. The
participants were selected from National observational cohort of HIV-infected patients
in The Netherlands, ATHENA. Randomisation: participants were randomised to TDM
or a control group. The details of randomisation are not given. Duration and follow up:
The timing of the study is not described. This report describes 24 months of follow up.
Informed consent: it is stated that informed consent was signed prior to entry into the
randomised study.

Participants

Setting: Participants may have been included from one the of the 22 treatment centres
included in the large ATHENA cohort in The Netherlands. Inclusion criteria: Although
not described in detail, it is clear that participants were HIV positive and antiretroviral
naive when entering the study. Exclusion criteria: not stated.

Interventions

After randomisation, those in the TDM arm had nevirapine drug concentrations mea-
sured(at weeks 4, 12 and every 12 weeks thereafter)and an interpretation reported to the
treating physician. The control arm also had drug concentrations measured, however
not reported.

Outcomes

Primary endpoints: (i) treatment discontinuation and (ii) virologic response (HIV-1
RNA level less than 500 copies/mL) Secondary endpoints: not described in the brief
report.

Notes

Uptake of TDM recommendations was not described. It was mentioned that physicians
provided with the report may have been made more aware of drug concentrations and
therefore informed their patients. This may have accounted for the decrease in concen-
tration variability seen in the TDM arm. Source of funding not disclosed.

Risk of bias
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Crommentuyn 2005 (Continued)

Item Authors’ judgement Description

Adequate sequence generation? Unclear Details of randomisation not provided.

Allocation concealment? Unclear Details of allocation concealment not pro-
vided.

Blinding? No Open-label

Health care providers

Blinding? No Open-label

Participants

Blinding? No Open-label

Expert committee

Incomplete outcome data addressed? Yes Modified intention-to-treat analysis was

All outcomes

performed using non-completer = failure.
The numbers of participants still in study
at 24 months are described in the included
table (table 1).

Free of selective reporting? Yes Results of primary outcome measures are
reported
Free of other bias? Unclear No description of the uptake of the TDM

recommendations by physicians which
could result in performance bias.

Fletcher 2002
Methods Random sequence generation: Performed using a permuted block approach with assign-
ments contained in sealed, opaque envelopes sequentially numbered. The randomisation
cards were prepared by the protocol statistician and only handed out on a case-by-case
basis.
Allocation concealment: Allocation assignments were contained in sealed, opaque en-
velopes that were sequentially numbered.
Blinding: Open-label
Inclusion of all participanss: A clear description of the treatment discontinuations prior
to 8 weeks is given. It is not clear to which arm they were assigned. All drop-outs after
8 weeks were included in a modified intention-to-treat analysis.
Duration of follow-up: 52 weeks
Participants Inclusion criteria: All participants were HIV positive, antiretroviral-naive, between 18-
60 years old. They had to have an HIV RNA level > 5000 copies/mL.
Exclusion criteria: The participants would be excluded if they had an opportunistic
infection or documented non-adherence to treatment or clinic visits.
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Interventions

All participants had TDM done, but only the TDM arm received advice following these
results. Serial sampling was done at 2 and 28 weeks. Single samples 2-5hrs post-dose
were obtained at each visit (weeks 2, 4 and every 4 weeks after that).

Outcomes

Primary outcomes:

(i)  Proportion achieving desirable drug concentrations at week 28

(ii) Proportion of participants with HIV-1 RNA concentrations <50 copies/mL at 52
weeks

(iii)  Safety and tolerance of conventional compared with concentration-controlled
therapy

Notes

Location: University- based general clinical research centre, out patients department, at
the University of Minnesota

Duration of study: Enrolment June 1997 to September 1999. The last participant com-
pleted follow up in September 2000.

Uptake of recommendation: Not reported

Funding: A grant from the National Institute of Allergy and Infectious Diseases and The
National Institute for Health, Center for Research Resources General Clinical Research
Centres Program and from the manufacturers of the ARVs, Glaxo-Smith Kline and
Merck and Co.

Risk of bias

Item

Authors’ judgement Description

Adequate sequence generation?

Yes Randomisation was performed using a per-
muted block approach with assignments
contained in sealed, opaque envelopes se-
quentially numbered. The randomisation
cards were prepared by the protocol statis-
tician and only handed out on a case-by-
case basis.

Allocation concealment?

Yes Allocation assignments were contained in
sealed, opaque envelopes which were se-
quentially numbered. The randomisation
cards were prepared by the protocol statis-
tician and only handed out on a case-by-

case basis.
Blinding? No Open-label
Health care providers
Blinding? No Open-label
Participants
Blinding? No Open-label
Expert committee
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Incomplete outcome data addressed?
All outcomes

Yes A clear description of the treatment discon-
tinuations prior to 8 weeks is given,it is not
clear to which arm they were assigned. All
drop-out after 8 weeks were included in a
modified intention-to-treat analysis.

Free of selective reporting?

Yes All pre-specified outcomes were reported.

Free of other bias?

Unclear No description of the uptake of the TDM
recommendations by physicians which
could result in performance bias.

Khoo 2006

Methods

Random sequence generation: Randomisation was conducted in a block-permuted manner
stratified by treatment centre.

Allocation concealment: No detail is given regarding allocation concealment.

Blinding: Open-label

Inclusion of all participants: 132 participants were randomised, 10 did not return for
assessment, and therefore the remaining 123 participants were included in a modified
intention-to-treat analysis. Reasonable loss-to-follow-up.

Duration of follow-up: 24 weeks

Participants

Inclusion criteria: HIV positive, > 18 years old and have good attendance at clinic. The
participant had to be willing to attend a nurse-led clinic and have a life-expectancy > 24
months.

2 groups including both antiretroviral-naive and ?experienced participants: Study 1 -
patients commencing or switching to a new regimen were included. Study group 2 -
patients on a stable regimen for > 6 months with virological suppression < 50 copies/
mL.

Exclusion criteria: Liver dysfunction, pregnant or on NRTTs alone or those who did not
give consent.

Interventions

Participants were assigned to either adherence support and TDM or SOC. TDM was
conducted on early morning plasma samples. Study group 1 - samples taken baseline,
2, 4 and 12 weeks and 12 weekly thereafter. The group 2 - samples at baseline and 12
weekly.

Outcomes

Primary endpoints:

(i)  Failure to achieve viral load < 50 copies/mL at 24 weeks

(i)  Viral rebound after suppression (rebound > 400 copies/mL)

(iif) Occurrence of any treatment limiting toxicity

Secondary outcomes:

(i)  Failure to achieve a viral load < 400 copies/mL at 24 weeks

Other toxicities (liver enzymes, raised cholesterol concentrations or use of cholesterol

lowering agents; raised pancreatic enzymes)
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Notes Location: Nurse-led clinics at 3 treatment centres in Northwest England. There was one
large clinic (> 1000 patients); one medium sized clinic (> 400 patients) and a smaller
clinic (200 patients)

Duration of study: March 2000 to October 2003

Uptake of recommendation: Poor, modifications undertaken in 9 of 26 patients where
changes were recommended (35%)

Funding: North West Regional Health Authority R & D Reactive Funding Scheme

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Randomisation was conducted in a block-
permuted manner stratified by treatment
centre.

Allocation concealment? Unclear No further detail is given regarding alloca-
tion concealment.

Blinding? No Open-label

Health care providers

Blinding? No Open-label

Participants

Blinding? No Open-label

Expert committee

Incomplete outcome data addressed? Yes 132 participants were randomised, 10 did

All outcomes not return for assessment, and therefore the
remaining 123 participants were included
in a modified intention-to-treat analysis.
This does not suggest an unreasonable loss-
to-follow-up.

Free of selective reporting? No Primary end-points were not significant
and were not reported. These included fail-
ure to achieve a viral load <50 copies/ml
at 24 weeks; or >= 2 rebounds above 400
copies/ml; occurrence of treatment limit-
ing toxicity. Actuarial results are reported at
72 weeks, not pre-specified in the methods
section.

Free of other bias? No Poor uptake of pharmacological advice ac-

companying the TDM results may result

in performance bias.
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Torti 2005

Methods Random sequence generation: Simple randomisation lists were generated at a central site
and distributed to each study centre.
Allocation concealment: Not described.
Blinding: Open-label
Inclusion of all participants: 265 participants randomised, 35 losses-to-follow-up were
accounted for.
Duration of follow-up: 24 weeks

Participants Inclusion criteria: Patients on a failing regimen with ? 3 antiretrovirals. Defined as - (i)
HIV-1 RNA ? 1000 copies/mL on stable treatment for 6 months or (ii) HIV-1 RNA ?
1000 copies/mL on treatment for 3 months with less than 1 log;o decrease in their viral
load.
Exclusion criteria: Not reported

Interventions TDM at baseline, and weeks 1, 4, 12 and 24

Outcomes Primary outcomes:
(i)  The proportion of participants with virological success at 24 weeks (HIV-RNA <
400 copies/mL)
Secondary outcomes:
(i) Change from baseline of viral load and CD4 count
(i) Proportion of participants with persistent virological response (i.e. HIV-RNA <400
copies/mL before 24 weeks and sustained until the 24 week assessment)

Notes Location: Multiple clinic sites in Italy
Duration of study: May 2002 to September 2003
Uptake of recommendation: Poor, only 8 of 27 dose increase recommendations imple-
mented at week 1 (29.6%); 7 of 29 at week 4 (24.1%); 0 of 29 patients at week 12 and
2 of 29 at week 24 (6.8%).
Funding: Not reported

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Simple randomisation lists were generated

at a central site and distributed to each
study centre.

Allocation concealment? Unclear Allocation concealment is not further de-
scribed.

Blinding? Yes Open-label, but physicians were blinded to

Health care providers the results of the alternative baseline test
done (i.e. VPI vs GI - as both were done on
all).

Blinding? No Open-label

Participants
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Open-label, but expert committee mem-
bers were blinded to the results of the al-
ternative baseline test done (i.e. VPI vs GI

- as both were done on all).

Of265 participants randomised, there were
35 drop outs prior to commencement of in-
terventions. There was slightly more losses
in the VPI group, postulated to be due to
long waiting period for results.

The 24 week virological response resultand
the change in CD4 count result are not
present. Other endpoints are addressed.

Blinding? Yes
Expert committee

Incomplete outcome data addressed? Yes
All outcomes

Free of selective reporting? No
Free of other bias? No

Poor uptake of pharmacological advice ac-
companying the TDM results may result
in performance bias.

Characteristics of excluded studies /[ordered by study ID]

Clevenbergh 2001  Conference proceedings, full published version available see Clevenbergh 2002.

Clevenbergh 2003  Review of inter-site differences in virological response to genotype-based intervention, see Clevenbergh 2002.
TDM is not the intervention in question.

Durant 2000 Therapeutic drug monitoring is not the intervention, as all groups had TDM performed.

Fletcher 2005 Trial to assess four measures of adherence, one of which is TDM. TDM is not an randomised controlled
intervention.

Hugen 2002 Therapeutic drug monitoring not a randomised or controlled intervention.

Kakuda 1999

Conference proceedings, full study available and duplicated results.

Kakuda 2001

Same patients described in Fletcher 2002.

Van Leth 2006

Therapeutic drug measurement not a randomised, controlled intervention.
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Characteristics of ongoing studies [ordered by study ID]

ACTG A1546 2008

Trial name or title

A Prospective, Randomized, Controlled, Open-label Trial Evaluating the Effect of Therapeutic Drug Moni-
toring and Protease Inhibitor Dose Escalation on Viral Load Responses in Antiretroviral-experienced, HIV-
infected Patients with a Normalized Inhibitory Quotient

Methods Randomised, controlled, open-label study

Participants HIV infected, failing antiretroviral therapy on 1 protease inhibitor regimen,with HIV-RNA 1000copies/mL,
and virtual phenotype resistance testing showing resistance to at least one drug on the current failing regimen.

Interventions Initiated on new protease inhibitor, NIQ (normalised inhibitory quotient) measured at week 2, if NIQ <1,
randomised to TDM (dose escalation of PI) versus SOC

Outcomes Primary outcome difference between TDM and SOC in median change in HIV-RNA viral load at 20 weeks

after randomisation

Starting date

2002

Contact information

lisa’demeter@urmc.rochester.edu

Notes Definition of NIQ: NIQ correlates retrospectively with treatment responses. NIQ= patient IQ/ reference IQ;
IQ = protease inhibitor trough concentration/fold-change in ICsg before regimen initiation. The reference
IQ for each PI was derived from earlier studies.
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DATA AND ANALYSES

Comparison 1. TDM of all ARVs vs. SOC

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Participants achieving viral load 3 326 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.93, 1.27]
<500 copies/ml at 24 weeks

2 Participants achieving viral load 3 225 Risk Ratio (M-H, Random, 95% CI) 1.28 [0.86, 1.92]

<500 copies/ml at 1 year

Comparison 2. ARV naive participants - TDM of all ARVs vs. SOC

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Participants achieving viral load 2 192 Risk Ratio (M-H, Random, 95% CI) 1.07 [0.87, 1.33]
<500 copies/ml at 24 weeks

2 Participants achieving viral load 3 225 Risk Ratio (M-H, Random, 95% CI) 1.28 [0.86, 1.92]

<500 copies/ml at 52 weeks

Comparison 3. ARV naive participants - TDM of unboosted Pls vs. SOC

No. of No. of

studies participants Statistical method Effect size

Outcome or subgroup title

1 Participants achieving viral load 2 180 Risk Ratio (M-H, Random, 95% CI) 1.49 [1.20, 1.83]
<500 copies/ml at 52 weeks

Comparison 4. ARV experienced participants - TDM and genotype testing vs. genotype testing alone

No. of No. of

studies participants Statistical method Effect size

Outcome or subgroup title

1 Participants achieving viral load 2 317 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.73, 1.17]
<200 copies/ml at 12 weeks
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Comparison 5. Switching or stopping due to toxicity

No. of No. of

studies participants Statistical method Fffect size

Outcome or subgroup title

1 Stopping due to toxicity 2 187 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.34, 1.52]

Analysis 1.1. Comparison | TDM of all ARVs vs. SOC, Outcome | Participants achieving viral load <500
copies/ml at 24 weeks.

Review: Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: | TDM of all ARVs vs. SOC

Outcome: | Participants achieving viral load <500 copies/ml at 24 weeks

Study or subgroup DM SOC Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% Cl M-H,Random,95% Cl

Bossi 2004 40/67 35/67 188 % [.141085, 1.55]
Burger 2003 65/69 62/78 431 % .19 1.04, 1.35]
Crommentuyn 2005 22/24 20/21 38.1 % 096083, 1.12]
Total (95% CI) 160 166 100.0 % 1.09 [ 0.93, 1.27 ]

Total events: 127 (TDM), 117 (SOC)
Heterogeneity: Tau? = 0.01; Chi? = 4.74, df = 2 (P = 0.09); I*> =58%
Test for overall effect: Z = 1.04 (P = 0.30)

001 0.1 | 10 100
Favours control Favours experimental
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Analysis 1.2. Comparison | TDM of all ARVs vs. SOC, Outcome 2 Participants achieving viral load <500

copies/ml at | year.

Review:  Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: | TDM of all ARVs vs. SOC

Outcome: 2 Participants achieving viral load <500 copies/ml at | year

Study or subgroup DM SOC Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% Cl M-H,Random,95% ClI

Burger 2003 54/69 43/78 l. 365 % 142 1.12,1.80]
Crommentuyn 2005 20124 19721 368 % 092[073, 1.16]
Fletcher 2002 15/16 9117 il 267 % 177 [ 1.11,282]
Total (95% CI) 109 116 > 100.0 % 1.28 [ 0.86, 1.92 ]

Total events: 89 (TDM), 71 (SOC)
Heterogeneity: Tau? = 0.10; Chi> = | 1.55, df = 2 (P = 0.003); I> =83%
Test for overall effect: Z = 1.22 (P = 022)

001 0.1 | 10 100

Favours control Favours experimental

Analysis 2.1. Comparison 2 ARV naive participants - TDM of all ARVs vs. SOC, Outcome | Participants
achieving viral load <500 copies/ml at 24 weeks.

Review: Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: 2 ARV naive participants - TDM of all ARVs vs. SOC

Outcome: | Participants achieving viral load <500 copies/ml at 24 weeks

Study or subgroup DM SOC Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% Cl M-H,Random,95% ClI

Burger 2003 65/69 62/78 52.1% .19 1.04,135]
Crommentuyn 2005 22/24 20721 479 % 096083, 1.12]
Total (95% CI) 93 929 100.0 % 1.07 [ 0.87,1.33 ]

Total events: 87 (TDM), 82 (SOC)
Heterogeneity: Tau? = 0.02; Chi? = 4.60, df = | (P = 0.03); I> =78%
Test for overall effect: Z = 0.64 (P = 0.52)

0.0l 0.1 | 10 100

Favours control Favours experimental
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Analysis 2.2. Comparison 2 ARV naive participants - TDM of all ARVs vs. SOC, Outcome 2 Participants
achieving viral load <500 copies/ml at 52 weeks.

Review:  Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: 2 ARV naive participants - TDM of all ARVs vs. SOC

Outcome: 2 Participants achieving viral load <500 copies/ml at 52 weeks

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% Cl M-H,Random,95% Cl

Burger 2003 54/69 43/78 l. 365 % 142 1.12,1.80]
Crommentuyn 2005 20124 19/21 368 % 092[073, 1.16]
Fletcher 2002 15/16 9/17 il 267 % 177 [ 1.11,282]
Total (95% CI) 109 116 > 100.0 % 1.28 [ 0.86, 1.92 ]

Total events: 89 (Experimental), 71 (Control)
Heterogeneity: Tau? = 0.10; Chi> = | 1.55, df = 2 (P = 0.003); I> =83%
Test for overall effect: Z = 1.22 (P = 022)

0.0l 0.1 | 10 100

Favours control Favours experimental

Analysis 3.1. Comparison 3 ARV naive participants - TDM of unboosted Pls vs. SOC, Outcome |
Participants achieving viral load <500 copies/ml at 52 weeks.

Review:  Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: 3 ARV naive participants - TDM of unboosted Pls vs. SOC

Outcome: | Participants achieving viral load <500 copies/ml at 52 weeks

Study or subgroup TDM SOC Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% ClI M-H,Random,95% ClI
Burger 2003 54/69 43/78 . 79.6 % 142 1.12,1.80]
Fletcher 2002 15/16 N7 il 204 % 177 [ 111,282]
Total (95% CI) 85 95 ¢ 100.0 % 1.49 [ 1.20, 1.83 ]
Total events: 69 (TDM), 52 (SOC)
Heterogeneity: Tau? = 0.0; Chi? = 0.69, df = | (P = 041); 1> =0.0%
Test for overall effect: Z = 3.69 (P = 0.00023)
0.0l 0.1 | 10 100
Favours control Favours experimental
43
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Analysis 4.1. Comparison 4 ARV experienced participants - TDM and genotype testing vs. genotype testing
alone, Outcome | Participants achieving viral load <200 copies/ml at 12 weeks.

Review:  Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: 4 ARV experienced participants - TDM and genotype testing vs. genotype testing alone

Outcome: | Participants achieving viral load <200 copies/ml at 12 weeks

Study or subgroup TDM and genotyping Genotyping alone Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% Cl M-H,Random,95% Cl

Bossi 2004 29/67 30/67 382 % 097 [0.66, 1.42]
Clevenbergh 2002 40/87 49196 61.8% 090[067, 122]
Total (95% CI) 154 163 100.0 % 0.93 [0.73, 1.17 ]

Total events: 69 (TDM and genotyping), 79 (Genotyping alone)
Heterogeneity: Tau? = 0.0; Chi? = 0.08, df = | (P = 0.78); I> =0.0%
Test for overall effect: Z = 0.64 (P = 0.52)

0.0l 0.1 | 10 100

Favours control Favours experimental

Analysis 5.1. Comparison 5 Switching or stopping due to toxicity, Outcome | Stopping due to toxicity.

Review:  Therapeutic drug monitoring of antiretrovirals for people with HIV
Comparison: 5 Switching or stopping due to toxicity

Outcome: | Stopping due to toxicity

Study or subgroup TDM SOC Risk Ratio Weight Risk Ratio
n/N n/N M-H,Random,95% ClI M-H,Random,95% ClI

Burger 2003 7169 12/78 740 % 066028, 1.58]
Fletcher 2002 321 3/19 260 % 090[021,396]
Total (95% CI) 920 97 100.0 % 0.72 [ 0.34, 1.52 ]

Total events: 10 (TDM), 15 (SOC)
Heterogeneity: Tau? = 0.0; Chi? = 0.13, df = | (P = 0.72); I> =0.0%
Test for overall effect: Z = 0.87 (P = 0.38)

0.0l 0.1 | 10 100

Favours control Favours experimental
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APPENDICES

Appendix |. Eligibility Form

Name of review

Study eligibility form =~ (ID)
Type of study
Yes Unclear No
Is the study a Randomised
Controlled Trial?
Go to
next question Exclude
Study type:
Trial Intervention
Yes Unclear No
Was the interven-
tion ARV TDM at
least once in people
infected with HIV
on an NNRTT or PI
as part of ART?
Go to
next question Exclude
Trial participants
Yes Unclear No
Were the trial par-
ticipants adults?
Go to
next question Exclude

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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(Continued)

Any other
reasons for exclud- No Yes
ing study?
Specify:
Include, subject to clar-  Exclude
ification of
unclearO points
Final decision Include  Unclear Exclude
Database No. articles yielded Possible RCT/ RCT  Background/relevant references
1. Embase 94
2. Pubmed 716

3. Cochrane library search 43

4.AIDSearch 405

5. NLM gateway 1091

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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Appendix 2. Embase Search strategy

Antiretroviral therapeutic drug monitoring for patients with HIV

Database: EMBASE 1980 - 2008

Date: 25 January 2008
No. Query Results Results
#1. ((Chuman immunodeficiency virus infection’/exp 268,623

OR ’human immunodeficiency virus infection’/
exp) OR (Chuman immunodeficiency virus in-
fection’/exp OR ’human immunodeficiency virus
infection’/exp)) OR (Chuman immunodeficiency
virus infection’/exp OR ’human immunodeficiency
virus infection’/exp) OR (Chuman immunodefi-
ciency virus infection’/exp OR ’human immun-
odeficiency virus infection’/exp))) OR (((Chuman
immunodeficiency virus/exp OR "human immun-
odeficiency virus/exp) OR (Chuman immunodefi-
ciency virus/exp OR ’human immunodeficiency
virus’/exp)) OR (Chuman immunodeficiency virus'/
exp OR ’human immunodeficiency virus/exp) OR
(Chuman immunodeficiency virus/exp OR ’hu-
man immunodeficiency virus'/exp)))) OR (hiv:ti
OR hiv:ab) OR (hiv-1":ti OR ’hiv-1":ab)OR (
’hiv-2":ti OR ’hiv-2:ab)OR (Chuman immunod-
eficiency virus:ti OR ’human immunodeficiency
virus:ab)OR (human immuno-deficiency virus’:ti
OR ’human immuno-deficiency virus:ab)OR (hu-
man immunedeficiency virus:ti OR "human im-
munedeficiency virus':ab)OR Chuman immune-de-
ficiency virus:ti OR ’human immune-deficiency
virus:ab)OR (acquired immune-deficiency syn-

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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(Continued)

drome’:ti OR ’acquired immune-deficiency syn-
drome’:ab)OR (acquired immunedeficiency syn-
drome’:ti OR ’acquired immunedeficiency syn-
drome’:ab)OR (‘acquired immunodeficiency syn-
drome’:ti OR ’acquired immunodeficiency syn-
drome’:ab)OR (‘acquired immuno-deficiency syn-
drome’:ti OR ’acquired immuno-deficiency syn-

drome’:ab)AND [1980-2008]/py

(random*:ti OR random™*:ab)OR (factorial*:ti OR
factorial*:ab) OR (cross?over*:ti OR cross?over:ab O
R crossover*:ti OR crossover*:ab)OR (placebo*:ti
OR placebo*:ab)OR (((doubl*:ti AND blind*:ti)
OR (doubl*:ab AND blind*:ab))) OR (((singl*:ti
AND blind*:t)OR (singl*:ab AND blind*:ab)))
OR (assign*:ti OR assign*:ab)OR (volunteer*:ti
OR volunteer*:ab)OR ((((Ccrossover procedure’/
exp OR ’crossover procedure’)OR (crossover pro-
cedure’/exp OR ’crossover procedure’)) OR ((
“crossover procedure’/exp OR ’crossover proce-
dure’)OR (crossover procedure’/exp OR ’crossover
procedure’))) OR ((Ccrossover procedure’/exp OR
“crossover procedure’)OR (’crossover procedure’/
exp OR ’crossover procedure’)) OR ((crossover
procedure’/exp OR ’crossover procedure’)OR (
“crossover procedure’/exp OR ’crossover proce-
dure’))))) OR (((((double-blind procedure’/exp OR
‘double-blind procedure’)OR ('double-blind pro-
cedure’/exp OR ’double-blind procedure’)) OR (
(double-blind procedure’/exp OR ’double-blind
procedure’)OR (double-blind procedure’/exp OR
‘double-blind procedure’))) OR (((double-blind
procedure’/exp OR ’double-blind procedure’) OR
(double-blind procedure’/exp OR ’double-blind
procedure’)) OR ((double-blind procedure’/exp
OR ‘double-blind procedure’)OR  (double-blind
procedure’/exp OR ’double-blind procedure’)))))
OR (((((single-blind procedure’/exp OR ’single-
blind procedure’)OR (single-blind procedure’/exp
OR ’single-blind procedure’)) OR ((’single-blind
procedure’/exp OR ’single-blind procedure’)OR (
single-blind procedure’/exp OR ’single-blind pro-
cedure’))) OR (((single-blind procedure’/exp OR
single-blind  procedure’)OR (single-blind proce-
dure’/exp OR ’single-blind procedure’)) OR ((sin-
gle-blind procedure’/exp OR ’single-blind proce-
dure)OR (single-blind procedure’/exp OR ’sin-
gle-blind procedure’))))) OR (((((randomized con-
trolled trial’/exp OR ’randomizedcontrolled trial’)

733,089
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(Continued)

OR (randomized controlled trial’/exp OR ’ran-
domized controlled trial’)) OR ((randomized con-
trolled trial’/exp OR ’randomized controlled trial’)
OR (randomized controlled trial’/exp OR random-
ized controlled trial’))) OR (((randomized con-
trolled trial’/exp OR ’randomized controlled trial’)
OR (randomized controlled trial’/exp OR random-
ized controlled trial’)) OR ((randomized controlled
trial’/exp OR ’randomized controlled trial’) OR (
’randomized controlled trial’/exp OR ’randomized
controlled trial’))))) OR (allocat*:ti OR allocat*:ab)
AND [1980-2008]/py

#3

’monitoring, drug’or AND (drug monitoring’/exp
OR ’drug monitoring’)OR (’therapeutic drug mon-
itoring’/exp OR ’therapeutic drug monitoring’) OR
‘drug monitoring, therapeutic’ OR ’monitoring,
therapeutic drug’ OR ’concentration-controlled’
OR ’concentration controlled” OR 'drug concentra-

tion controlled” AND [1980-2008]/py

32,118

#4

#1 AND #2 AND #3

94

Appendix 3. Pubmed Search strategy

Antiretroviral therapeutic drug monitoring for patients with HIV

Database:

Date:

PubMed 1996 - 2008

18 January 2008
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Search Most Recent Queries Time Result

#13 Search #9 AND #10 AND #11 Limits: 03:57:32 716
Publication Date from 1996 to 2008

#12 Search #9 AND #10 AND #11 03:33:49 811

#11 Search HIV Infections[MeSH] OR 03:33:28 226577
HIV[MeSH] OR hivitw] OR hiv-
1*[tw] OR hiv-2*[tw] OR hivl[tw]
OR hiv2[tw] OR hiv infect*[tw] OR
human immunodeficiency virus[tw]
OR human immunedeficiency
virus[tw] OR human immuno-defi-
ciency virus[tw] OR human immune-
deficiency virus[tw] OR ((human im-
mun*) AND (deficiency virus[tw]))
OR acquired immunodeficiency syn-
drome[tw] OR acquired immunede-
ficiency syndrome[tw] OR acquired
immuno-deficiency  syndrome[tw]
OR acquired immune-deficiency syn-
drome[tw] OR ((acquired immun*)
AND (deficiency syndrome[tw])) OR
“sexually transmitted diseases, vi-

ral”[MESH:NoExp]

#10 Search randomized controlled trial 03:33:04 3428752
[ptl OR controlled clinical trial
[pt] OR randomized controlled tri-
als [mh] OR random allocation [mh]
OR double-blind method [mh] OR
single-blind method [mh] OR clini-
cal trial [pt] OR clinical trials [mh]
OR (“clinical trial” [tw]) OR ((singl*
[tw] OR doubl* [tw] OR trebl* [tw]
OR tripl* [tw]) AND (mask* [tw]
OR blind* [tw])) OR ( placebos [mh]
OR placebo* [tw] OR random* [tw]
OR research design [mh:noexp] OR
(comparative study) OR evaluation
studies [mh] OR follow-up studies
[mh] OR prospective studies [mh]
OR control* [tw] OR prospectiv* [tw]
OR volunteer* [tw]) NOT (animals
[mh] NOT human [mh])

#9 Search (MONITORING, DRUG) OR 03:31:03 56649
(DRUG MONITORING)

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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http://www.ncbi.nlm.nih.gov/sites/?querykey=13%26histid=NCID_01_11750516_130.14.22.148_9001_1200644431%26dbase=pubmed%26tab=History%26
http://www.ncbi.nlm.nih.gov/sites/?cmd=HistorySearch%26querykey=13%26tab=%26
http://www.ncbi.nlm.nih.gov/sites/?querykey=12%26histid=NCID_01_11750516_130.14.22.148_9001_1200644431%26dbase=pubmed%26tab=History%26
http://www.ncbi.nlm.nih.gov/sites/?cmd=HistorySearch%26querykey=12%26tab=%26
http://www.ncbi.nlm.nih.gov/sites/?querykey=11%26histid=NCID_01_11750516_130.14.22.148_9001_1200644431%26dbase=pubmed%26tab=History%26
http://www.ncbi.nlm.nih.gov/sites/?cmd=HistorySearch%26querykey=11%26tab=%26
http://www.ncbi.nlm.nih.gov/sites/?querykey=10%26histid=NCID_01_11750516_130.14.22.148_9001_1200644431%26dbase=pubmed%26tab=History%26
http://www.ncbi.nlm.nih.gov/sites/?cmd=HistorySearch%26querykey=10%26tab=%26
http://www.ncbi.nlm.nih.gov/sites/?querykey=9%26histid=NCID_01_11750516_130.14.22.148_9001_1200644431%26dbase=pubmed%26tab=History%26
http://www.ncbi.nlm.nih.gov/sites/?cmd=HistorySearch%26querykey=9%26tab=%26

(Continued)

OR (THERAPEUTIC DRUG MON-
ITORING)OR (DRUG MONITOR-
ING, THERAPEUTIC)OR (MONI-
TORING, THERAPEUTIC DRUG)
OR (CONCENTRA-
TION-CONTROLLED)OR (CON-
CENTRATION
CONTROLLED)OR (DRUG CON-
CENTRATION CONTROLLED)

Appendix 4. Cochrane library Search strategy

Antiretroviral therapeutic drug monitoring for patients with HIV

Database: Cochrane Library 1990 - 2008

Date: 18 January 2008

Set # Matches

#1 “HIV Infections” OR HIV OR hiv OR “hiv-1*" OR “hiv- 7229
2*” OR hivl OR hiv2 OR “hiv infect*” OR “human
immunodeficiency virus” OR “human immunedeficiency
virus” OR “human immuno-deficiency virus” OR “human
immune-deficiency virus” OR (“human immun*” AND
“deficiency virus”) OR “acquired immunodeficiency
syndrome” OR “acquired immunedeficiency syndrome”

OR “acquired immuno-deficiency syndrome” OR
“acquired immune-deficiency syndrome” OR (“acquired
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http://www3.interscience.wiley.com/cochrane/searchHistory?mode=runquery%26qnum=1
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http://www3.interscience.wiley.com/cochrane/searchHistory?mode=runquery%26qnum=1
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(Continued)

immun*” AND “deficiency syndrome”) OR “viral sexually
transmitted diseases”

#2 “MONITORING, DRUG” OR “DRUG 1379
MONITORING” OR “THERAPEUTIC DRUG
MONITORING” OR “DRUG MONITORING,
THERAPEUTIC” OR “MONITORING,

THERAPEUTIC DRUG” OR “CONCENTRATION-
CONTROLLED” OR “CONCENTRATION
CONTROLLED” OR “DRUG CONCENTRATION
CONTROLLED”

#3 #1 AND #2 51*

* Of these only 43 are trials.

Appendix 5. AlDSearch Search strategy

Antiretroviral therapeutic drug monitoring for patients with HIV

Database: AlDSearch 1980 - 2008

Date: 18 January 2008

Set # Matches

#1 (HIV INFECTIONS)OR HIV OR HIV OR HIV-1* OR 269,827
HIV-2* OR HIV1 OR HIV2 OR (HIV INFECT*) OR
(HUMAN IMMUNODEFICIENCY VIRUS) OR (HU-

MAN IM-
MUNEDEFICIENCY VIRUS) OR (HUMAN IMMUNO-
DEFICIENCY VIRUS) OR (HUMAN IMMUNE-DEFI-
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(Continued)

CIENCY VIRUS) OR (HUMAN IMMUN*) AND (DE-
FICIENCY VIRUS)) OR (ACQUIRED IMMUNODEFI-
CIENCY SYNDROME) OR (ACQUIRED IMMUNEDE-
FICIENCY SYNDROME) OR (ACQUIRED IMMUNO-
DEFICIENCY SYNDROME) OR (ACQUIRED IM-
MUNE-DEFICIENCY SYNDROME) OR ((ACQUIRED
IMMUN*) AND (DEFICIENCY SYNDROME)) OR
(SEXUALLY TRANSMITTED DISEASES, VIRAL)

#2

(RANDOMIZED CONTROLLED TRIAL) OR (CON-
TROLLED CLINICAL TRIAL) OR (RANDOMIZED
CONTROLLED TRIALS) OR (RANDOM ALLOCA-
TION)OR (DOUBLE-BLIND METHOD) OR (SINGLE-
BLIND METHOD) OR (CLINICAL TRIAL) OR (CLIN-
ICAL TRIALS) OR (“CLINICAL TRIAL") OR ((SINGL*
OR DOUBL* OR TREBL* OR TRIPL* AND (MASK*
OR BLIND* )) OR PLACEBOS OR PLACEBO*
OR RANDOM* OR (COMPARATIVE STUDY) OR (
EVALUATION STUDIES) OR (FOLLOW-UP STUDIES)
OR (PROSPECTIVE STUDIES) OR CONTROL* OR
PROSPECTIV* OR VOLUNTEER*)) NOT (ANIMALS
NOT HUMAN )

153,716

#3

#1 AND #2

109,587

#4

(MONITORING, DRUG) OR (DRUG MONITORING)
OR (THERAPEUTIC DRUG MON-
ITORING)OR (DRUG MONITORING, THERAPEU-
TIC)OR (MONITORING, THERAPEUTIC DRUG) OR
(CONCENTRATION-CONTROLLED)OR (CONCEN-
TRATION CONTROLLED)OR (DRUG CONCENTRA-
TION CONTROLLED)

984

#4

#3 AND #4

405
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Appendix 6. NLM gateway Search strategy

Antiretroviral therapeutic drug monitoring for patients with HIV

Database: NLM GATEWAY 1996 - 2008

Date: 18 January 2008

Of the total number of records retrieved only 150 were meeting abstracts.

Search Search
Number

Items
Found

#4 #1 AND #2 AND #3

1091

#3 Search: (randomized controlled trial [pt] OR controlled
clinical trial [pt] OR randomized controlled trials [mh]
OR random allocation [mh] OR double-blind method
[mh] OR single-blind method [mh] OR clinical trial
[pt] OR clinical trials [mh] OR (“clinical trial” [tw])
OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR
tripl* [tw]) AND (mask* [tw] OR blind* [tw]))) OR ((
placebos [mh] OR placebo* [tw] OR random™ [tw] OR
research design [mh:noexp] OR (comparative study)
OR evaluation studies [mh] OR follow-up studies [mh]
OR prospective studies [mh] OR control* [tw] OR
prospectiv* [tw] OR volunteer® [tw]) NOT (animals
[mh] NOT human [mh]))

3659741

#2 Search: (MON-
ITORING, DRUG) OR (DRUG MONITORING)
OR (THERAPEUTIC DRUG MONITORING)
OR (DRUG MONITORING, THERAPEUTIC)
OR (MONITORING, THERAPEUTIC DRUG)
OR (CONCENTRATION-CONTROLLED)OR (
CONCENTRATION CONTROLLED)OR (DRUG
CONCENTRATION CONTROLLED)

78764
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(Continued)

#1 Search: (HIV Infections[MeSH] OR HIV[MeSH] OR 334423

hiv[tw] OR hiv-1*[tw] OR hiv-2*[tw] OR hiv1[tw]
OR hiv2[tw] OR hiv infect*[tw] OR human immun-
odeficiency virus[tw] OR human immunedeficiency
virus[tw] OR human immuno-deficiency virus[tw] OR
human immune-deficiency virus[tw] OR ((human im-
mun*) AND (deficiency virus[tw]))) OR (acquired im-
munodeficiency syndrome[tw] OR acquired immuned-
eficiency syndrome[tw] OR acquired immuno-defi-
ciency syndrome[tw] OR acquired immune-deficiency
syndrome[tw] OR ((acquired immun*) AND (defi-
ciency syndrome[tw])) OR “sexually transmitted dis-
eases, viral’[MESH:NoExp])

Appendix 7. Data abstraction form

Data extraction form

General identifying information

Study ID ............ Reviewer ID .......... Date """

Journal (name, year, vol, issue, pgs) Published ~ Unpublished

Authors (all) ==

Location of trial (e.g. hosp/ opd and city/ country etc) Not specified

Setting high income low income  unclear

Date of trial: Start / end

Duration of study

Methodological quality

Risk of bias Description Risk (L,M,H)

Selection

Performance
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(Continued)

Attrition

Detection

Reporting

Randomisation method — clear unclear not specified

Describe: =777 rrr i

Allocation concealment

Adequate

i.e Centralized randomization by telephone; randomization schemes controlled by a off site;
on-site computer systems which can be assessed after entering the characteristics of an
enrolled participant, where allocations are locked on unreadable file, and sequentially

numbered, sealed envelopes.

Inadequate

i.e any allocation procedure transparent before assignment (e.g. open list of random numbers,
alternation, date of birth, day of week, case record number)

Unclear

i.e. sealed envelopes, but not sequentially numbered or opaque; description suggests concealment,
but other features are suspicious (e.g. notable unequal baseline characteristics, randomization stated
but no detail given)

Not reported

Blinding yes no  not described

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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Ethics approval  yes no unclear

IF yes, which REC "+ 7 s s

Informed consent oral written not done not described

Participants

Proposed sample size (if given)

Inclusion criteria

Description of outcomes

Primary outcomes

Baseline characteristics

Number recruited n= Unclear

Number randomised

Arm1 Arm2  Other

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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(Continued)

Intervention

Total number included in ITT

Baseline characteristics

Male n(%)

Female n(%)

Age
Mean (SD)
Median (IQR)

Weight (SD)
BMI

WHO stage

CDC stage

Prior AIDS (%)

Baseline CD4 (cells/mcL)

Baseline viral load (log copies/
mL)

Duration on ARVs

Previous Rx hist

ART naive (%)

ART exp. (%)

Drug [] measured
PI
NNRTI

Therapeutic drug monitoring of antiretrovirals for people with HIV (Review)
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(Continued)

Outcomes
See protocol for full explanation for outcome measures

write any additional details below

Arm1 Arm2 Other

ARV [name]

Intervention

PRIMARY

Death (all cause)

New HIV events (death or
AIDS defining illness)

Prop achieving and maintain-

ing LDL

SECONDARY

Change in mean CD4 cell

count

Change in HIV-RNA levels

QOL indicators

Prop stopping or switching due
to viral failure

SAFETY

Prop stopping or switching due
to toxicity

Any adverse effects (give detail
below)
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