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ABSTRACT

Despite themproved survival ofhuman immunodeficiency virusi(V) infected individuals
with the introduction ohighly active antiretroviral therapf{HAART) in the South African
public sectoin 2004 new challengebave been brougii the fore. These include drug
related toxicitiesparticular those of stavudine, which remains in common use within
developing countries

A prospective analysisf 9040HIV -1-infected adults initiated on HAARfrom 2004 to

2007 at the Themba Lethu Clinic, Helen Joseph Hospital in Johannesbuafgmed the

ability to roll out a successfulAART programme ira resource limited environmewith a

high retention rate of 70%learly 30% of patientswitchedto nonstavudine based regimens
due toside effects predominantly peripheral neuropathy, symptomatic hyperlactataemia and
lipoatrophy

In an attempt tdook for safer optionsa prospectiveandomized controlled trial comparing
standard and low dostavudine witltenofovirwas undertakem 2009 Sixty patients were
randomized 1:1:1 to either standard-@Dmg) low (20-30 mg) dosetavudineor tenofovir

(300 mg) each combined with lamivudine and efavirenz. Adipouitechondrial DNA
(mtDNA) levels gene expressn, anthropometry, markers of inflammation, lipid and glucose
metabolism were assessed at various time intervals.

Results demonstrate early mitochondrial depletion among black South African patients
receiving low and standard doses of stavudine, withepraion of gene expression levels,
except foNRF1andMTCYB when compared to patients on tenofovir. Mitochondrial
toxicities occurred in both the stavudine arms. Immunological and virological outcomes were

similar for all three arms. Both drugs cau$ipdl changesbut tenofovir had a more



favourable effect on anthropometry and adipokines. Both stavudine regimens increased
fasting insulin and eptide levels, with the higher stavudine dose also causing increased
fasting glucose and HOMA levels.

This study demonstrates an early association between mitochondrial depletion and stavudine
therapy in the black South African population and shows that tenofovir has a minimal effect
on mitochondrial number©nly two of eight adipocyte genes were significamitiected by
stavudine therapy when compared with tenofdwitt this was only seawith the standard
dose.This studyhighlights the occurrence of significant metabolic abnormalities with both
drugs Therefore, awareness of the potential increased castolar risk should be o

concernwith tenofovir and stavudine, although toxicity is lower in the low dose compared to

thestandrd dose stavudineegimen with no attenuation of amétroviral effectivity
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CHAPTER 1

1. INTRODUCTION AND LITERATURE REVIEW

1.1. The human immunodeficiency virus (HIV)-1 infection and its natural history

HIV -1 infection is known to be transmitted through totpcted sexual intercourse,
contaminated needlgslood products or through mothéo-child transmission. The HARL
binds toCD4+ T cells which include -helper cellsmonocyteshacrophagesosinophils,
microglial cellsand dendritic cell§FanalesBelaso et al, 2010).

Thevirus enters the cellyattaching tahe CD4 receptor ands co-receptor either
chemokine (&C motif) receptor 5 CCRH or chemokine (&X-C motif) receptor 4GXCR4)
on the surface dhecell, releasing it.RNA andits various emymes,which include the
reverse transcriptasthe integraseenzyme andthe proteaseenzymeinto thecell. Using the
reverse transcriptase enzymasinglestrand RNA genome ihen transcribed into a double
strand DNA, and is integrated into a host chosome. This viral DNA is then transported
into the cell nucleus, where its integration into the cell's genome is carried out by the
integrase enzyme. Using the lm&uclear transcription processes, viral proteins are
produced which are cleaved into aetiforms by the protease enzyme and are packaged into
new virions ready to infect more cellsgnalesBelasioet al, 2010)

The natural history dfllV diseasewhich depend on the underlying hostnmune response
and viral virulence factorsletermines theutcome of the infectio(FanalesBelasioet al,
2010).If not treatedmost patients wildevelopthe acquired immunodeficiency syndrome

(AIDS) which mayresult inanopportunistic infection oamalignang.



1.2. The classes of antiretroviral drugs availale

There ardive classes of antiretroviral drugs availablbéeseincludethenucleoside reverse
transcriptase inhibitors (NRTIs)hich are analogues that mimic normal building blocks of
DNA, preventing transcription of viral RNA to DNAon-nucleosideviral reverse
transcriptase inhibitor (NNRTIs), which fit into the genomic binding site of reverse
transcriptase and directly inhibit its action; protease inhibitors (PI) which inhibit the viral
protease enzyme, therefore inhibiting the final maturatiagest of HIV replication resulting
in norrinfective viral particles; entry inhibitors that bind to the viral gp41, the host cell CD4
or chemokine (CCRS5) receptors and block the entry of the HIV into the host cell; and
integrase inhibitors that block the aifDNA integration into the host cell genorffégure 1)
Only some of these drug clasg&able 1)are currently available for use in the South African
public sector, these include the NRTIs, NNRTIs, PIs and more recently the integrase
inhibitors (Southear African HIV Clinicians Society Guidelines for Antiretroviral Therapy in

Adults, 2012).

1.3. HIV variability and response to therapy

There are twdormsof HIV, HIV-1 and HI\/2. In addition, the HIVL is further divided into
three groups, M (Major), O (Ouer) and N (norM/non-O). Thegroup M includes nine
subtypes or clades, designed A to K. There are at leastfubtypes within clades A and F
(A1, A2, A3 and A4, and F1 and F2) (Fanaksasioet al, 2010).

It is possible that viruses of different sybes can infect the same cell, sharing their genetic
material, resulting in hybrgof new viruses. As a result, viruses within the same-HIV
subtype may differ by up to 20%. ub-Saharan Africa, there is a wide HIVheterogeneity

but subtypes A, @nd D are the most prevalent, with subtype B viruses being rare but
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Figure 1: A schematic dagram of the mechanism of actiorof antiretroviral drugs

within a host cell (Kindly drawn by Ms Jean Johnstong.
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prevalent in North and South Americ@entral and Western Europe, and Australia. 21\
endemic in West Africa, but has spread to Europe and to India (Fdelesoet al, 2010).
Thereforethis might affect pathogenesis, infectivity and response to antiretroviral therapy
with differentHIV subtypeshavingdifferent susceptibilities to antiretroviral drugéaleebu

et al, 2001.VelazquezCampoyet al, 2001. FanaleBelasioet al, 2010) Importantly

however other reasons need to tensideredsuch as differences in resistapegternso
antiretroviral therapy at theme ofinitiation of therapy differences in pharmacokinetics and

adherencéssuegvan den Berget al, 2005). A study in noiB HIV-1 subtypes noted poorer



Table 1: List of classes of antiretroviral drugs available in Sothern Africa (Adapted
from the Southern African HIV Clinicians Society Guidelines for Antiretroviral

Therapy in Adults, 2012)

Name of the class of antiretroviral drugs | Name of the available drugs

Nucleoside reverse transcriptase inhibitorg Stavudne (d4T)

(NRTIS) Lamivudine (3TC)

Zidovudine (AZT)

Didanosine (DDI)
Tenofovirdisoproxil fumarat€ TDF)
Abacavir (ABC)

Emtricitabine (FTC)*

Non-nucleoside viral reverse transcriptase | Efavirenz (EFV)

inhibitor (NNRTIS) Nevirapine (NVP)
Etravirine (ETV)
Proteasenhibitor (P1) Ritonavir (RTV)

Lopinavir (LPV)**
Atazanavir (ATV)
Saquinavir (SQV)
Darunavir (DRV)

Integrase inhibitors Raltegravir (RAL)

NB: Entry inhibitors- enfuvirtide (T20) and maraviroc (WC) are not available.
* available only as a combinati@itug with tenofovir.
** available only as a combination drug with ritonavir.

virological outcome on Pls (Pered al, 2001). Converselytherstudies have suggested that
there are no differences in outcomes to tenofovir, adefovir and zidovudine fygpesildi G
(Palmeret al, 2001), and between subtypes F and A (Castdd, 2000), or between B and C
(Shaferet al, 1997) for NRTIs andNNRTIs. In two studies tere African vere compared to
European HIV-1 infected patients, on various regimens of atmbkéral drugs, the one study
(van den Bergt al, 2005) foundanearly poor virological response whitste other study
(Frateret al, 2002) found poorer longer term response in the African group but this was

thought to be because of lack of adherendbeoapy.



1.4. The burden of HIV -1 infection

According to the World Health Organization (WH®Y 2011, more than 60 million people
have been infected with HIV since the beginning of the-HI®pidemic and nearly 30

million people have died of AIDSn 2010, here were nearly 34 million people living with

the HIV-1 infection, with an estimated 2.7 million new infections, and 1.8 million AIDS
related deaths.U®-Saharamfrica continues to bear the global burden of HIWith an
estimated 68% of the HNI infecions worldwide. This region also accounted for 69% of the
worl déos AI DS related deaths by that ti me
More importantly, despite having the highest rates of this epidemic, there has been a
noticeable drop in new HRL infectionsin South Africa this by at least 41%, between 2001
and 2011(UNAIDS, 2012). This may be because of the preventative programs, and the rapid

scale up of highly active antiretroviral therapy (HAART)thg SouthAfrican Government.

1.5. Access to antiretroviral therapy

A recod 2.3 million peopldave beemdded tahe antiHIV treatment programs in the last

two years in sutbaharan Africa and this was an increase of 59%. South Africa has scaled up
its treatment services to reach 1.7 million people which was an increaselpf7s8arn the
preceding two years (UNAIDS, 2012).

The South African Government rolled out its HAART programme in the public health sector
in 2004 (National Antiretroviral Treatment Guidelin2804), offeringgwo regimens in the

public sectorThese conta a triple drug course, which consisted?dfiRTIs, with either a

NNRTI or PI.At diagnosisunless contraindicate@atients were put cafirst line regimen

which consisted of stavudine, lamivudine and either efavirenz or neviragideswitched to

seond line therapy if they had virological failure to first line theraflye second line

( WH



therapy consistedf zidovudine didanosine and ritonavir/lopinavirhese drugs were cheap

and easy to administer in the short term but were associated with moe&faate in the long
term. At that time, HAART was recommended when the CD4 count was 200 cells/pl or less,
or when the patient presentddstage 4of the WHO clinical staging syste(National

Antiretroviral Treatment Guideline2004)

1.6. The issue of sideffectsof stavudine therapy mitochondrial toxicities, body fat
abnormities and cardiovascular risk
The success of controlling th#V -1 infection with HAART has benaffectedby significant
acute and long termomplicationsAcute complications are natéo occur frequently
because of the use of stavudifibe hyperlactatemia syndromes (symptomatic
hyperlactatemia and lactic acidosis) are the most serious side effstasudine use and are
related to mitochondrigbxicity with high mortality rates (Blhaaret al, 2007. Hernandez
Perezet al, 2010).
Chronic complications include lipodystrophdyslipidaemiasinsulin resistancegndthe
development of new onset diabetes mellitus (Dedi/al, 2008) These metabolic
abnormalitiesbut not necessarilye lipodystrophyresultin an increased risk for
cardiovascular disease (Foueial, 2011).
In 2010, the WHO changed its guidelines, advocating an earlier introduction of HAART
CD4 counts of 350 cells/pl or leasid the use of less toxic drugs saslenofovir and
zidovudine as first line therapy, rather than stavudine (WHO Antiretroviral therapy
guidelines, 2010 revision). In April that year, South Africa followed suit, and chargged it
guidelines to the use of tenofovir as first ltherapyinstead ofstavudine (National

Department of Health South Africa HAART guidelines, 20T@nofovir is a nucleotide



analogue, and was approved for use in 2001 in the United States. It is commonly used in
initial therapy and has been shown to have a favourgiddedhen compared to stavudine,
with no difference in virological respors@allantet al, 2004). Despite thaVHO advising
countriesto changeheir HAART guidelinesjt is known that up to 56% dflV-1-positive
patients in other low and middle incomauatries are still receiving stavudine as first line
therapy (WHO 2010) mainly because of its low cost and its availability in fixed drug

combinations.

1.6.1. The hyperlactatemia syndromes (symptomatic hyperlactatemia and lactic

acidosis)
1.6.1.1. Epidemiology
The hypelactataemia syndromes are associated with the use of NRTIs. Asymptomatic
hyperlactataemia is common but does not predict for the symptomatic form of the disease.
The symptomatic form of hyperlactataemia may have a good prognosis if recognised early
and trere is no associated liver dysfunction. Lactic acidosis is present if there is an associated
metabolic acidosis and leads to multiple organ dysfunction.
The first case reports were published in the early 192@snfanet al, 1993. Chatthat al,
1993)anddescribed a rare but serious disease evidenced by a lactic acidosis, hepatic steatosis
and occasionally liver failureChariot etal, 1999. Bissueét al, 1994. Johret al, 2000).
Incidence rates of lactic acido$sism cohortan Africa were much higér (Table 2)
compared to studies in the West which have moved away from using stavudine and
didanosine. Mrtality rateswvereas high as 30% one South African coho(Bolhaaret al,
2007). In aotherSouth African study, substitutions of stavudine dugytoptomatic

hyperlactatemia occurred between six months and 18 months on treatment with a cumulative
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incidence of 4.7% after three years on HAART, with women seven times more affected than

men, after being on more than six months of therapy (Betid 2007).

1.6.1.2. Pathogenesis

Mitochondria are found in all cells of the body except for erythrocytes (Maagaatd009)

and because the mitochondria lack enzyme®fA repair, they are particularly susceptible

to mutagenic ageni&raziewiczet al, 2006). Mitochondrid DNA areresponsible for the
production of 13 mitochondrial polypeptides taatinvolved in the respiratory chain and
essential for oxidative phosphorylation (Kakwedaal, 2000).

The mechanism by which NRTIs cause mitochondrial dysfunetiog inhibitingmtDNA

pol ymerase 92 with subsequent mt DNA depl etion
inhibit other specific enzymes involved in the tricarboxylic acid cycle and electron transport
chain as well as inhibition of mitochondrial adenylate kinase and tH&ALP translocator
(Moyle etal, 2000. Barilest al, 1994. Barilest al, 1997 1998).Early effects of

mitochondrial toxicity include decreased energy production and increased production of
lactate, ly affecting oxidative phosphorylation (Kakudgal, 20(. Montanelet al, 2004).

This would result in an increase in electron leakage from the eldctnosport chain, which

in turn increasgthe production of reactive oxygen species leading to a cascade of further
oxidative damage and lipid peroxidation (Kalaet al, 2000. Montaneet al, 2004).

In the presence of mitochondrial dysfunction, lactic acidosis (with or without an elevated
anion gap and altered bicarbonate) may occur as aerobic respiration (oxidative
phosphorylation) shifts to anaerobic respoat(glycolysis) (Kakud&t al, 2000 Montaneet

al, 2004).



1.6.1.3. Management

Early recognition and intervention is vital because lactic acidasigrogress to liver failure

and death. It is a diagnosis of exclusion; other conditions need to be excluded diatieic
ketoacidosis, renal failure, sepsis, heart failure, pancreatitis, severe anaemia, liver failure,
bowel ischaemia and other drugs (e.g. metformin, INH overdose) (Southern African HIV
Clinicians Society, 2012 he mainstay of management includéthdrawal of all NRTIs

even before the diagnosis is confirmed if there is a high index of suspicion.

The Southern African HIV clinician society guidelines are based on other published
guidelines (Schambelart al, 2002.British HIV Association (BHIVA) giidelines 2005.).

Patients with mild asymptomatic hyperlactataemia (lactates of less than 5-0 mmol/L) would
include cautious continuation of NRTwshi ch are | ess whid t ochondri a
monitoring the patient closely for the development of symptardsoa further increases in
lactate (Southern African HIV Clinicians Society, 2012).

Patients who have serum lactate concentrations of /or above 5-:0 mmol/L whether
asymptomatic or symptomatic warrant discontinuation of therapy. Administration of
intravenow fluids to preempt cardiovascular collapse and assist hepatic and renal clearance
of lactate is important. The use of intravenous sodium bicarbonate is controversial as it may
trigger respiratoryacidosis Ventilation may be required if respiratory fateyoccurs.

Dialysis, inotropes and other supportive measures may be required as necessary. Other
therapies such as thiamine, carnitine, riboflavinenayme Q and vitamin C which are either
cofactors in oxidative phosphorylation or antioxidants @ay e usedBrinkmanet al,

2001. Johret al, 2002. Falceet al, 2002. Southern African HIV Clinicians Society, 2012).

The use of NRTIs in future regimens should be avoided. It can take several weeks to months

for lactate concentrations to normalise. If &igrat is on NNRTI regimen, boosted Pl



Table 2: Studies ofperipheral neuropathy and lactic acidosis inAfrican HIV -infected populations

Toxicity Reference Year | Country Study type Sample size Result
Peripheral Idoko et al 2002 Nigeria Clinical trial 1 patient On zidovudine, zalcitabine, or a Bevere PN
neuropathy
Westeret al 2005 | Botswana Longitudinal 153 patients 4.3 fold increase in moderate to severeifPN
placed on a stavudine/didanosine regimen
Boulle et al 2007 | South Africa | Cohot 2679 patients; | PN related stavudine substitutions in 6.2%
patients (95% CI 4:8.5)
Hawkinset al 2007 | Kenya Longitudinal, 1286 patients | Predominantly stavudine related regimens.
observational 20.7% PN
Fornaet al 2007 | Uganda Cohort 1029 patiats 96% on stavudine containing regimens.
36% PN, 9% were severe. 17.2% required dr
change.
Canestriet al 2007 | Senegal Clinical trial 40 patients 37.5% PNon a stavudine/didanosine regimen
Jamisseet al 2007 | Mozambique | Prospective 146 patients 18% PNon either a stavudine or zidovnd
basedegimen
Sanneet al 2009 | South Africa | Cohort 7583 patients | Mainly stavudinelncidence rates of 8.7/100
person years (95% Cl 89.2)
Minzi et al 2009 | Tanzania Retrospective | 23 clinics Increase 0.9% to 1% in the DasSalaam; 1.3%
review to 3.8% in the Mbeya PN over a year if on
stavudine
Sacktoret al 2009 | Uganda Prospective 102 patients 38% PNon stavudine based therapy.
Beadle=t al 2009 | Malawi Retrospective | 4591 patients | Onstavudine35% symptoms experienced but
review only 13% given diagnosis of PN
Shurieet al 2010 | Ethiopia Cross sectional | 203 patients 43% on 30mg stavudine vs. 74% on 40mg
stavudine; 20.7% on zidovudine
van Griensven | 2010 | Rwanda Cohort 2190 paents On stavudine based thera@y0% PN.

et al

Incidence rates of 52/1000 patient years
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Toxicity Reference Year | Country Study type Sample size Result
Lactic acidosis/ Geddest 2006 | South Africa | Observational | 891 patients Stavudine relatetA: Incidence rate of 19/100(
symptomatic al case series person years (95% CF29).
hyperlactatemia
Westeret al 2007 | Botswana Randomized 650 patients On stavudine or didanosine based therapy.
control trial 2% moderate to severe SH; 1% LA
Boulle et al 2007 | South Africa Cohort 2679 patients | LA/SH related stavudine satitutions in 4.7%
(95% ClI 3.06.8)
Bolhaaret al 2007 | South Africa | Retrospective | 1735 patients | On predominantly stavudine based therapy.
cohort analysis Overall incidence rate 10.6 /1000 patient year
16.1/1000 patient years (females); 1.2/1000
patient years (males); LA: 30.4% died. SH:
None died.
Sanneet al 2009 | South Africa | Cohort 7583 patients | Mainly stavudineLA/SH: Incidence rates of 5.
per 100 person years (95% CIl-4.5)
van Griensven | 2009 | Rwanda Cohort 2190 patients | On stavdline based therapiyA/SH 3.1%;
et al incidence rate 20/1000 patient years.
Hernandezt al | 2010 | South Africa | Retrospective | 1719 patients | On stavudine based therapA: Incidence rate

13.5 cases/1000 patient years (95% B9,
22.2% mortality. SH: Incidese rate 31.79
cases/1000 patient years (95% Ci40).

*PN: Peripheral neuropathy; LA: Lactic acidosis; SH: Symptomatic hyperlactatemia; 95% CI = 95% confidence Dreéniabns for LA and SHL in
different studies vary
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should be added. If the patiehas already failed on NNRTegimenand is on a boosted PI,
other alternatives such raltegravir or etravirine should be added if available. Otherwise the
patients should be continued on the boosted Pl(@&dythern African HIV Clinicians

Society, 2012)

1.6.2. Peripheral neuropathy

1.6.2.1. Epidemiology

A distal sensory peripheral neuropathy, characterized by the presence of symmetrical distal
anesthesia and/or painful dysesthesenigther common side effect afitiretroviral therapy
especially with the use of stadine and didanosinandis clinically indistinguishable from
peripheral neuropathgssociated witthe HIV infection per s€Dalakaset al, 2001.
Cornblathet al, 2006).Prevalence rates wafrom country to countrywith rates in the West
between 10 an@85% Keswaniet al, 2002 McArthur et al, 2005. Cornblatlet al, 2009.

Data from neuropathytsdiesperformed irAfrica are shown in @ble 2 Onestudy from
South Africashowed incidenceates of 8.7 per 100 person yeg@anneet al, 2009),with
lower rates of 5.2erl00 persoryears in Rwandav@n Griensveret al, 2010)and 2.8per

100 persoryears in another site in South Africa (Bouwteal, 2007) Prevalence ratesere
much highein African studies compared to those in studies performed in Eordpe

USA: 35%and above noted iAfrican countries (Beadlest al, 2009. Canestet al, 2007.
Fornaet al, 2007. Sacktoet al, 2009. Risk factors in most studies included male geraler,
higher baselin®MlIs, age and advanced clinical HIV diseaBe\lle et al, 2007.van
Griensveret al, 20092 Sanneet al, 2009. Most studies showed that toxicity was cumulative

andresuledin a switch fromstavudingo other alternativéherapie, rather thareing due to
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treatment failure or contraindicatioasd remainedthe mosimportant trigger for treatment

changgBoulle et al, 2007 van Griensvet al, 2009.

1.6.2.2. Pathogenesis

Peripheral neuropathy is pathologically characterized by distal axonal degeneration of small
myelinated and unmyelinated nerve fibeteguet al, 2007), with evidence that abnormal
mitochondria and mtDNA depletion are seen with dideoxycytidine (@d€yciated

peripheral neuropathy (Dalakasal, 2001). Interestingly, there are also genetic predictors

for the development of peripheral nepathy as seen in white patients with a common
European mitochondrial haplogroup T (Cardgeal, 2008) This was also observed in black
patients who belonged to mtDNA subhaplogroup L1c wkee found tdeat increased risk

of developing peripheral neuragny on antiretroviral therapy (Canttral, 2010).

1.6.2.3. Management

History and physical examination are important in the diagnosis of peripheral neuropathy.
Patients who present with symptoms of numbness or dysesthesia after initiation of
antiretroviral tlerapy especially with the use of stavudine and didanosine should be
considered as having a peripheral neuropathy due to the antirettognagby, once other
causesreexcluded.There are however no grading protocols for the severity of peripheral
neurom@thies.Whilst the ACTG grading system is available for the ACTG clinical trials, it is
subjective and it is not a well known grading system to HIV clinicians especially those who
are working in a resource limited environment and those who do not worksearch

setting This would explain variability in the rates observed in most studies.
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Diagnostic tests would include nerve conduction studies which would confirm diminished or
absent sensory action potential amplitudes with normal or slightlyestoator conduction
velocities (Harrisoret al, 1995). Other tests would include electromyography which could
demonstrate denervation of distal muscles (Simpsah 1995), and biopsy of the sural or
cutaneous nerve which would show axonal degeneration dimatezl and unmyelinated

fibers (Simpsoret al, 1995).

The goal of treatment is to control the pain and help maintain physical function for activities
of daily living and quality of life. Some patients may needviitch antiretroviral therapy.
Pharmacbogi cal treatment can be used to manage
pain, nonsteroidal anthflammatory drugs (NSAIDs) may be prescribed. Severe pain can be
treated with stronger opioids, such as morphinémethadone. Antidepressat®e

commonly used in resource limited settirjthough a controlled study that compared
amitriptyline and mexiletine showed equivalent pain rebehat ofa placebdKieburtzet

al, 1998) Anticonvulsants such as gabapemterefound to be effective in reding pain

(Hahnet al, 2004) andcarbamazepine, and phenytaire alsccommonlyusedin resource

limited settinggut there are little data to support their efficacy

1.6.3. Lipodystrophy

1.6.3.1. Epidemiology

WhenHAART was introducedh the 1990s, there was a drarnathprovement in patient
morbidity and mortalityBrinkmanet al, 1999. But soon afterwards, systemic metabolic
alterations were observed, often in combination with Hadigistributionchangesand this
wascalled the lipodystrophy syndroniBrinkmanetal, 1999. These metabolic alteratigns

which were characterized by insulin resistance and dyaépich were similar to that of the
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metabolic syndrome that is seen with obesity. The body fat alteratenesissociated with
wasting in subcutaneous adgaotissue in the face, arms, legs and buttoeképoatrophy,
with central fat accumulation, with some patients even presenting with melasgemenas
well as with fat accumulation in the dorservicalareaa | s o known as #Abuf f al
(Lo et al, 1998. Caret al, 1998, 2003). Some patients develdgeneralzed or central fat
accumulation.e. lipohypertrophy althoughmost patients would present with a combination
of both (mixed lipodystrophy) (Caat al, 1998, 2003).

Theprevalence rateof lipodystrophyary widely ranging from 20% to 80% iV -1
patients receiving HAART (Caet al, 2003, Jacobsoet al, 2005)andthisis due toan
inconsistency in thdiagnostic criteridhat areused for identifyinghesepatients (Carret al,
2003.

With regards to risk factors for the developmeniigddystrophy the recognition of
lipodystrophy in patienten antiretroviral treatment coincided with the usdtf which
caugdvisceral fataccumulation anthe systemianetabolicchangesTheuse of NRTIsalso
contributed to fat wastindput theconcomitanuse of Pls mahaveadded to this effect.
(Brinkmanet al, 1999, Cossarizza &t al, 2001, Caret al, 2003). Studiesdentified the use
of stavudineand zidovudine, both NRTIgsmajor riskfactors for lipoatrophy (Mallalet al,
2000. Johret al, 2001). Subsequent studies (Gallenal, 2004. Podzamczet al, 2008.
Younget al, 2005) haveonfirmed theassociation betweedhe use of stavudinendtherisk
of lipoatrophy. Other risk factos include increasing agegmalegender, CD4 counts and
viral loads (Caret al, 2003).

The frequency of lipodystrophy in resowlgaited countries wher@redominantly NRTI
based regimens are being usetigh,although itdoesvary from country to country (see

Table 3) Studies from Africartountries haveevealed rateas high as 34%Mutimuraet al,
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2007. Sinxadet al, 2010. Studiesdemonstrate thatlipoatrophy tenddto be common after
one year of therapgspecially in patients who were on higlheses of stavudine (40mg) and
in patients with a higher body weigivan Griensvert al2010) Females weralsomore

affected than malgdutimuraet al, 2007 van Griensveret al 2010.

1.6.3.2. Pathogenesis

A proposed aetiologig presented in Figure Plswere initially implicated because of their
homology to lipid and adipocyte regulatory protei@aifet al, 1998). Pls can inhibit

lipogenesis by reducing the differentiationpoé-adipocytes to mature adipocytes by

reducing the levels of transcriptidactorsinvolved in adipocyte differentiationthese

include the sterol regulatory element binding prote®REBP1), and peroxisome

proliferator actha t e d r ePcPeAgRDlmangetal 1999, Lenharet al, 2000.Caronet al,

2001).

Mitochondria may be affected by the HIV infection itself and may contribute to the
mitochondrial toxicity seen in patients on NRTIs. Some studies have confirmed significa
lower levelsof mtDNA in HIV-1 positive patients than in uninfected patients in peripheral
blood mononuclear cells (Co#é al, 2002. Miréet al, 2004. Chiappinet al, 2004). In

addition, studies have also confirmed decreased mtDNA content in skelsizlke

(Haugaarcet al, 2005) and nerve tissue (Dalakdsal, 2005).0Other tissues involved include
adipose tissue (Villarroyet al, 2007).

There are several mechanisms by which NRTIs contribute to mitochondrial toxicity resulting
in lipoatrophy. NRTIS mpai r mt DNA pol ymerase o0 activity
mtDNA. This has been confirmed by mtDNA depletion in subcutaneous adipose tissue seen

in patients with lipoatrophy when compared to uninfected individuals or untreated-HIV
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infected patientdNolanet al, 2003. Pacet al2003. Miroet al, 2005. Gerschensazt al,

2005).

However, other studies have also shown alterations in mitochondrial gene expression.
Expression of mitochondrial and nuclear genes involved in mitochondrial biogenesis,
adipogenesis, and metabolic and endocrine function are lifki@&EBPlandP P A Ragether
with P P A Redulate transcription of lipid metabolism genes and are linked to mitochondrial
physiology througtP P A Roactivator 1RGCJ). In turn,PGC1lregulates transcription of
mitochondrial genes throughe master transcription facter nuclearrespiratoryfactor

(NRP 1 and 2, which regulate mitochondrial transcription factom&rEAM which in turn
stimulates mitochondrial gene transcriptitmus representing a link between mitochondrial
biogenesis and adipose cell functi@m(iquez et al, 1999.Spiegelmaet al, 2000.

Puigserveet al, 2003. Roseet al, 2006).

Mitochondria produce cellular energy through the process of oxidative phosphorylation and
the mitochondrial electron transport chain; it is thought that depletion of AtDay

decrease cellular oxidative phosphorylatibawis et al, 2003). The mitochondrial electron
transport chain which comprises 5 complexés\{) are encoded by both nuclear and
mitochondrial genes. MitochondriBINA-encoded subunits including cytochromgCyt b)

of complex Il and cytochrome c oxidase subunits I, 1l, and 11l (COX1, COX 2, and COX 3)
of complex IV, play functional roles whereasclearencoded components (COX4)jaya

more regulatory thaafunctionalrole (Enriquezet al, 1999.Barriertosetal, 2002).

Therefore through a process of mitochondrial fine tuning, mitochondria can adapt
transcription of mtRNA to meet altered oxidative requirements independent of regulation by

nuclear factors or changes in mtDNA leviela(tin et al, 1993. Eniquezet al, 1999).
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Table 3: Body fat abnormalities, dysglycaemia and dyslipidaemian African HIV -1-infected populations

Toxicity Reference Year |Country |Study type Sample size |Result
Lipodystrophy Boulleet al 2007 | South Cohort 2679 patients |LD related stavudine substitutions in 9.0%
Africa (95% CI 5.214.1)
Mutimuraet al 2007 |Rwanda |Prospective 571 patients | On either a stavudine (predominantly) or zidawed
cohort basedegimen LD observed in 34%. Peripheral LA
with abdominal LH noted inZ® of LD patients.
Sanneet al 2009 | South Cohort 7583 patients |Mainly stavudineLD: Incidence rate 4.9/100 persot
Africa years (95% Cl 4.5.3).
van Griensvert al 2009 |Rwanda |Cohort 2190 patients |On stavudine based therapy: 7.2%; incidence i@
of 47/1000 patient years.
Mercieret al 2009 | Senegal |Prospective 180 patients | On either a stavudine or zidovnd or a Pl based
cohort regimen Moderatesevere LD; 31.1% (95% CI 24.3
37.9); LA:13.3% ; LH:14.5%;mixed forms.3.3%
Georgeet al 2009 | South Longitudinal |42 patients On stavudine based therapp: 42.9%;
Africa Hypertriglyceridemia: 30.8%. Hypercholesterolem
35% in LD group.35%
Sinxadiet al 2010 | South Crosssectional |47 patients On stavudinelD: 34%.
Africa study
Diabetes/insulin |Mutimuraet al 2007 |Rwanda |Prospective 571 patients | On either a stavudine (predominantly) or zidawed
resistance cohort basedegimen IFG: 18% of LD (P=0.006 vs. HIV
negative group); 16% in the ndu group (P=0.01vs
HIV negative group); 2% foHIV negative group.
Bakariet al 2007 | Nigeria Case report 1 patient Zidovudine, Pls. Bveloped diabetes
Manuthuet al 2008 |Kenya Cross sectional 295 patients | On stavudineDysglycemia: noted in 20.7%, with
22.9% on HAART and 17.9% HAARTaive
(p=0.248, OR 0.731, 95% CI 0.412298)
Mercieret al 2009 | Senegal |Prospective 180 patients | On either a stavudine or zidovod or a Pl based
cohort regimen Increase in fasting glucose in cases vs.
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Toxicity Reference Year |Country |Study type Sample size |Result
controls (4.86 vs. 3.60, P<0.0001). No differen
the fasting insulin levels.

Sinxadiet al 2010 | South Crosssectional |47 patients On stavudineDysglycaemia: 23%;IFG:19%; IGT: 4

Africa study
Dyslipidaemia Mutimuraet al 2007 |Rwanda |Prospective 571 patients | On either a stavudine (prechinantly) or zidovuthe
cohort basedegimen Hypertriglyceridemia: 9% in LD
group. Hypercholesterolemia: 14% in LD group.

Manuthuet al 2008 |Kenya Cross sectional 295 patients | On stavudine predominantlidypercholesterolemia:
39.2% in HAART group vs. HAARaive group,
prevalence of an elevated LDL in the HAART grou
was significantly higher than the HAART naive gro
(40% vs. 11%; p value <0.0001)

Buchaczet al 2008 |Uganda |Prospective 374 patients  |On a stavudineegimenwith a single drug substitutig
to zidovudinelncrease mean lipid levels from 0 to 4
months in total cholesterol 31 mg/dl (95% CI3%),
LDL -cholesterol 26 mg/dl (95% CI 229), HDL-
cholesterol 19 mg/dl (95% CI 121)

Mercieret al 2009 | Senegal |Prospective 180 patients | Oneither a stavudine or zidovim or a Pl based

cohort regimen Triglyceride (1.03 mmol/L vs. 0.89 mmol/L
p=0.007) and HDC levels (1.33 mmol/L vs. 0.37
mmol/L, p=0.008) were increased in patients vs.
controls

Lesiet al 2009 | Nigeria Prospective 113 patients |[On 6 H A 283% df.patients with fasting

cross sectioal cholesterol values >200mg/dl, 24% had an elevate
LDL -cholesterol; 35% had elevated triglyceride ley

Salamiet al 2009 | Nigeria Prospective 327 patients | Hypertriglyceridaemia was gater in the Pl vs.

cohort NNRTI group (79% vs. 54%) with a higher risk RR

2.95 (95% CI 1.891.59) P= 0.0003; with
hypercholesterolaemia (51% vs. 31%), also with a
higher risk, RR 2.44(95% CI11.7247) P =0.0001
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Toxicity Reference Year |Country |Study type Sample size |Result

Sinxadiet al 2010 | South Crosssectional |47 patients On stavudine. bpertriglyceridaemia: 23%.
Africa study
* LD: Lipodystrophy; IFG: Impaired fasting glucose; IGT: Impaired glucose tolerance; DM; Diabetes mellitus; HIV: Human defiuigcy virus;

HAART: Highly active antiretroviral therapy; PI: 8tease inhibitor; NNRTI: Nomucleoside reverse transcriptase inhibitor; 95% CI = 95% confidence
interval.
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Figure 2: A schematic diagram of theaetiology of lipodystrophyand its metabolic

consequences.
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In a studywhereHIV negativepatientswereexposedto dual NRTIs for two weeks,

decreased transcription of mtRNA was observed with no significant depletion of mtDNA

adipose tissyeand this occurred with the upgulationof NRF1landTFAMwhereas?GC1

was dowrregulated. Thénvestigabrs proposedhat NRTIs caused mitochondrial

dysfunction by means other than through inhibition of DNA polymesase a n d

disruption of expression of lipid metabolism genes played a role in {\iRliced

lipoatrophy(Mallon et al, 2005)

t hat

In another studywhen compang stavudine versus zidovudin@atientswho developedirug

induced lipoatropy after 18 monthf therapy, were noted to develsignificant mtDNA

depletion andgignificant decrease in the ratio@DX3to COX4expressionin addition, a
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significantly lower expression dREBP landthe glucose transport€GLUT)4 genewere
also noted in the lipoatrophic patientswas alsanotedthatP GC1Bwas significantly higher
in the lipoatrophic group than in those that had no lipoatrophy. In addition, in thesggpa
with lipoatrophy, the stavudine group had a significantly lower expres$iB@LG1,
COX3/COX4ratio andSREBP lthanthezidovudine group (Sieveet al, 2009).

The role of NNRTIs in lipoatrophy has also been investigated. In one study, efavagnz w
associated with greatrisk of limb fat loss than Pls when combined with NRTIs (stavudine
and zidovudine containing regimens) (Haubrthal, 2009). h a recent systematic review,
this causal relationship between NRTIs dipatrophywas confirmegdbut it wassuggested
that the concomitant use of Pls had an ameliorating effect on the body fat chiewgsalso
suggested that efavirenz causeddditive toxicity. In addition, they noted that central fat
gain was as a consequence of treating theiHrfidttion and not linked to any antiretroviral
class(de Waalet al, 2013)

HIV-1 infection itself can also lead to alterations in gene expressionitmchondrial
proteins. The expression of several nuclear and mt2Néoded genes for mitochondrial
proteins has been shown to be reduced in adipose tissue frorh-HPécted patients who
were not on antiretroviral therapy (Giraltal, 2006). This was consistent with previous
studies of MtDNA depletion and mitochondrial respiratory dysfunction in pedpbieod
mononuclear cells and subcutaneous fat from-fHvifected patients before antiretroviral

therapy (Casulat al, 2005. Garraboat al, 2011).

1.6.3.3. Management
The diagnosis of lipdystrophyis generallyclinically obvious the patient may present with

lipoatrophy or lipohypertrophgndthis can be confirmetly anthropometric measurements
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over time Additionally, radiological imaging availableshould also be used to confirm the
diagnosis. This can be done by using dual enengy»absorptiometry (DKA) scans,
bioelectrical impedance analysis, computed tomography (CT), or magnetic resonance
imaging (MRI)(Carret al, 2003)

There aremedical and surgicaitrategies for the management of lipoatrophy and there is a
possibility that lipoatrophy changean recover although it may be slow, or incomplete. This
can include antiretroviral drug substitution. An improvement in lipoatrophy may occur when
NRTIs are switched, although the dysligethia maybe unaffected. Options include

switching stavudine to abaeir or tenofovir(Carret al, 2002. Moyleet al, 2006)which can
result in a significant increase in limb fat mass for up to two yeannayhotresult in

complete resolution of clinical lipoatrophy. One could also reduce the stavudine dose
(Milinkovi c et al, 2007) Other drug interventiorthat can be use reverse fat loss include
the use of thiazolidinediones which improve adipocyte differentiation and increase limb fat
mass. A metanalysis has shown that pioglitazone and not rosiglitazone weaseafiective

in increasing limb fa{Raboudet al, 2010).Statins and uridine have also been shown to
improve lipoatrophy in small trialdallon et al, 2006.Sutinenet al, 2007.

Cosmetic surgery is an option for facial lipoatrophy. This includes sllgmaced

alloplastic, autologous, or synthetic implants, injection of temporary fillers such ak{oly
lactic acid, and injection of permanent fillers such as sili¢Garaldiet al, 2011)

Liposuction has been shown to be helpfubatients with lipohypertrophy although there was
a potential for recurrence (Hultmahal, 2007).Exercise or diemayimprove lipoatrophy
(Leyeset al, 2009, but oneshouldbe careful in patients with lolody mass indiceBMIs).
Exercise training has been shown to improve outcomes in body composition and metabolic

profiles in patients in resource limited settings (Mutimetral, 2008).
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On the other hanan patients with lipohypertrophy, low caloric feeding and combined
resistance and aerobic exercise has been shown to be beneficial in obeisdetiéd
women although there was no improvement in insulin resistance or(kndelsoret al,

2006)

1.6.4. Insulin resistance and diabetesnellitus

1.6.4.1. Epidemiology

Prior to the advent of antiretroviral therapy, disoradrglucosemetabolismwere relatively
uncommon in patients witHIV -1 infection (Samarast al, 2009).Determination of the
prevalence and incidencé glucose disorders idlV-1-infected patients is complicated by
multiple confounders, ranging from inherent differences in study populations to differences in
the diagnostic methods used (Peilal, 2011) .

Early cases of diabetes were described Rithse (Dubét al, 1997. Walliet al, 1998) with

other metabolic complications suchdyslipidaemiaand lipodystrophy occurring at the same
time, making it difficult todeterminewhich factors wereontribuing to the changes in

glucose metabolism (Saraset al, 2009).

Evidence for increased prevalence of diabetes and insulin resistas@salerived from

cohorts of patients on antiretroviral therapy with lipodystrophy where the rates of disorders of
glucose metabolism such as diabetes mellitusairad fasting glucose, and impaired glucose
tolerance were as high as 25% and were considered to be related to the specific Pls that were
used (Caret al, 1998. Caret al, 1999).NRTIs also played a role, wheramulative

exposure to nucleoside analogas associated with insulin resistance in some studies (Brown
et al, 2005. Tieret al, 2008).Rates from Africa varyTable 3) with rates of dysglycaemia as

high as 20% in two cross sectional studies (Manethal 2008. Sinxadet al, 2010).Fat
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redistibution may also contribute to insulin resistance (Meiniregex, 2002); one study
suggested that the severity of lipoatrophy, among patients taking either stavudine or
zidovudine, was associated with an increased risk of insulin resistance (Bealy2008).
Other studies examining the prevalence and predictors of glucose intolerance and insulin
resistance, and their association with antiretroviratapy also found that obesity, gender,
ethnicity, a family history of diabetesand hepatitis @Qvereall predictorgMehtaet al,

2003Yoonet al, 2004 Amorosaet al, 2005 Salehiaret al, 2005Tien et al, 2008)

1.6.4.2. Pathogenesis

Evidence generally suggests that nucleoside analogs exert their effects on glucose
metabolism indirectly, through changes in p@dmposition and mitochondrial toxicity (De
Wit et al, 2008). This may be the caiseAfrica where predominantly NRTkreused,and
whereratesof dysglycemiavary betweerB-23% (Table3).

On the other handIs can inhibit the uptake of glucose intdsby interfering with the
GLUT 4 glucose transport¢iMurataet al, 2000. Hertektal, 2034). Anotherproposed
mechanisms theeffects of Pls on adipokine metabolisfhisreduce adipocyte
differentiation byalteringSREBP1 maturation andPPAR? expresionresulting in a
decreased expressionaxfipocytokinegZhanget al, 1999, Lenharet al, 2000.Caronet al,
2001).Apart from direct Pinduced effects on insulin resistance, discrete and independent
insults to glucose metabolism may arise from HAARd@uced dyslipidaemijdipotoxicity,

and lipodystrophy (Gutierrezt al, 2012).
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1.6.4.3. Management

The diagnosis of diabetesellitusshould be confirmed using formal laboratory testing which
would include a fasting blood glucosean oral glucose tolerangestand more recently a
glycosylated haemoglobiM(HO, 201). Just like in HIV negative patients, diet and exercise
are important in the management of insulin resistance and diabetes in overweight patients
with HIV infection (Falutzet al, 2007) Similarly, if this is not achieved drug interventions

may be required. Metformin has been shown to reduce insulin resistance and cardiovascular
risk parameters in H\Infected patients with lipodystrophy (Hadigenal, 2000) but theuse

of metformin in patientsrostavudine may increase the risk of lactic acidasémay worsen
lipoatrophy in HIV infected patients with lipoatroptyosiglitazone has also been shaan

improve insulin sensitivity and increased adiponectin levels (Hadigah2004).

1.6.5. Dyslipidaemia

1.6.5.1. Epidemiology

Lipid abnormalities have been noted in HIMnfected patients even before the advent of
antiretroviraltherapy, and this was characterised by decreased levels of total, LDL and HDL
cholesterol and elevated triglyceride levels (Constaag 1994. Grunfelcet al, 1998).

HIV-1 associated dyslipidaemia is associatedwithc r eased | evel s of int
been correlated with elevated plasma triglycerides (Carpenter2005). Similarly, tumour
necrosis f act daenshéwiib be eldvathdarsHIvpokits/@antiretroviral
therapynaivepatients Here it has been shown to interfere with free fatty acid metabolism,
lipid oxidation ando attenuate insulimediated suppression of lipolysis (Johnsotal,

2004. Ohetal, 2007).The prevalence of lipidbnormalities varies depending on the type of

antiretroviral therapy used. In patients receiving-ad?itaining antiretroviral therapy, the
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prevalence rates of dyslipidaemia were high (>70%) and it predominantlyedclud
hypertriglyceridaemia followed by hypercholesterolaemia (Detrag, 1999. Caret al, 1999.
Saveset al, 2002). Although metabolic alterations are more common among patients with
lipodystrophy, they are also present in those without body changest théae metabolic
abnormalities may precede the body fat changes (Vigourcalx B299. Mulligaret al,

2000). Results from various studies are contradictory when comparing risk factors for the Pl
related hyperlipidaemia. Although elevations in seruglytceride and cholesterol levels

have been associated with all the available Pls, hypertriglyceridaemia seems more frequent in
patients receiving particular types of Pl combination therapy @aly 1998. Caret al,

1999).1n a review (Calzat al, 20(B), different Pibased therapies were associated with
different lipid profiles, butypertriglyceridaemia was noted to be more frequent in patients
receiving a ritonavir, ritonavir/saquinavir or ritonavir/lopinavir combination therapy when
compared with idinavir, nelfinavir and amprenavir based therapi¢azanaviris the most

lipid stable PI currently availabl€ahn PEet al, 2009. In several studies,
hypertriglyceridaemia has been found to be associatechvaitagender, advanced age, a

higher body mss index, diagnosis of AIDS, higher mean CD4 count, and elevated
cholesterol and triglyceride plasma levels prior to the PI therapy initiation intotéer

studies, gender, baseline lipid levels, stage of-Hidsease and body weight do not appear

to berelated to the occurrence of hypertriglyceridaemia (Mulligaal, 2000. Saveést al,

2002. Thiébauet al, 2003).

Lipid abnormalities also occur in patients on NRTIs such as stavudine and zidovudine. Data
from countries in Africa confirm thiglable 3) A study from Senegal, in which the main

drugs used were zidovudine and stavudine, showed both triglyceride andhdlsterols

were significantly raised in patients when compared to controls but the use of Pls may have
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been a confounder (Merciet al, 2009). In a smaller Ugandan study, where all patients were

on stavudine based regimens, a comparison between two NNRTIs, efavirenz and nevirapine
was also assessed. After two years of therapy, changes were thought to be related to the use
of nevirapine (Bichaczet al, 2008). In a study from Rwanda, where no Pls were used and
stavudinevasthe commonest drug used, high rates of elevated triglycerides and total
cholesterol were noted in patients with lipodystrophy (Mutaret al, 2007) Similarly, a
longitudinal study from South Africa showed a significant increase in both triglyceride and
cholesterol levels in patients stavudindollowed over a period of two yeaisut this was

noted in patients/ith and without lipodystrophy (Georg al, 2008).

1.6.5.2. Pathogenesis

Concerning the@roposedathogenesis of Rdssociated dyslipidaemiagich are based
partly on speculation in reviews rather than original resedfts and cellular proteases
acting in mitochondrial biogenesis underlie the metabolic alteradbecsuse of their
homology Pls bind to cellular retinoic acid binding proteinRABP), which has a similar
structural homology tthe catalytic region of HIV1 protease enzyme, thus inhibiting the
formation of cis9-retinoic acidfrom retinoic acid leading to reduced retinoid X receptor
peroxisome proliferatea c t i v at e dRXRRR AeRpotivayr This inc(eases apoptosis
and decreases proliferation of peripheral adipocytes causing peripheral lipoaamghhy,
decreased adiponectin levess a resli, there is aree fatty acid spilbverfrom apoptotic
peripheral adipocytes incraag free fatty acidlux to the liver and skeletal muscle. In the
liver, theincreasedree fatty acicsupply andheup-regulation of theriglyceride synthetic

pathwaythroughSREBPlincrease hepatitiglycerideand ultimately secretion of

28



triglyceride rich VLDL, decreased lipid storage and lipid release into the bloodst(€aam.

et al, 1998. Penzakt al, 2000.Calzaet al, 2003. Otet al, 2007).

Pls may also bintb low density lipoprotein receptoelated protein L(RPJ) interfering with
LRPZXlipoprotein lipase complex formation, reducing adipose storage capacity and increasing
plasma triglycerideich lipoproteins (Olet al, 2007). It is also possible that Playrhave
directeffects orhepatic triglyceride synthesis by up regulating expression of key triglyceride
biosynthetic enzymes (Caet al, 1999).

As discussed in the previous sectiddRTIs can cause mitochondrial dysfunctibnough
inhibition of DNA pdymeraseo, and t hat disruption of expre
which may be responsible for abnormalities in several cell types such as adipocytes, leading
to lipoatrophyand in skeletal muscle leading to insulin resistance, with secondary

dyslipidaemia (Cossarizzet al, 2003.Mallon et al, 2005.Pinti et al, 2006).

1.6.5.3. Management

The diagnosis is made by an overnight fasting lipid profile, similar to that in a HIV negative
patient. Exercise, weight reduction and diet are important componenésriratragement of
such patientsl@azzarettiet al, 2012. Mutimuraet al, 2008. Steiret al, 200§. Generally,

when initiating HAART in a patient with cardiovascular risk factors, drugs with a more
favourable lipid profile should be given, suchaégzanavir

Other options would includépid loweringdrugs. Most statinsare metabolized by the
cytochrome P450 3A4 (CYP3A4) enzyme. With regards to NNRTIs, whilst pavérds a
selective inducer of CYP3A4, efavirenz is bathinducer and inhibitor of CYP3ADUbé ¢

al, 2003. There is no data on tlkembineduse of nevirapine and statins. Efavirenz leads to

significant induction of statin metabolisi@érberet al, 2005) which may lead to decreased
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efficacy of statin therapy, but on the other hand, efavirenz metabolism is not affected by
statins. This would suggest that an increased dosing of statins may be needed in patients who
are taking both agents, but closelynitor for drug toxicity.

All Pls down regulate the activity of CYP3A4, therefore leading to an increased serum
concentration of the statin and the potential for adverse reactions such as rhabdomyolysis.
Therefore statins such bsrastatinor simvastatirare contraindicate(Dubé & al, 2003), but
atorvastatin andrpvastéin areother optios. Atorvastatin levels are known to significantly
increase with the use of Rlespecially with lopinavir/ritonavir, and therefore there is a
concern for a rhabdomyolysis

In contrast to the statins, fibrates are unlikely to havefsgnt drug interactions with
antiretroviral medicationgzibrates however have not been shown to reduce cardiovascular
morbidity and mortality at the same degree as statin theféyeye isimited data orthe use

of ezetimibein HIV positive patients dftough it was shown to be well toleratedh changes

mainly in the LDLcholestero(Bennettet al, 2007. Collet al, 2006.Stebbinget al, 2009.

1.6.6. Cardiovascular risk
As summarised in Figur® the risk ofcardiovascular diseag€VD) is due to a numbeaf
factors which include HIV associated inflammation, traditional cardiovascular risk factors

and the metabolic side effects from antiretroviral therapy.

1.6.6.1. The role of HIV associatednflammation
Through systemic inflammation, hypercoagulability and ptatettivation, HIV infection via
its viral proteins causes endothelial dysfunction and CVD @al) 2008). Independent of

cardiovascular risk factors and antiretroviral therapy, HIképlication and a low baseline
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CD4 count are associated with an irmsed risk of myocardial infarctions in H/infected

individuals (Langet al, 2012). The HIV proteins gp120, Tat, and Nef induce expression of
several adhesion mol ecul e sintarceltularadineianmmat ory ¢
molecule(ICAM) -1, vascular cell adhesion molec@CAM)-1, E-selectintumour

necrosis factorTNF)-U, andinterleukin (L)-6 resulting in increased leukocyte adheeeto

the endothelium (Met al, 2007). Increased levels of vW¥on Willebrand factor)a

glycoprotein facilitating platelet adhesion, are synthesized in endothelial cells and

i npammatory cells, and correl ate esMdueta,b ci r cul
2007). A hypercoagulable state may also occur depending on plasma viral load. These HIV
proteins can also induce endothelial apoptosis and increase endothelial permeabgity (Mu

al, 2007). Elevated levels of highly sensitivityr€active potein (hsCRP), an inflammatory

marker, are associated with an increased risk of cardiovascular events in the general

population (Rutteet al, 2004. Paet al, 2004) as well as in HApositive patients (Reingold

et al, 2008. Triantet al, 2009).

1.6.6.2. The role of traditional cardiovascular risk factors

The Women's Interagency HIV Study and the Multicenter AIDS Cohort Study evaluated the
presence of major risk factors for cardiovascular disease and comparddgdBitive with

HIV-1 negative controls wherbd 10year risk of developing coronary heart disease was
estimated using the Framingham risk score. It was noted thaf Hti¥cted individuals had
lower HDL-cholesterol and elevated triglyceride levels when compared withlHI¥gative
controls and theisk of coronary heart disease was significantly lower in patients who were

treatmentnaive compared with those patients taking Pls (Kagtax, 2007).

31


http://en.wikipedia.org/wiki/Intercellular_adhesion_molecule
http://en.wikipedia.org/wiki/Intercellular_adhesion_molecule

CVD is prevalent in many African countries, witudies from various countries
demonstrating a rise tnaditional risk factors (Daladt al, 2011).In two studesfrom South
Africa which discuss HIV and coronary artery disease specifi¢Blgckeret al, 2019 2011)

it was noted thatlV infected patientsvho presenédwith acute coronary syndroméended

to be younger, werantiretroviral therapyaiveandhad less traditional risk factorEhey
noted a lower atherosclerotic burden in the HIV grom@ngiography but a larger burden of
thrombus, suggesting a prothrombotic state in the pathogenesigetaoonary syndrome
They also noted that despite these HIV infected patients having fewer traditional risk factors,
a thrombophilc state tended tbe more commarn another study, lower HDlcholesterol
levels in the HIV infected patients, but sign#idly higher haCRP, ICAM-1 and VCAM1
levels were noted (Fouri al, 2011).

The extent of cardiovascular complications in HiNhfected patients on antiretroviral

therapy in Africa will become more evident in future long term studies.

1.6.6.3. The metabolic sde effects of antiretroviral therapy.

Whilst antiretroviral therapy improves endothelial functidnidsenet al, 2013) the

metabolic side effects are a concern. Evidence from the Data collection on Adverse Effects of
Anti-HIV Drugs Study (DAD) and ot studies have established that exposure to certain
antiretroviral drugs is associated with an increase in the rate of CVD events (€uakier

2003. MaryKrauseet al, 2003. DAD Study Groupt al, 2007). In particular Pl use, is

significantly associatkwith cardiac events (DAD Study Group, 2007). This was mainly seen
with the cumulative use of indinavir or lopinavitonavir (Wormet al, 2010). Evidence also
implicates NRTI use such as abacavir with an increased risk of myocardial infarction. The

DAD cohort noted that there was an increased risk of myocardial infarction in those exposed
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to abacavir and didanosine within six months of use prior to the myocardial infarction, but
this was not seen with other NRTIs, including tenofovir (Wetral, 2010).The Strategies

for Management of Antiretroviral Therapy (SMART) study preliminary results demonstrated
a fourfold risk of myocardial infarction and a significant increase in major cardiovascular
events with abacavir use compared to other NRTIs. No associeds found with

didanosine (SMART study group, 2008). However, a ragysis of randomized controlled
trials did not support this hypothesis (Cruciahal, 2011).

Despite evidence that antiretroviral therapy may be associated with cardiovaskults ris
discontinuation may result in an even greater risk of diseaseviisatself mayincrease
cardiovascular risk through endothelial dysfunction as discussed above and therefore
suppression with antiretroviral therapy attenuates this risk. The SM#ARIY groupg2006
demonstrated that interruption of antiretroviral therapy was associated with an increased risk
of major cardiovascular events compared to those on the continuous arm (SMART study
group, 2006). There were more fatal and-fetal cardioascular events in the former
compared to the later group suggesting that viral suppression may actually reduce
cardiovascular risk in the short term. Patients with HIwfection also appear to have a high
rate of silent myocardial ischemia. In Hliinfected patients without known coronary artery
disease from the SMART study, baselelectrocardiogrars(ECG9 were assessed for the
presence of asymptomaticWaves or ST segment depression. ECG evidence for
asymptomatic ischemic heart disease was preserddrly 11 percent of the patients.

(SMART study group, 2006).
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Figure 3: Summary of the HIV/HAART metaboli c complications contributing to

CVD.
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1.6.6.4. The role ofadipokines andinflammatory markers

Adipokines mayalso have a role in theetiology ofCVD in HIV-1 patientsLeptin is

expressed mainly in adipose tissue, its main function is to increase energy expeattiture,
to inhibit bothappetite and weight gain (Mallevea al, 2008)The effect of antiretroviral
therapy on leptin levels is controversial;eva some studies have suggested that low levels of
leptin are associated with lipodystrophy o#fesve demonstrated no effect (Dzwortlal,

2007. Calmyet al, 2009). One study from South Africa showed that leptin levels were
associated with viral loadmd contributed to disease progression (Azevmi, 2010).Some
studies have suggested that because leptin has both proinflammatory and proatherogenic
properties (Smitetal, 2011. Falascat al, 2010), it may play a role in loAgrm

cardiovascular eants in HIV infected patients.

Adiponectin is a 30 kDa cytokine synthesized and secreted by adipose tissue, and is a potent
insulin sensitize(Mallewaet al, 2008)Its expression is reduced in obesity and type 2
diabetes, showing an inverse relationshit insulin resistance and visceral adiposity (Cui

et al, 2011). Studies have shown adiponectin levels were suppressed in patients with HIV
infection and fat redistribution, but the underlying mechan@rasot clear (Tonget al,

2003. Sankalét al, 2006). Patients treated with antiretroviral therapy especially those with
lipodystrophy, showed gradudbwn regulationn adiponectin serum levels (L al,

2009) accompanietly acceleratedardiovascular impairment (Bezargeal, 2009).

Therefore, thesuppression of adiponectin levels in HiiMected patients under antiretroviral
therapy mayegativelyaffectnumerous metabolic parameters leading to cardiovascular
events (Paliost al, 2012).

CRP has been shown to be a marker of increased cardiovaseehds (Paet al 2004), and

CRP levels have been shown to be elevated in patients with HIV compared with general
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populations (Arinolaet al, 2004.Noursadeghi edl, 2005. Dolaret al, 2005). Increased CRP

and HIV infection were each associated withapproximately Zold increased risk for

myocardial infarctions. Studies have shown high prevalence rates of elevated CRP in patients
with HIV compared with control groups (Arino& al, 2004.Noursadeghi edl, 2005. Dolan

et al, 2005. Trianet al, 2009)

1.7. Management issues implications for South Africa and other African countries

1.7.1. The issue of stavudine versus tenofovir

Stavudine continugto be used as alternative filgte treatment in developing countries
despite the change in the WHO antiretroMingrapy guidelines for treating patients with

HIV infection (WHO, 2010).This is because of a lack of alternatives, shortages of tenofovir
and abacavir, contraindicationsttee use of other NRTI drugsdits low cost and

availability in fixed dose combations. There is a dire need to increase the number of people
receiving antiretroviral therapy worldwide, particularly in ssdharan AfricaAccordingto

the WHO, at least 15 million HAL infected people are in need of therapy (WHO, 2012). In
fact, rortages of tenofovir and abacavir continue to exist intermittently at health facilities
across South Africa (Schowaltetral, 2012).

The standard dosage for stavudine is 40 mg given twice daily, as this regimen received
regulatory approval in 1995 becausets efficacy, butlatacontinues tesuggest that

stavudine relatetbxicitieshave beem major problenin South Africa and other African
countriegBolhaaret al, 2007. Boulle et al, 2007. Geddstsal, 2006. Hernandez Peretal,
2010.Mutimuraet d, 2007.van Griensveret al2010 and is rarely used in North America

andEurope becaudbeseside effects (Gallargt al, 20004)
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In a landmark trial the Gilead 903 trial, in 2004patients were randomized to receive
lamivudine plus efavirenz, witkither stavudine 30 or 40 mg twice daily, or tenofovir. This
trial showed an equivalent efficacy when comparing the two drugs with a similar incidence of
drug resistance rates at failubeitthe proportion of patients with investigaiefined
lipoatrophywas higher in the stavudine arm when compared to the tenofoviHawever,

the overall rate ofserious adverse events between the arms over a period of threea®ars
27% in the tenofovir arm compared to 25% in the stavuding@athantet al, 2004)

In 2007, the WHO recommended a reduction in the dostawtidine fron¥Omg to 30mg
twice daily, after aeview ofdoseranging studies that showed the same clinical and
virological efficacy at the lower dose of 30mg twice daily femter complicationgt was
thought that the risk of peripheral neuropathy atdsewould belower and patientsvere

less likely todiscontinue treatmerf¥VHO, 2007) This advice did not suggest weight
adjusted doses, despéeidencerom a review ofclinical trials sugporting a dose of 20 mg
twice daily for body weights below 60kg (Hill, 201®owever,in 2010, the WHO and

South African National Department of Health guidelines changed to a tenofovir based
regimen as first line therapyVhile the various toxicities assiated with stavudine have
been well documented, especially with the higher doses, it is less clear whether a lower dose
of stavudine would have less toxic side effects.

The optimal dose for stavudine has been continually evaluated since its init@lappr
1995. A metaanalysisof nine clinical trials examining the dose of stavudine demonstrated
that a dose of 30mg twice daily has equivalent efficacy to the 40mg stadwsr¢brescribed
to adults weighing >60 kg, with some evidence of fewer-sitcts, including neuropathy
and to a lesser degree lipoatrophy (Mtlial, 2007). Interestinglyin this samenetaanalysis

(Hill et al, 2007) weight adjustedlosingand the mean body weight at baseline in three of
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these studies (Ruxrungthaehal, 2000.Siangphoeet al, 2004. Riberat al, 2005) was close

to 60 kg, suggesting that 50% of the patients in these trials were receiving either stavudine
30mg twice daily in the control arm, or 20 mg twice daily in the low dose Hmmdata in

these studiesuggested thathere was strong evidence that lower doses of stavudine reduced
the risk of peripheral neuropathgndthat there wasome evidence for a correlation between
stavudine dosing and the risk of lipid changes, lactic acidosis, and lipodystHifhst @l,

2010)

Two studiesvheret he A s wi t ¢c h gpatieats werg glir@adyoa stavudismee4dmg
twice daily andhis might have influenced the end resulis the firstrandomized controlled

trial in the USA, the stavudine dogas cutby half,i.e.40mg to 20mg twice daily in patients
060 kg or 30mg to 15mg twice daily in patients <6Quad this resulted iimcreased fat
mMtDNA and decreased lactate suggesting improvement in mitochondrial indices while
preserving virologic suppressionhe results suggested that for those patients who were more
than 90% adherent, switching to lalese stavudine improved mitochondrial indices while
maintaining virologic suppression. (McComsatyal, 2008). Similarly, irthe secondtudy

from Spain, patients ostavudine 40mgwice daily were either randomised to switch to

30mg twice daily, switch to tenofovir or remain on the same dose of stavudine. Although no
differences were noted in mitochondrial indices, there were significanirnpicbvements
amongt those switched to tenofoviMilinkovic et al, 2007).

The evidence from thesgtavudinedose ranging trials supports the use of stavudine at lower
doses including doses as low as 20mg twice daitg questiomemains orwhether to usa

lower dose othe deapeistavudinebased therapy to treatorepatients despite the risk of
complications or treat fewer patients with bet@eratedout more expensiverugs with

fewerside effects such as tenofovithere have been no such studies in Africa which has th
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biggest burden of HIV disease dndited resourcesI'heonly way to reliably answer this

guestionwould be to undertake a study comparing low dose stavudine with high dose
stavudine and with tenofovir. Such a study is important because it is unligestaivudine
will ever be completely phased out of use in countries with limited financial resources

(Menezeset al, 2012).

1.7.2. Diagnostic challengesn resourcelimited settings

The monitoring of side effects of HAART is difficult to achieve in resodiroéted countries.
The lack of laboratory and radiology services progskveral challenges to tlaecurate
diagnosis of lipodystrophy and the metabolic complicataitsAART such as
dyslipidaemiaand diabetes. The availability and cost of routine measutsrénholesterol,
glucose and glycosylated haemoglobiiay be an issue in resoudtmited areasNot all

medical facilities have accessdophisticatedmaging such adualenergy radiographic
absorptiometry[EXA) scanscomputerised tomograph€ ) imaging technologwand

magnetic resonance imagingRI) for assessment of lipodystrophy.

An alternative consensus definition for the diagnosis of lipodystrophy is required for resource
Tlimited environments An objective case definition of lipodystrophgshbeen developed
(Carret al, 2003) butit requires access to DEXA and CT imaging technology, which are not
available in most resourdenited environmentsA wide variation in lipoatrophyates were
noted in most studies from Africa (Bouk¢ al, 2007.van Griensveret al, 2010) It is

possible thabnly cases that were severe enough to warrant a regimen change were noted.
Similarly, a wide variability in the rates of peripheral neuropati&sobserved in most

studies. Therefore grading protocols fioe diagnosis of the severity of peripheral
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neuropathies are required as netwaductiontesting equipmenelectromyography or the

expertise and facilities for nerve biopsies are not availabigst African centres

1.7.3. Other treatment considerations

Thecostof medicationss a major issue for mos¢sourcdimited countriesin 2002,six
million people worldwide were eligible for antiretroviral therapy (using a CD4+ cell count
threshold of 200/mA), but less than 5% dhem received treatmenn 2011,in addition to

the 8 million pople on antiretroviral therapgearly 3 million people with CD4+ counts of
less than 200/mfwere still in need therapy (WHO, 2012). Téwst of antiretroviral therapy
remainsa major barrier to the scais of treatment.n 2010, approximately 56% of HAART
regimens within resourel@mited countries still contained stavudine besmofits cheaper
costs(WHO, 2010). A study from South Africa demonstrated that the price of tenofovir
would need to decrease from USD$ 17 to USD¥ per month to have the same overall cost
as stavudine based therapy (Roseal, 2008).

Drugi drug interactionsire also an importagbncern especiallydrug interadonsbetween
antiretroviral drugs and those drugsed fortheir treatirg metabolicconsequences.

There are no contraindications or drug interactrefsted to the concurrent use of
antiretroviral therapy and the antidiabetic drugs, althobgie tmay be amcreased risk of
lactic acidosis with these ofmetformin andNRTIs, an incrased risk of liver dysfunction
with the use of Pls and thiazolidinediories been describéDauet al, 2008).0Other agents
such as theudfonylureas and insulinambe used.

With regard to therapy of HAART associatgyklipidaemia, theuseof lipid lowering agents
may belimited especially because of the drug interactidssdiscussed previously,

simvastatinand atorvastatirthe commonly availableheapeoptiors, arecontraindicated
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(National Antiretroviral Treatment Guidelines, 2004/hilst the avadbility of pravastatin
which is generally safers limited.

The management of other risk factors such as hypertemsioe the use otalcium
channel blockersvhichare available bunteractionswith certain NNRTIs and Bis a
possibility, but other classes of antihypertensives saiée (Datet al, 2008)

The need for plastic surgery with traditional cosmetic techniques such as facial fillers,
liposuction, abdominolipectomy, dorsal hump lipectomy and breast reduction has increased
dramatically (Wdfort et al, 1999. Straucket al, 2004. Warreret al, 2008). However, there is
a lack of this surgical facility in resourtienited settings. In a recent study from South
Africa, nearly 6% of patients considered stopping antiretroviral therapy due tHepiaeat
of lipodystrophy, with 47% patientaying that they wouldonsider surgery to correct

unwanted physical changes (Ziehal, 2013).

1.8. Aims of the thesis

Despite the major improvement in the survival of HiVhfected individuals since the South
African Government introduced highly active amtiroviral therapy in the public sector in
2004, theres an increasing recognition that adverse events remain an important source of
morbidity and even mortality, especially with thiects of stavudineelaed toxicities.
Knowledge of the adverse effects of different therapeutic regimes and an understanding of
the pathogenesis that modulate the risk of toxicity, are important in the management of
HIV/AIDS patients as clinical practice is increasingly moviogards the use of regimes that
combine high levels of tolerability and efficacy. In addition, HNhfected individuals on
HAART develop a pattern similar to that of the metabolic syndrome, ultimately putting them

at risk for impending cardiovascular é&ése. Most studies on the metabolic effects of
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HAART have been done in the West, but theldtis data on patients from African

countries including South Africa.

With this in mind, the first aim of this PhD was to make use of a large-tlased surweof
HIV-1-positive patients, newly initiated onto HAART over a period of three years {2004
2008), to compare and describe the effect of stavtlmised therapy on acute and chronic
toxicities after initiation of HAART. This was the largest study of tloe sffects of

stavudine therapy conducted to date in a South AfricanHpdsitive population and

formed the basis for the second aim of this PhD which was a clinical trial.

Whilst the various toxicities associated with stavudine have been well doadnehit is

less clear is whether the dose of stavudine plays a role in the development of these toxicities.
Recent studies have suggested that reduced doses of stavudine (i.e. 20 or 30 mg twice daily)
diminish its toxicity while maintaining efficacy. I$ therefore possible that, because

stavudine is cheaper than tenofovir, and its side effects can be minimized with dose
reduction, it would allow more patients to be initiated on HAART in countries where the
switch away from stavudine may not yet have ol In 2009,His opertlabel randomized
controlled clinical trial was undertaken to assess whether there were any early differences (4
weeks) in the effect of tenofovir when compared with-tinge and standard dose stavudine

on adipocytespecificmtDNA copy number, gene expression and other metabolic parameters.
In addition,data on anthropometry and body fat distribution, serological markers of
inflammation, and lipid and glucose metabolism measured over 48 weeks oftipleere

also assesseiihis was to be the first clinical trial to analyse early and long term effects of
stavudine and tenofovir in a South African Hlvinfected population and as a consequence
indentify anypossible associated change in cardiovascular risk factors associatecewisie th

of these drugs ithe South African setting.
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CHAPTER 2
2. A LONGITUDINAL STUDY OF STAVUDINE -ASSOCIATED TOXICITIES IN

A LARGE COHORT OF SOUTH AFRICAN H IV INFECTED SUBJECTS.

2.1. Abstract

Background:

There has been a major improvement in the survival of HinMected individuals since the
South African Government introduced highly active -aetioviral therapy (HAART) in the
public sector in 2004. Thisak brought new challenges which include the effects of
stavudinerelated toxicities.

Methods:

Prospective analysis of a cohort of 9040 HitNected adults who were initiated on HAART
at the Themba Lethu Clinic (TLC) in Johannesburg between April 1, @0Décember 31,
2007, and followed up until June 30, 2008.

Results:

Amongst the 9040 study subjects, 8497(94%) were on stavudine based therapy and 5962
(66%) were women. The median baseline CD4 count was 81 cefigI@R 29-149).

Median follow up on HART was 19 months (IQR: 931.6). The proportion of HAART
related side effects for stavudine compared testamudine containing regimens were,
respectively: peripheral neuropathy,17.1% vs. 11.2% (p< 0.001); symptomatic
hyperlactataemia, 5.7% vs. 2.2%<(0.0005); lactic acidosis, 2.5 vs. 1.3% (p=0.072);
lipoatrophy, 7.3% vs. 4.6% (p<0.05). Among those on stavtaised regimens, incidence
rates for peripheral neuropathy were 12.1 cases/100 pgesos (95%CI1 7419.5),

symptomatic hyperlactataemisg3ases/100 persgrears (95%CI 1.7.5), lactic acidosis
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1.6 cases/100 persgrears (95%CI 0-4.2) and lipoatrophy 4.6 cases/100 pergears

(95%CI 2.19.6). Females experienced more toxicity when compared to males in terms of
symptomatic hyperlactataean(p< 0.0001), lactic acidosis (p< 0.0001), lipoatrophy (p<

0.0001) and hypertension (p< 0.05).

Conclusions:

We demonstrate significant morbidity associated with stavudine. These data support the latest
WHO guidelines, and provide additional evidenaediter resource limited HAART rollout
programs considering the implementation of+stavudine based regimens as first line

therapy.

2.2. Introduction

By the end of 2008, an estimated 33.4 million people worldwide were living with human
immunodeficiency virg (HIV) infection UNAIDS, 2009).Sub-SahararAfrica continues to

bear a disproportionate share of the global burden of HIV with 67% of the HIV infections
worldwide, of which 68% of them were amongst adults. This region also accounted for 72%
of t heaAlRDreldted death&)NAIDS,2009) Sout h Africads 2009
rate in the adult population (aged-49 years) was estimated to be 17.8% (Department of
Health, 2010).

There has been an increase in the provision of highly active antiretroviagdyh(&AART),

with up to 44% of adults and children estimated to be receiving therapy with a profound
reduction in mortality (Department of Health, 2010) and, with adherence to HAART it is
possible to transform HIV from a fatal infection to a chronic aatageable illness$ipgget

al, 1997. Palellat al, 1998.Wit et al, 1999).
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However, some of the antetroviral agents used in HAART regimens have severe side

effects. Prominent amongst these drugs is stavudine, the use of which is associated with lactic
acidosis /symptomatic hyperlactataemia, lipoatrophy, and peripheral neuropathy éailille
2007). Other side effects of stavudine use include dyslipidaemia and insulin resistance, and it
is an independent risk factor for the development of new oredetes mellitus (De Wit

al, 2008). Despite these serious side effects up to 60% ofpdditive patients in low and

middle income countries are receiving stavudine (B#cK,2006. Renaud héryet al,

2007).

The aim of this study was to make useadérge (N=9040) clinibased survey of HIV

positive patients newly initiated onto HAART over a period of three years, to compare and
describe the effect of stavudine based therapy on acute and chronic toxicities after initiation
of HAART. We present batine data gathered before the initiation of HAART and data
collected for three years with each patient having a minimum of six months ofdgtlow

This is the largest study of the side effects of stavudine therapy conducted to date in a South

African HIV-positive population.

2.3. Methods

2.3.1. Study population

The study population included Hi¥ infected individuals attending the Themba Lethu

Clinic, a public sector HAART rollout facility based at the Helen Joseph Hospital, a teaching
hospital attached to the Urksity of the Witwatersrand, Johannesburg, South Africa. This
clinic provides free antiretroviral therapy and other specialized services, and is one of the

largest HAART rollout clinics in AfricaThe program is funded by the South African
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National and Gaeng Departments of Health, with support from Right to Care funded by

USAID and PEPFAR.

2.3.2. Treatment

HAART was initiated in accordance with the 2004 South African National Antiretroviral

Treatment Guidelines, which include initiation criteriaof aCD4caunt2 00 éal | s/ mm
WHO stage 4 AIDS defining illness irrespective of CD4 coiNational Department of

Health 2004). The first line therapy consisted of stavudine, lamuvidine and efavirenz or

nevirapine; however kaletra (ritonavir / lopinavir) was usegaat of the first line therapy

regimen if there were contiadications to other first line drugblational Department of

Health 2004. Un t i | October 2007, stavudine was dosEe
30mg for those <60kg and 40mg for the$®kg. From October 2007, a universal 30mg dose

was introduced and 40mg tablets of stavudine were withdrawn from the clinic. Single drug

substitutions were permitted depending on the underlying clinical presentation of the patient.

2.3.3. Clinical and laboratory measurements

Patients who met the criteria for initiation of HAART received adherence counseling and
screening for opportunistic infections prior to initiation of therapy. A history and physical
examination was performed at every visit. All patients dédseline chest-Kay. Laboratory
monitoring was performed according to the clinic protpttse included @D4 count, a

viral load, a full blood count (FBC), a creatinine and an alanine aminotransferase (ALT)
Other serum biochemical tests were caroet as clinically indicated.ipid levels and
glucose where checked in any patient who presented with features suggestive of the

lipodystrophy syndrome and diabet&he results of these tests were not available for
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analysis as the majority of patientens seen and diagnosed at other clinics where they
would present for acute medical problems, and where their HAART regimen was modified.

However, their diagnoses and new HAART regimens were captured for this study.

2.3.4. Diagnosis and definitions

Body mass inelx (BMI) was defined as body weight divided by the height, squared {kg/m
Patients who presented with symptoms of numbness or dysesthesia after initiation of HAART
were defined as having peripheral neuropathy due to HAART, once other causes were
excluded Symptomatic hyperlactataemia was defined as the presence of suggestive
symptoms with an uncuffed venous lactate level > 5 mmol/L with no evidence of a metabolic
acidosis; and lactic acidosis was defined as an uncuffed lactate > 5 mmol/l and arterial pH
7.35 or a total venous C& 20mmol/l, with other causes such as sepsis, renal failure,

diabetic ketoacidosis and dehydration excludeda result, milder cases of hyperlactataemia
were excluded by this definitioRancreatitis was defined as the preseof abdominal

symptoms with a serum amylase >125 U/L and lipase >60 U/L. The definition of lipoatrophy
was based on the development of peripheral fat wasting (face, arms, buttocks or thighs)
and/or central abdominal fat accumulation, and may includegaddreasts. This was

usually reported by the patient and confirmed by the doctor or, initially diagnosed by the
doctor with patient confirmation. Hypertension was defined by the presence of three separate
readings of systolic blood pressure > 140 mmHgadiastolic blood pressure >90 mmHg.
Diabetes was defined as the presence of symptoms with a fasting glucose of >= 7 mmol/L or
a random blood glucose Bfl1.1mmol/L. Dyslipidaemias were defined by the presence of

abnormal lipid levels which included atevated total cholesterol of > 5mmol/L, an elevated
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triglyceride level of > 1.7mmol/L, and elevated LDL level of >3mmolly cases that

were severe enough to warrant a regimen change were noted with certain toxicities

2.3.5. Data collection and statisticalanalysis

We analyzed prospectively collected longitudinal cohort data from patients attending the
clinic. Clinical data from patient records were captured onto an electronic database via a
medical management software system, TherapyElgéM (AssociatedBiological

Systems, South Africapata was analyzed using the SAS® 9.1 statistical software package
(SAS Institute, Inc., North Carolina, USA). Baseline characteristics of the study sample were
summarized using simple proportions and medians with intdiiguanges. Differences in
proportions of the toxicities were compared by initiating regimen withsGhared tests.

Study subjects were followed from HAART initiation to the earliest of 1) death; 2) loss to
follow up; 3) development of toxicity or 4pnsor date 31 December 2008. Incidence rates
with 95% confidence intervals for toxicity were calculated and compared by initiating
regimen type (stavudinleased versus other). Crude and adjusted estimates of the effect of
stavudine use on developmentdident toxicity were estimated using Cox proportional
hazard models. Models were controlled for confounding by baseline body mass index, CD4
count, age, and gender. Though the majority of subjects initiated HAART prior to the
introduction of the univers@0mg stavudine dose, models were also adjusted for time period
in which HAART was initiated (prior to or post October 2007). Kaplan Meier curves were
used to estimate crude time to diagnosis of therafated complications stratified by

initiated regimenSubjects with existing toxicity at initiation of HAART were excluded from

these analysescluding a peripheral neuropathy, of which the exact number is unavailable
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Use of the data for the study was approved by the Human Research Ethics Committee

(Medical) of the University of the Witwatersrand.

2.4. Results

Between 1 April 2004 and 1 July 2008, a total of 15,928-Pécted adults enrolled in care

at the Themba Lethu Clinic. Of these, 5104 (32%) had early stage HIV infection and did not
qualify for HAART, whilst the remaining 10,824 (68%) subjects were initiated on HAART.
The study sample included the 9040 patients initiated on treatment between 1 April 2004 and

31 December 2007.The cohort profile is summarized in Figure 1.

2.4.1. Baseline characteristics of tle study population

The baseline characteristics of the study cohort are summarized in Table 1. Two thirds of the
study group was female. The majority of patients were in the age gretp yars. Even
though 46.9% of the total study population were defiag being at only WHO Stage 1 for
AIDS, they were already on HAART, indicating that their CD4 count rates were below 200
cells/mn? and this was confirmed by the median baseline CD4 count of 81 cef¢I@Rt
29-149).All patients in this study cohort weHAART naive at baselin®inety four percent

of patients were on stavudine based regimens at baseline, with 79% of these initiated on
stavudine, lamivudine and efavirenz as per the 2004 South African National guidelines
(National Department of HealtR004),while a smaller number were initiated on zidovudine
(3.4%) this was because of contraindications to use of staviiduagticularlyperipheral
neuropathyLess than one percenereinitiated on aenofovirbasedegimenbecausef
eitheranaemiaor a peripheral neuropathiatients with a prexistingperipheral neuropathy

were not included in the data analysis.
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2.4.2. Retention in care

The median time to follow up for this cohort on HAART was 19 months (IQR39.8). At

the end of the study period,@&al of 6415 patients (71%) were still alive and in care, 469

were confirmed deceased and a further 2156 were considered lost to follow up. Patients were
considered lost to follow up if they missed their last scheduled appointment by more than 90
days or aleast 180 days had lapsed since their last visit. It can be assumed that some of the
patients who are lost to follow up may have died and so in total, there were 2,625 (16.5%)
patients in this cohort who were either lost to follow up or dead by thefehd study period

(see Figure 1).

2.4.3. Response to HAART

The patients had a median baseline CD4 count of 81 cell3{IQR 29149). There was a
significant (p<0.0001) increase in the CD4 count after initiation with a median of 205
cells/mn? (IQR 132293) by6 months on treatment. After six months of therapy, there was

no significant change iIBMI (meanst SD; 22.4+ 5.0and 23.7 5.5respectively).

2.5. Acute and chronic toxicities

Amongst the 9040 patients on therapy, 2488 patients (27.5%) had one or cra@etin
toxicities recorded after treatment initiatiand this lead to a drug switclm terms of acute
HAART -related toxicities, the proportion of patients diagnosed with peripheral neuropathy
was significantly higher in the group receiving stavuebasel therapy (17.1% vs. 11.2%;

p<0.001) compared to those on reiavudine based therapy (Table 2).
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Figure 1. Profile of the Study Cohort
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Table 1.Cohort characteristics at baseline

Characteristic Baseline value
Gender (N=9040)

Female 5962 (69

Male 3078 (34)

Age (years) (N=9040)

<25 years 551 (6.1)

25-34 years 3822 (42.3)

3544 years 3216 (35.5)

4554 years 1173 (13.0)

>55 years 277 (3.1)

WHO AIDS classification (N=8714)

Stage 1 4086 (46.9)

Stage 2 1310 (15)

Stage 3 2507 (28.8)

Stage 4 811 (9.3

HAART (N = 9040)
d4T/3TC/IEFV 7138 (79)
d4T/3TC/INVP 690 (7.6)
d4T/3TC/Kaletra 669 (7.4)

AZT containing regimen 308 (3.4)

TDF containing regimen 59 (0.7)

other 176 (1.9)

BMI (kg/m 2 22.4+5.0 N = 7010)
CD4 count (cells/mnd) 81 (29149)(N = 7605)
Follow up time on HAART (months) 19.0 (9.131.6)(N= 9040)

Data is expressed as N (%) except for BMeanzS[D), CD4 count (median, IQR) and

follow up time on HAART (median, IQR). WHO, World Health Organization,
d4T,stavudine; 3TC, lamivudine; EFV, efaiz; NVP, nevirapine; kaletra,

ritonavir/lopinavir; AZT, zidovudine; TDF, tenofovir.

Peripheral neuropathy was reported equally in both genders (approximately 17%), with no
difference in time to development between the drug groups.

There was also a siditantly higher proportion of patients on stavudbasedherapy
presenting with symptomatic hyperlactataemia when compared to those etanodine

based therapy (5.75 vs. 2.2%, p<0.0005) (Table 2), with females more frecitsulgd

than males (7% vs. 2.5 % ;p<0.0001). Although the rate of development of lacitosis

was the same for both drug groups, it was experienced more frequently in females than males
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(3.3% vs. 0.8%; p< 0.000&Nnd this was consistent with other studigsu(le et al, 2007,
Bolhaaret al, 2007,Sanneet al, 2009) The median time to onset was the same for both drug
groups. Pancreatitis wasjually rare in both treatment groups (see Table 2); both genders
were equally affected, with the time to onset being the same irdhagigroups. When
compared to those on natavudine based regimens, those receiving stavudine had higher
incidence rates of several toxicities including peripheral neuropathy [12.1/100-yeessn
(95%CI 7.019.5) vs. 7.9/100 perseyears (95%CI 640.1)], symptomatic
hyperlactataem[8.6/100 persotyears (95%CI 1-2.5) vs.1.4 /100 perseyears (95%Cl
0.7-2.5)], and lactic acidosis [1.6/100 persgears (95%CI 0-4.2) vs. 0.8/100 perseyears
(95%CI 0.31.7)] (Table 3).

In terms of the chronic HAARFelated metabolic complications, 7.3% presented with
lipoatrophy on stavudine based therapy, compared to 4.6% (p<0.05) patients on non
stavudine based therapy (Table 2). The median time to development of lipoatrophy was
similar across the 2 treatment grsupipoatrophy was more predominantly seen in female
than male patients (10.0% vs. 1.6%; p < 0.0001). Incidence rates for lipoatrophy were slightly
higher in the stavudine based therapy group [3.0/100 pgesans (95%CI 1.91.4) versus
4.6/100 persotyeas (95%CI 2.19.6)] compared to those on other regimens (Table 3). Only
two percent of patients presented with hypertension, while only 0.3% presented with diabetes
and 1.3% with dyslipidaemia on stavudine based therapy. Similar proportions developing
thes conditions were observed in both groups (Table 2). However, hypertension developed
more quickly (p<0.05) in patients taking stavudine than in those not receiving this drug
(Table 2). Hypertension was less common in females than males (1.8% vs. 2.4356) p«0.

females and males were equally affected in terms of diabetes and dyslipidaemia.
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Table 2.Frequency of and time(months)to HAART associated toxic complications by

initiating regimen

Condition Stavudine (N= 8497) Other drugs (N=543)
Peripheral neuropathy

Frequency 1454 (17.1)* 61 (11.2)*
Time to diagnosis 6.7 (3.8111.8) 5.1 (3.311.7)
Symptomatic hyperlactataemia

Frequency 487 (5.7)* 12 (2.2)*

Time to diagnosis 14.5 (10.620.9) 11.6 (8.719.4)
Lactic Acidosis

Frequency 214 (2.5) 7 (1.3)

Time to diagnosis 10.8 (9.013.5) 11.2 (9.013.5)
Pancreatitis

Frequency 14 (0.2) 1(0.2)

Time to diagnosis 10.4(4.013.0) 8.3 (8.38.3)
Lipoatrophy

Frequency 616 (7.3)** 25 (4.6) **
Time to diagnosis 17.0 (11.423.1) 15.0 (10.524.8)
Hypertension

Frequency 167 (2.0) 17 (3.1)

Time to diagnosis 9.7 (4.618.4)* 16.3 (9.330.5)*
Diabetes

Frequency 28 (0.3) 1(0.2)

Time to diagnosis 22.4 (12.528.1) 9.0 (9.09.0)
Dyslipidaemia

Frequency 109 (1.3) 9(1.7

Time to diagnosis 24.6 (17.434.0) 19.1 (15.326.1)

Data is given as n (%) for prevalence and median (IQR) for time to diagnosis;
*p<0.005, **p<0.05 versus group receiving stavudine.

In multivariate analyses adjusted for age, gender, baseline BMI, CD4 counts and the
stavudine dosat initiation of HAART, the use of stavudine continued to be associated with
increased hazard of developing several toxicities: peripheral neuropathy (HR 2.02; 95% CI
1.35-3.03), symptomatic hyperlactataemia (AB1;95% CI11.26-6.31) lactic acidosis
(adjusted HR 2.585% CI10.81-8.00)and diabetes mellitus (adjusted RR7; 9846 CI 0.28

15.21) though some of these estimates lacked pre¢iEadnie 3).
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Figures 2, 3, 4 and 5 present Kaplan Meier curves for the crude estimates of the time to
developmat of HAART-related toxicities by initiating regimen. Those initiated on stavudine

based regimens were more likely to develop peripheral neuropathy (log rank p< 0.001),

hyperlactataemia (log rank p< 0.001), lactic acidosis (log rank p=0.098) or lipoaftogh

rank p<0.05) than those on netavudine based regimens.

Table 3: Crude and adjusted effects of stavudine use on toxicity initiated on HAART

Toxicity No Person Rate/ 100 pys Crude HRS® Adj ust e
events Time (95% CI)Y (95% CI)Y (95% CI)¥
(years)
Peripheral
Neuropathy
Other 61 775.9 7.9 (6.010.1) 1.0 1.0
d4T-based 1454 12055.5 12.1 (7.619.5) 1.53(1.191.98) 2.02 (1.353.03)
Symptomatic
hyperlactataemia
Other 12 852.3 1.4 (0.72.5) 10 1.0
d4T-based 487 13690.9 3.6 (1.27.5) 2.70 (1.524.79) 2.81 (1.266.31)
Lactic acidosis
Other 7 848.3 0.8 (0.31.7) 1.0 1.0
d4T-based 214 13805.9 1.6 (0.45.2) 2.09 (0.994.44) 2.55 (0.818.00)
Pancreatitis
Other 1 858.9 0.1 (0.0020.6) 1.0 1.0
d4T-based 14 14126.2 0.1 (0.022.6) 0.95(0.137.21) 0.40 (0.053.16)
Lipoatrophy
Other 25 834.0 3.0(1.94.4) 1.0 1.0
d4T-based 616 13534.3 4.6 (2.19.6) 1.67 (1.122.50) 1.60 (0.922.77)
Hypertension
Other 17 845.0 2.0 (1.23.2) 10 1.0
d4T-based 167 13929.0 1.2 (0.24.0) 0.66 (0.401.08) 0.83 (0.391.78)
Diabetes Mellitus
Other 1 859.0 0.1 (0.0020.6) 1.0 1.0
d4T-based 28 14122.7 0.2 1.90 2.07
(0.022.6) (0.26:14.04) (0.2815.21)
Dyslipidaemia
Other 9 856.5 1.1 (0.42.0) 1.0 1.0
d4T-based 109 14097.2 0.8 (0.24.0) 0.82 (0.411.61) 0.61 (0.271.40)

*pys = person years

SHR = hazard ratio estimated from Cox proportional hazard models
Y95% CI = 95% confidence interval
A All models adjusted for age, gender, baseline CD4 count, baseline body masmididiexe at
which HAART was initiated (either prior to or post October 2007)
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2.5.1. Other risk factors for development of toxicity

Age, CD4counts and WHO staging at baseline did not appear to increase the risk of any
adverse events after HAART initiation; hoveeyBMIs at baseline did significantly increase

the risk of both symptomatic hyperlactataemia and lactic acidosis. Relative to a baseline BMI
of <25 kg/nt, an increased risk of symptomatic hyperlactataemia was seen for those with a
BMI of 25-30 kg/nf (RR 1.7; 95% CI 1.34.14, p< 0.0001) and those with a BMI of

>30kg/nt (RR 1.82; 95% Cl 1.32.44, p< 0.0001). The same was seen with lactic acidosis,
where an increased risk was seen for those with a BMI-802&y/n? (RR 2.52; 95% CI

1.743.65, p< 0.0001)rad those with a BMI of >30kg/#(RR 3.10; 95% Cl 2.0@.79, p<

0.0001) when compared to subjects with a BMI of <25Kg/m

Figure 2: Kaplan Meier crude estimates of time to development of peripheral
neuropathy by initiating regimen (subjects with peripheralneuropathy at initiation of

HAART were not included in the analysis).
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Figure 3: Kaplan Meier crude estimates of time to development of hyperlactataemia by

initiating regimen.
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Figure 4: Kaplan Meier crude estimates of time to development of lactic &osis by

initiating regimen.
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Figure 5: Kaplan Meier crude estimates of time to development of lipoatrophy by

initiating regimen.
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2.6. Discussion

This study describes data of three years of follow up of 9040ikfB¢ted adults initiated on
antiretrovird treatment at the Themba Lethu Clinic, Johannesburg, South Afticahigh
number of patients demonstrates the ability of rolling out a successful HAART programme
despite being in a resource limited environment, and this, at a rapidity and scale that
compares with reports from other African countriBs(jlle et al, 2007.Coetzeeet al, 2004
Stringeret al, 2006. Coetzeet al, 2004).

Despite the fact that stavudine is associated with significant complications, a large proportion
of low and middleincomecountries still use stavudiriased HAART as first line therapy
(Becket al, 2006. Renaudhéryet al, 2007), mainly because of the cost implications of
alternative drugs. In the present study nearly 30% of patients had to switchstawadine

based egimens, due to major side effects. These findings concur with those from another
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large study in South Africa where 21% of patients switched regimens over a similar time
period (Boulleet al, 2007).

This study provides estimates of the pattern of toegjtthe predominant ones being

peripheral neuropathy, symptomatic hyperlactataemia, and lipoatrophy. Our incidence rates
of peripheral neuropathy (12.1/100 pers@ars) were much higher compared to other

African studies: 5.2/100 persgrars in Rwandavén Griensveret al, 2010)and 2.8/100
personyears in another site in South Africa (Boudteal, 2007). The variability in these rates
could be because there are no grading protocols for the severity of peripheral neuropathies.
Our incidence rates of lactacidosis were similar to a study from another province in South
Africa, 1.6 versus 1.9 /100 persgaars (Geddest al, 2006). The proportion of lactic

acidosis was slightly higher compared to another study from Botswana (\&este2007),

2.5% versud.% in our cohort. When compared to this satuely (Vesteret al, 2007), the
proportion developing symptomatic hyperlactataemia were much higher in our sample (5.7%

versus2%)These higher rates could be explofai ned

the higher proportion of females on stavudi

risk factors and serious side effects associated with stavudine. In addition, we had ready
access to laboratory testing for lactic acid determination unti&r oesource limited

countries.The median time to the development of lactic acidosis was a little later in our study
when compared to another study from South Africa (10.8 months versus 7.5 months) (Geddes
et al, 2006) .

In terms of the chronic toxicitg incidence rates of lipoatrophy were 4.6 /100 peysams

on stavudine based therapy and 3.0/100 peysans on the nestavudine based therap@f

note, the potential influence of zidovudiimethe nonstavudine group may have affected the

ability to determine the differences in rates of lipoatrophy although the numbers were
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relatively smallerOne study from Rwanda#dn Griensvert al, 2010), where patients were

also on stavudine based regimens showed a similar incidence rate of lipoatrophy to that
reported in the present study at 4.7/100 pessars, while one other study from South

Africa (Boulleet al, 2007) showed a lower incidence rate of 1.4/100 peyears . Another
study from Rwanda showed a much higher proportion (34%) of patierd¢togag

lipoatrophy (Mutimureet al, 2007). The reason for this wide variation in lipoatrophy rates
specifically, is possibly due to different diagnostic criteria used for identifying cases. Thus, in
the present study and in the studies showing low bulssinates (Boullest al, 2007.van
Griensveret al, 2010) only cases that were severe enough to warrant a regimen change were
noted. In the study showing a much higher proportion, milder cases of lipodystrophy that did
not require a regimen change, watgo recorded (Mutimuret al, 2007). An objective case
definition of lipodystrophy has been developed (Carr et al, 2608)ever, it requires access

to DEXA and CT imaging technologwhich is often not available in resou+lbaited

settings. Thereforgn alternative consensus definition for the diagnosis of lipodystrophy is
required for such environments.

Zidovudinemay account for the relatively higher ratesrofochondrial toxicities noted in

the nonstavudine group, but the degree to whicltausethese side effects are not the same
as that seen with stavudine. Zidovudine continues to be used as part of the second line
therapy by the WHO and the South African HIV therapy guidelinasd is als@acommonly

used alternative drugecause of the l&af other optionsespeciallyin the presence of
contraindications to tenofovir

A very small number of patients presented with diabetes (0.3%) and dyslipidaemias (1.3%).

However, this could be because lipid or glucose levels were only tested wherlglinica
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suspected due to cost implications, therefore probably underestimating the true prevalence of
these metabolic disorders.

The major strength of this study is the large sample size. This cohort is similar to many other
resourcdimited settings where #re is rapid scalinrgp of comprehensive HIV care and

HAART. It allowed for a relatively long duration of follow up of up to three years and a

fairly high retention rate of 70%, with all clinicians working on common protocols for

defining the various HAARTassociated toxicities. However, despite this, these findings must
be considered in the light of potential limitations. It is possible that only severe toxicities that
warranted a change in regimen may have been reported and this may have led to an
underastimation of the rates of some of the HAAWRAIated toxicities, particularly

lipoatrophy. Also, plasma glucose and serum lipid levels were not routinely measured and
thus the true rates for glucose intolerance, diabetedyastigidaemiavere not attained.

Lower reported rates of the chronic toxicities could also be related to the rates of death (5%)
and loss to follow up (24%), the majority of which occurred within the first six months on

treatment as described in a previous report (Sahak 2009 ).

2.7. Conclusion

These results support the move away from stavudine based regimens towards less toxic
combination regimens as advocated by the World Health Organisation (WHO, 2006. WHO,
2010).South Africa has implemented these treatment guidelines, whereuerate now

replaced stavudine as first line therapy. However in resdumited countries, where

staduvine is still being used because of cost implications, proper pharmacovigilance systems
need to be established and alternative consensus definitiogsaaliy protocols are

required for identifying various HAARTelated toxicities.
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CHAPTER 3

3. THE EARLY EFFECTS OF STAVUDINE COMPAR ED TO TENOFOVIR ON
ADIPOCYTE GENE EXPRESSION, MITOCHONDRIAL DNA COPY
NUMBER AND METABOLIC PARAMETERS IN SOUTH AFRICAN HIV -

INFECTED PATIENTS: A RANDOMIZED TRIAL.

3.1. Abstract

Objective:

Stavudine (d4T) is being phased out because of its mitochondrial taacitienofovir

(TDF) is recommended as part of first line HAART in South Africa. A prospective;open
label randomized controlled trial comparing standard and low dose d4T with TDF was
performed to assess early differences in adipocyte mtDNA copy numberggpression and
metabolic parameters in black South African HiWected patients.

Methods:

Sixty patients were randomized 1:1:1 to either standard@3®g) or low (2680 mg) dose

d4T or TDF (300 mg) each combined with lamivudine and efavirenz. Suleouts fat

biopsies were obtained at weeks 0 and 4. Adipocyte mtDNA copies/cell and gene expression
were measured using gPCR. Markers of inflammation, lipid and glucose metabolism were
also assessed.

Results:

A 29% and 32% decrease in the mean mtDNA cépedisvas noted in the standard dose
(P<0.05) and low dose d4P£0.005) arms respectively when compared to TDF at four
weeks NRF1andMTCYBgene expression levels were affected by d4T, with a significantly

(P<0.05) greater fall in expression observechvite standard, but not the low dose compared
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to TDF. No significant differences were observed in markers of inflammation, lipid and
glucose metabolism.

Conclusions:

These results demonstrate early mitochondrial depletion among black South Africars patient
receiving low and standard doses of d4T, with preservation of gene expression levels, except

for NRF1andMTCYB,when compared to patients on TDF.

3.2. Introduction

Despite the benefits of the South African Go
(HAART) roll out programme which commenced in 2004, adverse events remain an

important concern for patients on HAART in this courfBgulle et al, 2007, Sannet al,
2009.Menezest al, 2011) Understanding the adverse effects of different therapeutic

regimens, as well as the underlying molecular and biochemical factors that modulate risk, are
critical to improving the management of HIV/AIDS. This is particularly important now that

clinical practice is moving towards regimens that combine high levels lottdletrability and

efficacy.

Unt i | 2010, South Afr i cladpsbligsecterddAARE Nt gui del i
recommended stavudine (d4T) with lamivudine (3TC) and either efavirenz (EFV) or

nevirapine (NVP)YNational Department of Health, 200Zhis d4T-based regimen, which is

cheap and easy to administer in the short term, is associated with significant morbidity,
particularly hyperlactataemia syndromes with long term risks of lipoatrophy, and peripheral
neuropathyBoulle et al, 2007.Sannet al 2009.Menezest al, 2011) The main pathogenic
mechanism thought to contribute to the metabolic changes and organ toxicities is

mi tochondrial toxicity, via the inhibition o

103



(POLG) and alterations in messenger RNA (mRId&he expressiofMallon et al, 2005.

Kim et al, 2008. Sieverstal, 2009. Pacet al, 2003) As a result of the side effects of d4T,
South Africa (SA) included tenofovir (TDF) in its recommended-firs# publicsector

HAART in 2010(National Departmeraf Health South Africa, 2010y espite its cost
implications. A study from South Africa demonstrated that the price of TDF would need to
fall from USD$ 17 to USD$ 6.17 per month to have the same overall cost as d4T based
therapy(Rosenret al, 2008) TDF has been shown to have a méeourableeffect on lipid

and mtDNA profiles compared to d4T, with no difference in virologic resp@vigiekovic

et al, 2007).

While the various toxicities associated with d4T have been well documented, what is less
clearis whether the dose of d4T plays a role in the development of these toxicities. The
standard dosage for d4T is 40 mg given twice daily as this regimen received regulatory
approval because of its efficacy. However, recent studies have suggested thal dedase

of d4T (i.e. 20 or 30 mg twice daily) diminishes its toxicity while maintaining efficacy
(Milinkovic et al, 2007. Hillet al, 2007. Gallangt al, 2004).

It is therefore possible that because d4T is cheaper than TDF and its side effects can be
minimized via reducing its dose, this would allow more patients to be initiated on HAART in
countries where the switch away from d4T may have not yet occurred. Notwithstanding the
recent changes in counttgvel HAART guidelines recommending the use ofadT based
therapy(British HIV Association guidelines, 2012. Panel on Antiretroviral Guidelines for
Adults and Adolescents, 201 2Zeveral resoureamited countries have yet to phase out d4T.
According to the World Health Organization, in 2010 approxaiyss6% of HAART

regimens within such countries still contained ¢41HO, 2010)
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Therefore, we have conducted an ofarel, randomized controlled trial to identify early
molecular and biochemical changes and clinical outcomes for patients on eithardstand

low dose d4T or TDF. We present here the results of four weeks of fajjowhich set out

to assess if there were any differences in the effect of TDF when compared to low dose and
standard dose d4T on adipocyte specift®NA copy number, gene exgssion and other
metabolic parameters. To our knowledge this is the first study to analyze the mitochondrial

effects of d4T and TDF in a South African HiMfected population

3.3. Methods

3.3.1. Study population and inclusion criteria

We enrolled HIVA1 infected, teatment naive individuals aged 18 years or older with a CD4+

cell count below 200 cells/mhiconsistent with the SA guidelines at the ti(hational

Department of Health, 2004 fpatients were enrolled at the Themba Lethu HIV Clinic at the

Helen Joseph Hp#al, a publiesector hospital in Johannesburg. Eligible subjects had an
absolute neutrophil count (ANC) O750/ mm, hen
05 0, 0 6. Othanintlusion criteria included an alanine and aspartate aminotransferase and
analkal ne phosphatase 02.5 X upper | imit of nor
UL N. Patients needed to have a creatinine cl
Gault formula. In addition, participants of reproductive age had to have a negativeoserum

urine pregnancy test within 45 days prior to study entry. Those with reproductive potential

had to be willing to use at least one reliable form of contraception.

Patients were excluded if they were breastfeeding or pregnant and if they had received any
antiretroviral drugs (including occupational or sexual post exposure prophylaxis) other than

singledose nevirapine (NVP) within the past six months.
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The study was approved by the Human Research Ethics Committee (Medical) of the

University of the Witwatesrand and the SA Medicines Control Council (MCC).

3.3.2. Randomization and masking

Patients were randomly assigned 1:1:1 to receive 3TC and EFV in combination with a) a
standard dose of d4T (30 mg if weight <60 kg or 40 mg if weight >60 kg) according to the
then SA guidelinegNational Department of Health, 2004); a lowrdose of d4T (20 mg if

weight <60 kg or 30 mg if weight >60 kg); or ¢) TDF (300 mg). The definition of the
standard and low dose of d4T is similar to several other reported stiddiest al, 2007)

Coded identity numbers with the arm allocated were sealed in sequentially numbered
envelopes. Aenrolmenta member of the data collection team unsealed the next envelope to
assign the drug arm allocated to the patient. Those analyzing patrgslesavere masked to

the assignment.

3.3.3. Subcutaneous fat biopsies for the determination of mitochondrial DNA copy
number and gene expression
At weeks 0 and 4, subcutaneous fat biopsies from the-digoraegion were performed
under local anesthetic on fadtsubjects. Week 4 was chosen to avoid the confounding
effects of diet and exercise arising with time. The adipose tissue biopsies were snap frozen in
liquid nitrogen prior to storage at0°C to avoid risk of mtDNA depletion.
Total DNA was extracted abé¢ same time from adipose tissue collected at weeks 0 and 4 for
each patient using the QIAmp DNA Mini Kit (QIAGEN, Inc., Hilden, Germany) and a
modified protocolNolanet al, 2003) Mitochondrial and nuclear gene copy numbers were

determined using a quatative polymerase chain reaction (qPCR) approachtadumber
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of mitochondria per cell was calculated (No&tral, 2003) by comparing the mtDNA content
to the nDNA content and by assuming that there are two copies miiclearencoded
human growth hanoneHGH gene per cell, the number of cells per sample can be calculated

and hence the number of mitochondria per cell. Thus, expressed in logarithmic form:

log,,(mtDNA copies/cdl) = log,,(mtDNAcopies/m) - log;,(nDNA copies/m)- log,,(0.5)

Total RNA was extracted using the RNeasy lipid tissue mini kit (QIAGEIM}, gquantified

using a NanoDrop NEL00OO Spectrophotometer (NanoDrop Technologies Inc., Wilmington,
Del.) and the integrity assessed using the 2100 Bioanalyser and RNA 6000 picochips (Agilent
Technologies, Waldbronn, Germany). A 200 ngadit of total RNA vas converted into

cDNA using the Transcriptor high fidelity cDNA synthesis kit with random hexamers (Roche
Diagnostics Ltd., Mannheim, Germany). Quantitative real time PCR was performed, in
duplicate for each sample, using the SensiMix SYBRR®X kit (Bioline Ltd,

Luckenwalde, Germany) on a 7500 R&ahe PCR system (Applied Biosystems, Foster

City, Calif.). Each 25 pl reaction mixture contained 1x SensiMix reaction mix, 0.25 puM of
each primer and 6.25 ng cDNA. Thermocycling conditions for all primes pamprised an

initial denaturation step of 95°C for 10 min; 45 amplification cycles of 95°C for 15 sec, 60°C
for 30 sec and 72°C for 35 sec and a melt curve step of 95°C for 15 sec, 60°C for 20 sec
ramping at 1% to 95°C for 20 sec. Genes assayed inctbdediclear genes PPAR

coact i Wl whichidimportant for mitochondrial biogenesis, nuclear respiratory
factorl (NRF1) which is a major respiratory gene transcription regulator and mitochondrial
transcription facteA (TFAM) which binds to ad regulates mtDNAOther genes measured
included those involved in mitochondrial energy metabolisytochrome c oxidase subunit

[l (COX 3),cytochrome c oxidase subunit IZQX 4 and mitochondrial cytochrome B
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(MTCYB. Two nuclear genes involved ipid metabolism, leptinLEP) and lipoprotein

lipase LPL) were also assayed. Primer sequences for these genes were as previously
publishedMallon et al, 2005) Gene expression was normalizediagfathree reference
genes: b2 mEM (G'dQATETCUCCATGTITGATGTATCTE3 ' and 560
TCTCTGCTCCCCACCTCTAAGT3'), 60S ribosomal protein L 13A (RPL13A)(5'
CCTGGAGGAGAAGAGGAAAGAGA-3' and 5TTGAGGACCTCTGTGTATTTGTCAA

3') and hypoxanthirguanine phosphiosyltransferaseHPRT) (5-
TGACACTGGCAAAACAATGCA-3" and 5GGTCCTTTTCACCAGCAAGCT3)).

Primers for reference genes were designed using Primer Quest
(http://eu.idtdna.com/Scitools/Appatons/PrimerquestComparison of gene expression
between the week 0 and week 4 samples were calculated usingPten2thod. In brief,

DCq values for each patient were calculated for both the genes of interest and the reference
genes by subtractinge weelkd s ampl eds Cqg Wa lsuaempflreodns tChge vvad e
relative quantities Z9 of the genes of interest and the reference genes were calculated. To
normalize to multiple reference genes, the geometric mean of the relative quantities of the
reference genes was calculafeiéllemanset al, 2007) The normalized relative quantity of

each gene of interest was determined by dividing the relative quantity of the gene of interest
by this geometric mean. These normalized relative quantities wetafsjormed to allow

for statistical analysis.

Ofnote,he patientsé samples at baseline and one
both time points was extracted at the same time, in addition, the cDNA synthesis was done
and the PCRs per gene welgoadone at the same tinfe&incesamplesvere compareéfrom

the same patient run on the same assay; liatevariation did not have to be accounted for

(i.e. no interassay variation for 1 month and baseline samples from each pd&tmnt
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mMtDNA extractian, 100 mg tissue for DNA extraction was used. The PCRs for F8R8 and
HGH were run on the same day for the same samples. There was sufficient material to run
this experiment on all 60 samples (1 month and baseline). For mRNA extraction, 1 ml lysis
reagent pel00 mg tissue was used. Sufficient RNA was also obtainectésuregene

expression changes on all 60 samples. The housekeeping genes were not measured per se,
they were used to normalise the results. If there was a change in any of the procedures or
reggents, it would have been corrected by the use of the housekeeping genes so that the
results would represent the changes in gene of intergst onl

These results were considered to be robust, as there were several levels of quality control that
wereemployed. Thedetermiration ofmtDNA copy number was based on a well established
protocol (Nolaret al, 2003) that has been standardized and extensively critiqueddiCate
2011). Another important strength of this study was the adoption of the minimummation

for publication of quantitative redilme PCR experiments (MIQE) guidelines (Busiral,

2009) with the normalization of gene expression to multiple reference genes (Helétrahns

2007)which specifically addresses the issue of robustnesiat.

3.3.4. Blood measurements

After an overnight fast, serum was taken for the measurement of total cholesterol, high
density lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol, triglycerides and
glucose (Roche Integra analyzer 400, Roche iatics), Cpeptide and insulin
(Immulite1000 analyzer Diagnostics Corp., Los Angeles, CA), and leptin, adiponectin and
hsCRP Fluorokin€®-Multi analytes profiling (MAP) kit, RnD Systems, Inc ). A full blood
count was performed and urea, creatinine aadtellytes, liver function test, and CD4 counts

(Beckman Coulter flow cytometry, Miami, FL) were also measured. Insulin resistance was
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assessed using the homeostasis model assessment (HOMA) (hdtibéwset al, 1985)
calculated as: (fasting serum insu{mU/L) X fasting plasma glucogemmol/L))/22.5.A low
HOMA-IR value indicates high insulin sensitivity, whereas, a high HOMAalue indicates

low insulin sensitivityi.e., insulin resistance.

3.3.5. Statistical analysis

The primary endpoint was to determihéhere are significant molecular and biochemical

differences between all arms of treatmiemtith no threshold given to determine the presence

of such depletionSample size calculations were based on the assumption that at least 70% of
participants expged to d4T would show features of mitochondrial depletion or features of
lipodystrophy(Nolanet al, 2003),while the percentage of participants exposed to TDF
experiencing these outcomes would be 30%. Wi
sample size gr group, we required 28 subjects per group. Recruitment to the entire trial was
stopped early after a data safety and monitoring board (DSMB) analysis of the first 60

patients showed that the group given d4T at both standard and low doses produces a great

fall in the mean mtDNA copies/cell than in the arm receiving TDF. Furthermore, the DSMB
considered that there were compelling ethical grounds to stop the high dose d4T because the
new South African guidelines were shortly to be implemented and TDFeade freely

available. Accordingly, all patients on 40mg dose d4T were switched to TDF. Furthermore,

all patients were still followedp until the end of the study period, which was 48 weeks.

As aresultbecaused p-pr ot ocol 0 anal yhestwlymaglee undert aken
underpowered to detect differences between the three arms, but this did not affect the

differences that were observed.
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Data were analyzed after creating an anonymized database and calculating differences
between week 0 and 4 readingsing STATISTICA® version 10 (StatSoft, Inc.). Outliers,
calculated using (lower quartitel.5 X interquartile range; upper quartile + 1.5 X
interquartile range), were excluded from the analgsithey skewed the resuli$ey were

only excluded from th®NA analysis (2 samples) and not the RNA analyG@nmparisons
were made both by randomization arm as well as by the dosage of drug givemDN#

copy number and gene expression data were analyzed, using an ANOVA test for multiple
comparisons. Markerd smmflammation, lipid and glucose metabolism analyzed with a

KruskallWallis test. Threshold of significance was se®=.05.

3.4. Results

3.4.1. Baseline characteristics of the study population

Ninety-one HIV-infected patients were screened. Sixty patients ge@légnd consented, and
were randomized 1:1:1 to one of three treatment arms between September 2008 and
December 2009. The baseline characteristics of the 60 enrolled patients are summarized in
Table 1. There was a predominance of females (85%) in thig ahe59/60 were black. A

total of 78% were WHO stage 1 while 3% of patients were WHO stage 4, despite low CD4
counts. There was no statistically significant difference in the markers of inflammation, lipid

and glucose metabolism between the arms at baseli

3.4.2. Mitochondrial DNA copy numbers and gene expression levels in adipocytes
The effects of HAART on mtDNA copy number and gene expression were assessed in biopsy
samples of subcutaneous adipose tissue (figufehk)mean log mtDNA copies/cell at

baseine and week 4 for the standard dose d4T armd(Bthg) was 2.74 + 0.21 and 2.61
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0.31 respectively and for the low dose d4T arm3@0ng), it was 2.63 0.23 and 2.4&

0.18 respectively. Whilst it was 2.#00.14 and 2.62 0.19 respectively, for theOF arm.
There was a 29% decrease in the mean mtDNA copies/cell from basdime weeks in
standard dose d4T arm (30 mg) P<0.05), and a 32% decrease in the low dose d4T arm
(20-30 mg) P<0.005), when compared to the TDF (300 mg) arm which had offly a

decrease in the mean mtDNA copies/cell.

With each individual dose of d4T (20 mg, 30 mg and 40 mg), there was also a drop in mean
mtDNA copy numbers (22%, 35%, and 31% respectively) versus TDF (300 mg) (4%) at four
weeks of HAART (figure 1). The decr&ain mtDNA copy number for both the d4T 30 mg

and 40 mg doses was significantly higher than TDF 300Rx0.005 and”<0.05

respectively). The drop in the mtDNA copy number with the d4T 20 mg dose was not

significant when compared to TDP£0.40).

The rehtive gene expression MTCYBwas significantly lower in the standard dose-480
mg) when compared to the TDF (300 mg) aRw(@.05), but not in the low dose (3D mg)
d4T arm (table 2). There were minimal changes in the express@@Xx8andCOX4when

comparing the difference at four weeks for all three arms.

With respect to the expression of the nuclear genes involved in the regulation of
mitochondrial transcriptigrthere were minimal changesR&GClandTFAM expression at
week 4 when compared to ledise for all three arms. There was a statistically significant
difference inNRF1expression in the standard dose d4T arm4@fhg) when compared to
the TDF 300 mg arnP<0.05). This was not observed in the low dose3@0ng) d4T arm.

Expression of. PL andLEP were not statistically significant at week 4.
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When the effects of the individual d4T doses (20, 30 and 40 mg) on gene expression were

compared to those with TDF, no significant differences were noted for any of the 8 genes that

were studied (dataoh shown).

Table 1.Patient characteristics at the commencement of HAART

Characteristic Standard dosed4T Low dosed4T TDF
(30 mg/40 mg) (20 mg/30 mg) (300mg)(N=20)
(N=20) (N=20)
Gender
Female 16 (80%) 18 (90%) 17 (85%
Male 4 (20%) 2 (10%) 3 (15%)
Age (years) 31(11) 34(12) 33(10)
WHO AIDS
classification 14 (70%) 17 (85%) 16 (80%)
Stage 1 3 (15%) 1 (5%) 3 (15%)
Stage 2 1 (5%) 2 (10%) 1 (5%)
Stage 3 2 (10%) 0 (0%) 0 (0%)
Stage 4
BMI (kg/m?) 25 (5) 24 (7) 24 (6)
CD4 count(cells/mn¥) 155 (94) 169 (78) 135 (62)
Inflammatory markers
hs-CRP (pg/L) 0.80 (0.55) 0.66 (0.94) 0.75 (0.61)
Leptin (pg/ml) 2.70 (15.02) 3.17 (4.33) 5.52 (8.49)
Adiponectin (pg/ml) 11.78 (6.58) 11.76 (8.43) 13.78 (11.82)
Markers of lipid and
glucosemetabolism
C-peptide (nmol/ml) 0.40 (0.30) 0.50 (0.20) 0.40 (0.25)
Insulin (mIU/L) 2.85(4.05) 3.75 (4.65) 3.60 (3.00)
Total cholesterol 3.20 (1.35) 3.40 (1.10) 3.80 (1.10)
(mmol/L)
HDL cholesterol 0.85 (0.40) 0.80 (0.45) 0.80 (0.40)
(mmol/L)
Triglycerides (mmol/L)  0.70 (0.35) 0.80 (0.70) 0.80 (0.30)
LDL cholesterol 1.90 (1.05) 2.15 (1.00) 2.50 (0.70)
(mmol/L)
Glucose (mmol/L) 3.95 (0.75) 4.20 (0.80) 4.20 (0.60)
HOMA 0.54 (0.96) 0.70 (1.05) 0.73 (0.60)

Data is expressed as median (IQR) exéepgender and WHO stage which are expressed as

N (%).




Figure 1: Comparison of log change in mtDNA copy number at week 4 by arm and
dosage.

A) Comparison of the three study arms, showing a significant difference in the standard (30
mg/ 40 mg) and lowake d4T (20 mg/ 30 mg) arms compared to TDF. B) A comparison of
various dosages of d4T to TDF shows significant differences in the 30 mg and 40 mg d4T
doses compared to TDF. The 20 mg dose was not significantly différe@t4). The line

within the boxand-whisker plot marks the mean; the upper and lower boundaries of the box
indicate one standard deviation to either side of the mean and the error bars above and below
indicate the minimum and maximum valu&bere were 8 patients in the 2@ dose

stavudire group, 17 patients in thetavudine30 mg dosegroup and 15 patients in the
stavudine40mg dosegroup.
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3.4.3. Markers of inflammation, lipid and glucose metabolism
Following four weeks of HAART, there were no statistically significant changes in the lipid
profile, glucose, insulin, @eptide and HOMA indicewhen comparing the three arms and

individual doses. No changes were noted HCRJ, leptin or adiponectin levels (table 2).

3.5. Discussion
This randomized controlled trial was designed to evaluate tigo effects of TDF against

those of standard and low dose d4T regimens, with the reference regimen based on the Gilead
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903 trial of Gallanet al 2004. The Gilead 903 trial showed better outcomes and less
adverse events attributed to mitochondrial tiyim patients receiving TDF 300 mg when
compared to d4T 40 mg given twice daily (Gallanhal, 2004) , but did not report mtDNA

and gene expression evaluations. Our study is the first to compare mitochondrial effects of
these drugs in a black populatiand at a time point in HAART therapy before the
development of peripheral lipoatrophy.

The major finding in our study is the significant depletion, after only 4 weeks of therapy, of
adipocyte mtDNA copy number in black South African HIV infected indigid receiving

d4T. No effect of TDF on mtDNA copy number was observed. This study shows that the low
dose d4T regimen produced a fall in mtDNA copy number similar to that observed with the
standard d4T dose but greater than that seen with TDF. Thisdirsdoonsistent with the

results of other studies performed in Agdack populations who had developed peripheral
lipoatrophy at the time of sampling and after a longer duration cfemntiviral therapy

(Nolanet al, 2003. Schoolegt al, 2002. Shikumat al, 2001. Mallalet al, 2001. Buffetet

al, 2005. Stankoet al, 2010. Boothbyet al, 2009). Our results therefore suggest that
mitochondrial pathology precedes changes in body fat distribution and occurs very early after
the initiation of HAART.

This study also provides evidence of a dose response effect in that higher doses of d4T
caused a greater loss of mtDNA after four weeks of HAART. Thus, d4T at a dose of 30 mg
and 40 mg produced a greater fall in mtDNA than TDF, whereas the 20 mg dose ddsl4T w
associated with a nesignificant decrease in mtDNA, when compared to the TDF arm.
Despite the significant depletion in mtDNA, our study did not demonstrate a significant effect

of d4T with regards to the expression of genes associated with mitochenerigy
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Table 2: Comparison of the three arms with changes in relative gene expression in
relation to housekeeping genes, markers of inflammation, lipid and glucose metabolism

parameters from baseline at week 4:

Characteristic Standard dose d4T Low dose d4T TDF (300 mg)
(30 mg40 mg) (20 mg/30 mg) (N=20)
(N=20) (N=20)

Genes involved in mitochondrial energy metabolism

COX 4 -0.01+0.34 0.04+0.49 0.07+0.54

COX 3 -0.11+0.39 0.01+0.37 0.13+0.34

MTCYB -0.20+0.43* -0.11+0.50 0.16+0.42

Nuclear genes involved in the regulation of mitochondrial transcription

NRF-1 -0.21+0.32* 0.00+0.51 0.11+0.26

PGC-1 U -0.23+0.75 -0.03+0.36 -0.02+0.57

TFAM -0.05+0.23 0.08+0.26 0.02+0.24

Genes involved in lipid metabolism

LEP 0.09+0.34 0.09+0.40 -0.06+£0.%

LPL 0.06+0.22 0.08+0.29 -0.01+0.20

Inflammatory markers

hs-CRP (pg/L) 0.22 (0.39) 0.15 (0.43) 0.11 (0.33)

Leptin (pg/ml) 0.18 (2.62) 0.59 (2.20) -0.13 (2.89)

Adiponectin 0.86 (5.29) 2.12 (5.33) 1.53(6.52)

(pg/ml)

Markers of lipid and glucose metabolism

C-peptide 0.00 (0.20) -0.10 (0.10) 0.00 (0.20)

(nmol/ml)

Insulin (mU/L) -0.25 (5.00) 0.05 (4.70) -0.60 (3.30)

Total cholesterol 0.60 (0.65) 0.60 (1.00) 0.60 (0.60)

(mmol/L)

HDL cholesterol 0.10 (0.25) 0.20 (0.30) 0.20(0.30)

(mmol/L)

Triglycerides 0.20 (0.40) 0.10 (0.30) 0.20 (0.30)

(mmol/L)

LDL cholesterol 0.35 (0.75) 0.40 (0.40) 0.10 (0.70)

(mmol/L)

Glucose (mmol/L) 0.30 (0.70) 0.00 (1.10) 0.20 (1.00)

HOMA -0.05 (1.12) -0.08 (0.88) -0.17 (0.69)

Data expressed aseans + SD except for markers of inflammation, lipid and glucose
metabolism which are expressed as median (IQR); *p<0.05 VEB#iI$300 mQ).
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metabolism and biogenesis, apart friviiCYBandNRF-1, although a stevise decrease in
some of the target gene<COX 4, COX 3, MTCYBNndNFF-1, suggested toxicity related to a
dose response, these trends did not reach statistical significance possibly as a consequence
the low sample sizeHowever, these findings are in contrast to those of Matal. who

found significant reductions in gene expression without significant depletion of mtDNA after
two weeks of HAART although notably, they compared d4T with zidovudine (AZT) and
their study was in HIV negative patierfidallon et al, 2005) Significant changesithe
expression levels diRF1andMTCYBwere observed in the subjects given the standard d4T
dose but not in those receiving the low dose therfdR1is an important regulator of
mitochondrial biogenesis and function. A master transcription fag®¥FL binds the

regulatory regions of genes encoding subunits of the respiratory complex and various
constituents of the mtDNA transcription and replication machinery. In addition, it serves to
coordinate nuclemitochondrial activities by regulating mitochorad and cytosolic
enzymegScarpulla etl, 20(8). These results suggest that downregulatiodRIF1is an

early event in NRTI toxicity. This change NRF1expression is then cascaded to the factors
which are under its control, with effects that are aidigerved much later in the time course
of HAART (Paceet al, 2003. Sieverst al, 2009. Boothbyet al, 2009)

Similar to our results, changesMiT CYBexpression have been observed in other studies
(Kim et al, 2008.Stankovet al, 2010).These changes m#&e associated with increased
oxidative stress and apoptosis related to mitochondrial depl&tionet al, 2008. Komarov

et al, 2008) TheHIV -1 infection itself can also lead to alterations in gene expression for
mitochondrial proteinand may have playg a role hereThe expression of several nuclear
and mtDNAencoded genes for mitochondrial proteingeéi@aeen shown to be reduced in

adipose tissue from HRI-infected patients who were not on antiretroviral therapy (Catula
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al, 2005. Giraltet al, 2006 Garrabotet al, 2011).In a recent study, an African mtDNA
subhaplogroup L1c was implicated for the first time in susceptibility to NRTI associated
toxicity. Studies comparing mitochondrial toxicity in African versus Caucasian subjects are
limited. Thisis because of the complexities associated with mtDNA from African population.
As a result, not much is known about functional differences in African mitochondria due to
mtDNA variation (Canteet al, 2010).

Our findings must be considered in light of thesdy 6 s | i mi t ati ons. Fir st
stopped prematurelyecause of the introduction of the new South African National
Treatment Guidelines which may have reduced the statistical power of the study. Our
participant sample size however, was muchdatiyan other studieshere only 20 and 15
samples were analysa@spectivelyMallon et al, 2005. Kimet al, 2008) and was still

sufficient for us to be able to detect significant effects of HAART on mtDNA copy number
and gene expression. Another pokesibmitation is the short duration of therapy (4 weeks) at
the time of sampling. Other studies have shown significant mtDNA and mtRNA depletion in
HIV infected patients on a longer duration of enetiroviral therapy of months to yegRace

et al, 2003.Sieverset al, 2009) In this study, the fourth week was chosen to avoid the
potential confounding effects of changes in diet, exercise or bodyweight.

Despite these limitations, our findings are strengthened by the fact that the laboratory
technique uskto determine mtDNA copy number was based on a well established protocol
(Nolanet al, 2003)that has been standardized and extensively criti@eteet al, 2011)

Another important strength of this study was the adoption of the minimum information for
publication of quantitative redgime PCR experiments (MIQE) guidelin€Bustinet al, 2009)

with the normalization of gene expression to multiple reference geleiemanst al,

2007)
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The findings of this study are important as previous trials infiyrdnited States and

Australia did not examine the effects of mitochondrial changes in an African population
(Mallal et al, 2001. Shikumat al, 2001. Schoolegt al, 2002. Pacet al, 2003. Buffetet al,
2005.Mallon et al, 2005.Milinkovic et al, 2007.Kim et al, 2008.Boothbyet al, 2009.

Sieverset al, 2009.Stankovet al, 2010) Our study is the first randomized trial assessing the
mitochondrial pathogenesis of NR&$sociated toxicities in an African population.

In conclusion, this study demonstratasearly association between mitochondrial depletion
and d4T therapy in the black South African population and shows that TDF has a minimal
effect on mitochondrial numbers. The expression levels of only 2 of 8 adipocyte genes were
significantly affected ¥ d4T therapy when compared with TDF, and this only with the
standard dose (30 and 40 mg). These results support the new South African HAART
guidelines which have evolved since 2004, with TDF @@0currently being recommended

as first line therapyNational Department of Health South Africa, 201Blowever, minimal
effects on gene expression were noted with low dos&@2@g) d4T. Therefore, further

larger studies using this regimen should be initiated, partic