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ABSTRACT

Peripheral sensory neuropathy is a common neudbgicomplication of
antiretroviral therapy, typically occurring withrmonths of starting Highly Active
Antiretroviral Therapy (HAART) which includes stadine. Therefore, the primary
aim of the study was to determine the 6-month ierced of ATN in patients free of
neuropathy and beginning stavudine-based HAART thar first time. Also, we
examined whether initiating stavudine-based HAARIierad the symptoms of
patients who had a pre-existing, virus-mediatedatlisymmetrical polyneuropathy
(HIV-DSP). Seventy-five HIV-positive patients wesereened for neuropathy, at the
Chris-Hani Baragwanath Hospital, using the AIDSnheial Trials Group neuropathy
screening tool. The bilateral presence of atleastsagn (decreased vibration sense in
the great toe or absent ankle reflex) and one sympfpain, paraesthesia or
numbness) in the feet was indicative of neuropa@u. recruitment, 52 patients
presented without neuropathy and 13 patients predewith HIV-DSP. After 3-
months of follow-up (n=46), 23% (10/46) of patiertiad developed peripheral
neuropathy, and by 6-months (n=44), 41% (18/44)pafients had developed
neuropathy. Greater disease severity was the @iyfactor significantly associated
with the development of neuropathy. Eleven (61%bhef 18 patients that developed
neuropathy, developed painful symptomatic neurgpadid only 6 (55%) of these
patients were receiving treatment for symptom felie patients with HIV-DSP,

numbness was the most common symptom reportedsafitea and was the only



symptom to reduce in frequency across the 6-momthsonclusion, we found that
the development of neuropathy is common in the @rsonths of patients initiating

stavudine-based HAART.
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Chapter 1

INTRODUCTION



1. HIV-associated sensory neuropathy (HIV-SN): Aroverview
HIV-associated sensory neuropathy is a common taegicocomplication of HIV-
infection and its treatment, and is seen in abdfo f HIV-infected patients
(McArthur et al. 2005;Ferrariet al. 2006). HIV-associated sensory neuropathy can
either result as a consequence of HIV-infectionyinch case it is often called HIV-
associated distal symmetrical polyneuropathy (HISH), or as a consequence of the
use of some classes of dideoxynucleoside drugh, asustavudine, in which case it is
often called antiretroviral toxic neuropathy (AT{Qornblathet al.2006;Ferraret al.

2006).

HIV-DSP is thought to occur primarily due to virdependant macrophage
infiltration into peripheral nerves and the releadepro-inflammatory cytokines,
which results in axonal degeneration and neuronshthd (Cornblathet al.
2006;Ferrari et al. 2006), whilst ATN is thought to result primarilyrom
mitochondrial toxicity associated with nucleosideverse transcriptase inhibitor
(NRTI) usage, although underlying sub-clinical etimduced damage is probable
(Keswani et al. 2002;Cornblathet al. 2006;Ferrariet al. 2006). Nevertheless,
clinically, HIV-DSP and ATN are indistinguishablgresenting with the same signs
and symptoms. Signs typically include, absent anddiexes and decreased vibration
sense, while typical symptoms include pain, numbraggl paraesthesias in the distal

extremities, typically starting in the feet (GoreaDuarteet al. 2007;Wadleyet al.



2011). It has been suggested that subtle diffeseimcpresentation between HIV-DSP
and ATN may include ATN being much more painful draling a more rapid onset
and progression, compared with HIV-DSP (Kesweinal. 2002;Gonzalez-Duartet

al. 2007;Cherryet al. 2008). However, because of their similar clinifzdtures, and
possibly overlapping pathogenesis, the main coterfor differentiating between
HIV-DSP and ATN is the relationship between theeatnsf peripheral neuropathy
and nucleoside analogue initiation (Dalakas 200Qti®aet al. 2001;Verma
2001;Keswaniet al. 2002;Cherryet al. 2008). Because symptoms of ATN may
improve or resolve within a period of 8 weeks @pgting nucleoside analogue use or
if dosages are lowered, (Brew 2003;Gilman 2007;@mzzDuarteet al. 2007)
clinicians need to be certain of the type of neatbp, as an early change in therapy
to a less neurotoxic regimen may improve symptamgatients with ATN (Moyleet

al. 1998;Sacktoet al.2009).

The main aim of my project was to assess the inceleof neuropathy in HIV-
positive individuals initiating HAART, and therefothis literature review will focus
on describing the incidence and prevalence of AT the relationship between
HAART and ATN. However, to give a more general pexive of HIV-SN, | will

also provide a brief description of the charactessand epidemiology of HIV-DSP.
Furthermore, since incidence and prevalence arectwomonly used terms in this

dissertation, a brief definition of each term vii#llp to understand these topics more



2.1

clearly. Prevalence data provides us with a figiorea certain factor at a specific
point in time (Shieldset al. 2003). Thus, as an example related to this stitdy,
provides the measure of the burden of neuropathy péarticular time in a certain
population, whilst, incidence provides a measuretlod risk of occurrence or
development of a certain condition, within a spediftime (Shieldset al. 2003).
Thus, as an example related to this study, it wibvide us with the risk of
development of neuropathy within the allotted tifreidence data may be superior
to that of prevalence data, as it provides heatlicy makers with a more accurate

measure of the development of a condition withapecified time period.

HIV-associated distal symmetrical polyneuropathy dIV-DSP)

Characteristics and pathophysiology of HIV-DSP

HIV-associated distal symmetrical polyneuropathyadeps gradually and has a slow
progression (Simpsoet al. 1995;Pardecet al. 2001;Gilman 2007). It is also more
common in the late stages of HIV-infection, stagesnd IV of the World Health
Organisation (WHO) disease staging guidelines (W2007), when patients present
with lower CD4 T-cell counts and AID-defining illases (Griffinet al. 1994;Parryet
al. 1997;Wulff et al. 2000). These late WHO stages are characterisé¢lebgresence
of the following conditions: Stage Ill severe baigk infections (pneumonia and
meningitis), unexplained chronic diarrhoea for lenghan one month and current

tuberculosis (TB) infection, Stage IV HIV wastingnsirome, Kaposi's sarcoma,



extrapulmonary TB, chronic isosporiasis and recursevere bacterial pneumonia
(WHO 2007). High plasma viral load (Hitchcoek al. 2008) and the presence of
underlying conditions such as diabetes mellitusrif\éeet al. 2004) are also common
risk factors associated with the development of 4BISP. A summary of the

characteristics of HIV-DSP are provided in Table 1.

The cause of HIV-DSP probably involves a dysimmumsponse following
infiltration of peripheral nerves with infected maephages and direct toxicity of
HIV-viral proteins, such as the gp120 envelope ggmton nerve fibres (Keswaet
al. 2002). Studies have shown that the developmemil\gfDSP occurs following
activation and infiltration of macrophages into therve fibres and dorsal root
ganglion and the release of pro-inflammatory cyteki around the dorsal root
ganglion (Yoshiokaet al. 1994;Rizzutcet al. 1995;Nagancaet al. 1996;Bradleyet al.
1998). Animal studies have shown direct effects amtlirect effects, via immune
activation, of gp120 on nerve cells (@h al. 2001;Keswaniet al. 2003;Melli et al.
2006;Wallaceet al. 2007a;Wallaceet al. 2007b). This direct and indirect toxicity
produces the most distinct pathological featurélbf-DSP, axonal degeneration of
long axons in distal regions. This axonal damaglevie a “dying back” pattern of

degeneration (Hollandt al. 1997;Polydefkist al.2002).



Table 1.Characteristics of HIV-DSP and ATN.

Neuropathy Onset Mechanism Signs Symptoms Risk factors References
and
characteristic
pathological
feature
HIV-DSP Slow Immune -Absent ankle -Numbness  -high plasma viral Soet al.1988;Naganet
progression dysfunction:  reflexes -Paraesthesias!oad al. 1996;Bergeet al.
Macrophage  -decreased -Burning -low CD4 T-cell 19995Tag!i<_51tiet al
diated axonal vibration sense Sensations in 04Nt 1999;Schifittoet al.
media the feet -increased age 2002;Luciancet al.
degeneration in the feet (great -late stage of HIV-  2003;Ferraret al.
and neuronal  toe) infection; WHO stage 2006;Gonzalez-Duartet
death, reduction -decreased pin- il or IV (AIDS) al. 2007;Smytret al.
in density of prick and 2007,H|tChCOC|et al.
unmyelinated temperature 2008

sensation in a

fibres stocking-glove
distribution
ATN Rapid and  Toxic Same as HIV- Same as HIV- -increased age Lewis et al.
more neuropathy: DSP above DSP above  -exposure t? 1995;Maschke3t| al.
aggressive antiretrovira 2000;Mooreet al.
ngage to_ medication such as 2000;Scarsellat al.
mitochondria of stavudine, didanosine 2002;Morgelloet al.
cells, reduced and zalcitabine 2004;Lichtensteiret al.
density of -high plasma viral 2005;Westeket al.
unmye”nated load 2005,Sk0pe|lt|$t al.
fibres -exposure to isoniazid2006;Gonzalez-Duartet
therapy al. 2007;Robinson-Papp
-increased alcohol et al. 2009;Sacktoet al.
consumption 2009




2.2 Prevalence and incidence of HIV-DSP

The studies by So and colleagues (1988) and Sohdfitd colleagues (2002) were the
only two studies that were performed in the pre-H¥Aera. The findings of both
these studies indicate that the prevalence andence of HIV-DSP during the pre-
HAART era was high (Scet al. 1988;Schifittoet al. 2002). A summary of the

findings of these studies is provided in (Table 2).

The studies by Hitchcock and colleagues (2008),ittland colleagues (2010) and
Forna and colleagues (2007) were all performed fnicd&n populations. The
prevalence of HIV-DSP amongst these studies rafrged 13% to 37%. However,
Hitchcock and colleagues (2008) were only assegmtignts for the presence of pain
of neuropathic origin in HIV-positive individual&nd therefore their results may

underestimate the true prevalence of HIV-DSP.



Table 2.Prevalence and incidence of HIV-DSP.

Rate of HIV-DSP  Reference n CD4 T-cell count Male Race
(cells/mnT) (%) (%)
Prevalence
35% Soet al.1988 40 Not reported Not reported  Not reported
32% Bergeret al. 1999 106 437.0 (304) 59 Caucasian: 4
Black: 19
Hispanic: 66
Caribbean: 1
38% Tagliatiet al. 1999 166 211.0 (218) 75 Caucasian: 30
Black: 15
Hispanic: 39
Other: 16
13% Fornaet al.2007 1029 126.0 [0-343] 26 Not reported
13% Smythet al.2007 94 181.0 [10-840] 98 Not reported
18% Hitchcocket al.2008 354 111.0 (70.8) Not reported  Not reported
37% Maritzet al.2010 331 249 [153-437] 21 Not reported
Incidence
529% Schifitto et al.2002 121 190.2 (169.6) 75 Caucasian: 52
®Mean (SD)

®Median [Q1-Q3]
‘Studies conducted in the pre-HAART era. All otheidges were conducted in the era of HAART, but atigmts not on treatment.



Hitchcock and colleagues (2008) reported treatrf@mniB as a risk factor for HIV-
DSP. Though, Maritz and colleagues (2010) did mat TB treatment as a risk factor
for HIV-DSP in their cohort, they reported a histof previous TB infection as a risk
factor for ATN. Additional risk factors reported blitchcock and colleagues (2008),
and which were not common to the other African igsidvere male sex, high plasma
viral load and low CD4 T-cell count. Indeed, evémugh Forna and colleagues
(2007) reported similarly low mean CD4 T-cell caumt their cohort, to that reported
by Hitchcocket al. (2008), CD4 T-cell count was not identified as skrfor the
development of HIV-DSP. Maritz and colleagues (20f€ported a much higher
prevalence of HIV-DSP in comparison to Forna ankeagues (2007), even though
their cohort had a significantly higher mean CD4ell-count. The lack of correlation
between low CD4 T-cell count and risk of HIV-DSPsaalso seen in the study by
Smyth and colleagues (2007) in Caucasians. Integhgt both these studies reported
a prevalence of HIV-DSP of 13%, despite Forna aokkagues (2007) having a
sample size 9 times that of Smyth and colleague€¥07R The presence of
mycobacterium avium complex was the only risk fagttentified by Smyth and
colleagues (2007). The presence of this risk fackassifies an individual as WHO
disease stage IV (WHO 2007), and thus, this fingirgpably is merely a surrogate
measure for worsening disease severity. Increaged as a risk factor for the
development of HIV-DSP, was not only reported by ttwo African studies

conducted by Maritz and colleagues (2010) and Famkcolleagues (2007), but also



by studies in the USA, these include Tagliati andleagues (1999) and Berger and
colleagues (1999). For both these studies, in tBA,he cohorts consisted of a large
number of Hispanic participants; however race waisigentified as a risk factor in
either study. A unique finding of the study by Ber@nd colleagues (1999) was that
increased alcohol consumption was a risk factortlier development of HIV-DSP,
whilst, Tagliati and colleagues (1999) reported Ilbeamoglobin levels as a risk
factor unique to their study cohort. Despite So aaleagues (1988) reporting the
second highest ever prevalence of HIV-DSP (35%gjrtetudy only identified a
single risk factor associated with the developn&EnHIV-DSP, which was longer

disease progression.

Schifitto and colleagues (2002) were, to my knogkdthe only study that
investigated the incidence of HIV-DSP. After follimg up patients for two and a half
years (30 months), Schifitto and colleagues (208@drted a HIV-DSP rate of 211.6
cases per 1000 patient-years. They identified AHD8 low CD4 T-cell count as risk

factors associated with the development of HIV-DSP.

From the studies that have been reviewed here €T3bthe prevalence of HIV-DSP,
ranges from 13% to 38%. There seems to be a patteomgst African studies where
higher mean CD4 T-cell counts are associated wiilgher prevalence of HIV-DSP

(Maritz et al.2010) and low CD4 T-cell counts associated witbveer prevalence of

10



HIV-DSP (Fornaet al. 2007;Hitchcocket al. 2008). The increased risk of TB
treatment for the development of neuropathy is asadent in these African
populations, and probably reflects exposure to igsnd therapy for TB in these
regions of high TB and HIV co-infection. Also, okinowledge of the incidence of

HIV-DSP is limited, as only one study has invedtglthe incidence of HIV-DSP.

For the remainder of the introduction, | will focas the prevalence, incidence and

risk factors for ATN.

Antiretroviral toxic neuropathy (ATN)

Antiretroviral toxic neuropathy is an HIV-associhtesensory neuropathy that
typically develops within 4 to 6 months of startiagtiretroviral therapy. The signs
and symptoms associated with ATN are exactly thmesas HIV-DSP, but have a
more rapid onset, associated with commencing HAAR®rnblath et al. 2006).

Table 1 provides a comparison between ATN and HBRPD

The following sub-sections will provide a brief somary on the introduction of
HAART and its effect on the prevalence and incidené ATN. The mechanism
employed by NRTI's that are frequently used in HARRgimens which cause ATN
is also examined. Lastly, a brief description & thost prominent NRTI, stavudine,

and its effects on the incidence of ATN is provided

11



3.1

HAART and ATN

With increased access to HAART, which effectivebcrbases viral loads and slows
disease progression (Broeltal. 1997), there has been a reduction in the developme
of conditions such as opportunistic infections (Estet al. 1998;Palelleet al. 1998)
and HIV-related neurological conditions such as tdBsociated dementia (Sackedr
al. 2009). However, by increasing survival times amgreasing exposure to
potentially neurotoxic agents, the introduction HAART is generally thought to
have increased the prevalence and incidence of o#fhgological complications of

HIV such as ATN (Bacellaet al. 1994).

However, despite the dogma that HAART has resultecan increase in ATN
prevalence, several studies have raised the qoestioshether HAART may reduce
the risk of HIV-SN. Maschke and colleagues (200@)veed that HAART decreases
the prevalence of HIV-SN. They compared a pre-HAAgbhort (1995-1996) to a
HAART cohort (1997-1998) and found a significantamse in the prevalence of
HIV-SN from 42.5% to 34.4%. They attributed thiscdEase to the improvement of
immune status by HAART. The study by Villelabeifiatreguizar and colleagues
(2006) further supports the idea that HAART is bmm to HIV-positive
individuals and is associated with a low incidelweATN. The study focused on
determining the incidence of symptomatic peripherauropathy associated with

HAART and the true prevalence rate of subclinicaumopathy following several

12



years of treatment. The presence of neuropathyhénstudy was confirmed both
clinically and electromyographically. They reportad incidence of ATN of 2%

(n=108) in their cohort. In addition to possiblycdeasing the incidence of ATN,
antiretroviral therapy also may improve symptomspaé-existing HIV-DSP. The

study by Martin and colleagues (2000) showed tha8ART can improve

physiological measures of neuropathy in patient® waierate HAART regimens

well. Similarly, Moyle and colleagues (1998) sudggéat in some instances HAART
may improve peripheral neuropathy, whilst in otimelividuals it may be neurotoxic;

what separates these individuals is unclear. Thisupported by Sacktor and
colleagues (2009), who reported that a small gr@upatients in their cohort, who
presented with pre-existing HIV-DSP, showed improeat in both their signs and
symptoms of neuropathy after initiating stavudimesdd HAART for 6-months. For
those patients who presented (on recruitment) Yatt numbness, 22% no longer
had numbness after 6-months of HAART and for theke had signs of neuropathy
at presentation (on recruitment), 23% no longesgméed with these signs after 6-
months of therapy. In summary, the abovementiohadies indicate that not only is
HAART beneficial in reducing the symptoms of existineuropathy but it also

reduces the risk of developing ATN.

However, the findings of Maschke and colleaguesO@20and Villelabeitia-

Jaureguizar and colleagues (2006), conflict witbséh of Smyth and colleagues

13



3.2

(2007) and Bacellar and colleagues (1994) who tefdan increase in the prevalence
and incidence of ATN, respectively, with the useH#ART. Smyth and colleagues
(2007) reported an increase in not only the presdmat severity of symptoms
associated with ATN in a subgroup of participamtshieir study who presented with
asymptomatic neuropathy before starting stavudasetd HAART. In support,
Sacktor and colleagues (2009) also reported thelopment of symptomatic ATN in
38% of HIV-positive patients, within 3-months ofding stavudine-based HAART.
Indeed, the study by Bacellar and colleagues (1%®wed an increase in the
incidence of ATN in an upward linear trend betwdla years 1988 and 1992. In
addition, they reported that stavudine, didanosiné zalcitabine were significantly
associated with a higher incidence of neuropathy @so that sensory neuropathy
demonstrated the highest yearly rate of increasadidlence amongst several other

neurologic complications which were also investglaBacellaet al. 1994).

NRTI's and mitochondrial dysfunction in ATN

The NRTI's stavudine, didanosine and zalcitabinee associated with the
development of ATN (Moyleet al. 1998). Studies have shown evidence of
mitochondrial dysfunction with the use of NRTI's #® possible cause of ATN
(Lewis et al. 1995;Moyleet al. 1998;Dalakas 2001). Dalakas and colleagues (2001)
showed pathological evidence of mitochondrial abradities in sensory nerves of

those patients with dideoxynucleoside-induced neattoy. They found a large

14



3.3

number of abnormal mitochondria in both the axam$ &chwann cells and evidence
of mitochondrial DNA reduction, and thus concludédt this mitochondrial DNA
damage may be the reason for ATN. Nevertheless|éMamyd Sadler (1998) suggest
that ATN development in HIV-positive patients oretapy may have a multi-factorial
origin, and whether or not HIV-positive patientsvelop ATN, the severity of the
neuropathy and how well the patient recovers wheg stop the nucleoside analogue

is dependent on pre-existing risk factors instdati@nucleoside analogue itself.

Stavudine

As discussed in the previous section, the threst ftequent drugs associated with
the occurrence of peripheral neuropathy includavistine, didanosine and
zalcitabine. However, the drug zalcitabine hadey \severe toxicity profile and was
thus quickly removed from treatment regimen gurskd. In addition, the drug
didanosine is more suitable to second line regsraad is therefore more commonly
used in second line therapy. As a result, stawiecame the most frequently used
drug in first line therapy. Therefore, the restttws sub-section will focus the NRTI

stavudine.

Stavudine was the fourth NRTI developed for usklivi disease and has been linked

to the development of ATN in many studies (Simpsein al. 1995;Skowron

1995;Westeet al. 2005;Sacktoet al. 2009). Until recently, the backbone of first line

15



HAART in South Africa and most African countries Kifeswaranet al. 2005)

consisted of this neurotoxic drug, which was adstered under the previous
antiretroviral treatment guidelines in South Afri@@uidelines 2004). The previous
and current South African National Department ofaltés ARV treatment

guidelines are summarised in Table 3.

The link between stavudine and HIV-SN appears taldse related (White 2001).

Skowron and colleagues (1995) found that a staeudwse of 0.5mg/kg/day was
associated with an incidence of ATN of 21%, and nités dose was increased to
12mg/kg/day, the incidence of ATN increased to 73%e most common symptoms
of the neuropathy in these patients was bilatanatbmess and pain in the lower legs
and feet (Skowron 1995). Simpson and Tagliati ()98t Gottlieb and colleagues
(1995), reported that a dose of 20mg of stavudiady dn their cohorts was

associated with an incidence of ATN of 15% and 1Téspectively. In addition,

when this dose was increased to 40mg daily, SimpsonTagliati (1995) found that

the incidence increased to 21%, whilst Gottlieb aaleagues (1995) reported their
incidence rate increased to 23%. Thus, both thesbes further support the dose-
dependant relationship of stavudine and the risRTN suggested by Skowron and
colleagues (1995). The recommended and approveaddsr stavudine under the
previous South African National Department of Heagtiidelines in 2004, was 40mg

every 12 hours or 30mg every 12 hours if the paiemeigh <60kg (Guidelines

16



2004). These guidelines were revised in 2006 bywith¢O and the new guidelines
stated that a dose of 30mg of stavudine twice dadg to be used for all adult and
adolescent patients regardless of their body weéHO 2006). The dose-dependent
relationship between stavudine and the developwieATN in the above-mentioned

studies is summarised in Table 4.
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Table 3. South African National Department of Health’'s paews and current ARV

treatment guidelines.

Previous guidelines (2004-2009)

Regimen Drugs Eligibility

la d4t/3TC/EFV - All men and women on injectable
contraception + condoms

1b d4t/3TC/NVP - Women who are unable to guarantee
reliable contraception while on
therapy

2 AZT/ddI/LPVIr - Patients who continue to fail
virologically despite demonstrated
adherence

Current guidelines (2010)
1 TDF + 3TC/FTC + - All new patients needing treatment,
EFV/NVP including pregnant women
d4t/3TC/EEV/NVP « Currently on d4t-based regimen

with no side effects

AZT + 3TC + EFV/NVP Contraindication to TDF-renal

disease
2 TDF + 3TC/FTC + LPVIr - Failing on a d4t-based or AZT-
based  line regimen
AZT + 3TC + LPVIr . Failing on TDF-based®lline

regimen

d4t, stavudine; 3TC, lamivudine; EFV, efavirenz; R\hevirapine; AZT, zidovudine; ddl,
didanosine; LPV/r, lopinavir/ritonavir; TDF, tenafio; FTC, emtricitabine/tenofovir.
Source:(Guidelines 2004;Guidelines 2010)
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Table 4. The dose-dependant relationship between stavuditi¢he development of

ATN.
Drug Dosage Peripheral Reference
(stavudine) neuropathy (%)
0.5mg/kg/day 21% Skowron 1995
12mg/kg/day 73%
20mg twice daily 15% Simpsonet al. 1995
40mg twice daily 21%
20mg twice daily 17% Gottliebet al. 1995
40mg twice daily 23%

3.4 Prevalence and incidence of ATN
Summaries of the studies examining the prevalemze iacidence of ATN are

provided in Table 5 and Table 6, respectively.

3.4.1 Prevalence of ATN
With the exception of the studies by Sithinamsuveard colleagues (2008) and
Maschke and colleagues (2000), all of studies vestkin Table 5 reported increasing
age as a significant risk factor associated withdbvelopment of ATN. Whilst, age
was not identified as a risk factor in the studmysSithinamsuwan and colleagues

(2008) and Maschke and colleagues (2000), botle thteslies identified low CD4 T-
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Table 5.Prevalence of ATN

Reference Prevalence CD4 T-cell count Age (years) Male Race
(cells/mnT) (%) (%)
Affandi et al.2008 34% 96 34 [9-98] 32.0(7.6y™ 97 Indonesian cohort
29.0 (6.7 "
Cherryet al.2009a 42% 100 417 [0-1447]"  46.0 (26-75)" 90 Caucasian: 85
19% 08 328[7-1326]"  42.0 (23-75)’ 84 Malay: 1%, 65°
349 96 281 [11-1016211]' " 30.0 (17-56) ¢ 86" Chinese: 69 3(°
Indian: 1M
Asian: 10
Cherryet al.2009b 49% 76" 317.0 (282 ¢ 44.9 (6.5Y 74.0 Caucasian: 397
559%° 71° 432.0 (2445 ¢ 46.9 (10.39 14 Black: 864 O
Hispanic: 1
Asian: g 1°
Ellis et al.2010 43% 1539 120.0 [30-246] 46.0 (7.8 " 43 Non-Caucasian: 60
40.0 (8.3 " Caucasian: 40
Maschkeet al.2000 43% (1995-1996 334 214.0 (2129 38.6 (9.5) ¢ 34 Not reported
34% (1997-199@% 407° 335.0 (2679 ¢ 40.7 (10.6¥ ¢ pled
Maritz et al.2010 60% 216 348 [263-485]  35.0 (30-43) 21 Not reported
Morgello et al. 2004 53% 99 228.0 (29) 45.3 (0.7Y 84 Black: 44
Hispanic: 23
Caucasian: 32
Petterseret al. 2006 29% 221 139.3 (20%2) 47.2 (0.9§™ 92 Caucasian: 91
43.9 (0.8y "

Continued on page 19.
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Reference Prevalence CD4 T-cell count Age (years) Male Race
(cells/mnT) (%) (%)
Smythet al.2007 44% (2007%) 140° 464.0 [1-17001" 39.9 (9.2§" 95° Not reported
42% (2006) 100 422.0 [5-1447]"  48.3(9.27 ™ 90
43.7 (9.7? n
50.0 (9.8) "
Sithinamsuwaret al.2008 28% 100 132.0 [24-320] 36.0 (30-47) 46 Thai cohort
Skopelitiset al. 2006 36% 100 322.5 [40-1271] 39.0 (22-73) 86 Caucasians: 98
Black: 2
Wadleyet al.2011 57% 395 383 [27-1091] 39.0 (8Y 25 Black: 100
Watterset al.2004 50% 70 1232 group 1>50° Not reported Not reported
group 2, 20-49
group 3>50"
%esults from cohort (Johns Hopkins University) Mean (SD) neuropathy group

®results from cohort (Monash University)
‘results for cohort studied in (1995-1996)
Yresults for cohort studied in (1997-1998)
‘results for cohort studied in 2001
'results for cohort studied in 2006

"Median [Q1-Q3]
'results for cohort (Melbourne, Australia)
'results for cohort (Kuala Lumpur, Malaysia) PHIV-1 seropositve patients
“results for cohort (Jakarta, Indonesia)
'CD4 T-cell count-range not reported
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cell count as a risk factor significantly assoailatgth increased ATN. More recently,
Ellis and colleagues (2010) also identified low CD4ell count as a risk factor for
ATN. Unique to their study, Maschke and colleag(2300) reported longer disease
progression as a risk factor for ATN. The resuftalbthree of these studies indicate
that current or historical disease severity contab to the risk of developing ATN,
thus supporting the idea that patients with undeglysub-clinical, neuropathy caused
by HIV-infection are at risk of ATN. As mentionedrewiously, Maschke and
colleagues (2000) were the only investigators shatved that HAART may decrease
the prevalence of ATN. But this finding conflictstivthose of several other studies.
These studies include, Ellis and colleagues (20C0@grry and colleagues (2009a),
Smyth and colleagues (2007) and Skopelitis anckaglies (2006). All these studies
report high prevalence figures for ATN, rangingnr&d6% to 55%. Indeed, all the
abovementioned studies also reported the use wiiditee and didanosine as a risk
factor significantly associated with the developmef ATN. Morgello and
colleagues (2004) investigated the prevalence of-8IN in the era of HAART;
however their study was dissimilar to most of @eulated studies in terms of patient
selection criteria as well as risk factors. Patienttheir cohort had to present with the
following in order to be entered into the studycB4 T-cell count of <50cells/mi
for at least three months, a condition indicatiVeadvanced HIV disease and be at
risk of near term mortality. The study found norsfigant association between long-

established risk factors such as low CD4 T-cellntoand ARV use and the
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development of ATN. Instead, they reported malea®k a higher mean CD4 T-cell
count for patients who developed ATN as a significask for ATN. The lack of

correlation between the development of neuropatity established risk factors for
HIV-DSP such as low CD4 T-cell count and high vigad could be as a result of the
introduction of HAART. The widespread use of HAARI&s seen a change in the
usual pattern of risk factors commonly associatéti neuropathy, as conditions not
dependent on immunologic or virologic status, sash neurotoxic antiretroviral

drugs, alcohol abuse and diabetes mellitus mayelgerbing more important in the

development of ATN.

Although, the study by Cherry and colleagues (20G84d not identify the use of
stavudine as a significant risk factor for the depment of ATN, they reported an
increase in the presence and severity of symptamgréviously asymptomatic
patients, who were exposed to stavudine. This rimdiorresponds to the study by
Wadley and colleagues (2011), a more recent Afrgtady, where the prevalence of
symptomatic ATN was 57%; even though patients & d¢bhort were exposed to a
reduced dose of stavudine (e.g. 30mg twice dadthar than 40mg twice daily).
Cherry and colleagues (2009b) also identified iaseel height as a risk factor
significantly associated with the development ofMABoth, Affandi and colleagues
(2008) and Wadley and colleagues (2011) also re@aricreased height in stavudine

exposed individuals as a risk factor for the depwilent of ATN. The findings of
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these studies, which include a broad range of ethroups, indicate that screening
for taller and older individuals and selecting themdividuals for alternative

regimens, or to be more closely monitoring for sifiects is a worldwide approach
to mitigating the impact of ATN. The studies by Marand colleagues (2010) and
Wadley and colleagues (2011) reported the highedtscond highest prevalence
figures recorded for ATN, 60% and 57%, respectivdpth these studies were
performed in African cohorts highlighting the fahait ATN is a common problem in

African patients who are exposed to stavudine-b&eaRT.

In summary, from the above studies, it is evidéait the most frequent risk factor
associated with the prevalence of ATN is age. feuntiore, the presentation of less
apparent risk factors such as height, higher mdaa T-cell count and male sex is
now more evident in patients developing ATN anchwiitis information investigators

are now more aware of these risk factors and maynee them in their respective
study populations. As mentioned previously, it ssgble that the introduction of

HAART has changed the usual pattern of risk factassociated with the

development of neuropathy. In addition, the idécdifon of stavudine as a risk factor
associated with development of ATN further supptresWHO recommendations for
the removal of stavudine in all first line regimeiifis is especially important, since,

until recently, stavudine formed the backbone ofVAIReatment in South Africa and
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3.4.2

both the South African studies (Mariz al. 2010 and Wadlegt al. 2011) reported

the highest prevalence figures recordered for ATN.

Incidence of ATN

Sacktor and colleagues (2009) investigated the flbgrand the risks of stavudine
therapy for HIV-associated neurologic complicatio$ey found a significant
improvement in HIV-positive individuals with cogivié impairment after the
initiation of stavudine-based therapy and theirdgtwalso reported the largest
incidence of ATN (38%). However, they were not atdeidentify any risk factors
associated with the development of ATN in theirdgtuThis could be as a result of
patients in the cohort being very ill and presentwith HIV-associated dementia.
Two other studies were also not able to identi§k fiactors for the development of
ATN in their studies, these include: Reliquet antleagues (2001) and Jamisse and
colleagues (2007). Reliquet and colleagues (20@fipated the lack of risk factor
identification in their study to their low samplé&e (n=59), whilst Jamisse and
colleagues (2007) whose sample size consistedl00% female participants, placed
more emphasis on the toxicity of the NNRTI (non{eoside reverse transcriptase
inhibitor) nevirapine, which was the main aim ogithstudy and therefore, did not
investigate further into the toxicity of stavudir@milar to the findings from most
prevalence studies; Pettersen and colleagues (2QW¥9ter and colleagues (2005),

Scarcella and colleagues (2002) and Moore andamlies (2000) all identified the
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use of stavudine and didanosine as risk factorstiferdevelopment of ATN. In
addition, Scarcella and colleagues (2002) repaatethcrease in the number of drugs
used in a treatment regimen as an additional astof for the development of ATN,
and Wester and colleagues (2005) reported the qwess a pre-existing neuropathy
and the concurrent use of stavudine and didanoamea risk factor for the

development of severe ATN.
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Table 6.Incidence of ATN

Mean duration

CD4 T-cell count

Male

Race

Reference Incidence of follow-up n 0 0
(months) (cells/mnT) (%) (%)
Bacellaret al. 1994 5% 84 2641 Not reported 100 Caucasian: 79
Hispanic: 6
Black: 14
Other: 1
Fornaet al.2007 36% 11 894 126.0 [0-343] 26 Not reported
Fichtenbaunet al.1995 27% 48 103 59.0 [2-295] 95 Caucasian: 82
13% Black: 15
Hispanic: 3
Jamisseet al.2007 18% 10 146 231.0 [160-286] 10¢f Not reported
Lichtensteinet al.2005 13% 132 2515 162.0 (49.2) Notreported  Not reported
Mooreet al.2000 10% 10 1116 270.0 [0-1539] 72 Caucasian: 23
Black: 76
Other: 1
Petterseret al. 2006 17% 44 221 140.0 (235) 92 Caucasian: 91
Reliquetet al.2001 12% 6 59 1980 68 Caucasian cohort
Robinson-Pappet al. 34% 20 53 290.0 (289) 67 Caucasian: 22
2009 Black: 11
Hispanic: 67
Sacktoret al.2009 38% 6 102 129.0 (79.9) 28 Not reported
Scarsellaet al.2002 21% 24 86 Not reported  Not reported  Not reported

Continued on page 25
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Mean duration

Reference Incidence of follow-up -D4 T-cell count Male Race
0, 0,
(months) (cells/mnt) (%) (%)
Westeret al.2005 28% 24 153 96.0 [33-165] 41 Not reported

%CD4 T-cell count-range not reported

®Mean (SD)

‘Median [Q1-Q3]

“cohort consisted of 100% female participants
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Bacellar and colleagues (1994) was the only stumyhighlight the significant
association between male sex and the use of stavaaid didanosine as a risk factor
for the development of ATN. In addition to whitecea Lichtenstein and colleagues
(2005) also reported low CD4 T-cell count, increbgeal load and diabetes mellitus
as risk factors for the development of ATN and weas only study to identify these
risk factors in their cohort. The only other stutyreport race as a risk factor was
Robinson-Papp and colleagues (2009). They repdhedHispanic race as a risk
factor for the development of ATN. Unique to theitudy, Robinson-Papp and
colleagues (2009) identified intravenous drug usa @sk factor for the development
of ATN. They were also the only study to report &wlasma viral loads in their
group of participants that developed ATN in comgami to the group that did not
develop ATN. Interestingly, both Robinson-Papp aalfeagues (2009) and Bacellar
and colleagues (1994), reported a significant aggon between higher mean CD4
T-cell counts and the development of ATN in theharts. Bacellar and colleagues
(1994) reported two distinct groups that developedropathy; the first group had
mean CD4 T-cell counts <100cells/mirand the second group which developed
neuropathy had mean CD4 T-cell counts >500cells/mifhe association between
the first group and development of ATN is possililye to the effect of
immunosuppression and greater viral-mediated netamage prior to starting
HAART. A study performed by Lichtenstein and cotjeas (2008) reported that the

initiation of HAART at CD4 T-cell counts350 cells/mm decreased the incidence of
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ATN (Lichtensteinet al. 2008). This finding is in conflict with that of Ballar and
colleagues (1994) as they reported a yearly raiaapéase in the incidence of ATN
of 84% for individuals with mean CD4 T-cell court$00cells/mm. Even so,
Bacellar and colleagues (1994) reported the lowestlence of ATN; 5% in their
cohort of 2641 participants in comparison to Sackind colleagues (2009), an
African study which reported the highest incidenfATN; 38% in a cohort of 102
participants. This high incidence of ATN furtheghiights the fact that ATN is a

common problem in African patients on HAART.

Fichtenbaum and colleagues (1995) report risk factassociated with the
development of ATN that are not common to any efdther tabulated studies. They
reported low serum cobalamin levels, heavy alcaluwmisumption and a history of
symptoms of peripheral nerve dysfunction as riskdiss for the development of
ATN. The possible reason for the identificationtloése risk factors could be the use
of the ARV zalcitabine in this particular study, Ngh cohorts in the other tabulated
studies were exposed mainly to therapy which inetbdtavudine and didanosine.
Zalcitabine, was one of the earlier antiretrovaalgs, and was discontinued because

of its toxicity (Fischlet al. 1995;Nuesclet al.2006).

Although the abovementioned studies all report lmninhcidence of ATN, only the

studies carried out by Sacktor and colleagues (@08 Forna and colleagues (2007)
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may be applicable to the South African populatias, they were carried out in
Uganda; a sub-Saharan African country. Howeverndhese studies may not be
relevant to the South African population as, fiirs¢ treatment regimens in Uganda at
the time of the studies consisted of the cofornmatdrug known as Triommune
(Sacktor et al. 2009) which consisted of fixed dosages of the sirugjavudine,
lamivudine and nevirapine. In South African firstd regimens, fixed dosages for the
abovementioned drugs are not used, instead thage dre administered based on the
patients initial weight, at the time of initiatingdlAART (Guidelines 2010).
Furthermore, at the time of the present study, iefag was the preferred first line
drug used together with stavudine and lamivudineSouth Africa and is only
replaced by nevirapine in women of child bearinge agpt on contraception
(Guidelines 2004). Moreover, the HIV-1 subtypesnidin South Africa and Uganda
are different (Janssems al. 1997). The HIV-1 subtypes A and D are more common
in Uganda whilst the subtypes B and C are commdaiynd in South Africa
(Janssenst al. 1997;Van Harmeleet al. 1997). According to the study by Janssens
and colleagues (1997), there is still much thahas known about the biological
characteristics of the different HIV-1 subtypesnGkenset al. 1997) and the possible
differences in the biological characteristics & gubtypes may have implications for
the spread and virulence of HIV-1, (Janssenal. 1997;Van Harmelert al. 1997).

If this is the case, then the findings from thedsta based in Uganda may not be

applicable to our study cohort and there still rerea dearth of incidence data for
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ATN in a South African population. The lack of idence data for patients starting
stavudine-based regimens means that the impabtaoiging the treatment regimen to
include less neurotoxic drugs than stavudine odence of ATN will be difficult to
assess. Therefore, the primary aim of my study twadetermine the incidence of
ATN in HIV-positive individuals who were beginnirgfjavudine-based HAART for
the first time, and to identify risk factors forv#doping ATN in this population. To
our knowledge, the present study is the first staidyed at examining the incidence
of ATN in a South African population. Based on répahat most cases of ATN
develop within the first 3 to 6-months of initiagintherapy, we examined the
incidence over a 6-month period only (Cheetyal. 2002;Keswanet al.2002;Cherry
et al. 2008). Also, we examined whether initiating ARVetapy improved the
symptoms of a small sample of patients starting AR& apy who had a pre-existing

HIV-DSP.
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Chapter 2

METHODS
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Ethical Approval

Ethical approval for the study protocol was obtdifieom the Human Research
Ethics Committee (Medical) of the University of theitwatersrand, clearance
number: M090671 (Appendix 1). Written, informed sent was obtained from all
participants. An interpreter fluent in English asid indigenous South African
languages explained the study rationale and preoesdin the participant’s

language of choice.

Patient recruitment

The study was carried out at the Greenhouse Phgri@aris-Hani Baragwanath
Hospital, Soweto, South Africa. Patients were reférto the Greenhouse
Pharmacy from the Nthabiseng HIV Clinic or the @st ARV Clinic of Chris-
Hani Baragwanath Hospital to collect their antmeiral medication. Patient
recruitment commenced in November 2009 and endefpiii 2010. The final

patient exited the study in October 2010.

We recruited 65 patients to the study. Individugigible for participation in the
study had to have had no previous exposure to &Y Arugs (ARV naive), be
18 years of age or older, have had a confirmedndisig of HIV, be attending
either the Nthabiseng HIV Clinic or the Obstetri®R¥A Clinic at Chris-Hani

Baragwanath Hospital, and have met the South Afridational Department of
Health’'s criteria for initiating antiretroviral thepy at the time of the study

(Guidelines 2004). The guidelines for initiating ART included the following
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medical criteria: CD4 T-cell count <200 cells/Mrirrespective of WHO HIV
disease stage, or WHO stage IV disease irrespeati@®4 T-cell count. Patients
were classified as WHO stage IV disease if theysgmted with the following
conditions: HIV-wasting syndrome, Kaposi's sarcoma&xtrapulmonary
tuberculosis and chronic isosporiasis (WHO 2003}idats who met the above-
mentioned Department of Health treatment initiationteria, and who had
successfully completed two weeks of ARV counselliighe Nthabiseng Clinic
were referred to the Greenhouse Pharmacy to be§idRT, where they were

recruited for participation in the study.

During the time of the study there were two fiisiel ARV treatment regimens
that were recommended for use in the South Afripamblic health sector
(Guidelines 2004). First line therapy (regimen Xa) ARV naive patients
consisted of the following drugs: stavudine (d#inivudine (3TC) and efavirenz
(EFV). Women of child-bearing age who were unaldegtiarantee reliable
contraception were initiated on first line therapggimen 1b) where nevirapine
(NVP) was substituted for EFV. Patients with noesaffects on stavudine-based
regimens remained on stavudine as long as it wdalerated. Tenofovir (TDF)
was substituted for stavudine, in those patients déveloped a side effect (e.g.
peripheral neuropathy, hepatic steatosis) to siaeddased therapy. Those
patients who continued to fail virologically degpitlemonstrated adherence to

their treatment, or who presented with lactic asisdavere placed on second line
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3.1

therapy (regimen 2) which consisted of zidovudiAZT), didanosine (ddl) and

lopinavir/ritonavir (LPV/r).

On the ' of April 2010, the South African government adaptew guidelines

for the clinical management of HIV/AIDS (Guidelin@910). Under the new
guidelines, the drug stavudine was replaced with kss neurotoxic drug
tenofovir as first line therapy. Since the aim air study was to determine the
incidence of neuropathy in HIV-positive individuaisitiating stavudine-based
HAART regimens, we were no longer able to recraitticipants to the study as
treatment facilities such as the Greenhouse Pharrhad begun substituting

stavudine with tenofovir, thus forcing the closofearticipant recruitment.

Procedures

First assessment

The first assessment took place immediately beafotiation of ARV therapy. At
the first assessment we measured the height anghtvef all the patients.
Thereafter, demographic data such as populationpg(Black, White, Coloured
and Indian) and country of birth was recorded. Tbetact details of the patients
were also recordered and included their personlpbene number, fixed line
(home) telephone number, and the contact numbarfamily member or friend
that could be reached should their contact numbersinavailable. From the
patient’'s medical records we recorded the follongligical data on their disease

history: the date the patient was first diagnoséd iV, CD4 T-cell count when
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first diagnosed with HIV, initial CD4 T-cell counthen starting ARV therapy,
presence of AIDS-defining illnesses when startirgatiment, disease staging at
the time of starting antiretroviral therapy (usMWiHO guidelines). In addition, we
also recorded information from the patient's melicacords on possible
alternative causes of peripheral neuropathy, nantestory of alcoholism, TB
infection and isoniazid therapy for TB, diabetesllitus, syphilis infection,
hepatitis B infection, hepatitis C infection andawnin B, deficiency. We also
recorded any other medication (e.g. pain medicatibat the patient was taking

concurrently.

Thereafter, the patient was assessed for the preseh peripheral sensory
neuropathy using the AIDS Clinical Trials Group Kmpuathy (ACTG) Screening

tool, also referred to as the Brief Peripheral Ngathy Screen (BPNS), which is
a validated screening tool for HIV-SN (Chegtal. 2005). The ACTG screening
tool was validated using both physiologic and plathic testing as the reference
standards (Cherrgt al. 2005;Mehtaet al. 2011). The ACTG screening tool
consists of three sections, and assesses clingged and symptoms of peripheral
sensory neuropathy. The first section assessegatient's subjective experience
of “pain, aching or burning”, “pins and needlestddmumbness”, in their left and

right feet or legs. If a symptom was present, théept was asked to rate the

severity of the symptom on a numerical pain raiogle, ranging from one (mild)

to ten (most severe).
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The second section assessed the patient’s vibraginse in their feet. In order to
first familiarize the patients to the sensationtls vibrating 128Hz tuning fork,
the tuning fork was struck against the palm of itineestigators hand and then
placed onto the metacarpophalangeal joint of thiemis second (middle) finger.
The patient was asked to describe what sensatenithd experienced and once
the investigator was certain that this sensatiors waleed the vibration or
“buzzing” of the tuning fork and that the patiemutd comfortably identify this
sensation, the patient was then informed that thegaure would be repeated by
placing the 128Hz tuning fork on the distal inteaf@mgeal joint of the great toe.
To assess vibration sense in the feet, the 12&iklag fork was struck against the
palm of the investigators hand and then placed th&alistal interphalangeal joint
of the patient’s great toe, the patient was tolthform the investigator when they
could no longer feel the vibration or “buzzing” tfe tuning fork. A stopwatch
was used to record the time it took from the tirhe tuning fork was struck
against the investigator's palm until the patientopped feeling the
vibration/buzzing of the tuning fork. Vibration ssnwas recorded in both feet,
and a recording of ten seconds or less was deenwidaiive of a deficit in

vibration sense.

The third section of the screening tool assessedd#ep tendon reflex of the
ankle. With the patient seated on a chair, and tloet resting against, but not
supported by, the palm of the investigator’'s hamgatellar reflex hammer was

firmly tapped against the patient's Achilles tenddime reflex was felt by the
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investigator as a plantar flexion of the foot. & reflex was elicited, the patient
was asked to clench their fists to reinforce tHkexe while the reflex was tested
again. The reflex was tested in both legs, andrdetbas either present or absent
for both limbs. A diagnosis of the presence or mbseof peripheral sensory
neuropathy was made based on the bilateral presérsogns and symptoms from
the assessment. The requirements for a positivgndss, which we used in the
study were consistent with those of several valdastudies for the ACTG
screening tool (Cherrgt al. 2005;Ellis et al. 2005;Simpsoret al. 2006). In the
study by Ellis and colleagues (2005) which perfaitraeclinical evaluation of the
neuroscreen (a neurocognitive screening comporwgdther with the ACTG
screening tool), they found that the presence tdast one sign (e.g. either
decreased vibration sense or absent ankle reflexasth feet) and the presence of
one or more symptoms was sufficient to diagnoseptiesence of symptomatic
peripheral neuropathy (Elliet al. 2005). The study reported sensitivity and
specificity values > than 55% for the ACTG toolthwa higher sensitivity value
in comparison to its specificity. In addition, Sisgm and colleagues (2006)
reported that asymptomatic peripheral neuropathy beadiagnosed where there
is the presence of both signs of neuropathy byngptoms (pain, paraesthesia or
numbness) of neuropathy (Simpsenal. 2006). Thus, patients who presented
with at least one sign and one symptom were cladsds having symptomatic
peripheral sensory neuropathy. While patients waad &t least one sign but no

symptoms of peripheral sensory neuropathy were siflad as having
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3.2

asymptomatic peripheral sensory neuropathy. Eaesmg, together with the

recording of clinical data from patient’s files toabout 20 minutes to complete.

Second and third assessment

The second and third assessments took place atn8maand 6-months,
respectively. Patients visited the Greenhouse Péarnevery 3-months for a
period of 6-months after starting treatment. Onrteecond and third assessment
visits, we re-screened the patients for the presenceuropathy using the ACTG
screening tool and we also recorded their weigle. tién reviewed the patient’s
medical records to obtain the following clinicafdrmation: most recent CD4 T-
cell count, any adjustments to their ARV treatmeggimens, side-effects and
adverse effects to ARV treatment, interim illnesaed concurrent medications

being taken.

In addition to the three physical assessmentsemqatialso were telephoned every
two weeks in order to check on their well beinge thevelopment of new
symptoms or changes to their previous symptomsoidirm ARV adherence, to
discuss any complications as a result of ARV treainand to remind them of the
date of their next scheduled visit the GreenhoussrRacy. In the case of patients
who had been transferred to other facilities adt@eriod of three months through
the down referral system, requests for the abovéored information from

patient files at the various facilities were senttte clinicians treating the patients.
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Patients were also encouraged to contact the igetst should they experience

any unusual symptoms or develop new symptoms wdrilshe ARV medication.

Data analysis

Mean (SD) was used to describe continuous paramnelsita and median
(interquartile range) was used to describe contisumon-parametric data.
Categorical data was summarised by using number @6) each variable,
differences between those subjects that developatbpathy and those that did
not develop neuropathy, were assessed by the Studd¢est for continuous
parametric data, the Mann-Whitney U-test for camins non-parametric data and
by they? or Fishers exact test for dichotomous non-paramesiiables. Using the
Kruskal-Wallis test for non-parametric data, weeasged change in neuropathic
symptom severity from baseline to three months thnge months to six months
in patients with pre-existing HIV-DSP. Statisticginificance level was set at

P<0.05.
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Chapter 3
RESULTS
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Patient flow and demographics

From November 2009 through to April 2010, 75 HIVsjiive patients were
recruited and 65 patients were enrolled into thedystat the Greenhouse
Pharmacy, Chris-Hani Baragwanath Hospital, Sowelen patients were
excluded because they did not initiate therapy tamusline-based regimens. All
65 patients were HIV-positive, ARV naive and st@ri¢AART on the day of
recruitment for participation in the present studlf.65 patients were 18 years or
older and identified themselves as Black Africabis;(94%) were South African,
2 (3%) were from Lesotho and 2 (3%) were from Mokgjue. Fifty-two patients
were free of peripheral neuropathy on initial asseent and 13 patients had pre-
existing neuropathy. Of those patients free of opathy, 44 patients exited the
study at 6-months and of those patients with piistiey neuropathy, 8 patients

exited the study at 6-months. Patient flow is sumsed in Figure 1.

Demographic and baseline clinical characteristmsthe study population are
shown in Table 1. A significantly greater propontiof female patients were seen
in the group free of neuropathy in comparison toeséh with pre-existing
neuropathy. Despite having mean CD4 T-cell couffits200cells/mri, 69% of
the ‘free of neuropathy’ group and 61% of the ‘preésting neuropathy’ were at
WHO disease stage | or Il. Non-HIV-related neurbpatisk factors such as

diabetes mellitus were not common in our cohort.
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Figure 1. A flow diagram which provides an overview of thieidy cohort from the

initial recruitment of 75 HIV-positive, ARV naiveagients, to the 3-month (t=3)
assessment of 54 patients (46 patients withoutopatiny and 8 patients with pre-
existing neuropathy) and the 6-month (t=6) assestroé 52 patients (44 patients
without neuropathy and 8 patients with pre-existiegropathy).
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Table 1.Demographic and baseline clinical characterisifafie study population (n=65 HIV-

positive patients).

Free of neuropathy  Pre-existing neuropathy  P-value
(n=52) (n=13)

Female (n, %) 40 (77) 3 (23) <0.001
Initial weight (kg), Mean (SD) 64.5 157) 65.3 (13.5) 0.712
Age in years, median (range) 35.6 -RIB 38.2 (22-57) 0.431
Height (cm), Mean (SD) 166.3 (7.0) 1698.3) 0.228
Baseline CD4 T-cell count
(cells/mnT), median (min-max) 154 (11-414) 157  (24-403) 0.844
Population group (n, %)

Zulu 13 (25) 4 (31) 0.897

Swati 9 (17) 1 8)

Tswana 8 (15) 2 (13)

South Sotho 6 (12) 2 (13)

Other 16  (31) P (23)
WHO staging (n, %)

Stage | 15 (29) 2 (15) 0.307

Stage Il 21 (40) 6 (46)

Stage Il 11 (21) 1 8)

Stage IV 5 (20) 4 (31)
Current TB-infection (n, %) 9 701 2 (15) 1.000
Previous TB-infection (n, %) 7 13f 3 (23) 0.405
Current Syphilis infection (n, %) 6 (12) 1 (8) 1.000
Vitamin By, deficiency (n, %) 6 (12) 2 115 0.655
Hepatitis B-infection (n, %) 2 4)( 2 (15) 0.175
Hepatitis C-infection (n, %) 2 4)( 2 (15) 0.175
Outcome at 6-months (n, %)

Alive 44 (84) 8 (61) 0.075

Dead 4 (8) 4 (31)

Lost to follow up 4 (8) 1 (8)

TB, tuberculosis.

%0ther, n (%) Xhosa, 4 (7); Tsonga, 2 (4); Soth@})2 Shaangaan, 3 (5); Venda, 1 (2);
North Sotho, 2 (4); Pedi, 1 (2); Ndawo, 1 (2).

POther, n (%) Shaangaan, 2 (13); Xhosa, 1 (8); Ae(d).
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2.

Neuropathy-free group

[ 3-month incidence of PN]

(n=46)
23% (10 patients
developed PN)

Of theselO patients by
3-months

- Four developedAPN

- Six developedSPN

Six
patients
with SPN

By three months:

. 3 patients-symptoms
worsened

. 1 patient-symptoms
improved

By six months:

Initial signs and
symptomsof
theselO patients
on recruitmer

5 (50%) presented
with no signs + no
symptomsof PN

/ 5 (50%) presented\

with symptomsof
PN only:

« 20%-mild pain

« 20%-mild pain,
numbness &
pins and
needles

« 10%-mild pain &
numbness

\ /

. 2 patients experienced an
improvement in symptoms

Figure 2. A flow diagram which describes the incidence of nopathy and
symptom development in patients who initiated stive-rbased HAART.
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The six month cumulative incidence of neuropathsdé) was 41%, with 8 more
HIV-positive patients developing peripheral neutbyain the 3-month period
between 3 and 6-months of therapy at a rate of 6&8®&s per 100 person-years.
Of the 8 patients that developed neuropathy betvBeend 6-months, 4 (50%)
patients presented with no signs and no symptonmefopathy on recruitment,
whilst 4 (50%) patients presented with symptomsrmusigns of neuropathy on
recruitment. Of the 4 patients with symptoms onuigment, 2 (25%) patients had
a combination of mild pain, numbness and pins aetites, 1 (12.5%) patient had
mild numbness and 1 (12.5%) patient had moderaie qoid needles. Of these 8
patients, by 6-months, 3 of these patients develogeymptomatic peripheral
neuropathy and 5 patients developed symptomatiphmal neuropathy. For the
5 patients with symptomatic peripheral neuropathy, 6-months, symptoms

worsened in 4 patients and 1 patient experiencethprovement in symptoms.
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Figure 3. Cumulative percentage of HIV-positive patients wirere neuropathy-
free at the time of initiating stavudine-based #pgr who developed a

neuropathy, 3-months and 6-months after initiativegapy.

As shown in Table 2, in univariate analysis for bke risk factors associated
with the development of neuropathy at 3-months, enaf the risk factors
considered were significantly associated with geerpl neuropathy development.
The risk factors considered were: patient age, Hgigurrent and previous
exposure to isoniazid therapy for TB treatmenteas® staging and vitamin B
deficiency. Since, CD4 T-cell counts were not aaéd for all patients at 3-
months of follow up; it was not assessed as a blessisk factor at 3-months.
However, we assessed the baseline CD4 T-cell coninthiose patients who
developed neuropathy and those who remained netmefrae and found no

significant difference between the two groups.

48



The characteristics of the study population, atdths of follow up are shown in
Table 3. Cumulatively, 18 (41%) patients developedpheral neuropathy over
the 6-month period of therapy. In univariate analy®r possible risk factors
associated with the development of peripheral neathy at 6-months of follow
up, the only risk factor significantly associateithathe development of peripheral
neuropathy was disease staging (p=0.04), with mistideveloping neuropathy
being at a more advanced disease stage on avdragetitose who had not
developed neuropathy. The CD4 T-cell counts, whvehe available at 6-months

of follow up, were not significantly different beéen the two groups.
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Table 2. Characteristics of HIV-positive patients who warngiated onto stavudine-based therapy and eitbeelbped peripheral

neuropathy or remained neuropathy free at 3-maoftfalow-up (n=46).

Neuropathy free (n=36)

Neuropathy (n=10)

Test gtistic; P-value

Female (n, %) 27 (75)
Weight (kg), Mean (SD) 63.6 (13.0)
Age in years, Median (range) 36.1 (18-54)
Height (cm), Mean (SD) 165.9 (6.8)
CD4 T-cell count (cells/mf, 152.9 (11-414)
(baseline) Median (min-max)

CD4 T-cell count (cells/mf), nd

Median (min-max)

Current isoniazid exposure (n, %) 5 (14)
Previous isoniazid exposure (n, %) 6 (17)
WHO disease staging (n, %)

I 13 (36)
Il 13 (36)
1] 6 (17)
\Y, 4 (11)
Vitamin By, deficiency (n, %) 4 (11)

8 (80)

69.7 (21.8)
34.948y-
166.1 (8.5)
160.3 (68-414)

ne

3 (30)
0 (0)

1 (10)
6 (60)
3 (30)
0 (0)

2 (20)

Fishers exact; P=1.00
Mathitney; U=172.00; P=0.84
Mann Whitney; U=165.5; P=0.70
Urgzht-test; t=0.06; P=0.94
Mann Whitney: U=106P=0.92

heéis exact; P=0.34
héiis exact; P=0.31

v%P=0.19

Fishers exact; B90

nd, not available at 3-months of ARV therapy
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Table 3.Characteristics of HIV-positive patients, who warigiated onto stavudine-based therapy and edbkgeloped peripheral
neuropathy or remained neuropathy free at 6-maftfalow-up (n=44).

Neuropathy free (n=26)

Neuropathy (n=18)

Test stattic; P-value

Female (n, %) 14 (54) 14 (78) Fishers exact; P=0.12
Weight (kg), Mean (SD) 63.2 (13.9) 69.8 (17.3) Makihitney; U=186.5; P=0.26
Age in years Median (range 34.9 (18-55) 37.9 (28-50) Mann Whitney; U=178.50R:9
Height (cm), Mean (SD) 165.3 (6.6) 166.8 (8.2) Urgrht-test; t=0.66; P=0.50
CD4 T-cell count (cells/mf, 191.7 (34-415) 227.7 (62-607) Mann Whitney; U=20©50.51
Median (min-max)

Current isoniazid exposure (n, %) 4 (15) 4 (22) héis exact; P=0.70

Previous isoniazid exposure (n, %) 3(12) 2(11) shérs exact; P=1.00

WHO disease staging (n, %)

| 11 (42) 3(17) v%;P=0.04

Il 7(27) 10 (55)

M 4 (15) 5(28)

\Y 4 (15) 0 (0)

Vitamin By, deficiency (n, %) 3(12) 3(17) Fishers exact; B¥0
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2.1

Symptoms

Symptoms reported by patients who were initiallgefrof neuropathy prior to
initiating stavudine-based therapy and developsghatomatic neuropathy within 6-
months of therapy is shown in Figure 3. Of the 48%) patients that developed
peripheral neuropathy, 7 (38%) were asymptomati@sgnting with decreased
vibration sense in the great toe and absent aeKkexes only. Pain was the symptom
experienced by all patients who had developed symatic peripheral neuropathy.
In addition, there was significant difference ire teeverity of the symptom pain
across the six months of follow-up, with an inceeas pain severity from baseline
Median (min-max), 1.8 (0-5) to 4.0 (5-10), p<0.@Lrthermore, nine out of the 11
patients that developed painful symptomatic pemghaeuropathy experienced
moderate to severe pain. Five (45%) patients deeel pins and needles in their feet
which were often accompanied by cramps. In addifienthe 26 (59%) patients who
remained classified as neuropathy free within #modith period, 9 (35%) developed
symptoms of neuropathy but did not present with aigys of neuropathy. Three
(12%) of these patients had pain in the feet, 2)(B&d pain together with pins and
needles, 1 (4%) patient had pins and needles aonyla(4%) patient had numbness
only. Two (8%) patients also presented with a caration of pain, pins and needles

and numbness, and pain and numbness, respectively.
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2.2

pain
asymptomatic 28%

38%

pain +
pins & needles +
pain + numbness
numbness 28%
6%

Figure 4. Symptoms reported by patients who developed perghhsensory
neuropathy within 6-months of initiating stavudinased therapy.

Treatment

Six (54%) of the 11 patients that developed symptmrperipheral neuropathy were
receiving treatment for symptom relief, whilst 56%4) received no analgesic
treatment for the symptom pain. As illustrated iigufe 4, two (18%) patients
received amitriptyline only, whilst 4 (36%) patienteceived combinations of the
various medications which included; amitriptylinparacetamol, ibuprofen and
codeine phosphate, all used to treat the neurapagimnptom pain. In those patients

who had no signs of neuropathy and who were thexeflassified as neuropathy free,

53



but who did develop symptoms, 7 (78%) developedh paitheir feet, but only 3
(43%) received treatment for pain in their feet.oT{29%) of these patients received
amitriptyline together with codeine phosphate and(1¥%) patient received
amitriptyline and paracetamol, despite no evideiocethis being neuropathic pain,

other than the site of the pain.

amitriptyline
18%

no treatment

46% codeine combinations

18%

amitriptyline
amitriptyline + paracetamol
+ codeine + ibuprofen
phosphate 9%
9%

Figure 5. Treatment for the neuropathic pain in patientsowieveloped a
symptomatic neuropathy within 6-months of initigtistavudine-based HAART.
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2.3

Drug regimen switches

The ARV drug regimen switches for six HIV-positiyeatients initiated onto
stavudine-based HAART are shown in Table 4. From @hpatients whose drug
regimen was switched; patients 42, 65 and 59 werelsed to treatment regimens
that replaced stavudine with tenofovir. Amongst #ft®ve-mentioned patients, pain
was a symptom experienced by all three of thesemiat whilst the presence of
cramps in the feet occurred in two of these padieBtavudine was also replaced by
tenofovir in patient 52, who experienced pain, @nd needles and severe numbness
in the feet; this patient was on a treatment regithat included nevirapine instead of
efavirenz. Patients 7 and 13 had efavirenz regdlagdopinavir/ritonavir after falling
pregnant and did not present with any severe ag-lasting symptoms. The ARV
drug regimens of the patients were often switchiéer @ period of 3-months or
longer as CD4 T-cell counts and viral loads wereeftdély monitored during this

period before a regimen was changed.
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Table 4. Antiretroviral drug regimen changes in HIV-posgivpatients who

developed symptomatic peripheral neuropathy an@ wettched within 6-months of

treatment to alternate regimens mainly due to yingpsom pain.

Patient  Initial ARV Regimen

no. regimen change (new

regimen)

Time to Reason for
regimen change
change

42 d4t/3TC/IEFV TDF/3TC/EFV

52 d4t/3TC/NVP TDF/3TC/NVP

65 d4t/3TC/IEFV TDF/3TC/EFV

59 d4t/3TC/IEFV TDF/3TC/EFV

7 d4t/3TC/IEFV d4t/3TC/LPVIr

13 d4t/3TC/IEFV d4t/3TC/LPVIr

+ 4 months  Severe paid aramps in
feet and hands

5 months Pain, pins aeddles and
severe numbness in feet

3 months Pain and bugrimthe
feet and development of
severe cramps

5 months Admitted to pival due to
convulsions as a result of
hypocalcaemia and also
experienced pain in the
feet.

+ 4 months  Fell preghamilst on
ARVs

5 months Fell pregnasilst on
ARVs

d4t, stavudine; 3TC, lamivudine; EFV, efavirenz; R\hevirapine; TDF, tenofovir;

LPV/r, lopinavir/ritonavir.
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3.1

Pre-existing neuropathy

Symptoms

Figure 5 illustrates the symptoms experienced bgdipatients who had pre-existing
neuropathy at baseline. The most common symptorereqred by those patients
with pre-existing neuropathy at baseline was nurabife=6; 75%). One patient only
experienced numbness, whilst 5 (63%) patients thdrea combination of pins and

needles and numbness (n=2; 25%) or a combinatiomibness, pain and pins and
needles (n=3; 37%). Pain was experienced by 62%hefpatients, of which 25%

experienced pain as their only symptom.

pain only
25%

pain + numbness
+ pins and needles
37%

numbness
13%

pins and needles
+ numbness
25%

Figure 6. Symptoms reported by patients who had a preiegisperipheral
neuropathy at baseline and were initiated ontoustiame-based HAART.
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3.2 Change in symptoms

Figure 6 illustrates the change in symptoms witGimonths of stavudine-based
therapy, in those patients with pre-existing neatbp. By 3-months of follow up, 2
(25%) more patients had developed a combinatioralbfthree symptoms, the
presence of pins and needles together with numbimess (25%) patients still
persisted as well as numbness in 1 (13%) patienieder, from the 2 (25%) patients
who had pain only at baseline, both developed antsneedles as well as numbness.
By 6-months, a few patients experienced reducedpgyms; 1 patient initially
presenting with numbness was free of this symptbfrraonths. From the 2 patients
who had pins and needles together with numbne3srainths; 1 patient was free of
these symptoms at 6-months, whilst the symptomsigied in the other patient at 6-
months. For the 5 (63%) patients who had a comioimaif all three symptoms; 2
(25%) patients experienced symptom reduction atoéths whilst 2 (25%) patients
still had the presence of pain and pins and neeatldsl patient still had pain and

numbness in the feet at 6-months.
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O pain and numbness

8 .
M pain + pins & needles
6 O pain + numbness + pins &
Number of needles
patients with M pins & needles + numbness
symptom  4-
B numbness
27 M pain
O —

Baseline 3-months 6-months

Figure 7. Symptoms reported by patients with pre-existingrapathy who either
developed new symptoms or experienced a reduatigreévious symptoms after 3-
months and 6-months of stavudine-based HAART, (n=8)

The severity of the symptoms experienced by thedems who presented with pre-
existing neuropathy and initiated stavudine-basedapy is shown in Table 5. Three
(38%) patients experienced a decrease in the sgwdérihe symptoms pain and pins
and needles; from an average rating of 5 (min-n2a8) to 2 (min-max; 3-4) and 6
(min-max; 2-10) to 1 (3), respectively. Howevererd was no significant difference
in severity of these symptoms overall between hasend 6-months. However, the

severity of the numbness patients reported didedeer significantly over the course
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of the 6-months, but this attenuation was not lindge symptom initially worsened,

on average, in patients over the first 3-monthstaed subsided by 6-months.

Table 5. Neuropathic symptom severity over 6-months ingra who had pre-

existing peripheral neuropathy and initiated staveiased HAART (n=8).

Symptom Baseline 3-months 6-months Test statistic;
median median median P-value
(min-max) (min-max) (min-max)
Pain 5 (1-10) 4 (2-10) 2 (3-10) Kruskal-Wallis;
KwW=1.9; P=0.38
Numbness 5 (2-10) 8 (3-10) 1(2-3) Kruskal-Wallis;
KW=10.2; P=0.006*
Pins and 4 (1-10) 4 (2-10) 2 (1-10) Kruskal-Wallis;
needles KW=1.4; P=0.49
*Significant
Treatment

As illustrated in Figure 7, only 1 patient who pmeted with painful HIV-DSP was
not receiving medication for symptom relief. The shocommon analgesic
administered was amitriptyline; either by itself or combination with codeine
phosphate or codeine phosphate as well as ibupréferacetamol and diclofenac
were not commonly administered to patients and chlypatient received this

combination.
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paracetamol
+ diclofenac

13% no treatment

12%

amitriptyline

+ codeine phosphate

+ ibuprofen
13%

amitriptyline
+ codeine phosphate

amitriptyline
13% Pty

49%

Figure 8. Treatment of neuropathic pain in patients who peedexisting peripheral
neuropathy at baseline, (n=8).
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Chapter 4

DISCUSSION
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We investigated the 6-month incidence of neuropathyatients on stavudine-based
HAART, and described symptoms experienced by thuestgents who developed
symptomatic peripheral neuropathy. We found thaHiW-positive South Africans
who were free of peripheral neuropathy prior to thiéiation of stavudine-based
HAART, the 6-month incidence of ATN was 41%. Of she 16% were
asymptomatic, whilst 25% developed symptomaticgbenial neuropathy. The high
rate of neuropathy in individuals in the first 64ntlos after starting stavudine-based
therapy emphasises the possible importance of éeent introduction of less
neurotoxic, tenofovir-based regimens, in reducifs tiatrogenic neurological
complication. Moreover, the results highlight thedartreament of the symptoms of
ATN, yet not HIV-DSP. It has been established tigiowprevalence studies that
symptomatic peripheral neuropathy is a common probin South African patients
(Maritz et al. 2010;Wadleyet al. 2011). Our finding of an incidence of ATN of 41%
emphasises the rapid onset of peripheral neuropatthe South African population
exposed to stavudine-based therapy. In addition,alse found that there was a
significant difference between the group of pasemtho were initially free of
neuropathy and the group with pre-existing HIV-D8Pterms of gender. This
finding highlights the possibility that males arespibly more likely to present with
pre-existing HIV-DSP in comparison to females amdupported by another African
study (Hitchcocket al. 2008) which also found male sex a risk factor eiséed with

the prevalence of HIV-DSP. However, upon comparisoother frequent risk factors

63



between the two groups, namely, age, height, C[@éllTeount, current and previous
TB-infection, Vit By, deficiency and the presence of Hepatitis B or @enof these

risk factors showed any significant associations.

Importantly, all those patients who developed symytic peripheral neuropathy
within 6-months, had pain as a symptom. Also, thweas a significant difference in
pain severity across the six months of follow-ufthvan increase in the severity of
pain by six months of follow up, and 82% (9 of If)these patients experiencing

moderate to severe pain.

Pain affects the quality of life in patients witleuropathy (Cocitoet al. 2006),
making it difficult for many of these individuals perform activities of daily living
(e. g walking to their place of work or attendinglmic visit). Yet, only 55% (6 of
11) patients who developed ATN were receiving aesily treatment for symptom
relief. This indicates that the presence of paifragquently underestimated or under-
diagnosed, which leads to the undertreament of diasptom. Interestingly, most
patients with painful HIV-DSP were receiving analigetherapy. There is no clear
rationale to explain the difference in analgesierdipy between the two groups of
patients, those with HIV-DSP and those with ATN.e@all, it is important that
patients with painful HIV-SN are carefully monitdrdfor the detection of this

symptom and timely treatment to ensure the suffedfthese patients is reduced.
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Indeed, pain was an important factor determininggdregimen switches from
stavudine-based therapy to tenofovir-based regimeite a switch taking place in
36% (4 of 11) of patients with symptomatic painfieuropathy. Early switching may
affect long-term management of HIV-infection, antceessful symptom treatment

may delay drug switching.

Our study reports the highest incidence of ATN, 4i8«comparison to the findings
of the studies evaluated in Table 6 (pg 24), wlieeelowest incidence was reported
by Bacellar and colleagues (1994), 5% and the Bigheidence by Sacktor and
colleagues (2009), 38%. However, our sample siz&Zphwas the lowest from all
these studies and it is possible that this may Hsaen the origin for the higher
incidence of ATN observed on our study. Indeedatepn of a high incidence of
ATN amongst studies performed in Africa in noticeaand places emphasis on the
revision of guidelines (WHO 2009) which suggeswgthne be removed from first
line therapy and in resource limited settings whibiee elimination of stavudine in
first line is not yet possible, patients at a highisk for the development of ATN,

should be pre-selected for alternate less neurotexjimens.

In the univariate analysis for possible risk fastassociated with the development of

ATN at three and six months, we found no significassociations between ATN

development and the following risk factors: weighgight, gender, age, baseline
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CD4 T-cell count, CD4 T-cell count at six monthsgyous and current exposure to
isoniazid therapy and Vit B deficiency. However, we found that disease stagiag
the only risk factor associated with the developim&nneuropathy in our cohort.
Though, at baseline, there was no significant difiee in disease staging between
the two groups (i.e. those that developed neurgpeth those without neuropathy).
The finding that disease stage of those individwdls developed neuropathy within
6-months had progressed to a more advanced stagpaced to patients without
neuropathy is thus difficult to explain, especiallythe face of similar CD4 T-cell
counts. Possibly patients who develop ATN have rotbe-morbidities which
increases the risk of neuropathy and disease @®sigre but were not assessed by us.
Still, this finding is important as it shows thaitignts, who progress to intermediate
and late disease stages, for whatever reason, reawtba higher risk for the
development of peripheral neuropathy when commenstavudine-based therapy.
Intermediate to late disease staging as a riskifdot the development of HIV-DSP
has been well documented in many studies (Cornigiati. 1988;de la Montet al.
1988;Husstedet al. 1993;Bacellaret al. 1994;Maschkeet al. 2000). However, the
finding of progression to intermediate and lateedse staging as a risk factor
associated with the development of ATN in our comoay be unique to our study.
This finding conflicts with those of two other stad which both reported a reduction
in disease progression in HIV-positive patientsHAART (Brodt et al. 1997;Palella

et al. 1998). However, for both these studies, HIV-pusitpatients were stratified
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into 3 groups; each group received different typeARV therapy; ranging from
monotherapy with zidovudine, two drug therapy wilierse transcriptase inhibitors,
and any combination therapy which included onega®¢ inhibitor. Our cohort was
universally exposed to stavudine-based HAART, anth kthese studies did not
identify the exact NRTI that their cohort was exgabso, which makes it difficult to
ascertain whether their cohort was indeed exposestavudine-based HAART and
therefore does not provide a base for comparisdwedsn our studies. Indeed, the
introduction of HAART has lead to a reduction inthbh@pportunistic infections and
HIV-related neurological conditions, such as H\$@dated dementia (Sackter al.
2009) and has many benefits for patients such dscireg plasma viral loads and
slowing down disease progression (Broght al. 1997;Sacktor 2002). Another
possibility for the increased disease progressimserved in patients that developed
neuropathy in our cohort could be failure of adheesto HAART. Since moderate
to severe pain was a symptom experienced by martieopatients on stavudine-
based therapy that developed peripheral neurop#tbypossibility of these patients
not adhering completely to HAART as a result of tlceurrence of these neuropathic
symptoms does exist. This possibility is suppoligdeveral studies (Holzemer al.
1999;Murri et al. 2000;Ammassaret al. 2001;Duranet al. 2001). These studies all
found that in patients who reported the presenageafopathic symptoms and had a
greater intensity of these symptoms; these patiaiitglisplayed a much poorer

adherence to HAART regimens. The effectivenessAMART regimens does depend
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on strict adherence (Stone 2001). Two studies t&nvn that where there is a
reduced adherence to HAART regimens, this leadadeased disease progression
(Hogg et al. 2000;Bangsbergt al. 2001). However, this remains a postulation as
there are two limitations with regards to patie®ART adherence. The first is that
we had to rely on patients themselves confirmingeaehce and had no method of
ascertaining whether they were indeed adheringagadgimen, and secondly, the test
for viral load is expensive and as a result way @erformed on a regular basis in
those patients who were very ill. We were howe\se &0 record CD4 T-cell counts
for the patients at 6-months of therapy and whenparing the CD4 T-cell counts of
the whole group of patients at baseline to the ABeell counts at 6-months of
therapy, we found that there was a significantedéhce (p=0.03). Therefore, this
increase indicates that patients were possibly ratthevell to the treatment and
treatment for these patients was indeed workingicegsince treatment was working
well for both groups of patients, the reason fortaie patients in our cohort

developing neuropathy whilst others remained neatropfree is still unclear.

Pain was common in our cohort on stavudine-basedapy who developed
symptomatic ATN. This finding is consistent withode of several other studies
(Fornaet al.2007;Sithinamsuwaat al.2008;Wadleyet al.2011). Indeed, pain in the
feet is a common problem experienced by Africaniepéd on stavudine-based

HAART (Forna et al. 2007;Wadleyet al. 2011). In an effort to reduce rates of
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toxicity, in 2006, WHO guidelines for stavudine-bdgreatment were changed from
40mg to twice daily 30mg doses of stavudine fortW-positive patients initiating
HAART, irrespective of their weight (WHO 2006). Hewer, in our cohort, where
patients were universally exposed to twice dailyng§0doses of stavudine, a high
incidence of peripheral neuropathy still persistBeécent WHO guidelines (WHO
2009) indicate that stavudine should be phasedfdiirist line regimens and replaced
with the more tolerable, from a neurological pectpe, tenofovir. We anticipate that
this switch in therapy may reduce the incidence AJN, however further
investigation is needed to determine whether thissdoccur because several studies
have now shown that even when stavudine no losgesad, neuropathy rates remain

high (Smythet al.2007;Elliset al.2010).

We also monitored a small sub-group of patientshwite-existing peripheral
neuropathy prior to initiating stavudine-based HARRNd described their symptom
experience and symptom treatment after startingudine-based therapy. For this
sub-group of patients, numbness 75% (6 of 8) wasniost common symptom
reported at baseline and was the only symptomdoce in frequency across the 6-
months and thus accounted for significant reducitioaymptom burden in this sub-
group of patients. Numbness of the feet in patiesitts HIV-DSP is well documented
(Soet al. 1988;Cornblatret al. 2006;Ferraret al. 2006). In addition, 38% (3 of 8) of

these patients had all three symptoms of neuropaittbaseline which increased to
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63% (5 of 8) by three months, but had fallen to 5@¥®of 8) by 6-months. These
findings indicate that even on neurotoxic regimgragients with numbness do have a
reduction in the symptom, as previously reportetha study performed by Sacktor
and colleagues (2009). These findings also showthieanitiation of stavudine-based
HAART in patients with pre-existing neuropathy megd to an initial increase in the
presence and severity of other symptoms, but th&twa of these patients do
experience symptom reduction and relief by 6-mormhsherapy. What separates
these patients is unclear; it may possibly be $bate patients are at a more advanced
level of immunosuppression in comparison to othemyever, further investigation
is needed. These findings also emphasise that propeitoring of patients with pre-
existing neuropathy is vital as many of these pagialready present with a variety of
symptoms and exposure to stavudine-based HAART giter complicate pre-
existing symptoms or provide symptom relief in eghéSacktoret al. 2009). Of the
patients with symptoms, 88% (7 of 8) were receivamglgesic treatments for the
presence of symptomatic neuropathy and the mostmmmanalgesic administered
was amitriptyline; a tricyclic antidepressant comnmtyoused in the treatment of
neuropathic pain (Dallocchiet al. 2000). Although amitriptyline has not been shown
to be effective in treating HIV-SN (Kieburit al. 1998), there was a reduction in
symptom burden by 6-months after it peaked at 3thmoand amitriptyline was often
prescribed at the patient’s second visit. Howetres, treatment is not without its own

dose limiting side effects which include: dizzinessowsiness and dry mouth.
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(Dallocchioet al. 2000). Thus, patient and doctor communicationeig k ensuring
that the patient not only receives the most appatgptreatment but is also aware of

the risks associated with the treatment.

A significant strength of our study is that it wadongitudinal study which allowed
us to collect data prospectively and monitor focident cases of ATN. Also, by
conducting similarly designed studies on patients gn tenofovir-based regimens,
we can make direct calculations of relative risktefofovir and stavudine-based
therapies. There are however, a few limitationthis study. The most evident being
the moderate sample size. As a result of the changfee South African National
Department of Health’s treatment guidelines for Af\érapy on the 5L of April
2010, which substituted the more tolerable tenoféor stavudine in all first line
regimens (Guidelines 2010), the recruitment of patrents to our study was closed
as we were investigating the incidence of neurgpdtin stavudine-based therapy
only. Thus, our cohort only consisted of 65 HIV-ieg patients. Secondly, although
the tool we used to assess for the presence obpailny was a validated tool for
HIV-SN (Cherryet al. 2005); it was a rather simple tool. We assessk&te aaflexes
and vibration perception which mostly reflects dgméo larger fibres (Zieglest al.
1988;Taveeet al. 2009), whereas assessment of pin prick sensatibich reflects
damage to smaller fibers (Taveeal.2009), may have been superior. However, this

tool was developed and has been validated for pseifically in detecting HIV-SN
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(Cherryet al. 2005), thus, we are confident that we have noerestimated the rate

of HIV-SN.

In conclusion, we found that ATN occurs in 41% olVkpositive patients who
initiate stavudine-based HAART. Thus, in settingseve stavudine-based regimens
are still being used first line, clinicians woulatentially need to prioritise such
patients for the use of less toxic regimens, btliera now, we find that it is more
important that these patients probably should baitoied more closely to check for
the onset of symptoms. Symptomatic peripheral nmathy often presenting with
moderate to severe pain is still a common problamAfrican patients initiating
stavudine-based HAART. The timely detection anattreent of this symptom will
aid in reducing the suffering of these patientserEthough some patients with pre-
existing symptomatic neuropathy initially experien@an increase in symptom
severity, after 6-months of stavudine-based treatm& small percentage do
experience symptom relief. Lastly, since treatmregimen guidelines have recently
been updated in South Africa, and with many HIV#pes individuals now initiating
first line regimens containing the less neurotaiag tenofovir, there is hope that
this will reduce the incidence of ATN, however,ther investigation to determine
whether this reduction does occur is important. STha study is underway to
determine whether tenofovir-based HAART does redhedncidence of ATN in the

South African population.
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