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Introduction

With the introduction of highly active antiretroviral therapy (HAART), HIV is now
considered a chronic and stable disease in effectively suppressed individuals on ART.
Despite the fact that HAART can lead to undetectable levels of plasma HIV-RNA (<50
copies/ml), low-level viral replication persists in latently infected CD4+ T cells, which is
believed to account for viral rebound on ART withdrawal [1, 2]. These viral reservoirs are a
major challenge to HIV eradication. Research suggests that the CD4+ T cells harboring HIV
are established early in the acute phase of infection and persist even with years of effective
therapy [3, 4]. While the mechanisms responsible for HIV latency are poorly understood, the
histone architecture within the latently infected T cell is believed to inhibit viral
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transcription, viral expression and the release of replication competent virus [5, 6]. In vitro,
histone deacetylases (HDAC) inhibition has been shown to induce HIV-1 viral expression
from resting CD4+ T cells [7]. HDAC inhibition has therefore been proposed as a novel
strategy to purge the HIV reservoirs in ART-treated individuals, in whom treatment prevents
integration of the released virus into naive T cells [8]. Despite promising preliminary data
using the HDAC inhibitor, valproic acid (VPA) [8], its role in the treatment of HIV-infected
individuals remains unclear [9, 10], in part due to the small number of people studied and
the varying treatments received. The CIHR Canadian HIV Trials Network (CTN) study 205
(CTN 205) was the first randomized controlled trial of VPA in HIV, undertaken to better
characterize the effect of VPA on the HIV reservoir in ART-treated individuals. This
multicentre study was initiated in 2006 and is now completed. The results of this
randomized crossover study have recently been published [11]. Herein, the design features
of CTN 205 are considered within established criteria for crossover designs [12], as a
methodological contribution to the study of HIV therapeutics. In addition, we also consider
the methodological challenges of the crossover design in the context of the extended study
duration and the added logistical complexity.

The Crossover Design in Therapeutic HIV Trials

Given the long-term stability but heterogeneous nature of HIV disease among chronically
infected people on ART, the crossover study may represent an efficient design in the early
stage testing of adjuvant therapies. While used increasingly in medical intervention research
[13, 14], the crossover design in HIV has historically been limited to pharmacokinetic
studies of antiretroviral therapy [15, 16], although some HIV trials using a crossover study
design have recently been reported [17-19]. Since the within-person variability of the HIV
reservoir in ART-treated individuals has been characterized [20], the crossover design may
be uniquely well-suited to evaluate the impact of HIV therapeutics, such as VPA, on the
number of resting CD4+ T cells harboring HIV. As a therapeutic strategy that has the
potential to reduce, but not clear the HIV reservoir [8], a crossover design in the study of
VPA also affords an opportunity to better define treatment characteristics that enhance
therapeutic efficacy, including optimal treatment duration and the durability of treatment
effect following VPA withdrawal. The appropriateness of the crossover design in the study
of VPA among people on ART is discussed below, using the following five important
design features of the crossover study [12]: 1) minimal period and carryover effects; 2)
randomized subject assignment; 3) time-dependent crossover rules and appropriate timing of
measurement; 4) low dropout rates; 5) appropriate sample size estimates and analysis.

CTN 205 Design Features

In the first randomized trial of VPA in HIV, 56 effectively suppressed (<50 copies/ml)
individuals on ART were randomly assigned (1:1) to one of two treatment sequences in this
crossover study. Main eligibility criteria were HIV (+) men and women age = 18 years,
CD4+ = 200 cells/ul on highly active antiretroviral therapy (HAART) for greater than 12
months. Patients were not eligible to participate if they had any bleeding disorders, liver
disease, renal failure or were on daily anticoagulants. Further, study participants could not
have received cytotoxic agents, systemic corticosteroids or immune modulators within four
weeks of the baseline evaluation. If randomized to the first treatment arm (arm 1), study
participants continued on ART and also received a therapeutic dose of VPA for 16 weeks,
after which point they discontinued VPA and were followed for 32 weeks. The second
treatment arm (arm 2) continued on ART alone during the first 16 weeks of the study and
then had VVPA added to their therapeutic regimen for a duration of 32 weeks. A modified
crossover design was therefore employed to test two different durations of VVPA treatment,
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in which the duration of the second treatment period was doubled (Figure 1). Study
participants were monitored every four weeks during the study and underwent standard
laboratory assessments and HIV-RNA and VPA serum concentration measurements (Figure
1). CD4+ T cell subsets were measured at baseline and then every 8 weeks, until week 48.
Treatment effect, based on the frequency of resting CD4+ memory T cells carrying HIV-1
proviral DNA, was determined at the end of each treatment period at 16 and 48 weeks,
respectively.

Period and Carryover Effects

Period effects (due to the passage of time) should be minimized in a crossover study in order
to obtain an accurate estimate of the treatment effect. Stable diseases that are unlikely to
progress spontaneously during the course of the study are therefore most appropriate for this
within-subject design [12]. In the case of CTN 205, all study participants were required to
have been effectively suppressed on ART (HIV-RNA< 50 copies/ml) for > 12 months as a
measure of disease stability, thus making this ART-treated population well-suited for a
crossover study.

Within the context of a crossover study, carryover effects from one period to the next can
obscure treatment effects [12]. As the treatment characteristics of VPA were still under
investigation at the time of study initiation, the second treatment period was lengthened in
order to minimize the impact of potential carry over effects, as recommended by Jones and
Kenward [21].

Subject Assignment

In study CTN 205 we compared the size of the viral reservoir in peripheral blood
mononuclear cells (PBMC), based on the number of infectious units per logyg billion
(IUPM) in ART-treated individuals with and without adjunctive VPA. Random assignment
of study participants to the sequence of treatment (ART + VPA - ART alone OR ART
alone » ART + VPA) minimized the potential for selection and ascertainment bias. The
random assignment of study participants to different treatment sequences likely also
neutralized the impact of any natural history disease progression on the evaluation of
treatment efficacy.

Crossover Rules and Timing of Measurements

The effectiveness of CTN 205’s study design was enhanced by specifying, a priori, a time-
dependent crossover at 16 weeks. Sixteen weeks was chosen as the minimum duration of
therapy necessary to achieve a decrease in the viral reservoir with VPA treatment based on
existing data showing a treatment effect after 3-4 months of therapy [8]. Although not
blinded, the objective nature of the primary outcome reduced the likelihood of ascertainment
bias, as knowledge alone of the presence or absence of adjunctive therapy would be unlikely
to influence measurements of the size of the viral reservoir.

In CTN 205, treatment effect was determined based on a comparison of the frequency of
resting CD4+ memory T cells carrying HIV-1 proviral DNA in ART-treated individuals
with and without VPA, measured at 16 and 48 weeks, respectively. The uneven duration of
treatment periods in this study allowed for an assessment of the impact of extended VPA
treatment (32 weeks) on the size of the viral reservoir in treatment arm 2, while frequent
measurements of the serum VPA concentrations allowed for a better characterization of the
effect of VPA treatment. The design also permitted an assessment of the durability of the
effect on the reservoir following VPA withdrawal in treatment arm 1.
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Dropout Rate and Study Duration

The design efficiency of the within-subject design can be offset by high dropout rates in
crossover studies, where study participants receive sequential treatments. As an adjuvant
trial of an oral therapy in ART-treated individuals, the longer study duration (48 weeks) was
not expected to result in high dropout rates, given that all study participants would have
been on long-term ART regardless of study participation. In CTN 205, the number of study
withdrawals was only slightly higher in the second treatment period (5 vs 7), despite its
longer duration [11]. To evaluate the impact of longer durations of VPA treatment on
participant apathy, the serial measurements of VPA serum concentrations were used as a
measure of treatment adherence. In the group receiving vaproic acid for the first 16 weeks,
there was a trend for the VPA serum concentrations to go down over time (slope = —2.97/
week, p=0.06), although the trend reversed for the group receiving 32 weeks of VPA in the
second treatment period (slope=1.54/week, p=0.03). As such, there was no consistent
evidence to suggest that compliance to VPA was decreasing over time based on serial serum
VPA measurements.

While treatment compliance was acceptable for study participants completing the study,
adverse events leading to study withdrawal were common during VPA treatment (n=8) and
increased with treatment duration (16 weeks VPA=3, 32 weeks VPA=5) [11]. This finding
may have implications for the tolerability of extended VPA treatment and, more broadly, on
the feasibility of crossover studies evaluating the impact of treatment regimens of different
duration in adjunctive therapies with time-dependent toxicity profiles.

Statistical Considerations

By eliminating the impact of between subject variability on the assessment of treatment
efficacy, the crossover study represents an efficient study design often requiring fewer study
participants than parallel group designs [22]. Based on 20 evaluable participants per
treatment arm and an intra-patient variability in the viral reservoir of the IUPM of 0.7)4
[20], CTN 205 was designed to have 75% power to detect a 0.3 log difference in the IUPM
in the resting CD4+ memory cells, under the assumption of a 0.5 correlation between
measures within the same person using a paired t-test and a 2-sided test of statistical
significance (p=0.05). A minimum difference of 0.3 log in the size of the viral reservoir was
chosen based on the inter-assay variance of the assay used to quantitate proviral DNA [9].
Importantly, as a parallel-group design, over 3 times as many evaluable study participants
per treatment arm (74 vs 20) would have been required to achieve the same power, given the
statistical criteria described above. Under the assumption of a 20% drop-out rate, CTN 205
set out to enroll 50 study participants, in order the achieve the necessary number of
evaluable participants per treatment arm. As recently reported [11], a total of 56 participants
were enrolled to the trial, with 22 and 20 study participants completing the follow-up period
in treatment arms 1 and 2, respectively.

The modified crossover design of CTN 205 allowed for the evaluation of two different
durations of treatment, was permissive to unknown carryover effects, and enabled an
evaluation of the sustained effect of VPA on the reservoir following VPA withdrawal in
treatment arm 1. As recently reported [11], however, the lack of effect of VPA treatment on
the size of the viral reservoir following either 16 or 32 weeks of treatment precluded an
assessment of these treatment characteristics.

Methodologic Challenges

In the study of adjuvant therapies among ART-treated individuals, the crossover design
represents an efficient and practical approach to early stage evaluations of clinical efficacy.
In CTN 205 we applied a modified form of the standard crossover design to carry out a
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within-subject comparison of the HIV viral reservoir in ART-treated individuals with and
without VPA therapy. Application of this unique study design posed administrative and
logistical challenges which deserve mention and may have implications for the use of this
design in future HIV trials. Although logistically more complex than a parallel-group study
design, the unequal treatment periods of this modified crossover study added additional
complexity in study management and the scheduling of clinical assessments, thereby
increasing the likelihood of human error. In addition, the uneven duration of treatment also
created additional administrative burdens and cost in the execution of the trial, such as the
development of treatment arm specific case report forms (CRF). Finally, the long duration of
the crossover study, which evaluated study participants both on and off VPA, increased the
study burden to personnel and study participants, given the frequency of evaluations.
Despite the extended duration of the study (48 weeks), however, there were only three
participant withdrawals not precipitated by an adverse event among the 56 participants
enrolled and no one was lost to follow up. Further, based on serial serum VPA
measurements, the duration of treatment did not affect compliance (p=0.25), which was
acceptable in both treatment arms (mean serum VPA = 362.3 mcg/ml in the 16 week group
and 384.9 mcg/ml in the 32 week group).

Based on the results presented herein, the evaluation of modest adjunctive therapies within a
trial of extended duration and multiple evaluations does not appear to result in participant
fatigue in an ART-treated population. In such trials, the biggest threat to the validity of the
study results are withdrawals due to treatment-related adverse events, which in the case of
CTN 205 resulted in 8 withdrawals in participants on VPA therapy [11]. Given that
withdrawals and losses to follow-up reduce the design efficiency of the crossover trial,
application of this design in the testing of HIV therapeutics would best be undertaken in
adjunctive therapies with good toxicity profiles. Although within the projected drop-out rate,
the large number of withdrawals due to treatment-related adverse events was somewhat
unexpected given the limited /n vivo data available at the time of study initiation [8].

Conclusion

Attempts to purge the HIV reservoirs have, to date, proven unsuccessful [23, 24]. VPA has
recently been advanced as a novel strategy to purge the HIV reservoir in ART-treated
individuals, by increasing viral gene expression and allowing the killing of HIV infected
cells [8]. Since the initial case series, conflicting results have been reported on a small
number of subjects under varying conditions of treatment duration [9, 10]. CTN 205 was the
first study to evaluate VPA in people with HIV using a randomized design. In the early stage
testing of novel HIV therapeutics, efficient clinical trials with reduced sample size
requirements can streamline the testing of adjunctive therapies. Given the stable but
heterogeneous nature of the disease among ART-treated individuals, the crossover design is
an appealing alternative to the parallel-group design in the study of HIV therapeutics.

The strength of the crossover design in the study of HIV therapeutics lies in the reduced
sample size of this approach, which in the case of CTN 205 decreased the required number
of study participants by two thirds. As the smaller sample size requirements of the crossover
design is achieved by eliminating the impact of inter-subject variability (by evaluating study
participants both on and off therapy) a detailed consideration of therapeutic factors that may
threaten the ability of study participants to complete the trial is required, as this will offset
the statistical benefits this study design. Most important among these therapeutic factors in
the study of novel HIV therapeutics are adverse events leading to participant withdrawal and
unpleasant treatment regimens leading to participant apathy over time. In addition, other
investigator determined crossover design characteristics, such as the total duration of the
study and the frequency of study visits, can also affect participant study completion rates
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and should be considered for their potential impact on participant withdrawal. Given these
criteria, in the study of HIV therapeutics, we feel that unpleasant treatment regimens of short
duration (i.e. 2-3 weekly injections) or longer less involved regimens (i.e. daily pills) with a
reasonable follow-up period and limited assessments are most appropriate for the crossover
design.

In CTN 205, doubling of the second period not only permitted an assessment of the impact
of an extended duration of VPA treatment on the size of the HIV reservoir in the second
treatment arm, but also allowed for an evaluation of the stability of treatment effects on
VPA withdrawal in the first treatment arm. While the absence of a treatment effect in CTN
205 [11] precluded this evaluation, this methodology could be employed in the early testing
of other novel therapeutics in HIV, with poorly-defined treatment characteristics. Of note,
there are important considerations specific to the analysis of data from crossover studies
pertaining to the order of the treatments received. Indeed, a review article by Hill [25]
provides a detailed account of the methods for testing for period effects in a two-period
crossover trial and the statistical manipulations required to obtain an unbiased estimate of
the treatment effect, in the presence of a period by treatment interaction.

In an era where accrual to clinical trials is difficult, the crossover design may be a useful
alternative in the early stage testing of novel HIV therapeutics with good toxicity profiles
and acceptable treatment regimens, given its reduced sample size requirements. The
participant burden and logistical complexity of this approach combined with the longer
duration of these studies are, however, important factors which must be also be considered
when choosing the study design. Given the chronic nature of HIV treatment, the extended
duration of the crossover design may not negatively impact dropout rates among ART-
treated individuals who would otherwise still be on treatment and should, therefore, be
considered in the early stage testing of novel HIV therapeutics, including the newer HDAC
inhibitors [26].
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