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Abstract:

Background: Neurocognitive (NC) impairment remains prevalent, despite combination
antiretroviral therapy (cART). Differences between changes in cerebral-function and
alternative cARTs have not been prospectively assessed.

Methods: HIV-infected therapy-naive individuals, randomly allocated to commence
cART (TDF/FTC plus either EFV(arm1), ATV/RTV(arm2) or AZT/ABC(arm3)) were eligible.
Cerebral-function tests included NC testing (CogState™) and assessment of cerebral
metabolites using proton-MRS in several anatomical voxels including right frontal white
matter (FWM) and basal ganglia (RBG), at baseline and after 48 weeks. N-acetyl-
aspartate/creatine (NAA/Cr) ratios were calculated. Differences between changes in NC
function and NAA/Cr ratios over 48 weeks and study arms (arm 1v2 and 1v3) were assessed.
Results: Thirty subjects completed study procedures (9, 9, 12 subjects in arms 1,2,3
respectively). Mean CD4+ counts(SD, cells/uL) were 218(87) and 342(145) at baseline and
week 48, respectively. Plasma HIV RNA was <50 copies/mL in 28/30 subjects at week 48.
Over 48 weeks, greater improvements in identification reaction time (IRT, p=0.04) and
executive function (p=0.02) were observed in arm 3v1 (+0.03, -0.30, -0.50 log;o msec change
IRT, in arms 1,2,3 respectively). Increases in NAA/Cr were observed in all voxels (maximum
38% in RBG) with greater increases observed in arm 1v2 (p=0.03) in FWM (30%, -7%, 0%
change in NAA/Cr, in arms 1,2,3 respectively).

Conclusions: This is the first study to prospectively describe different changes in cerebral-
function testing parameters between different cARTs. Greater improvements in neuronal
recovery (NAA/Cr ratio) were observed in recipients of TDF/FTC plus EFV (arm1) and greater
improvements in NC function testing observed in recipients of TDF/FTC plus ABC/AZT

(arm3).

Keywords: HIV; antiretroviral therapy; central nervous system; cognitive; magnetic

resonance spectroscopy.
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Introduction

In recent years, the development of combination antiretroviral therapy (cART) for the
treatment of human-immune-deficiency virus-1 (HIV) has been associated with
extraordinary improvements in prognosis for persons living with chronic HIV infection. Life
expectancy has increased dramatically [1]. Despite effective therapies, challenges remain in
the management of chronic HIV infection. One such challenges is ongoing HIV associated
cerebral impairment [2, 3]. Although severe HIV related cerebral impairment, termed HIV-
associated-dementia, is now less frequently observed [4], less fulminant forms of
neurocognitive (NC) impairment are increasingly being recognised [2, 5, 6]. Impairment in
NC function in HIV-infected subjects in the cART era has been associated with poor

compliance with cART [7], reduced quality of life [8] and increased mortality [9].

Reported factors associated with the development of NC function impairment in HIV disease
and risks associated with progression of such impairment include degree of immune
suppression related to HIV infection [10], other chronic viral infections, such as chronic

hepatitis C co-infection [11] and age [12].

Furthermore, specific antiretroviral regimens may have different effects on cerebral
function. In general, NC function improves after commencing cART [13], but the effects of
different antiretroviral therapies on these changes have not been prospectively assessed.
The penetration of different antiretroviral agents into the central nervous system (CNS)
differ [14]. Agents with better CNS penetration may offer improved HIV viral suppression in
the CNS compartment and may therefore be associated with greater improvements in NC

function. However, cerebral toxicities may ensue, thus limiting these potential benefits [15].

The aim of this study was to assess changes in cerebral function testing in antiretroviral
therapy-naive HIV-infected individuals commencing three different combination treatment
regimens within a prospective, randomised study. Assessment of cerebral function included
NC function testing and measurement of cerebral metabolite ratios using magnetic

resonance spectroscopy (MRS).
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Methods
Patient selection and study procedures

Patients attending 4 sites (St. Mary’s Hospital, London, UK; Queen Elizabeth Hospital,
Kowloon, Hong Kong; HIVNAT, Bangkok, Thailand; Southern Alberta HIV clinic, Calgary,
Canada) entering the ALTAIR study (A Randomised, Open-Label, 96-Week Study Comparing
the Safety and Efficacy of Three Different Combination Antiretroviral Regimens as Initial

Therapy for HIV Infection) [16] were eligible to enter this 48 week sub-study.

Study subjects were randomly allocated to commence CcART comprising
tenofovir/emtricitabine 300/200 mg once daily with either efavirenz 600 mg once daily
(arm1), atazanavir/ritonavir 300/100 mg once daily (arm2), or zidovudine/abacavir 250 or

300 mg twice daily/600 mg once daily (arm3).

Eligible subjects were HIV antibody positive and naive to antiretroviral therapy. Specific
exclusion criteria for this sub-study included current or recent use of antidepressant or
antipsychotic therapies, current or recent history of alcohol or recreational drug
dependence, recent significant head injury, established dementia, active opportunistic
infections, untreated early syphilis, hepatitis C infection (hepatitis C antibody positive) or
evidence of established chronic liver disease, cirrhosis or hepatic encephalopathy (recent
defined as the previous 12 weeks). Furthermore, in the 48 hour period prior to study

investigations being performed, consumption of alcohol or caffeine was not permitted.

Specific study procedures to assess cerebral function involved patients attending for NC
testing at baseline and week 48, and cerebral MRS at baseline and week 48 as detailed
below. Subjects also attended after 1 month of therapy and thereafter every 3 months for
assessment of safety laboratory parameters, CD4+ lymphocyte count and plasma HIV RNA

(all performed by local laboratories).

Cognitive Testing

A computerised cognitive test battery was undertaken (CogState™) which has previously

been described in detail and validated in HIV-infected subjects [17]. The computerised
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assessment was presented on a desktop computer. All tasks within the battery are
adaptations of standard neuropsychological and experimental psychological tests, which
assess a range of cognitive functions. The following domains were assessed: detection,
identification, learning (matching learning and associate learning), monitoring, working
memory and executive function. The computerised battery requires approximately 15 — 20
minutes for completion. The battery consists of tasks in the form of card games, therefore
subjects need only have an understanding of playing cards, thereby minimising language
and cultural differences between study subjects. All study participants completed one full
practice test prior to undertaking the study examination to obtain optimal performance at

baseline [18].

Cerebral 'H Magnetic Resonance Spectroscopy

Proton (*H) MRS was performed on an Achieva™ 1.5 Tesla scanner (St. Mary’s Site, London,
UK), a Siemens Avanto™ 3.0 Tesla scanner (Queen Elizabeth Hospital Site, Kowloon, Hong
Kong), a 1.5 Tesla Signa General Electric scanner (HIVNAT site, Bangkok, Thailand) and a 3.0
Tesla Signa Excite™ scanner (South Alberta HIV clinic, Calgary, Canada). Examinations began
with sagittal, coronal and axial T;-weighted MR images of the brain to enable accurate
positioning of the voxels and T,-weighted axial double spin echo images to exclude any

visible cerebral pathology.

'H MRS was performed in three voxel locations: right frontal white matter (FWM), mid-
frontal grey matter (FGM) and the right basal ganglia (RBG) (Figure 1). These anatomical
voxels were selected based on previous imaging studies describing cerebral metabolite
abnormalities patterns in such voxels in HIV-infected individuals [19, 20]. MRS data were
acquired by single voxel examination in the three areas, using a double spin echo point
resolved spectroscopy (PRESS) sequence with the following settings: echo time (TE) 36 ms,
repetition time (TR) 3000 ms, 2048 data points, spectral width of 2500 Hz and 128 data
acquisitions. Spectra were post-processed using the MRI machine manufacturer’s software
for automated water signal suppression and water shimming. Each examination lasted
approximately 35 minutes. A study MRS operations manual was developed to ensure all

MRS examinations at each study site were undertaken using identical operational settings.
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All spectra were analysed and quantified by one observer (AW) using a java-based version of
the Magnetic Resonance User Interface package (jMRUI Version Number: 3.0)[21],
incorporating the AMARES algorithm [22]. Metabolites assessed were N-acetyl-aspartate
(NAA), creatine (Cr), choline (Cho) and myo-Inositol (MI). To adjust for different MRI

scanners across sites, all metabolites were expressed as ratios with respect to cerebral Cr.

Statistical Methods

Statistical analyses were conducted with SAS version 9.13 (SAS, Cary, NC, USA) and Stata
version 10.1 (Statacorp, College Station, TX, USA). Linear regression modelling was used to
estimate the effect size for absolute differences in metabolite ratio for individual subjects
from baseline to week 48, in pairwise comparisons between arml and arms 2 and 3. A
Wilcoxon rank sum test was also used to confirm the p-values derived from regression
models. Other baseline covariates were also tested in univariate regression models, and
those with p <0.15 were entered into multivariate models. For the cognitive testing results,
analysis was conducted according to Cogstate™ recommendations. Reaction times were
logio transformed due to a positive skew of the distribution, and accuracy measures were
transformed using arcsine-root transformation. Change scores were calculated for each
subject, and these scores standardised according to the within-subject standard deviation
(SD). Changes in performance for arms2 and 3 compared to arm1 were standardised with a
pooled SD, and this used as the outcome variable in linear regression models to calculate an
overall effect size for the difference between treatment groups. Composite changes from
baseline scores were calculated on the average of standardised reaction time and accuracy

scores.

Results
Subject characteristics

30 subjects were enrolled and all completed study procedures (9, 9, 12 subjects in arms

1,2,3 respectively). Mean CD4+ lymphocyte count (SD, cells/ul) was 218 (87) and 342 (145)
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at baseline and week 48, respectively (Table 1). At week 48, all subjects remained on
randomised study therapy and HIV RNA was less than <50 copies/mL in 28/30 subjects. In
the remaining two subjects, HIV RNA was 490 copies/mL and 113 988 copies/mL. This was
considered a HIV RNA viral blip in the first subject (study arm 2; with no changes to
antiretroviral therapy undertaken and subsequent HIV RNA was below detection) and
virological failure in the second subject (arm3), in whom antiretroviral therapy was

modified.

Cognitive testing results

NC testing results, including changes over 48 weeks are shown on Table 2. Overall,
improvements in all NC testing parameters were observed over the study period. In
domains where speed of task was the primary measure (detection, identification,
monitoring and matched learning), mean speed improved (reduction in time) over the study
period. For example, mean monitoring reaction time changed from 2.61 to 2.58
logiomilliseconds at baseline and week 48. In the cognitive domains where accuracy was the
primary measurement (one card learning, working memory and associate learning), where
an increase in accuracy represents improved function, improvements were also observed
over the study period. Lastly, the domain of executive function was assessed via total errors
made on testing, where a reduction in score represented improvement in performance.
Again improvements were observed over the study period (total mean number of errors on

executive function tests reduced from 49.64 errors at baseline to 44.82 errors at week 48).

Statistically significantly greater improvements in study treatment arm3 versus armi1 were
observed in speed of identification task (p=0.04), number of errors in executive function
task (p=0.02) and in overall composite speed performance (p=0.02). A box-plot showing
changes in speed performance tasks between study treatment arms is shown in Figure 2. No
other statistically significant differences between changes in NC testing results and study
treatment arms were observed and none of the described associations differed when
excluding subjects with detectable plasma HIV RNA at week 48 or correcting for age in a

sensitivity analysis.
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Magnetic resonance spectroscopy results

Over 48 weeks, increases in NAA/Cr ratios were observed in all anatomical voxels (mean
percentage increase 5, 17 and 38% in FWM, FGM and RBG respectively). Smaller changes in
Cho/Cr and MI/Cr ratios were observed over 48 weeks (mean percentage change 3, 4 and -

12% for Cho/Cr ratio and 14, 5 and 15% for MI/Cr ratio in FWM, FGM and RBG respectively).

Absolute changes in metabolite ratios between study treatment arms in a univariate model
are shown on Table 3. A greater increases in NAA/Cr ratio in FWM was observed in arml,
compared to arm2 (29% increase versus 18% increase for arm1 versus arm2, respectively:
p=0.041) and compared to arm3 (29% increase versus 9% increase for arm1 versus arm3,
respectively: p=0.054). A box-plot of absolute NAA/Cr ratio changes between study

treatment arms is shown in Figure 3.

A trend towards a greater increase in MI/Cr ratio over 48 weeks in arm3 versus arm1 was
observed in FWM (mean percentage change 39 versus -24% in arm3 versus arm1: p=0.097).
No other significant changes between individual metabolite ratios and study treatment arms

were observed.

In a multivariate model (Table 4), absolute change in NAA/Cr ratio over 48 weeks was
statistically significantly greater in arm1 versus arm2 (p=0.03). No other factors, including
ethnicity, age or detectable plasma HIV RNA at week 48 were associated with these changes

(p>0.15 for all comparisons).

Lastly, no significant associations were observed between changes in cerebral metabolite

ratios and NC testing results.

Discussion

In this prospective, randomised study, we observed improvement in overall NC function and
in cerebral metabolite ratios over the 48 week study period, with significant differences

between study treatment groups.
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Several previous reports have described a reduction in NAA and NAA/Cr ratio, particularly in
frontal cerebral areas, in subjects with HIV-associated dementia [19, 23-27] and associations
between the reduction of NAA/Cr ratios and the degree of cognitive decline have been
reported [28]. Improvements in MRS-measured NAA values have been described after
commencing antiretroviral therapy, and such improvements associated with the degree of
cognitive recovery [29, 30]. However, to our knowledge, differences in such improvements
between different cART regimens have not been described before. We have observed
significantly greater increases in subjects on study arml, compared to the other study
treatment groups. A possible explanation for this finding is a greater effect on CNS HIV viral
replication associated with the cART regimen in study arm1, thereby facilitating greater
neuronal recovery. This treatment arm contained the non-nucleoside-reverse-transcriptase-
inhibitor, efavirenz. In general the non-nucleoside-reverse-transcriptase-inhibitor have been
described to penetrate into the cerebro-spinal-fluid (CSF) [14] and the reported CNS
penetration of efavirenz greater than the drug concentration required to suppress HIV viral
replication [31]. This characteristic may have greater effects on HIV viral suppression in the
cerebral compartment, hence explaining the greater rise in neuronal markers we have

observed.

As NAA is a marker of neuronal integrity, decreased NAA/Cr is assumed either to be due to
neuronal loss, or perhaps, neuronal dysfunction. Of importance to this study, we used
metabolite ratios to obviate differences in field strength and manufacturer operator-
dependent differences between MR scanners across study sites (something which has

hampered the execution of multi-centre MRS studies until now).

Ml is an intracellular osmolyte, governing cell size regulation and is present in all brain cells,
including microglia. Elevations in this metabolite are thought to reflect microglial activation
in the context of HIV disease [32].. Elevations in MI/Cr [33, 34] ratios have been described in
HIV-infected subjects with cognitive decline. Previous groups have described improvement
in these elevations in HIV-infected subjects after commencing antiretroviral therapy [30]. In
this study, we observed a rise in MI/Cr ratio, rather than a reduction (MI/Cr ratio rise of 14,
5 and 15% in FWM, FGM and RBG respectively). Our study differs from previous MRS studies
in HIV-infected individuals as subjects recruited had no prior symptoms of NC function

disturbance at study entry, whereas other studies have focused on investigating subjects
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with HIV-associated-dementia. These differences in natural history of study populations
could explain the differences in MI/Cr ratio that we have observed, compared to the
published literature. Commencement of cART in neurologically asymptomatic individuals
with little evidence of cerebral microglial activation may be associated with a drug-induced

inflammatory response, rather than the improvements as previously described.

Previous MRS studies also have suggested that some antiretroviral agents with good CNS
penetration are associated with specific CNS drug-induced toxicity. Cerebral metabolites
have been compared in HIV-infected subjects receiving cART, containing either the
nucleoside-analogues didanosine or stavudine, compared to subjects receiving zidovudine
and lamivudine [35]. As didanosine and stavudine have been associated with greater
peripheral mitochondrial toxicities [36], the authors wished to assess if evidence of CNS
mitochondrial toxicities were present. Results from this study reported NAA concentration
in the FGM 11% lower, compared to healthy control data, in subjects receiving stavudine or
didanosine, whereas NAA concentrations in the zidovudine and lamivudine group were
intermediate supporting this theory. Interestingly, in our study, temporal differences in
MI/Cr ratio in FWM were observed with treatment: a rise of 39% was observed in study
arm3 versus a reduction of 24% in arm1 (p=0.097 and 0.080 in univariate and multivariate
models, respectively). Although study arm3 did not contain either stavudine or didanosine,
it did comprise a 4 nucleoside-analogue cART regimen (tenofovir, emtricitabine, zidovudine
and abacavir). If such mitochondrial toxicities are a class effect of the nucleoside-analogues,

the rise in MI/Cr ratio we have observed may be secondary to these effects.

Despite the propensity to cause mitochondrial toxicities, the nucleoside-analogues have in
general been described to have beneficial CNS penetration [14] and have be associated with
improvements in cerebral function. Zidovudine was the first antiretroviral agent available
and in both randomised [37] and observational [38, 39] clinical studies improvement in NC
function were observed in HIV-infected individuals treated with this agent. Rather
disappointing results were described with the advent of abacavir with regards to
improvements in NC function, but the lack of effect observed in a randomised study may
have been related to HIV viral resistance to this agent in heavily drug-treatment
experienced HIV-infected subjects [40]. We have observed greater improvement in overall

NC performance in subjects randomised to study arm3. This may be related to several
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factors. First, a quadruple nucleoside-analogue regimen may confer optimal CNS
antiretroviral drug penetration and the suppression of HIV viraemia in the CNS. Second,
clinical toxicities secondary to other treatment arms in the study may have effects on NC
testing. For instance efavirenz, a component of arml, is associated with several
neuropsychiatric side effects [41, 42], such as abnormal dreams, lethargy and depression..

These effects may have blunted improvement on serial NC testing in arm1 in this study.

Other groups have reported discrepancies between antiretroviral drug penetration into the
CNS and clinical NC responses. In a recently reported prospective cohort, HIV-infected
subjects underwent serial NC function testing and CSF HIV RNA quantification [15]. This
series included subjects on differing cART regimens. As expected, subjects receiving cART
with greater CNS penetration scores [14], had lower CSF HIV RNA on lumbar puncture
examination. However poorer NC performance was also observed in the group with greater
cART CNS penetration scores. These data suggest some antiviral agents with good CNS
penetration may have added CNS toxicities and thereby impair NC function testing results.
Unfortunately the study was not powered to assess the effects of specific antiretroviral

agents on NC testing results.

It may be asked how our results relate to clinical practice. We studied a small number of
patients and hence the interpretation of the findings should be made with some degree of
caution. However, we have observed significant differences in cerebral effects between
different antiretroviral regimens. A quadruple nucleoside-analogue regimen displayed
greater benefits after 48 weeks of therapy as measured by NC testing results. These data
could be used to power future studies assessing changes in NC function between different
regimens. Novel HIV treatment studies are underway assessing nucleoside-analogue-sparing
cART in order to avoid the mitochondrial toxicities associated with this class of agents. Such
studies are justified and timely, but investigators should also consider cerebral function
testing as part of these programmes to ensure NC impairment does not develop when
utilising nucleoside-analogue-sparing treatment options. Lastly, we have observed the
greatest improvement in neuronal cerebral metabolite recovery (NAA/Cr ratios) within the
efavirenz arm (arm1) and observed increased MI/Cr ratios (probably representing cerebral
microglial activation) with a quadruple nucleoside-analogue regimen (arm3). These data

add to the literature of evidence suggesting the CNS penetration of antiretroviral therapy
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may have both therapeutic benefits and potential toxicities and may assist in the design of
future non-invasive imaging studies assessing the effects of different antiretroviral

treatment options on the CNS.

Acknowledgments

AW and SDT-R are grateful for support from the NIHR Biomedical Research Centre funding
scheme at Imperial College Healthcare NHS Trust, London, UK for infrastructure funding

support.

The National Centre in HIV Epidemiology and Clinical Research is funded by the Australian
Government Department of Health & Ageing and is affiliated with the Faculty of Medicine,

The University of New South Wales.

We would like to thank Tanya Chenhall and Paul Maruff (CogState Ltd., Melbourne, VIC

3000 Australia) for advice regarding analysing neurocognitive test results.

Financial support and study drugs for the ALTAIR protocol was provided by Gilead Sciences
(Foster City, CA, USA).

We would like to thank all the following study staff; Imperial College London, UK — Dr Lucy
Garvey, Ken Legg and Chris Collister at the St. Mary’s Hospital Clinical Trials Centre and
Joanna Allsop at the Robert Steiner MRI Unit, Hammersmith Hospital; Calgary Regional

Health Authority, Calgary, Canada — Brenda Beckthold at the S Alberta HIV clinic, Canada.

No authors (AW, CD, PCKL, JIMG, SJK, RP, KP, SDT-R, SE or DC) have any conflict of interest.

References:

1. Life expectancy of individuals on combination antiretroviral therapy in high-income
countries: a collaborative analysis of 14 cohort studies. Lancet 2008,372:293-299.

2. Liner KJ, 2nd, Hall CD, Robertson KR. Effects of antiretroviral therapy on cognitive
impairment. Curr HIV/AIDS Rep 2008,5:64-71.

Page - 13 - of 27



10.

11.

12.

13.

14.

cART and CNS function

Brew BJ, Crowe SM, Landay A, Cysique LA, Guillemin G. Neurodegeneration and
ageing in the HAART era. J Neuroimmune Pharmacol 2009,4:163-174.

Dore GJ, Correll PK, Li Y, Kaldor JM, Cooper DA, Brew BJ. Changes to AIDS dementia
complex in the era of highly active antiretroviral therapy. Aids 1999,13:1249-1253.

Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M, et al. Updated
research nosology for HIV-associated neurocognitive disorders. Neurology
2007,69:1789-1799.

Boisse L, Gill MJ, Power C. HIV infection of the central nervous system: clinical
features and neuropathogenesis. Neurol Clin 2008,26:799-819, x.

Ettenhofer ML, Hinkin CH, Castellon SA, Durvasula R, Ullman J, Lam M, et al. Aging,
neurocognition, and medication adherence in HIV infection. Am J Geriatr Psychiatry
2009,17:281-290.

Tozzi V, Balestra P, Galgani S, Murri R, Bellagamba R, Narciso P, et al. Neurocognitive
performance and quality of life in patients with HIV infection. AIDS Res Hum
Retroviruses 2003,19:643-652.

Tozzi V, Balestra P, Serraino D, Bellagamba R, Corpolongo A, Vlassi C, et al.
Neurocognitive Impairment and Survival in HIV-Positive Patients Treated with
HAART: Results from an Urban Observational Cohort. 11th Conference on
Retruviruses and Opportunistic Infections. San Fransisco, CA, February 2004.

Robertson KR, Smurzynski M, Parsons TD, Wu K, Bosch RJ, Wu J, et al. The
prevalence and incidence of neurocognitive impairment in the HAART era. Aids
2007,21:1915-1921.

Parsons TD, Tucker KA, Hall CD, Robertson WT, Eron JJ, Fried MW, Robertson KR.
Neurocognitive functioning and HAART in HIV and hepatitis C virus co-infection.
Aids 2006,20:1591-1595.

Jevtovic D, Vanovac V, Veselinovic M, Salemovic D, Ranin J, Stefanova E. The
incidence of and risk factors for HIV-associated cognitive-motor complex among
patients on HAART. Biomed Pharmacother 2008.

Cysique LA, Vaida F, Letendre S, Gibson S, Cherner M, Woods SP, et al. Dynamics of
cognitive change in impaired HIV-positive patients initiating antiretroviral therapy.
Neurology 20009.

Letendre S, Marquie-Beck J, Capparelli E, Best B, Clifford D, Collier AC, et al.
Validation of the CNS Penetration-Effectiveness rank for quantifying antiretroviral
penetration into the central nervous system. Arch Neurol 2008,65:65-70.

Page - 14 - of 27



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

cART and CNS function

Marra CM, Zhao Y, Clifford DB, Letendre S, Evans S, Henry K, et al. Impact of
combination antiretroviral therapy on cerebrospinal fluid HIV RNA and
neurocognitive performance. Aids 2009,23:1359-1366.

Cooper DA, Group AS. Safety and efficacy of three different combination
antiretroviral regimens as initial therapy for HIV infection: week 48 data from a
randomised, open-label study. 5th IAS Conference on HIV Pathogenesis, Treatment
and Prevention. Cape Town, SA, 19 - 22 July 2009.

Cysique LA, Maruff P, Darby D, Brew BJ. The assessment of cognitive function in
advanced HIV-1 infection and AIDS dementia complex using a new computerised
cognitive test battery. Arch Clin Neuropsychol 2006,21:185-194.

Collie A, Maruff P, Darby DG, McStephen M. The effects of practice on the cognitive
test performance of neurologically normal individuals assessed at brief test-retest
intervals. J Int Neuropsychol Soc 2003,9:419-428.

Chang L, Ernst T, Leonido-Yee M, Walot |, Singer E. Cerebral metabolite
abnormalities correlate with clinical severity of HIV-1 cognitive motor complex.
Neurology 1999,52:100-108.

Yiannoutsos CT, Ernst T, Chang L, Lee PL, Richards T, Marra CM, et al. Regional
patterns of brain metabolites in AIDS dementia complex. Neuroimage 2004,23:928-
935.

Naressi A, Couturier C, Devos JM, Janssen M, Mangeat C, de Beer R, Graveron-
Demilly D. Java-based graphical user interface for the MRUI quantitation package.
Magma 2001,12:141-152.

Kanowski M, Kaufmann J, Braun J, Bernarding J, Tempelmann C. Quantitation of
simulated short echo time 1H human brain spectra by LCModel and AMARES.
Magn Reson Med 2004,51:904-912.

Chong WK, Sweeney B, Wilkinson ID, Paley M, Hall-Craggs MA, Kendall BE, et al.
Proton spectroscopy of the brain in HIV infection: correlation with clinical,
immunologic, and MR imaging findings. Radiology 1993,188:119-124.

Paley M, Wilkinson ID, Hall-Craggs MA, Chong WK, Chinn RJ, Harrison MJ. Short echo
time proton spectroscopy of the brain in HIV infection/AIDS. Magn Reson Imaging
1995,13:871-875.

Jarvik JG, Lenkinski RE, Saykin AJ, Jaans A, Frank |. Proton spectroscopy in
asymptomatic HIV-infected adults: initial results in a prospective cohort study. J
Acquir Immune Defic Syndr Hum Retrovirol 1996,13:247-253.

Page - 15 - of 27



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cART and CNS function

Laubenberger J, Haussinger D, Bayer S, Thielemann S, Schneider B, Mundinger A, et
al. HIV-related metabolic abnormalities in the brain: depiction with proton MR
spectroscopy with short echo times. Radiology 1996,199:805-810.

Lopez-Villegas D, Lenkinski RE, Frank I. Biochemical changes in the frontal lobe of
HIV-infected individuals detected by magnetic resonance spectroscopy. Proc Nat/
Acad Sci U S A 1997,94:9854-9859.

Paul RH, Yiannoutsos CT, Miller EN, Chang L, Marra CM, Schifitto G, et al. Proton
MRS and neuropsychological correlates in AIDS dementia complex: evidence of
subcortical specificity. J Neuropsychiatry Clin Neurosci 2007,19:283-292.

Wilkinson ID, Lunn S, Miszkiel KA, Miller RF, Paley MN, Williams |, et al. Proton MRS
and quantitative MRI assessment of the short term neurological response to
antiretroviral therapy in AIDS. J Neurol Neurosurg Psychiatry 1997,63:477-482.

Chang L, Ernst T, Leonido-Yee M, Witt M, Speck O, Walot I, Miller EN. Highly active
antiretroviral therapy reverses brain metabolite abnormalities in mild HIV
dementia. Neurology 1999,53:782-789.

Best B, Letendre S, Capparelli E, Ellis R, Rossi S, Koopmans P, et al. Efavirenz and
Emtricitabine Concentrations Consistently Exceed Wild-type IC50 in Cerebrospinal
Fluid: CHARTER Findings. 16th Conference on Retroviruses and Opportunistic
Infections. Montreal, Canada, February 2009.

Chang L, Ernst T, Witt MD, Ames N, Gaiefsky M, Miller E. Relationships among brain
metabolites, cognitive function, and viral loads in antiretroviral-naive HIV patients.
Neuroimage 2002,17:1638-1648.

Wiley CA, Masliah E, Morey M, Lemere C, DeTeresa R, Grafe M, et al. Neocortical
damage during HIV infection. Ann Neurol 1991,29:651-657.

Power C, Kong PA, Crawford TO, Wesselingh S, Glass JD, McArthur JC, Trapp BD.
Cerebral white matter changes in acquired immunodeficiency syndrome dementia:
alterations of the blood-brain barrier. Ann Neurol 1993,34:339-350.

Schweinsburg BC, Taylor MJ, Alhassoon OM, Gonzalez R, Brown GG, Ellis RJ, et al.
Brain mitochondrial injury in human immunodeficiency virus-seropositive (HIV+)
individuals taking nucleoside reverse transcriptase inhibitors. J Neurovirol
2005,11:356-364.

Medina DJ, Tsai CH, Hsiung GD, Cheng YC. Comparison of mitochondrial
morphology, mitochondrial DNA content, and cell viability in cultured cells treated
with three anti-human immunodeficiency virus dideoxynucleosides. Antimicrob
Agents Chemother 1994,38:1824-1828.

Page - 16 - of 27



37.

38.

39.

40.

41.

42.

cART and CNS function

Sidtis JJ, Gatsonis C, Price RW, Singer EJ, Collier AC, Richman DD, et al. Zidovudine
treatment of the AIDS dementia complex: results of a placebo-controlled trial.
AIDS Clinical Trials Group. Ann Neurol 1993,33:343-349.

Portegies P, de Gans J, Lange JM, Derix MM, Speelman H, Bakker M, et al. Declining
incidence of AIDS dementia complex after introduction of zidovudine treatment.
Bmj 1989,299:819-821.

Tozzi V, Narciso P, Galgani S, Sette P, Balestra P, Gerace C, et al. Effects of
zidovudine in 30 patients with mild to end-stage AIDS dementia complex. Aids
1993,7:683-692.

Brew BJ, Halman M, Catalan J, Sacktor N, Price RW, Brown S, et al. Factors in AIDS
dementia complex trial design: results and lessons from the abacavir trial. PLoS Clin
Trials 2007,2:e13.

Blanch J, Martinez E, Rousaud A, Blanco JL, Garcia-Viejo MA, Peri JM, et al.
Preliminary data of a prospective study on neuropsychiatric side effects after
initiation of efavirenz. J Acquir Immune Defic Syndr 2001,27:336-343.

Lochet P, Peyriere H, Lotthe A, Mauboussin JM, Delmas B, Reynes J. Long-term
assessment of neuropsychiatric adverse reactions associated with efavirenz. HIV
Med 2003,4:62-66.

Page - 17 - of 27



Table 1

Baseline and follow up patient characteristics

cART and CNS function

Overall Arm 1 Arm 2 Arm 3
efavirenz + atazanavir/ritonavir + zidovudine/abacavir +
tenofovir/emtricitabine tenofovir/emtricitabine tenofovir/emtricitabine

Baseline Characteristics:
number subjects 30 9 9 12
baseline CD4+, cell/uL (SD) 218 (87) 235 (56) 194 (84) 222 (109)
baseline CD4+ %, % (SD) 13.6 (4.4) 14.3(2.7) 13.7 (6) 13.08 (4.4)
nadir CD4+, cell/uL (SD) 192 (83) 170 (50) 171 (67) 207 (112)
HIV RNA, log10 copies/mL (SD) 4.64 (0.68) 4.47 (0.76) 4.86 (0.63) 4.59 (0.67)
age, years (SD*) 35 (10) 35(11) 37 (10) 33 (19)
ethnicity, (n)

Asian 18 4 7 7

Caucasian 11 4 2 5

Afro Caribbean 1 1 0 0
Follow up results
week 24 CD4+, cell/uL (SD) 337 (121) 332 (96) 346 (120) 333 (147)
week 24 HIV RNA < 50 copies/mL (n of total) 27 of 30 80of9 8 0of9 11 0f 12
List of HIV RNA loads where detectable at week 24, (copies/mL) 64 200 1287
week 48 CD4+, cell/uL (SD) 342 (145) 299 (135) 400 (160) 331 (138)
week 48 HIV RNA < 50 copies/mL (n of total) 28 of 30 90of9 8of9 11 of 12
List of HIV RNA loads where detectable at week 48, (copies/mL) 490 113988
Changes to randomised therapy, (n) 1 0 0 1t

(Table 1 legend:

Abbreviation — SD = standard deviation.

t switched to boosted protease inhibitor after week 48 visit)
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Table 2:

Neurocognitive testing parameters and changes over 48 weeks

cART and CNS function

Overall Arm 1 Arm 2 Arm 3
p-value p-value

Cognitive domain N Mean SD N Mean SD N Mean SD arm2v1 N Mean SD arm3v1
Detectiont

Baseline 28 2.55 0.13 9 2.51 0.13 8 2.56 0.16 11 2.57 0.11

Week 48 29 2.54 0.13 9 2.55 0.18 8 2.55 0.10 12 2.54 0.13

Change versus arm1 (95% Cl)* -0.513 (-1.501 to 0.475) 0.30 -0.717 (-1.631t0 0.197) 0.12
Identification*

Baseline 28 2.74 0.09 9 2.72 0.12 8 2.76 0.08 11 2.75 0.07

Week 48 29 2.72 0.09 9 2.75 0.14 8 2.73 0.06 12 2.70 0.05

Change versus arm1 (95% ClI)* -0.681 (-1.635t0 0.273) 0.15 -0.908 (-1.791 to -0.026) 0.04
Monitoringt

Baseline 28 2.61 0.10 9 2.58 0.10 8 2.66 0.10 11 2.60 0.10

Week 48 29 2.58 0.09 9 2.57 0.11 8 2.60 0.11 12 2.58 0.07

Change versus arm1 (95% CI)* -0.809 (-1.793 t0 0.175) 0.10 -0.288 (-1.198 t0 0.623) 0.51
Learning (matched)t

Baseline 28 2.83 0.06 9 2.82 0.09 8 2.83 0.04 11 2.83 0.05

Week 48 29 2.82 0.09 9 2.83 0.15 8 2.83 0.05 12 2.80 0.06

Change versus arm1 (95% Cl)* -0.290 (-1.288 t0 0.708) 0.56 -0.652 (-1.576 t0 0.271) 0.27
One card learningt+

Baseline 28 2.61 0.10 9 2.58 0.10 8 2.66 0.10 11 2.60 0.10

Week 48 29 2.58 0.09 9 2.57 0.11 8 2.60 0.11 12 2.58 0.07

Change versus arm1 (95% CI)* -0.046 (-1.060 to 0.969) 0.93 0.383 (-0.538 to 1.304) 0.40
Working memoryt+

Baseline 28 1.11 0.35 9 1.08 0.36 8 1.17 0.21 11 1.09 0.44

Week 48 29 1.22 0.20 9 1.18 0.30 8 1.25 0.15 12 1.22 0.14
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cART and CNS function

Change versus arm1 (95% Cl)* -0.057 (-1.094 to 0.981) 0.91 0.105 (-0.854 to 1.065)

Associate learningtt

Baseline 28 0.88 0.20 9 0.82 0.26 8 0.99 0.17 11 0.86 0.16

Week 48 29 0.91 0.22 9 0.81 0.24 8 1.03 0.13 12 0.89 0.23

Change versus arm1 (95% CI)* 0.240 (-0.793 to 1.274) 0.64 0.229 (-0.727 to 1.185)
Executive functiontt+

Baseline 28 49.64 25.22 9 43.44 27.86 8 47.38 18.55 11 56.36 27.69

Week 48 28 44.82 20.96 9 48.44 21.83 8 48.63 18.28 11 39.09 22.61

Change versus arm1 (95% ClI)* -0.259 (-1.652 to 1.134) 0.71 -1.539 (-2.828 t0 -0.251)
Composite speed score

Baseline 28 2.68 0.08 9 2.66 0.10 8 2.70 0.08 11 2.69 0.07

Week 48 29 2.67 0.09 9 2.68 0.08 8 2.68 0.07 12 2.65 0.06

Change versus arm1 (95% Cl)* -0.785 (-1.729 t0 0.158) 0.10 -0.939 (-1.812 to -0.066)
Composite accuracy score

Baseline 28 0.93 0.22 9 0.88 0.23 8 1.02 0.15 11 0.91 0.24

Week 48 29 0.99 0.14 9 0.92 0.18 8 1.06 0.15 12 0.99 0.12

Change versus arm1 (95% CI)* 0.055 (-0.974 to 1.084) 0.91 0.362 (-0635 to 1.268)

0.82

0.63

0.02

0.04

0.50

(Table 2 legend: abbreviations — Cl = confidence interval, SD = standard deviation.

* Changes assessed using methodology recommended by Cogstate™. Briefly, change standardised scores were weighted by the pooled
standard deviation, and entered into a linear regression model with arm as a categorical covariate. Change coefficient represents the mean
difference for each treatment group compared to arm1, and p-values are the pair-wise comparative significance tests.

t Values log;o milliseconds (speed) — lower score represents improved response

t1 Values arcsine correct responses (accuracy response) — higher score represents improved response

11 Total number of errors — lower score represents improved response)
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Table 3:

Cerebral metabolite ratios and changes over 48 weeks.

cART and CNS function

Overall Arm 1 Arm 2 Arm 3
p-value arm p-value arm

Frontal White N Mean SD Mean SD Mean SD 2v1" N  Mean SD 3v1"
NAA/Cr baseline 28 1.879 0.344 1.860 0.280 9 1.834 0.269 12 1.924 0.436
NAA/Cr 48 weeks 28 1956 0.746 2.481 1.115 9 1.677 0.174 12 1.859 0.646
Change versus arm1 (95% Cl) t -0.777 (-1.519 to -0.036) 0.041 -0.686 (-1.385t0 0.014) 0.054
Cho/Cr baseline 28 1.182 0.314 1.107 0.168 9 1.159 0.283 12 1.243 0.400
Cho/Cr 48 weeks 28 1.162 0.173 1.168 0.183 9 1.105 0.133 12 1.201 0.195
Change versus arm1 (95% Cl) t -0.116 (-0.450 to0 0.219) 0.483 -0.103 (-0.419t0 0.213) 0.508
MI/Cr baseline 28 3.849 1.632 3.854 1.761 9 3.803 1.092 12 3.881 1.994
MI/Cr 48 weeks 27 3711 1471 2.595 1.581 9 3.729 0.770 12 4.255 1.596
Change versus arm1 (95% Cl) t 1.065 (-0.842 t0 2.972) 0.261 1.513 (-0.297 to 3.322) 0.097
Frontal Grey
NAA/Cr baseline 29 1586 0.250 1.561 0.286 9 1.539 0.166 12 1.637 0.286
NAA/Cr 48 weeks 30 1815 0.573 1.919 0.357 9 1.814 0.953 12 1.737 0.312
Change versus arm1 (95% Cl) t -0.120 (-0.758 t0 0.517) 0.701 -0.295 (-0.894 to 0.303) 0.320
Cho/Cr baseline 29 0.687 0.150 0.714 0.146 9 0.705 0.179 12 0.657 0.137
Cho/Cr 48 weeks 30 0.693 0.155 0.688 0.161 9 0.724 0.171 12 0.674 0.149
Change versus arm1 (95% CI) t 0.047 (-0.130 to 0.225) 0.587 0.045 (-0.121t0 0.212) 0.580
MI/Cr baseline 27 3.041 1.161 3.268 1.804 9 3.247 0.857 12 2.774 1.017
MI/Cr 48 weeks 28 2.850 1.439 2.997 1.662 9 2.970 1.422 11 2.646 1.400
Change versus arm1 (95% Cl) t -0.253 (-1.754 to 1.249) 0.731 -0.160 (-1.606 to 1.285) 0.821
Right Basal Ganglia
NAA/Cr baseline 27 2.022 0.613 1.908 0.431 8 2.274 0.976 12 1.921 0.340
NAA/Cr 48 weeks 27 2.689 1.096 2.723 1.477 7 2.782 0.824 12 2.612 1.032
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Change versus arm1 (95% Cl) t

Cho/Cr baseline 27 1.013
Cho/Cr 48 weeks 27 0.930
Change versus arm1 (95% Cl) t

3.041
2.887

MI/Cr baseline 27
MI/Cr 48 weeks 25
Change versus arm1 (95% Cl) t

0.618
0.294

1.161
1.007

0.974
0.910

3.268
3.219

0.183
0.235

1.804
1.452

-0.427
8 1.225
7 0.875
-0.347
9 3.247
7 3.001
-0.016

(-1.893 to 1.038)

1.121
0.188
(-1.121 to 0.427)

0.857
0.907
(-1.446 to 1.414)

0.552

0.363

0.982

12
12

12
11

-0.150

0.893
0.976
0.139

2.774
2.604
0.099

cART and CNS function

(-1.467 to 1.167) 0.815
0.186
0.381

(-0.557 to 0.835) 0.683

1.017

0.708

(-1.218 to 1.416) 0.877

(Table 3 Legend:

t Coefficient of change represents the difference in mean changes from week 0 to week 48 between treatment groups in a linear regression

model.

tt p-values below 0.15 shown in bold, values below 0.05 shown in bold-italic.

Abbreviations — NAA = N-acetyl aspartate, M| = myoinositol, Cho= choline, Cr = creatine, Cl = confidence interval, SD = standard deviation.)
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Table 5:

Univariate and multivariate models assessing factors associated with cerebral metabolite ratio changes over 48 weeks.

Univariate Model Multivariate Model
Coef. LCI uci p-value Coef. LCI uci p-value*
NAA/Cr ratio change in frontal white matter
Baseline CD4 cell count (cells/pL) -0.002 -0.005 0.002 0.36
Ethnicity (Caucasian vs Asian) 0.105 -0.520 0.731 0.73
Log HIV RNA at baseline 0.033 -0.428 0.494 0.88
Age (years) -0.012 -0.042 0.017 0.39
Nadir CD4 count (cells/pL) -0.003 -0.006 0.001 0.15 -0.002 -0.006 0.001 0.15
Detectable HIV RNA at week 48 0277  -0.884 1.439 0.63
CD4 change from baseline to week 48 (cells/uL) 0.000 -0.002 0.002 0.93
Treatment Arm
Arm 2 (vs Arm 1) -0.777 -1.519 -0.036 0.04 -0.789 -1.516 -0.063 0.03
Arm 3 (vs Arm 1) -0.686 -1.385 0.014 0.05 -0.610 -1.303 0.084 0.08
MI/Cr ratio change in frontal white matter
Baseline CD4 cell count (cells/ pL) -0.006 -0.014 0.002 0.125 -0.003 -0.012 0.005 0.443
Ethnicity (Caucasian vs Asian) -0.162 -1.655 1.332 0.825
Log HIV RNA at baseline 0.612 -0.576 1.799 0.299
Age (years) 0.022 -0.049 0.092 0.532
Nadir CD4 count (cells pL) -0.002 -0.010 0.007 0.675
Detectable HIV RNA at week 48 0.559  -2.188 3.306 0.679
CD4 change from baseline to week 48 (cells/uL) 0.002 -0.004 0.008 0.462
Treatment Arm
Arm 2 (vs Arm 1) 1.065 -0.842 2.972 0.261 1.083 -0.845 3.011 0.257
Arm 3 (vs Arm 1) 1.513 -0.297 3.322 0.097 1.651 -0.214 3.516 0.080

(Table 5 legend:
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Abbreviations — Coef = correlation coefficient, LCI = lower confidence interval, UCI = upper confidence interval, NAA = N-acetyl aspartate, M| =
myoinositol, Cho= choline, Cr = creatine.

* p-values below 0.05 shown in bold, **assay detection limit to 50 copies/mL).
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Figure 1.
Volumes of interest

Figurela: Rightfrontal white matter (FWM)and mid-frontal grey matter (FGM)

Frontal grey matter

Frontal white matter

Figure1lb: Rightbasal ganglia (RBG)

Rightbasal ganglia

(Figure 1 legend: Plane of section - axial)
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Figure 2:

Box plots showing changes in neurocognitive speed domain parameters over 48 weeks:
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(Figure 2 legend:
Box plot showing median absolute change — horizontal black line; boxes — interquartile
ranges; tails — upper and lower adjacent values.

p-values shown are mean difference in treatment group compared to arm1).
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Figure 3:

Box plot showing absolute changes in NAA/Cr ratio in frontal white matter over 48 weeks.
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(Figure 3 legend:
Box plot showing median absolute change — horizontal black line; boxes — interquartile
ranges; tails — upper and lower adjacent values

Abbreviations — NAA = N-acetyl aspartate, Cr = creatine).
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