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SUMMARY

Background

Stavudine (d4T) is an antiretroviral drug used in developing countries for the
management of HIV due to its efficacy and low cost. Concerns over its toxic side
effects has led the WHO to recommend that it be phased out. The study aim was to
ascertain whether a low, yet efficacious dose of d4T (20 mg twice daily) would lead

to fewer incidences of toxicity.

Objectives
This study compared incidence of toxicity in patients on low dose d4T (20 mg)

versus the higher doses (30 mg /40 mg).

Methods

A retrospective analysis using STATA 12 was conducted on 1086 patients in a South
African HIV treatment cohort. They were stratified into 3 d4T dose groups; 20 mg
(n=43); 30 mg (n=707); and 40 mg (n=336). Time to onset of toxicity was assessed
using survival analysis. Toxicity incidence rates were estimated using Poisson

regression. Cox models were used to determine risk factors.

Results

Median time to onset of toxicity was 217, 137 and 55 weeks for the d4T 20 mg, d4T
30 mg and d4T 40 mg groups, respectively. Toxicity incidence rates per 100 person-
years were 43 (95%CI 25 - 76), 67 (95%Cl 54 - 83) and 174 (95%CI 143 - 211),
respectively. Patients on d4T 20 mg were less likely to develop toxicity compared to
the other doses, hazard ratio 0.36 (95%CI 0.20 - 0.65). Female sex was a risk factor
for toxicity, hazard ratio 1.58 (95%CIl 1.25 — 2.00). Other identified risk factors

included the presence of renal dysfunction as well as BMI.

Conclusion
d4T 20 mg twice daily led to fewer incidences of toxicity. Further clinical trials are

needed to compare this drug dose to other antiretrovirals.

Key Words
Antiretroviral, HIV cohort, Stavudine, Cumulative toxicity, Dose comparison,

Retrospective, Survival Analysis, South African
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CHAPTER ONE: INTRODUCTION

1.1 Background

Stavudine (d4T) is a nucleoside reverse transcriptase inhibitor antiretroviral (ARV)
drug that has been used for the treatment of Human Immunodeficiency Virus (HIV)
infection worldwide. The initial recommended dosage was 40 mg twice daily (bid),
based on efficacy studies.® However, the long-term toxic effects of the drug led the
World Health Organisation (WHO) to recommend decreasing the dose to 30 mg bid
to improve its safety profile.> Eventually the WHO recommended that the drug be

phased out of ARV treatment guidelines in favour of alternative safer drugs.®

Alternative ARV’s such as Tenofovir (TDF), Zidovudine (AZT) and Abacavir (ABC)
cost significantly more than d4T.*° The increasing number of people living with HIV
and Acquired Immune Deficiency Syndrome (AIDS), who need ARV treatment®
means that those paying for Antiretroviral Treatment (ART) must explore novel
approaches to ensure the sustainable provision of ARV’s. The demand for
inexpensive ARV’s ensures that d4T continues to play a role in the ART
programmes of most developing countries, including South Africa. As a result there
have been calls to investigate potentially safer, lower dosages of d4T for both

efficacy and safety.”®

The overall aim of the study was to compare differences in cumulative toxicity
among patients taking low dose d4T 20 mg versus the higher doses of 30 mg and 40
mg in a South African setting. This was done through comparisons of time to onset
of toxicity stratified by dose, incidence rates of toxicity as well as through analysis of
the risk factors for the development of toxicity. A retrospective review of an ARV
treatment cohort of up to 6 years of follow-up was conducted. The analysis included

patients who were initiated onto stavudine between 2004 and 2008.
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1.2 Motivation

In South Africa, the debate about the use of d4T still continues despite the change in
the ART guidelines, by the National Department of Health (NDOH), to have a TDF-
based regimen as first line treatment since 2010.°*' d4T is still used as an
alternative treatment option for patients who, due to anaemia and poor renal
functions, cannot tolerate other ARV’s such as AZT and TDF. It is also used as a
substitute when these recommended ARV’s are not available due to drug shortages.

The supply of TDF has at times been erratic with frequent reports of stock-outs in
many health facilities across the country.’*'* When these stock-outs occur HIV
clinicians have been advised to switch patients to d4T temporarily as short term use
of d4T is associated with less side effects.”® Causes of these stock-outs are
multifactorial and include poor supply chain management as well as increased

demand.*?1®

The demand for ARV’s is set to increase with the change in eligibility criteria for
initiation of ARV treatment, in the 2015 National HIV treatment guidelines, from the
current standard of a CD4 count of < 300 cells/mm® to a CD4 count <500
cells/mm?®'® Moreover, as HIV incidence remains high'’, the proportion of people
who will need treatment will escalate which will further put a strain on the country’s

ART programme budget due to the high cost of TDF.

The current price for d4T combined with 3TC is $43 per person per year, which is
significantly less than $73 per person per year, for the preferred first line drug TDF
combined with 3TC.* Therefore, due to its low cost and availability d4T cannot be
completely abandoned. This has prompted the call for further investigations into the
efficacy and safety of low dose formulations of d4T, as it seems that d4T will

continue to play a role in the South African ART programme.*?

There have been a few dose-ranging studies to ascertain safety and efficacy of low
dose d4T (30/20 mg bid).” Most of these studies found that lower doses
demonstrated the same antiviral activity as higher doses. The ETOX clinical trial (A
randomized study comparing the efficacy and tolerability of low-dose versus
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standard-dose stavudine in antiretroviral-naive patients), found that patients on low
dose d4T experienced less toxicity than those on standard doses.*® Early dosing
studies by Bristol-Myers Squibb found even lower rates of toxicity with d4T 20 mg
(15%) than d4T 30 mg (21%).%*

A study by McComsey et al in the United States looked at the effects of switching to
low dose d4T (20 /15 mg bid) in patients who had developed signs of toxicity on
standard doses (40 /30 mg bid).?? The study showed that the lower doses improved
mitochondrial toxicity at 48 weeks by decreasing lactate levels and increasing fat-
mitochondrial deoxyribonucleic acid (DNA). Currently a clinical trial looking into low
dose d4T (20 mg bid) versus TDF is underway in South Africa.** The limitation of this
clinical trial is that it will not be able to assess long-term cumulative toxicity as the

follow-up period is only 96 weeks.’

Little is known about the long-term cumulative toxicity of lower dose d4T as most
studies have not followed-up patients beyond 48 to 96 weeks. Furthermore, the low
dose of d4T 20 mg was used in a small proportion of patients who either had very
low weight or renal dysfunction.?* This analysis sought to ascertain whether there is
a significant difference in the incidence of long-term toxicity between low dose
formulations and standard doses. The lengthy follow-up period yielded more
information than what is currently known on rates of cumulative toxicity of low dose
d4T. This knowledge could help to determine if the use of d4T should be abandoned
completely or if the use of low dose, inexpensive formulations should be pursued as

a sustainable long-term strategy in the national ART programme.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

The 2013 UNAIDS report on the Global Aids Epidemic estimated that there are 35.3
million people living with HIV worldwide.® By 2012, a total of 9.7 million people living
in low and middle income countries were on ARV treatment.® In 2012, 6.4 million
South Africans were estimated to be living with HIV and 2 million of those have been
initiated on ART.*

The roll-out of ARV’s in the South African public health sector began in 2004 as
outlined in the NDOH’s Operational Plan for Comprehensive HIV and AIDS Care,
Management and Treatment for South Africa.?* At that time the national treatment
guidelines recommended d4T 40 mg, lamivudine (3TC) and efavirenz (EFV) for first-

line treatment of HIV.

In 2007 the WHO recommended that the dose of d4T should be reduced to 30 mg
for adults and adolescents irrespective of body weight.? This was due to compelling
evidence which showed that a reduced dosage of d4T is still effective in suppressing

viral replication and also resulted in a lower incidence of toxic side effects.?

Growing concerns about d4T toxicity and the arrival of new and safer drugs on the
market led to its disfavour by HIV clinicians. In 2010 WHO published the
recommendation that d4T should be phased out of ART programmes due to the high

rates of side effects associated with long-term use.?
2.2 Stavudine

d4T is a thymidine 2’-deoxynucleoside analogue belonging to the class of
Nucleoside Reverse Transcriptase Inhibitors (NRTI). It has demonstrated antiviral
activity against HIV-1 and HIV-2 through inhibition of the HIV reverse transcriptase
enzyme. The drug inhibits the enzyme by competing with thymidine triphosphate,
which is the natural substrate for viral DNA synthesis, ultimately leading to

termination of the HIV DNA chain and thereby inhibiting replication of the virus.?® In
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early efficacy studies, patients on d4T monotherapy had lower rates of clinical
progression to AIDS and longer survival compared to patients on AZT
monotherapy.’ As a result, d4T became the most widely used ARV in developing
countries. It also requires less routine laboratory monitoring at initiation which

contributes to the reduced overall cost of treatment.®

When the drug was first introduced in 1995, the recommended dosage was 40 mg
twice a day for adults with body mass of 260kg’s, and 30 mg twice a day for adults
<60 kg.?® At the time there were no other studies that proved the efficacy of other
dosages.*®% Upon initiation the drug is well tolerated and causes less side effects
such as nausea and diarrhoea compared to other ARV’s.? However, prolonged use
of the drug may lead to mitochondrial toxicity which can manifest as several toxic
side effects including; peripheral neuropathy, lipodystrophy, hyperlactataemia, lactic

acidosis, hepatic steatosis and pancreatitis.®?"%

The main pathophysiologic mechanism by which d4T-associated toxic side effects
occur is through inhibition of mitochondrial DNA replication by inhibiting the enzyme
polymerase-y (gamma).?® This results in depletion of mitochondria which leads to
decreased production of adenosine triphosphate (ATP) in cells, which causes an
accumulation of lactic acid and adipocyte apoptosis.*® The toxic side effects are
dose-related and accrue over time. Certain factors such as increased age, female
sex and high BMI (body mass index) are associated with an increased risk of
developing toxicity.®** Some of the side effects, such as peripheral neuropathy, are
reversible when the dose is decreased or the drug is stopped; whereas for others

(such as lipodystrophy) progression can be halted but is usually not reversible.*?

Up to 20% of patients develop peripheral neuropathy, with age over 35 years and
increasing height reported as risk factors.®**® Peripheral neuropathy is a sensation
of pain, numbness and paraesthesia in the hands and feet. It may be accompanied
by loss of vibration sense and decreased ankle reflexes.®*** Lipodystrophy is an
abnormality in body fat distribution. It is a syndrome that incorporates
lipohypertrophy (fat accumulation in the abdomen, breasts, neck and upper back) as

well as lipoatrophy (depletion of fat from the face, arms, legs, hips and gluteus).*
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Prevalence rates of lipodystrophy of 42,9% after two years of d4T treatment have

been reported.*®

Research by Domingo et al suggests that development of lipodystrophy is
associated with high concentrations of intra-cellular d4T, which was dependent on
the cumulative exposure to d4T and not the dose®. Other risk factors for
development of this side-effect are, female gender and CD4 count >150 cells/mm?*.2
A South African study reported that increased BMI at baseline was associated with a

higher risk of developing lipodystrophy.®

Hyperlactataemia, defined as an elevated serum lactate of 2-5 mmol/L, is attributed
to the female gender, increased BMI and increased age.! The presence of
hyperlactataemia has been causally linked to the development of other d4T-
associated toxicities such as peripheral neuropathy, pancreatitis, and
lipodystrophy.*® Hyperlactataemia can progress to lactic acidosis, a life-threatening
condition with mortality rates as high as 60%.%" Lactic acidosis is defined as a lactate
level > 5 mmol/L pH <7.35, and/or bicarbonate (HCO3) <20 mmol/L and anion gap
>20.37

Several studies have described high rates of d4T-associated toxicities in various
ART programmes in Africa (Table 1).3*2%4° Work done by Karara et al comparing
tolerability and efficacy of d4T 30 mg vs d4T 40mg in Kenyan patients found
cumulative incidences of toxicity of 11% at 6 months and 18% at 12 months. In
Cameroon, Cournil et al describe overall prevalence rates or lipoatrophy of 7 to
24%.%? An observational study from Rwanda found incidence rates of 52 per 1000
person-years for peripheral neuropathy; 20 per 1000 person-years for
hyperlactataemia/lactic acidosis; and 47 per 1000 person-years lipoatrophy.*® A
follow-up cohort study conducted in Malawi found high levels of d4T-toxicity with an
incidence rate of 26,7 per 100 person-years, in patients mostly on the 30 mg dose.*
Prevalence of peripheral neuropathy was 21,3% and of lipodystrophy 14,7% in this
study.
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Reports from Southern African cohorts have also shown higher rates of
hyperlactataemia and lactic acidosis compared with developed countries (Table 1).%*
One study from South Africa reported higher rates of treatment switching due to
toxicity compared with other treatment cohorts.*® These higher rates are linked to the
fact that women make up a greater component of patients on treatment and they
have a higher risk for developing these conditions.*® A retrospective study in South
Africa by Stead et al reported a high incidence of symptomatic hyperlactataemia,
17,5 case per 1000 person-years in which 91% of the patients were on d4T 40 mg
bid; and high rates of lactic acidosis were reported at 12,3 cases per 1000 person-

years.?®

The high rates of d4T-associated toxicity that were reported in treatment cohorts
around the world led to the WHO’s recommendation in 2010, that countries should
phase out the drug from their treatment guidelines and replace it with TDF or AZT.3
However, the United Nations (UN) target to have 15 million people living with
HIV/AIDS on ARV’s has ensured that d4T still features prominently in ART
programmes of low and middle income countries.’®*° The drug’s cost-effectiveness
and availability in co-formulated, fixed-dose combinations are major drivers for its
continued use. Moreover, as global funding for HIV is decreasing, many countries
are facing the dilemma of whether to continue with d4T as first-line treatment or

switch-over to safer yet costlier ARV’s.>*
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Table 1: Stavudine-associated Toxicity in Low and Middle Income Countries

STUDY COUNTRY | DOSE TOXICITY FREQUENCY* | RISK
FACTORS
van Malawi 30 mg bid PN, 19.8, A age
Oosterhout Lipodystrophy | 11.4
et al.*
Cherry et Australia, 30 mg bid | PN 42%, A age,
al.* Malaysia, 19%, A Height
Indonesia 34%
Phan et al.* | Cambodia |30 mg & PN, 10.7% DOmale
40 mg bid | LA, 0.5%, gender, A age,
Lipodystrophy | 37.1% advanced HIV
stage
van Rwanda 30 mg & Severe PN, 8%, A weight, N
Griensven et 40 mg bid SHI/LA, 3.1%, weight, female
al.®® Lipodystrophy | 7.2% gender,
duration of
treatment
Mutimura et | Rwanda Not Lipodystrophy | 34% Duration of
al.*® reported treatment
George et | South 30 mg & Lipodystrophy | 42.9% Female gender
al.* Africa 40 mg bid
Geddes et South Not LA 1.57% Female
al.’ Africa reported gender, A
weight
Bolhaar et al. | South 40 mg SH/LA 1.33% Female
Africa gender, A BMI
Osler et al.*® | South 30 mg & SH/LA N/A Female
Africa 40 mg bid gender, A
weight, A BMI
Menezes et South 30 mg & PN, 17.1%, A BMI
al.* Africa 40 mg bid | SH, 5.75%,
LA 3.3%,
Lipodystrophy | 7,3%
Wadley et South 30 mg bid | PN 57% A age,
al.® Africa A Height

Adapted from WHO topics®
PN = Peripheral Neuropathy; SH = Symptomatic hyperlactataemia; LA = Lactic Acidosis
* Measured either as Incidence rate/ 100 person years or proportion in %
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CHAPTER THREE: AIMS AND OBJECTIVES

3.1 Aim

The aim of the study was to compare time to onset of toxicity as well incidence of
cumulative toxicity between low dose d4T (20 mg bid), and the previously
recommended higher doses of d4T (30 mg bid and 40 mg bid). As well as to

investigate the risk factors of toxicity in patients on d4T.

3.2 Hypothesis

The null hypothesis:

There is no difference in the time to onset of the first toxic side effects when using
low doses of d4T (20 mg bid) compared to higher doses (40 mg and 30 mg bid).

Ho. t1 =tiwhere i =2,3

The alternative hypothesis:

There is a difference in the time to onset of toxicity between low dose d4T (20 mg
bid) and higher doses (40 mg and 30 mg bid).

Ha: t1 # tiwhere i = 2,3

3.3 Objectives

The objectives of the study were as follows:
I.  To determine time to onset of the first stavudine-associated toxic side effect,
which was defined as any of the following:
e Peripheral neuropathy
e Lipodystrophy
e Hyperlactataemia
e Lactic Acidosis
. To compare incidence rates of toxicity between low dose (20 mg bid)
stavudine versus the previously recommended higher doses (30 mg bid and
40 mg bid)
lll.  To determine the risk factors for developing stavudine toxicity
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CHAPTER FOUR: METHODOLOGY

4.1 Study Design

A retrospective cohort analysis was performed of data that was collected from
patients treated at an HIV clinic.

4.2 Study Setting

The study setting was an adult HIV treatment clinic located at the Chris Hani
Baragwanath hospital, overseen by the Perinatal HIV Research Unit (PHRU). The
clinic was established in 2004 with funding obtained from PEPFAR, to provide free
medical treatment to the community of the peri-urban township of Soweto. A team of
physicians and primary health care nurses with extensive HIV experience managed
the patients at the clinic. The initiation of ARV’s was doctor-led and based on the
South African National Antiretroviral Treatment Guidelines developed by the
NDOH.>? By the end of 2010, over 2300 patients had been enrolled into the clinics
ART programme.

4.3 Study Population

The study population comprised patients who were initiated on a d4T-containing
regimen between January 2004 and December 2008. The entire cohort was
followed-up until 31 December 2010. All eligible patients were included into the

study even if they did not remain on d4T until the end of the follow-up period.

4.3.1. Eligibility Criteria

l. Inclusion Criteria
e Patients over 18 years of age

e ARV naive patients

II.  Exclusion Criteria:

e Patients under 18 years of age at time of initiation

10
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e Patients previously initiated on ARV before the start of study period
e Patients on the Prevention of Mother to Child Transmission (PMTCT)

programme

Only adults who were not yet on ARV’s before the start of the study period were
included to eliminate the possibility of toxicity having developed from other regimens
the patients my have been previously exposed to. Patients on the PMTCT
programme were excluded as they would only be on treatment for the duration of
their pregnancy even if they were on d4T.

4.3.2 Sampling Method

The database of patients served as the sampling frame. The patients were stratified
into three dose groups, namely d4T 20 mg, d4T 30 mg and d4T 40mg and all eligible

patients in each group were included in the study.

4.3.3 Pilot Study

A small pilot study was conducted to determine the expected prevalence of toxicity in
patients on d4T (see appendix 1). A retrospective record review was conducted on
patients at another ARV clinic run by PHRU. A Total of 165 patients on d4T were
analysed. Prevalence rates of toxicity for the d4T 20 mg, d4T 30 mg and d4T 40 mg
groups were 45%, 60% and 61% respectively.

4.3.4 Sample Size

The statistical software STATA 12 (StataCorp. 2011. Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP) was used to compute the sample
size. This sample size was estimated using Survival Analysis techniques.>® In order
to compare the groups d4T 20 mg vs. d4T 30 mg and d4T 20 mg vs. d4T 40 mg, the

log-rank test was used as follows:**

11
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1 AA+1
E= (20 + 210G’

_ S1(©)+2S;

PE=1 1+ A

Where N is sample size;
E is the number of events required;
pg is the overall probability of an event;

zy_ay, and z,_g are to be the quantiles of the standard normal distribution;

A is the hazard ratio; and

A is the ratio of the two dose groups

Using data from a pilot study (see Appendix 1), we assumed:
e Expected probability of toxicity of 0.45 in the d4T 20 mg group
e Expected probability of toxicity of 0.6 in the d4T 30 mg group
e Expected probability of toxicity of 0.61 in the d4T 40 mg group
e A difference of 15% between d4T 20 mg vs. d4T 30 mg
e A difference of 16% between d4T 20 mg vs. d4T 40 mg

Due to the expected unequal sizes of the dose groups expected ratios for the
sample size were estimated:

e Ratio of 9 for comparing d4T 30 mg: d4T 20 mg

e Ratio of 5 for comparing d4T 40 mg: d4T 20 mg

Assuming further a power of 80% and a 5% significance level, it was envisaged that
the minimum required sample sizes to test for a difference per group were:

d4T 20 mg group n =72

d4T 30 mg group n = 666

d4T 40 mg group n = 364

In the final analysis the required sample was not reached for some of the groups
due to the exclusion criteria and missing data. A total of 1086 patients met the

criteria to be included in the study resulting in the following sample size per group:

12
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d4T 20 mg group n =43
d4T 30 mg group n = 707
d4T 40 mg group n = 336

4.4 Data Management

A data extraction form developed by the researcher, was used to extract data from
the password protected Excel-based (Microsoft 2010, Microsoft Excel. Redmond,
Washington) dataset which consisted of anonymised patient details (See appendix
2). All patient identifiers were removed during extraction of the data. The data was
then transferred to a Microsoft Excel spreadsheet using the double entry method
and exported to STATA 12 for analysis.

4.5 Measurements

The outcome variable of interest was d4T-associated toxicity. Defined as the first
recorded diagnosis of peripheral neuropathy, hyperlactataemia, lactic acidosis or
lipodystrophy. The presence or absence of specific individual toxicities as well as all-
cause toxicity were measured. Other variables used in the analysis were measured
as described in Table 2. For variables such as renal dysfunction there is no evidence
in the database to support how the diagnosis was made. Therefore, to avoid
measurement error all the definitions of the variables and terms were used as coded

in the original database.

4.6 Ethical Considerations

Ethical approval for the study was obtained from the University of Pretoria’s Faculty
of Health Sciences Research Ethics Committee on 26 February 2015 (Appendix 4)
(reference number: 32/2015). The CEO of PHRU granted permission for the use of
data (Appendix 3). The database was password-protected for security and only
accessed by the researcher. All patient identifiers were removed during data

abstraction to ensure anonymity of the study participants.
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Table 2: Definition of Variables

Variable

Definition

Age

Age in years at time of initiation calculated from date of birth

<25
26-35
36-45
46-55
>55

Sex

Male or Female

Weight

Body weight in kilograms at initiation
<40 kg

40— 59 kg

2 60 kg

BMI

Body Mass Index at time of initiation
< 18,5 kg/m?

18,5 — 24,5 kg/m”

25-30 kg/m?

>30 kg/m®

WHO HIV/AIDS Clinical
Stage

Stage of HIV clinical disease at initiation of ART
WHO Stage 1
WHO Stage 2
WHO Stage 3
WHO Stage 4

Baseline CD4

CD4 count at initiation of ART
<50 cells/mm?®

50-100 cells/mm?

101- 200 cells/mm?®

201-350 cells/mm?®

>350 cells/mm?®

Baseline VL

Viral Load at initiation of ART
<400 c/ml

401-1000

1001 - 50000

50 001 — 100000

>100000

Baseline Hb

Haemoglobin level at initiation
>10 g/dI

7-10 g/di

<7 g/dl

Renal dysfunction

Any diagnosis of renal impairment or renal failure

at anytime during the follow-up period. Yes No
Co-trimoxazole Rx On co-trimoxazole antibiotic as prophylactic
L . e Yes No
treatment for opportunistic infections at initiation.
TB Treatment A diagnosis of TB at anytime during the follow-up Yes No
Follow-up time on d4T Duration of treatment on stavudine in weeks
The first recorded diagnosis of either peripheral
All-cause . ; o
neuropathy or hyperlactataemia or lactic acidosis Yes No
or lipodystrophy
Peripheral neuropathy: Pain and loss of sensation
Toxicit in the feet Yes No
oxicity Hyperlactataemia: Elevated serum lactate levels Yes No
Specific Lactic Acidosis: Elevated serum lactate with signs Yes No
of metabolic acidosis
Lipodystrophy: fat loss and/or fat accumulation in
S ; Yes No
distinct regions of the body
14
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4.7 Statistical Analysis

A 95% Confidence Interval (Cl) and significance level of alpha = 0.05 were set for all
statistical analyses. Data was described using frequencies and proportions for the
categorical variables. Medians, and interquartile ranges were used for continuous
variables. As the baseline characteristics were not normally distributed the
differences in proportions between the dose groups were assessed using the
Kruskall Wallis test, which is a non-parametric test. Data was missing for some of
the variables (Table 3). The variables WHO Stage and Co-trimoxazole had the
highest rate of missing data of 15% and 38% respectively. The missingness of Co-
trimoxazole was found to be missing not at random (MNAR) and the variable was
dropped from further analysis

Time to d4T-related toxicity, was determined for all patients who experienced toxicity
using Kaplan-Meier curves. Patients were censored if they had not developed
toxicity by the end of the study period (31 December 2010). Those patients whose
treatment was switched either by a change in their initial d4T dose or a change in
their drug regimens were censored. Patients who died, transferred out, lost to follow-
up, as well as those who had treatment interruption were censored. The log-rank
test was used to compare the differences in time to onset of toxicity between the

three dose groups.

Incidence rates of toxicity comparing the d4T 20 mg dose group against the d4T 30
mg and d4T 40 mg groups were calculated using Poisson regression modelling. The
log of the follow-up time in years was used in the regression models. Initially all-
cause toxicity was modelled amongst the different dose groups. Then, each specific
toxicity was modelled against each dose group. Post-estimation X? tests were
conducted to test if the differences were significant. All incidence rates were
expressed per 100 person-years. Cox proportional hazards regression was used to
determine predictor variables that may act as risk factors in the development of

toxicity.

Before running the Cox regression models the assumption of proportional hazards
was tested to determine whether the hazard functions across the dose groups were
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proportional to each other across time for each predictor variable. This statistical test
was conducted in STATA using scaled and unscaled Schoenfeld residuals.
Unadjusted hazard ratios and 95% confidence intervals were determined for all
predictor variables by univariate analyses. Only those variables with a p-value less
than 0.2 were included in the initial multivariate model. Backwards selection was
then used to eliminate variables, and only those variables found to have a p-value <
0.1 were included in the final model. The significance of the coefficients eliminated
was tested using the Likelihood ratio test. Cox-Snell residuals were used to assess

overall fit of the final model.
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CHAPTER FIVE: RESULTS

5.1 Descriptive Analysis

RRRRRRR
::::::
EEEE

The treatment cohort comprised more females (815; 77%) than males (245; 23%)

(Table 3). The difference in proportions for sex between the three dose groups was

not statistically significant (p = 0,4176). The median age at initiation of ART for the

three dose groups was also similar (p= 0.8696). Body weight indices between the

three dose groups did show significant differences with BMI in the d4T 40 mg group

being much higher (26kg/m? p=0.0001). The entire study population had advanced

immune suppression at initiation with a median CD4 count of 113 (IQR 53,5; 164).

No differences between the dose groups were noted with a X? p-value of 0.3416.

Table 3: Characteristics of Study Participants

Variable DAT 20 mg D4T 30 mg DAT 40 mg P-value
(n) n= 43, (4%) n=707, (65%) | n=336, (31%)
Sex Female 30 (71%) 543 (78%) 242 (75%) 0.4176
(1060)
missing =26 (2%) Male 12 (29%) 153 (22%) 80 (25%)
Age Median 34 35 34 0.8696
(1043)
missing = 43 (4%) | IQR 30-44 30-39 30-41
Weight Median 55 56 68 0.0001
(1076)
missing = 10 (1%) | IQR 51 - 64 50 — 64 62 - 65
Height Median 161 160 163 0.0001
(1052)
missing =34 (3%) | IQR 156 - 168 156 - 165 158 - 169
BMI Median 22 21 25 0.0001
(1043)
missing = 43 (4%) [ QR 19.5- 25 19-25 23-29

<18,5 kg/m’ 7 (18%) 132 (19%) 11 (3%) 0.0001

25-30 kg/m® | 22 (56%) 372 (54%) 123 (39%)

18,5-24,5 7 (18%) 103 (15%) 125 (40%)

kg/m2

>30 kg/m* 3 (8%) 81 (12%) 7 (18%)
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WHO Stage Stage 1 13 (38%) 176 (29%) 85 (30%) 0.3960
(927) Stage 2 9 (26%) 146 (24%) 69 (24%)
missing = 159 Stage 3 9 (26%) 244 (40%) 126 (44%)
(15%)* Stage 4 3 (9%) 41 (8%) 6 (2%)
Baseline CD4 Median 123 113 111 0.3416
(1061)
missing = 25 (2%) | IQR 58 - 186.75 54 — 165 50.5 - 156.5
<50 cells/mm® | 8 (20%) 159 (23%) 82 (25%) 0.2468
50-100 4 (10%) 149 (22%) 61 (18%)
cells/mm?
101- 200 24 (60) 333 (48%) 172 (52%)
cells/mm?
201-350 2 (5%) 41 (6%) 9 (3%)
cells/mm?
>350 2 (5%) 10 (1%) 5 (2%)
cells/mm?
Baseline VL Median 27630 55491 44575 0.1139
(1016)
missing = 70 (6%) | IQR 5387 - 168911 | 17870 — 16172-137650
153441
<400 c/ml 5 (13%) 57 (9%) 25 (8%) 0.2056
401-1000 0 (0 %) 7 (1%) 0 (0%)
1001 - 50000 | 19 (49%) 261 (39%%) 152 (48%)
50 001 — 4 (10%) 105 (16%) 45 (14%)
100000
>100000 11 (28%) 229 (35%) 96 (30%)
Baseline Hb Median 12.4 12 12.5 0.0017
(1028)
missing = 58 (5%) IQR 10.8-14.2 10.7 - 13.2 11.2-13.6
<7 g/dl 1 (3%) 7 (1%) 1 (1%) 0.0085
7-10 g/dl 5 (13%) 101 (15%) 28 (8%)
>10 g/dI 32 (84%) 560 (84%) 293 (915)
TB Treatment Yes 2 (5%) 113 (16%) 36 (11%) 0.0132
No 41 (95%) 590 (84%) 300 (89%)
Renal Yes 1 (2%) 30 (4%) 14 (4%) 0.8289
Dysfunction
Missing =0 No 42 (98%) 677 (96%) 322 (96%)
Co-trimoxazole Yes 14 (56%) 265 (67%) 179 (71%) 0.2312
Rx
Missing = 413 No 11 (44%) 171 (23%) 73 (29%)
(38%)**
KEY: n: Number of Study Participants; IQR: Inter-quartile Range
* WHO Stage missing completely at random, Littles Test p- value = 0.7567
**Co-trimoxazole Rx missing not at random, Littles Test p-value = < 0,0001
18
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5.2 Survival Analysis

The median cumulative time on d4T for the 20 mg group was 110 weeks (IQR 52;
125), 66 weeks (IQR 26; 134) for the d4T 30 mg group and 46 weeks (IQR 30; 85)
for the d4T 40 mg group (Table 4). More than half of the patients developed toxicity
661(61%): 120(21%) developed hyperlactataemia, 13(2%) lactic acidosis, 136(24%)
lipodystrophy and 292(52%) peripheral neuropathy. The longest duration of follow-

up time on d4T was 417 weeks. The duration of follow-up for d4T 20 mg and d4T 40

mg was 278 and 325 weeks respectively. The median time to development of any

toxicity was 42 weeks. The differences in median time to onset of toxicity are

depicted in the Kaplan Meier graph (Figure 1). The d4T 20 mg group had the longest

median time to onset of toxicity (217 weeks). The log rank test showed a statistically

significant difference between the dose groups (p < 0,0001).

Table 4: Time To Toxicity For Different d4T Dosages

Dose Duration of Time on d4T Median Time to
(weeks) Toxicity (weeks)
d4T 20 mg Median 110 217
IQR 52 -125
d4T 30 mg Median 66 137
IQR 26-134
d4T 40 mg Median 46 55
IQR 30 -85

050 075 1.0
1 1 1

0.25
1

0.00
L

Kaplan-Meier survival estimates

T
100

T
200
analysis time

T T
300 400

daT20
d4aT40

d4T30

Figure 1: Kaplan Meier Graph depicting Time to Onset of Toxicity
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5.3 Poisson Regression

The results from the Poisson regression showed that patients in the d4T 20 mg
group had the lowest incidence of all-cause toxicity with rates of 43 per 100 person-
years (95% CI 25 -76) (Table 5). In comparison, the rates for the d4T 30 mg group
and d4T 40 mg group were 67 per 100 person-years (95% CI 55- 80) and 174 per
100 person-years (95%CIl 143 - 211), respectively. The X? test of difference between
the d4T 20 mg group and the d4T 30 mg group was significant (p = 0.019); as well
as between the d4T 20 mg and d4T 40 mg groups (p= 0.0001). The comparison of
the specific toxicities showed more variable results with wide and insignificant

confidence intervals due to the small sample sizes (Table 5).

The d4T 20 mg group had the lowest incidence rates of peripheral neuropathy, 46
per 100 person-years (95% CI 18 - 116). The X?*test of difference between this group
and the d4T 30 mg and d4T 40 mg groups were not significant with p-values of
0.0965 and 0.1093, respectively. The comparison of lipodystrophy also showed
similar results, even though the d4T 30 mg group had the highest incidence rates of
127 per 100 person-years (95% Cl 92 - 174). The X? p-values were also insignificant,
0.7461 for d4T 20 mg vs. d4T 30 mg and 0.3400 for d4T 20 mg vs. d4T 40 mg.

The highest incidence rates for hyperlactataemia were in the d4T 40 mg group, 187
per 100 person-years (95% Cl 132 - 266). The X? test of difference between the
dose groups was also insignificant with p-values of 0.3321 and 0.1240. The d4T 20
mg group had the highest incidence rates of lactic acidosis: 597 per 100 person-
years (95% Cl 158 - 2256). The X? test of difference was significant compared to the
d4T 30 mg group (p= 0.0011) and insignificant compared to the d4T 40 mg group
(p=0.1553).
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Table 5: Incidence of Toxicity

vvvvvvvvvvvvvvvvvvvvvvv
uuuuuuuuuuuuuuuuuuuu
vvvvvvvvvvvvvvvvvvvvv

d4T 20 mg d4T 30 mg d4T 40 mg
(n), % Rate/100p (n), % Rate/100p | (n), % Rate/100p
yr (C) yr (CI) yr (CI)
Toxicity — all (12) 28% | 43 (335) 47% | 67 (214) 64% | 174
cause (25 - 76) (55 - 80) (143 - 211)
Peripheral (4)33% | 46 (186) 55% | 107 (102) 48% | 100
neuropathy (18 - 116) (83 - 137) (78 -129)
Lipodystrophy (5) 42% 125 (90) 27% 127 (40) 19% 76
(56 - 281) (92 - 174) (54 - 105)
Lactic Acidosis (2) 17% 597 (2) 1% 11¢( (9) 5% 408
(158 - 2256) 3-51) (126 -
1320)
Hyperlactataemia | (1) 8% 28 (59) 8% 59 (63) 29% 187
(4-217) (41 -83) (132 - 266)

KEY: n: number; Cl: Confidence Interval; p: person; yr: year

5.4 Cox Regression Models

The results of the test of proportional hazards confirmed that most of the variables

met this criterion. However, the variable sex was found to violate the assumption of

proportional hazards with a significant p-value of 0.002, even though it is a fixed

covariate that is not expected to change over time. Furthermore, the variable is an

important risk factor for d4T associated toxicity and stratifying the model according to

sex would mean the effects of sex on toxicity would not be determined. The initial full

model included d4T dose, BMI, sex, baseline CD4 count and renal dysfunction.

Backwards elimination of variables found CD4 to be insignificant in the model with

Likelihood Ratio Test p-value of 0.3954. Baseline BMI was kept in the model as the

Likelihood Ratio Test p-value was 0.1014.

© University of Pretoria
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Table 6: Risk Factor for d4T-associated Toxicity

Variable Univariate Analysis
(n) Crude HR P-value 95 % ClI
d4T Dose d4T 20 mg 0.42 0.003 0.24-0.74
d4T 30 mg 0.70 0.000 0.59 -0.83
d4T 40 mg Reference
Age <25 0.69 0.278 0.35-1.36
26 -35 0.83 0.521 0.46 - 1.48
36 -45 0.75 0.335 0.42-1.35
46 -55 0.96 0.889 0.51-1.78
>55 Reference
Sex (female vs. male) 1.14 0.000 1.08-1.21
WHO Stage WHO1 Reference
WHO2 1.02 0.818 0.81-131
WHO3 0.92 0.464 0.74-1.14
WHO4 1.06 0.795 0.69 - 1.62
Baseline <50 cells/mm® 1.41 0.340 0.69 - 2.89
CD4 50-100 cells/mm® 1.30 0.472 0.63 - 2.67
101- 200 cells/mm°® 1.25 0.538 0.62 - 2.52
201-350 cells/mm? 1.74 0.121 0.80 - 3.78
>350 cells/mm® Reference
BMI < 18,5 kg/m” Reference
25 - 30 kg/m® 1.11 0.439 0.85 - 1.44
18,5 - 24,5 kg/m” 1.24 0.142 0.93-1.65
>30 kg/m” 1.68 0.001 1.22 - 2.30
Baseline VL <400 c/ml Reference
401-1000 1.10 0.852 0.40 - 3.05
1001 - 50000 0.92 0.599 0.67 - 1.26
50 001 - 100000 0.92 0.656 0.65-1.32
>100000 0.92 0.889 0.66 - 1.26
Baseline Hb <7 g/dl 1.09 0.839 0.45-2.63
7-10 g/dli 0.85 0.211 0.65-1.11
>10 g/dl Reference
TB Treatment
(1082) 1.09 0.537 0.86-1.38
Renal Dysfunction 1.85
(1086) 0.001 1.29 - 2.64
d4T Duration Time on d4T20 1 0.807 0.99 -1.00
Time on d4T30 1 0.402 1.00 - 1.00
Time on d4T40 Reference

KEY: n: number; HR: Hazard Ratio; Cl: Confidence Interval
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The final model selected included d4T 20 mg, d4T 30 mg, d4T 40 mg (held as the
reference), sex, BMI and renal dysfunction as risk factors for development of d4T
associated toxicity (Table 7). Of the 3 drug doses the hazard ratio’s show that the
d4T 20 mg dose was 0.36 times less likely to cause toxicity as the reference dose (p
= 0.003. Females were 1.58 times more likely to develop toxicity (p <0.001) than
men in this analysis. The presence of renal dysfunction was also shown to be a
significant risk factor as those patients were 1.88 times more likely to develop toxicity
(p-value = 0.001). BMI as a categorical value was included in the final model even
though the p-values were high, as the likelihood ratio test showed that the variable

was still significant in the model.

Table 7: Multivariate Analysis: Final Model

Variable Multivariate Analysis (Final Model)
™ Adjusted HR P-value 95 % CI

d4T 20 mg 0.36 0.003 0.20 - 0.65

d4T Dose | 44T 30mg 0.58 <0.000 0.48-0.71
d4T 40 mg Reference
BMI < 18,5 kg/m’ Reference

25 - 30 kg/m* 0.96 0.770 0.74-1.26

18,5 - 24,5 kg/m” 0.83 0.249 0.61-1.14

>30 kg/m” 1.23 0.230 0.88 -1.71

Sex 1.58 <0.001 1.25-2.00

Renal Dysfunction 1.88 0.001 1.25-1.99

Goodness-of-fit testing of the model using Cox-Snell residuals showed that the
model fit reasonably well. Figure 2 graphically displays the hazard function following

the 45 degree line fairly closely with some deviation at large values of time.
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CHAPTER SIX: DISCUSSION

This retrospective data analysis aimed to compare the differences in cumulative
toxicity between low dose d4T (20 mg bid) and the higher doses d4T (30 mg bid) and
d4T (40 mg bid). The primary objectives were to determine the time to onset of toxic
side effects for each of the dose groups, namely d4T 20 mg, d4T 30 mg and d4T 40
mg. Another important objective was to determine the differences in incidence rates
of toxicity between the dose groups. Additionally, risk factors associated with the

development of toxicity were identified.

Baseline characteristics of the study population were consistent with findings from
other African treatment cohorts in reference to; the female preponderance, age and
clinical stage at time of ART initiation.?®3#4249°>>" The study population consisted
largely of women with a mean age of 36 years (18-75 years). Baseline immunity at
initiation was low in the population as patients were only started on treatment at a
CD4 count < 200 cells/mm?®.5? The distribution of characteristics was equal amongst

the dose groups except for the weight indicators.

BMI and weight were significantly higher in the d4T 40 mg group than in the other
dose groups. This was due to the fact that patients were initiated onto d4T 40 mg
when their weight was 260kg. Furthermore, as of June 2007 patients were no longer
initiated onto d4T 40 mg which explains the smaller number of patients in this group
compared to the d4T 30 mg group.? The d4T 20 mg group was also very small as
few patients were on this dose because it was only used for patients who had very
low weight or had renal dysfunction However, even with the smaller than expected

sample size, rates of toxicity were still high in this cohort.

Toxicity is a fairly common complication of d4T treatment and the results of this
study attest to this.3%3337394% There were high levels of toxicity amongst patients with
incidence rates of up to 174 per 100 person-years. A significant finding was that the
d4T 20 mg dose group had the lowest incidence rates of toxicity compared to the
higher dose groups. The results from the analysis of the specific toxicities did not

show consistent results and lacked precision due to the small numbers in some of
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the groups. Peripheral neuropathy was found to be the most common toxicity, which

was consistent with other studies.3%383%49

The timing of toxicity was delayed for those on d4T 20 mg compared to the other
dose groups. However the switching of patients from d4T 40 mg to lower doses
would have reduced the length of follow-up time for patients in that dose group as
such patients were censored at the time of switching. The longest duration of follow-
up was 417 weeks for the d4T 30 mg group only. This was not a sufficient period to
assess the long-term cumulative effects of d4T toxicity in the other does groups.
However the length of follow-up was sufficient for identifying potential risk factors for

development of toxicity.

Risk factor analysis for the causes of d4T-associated toxicity showed that being
female had the highest hazard of developing toxicity. This sex-related difference has
been noted in other studies and has been related to increased body mass in women
at ART initiation.>>3"*>®° Body mass indicators also proved to be a risk factor in this
study, which was consistent with other studies.*®*’ Menezes et al found a strong
association between weight and d4T-associated toxicity with BMI 25-30 kg/m? being
a risk factor for toxicity.** Renal dysfunction was found to be a risk factor in the
development of toxicity in this population. As d4T is eliminated through the kidney,
patients with reduced creatinine clearance are not able to eliminate the drug

effectively.>®>°

6.1 Limitations of the Study

The use of secondary data has challenges which were encountered during this
study.®* Some of these challenges include poor quality of some of the variables;
certain desired information was not collected; as well as lack of information on how

certain variables were defined.

This analysis had the following limitations:
i.  The required sample size that was estimated to reach a power of 80% was
not obtained. There were also missing values in the dataset that further
contributed to decreasing the sample size.
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This affected the precision of some of the statistical tests that were performed,
which was indicated by some of the wide confidence intervals seen in the
results. The low sample size lead to an underpowered study that reduces the
chance of the findings being true. The estimate of the size of the significant
results may be exaggerated.

Due to the clinical data being retrospectively collected, it was not possible to
ascertain whether the clinical definitions of toxicity applied by clinicians
involved in the care of patients were standardised.

For the purposes of this study the first record of toxicity was taken as the start
date of toxicity. The exact timing of adverse events may also not have been
adequately determined as these patients would be seen at intervals and data
would be recorded as and when they came for follow-up which could affect
validity of these results.

The first adverse event associated with toxicity was considered as an event

irrespective of the grading or severity since this was not available.
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CHAPTER SEVEN: CONCLUSION

The assessment of toxicity of low dose d4T compared to standard (higher) doses in
this study has shown an increase in the development of toxicity in the study
population on higher doses. Despite the limitations of secondary data analysis, the
results provide evidence that the d4T 20 mg bid dose has a long-term better safety
profile than the standard doses. Incidence rates of toxicity were lower for this group
and the time to onset of toxicity was also significantly lower. The hazard ratios for

developing toxicity on this dose were also lower than on the higher doses.

There is a justification for pursuing d4T 20 mg as an alternative first line treatment
option for developing countries. The few studies conducted on d4T 20 mg have
shown that it has efficacy which is similar to the higher standard doses with patients

having equivalent survival and reaching virological suppression in the cohorts.*

This study has shown that people on low dose d4T had fewer incidences of toxicity.
The use of a reduced d4T dose could lead to cost saving which could potentially lead
to more people accessing ARV’s.®®> A randomised controlled trial with a duration
beyond 96 weeks that would compare low dose d4T against first line ARV’s such as
TDF is recommended. Furthermore this clinical trial should also focus on the risk
factors for development of toxicity stratified by dose. This would give much clearer

results on the benefits of low dose d4T.
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APPENDIX 1: Pilot Study

Introduction

In order to estimate the expected prevalence of toxicity amongst patients taking d4T
a small exploratory pilot study was conducted. The data used was collected from
Zuzimpilo Clinic, which is a fee-for-service HIV clinic based in downtown
Johannesburg overseen by PHRU. Data was collected from patients’ files and no
identifiers such as patient names, file numbers or personal identity numbers were
recorded. All patients who were above 18 years and had been initiated onto d4T
between January 2007 and December 2011 and followed up until December 2012

were included in the analysis.

Demogqraphics

A total of 165 patients had been initiated onto treatment during that period.

Variable | N Mean Std Dev Min Max
Age 165 355 7.6 20 64
Sex 165 [Female n= 66 (40%);

Male n=99 (60%)]
Baseline | 164 191.4 175.2 1 876
CD4

Stavudine Dosages

As per National ART guidelines most patients were started on a triple combined ART
regimen that included Stavudine (d4T). The d4T dosage was weight based with
patients either receiving 20 mg, 30 mg or 40 mg twice daily.

The dosages were adjusted according to changes in the patient’s weight and renal
functions. As the d4T 20 mg dose was used mainly for patients with compromised
kidney functions or very low weight. There were disproportionately fewer patients in

this group than in the other 2 dose groups (d4T 30 mg and d4T 40 mg).
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d4T Dose N(%)
d4T20 11(7)
d4T30 100(60)
d4T40 54(33)
Toxicity

Toxicity is defined as the presence of peripheral neuropathy, lipodystrophy,

hyperlactataemia or lactic acidosis in a patient since starting Stavudine (d4T)

treatment. The first diagnosis of any of these conditions was considered as the start

of toxicity. Ninety eight patients (59%) developed toxicity whilst on d4T. The following

prevalence of toxicity was found in the cohort:

d4T Dose (initial) Toxicity n(%)
d4T 20 mg 5(45%)

d4T 30 mg 60(60%)

d4T 40 mg 33(61%)

© University of Pretoria
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APPENDIX 2: Data Extraction Form

Date of Birth (yy/mm/dd)

Sex Female Male

Weight Height BMI

CD4 VL Hb

WHO Stage 1 3 4

DAT dose Start Stop

Adverse event | Yes No Renal Dysfunction

Yes No

Co- Yes No TB Diagnosis

trimoxazole ves No

Toxicityl Start Treatment Yes No
Change

Toxicity2 Start Treatment Yes No
Change

Toxicity3 Start Treatment Yes No
Change

Toxicity4 Start Treatment Yes No
Change

Toxicity5 Start Treatment Yes No
Change

Toxicity6 Start Treatment Yes No
Change

Toxicity7 Start Treatment Yes No
Change

Toxicity8 Start Treatment Yes No
Change

Lost to Follow-up Date Dead Date

© University of Pretoria
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APPENDIX 3: Letter of Permission For Data Use

Permission to access Records / Files / Database

To: Dr N Martinson
(GEO Perinatal HIV Research Unit)

Re: Permission to do research at Perinatal HIV Research Unit

I, Dr Mmatsie Manentsa, arn a student at the University of Pretoria in the School of Health Systems
and Public Health, under the supervision of Dr NRT Ledibane and Prof. P Rheeder.

I hereby request permission to access patient records from your institution for the purpose of a
research study for the MSc Epidemiology degree.

The request is lodged with you in terms of the requirements of the Promotion of Access to
Information Act. No. 2 of 2000.

The fitle of the study is: Analysis of Stavudine-associated Toxicity in Patients on Low-dose
versus High-dose Stavudine in an HIV Treatment Cohort

| request access to the following information:
Access to the clinical files, record book and the database.

lintend to publish the findings of the study in a professional joumnal and/ or at professional meeting
like symposia, congresses, or other meetings of such a nature.

lintend to protect the personal identity of the patients by assigning each patient a random code
number.

| underiake not to proceed with the study until | have received approval from the Faculty of Health
Sciences Research Ethics Committee, University of Pretoria.

Yours Sincerely

Dr Mmatsie Manentsa %xzﬁéw 16 September 2014

Chief Executive Officer

Br t JS a‘v%m;o.«
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OF\N‘AOOOOZ567,Approveddd22May2002and UNIVERSITY OF PRETORIA
Expires 20 Oct 2016. YUNIBESITHI YA PRETORIA

+ IRB 0000 2235 IORGO001762 Approved dd
22/04/2014 and Expires 22/04/2017.

The Research Ethics Committee, Faculty Health
Sciences, University of Pretoria complies with ICH-
GCP guidetines and has US Federal wide Assurance. U N ’ V ER S l T E IT VAN PRET ORIA

Faculty of Health Sciences Research Ethics Committee

26/02/2015

Approval Certificate
New Application

Ethics Reference No.: 32/2015
Title: Stavudine-associated Toxicity in Patients on Low-dose versus High-dose Stavudine in an HiV Treatment Cohort
Dear Dr Mmatsie Manentsa

The New Application as supported by documents specified in your cover letter for your research received on the
25/01/2015, was approved by the Faculty of Health Sciences Research Ethics Committee on its quorate meeting of
25/02/2015.

Please note the following about your ethics approval:

e  FEthics Approval is valid for 1 year.

+  Please remember fo use your protocol number (32/2015) on any decuments or correspondence with the
Research Ethics Committee regarding your research.

e  Please note that the Research Ethics Committee may ask further questions, seek additional information, require
further modification, or monitor the conduct of your research.

Ethics approval is subject to the following:

«  The ethics approval is conditicnal on the receipt of 6 monthly written Progress Reports, and

«  The ethics approval is conditional on the research being conducted as stipulated by the details of all documents
submitted to the Committee. In the avent that a further need arises to change who the investigators are, the
methods or any other aspect, such changes must be submitted as an Amendment for approval by the Committee.

We wish you the best with your research.
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B

Dr R Sommets+MBChB; MMed (Int); MPharMed.
Deputy Chairperson of the Faculty of Health Sciences Research Ethics Committee, University of Pretoria

The Faculty of Health Sciences Research Ethics Committee complies with the SA National Act 61 of 2003 as it
pertains to health research and the United States Code of Federal Regulations Title 45 and 46, This committee
abides by the ethical norms and principles for research, established by the Declaration of Helsinki, the South African
Medical Research Councit Guidelines as well as the Guidelines for Ethical Research: Principles Structures and
Processes 2004 (Department of Health).
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