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ABSTRACT:

BACKGROUND:

While reports suggest that some HIV-infected patients on a protease inhibitor (Pl)-based
second-line antiretroviral therapy (ART) achieve viral re-suppression after experiencing
virological failure, their risk of experiencing virological rebound (subsequent virological
failure) is unclear. This study estimated the incidence rates and investigated predictors of
virological rebound among these patients in Johannesburg, South Africa.

METHODS:

A retrospective cohort study design was used to analyse routinely collected adult
(=218years) patient data from Themba Lethu Clinic for patients switched to Pl-based
second-line ART between 15t January 2012 and 315t December 2016. The analysis was
restricted to patients who experienced virological failure and achieved viral re-suppression
within six months while on Pl-based second-line ART. The follow-up period was 24
months, and censoring occurred at the time of death, transfer to another HIV treatment
site, loss to follow-up, or at the dataset closure date (24 months from the viral re-
suppression date). Baseline socio-demographic and clinical characteristics were
summarised with stratification by sex. Kaplan Meir survival analyses were used to
estimate incidence rates and the probability of surviving virological rebound stratified by
selected covariates. Predictors of virological rebound were identified using Cox

proportional hazard models.

RESULTS:

Out of 2371 patients initiated on Pl-based second-line ART, a total of 246 patients (57.4%
males and 42.6% females) experienced initial virological failure and achieved viral re-
suppression in a median (IQR) of 3.7 (2.8-4.6) months. The probability of surviving
virological rebound was significantly higher for patients who received at least five
enhanced adherence counselling (EAC) sessions compared to those who received less

than five (log-rank test: p-value <0.0001). The overall incidence rate of virological rebound
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was 23.20 (95% CI: 18.38-29.27) per 100 person-years. However, the incidence rate was
higher for males (Males: 24.39; 95% CI: 17.15-34.68 per 100 person-years vs Females:
22.35; 95% CI: 16.39-30.47). The risk of virological rebound was higher for underweight
patients (BMI: <20kg/m? compared to those with a normal BMI (BMI: 25-29.9 kg/m?),
(aHR: 3.08; 95% CI:1.16-8.13). Patients with a low CD4 count (<350 cells/ul) had a higher
risk compared to those with a higher CD4 count (>500 cells/pl) (aHR: 3.68; 95% CI:1.10-
12.33). Receiving at least five adherence counselling sessions seemed to reduce the risk
by 89% compared to receiving less than five (aHR: 0.11; 95% CI:0.06-0.20).

CONCLUSION:

Virological rebound is highly incident among HIV-infected patients on Pl-based second-
line ART who re-suppress after experiencing initial virological failure. Enhancing patient-
centred interventions to improve ART adherence, CD4 count, and BMI in these patients,
are essential for the reduction of switches to more expensive and limited third-line ART

regimens.

Key words: HIV, second-line ART, virological failure, virological rebound
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DEFINITION OF TERMS:

Clinical Failure:

Human
Immunodeficiency
Virus (HIV):

Incidence:

Loss to follow-up
(LTFU):

Immunological failure:

Protease Inhibitor:

Virological blip:

Virological Failure:

Virological rebound:

Viral / Virological

supression

The occurrence of a new WHO stage Il or IV opportunistic

diseases while on antiretroviral therapy (ART)

A retrovirus that infects cells of the immune system and
results in deterioration of the immune system leading to

Acquired Immunodeficiency Syndrome (AIDS).

A measure of the probability of occurrence of new cases of
disease or health-related event during a specified period

within a specific population

Patients with no contact with the health facility for 180 days

(6-months) from the last visit.

Inability to maintain a high plasma CD4 cell count

A class of antiretroviral (ARV) drugs that prevent viral

replication by binding to viral protease.

After achieving virologic suppression, a single detectable
HIV RNA level (=1000 copies/mL) that is followed by a

return to virologic suppression

The inability to achieve or maintain plasma HIV RNA levels

of at least 1000 copies/mL

Confirmed plasma HIV RNA level greater than or equal to
1000 copies/mL after achieving virologic suppression on

antiretroviral therapy

A reduction of viral load (HIV RNA) from high (>400
copies/yul) to a viral load of < 400copies/ul or undetectable

level (<50 copies/ pl).
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RESEARCH REPORT OUTLINE:

This research report is divided into four chapters:

CHAPTER 1- INTRODUCTION:
Provides a background to the burden of and factors associated with second-
line ART failure, providing insights on virological rebound, which warrant
further research in resource limited settings. In addition, the chapter presents
detailed peer-reviewed literature on virological failure or rebound while
highlighting some of the gaps in this body of literature. The chapter concludes

by providing the problem statement, study significance, and objectives.

CHAPTER 2 - METHODS:
Outlines the methods used to address each of the study objectives which
includes providing details of the study design, data source, data management,

analysis methods, and ethical considerations.

CHAPTER 3 - RESULTS:
Presents the study results, that is, both descriptive and analytical research

findings, based on the analysis method used.

CHAPTER 4 - DISCUSSION:
Discusses the research findings while referring to previous literature and HIV

treatment and monitoring policies.

CHAPTER 5 - LIMITATIONS:

Presents the present study’s limitations and summarises its strengths.

CHAPTER 6 - RECOMMENDATIONS AND CONCLUSION
Presents future research recommendations and provides a conclusion of the

study findings.

REFERENCES:
All cited references are presented in the references section at the end of the

research report.

APPENDICES: Any additional information is presented in the appendices section.
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CHAPTER 1- INTRODUCTION

This chapter begins by providing a background of the burden of and factors associated
with virological failure among patients on Pl-based second-line anti-retroviral therapy
(ART) in sub-Saharan Africa and South Africa. Next, the chapter gives a critical review of
previous literature and, thereafter, outlines the problem statement, followed by the
justification of this research study. The chapter ends by stating the research question,

objectives, and conceptual framework of the research study.

1.1 BACKGROUND

Despite the global efforts to scale-up access to ART, a high proportion of HIV-infected
patients on first-line ART experience treatment failure. Such patients are required to
switch to second-line drug regimens (1,2). In sub-Saharan Africa, the number of patients
switched to second-line treatment has been increasing over the years (3), from 48% in
2010 to 56% in 2016 (4,5). The region is estimated to have about 0.5-3 million patients on
second-line ART by the year 2020 (3). In South Africa, second-line ART is offered based
on the WHO recommendations and usually consists of a boosted protease inhibitor (PI)
[lopinavir-ritonavir (LP/r) or atazanavir-ritonavir (ATZ/r)] together with two nucleoside or
nucleotide reverse transcriptase inhibitors (NRTIs). Most patients on these Pl-based drug
regimens (henceforth, also referred to as second-line ART) exhibit rapid undetectable
viral loads and improved immunity after the switch (6—8). However, a substantial number
of these patients tend to experience treatment failure within the first six months (9-11).
The risk of experiencing treatment failure is higher, particularly among those who fail to
achieve viral suppression after the switch to these second-line ART regimens (12).
Moreover, if HIV drug resistance ensues in such patients, the efficacy of subsequent drug

regimens may be compromised.

Although there are three types of treatment failure, namely clinical, immunological, and
virological failure, the WHO recommends viral load (VL) testing as a gold standard
technique for assessing treatment failure in the form of virological failure in resource-

limited settings (13). In addition, a costly genotype drug resistance test, if available, is
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mainly used for guiding the switch to third-line ART regimens for patients failing to achieve
viral re-suppression while on second-line ART (13). Since the number of patients
experiencing virological failure while on these second-line ART regimens is thought to be
increasing, early detection of this treatment complication is critical. Diagnostic timeliness
ensures that there is timely initiation of patient-centred interventions that target the

achievement and maintenance of virological re-suppression in such patients.

Many studies have attempted to identify predictors of virological failure among patients on
either first-line or second-line ART. Specific to second-line ART virological failure, these
have been identified as mainly patient socio-demographic, clinical factors, and
immunological factors. Despite the interplay of these different factors, ART adherence has
singularly been described as a primary predictor of virological, immunological, and clinical
treatment outcomes (14,15). Efforts have been made to improve adherence to ART, but
many non-adherent patients, while on first-line ART, tend to have poor adherence when
switched to second-line ART (15,16). A South African study has recommended the use
of health interventions that focus on improving ART adherence to allow patients to

continue using second-line ART regimens after initial failure on this treatment (15).

As a way of improving ART adherence in patients failing second-line ART, clinics provide
enhanced adherence support through adherence counselling (13). Most of these patients
achieve viral re-suppression with undetectable Viral Loads (VL) within 12 months after
receiving this adherence support (12,17). Once this is achieved and maintained, these
patients continue their treatment on second-line ART regimens with scheduled VL tests
after six months, 12 months, and then annually in accordance with the usual standard of
care. However, after achieving viral re-suppression, some of these patients experience
virological rebound while still on these second-line ART regimens. The actual burden of
virological rebound has not been well documented in resource-limited settings, including
South Africa. Nevertheless, two studies in South Africa, have reported high proportions of

patients (19% and 51%) who experienced virological rebound (18,19).



Although costly third-line drug regimens exist as an alternative for patients failing second-
line treatment due to confirmed genotype drug resistance, these drugs are not readily
available in resource-limited settings. A recent report estimates the cost of third-line ART
to be six times that of second-line ART (20). Hence, only a few countries in these settings
can make a provision of this treatment for these patients (1,21). South Africa, amongst
the few, offers third-line ART to such patients who fail to achieve and sustain virological
re-suppression due to genotype drug resistance despite receiving adherence support
(1,22). In short, second-line ART remains the treatment of choice even for patients with
confirmed genotype drug resistance and is often the last option available for most of these
patients in resource-limited settings. Therefore, maximising the duration of second-line

ART regimens is critical in such settings.

Even though most patients on second-line ART achieve virological re-suppression after
experiencing virological failure through enhanced adherence support, their risk of
virological rebound is unclear. Understanding the burden and associated factors of
virological rebound are crucial for the development of targeted patient-centred
interventions that can improve treatment outcomes in these patients. This essential
information can help to reduce switches to more expensive and limited third-line ART

regimens.

1.2 LITERATURE REVIEW

The present study focuses on examining the burden and determinants of virological
rebound in adult patients who achieved virological re-suppression after experiencing
second-line ART failure. In order to provide a detailed background for this research, the
main areas of emphasis in this literature review are the HIV burden and uptake of ART,
ART failure, virological failure in second-line ART, and predictors of virological failure in
second-line ART. Part of the review attempts to illustrate the basis and relevance of the

present study by highlighting some gaps in the literature.



1.2.1 HIV burden and ART uptake among HIV-infected patients

Human Immunodeficiency Virus (HIV) infection has remained a global burden for the past
three and a half decades, making it a worldwide health priority. As of 2017, there were
approximately 36.7 million people worldwide living with HIV/AIDS, of which 69% were in
Africa (23). The HIV/AIDs pandemic still stands as a public health problem and, more so,
in low-income and middle-income countries (LMIC), particularly in the sub-Saharan
African region, which is the most affected. In 2012, reports indicated that this region
contributed an estimated 69% (23.5 million) to the global HIV burden, with about 71% of
global new adult HIV infections emanating from this region (24). The same report stated
that most of the global deaths (70%) occurred in the same region. South Africa, in
particular, has the highest number of HIV-infected individuals in the region and globally
(25). In 2017, the country had approximately 7.9 million people living with HIV, and the
prevalence rate in adults aged 15-64 years was 20% (26).

The scale-up of antiretroviral therapy (ART) globally, has led to an increased ART
coverage in LMIC (4). This initiative has contributed to a global decline in AIDS-related
deaths by 48%, from approximately 1.9 million in 2005 to 1 million in 2016 (27). Evidence
indicates that HIV/AIDS mortality in sub-Saharan Africa has also declined markedly by
32% from 2005 to 2011 (24). South Africa alone started the ART program in 2004, and
this significantly reduced HIV-related deaths over 13 years. From the highest record in
2005 to 2017, there was a 70% and 59% reduction among adult women (15 and older)
and adult men, respectively (28). This difference among the two sexes is attributed to the
discrepancy in ART coverage, which drastically improved from an overall 2% in 2005 to
58% among women but 52% among men in 2017 (28). Reports indicate that since the
introduction of combined ART, there has also been a significant decline in the morbidity
and risk of transmission among HIV patients (29). The increased coverage and access
has also contributed to an increase in the life expectancy evidenced by an increase in the

number of people living with HIV aged 50 years and above (30,31).



1.2.2 ART failure and treatment options among HIV-infected patients

Although first-line ART regimens have been quite effective and successful in the Sub-
Saharan Africa region, some patients experience treatment failure due to poor adherence
or having a drug-resistant HIV strain (6,15). Annually, about 6% of the HIV-infected
patients who experience first-line ART failure are switched to second-line ART regimens
in the region (21). This proportion is expected to increase over the years due to drug and
routine VL monitoring availability (3,32). Approximately 300 000 patients were receiving
second-line ART in 2013 in the region, and these numbers are also projected to increase
to 2—4 million by 2030 (3). South Africa, in particular, has an estimated 10% of HIV-
infected patients being switched to second-line ART after failing first-line ART (1,21). Due
to increasing rates of first-line ART failure, high demand for second-line ART regimens,

which are almost twice the cost of first-line ART regimens, is inevitable (33).

South Africa adopted the World Health Organisation (WHO) recommendations for HIV
management and offers first-line treatment as a combination of two nucleoside/nucleotide
reverse transcriptase inhibitors (NRTI) with a single non-nucleoside reverse transcriptase
inhibitor (NNRTI) (34). Second-line treatment is offered as a combination of two NRTIs
different from those in first-line treatment, together with a protease inhibitor (PI). The Pl is
typically ritonavir-boosted lopinavir (LPV/r) or ritonavir-boosted atazanavir (ATV/r).
Studies have demonstrated that viral re-suppression is a common finding in patients using
Pl-based regimens, even in the absence of the NRTI component (6,35-37). Furthermore,
other studies have found that these drug regimens markedly reduce mortality (38),
increase life expectancy (39), and decrease the risk of developing drug resistance (40).
Third-line ART regimens, which are an alternative to second-line ART regimens exist.
However, only a few countries in sub-Saharan Africa and other resource-limited settings
have access. These drug regimens are costly and require drug resistance testing facilities
before initiation. South Africa is one of the few countries that have limited access to these
third-line ART regimens for patients not responding to second-line treatment even after
efforts of improving patient ART adherence (41). However, access to these limited drug
regimens is only granted to patients with confirmed Pl drug resistance by an expert

committee.
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ART failure takes three forms: clinical, immunological, and virological failure. However,
some patients may have a combination of these. All these forms have unique confirmatory
diagnostic approaches, which are considered as ART monitoring techniques. Clinical
failure is confirmed based on the World Health Organization (WHO) staging for HIV/AIDS
and disease progression. Immunological failure is assessed by examining the Cluster
Designated 4 (CD4) cell count trends over time. Virological failure confirmation entails
measuring the Viral load [i.e., plasma HIV RNA (Human Immunodeficiency Virus
Ribonucleic Acid) levels]. Viral load testing compared to the other two ART monitoring
approaches is more practical and efficient for early detection of ART failures (42). After
all, in 2013, the WHO recommended it as a preferred ART monitoring and treatment failure

diagnostic approach (13).

1.2.3 Virological failure among patients on Second-line ART

In parallel with the high numbers switching to second-line ART, treatment failure in these
patients after the switch has also emerged as a growing concern. According to a multi-
cohort analysis of ART programs from resource-limited settings, the overall incidence rate
of second-line ART virological failure was found to be 46% higher than that of first-line
ART (43). In addition, a large volume of published studies from the Sub-Saharan African
region, have reported varying prevalence estimates for second-line ART virological failure,
ranging from 14% to 32% (8-10,15,37,44,45).

The WHO recommends a viral load threshold of 1000 copies/ml for defining virological
failure based on two main research findings. Firstly, viral blips or intermittent low viremia
between 50-1000 copies/ml can occur but may not be associated with virological failure
(46). Secondly, the risk of HIV transmission and disease progression is lower in patients

with viral loads below 1000 copies/ml (47).

Researchers have attempted to establish possible causes of persistent second-line ART

virological failure in resource-limited settings. Several studies have found that PI resistant
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viral mutations develop in patients with persistent virological failure while on second-line
ART (48,49). Conversely, several studies in similar settings suggest that virological failure
in patients on second-line ART is mainly due to poor adherence and not drug resistance
(9,44,50). Again, the literature suggests that the absence of PI resistant viral mutations in
patients experiencing virological failure as confirmed by genotype drug resistance tests
may be a strong indication of poor adherence (51). However, studies in South Africa have
reported low rates of drug resistance in patients on these drug regimens (11,14,51). This
evidence shows that improving ART adherence among such patients may extend the time
on second-line treatment and may also reduce rates of patients switching to the limited
third-line ART.

Due to the high-cost implications, delaying the switch to third-line ART regimens is crucial
in resource-limited settings. Hence, enhanced adherence counselling (EAC) is offered to
patients who have elevated viral load measurements followed by a repeat viral load test
1-3 months later to check for any virological improvements. In South Africa, patients failing
to re-suppress after receiving repeated EAC are permitted to switch to a third-line regimen
after a confirmed genotype drug resistance. Genotype drug resistance testing is also used
for generating a patient drug resistance profile, which is used for identifying the most
appropriate patient-specific third-line drug combination. Research supporting the use of
EAC as an intervention impacting on ART adherence and viral suppression during first-
line ART is well documented (52-54). Also, previous research has shown that by
triggering viral re-suppression in second-line ART patients, this intervention reduces the
proportion of patients switching to third-line ART (17). Based on such evidence, the WHO
has recommended this intervention to patients failing second-line treatment in resource-

limited settings.

Long-term effects on virological outcomes after viral re-suppression in patients failing
second-line ART have not been studied extensively. Debate continues on the best
strategies for the management of such patients. In South Africa, these patients are offered
routine standard care, with virological monitoring being done at six months and then

annually if viral suppression is maintained. However, virological rebound is increasingly
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being experienced in some of these patients. And, the available literature on this clinical
complication is scanty, and there is a need for further research in this regard. So far, two
South African longitudinal studies have reported conflicting proportions of patients
experiencing virological rebound of 19% (18) and 61.5% (55). In view of this, one may
suppose that delayed virological monitoring commonly offered in standard care (at the 6-
month, 12-month visit, and every 12-months thereafter) is responsible for interruption of
early virological rebound detection. Also, one may argue that virological rebound in these
patients may also be attributed to poor adherence practices or genotype drug resistance,

but further research is required to explore such associations.

1.2.4 Predictors of virological failure among patients on second-line ART

Factors thought to be influencing second-line ART failure have been explored in several
studies. A number of these studies have reported that suboptimal or poor adherence is a
primary predictor of second-line failure (6,37,56). However, other studies have attempted
to identify other associated factors. Several studies have demonstrated that a high viral
load at the start of second-line ART is also a strong independent risk factor (57-59).
Equally, high viral loads during first-line ART have also been associated with subsequent
treatment failure during second-line ART (60,61). Other researchers have shown that the
type of regimen offered as a second-line treatment can determine treatment failure.
Evidence suggests that the use of Pl-based drug regimens containing ritonavir-boosted
lopinavir has been associated with a lower risk of treatment failure (43). In addition, the
literature suggests that patients with a previous TB infection or on anti-TB treatment are
at higher risk of second-line ART failure (55). Patients on anti-TB treatment more
commonly have a reduction in Pl plasma concentration by more than 90% if the dose of
ritonavir-boosted lopinavir is not adjusted upwards (62—64). As such, other research
findings suggest that these patients require high tolerance to high doses of the Pls for
successful TB treatment (65—-67). In the case of self-reported adverse drug reactions
(ADRs ), these have also been linked to virological failure in patients on second-line ART
(56). Furthermore, low CD4 count at second-line ART initiation has emerged as another

significant predictor of second-line ART virological failure (68,69). And, one study in South
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Africa has reported that patients on second-line ART with early viral re-suppression, are
likely to maintain this virological status compared to those with delayed viral re-

suppression (70).

While some studies have reported a higher risk of second-line ART failure among females
(15,71), others have suggested that males have a higher risk (72—-74). However, a
significant number of studies have displayed no significant association with sex (55,56).
Additionally, older age has also been considered to be associated with a lower risk of
second-line ART failure in both resource-rich and resource-limited settings (37,75). This,
together with education, provide a backbone for understanding and valuing the
importance of treatment adherence (76). Furthermore, research has also confirmed that
unemployment is a predictor of virologic failure in second-line ART (56). Other factors

considered as predictors include low Body Mass Index (56) and duration on ART (9).

Evidence suggests that offering EAC during first-line ART initiation reduces the risk of
poor adherence and virological failure (77). However, research on the impact of EAC on
the long-term virological response on second-line ART is sparse. A recent study by Fox
et al. (2016) in South Africa, limited by the absence of a comparison group, found 67% of
the patients who failed second-line ART and later received enhanced adherence
counselling achieved viral re-suppression (15). In contrast, a study conducted in
Swaziland with a comparison group found conflicting results on this association (17).
Even though this intervention is thought to have beneficial results on adherence, its effect

on long-term virological response may be considered as inconclusive.

No previous study has investigated the predictors of virological rebound among patients
on second-line ART who achieved virological re-suppression after experiencing initial
failure. However, Le Moing et al. (2002) conducted a longitudinal study in a resource-
rich setting to establish the predictors of virological rebound in patients initiated on PI-
based drug regimens as a first-line treatment (77). The study found that lower adherence,

a baseline CD4 count of <500 %106 cells/I, current lower CD4 count, baseline viral load of



<400 copies/ml, younger age, and longer duration on antiretroviral treatment were

significant predictors.

1.3 PROBLEM STATEMENT

Monitoring patients on ART is crucial for successful treatment, establishing poor treatment
adherence, and confirming treatment failure. Accordingly, multiple resources are required
to ensure successful ART monitoring. As the ART programmes and coverage expand,
patient monitoring becomes a challenge in the public health sector in resource-limited
settings with insufficient healthcare workforce. With the increasing number of patients on
ART against the available health care workforce, monitoring is more likely to be
compromised (78,79). This challenge coincides with the reportedly high rates of virological
ART failure among patients on second-line ART regimens. In such an environment where

monitoring is a challenge, virological rebound experiences are bound to occur.

In South Africa, because third-line ART is costly, this alternative for patients failing second-
line ART is only restricted to patients with confirmed genotype drug resistance (41). Such
patients need to be reviewed by a third-line ART expert review committee under the
National Department of Health in order to be granted access to these drug regimens. With
this limited access, patients on second-line ART who experience virological rebound
resulting from genotype drug resistance may not be initiated on third-line ART regimens
on time. This issue has grown in importance since second-line treatment failure is
increasingly becoming common in the country (80). Questions have been raised about
what can be done to improve the durability of treatment on second-line ART regimens.
Based on WHO recommendations, patients failing second-line ART are offered EAC to
improve ART adherence, which prevents further virological rebound and promotes
maintenance of a viral suppressed state. With the ongoing enrolment of HIV-infected
patients in large ART programmes in such resource-limited settings, the quality of patient-
centred care also becomes compromised (81). Thus, adherence support may not be
sufficiently offered or offered at all to some patients failing these drug regimens, and this
may have implications on long-term treatment outcomes. Even though patients receive

EAC, studies in South Africa have reported high proportions of these patients
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experiencing virological rebound after viral re-suppression (18,55). For this reason, a
focus on pragmatic strategies to sustain patients on these second-line regimen is highly

crucial.

1.4 JUSTIFICATION

The literature review reports second-line treatment failure as a growing global problem,
especially in the sub-Saharan Africa region, which has the highest HIV burden. In addition,
South Africa stands with the highest HIV prevalence globally and has an increasing
number of such patients. The high burden of HIV disease in the country is enough to
necessitate the search for possible contributing factors to the high rates of treatment

failure among HIV-infected patients on the available treatment options.

An increasing concern of poor long-term treatment outcomes in patients failing second-
line ART has ensued. One of these outcomes to be considered is virological rebound,
particularly among patients who achieved viral re-suppression after experiencing initial
virological failure while on this treatment option. However, the literature review has
suggested that certain aspects related to the occurrence of virological rebound in patients
on second-line ART have not been wholly explained. The determination of its occurrence
has been hampered by the lack of research focusing on this aspect. The absence of
scientific knowledge in this area, calls for the need to investigate the actual burden of
virological rebound and explore predictors of this health challenge in HIV disease
management. In addition, the available literature on virological rebound in these patients,
particularly in South Africa, is quite scanty. Most of the research available has mainly
focused on the occurrence of initial virological failure after being switched from first-line
ART. Moreover, the few studies that have reported on the burden of virological rebound
have used small sample sizes making their evidence not be representative of the actual
burden in the study settings. Such paucities underscore the importance of further research

to determine the incidence rates and predictors of virological rebound in such patients.

Overall, this knowledge base is crucial for designing effective preventive strategies of

virological rebound and other strategies aimed at improving treatment outcomes of
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patients on second-line ART. Also, this information would provide further insights on
treatment monitoring which may inform future interventions to help reduce the growing

demand for third-line ART regimens.

1.5 STUDY RESEARCH QUESTION, AIM AND OBJECTIVES

1.5.1 Research Question:

This study aimed to address the following research question:
- What are the incidence rates of, and factors associated with virological rebound
among re-suppressed HIV-infected patients aged adults (= 18 years) after failing

second-line ART in Johannesburg, South Africa?

1.5.2 Aim

This study aimed to determine the incidence rates and predictors of virological rebound
among re-suppressed HIV-infected adult patients after failing second-line ART in
Johannesburg, South Africa.

1.5.3 Objectives

Outlined below are the objectives of this study:

1. To describe the demographic and clinical characteristics of adult patients who re-

suppressed after failing Pl-based second-line ART.

2. To determine the incidence rates of virological rebound among adult HIV-infected

patients who re-suppressed after failing Pl-based second-line ART.

3. To investigate predictors of virological rebound among adult HIV-infected patients

who re-suppressed after failing Pl-based second-line ART.
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1.6 CONCEPTUAL FRAMEWORK

Implementation of this research study’s objectives was guided by a conceptual framework
that explicates the interplay of several factors that may influence patient treatment
adherence while on second-line ART. In the conceptual framework, ART adherence was
hypothetically considered as a potential primary driver of virological rebound among
patients who achieved viral re-suppression after their initial treatment failure whilst on

second-line ART.
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- Employment status
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Figure 1 Conceptual framework of factors associated with Virological rebound

Figure 1 illustrates the relationship of these factors in influencing the occurrence of
virological rebound in these patients. These factors include patient-related, drug-related,
health system, and virus-related factors. However, the present study focused mainly on
patient-related and drug-related factors. Patient factors considered were demographic

factors (age, sex, marital status and employment status), behavioural factors (alcohol
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consumption and smoking history), and clinical factors (CD4 count, viral load, and
anaemia). Drug-related factors included duration on ART, type of regimen combination,
and adverse drug reactions. For this study, the assumption made was that patient-related
and drug-related factors directly influence treatment adherence based on the literature
review. The hypothesis considered for this study is that poor performance in these factors
may be associated with poor ART adherence, which has been well documented as a
primary predictor of virological failure. This principle was applied to this study, where the

outcome considered was virological rebound.

In contrast to most previous studies, the outcome in the present study was measured
among re-suppressed adult patients who had experienced initial virological failure while
on second-line regimens. However, most studies have suggested that these factors may
be considered as common predictors of the initial virological failure. For that reason,
another hypothesis considered is that these factors may also be primary drivers of
virological rebound.
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CHAPTER 2 - METHODS
2.1 INTRODUCTION

This chapter presents the methodology used in data collection, data management, and
analysis. It begins by providing a brief description of the study design, study setting, study
population, and sampling methods used. Then data collection methods are described,
followed by a presentation of measurement variables and data management methods
used in this study. Next, a step by step description of the analysis methods that were
applied to address the study objectives is reported. The chapter ends by reporting all the

ethical considerations of this study.

2.2 STUDY DESIGN

The study used a retrospective cohort study design. The design was employed since it
was suitable for estimating the incidence of virological rebound. Also, this was appropriate
for exploring factors predicting the risk of virological rebound over time in this context
patient demographics, immunological, and clinical characteristics. Also, considering that
the study used existing prospectively collected patient data of a subset of patients from a
parent clinic cohort, this study design was suitable for measuring causal association since

the temporal sequence of the exposure factors, and virological rebound was explicit.

2.3 STUDY SETTING

The study used routinely collected patient data from the Themba Lethu Clinic (TLC). TLC
is one of South Africa’s largest urban-based clinics, situated at Helen Joseph hospital in
Johannesburg. Figure 2 shows the geolocation of this study site. TLC has been
operational since its establishment in 2004, and its patient services are guided by South
Africa's National HIV Treatment Guidelines, which are based on the WHO treatment
recommendations. It operates under the support of a South African non-governmental
organisation (NGO), Right to Care. The Themba Lethu Clinical Cohort, which has a
detailed profile (82), has been followed-up since the clinic became operational; and is
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estimated to have about 40,000 patients receiving first-line ART and over 3000 who are
on second-line ART (12). The clinic offers genotype drug resistance testing, and third-line
ART regimens have been available to qualifying patients failing second-line since 2012
(82). Patients who fail second-line ART and achieve viral re-suppression (<400
copies/mL) after receiving EAC are offered routine standard monitoring of ART. According
to the guidelines, such patients have viral load tests after six and then at 12 months,

followed by annual tests if viral suppression is maintained (83).
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Figure 2 Map of the study site

2.4 STUDY POPULATION

This study included HIV-infected adult patients who achieved viral re-suppression within

12 months after failing a Pl-based second-line ART regimen under TLC care within the
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period between 15t January 2012 to 315t December 2016, in South Africa. These patients
formed a sub-set of patients from the parent Themba Lethu Clinical Cohort, that met a set

of inclusion and exclusion criteria. These are stated below:

2.4.1 Exclusion and inclusion criteria:

This secondary data analysis was restricted to adult patients (=18 years) who
achieved viral re-suppression after failing a Pl-based second-line ART, precisely
those who had their virological response monitored after viral re-suppression at
TLC. Patients who failed second-line ART but never achieved viral re-suppression
within 12-months and pregnant women were not included in the analysis. Also
excluded were patients who dropped out of the TLC cohort within 3-months after
second-line ART initiation, initial virological failure, and viral re-suppression after
the initial virological failure.

2.5 SAMPLING

The longitudinally collected patient data at Themba Lethu clinic is captured on an
electronic patient management system known as Therapy Edge-HIV™ (TE). Data for this
sub-set of interest was extracted based on the set inclusion and exclusion criteria. The
subset was followed up for 24-months to establish the occurrence of the outcome of
interest (virological rebound) from the date of confirmed viral re-suppression (baseline).
Censoring occurred at the time of loss to follow-up (LTFU), death, transfer-out, change to
a non-PI based regimen, or at the end of the 24-months follow-up. In this analysis, type
| right censoring, as displayed in Figure 3, was used since the outcome of interest was
observed before or at the end of this prespecified follow-up time. Patients who maintained
viral suppression throughout the follow-up period were censored at the last VL test or last
clinic visit. Closure of the dataset was set as 31st December 2018 to allow for a maximum

24-month follow-up time.
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Figure 3 Study participant flow through the study

2.6 ESTIMATED SAMPLE SIZE

According to studies conducted in South Africa, the proportion of study participants on
second-line therapy that experienced virological rebound after failing second-line ART on
the repeat viral load test after receiving EAC was 19-61.5% (17,55). With reference to
these figures, it was assumed that 40% of these patients under standard conditions would
experience virological rebound, and that this proportion would increase to 50%. With this
assumption, a sample size of 191 was estimated. This sample size was considered
statistically sufficient to detect such an increase as being statistically significant at the 5%

level of significance with an 80% power.

2.7 DATA COLLECTION AND EXTRACTION

Demographic data was captured at the time of entry into the parent TLC cohort, which for
most patients was the time of ART initiation or transfer from another HIV treatment site.
Patient clinical and anthropometric characteristics measured over time were entered in

TE at each clinic visit. This information was directly captured into TE and updated when
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necessary. Clinical laboratory tests were processed and analysed at the National Health
Laboratory Service (NHLS) branch within Helen Joseph hospital. An integrated system
enabled new laboratory results to be updated directly in TE. Data for the present study
was extracted from TE as a subset of the parent TLC cohort. This subset of interest was
identified, guided by the inclusion and exclusion criteria. All data were de-identified and

anonymised prior to analysis.

2.8 STUDY VARIABLES

2.8.1 Outcome variable

The outcome variable of interest, virological rebound, was measured as a binary variable.
Two definitions were considered in this study. Virological rebound was defined as an
elevated VL of 21000copies/ml at least three months later from baseline. Two consecutive
VLs, which were 3-months apart with the first VL as 400-999 copies/ml followed by a VL
2400 copies/ml, 3-months from baseline were also considered as virological rebound.
Patients who maintained viral re-suppression, i.e., Low VL of <400 copies/ml, including
undetectable levels (<50 copies/ml), were considered not to have experienced virological

rebound in or at the end of the follow-up period.

2.8.2 Exposure variables

Baseline socio-demographic characteristics included age, sex, nationality, employment
status; and baseline lifestyle factors considered were smoking status and alcohol use.
Age was considered as both a categorical and continuous variable. The categorical
variable was categorised into three categories <30 years, 30-49 years, or 250 years. Sex
was a dichotomous variable with two categories, male or female. South African nationality,
employment status, smoking history, and alcohol use history were also binary variables
with categories defined as yes or no.

Baseline Body Mass Index (BMI) was another exposure variable included in this analysis.

This was considered as an ordinal categorical variable categorised using the conventional
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WHO classification (84) : underweight (<18.5 kg/m?), normal BMI (18.5-24.9 kg/m?),
Overweight (25-29.9 kg/m?) or obese (230 kg/m?).

Baseline clinical characteristics included CD4 count, VL, anaemia, TB co-infection history,
and ART adherence at the time of viral re-suppression. CD4 count was categorised into
three categories as an ordinal variable <350, 350-499, or 2500 cells/pl. Viral load was
categorised into two categories as a binary variable with <200 or 201-399 copies/ml.
Anaemia was defined based on the WHO classification (85), as any haemoglobin below
11.5g/dI for females and <13.0 g/dI for males. WHO staging was considered as an ordinal
categorical variable with four categories based on the WHO HIV clinical staging criteria
(stage 1, 2, 3 or 4) (86). Furthermore, TB co-infection history a dichotomous variable (yes
or no) was any record of TB diagnosis before and at baseline. ART adherence at baseline
was self-reported based on the pills taken in the previous week. This binary variable was
defined as 290% (all pills) and <90% (not all pills).

Other variables considered in the analysis were duration on ART, duration on second-line
ART, adverse drug reactions (ADRSs), frequency of EAC, and type of second-line ART
Regimen. Duration on ART was categorised into four ordinal categories, <lyear, 1-2
years, 3-4 years, or five years. Duration on second-line ART was dichotomised into two
categories <2 years or 2-5 years. ADRs were diagnoses that occurred during the study’s
follow-up duration, and these include dermatitis, gastroenteritis, gynaecomastia, hepatitis,
lactic acidosis, lipodystrophy, muscle/joint pain, or neuropathy. The ADRs covariate was
a binary variable (yes or no) defined based on this list. The frequency of EAC was defined
as the number of EAC sessions a patient received from baseline, and this was categorised
into a binary variable (<5 or 25 sessions). A nominal variable for the type of ART regimen
was defined using four categories, AZT+3TC+LPVr, 3aTC+LPVr+TDF, d4T+3TC+LPVr, or
other ART regimen combinations. The latter category comprised of non-standard PI-

based (LPVr or ATV) regimen combinations.
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In the descriptive analyses, some of these exposure variables were also measured as
continuous variables. However, all variables were considered as categorical variables in

the inferential analysis.

2.9 DATA MANAGEMENT

Extracted data from TE was converted to Stata format, and all patient identifiers were
removed from the data. Data preparation for analysis involved pooling data from different
clinic departments with reference to patient identifiers, viral load test dates, ART regimen
start and end dates. Data for all patients not meeting the inclusion criteria were excluded.
Data cleaning involved data consistency checks, checking for outliers, and missing data.
Some of the inconsistencies were corrected using other existing data variables in the
dataset. All duplicate records were excluded, and all uncorrected outliers were set to
missing in the final dataset. Besides the existing exposure variables in the dataset, new
variables were generated based on the existing ones. All continuous exposure variables
were categorised and coded to form new categorical variables using a pre-defined
categorisation for the measure of interest. All missing data formed a missing category for
the categorical variables. After defining the outcome and exposure variables, patients
meeting the inclusion criteria were tracked for 24 months and available viral load test
results at each clinic visit were used to identify those that experienced virological rebound.
Data preparation and analysis scripts with the final data file were all stored in a password
protected storage device during the entire research period. A detailed summary of the

data management and analysis dataset preparation steps are provided in Appendix 4.

2.10 STATISTICAL ANALYSES

To achieve the objectives of the study, both descriptive and inferential statistical analyses
were performed using Stata version 15.1 (StataCorp, College Station, TX) as presented

below:
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2.10.1 Descriptive analyses:

In the descriptive analyses, all patient characteristics were stratified by sex. Medians and
interquartile ranges were used to summarise continuous variables because of the non-
normality of the data. Additionally, frequencies and percentages were used to summarise

all categorical variables.

The person-years (PY) that each participant contributed to the study were calculated from
baseline to the time they experienced virological rebound or the time they were censored
in the follow-up period. Since the estimated upper limit of the survival function in this study
did not fall below 50% of the survival probability, the mean survival time with its 95%
confidence interval was estimated. Even though it is common practice to report the
median survival time, it tends to be right-skewed as a result the mean survival time was
the appropriate measure to estimate the location of the survival distribution in the present
study (87).

Overall cumulative incidence and incidence rates of virological rebound (per 100 PY) were
estimated at 6, 12, 18, and 24 months of follow-up. Kaplan Meier (KM) curves were used
to compare the probability of survival of virological rebound stratified by sex, CD4 count,
BMI and frequency of EAC. The log-rank test was used to statistically test the equality of

the survival functions based on these stratifications for each exposure variable.

2.10.2 Inferential analysis

2.10.2.1 Model building:

To help identify predictors of virological rebound, bivariate and multivariable Cox
proportional hazards regression models were estimated. All covariates that displayed
marginal statistical significance (i.e. p-value <0.2) in the bivariate analysis, were included
in the multivariable modelling. However, some exposure variables were considered for
inclusion in the multivariate analysis a priori based on knowledge of previous literature
and not statistical significance. In addition, to ensure adjustment for age or sex-related

confounding, age and sex were included in all the model building steps. These two
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covariates were included in the final model as fixed variables on the grounds of this
biological plausibility, regardless of statistical significance. However, the inclusion of other
exposure variables in the final model was solely based on statistical significance.
Additionally, interaction terms were introduced in the models and only those that were
statistically significant were considered for inclusion in the final adjusted model. The crude
and adjusted hazard ratios (HRs) with 95% confidence intervals were estimated. A two-
sided p-value < 0.05 was considered to indicate statistical significance. In the final model,
all statistically significant covariates in the multivariable analysis were considered as

predictors of virological rebound.

2.10.2.2 Model Diagnostics:

The Cox proportional hazard regression is constrained to follow the assumption that the
hazard ratio is constant over time, and it is important to check this assumption. This
proportional hazards assumption was checked by using the Grambsch-Therneu test on
Schoenfeld residuals (88). This test checked for a non-zero slope in a linear regression of
scaled Schoenfeld residuals with time for individual covariates and globally for all
covariates of the final multivariate model. The null hypothesis was that the scaled
Schoenfeld residuals follow a zero slope, which was equivalent to testing if the log hazard-
ratio function was constant over time. Rejection of the null hypothesis (P<0.05) indicated
a violation of the Cox proportion hazard assumption. The scaled Schoenfeld residuals
were estimated using a mathematical formula as defined below using the Grambsch-

Therneu notation:

A
A Yier ;Xk1€xp(XiBx)
T = (Xkj — ijk) = Xkj — A (87)
Yier ;€xp(Xifx)

Where the Schoenfeld residual (ry) was the difference between the k" covariate value for
patient | and the weighted mean (?Wik) of covariate values for patients at risk of

experiencing virological rebound when the j" patient experienced this event.

The overall goodness of fit test of the final adjusted model was assessed using the Cox-

Snell residuals (89). The Nelson-Aalen cumulative hazard function was plotted in a graph
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against the Cox-Snell residuals. Cox-Snell residuals for the j" patient were defined as
below:

A A
CStrj = Ho(t;)exp(x;By) (87)

where H, was the baseline cumulative hazard function for the j" patient at time t and 3,
was the predicted B estimate of x™" covariate value for the j" patient derived from the fitted
final cox regression model. A model fitting the data was expected to have a cumulative
hazard function with a hazard rate of 1 in an exponential distribution, and the plotted Cox-
Snell residuals at this hazard rate would follow a straight 45-degree line(87). Any
significant deviation from the 45-degree reference line in this analysis was considered as
an indication of a model not fitting the data well.

In addition to the diagnostic tests mentioned, a link test was used to check the correct
model specification. Models were considered correctly specified if the coefficient for the
squared linear predictor of the model was not statistically significant.

Sensitivity analyses were also conducted to evaluate the performance of the final adjusted
model. In order to do this, another model was fitted, in which all “missing” categories for
categorical variables with missing data assumed missing values. A complete case
analysis strategy was applied to this new model, and its estimates were compared with
those in the main analysis model. The goal was to assess any changes in the direction of
the outcome-covariate relationship in the new model. In addition, the assessment also

checked for any variations in the magnitude of the regression model estimates.

2.11 ETHICS CONSIDERATIONS

Prior to commencing the study, permission to use secondary data from TLC was sought
from the Health Economics and Epidemiology Research Office (HE?RO). HE2RO
obtained ethical approval from the University of the Witwatersrand’s Human Research
and Ethics Committee-medical (HREC-medical) to conduct retrospective epidemiological

analyses of anonymised TLC’s routinely collected patient data from the Therapy Edge-
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HIV ™ (TE) database (Ref. no. M140201). In addition, the Chief Executive Officer (CEO)
of Helen Joseph Hospital (HJH) under which TLC operates, also provided authorisation
to access the data before ethical clearance was granted by HREC-medical (see Appendix
2: ). Following this, the study was granted ethical clearance under HREC-medical (Ref.
No. M181004) (see Appendix 3: HREC (Medical) Ethics clearance certificate). All data
were de-identified and anonymised before analysis. Password-secure access to all
research data and analysis scripts were only granted to the researcher and supervisors

throughout the research project.
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CHAPTER 3 - RESULTS
3.1 INTRODUCTION

This chapter provides details of the study findings with reference to the study objectives
and analysis plan. These aspects have been described in the previous chapters. The
current chapter begins by describing the overall baseline characteristics of the study
cohort based on sex stratification. The chapter then presents the burden of the virological
rebound in the cohort, followed by a comparison of the time to virological rebound and
probability of survival stratified by several exposure variables of interest. It then concludes
by reporting findings on the predictors of virological rebound while comparing these results

with those of the sensitivity analyses.

3.2 STUDY PARTICIPANTS

Of the 2371 patients who were switched to Pl-based second-line ART between 15t January
2012 and 31t December 2016, a total of 242 eligible patients met the inclusion criteria
and were included in the analysis. Figure 2 shows the study flow diagram, illustrating how
patients were included and excluded in the analysis. A total of 315 patients out of the 2371
were excluded since they dropped out of the TLC cohort within 3-months after the switch
to the Pl-based second-line ARTs regimens. Out of the 315 patients, a total of 137 were
LTFU; 99 were transferred out to another HIV treatment site, and 79 patients died. The
remaining 2056 patients were followed up, and 860 patients recorded initial virological
failure. As such, a total of 1196 patients that maintained viral suppressed (Viral load <400
copies/ml) while on second-line ART were excluded. In addition, a total of 164 patients
among those who experienced initial virological failure were excluded since they
maintained a high viral load despite receiving EAC support. Similarly, 24 patients were
excluded at this stage because of LTFU (19), transfer-outs (4), and death (1). Notably, a
total of 672 patients among the 860 patients who experienced initial virological failure were
able to achieve virological re-suppression. Of these 672 patients, four patients aged
below 18 years, and two patients that were pregnant women were excluded. Other

patients excluded were those that dropped out of the TLC cohort within three months after
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achieving re-suppression. LTFU, transfer-outs to other treatment sites, and deaths
accounted for 64, 22, and 2 patients, respectively. This whole step-by-step exclusion
process identified 242 patients that were included in the analysis, after meeting the study’s

set of inclusion and exclusion criteria.

Patients initiated on

Pl-based second-line ART EXCLUDED

(01* January 2012 to 31% December 2016)
(n=2371)

Attrition ( n = 315)
eTransfer outs ( n = 99)
o LTFU (n =137)
e Deaths (n=79)

¥ Maintained viral suppression
_______ —> ( n = VL <400 copies/ml)
v (n=1196)
Patients who experienced
initial virological failure on
Pl-based second-line ART

(n =860) + Maintained High viral load

———————— > (n=VL>1000 copies/ml)
(n=164)

________ » Attrition ( n = 24)
eTransfer outs (n =4)
A 4 o LTFU( n = 19)
Patients who achieved e Deaths (n=1)
Virological Re-suppression
( n = <400 copies/ml)
(n=672)

Attrition ( n = 88)
eTransfer outs ( n = 22)
o LTFU (n = 64)
e Deaths (n=2)

<3 months FUP ( n=333)
——————— - Age <18 years (n=4)
Pregnant (n=2)

A 4

Patients included in the Analysis

(n=242)

T

|
__ VIROLOGICAL Y\ _
! REBOUND )
! |
4 v

YES NO
(n=71) (n=171)

LTFU; loss to follow-up, FUP; follow-up, VL; Viral load
* Patient that maintained viral suppression state in the entire follow-up
¥ Patients that never re-suppressed based on the recorded data

Figure 4 Study Flow Chart showing the study sample selection process
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This sample size for the study (242 patients) accounted for an estimated power of 93.91%
at a 5% level of significance. Out of these patients, 71 (29.34%) patients experienced
virological rebound during the follow-up period. As such, the observed change in the
proportion of patients experiencing virological rebound to 29.34% from the expected 50%

in the sample size estimation, as mentioned in the previous chapter.

During the study’s follow up period, a total of 10 (4.13%) among the 242 patients were
transferred to other HIV treatment sites, 121 (50%) were LTFU, and 1 (0.41%) patient
died. A total of 39 (16.12%) patients completed the 24-month follow-up period.

3.3 BASELINE SOCIO-DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

Table 1 presents the baseline characteristics of the 242 study participants at the time they
achieved viral re-suppression stratified according to sex. The majority were females
(57.44%; 139/242), with males accounting for 42.56% (103/242). Most of the patients
were of South African nationality (85.12%; 206/242) and had a median age of 41.5 (IQR:
36-47) years, with most of them (75.21%; 182/242) falling within the 30-49 years age
category (not shown). Most of the patients reported being employed (55.37%; 134/242),
with no alcohol use history (77.69%; 188/242) and no smoking history (73.97%; 179/242)
at the time of first-line ART initiation. Normal BMI (18.5-24.9 kg/m?) was a finding in
33.47% (81/242) of the patients, while 13.64% (33/242), 32.64% (79/242) and 17.77%
(43/242) of them were underweight, overweight and obese respectively. However, a
minority of the patients (2.48%; 6/242) had a missing BMI.

A high proportion (42.98%; 104/242) of these patients were on an AZT+ 3TC + LPVr
regimen; whilst 28.10 % (68/242) and 7.02% (17/242) were on TDF+ 3TC+ LPVr and
d4T+3TC+LPVrregimens, respectively. Patients on other non-standard Pl-based second-
line ART regimen combinations accounted for 21.90 % (53/242). A total of 89 (36.78% ;
89/242) patients were initiated on a Pl-based second-line ART regimen in the year 2012;
whilst (26.03%; 63/242), (18.60%; 45/242), (15.29%, 37/242) and (3.31%; 8/242) were
initiated in years 2013, 2014, 2015 and 2016 respectively. The overall median duration on
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ART was 3.5 (IQR: 2-6) years, while the median duration on second-line ART was 1.3
years (IQR: 0.8-2.11 years) (not shown). Most of the patients (95.5%; 232/242) had been
on ART for over one year from the time they were initiated on first-line ART. On the other
hand, 4.5% (11/242) patients were initiated on first-line ART, switched to second-line,

experienced initial failure on ART, and later achieved viral re-suppression within one year.

At baseline, the median (IQR) CD4 count was 403 (223-603) cells/ul and the median (IQR)
viral load was 73.50 (49-185) copies/ml (not shown). The mean baseline haemoglobin
was 13.38 (SD+2.07) g/dl (not shown), and anaemia was reported in 29 (11.98%; 29/242)
patients, which were mostly females (58.62%, 17/29). A tuberculosis co-infection history
at baseline was recorded in 19 patients (7.9 %). The median time to viral re-suppression
after initial virological failure while on second-line ART was 3.70 (IQR: 2.80-4.60) months,
with the median time to the initial virological failure from second-line ART initiation being
11.70 (IQR: 6.00-21.40) months.

Table 1 Demographic and clinical characteristics of re-suppressed patients after the initial failure of
Pl-based second-line antiretroviral therapy between 2012 and 2016

Male (%)
N = 103 (42.56%)

Characteristic Female (%)

N = 139 (57.44%)

Total (%)
N = 242 (100%)

Age (years) at baseline
Median age (IQR)
South African nationality

No

43.0 (39.0 - 48.0) [39.0 (34.0 - 45.0)| 41.50 (36.0 - 47.0)

17 (16.50%)

19 (13.67%)

36 (14.88%)

Yes

86 (83.50%)

120 (86.33%)

206 (85.12%)

Employment status at ART initiation

No 43 (41.75%) 60 (43.17%) 103 (42.56%)
Yes 60 (58.25%) 74 (53.24%) 134 (55.37%)
Missing 0 (0.00%) 5 (3.60%) 5 (2.07%)

Alcohol use at ART initiation

No

77 (74.76%)

111 (79.86%)

188 (77.69%)

Yes

12 (11.65%)

6 (4.32%)

18 (7.44%)

Missing

14 (13.59%)

22 (15.83%)

36 (14.88%)

Smoking status at ART initiation

No

67 (65.05%)

112 (80.58%)

179 (73.97%)
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Yes

24 (23.30%)

5 (3.60%)

29 (11.98%)

Missing

12 (11.65%)

22 (15.83%)

34 (14.05%)

BMI categorised (kg/m?) at baseline

<18.5 (underweight)

11(10.68%)

22 (15.83%)

33 (13.64%)

18.5-24.9 (Normal range)

42 (40.78%)

39 (28.06%)

81 (33.47%)

25-29.9 (Overweight)

35 (33.98%)

44 (31.65%)

79 (32.64%)

230 (Obese)

12 (11.65%)

31 (22.30%)

43 (17.77%)

Not measured/Missing

3 (2.91%)

3 (2.16%)

6 (2.48%)

CD4 count (cells/pl) at baseline

<350

21 (20.39%)

16 (11.51%)

37 (15.29%)

350-499

22 (21.36%)

12 (8.63%)

34 (14.05%)

2500

13 (12.62%)

19 (13.67%)

32 (13.22%)

Not indicated

47 (45.63%)

92 (66.19%)

139 (57.44%)

Viral load (copies/ml) at baseline

<200

71 (68.93%)

114 (82.01%)

185 (76.45%)

201-399

32 (31.07%)

25 (18.99%)

57 (23.55%)

Anaemia at baseline

No

39 (37.86%)

45 (32.37%)

84 (34.71%)

Yes

12 (11.65%)

17 (12.23%)

29 (11.98%)

Not measured

52 (50.49%)

77 (55.40%)

129 (53.31%)

Regimen at baseline

AZT+3TC+LPVr 53 (51.46%) 51 (36.69%) 104 (42.98%)
3TC+LPVI+TDF 27 (26.21%) 41 (29.50%) 68 (28.10%)
d4T+3TC+LPVr 4 (3.88%) 13 (9.35%) 17 (7.02%)

Other regimens 2

19 (18.45%)

34 (24.46%)

53 (21.90%)

ART adherence at baseline

> 90% 79 (76.70%) 113 (81.3%) 192 (79.34%)
<90% 5 (4.85%) 5 (3.6%) 10 (4.13%)
Missing 19 (18.45%) 21 (15.1%) 40 (16.53%)

Duration on ART (Years)

<lyear 4 (3.88%) 7 (5.04%) 11 (4.55%)
1-2 years 32 (31.07%) 45 (32.37%) 77 (31.82%)
3-4 years 25 (24.27%) 40 (28.78%) 65 (26.86%)
>5 years 42 (40.78%) 47 (33.81%) 89 (36.78%)

Duration on second-line ART (years)

<2 years

79 (76.70%)

99 (71.22%)

178 (73.55%)
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2-5 years

24 (23.30%)

40 (28.78%)

64 (26.45%)

Year of second-line ART initiation

2012 29 (28.16%) 60 (43.17%) 89 (36.78%)
2013 27 (26.21%) 36 (25.90%) 63 (26.03%)
2014 23 (22.33%) 22 (15.83%) 45 (18.60%)
2015 20 (19.42%) 17 (12.23%) 37 (15.29%)
2016 4 (3.88%) 4 (2.88%) 8 (3.31%)

TB co-infection history at baseline P

No

90 (87.4%)

133 (95.68%)

223 (92.15%)

Yes

13 (12.6%)

6 (4.32%)

19 (7.85%)

Time to initial virological failure on second-line ART

3-5 months 31 (30.10%) 30 (21.58%) 30 (25.21%)
6-8 months 18 (17.48%) 22 (15.83%) 22 (16.53%)
>9 months 54 (52.43%) 87 (62.59%) 87 (58.26%)

Time to viral re-suppression after initial virological failure on second-line ART

0-3 months

40 (38.83%)

58 (41.73%)

98 (40.50%)

4-6 months

63 (61.17%)

81 (58.27%)

(9.50%)

ART: Antiretroviral therapy; BMI: Body mass Index; TB: tuberculosis; IQR: Interquartile range; 3TC: Lamivudine;
AZT: Zidovudine; d4T: Stavudine; LPVr: Lopinavir; TDF: Tenofovir

arepresent other non-standard Pl-based regimen combinations

bTB co-infection history based on the past and recent records

3.4 CLINICAL CHARACTERISTICS MEASURED DURING FOLLOW-UP

Table 2 provides a profile of the patients’ clinical characteristics measured overtime during
the 24-month follow-up. These included ART interruptions, ADRs, and the frequency of
EAC sessions they received during the follow-up period. Most patients (94.21%; 228/242)
reported no treatment interruption during follow-up. Even though 79.34 % (192/242) of the
patients reported high treatment adherence at baseline (see Table 1), EAC was still
offered to all patients as per ART guidelines. However, approximately an equal proportion
of patients (50.41%, 122/242) received at least five adherence counselling sessions
during the follow-up period. For ADRs, these were reported in a high proportion of patients
(24.38 %; 59/242) patients.
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Table 2 Clinical characteristics during follow-up

Characteristic @

Male (%)

Female (%)

Total (%)

N = 103 (42.6%)

N = 139 (57.4%)

N = 242 (100%)

Frequency of EAC sessions after baseline

<5

55 (53.40%)

67 (48.20%)

122 (50.41%)

=25

48 (46.60%)

72 (51.80%)

120 (49.59%)

ART interruption after baseline

No

98 (95.1%)

130 (93.53%)

228 (94.21%)

Yes

5 (4.85%)

9 (6.47%)

14 (5.79%)

ADRs after baseline

No

74 (71.84%)

109 (78.42%)

183 (75.62%)

Yes

29 (28.16%)

30 (21.58%)

59 (24.38%)

EAC: Enhanced adherence counselling; ART: Anti-retroviral Therapy; ADRs: Adverse drug reactions
aAll patient characteristics were measured from baseline to the time the patients were censored or experienced

virological rebound

3.5 INCIDENCE AND RISK OF VIROLOGICAL REBOUND

The 242 patients forming the analysis subset contributed a total of 3676.6 person-months
of follow-up to the analysis, with the minimum patient follow-up time being 3.70 months.
Overall, 71 patients experienced virological rebound during the follow-up period,
accounting for a prevalence of 29.34% (71/242) at the time of administrative censoring. A
total of 132 (54.55%) patients were censored before completing the entire 24-months
follow-up time. The median follow-up time for these censored patients was 14.2 (IQR:
11.70-17.55) months; and they contributed 1900 person-months at risk in this analysis.
On the other hand, 39 (16.12%) patients were followed to the end, and they contributed

889.2 person-months at risk in the analysis.
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The overall incidence rate of virological rebound was 23.20 (95% CI: 18.38-29.27) per 100
PYs. Overall incidence rates varied by sex, with males having a higher incidence rate
[24.40 (95% CI: 17.16-34,69) per 100PYs] compared to females [22.35 (95% CI :16.39-
30.47) per 100 PYs]. Table 3 provides the overall incidence rates at 4-time points (6, 12,
18, and 24 months) in the analysis. The greatest risk of experiencing virological rebound
occurred between 18 to 24 months of follow-up with an incidence rate of 71.35 (95 % ClI:
43.71-116.47) per 100 PYs. The incidence rate was the lowest in the first six months [
10.06 (95 % CI: 5.71-17.71) per 100 PYs] and increased overtime during the follow-up

period.

Table 3 Incidence rates of virological rebound among re-suppressed patients on second-line ART

within a 24-month follow-up time

Months from Number of Incidence rate
. Person-months ] 95% Cl
Baseline failures (per 100 person-years)

0-6 1432.20 12 10.06 5.71-17.71
6-12 1235.90 23 22.34 14.85-33.62
12-18 737.60 20 32.59 21.03-50.52
18-24 270.90 16 71.35 43.71-116.47

Overall 3676.60 71 23.20 18.38-29.27

Considering loss to follow-up, transfer-outs, and deaths as competing risks, Figure 5
provides a comparison of the estimated cumulative incidence over the 24-month follow-
up according to sex. Overall, the cumulative incidence was not different between males
and females. A small disparity was observed after 12-13 months, with males having a
slightly higher cumulative incidence; however, based on the Pepe and Mori test (p-value

=0.499) (90), there was no statistically significant difference.
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Figure 5 Cumulative incidence of virological rebound by sex

3.6 SURVIVAL ANALYSIS ESTIMATES FOR VIROLOGICAL REBOUND

The estimated restricted mean survival time was 19.74 (95% CI:18.90-20.58) months.
More than 50% of the patients were censored, the upper limit of the 95% confidence
interval for median survival time could not be estimated [median survival time = 23.95
(95% CI: 22.80, .) months] as stated in the previous chapter. As such, the mean survival

time was considered as an appropriate measure.

Figure 5 compares the survival functions across selected covariate stratifications using
Kaplan-Meir estimates. The probability of surviving virological rebound was significantly
higher for patients who received at least five EAC sessions compared to those who
received less than five (log-rank test: p-value <0.0001). In addition, according to the
Kaplan-Meir survival curve (C), underweight patients had a lower probability of survival
compared to those with a normal BMI between 3-9 months, and then there was no marked
difference up to the end of follow-up. However, there was an overall statistical difference
in the survival functions between each of the BMI categories (log-rank test: p-value
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=0.038). Notably, there was no statistically significant difference in the survival functions
by sex (log-rank test: p-value =0.626), and ART adherence at baseline (log-rank test: p-
value =0.257).

(A)

Log-rank test: P-value =0.626
HR:Male vs Female=(95% CI: 0.56-1.42; P-value:0.627)

virological rebound
060 ~0.80 1.00
1 1 1

[*]

of survivin
0.40
|

0.y20

Probabilt
0.00
|

T T T T T T T T T
0 3 6 9 12 15 18 21 24
Months from Virological resuppression

Number at risk

Male 103 103 97 88 71 48 32 19 1
Female 139 139 131 120 105 73 51 27 1
Sex
————— Male = Female
(B) Log-rank test: P-value =0.0377

HR:18.5-24.9 Kg/m’ vs <18.5 Kg/m’=1.97 (95% CI: 0.81-4.72; P-value: 0.131)
HR:18.5-24.9 Kglm2 vs 25-29.9 Kg/m’=0.53 (95% CI: 0.29-0.99; P-value:0.047)
HR:18.5-24.9 Kglm2 vs 230 Kg/m“=0.86 (95% CI: 0.47-1.59; P-value:0.635)
HR:18.5-24.9 Kg/m2 vs Not measured=1.82 (95% Cl: 0.55-5.98; P-value:0.322)

1.00
I

0.00 0.20 0.40 0.60 0.80
I

T T T T T T T
0 3 6 9 12 15 18 21 24
Months from Virological resuppression

Probabilty of surviving virological rebound

Number at risk

<18.5 12 12 12 8 5 5 3 1 0

18.5-24.9 91 91 84 76 65 45 32 22 0

25-29.9 79 79 75 73 58 42 29 16 1

230 54 54 53 47 38 26 15 7 0

Not measured 6 6 4 4 4 3 2 0 0
Body Mass Index (BMI) : Kg/m®
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Figure 6 Kaplan Meir curves of virological rebound survival

-36 -




3.7 PREDICTORS OF VIROLOGICAL REBOUND

Results from the bivariate and multivariate Cox regression models for the occurrence of

the virological rebound are presented in Table 4. Covariates included in the final adjusted

cox proportional hazard regression model formed the most parsimonious model.

The

addition of other covariates and interaction terms did not improve the model as guided by
the likelihood ratio (LR) tests.

Table 4 Unadjusted and adjusted HR estimates of virological rebound among viral re-suppressed

patients who experienced initial virological failure on Pl-based second-line antiretroviral therapy
between 2012 and 2016 at Themba Lethu Clinic, Johannesburg

LR test
Factor Level HR (95% CI) aHR (95% Cl) P-value
Sex Male Reference Reference 0.414
Female 0.89 (0.56-1.42) | 1.25(0.73-2.12)
Age? <30 Reference Reference 0.741
30-49 0.83 (0.37-1.84) | 1.01(0.37-2.72)
250 1.01 (0.40-2.51) | 1.29 (0.43-3.87)
BMI (kg/m2)2 <18.5 (underweight) 1.97 (0.84-4.58) | 3.09* (1.17-8.16) | 0.041
18.5-24.9 (Normal) Reference Reference
25-29.9 (Overweight) 0.54* (0.29-0.99) | 0.64 (0.34-1.22)
230 (Obese) 0.86 (0.47-1.57) | 0.81 (0.42-1.59)
Missing/Not measured | 1.82 (0.51-6.56) 0.75 (0.21-2.73)
CD4 count (cells/pl) @ <350 2.34 (0.75-7.29) 3.68* (1.10- 0.033
12.33)
350-499 1.74 (0.37-8.29) | 2.37 (0.49-11.33)
2500 Reference Reference
Not indicated 1.78 (0.62-5.14) | 2.68 (0.86-8.38)
Viral load (copies/ml) @ <50 Reference Reference 0.251
50-199 1.32(0.76-2.31) | 1.59 (0.86-2.92)
200-399 1.66 (0.90-3.09) | 1.58 (0.82-3.06)
Adverse drug reactions | No Reference -
(ADRS)
Yes 0.72 (0.41-1.28) -
Anaemia ? No Reference Reference 0.688
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Yes

0.98 (0.46-2.09)

1.42 (0.65-3.11)

Not measured/Missing

0.93 (0.56-1.55)

1.05 (0.56-1.97)

Regimen 2 AZT+3TC+LPVr Reference Reference 0.711
3TC+LPVr+TDF 0.81 (0.44-1.49) | 1.10 (0.58-2.08)
d4T+3TC+LPVr 1.49 (0.68-3.24) | 1.46 (0.57-3.73)

Other® 1.26 (0.71-2.24) | 1.38(0.73-2.61)

ART adherence 2 2 90% Reference -

<90% 2.31 (0.88-6.09) -

Not measured/Missing 1.07 (0.55-2.05) -
Frequency of EAC <5 Reference Reference 0.0001
sessions after baseline 25 0.14*** (0.08- 0.11*** (0.06-

0.25) 0.20)

Duration on ART (Years)? | <lyear Reference -

1-2 years 0.71 (0.23-2.19) -

3-4 years 0.64 (0.20-1.99) -

25 years 0.73 (0.24-2.24) -

Duration on second-line | <2 years Reference Reference

ART (years)? 2-5 years 1.08 (0.63-1.88) 1.34 (0.70-2.58) | 0.380

Time to initial 3-5 months Reference -

virological failure © 6-8 months 0.44* (0.21-0.94) -

29 months 0.61 (0.37-1.01) -

Time to re-suppression ¢ | 0-3 months Reference -
4-6 months 0.88 (0.55-1.40) -

95% CI: 95 % confidence interval; HR: Crude Hazard ratio; aHR: Adjusted hazard ratio; BMI: Body mass index; EAC:

Enhanced adherence counselling; 3TC: Lamivudine; AZT: Zidovudine; d4T: Stavudine; LPVr: Lopinavir; TDF:

Tenofovir

a Covariates measured at baseline (Virally re-suppressed status)

b Represents other non-standard Pl-based regimen combinations

¢ Measured as the duration between initial virological failure date and second-line ART initiation date.

4 Measured as the duration between initial virological failure date and re-suppression date while on second-line ART.

p-value: “p < 0.05, ™ p < 0.001
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Sex
Male
Female

Age (years)
<30 yrs
30-49 yrs
>=50 yrs

BMI(Kg/m?)
<185
18.5-24.9
25-29.9
>=30

CD4 count(cells/pl)
<350

350-499

>=500

Viral load (copies/ml)
<50

50-199

200-399

Anaemia
No
Yes

Frequency of EAC sessions
<5
>=5

Duration on ART
<2 years
2-5 years

Regimen type
AZT_3TC_LPVr
3TC_LPVr_TDF
d4T_3TC_LPVr

Other

T T T T T 1
12 3 4 5 6 7 8 9 1011 12

Figure 7 Adjusted HR estimates of virological rebound

INTERPRETATION OF THE UNADJUSTED AND ADJUSTED MODELS

In the final adjusted model as displayed in Table 4 and Figure 7, covariates included were

sex, age, CD4 count, viral load, anaemia, regimen type, frequency of adherence
counselling and duration on second-line ART. In the bivariate analysis, BMI at baseline
was found to be statistically significant (P-value<0.001). Overweight patients (BMI. 25.5-
29.9 Kg/m?) seemed to have 46% (HR:0.54; 95% CI:0.29-0.99) lower hazards of
experiencing virological rebound compared to those with normal BMI (BMI: 18.5-24.9

kg/m?). Overall, BMI maintained statistical significance after adjusting for the other
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covariates with virological rebound (LR test p-value: 0.041). From the adjusted model,
patients with low BMI (BMI<18.5 kg/m?) had 3.09 times higher hazards of experiencing
virological rebound as compared to those with normal BMI while keeping the other
covariates constant (aHR=3.09; 95%CI 1.17-8.16; P-value=0.023). CD4 count at baseline
in the bivariate analysis did not reach statistical significance. However, in the multivariate
analysis, there was an association between CD4 count and virological rebound (LR test
p-value: 0.033) after adjusting for the other covariates. Patients with a low CD4 count of
<350 cells/ul at baseline had 3.68 times higher risk of virological rebound compared to
those with a CD4 count of >500 cells/ul (aHR=3.68; 95% CI 1.10-12.33; P-value=0.035).
Another key finding was the reduced risk of virological rebound among patients who
received a higher number of EAC sessions. Both in the bivariate and multivariate analysis,
this factor remained highly significant. In the bivariate analysis, patients who received
more than 5 EAC sessions had 86% lower risk of virological rebound (HR=0.14; 95% CI
0.08-0.25; P-value<0.0001). This risk was lower in the adjusted model, which showed
that these patients compared to those who received less than 5 EAC sessions, had 89%
lower risk of virological rebound by (HR=0.11; 95% CI 0.06-0.20; P-value<0.0001). Even
though other baseline covariates were included in the final model (age, sex, viral load,
anaemia, regimen type, and duration on second-line ART), none of these covariates
approached statistical significance. Variables such as ART adherence, duration on ART,
time to initial virological failure, and time to viral re-suppression showed no statistical
significance in the bivariate analysis and were not included in the multivariate modelling

since their inclusion did not improve the model.

3.8.1 Proportional-hazards assumption

Based on the Grambsch-Therneu test on Schoenfeld residuals, the overall adjusted model
did not violate the proportional hazard assumption. (Global test: x?=15.48; P-value=
0.6917). Also, the test for each covariate in the adjusted model showed no statistical
significance under this diagnostic test confirming non-deviation from the proportional
hazard assumption. Figure 8 shows the graphical representation of these individual tests.
All curves present roughly a zero slope. As such, the null hypothesis that indicates that
there is no violation of the proportional hazards assumption is not rejected for each

covariate and the entire model.
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Figure 8 Proportional-hazards assumption test based on Schoenfeld residuals for each covariate




3.8.2 The goodness of fit of the model and Model specification

Figure 9 presents the results of an evaluation of the goodness of fit of the model using the
Cox-Snell residuals. The graphed Nelson-Aalen cumulative hazard function roughly
follows the 45-degree diagonal line, which indicates that it has approximately an
exponential distribution with a hazard rate of one. This finding confirms that the final

adjusted model is a good fit.

In addition, a link test was used to evaluate the correct specification of the model. The
coefficient for the squared linear predictor of the model was not statistically significant (p-
value = 0.482). This finding confirms that the final adjusted model was correctly specified

and that adding more covariates to the model would add minimal power.

0 1 2
Cox-Snell residual

Nelson-Aalen cumulative hazard ————- Cox-Snell residual

Figure 9 Goodness of fit of the Adjusted Cox proportional hazard model using Cox-Snell residuals.
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3.9 SENSITIVITY ANALYSIS

As is typical with routine clinic data, some covariates had missing values in the analysis
dataset. The sensitivity analysis compared the final model and a model were all missing,
and non-measured values were considered to have been measured. All patients with
missing values or non-measured BMI values assumed a normal BMI while missing CD4
count values assumed a CD4 count of >500 cells/ul. Also, all patients with unmeasured
anaemia status assumed a non-anaemic state. Table 5 shows the re-modelled estimates
compared with those of the model from the main analysis. The results show minimal
deviation (<10%) of the estimates from those modelled in the main analysis model. In
addition, none of the estimates in the new model displayed a change in the direction of

the outcome-covariate relationship as observed in the main analysis.

Table 5 A summary of Sensitivity analysis of adjusted HR estimates of virological rebound among

virally re-suppressed patients who experienced initial virological failure on Pl-based second-line

ART between 2012 and 2016 at Themba Lethu Clinic, Johannesburg

Main analysis

Missing / non-measured

Factor Level aHR (95% CI) values excluded
aHR (95% ClI)
Sex Male Reference Reference
Female 1.25(0.73-2.12) 1.22 (0.73,2.06)
Age? <30 Reference Reference
30-49 1.01 (0.37-2.72) 1.00 (0.38,2.66)
>50 1.29 (0.43-3.87) 1.30 (0.43,3.86)
BMI (kg/m2)2 <185 3.09* (1.17-8.16) 3.21* (1.23,8.36)
18.5-24.9 Reference Reference
25-29.9 0.64 (0.34-1.22) 0.66 (0.35,1.25)
>30 0.81 (0.42-1.59) 0.85 (0.44,1.62)

Missing/Not measured

0.75 (0.21-2.73)

CD4 count (cells/pl) @

<350

3.68* (1.10-12.33)

3.57* (1.08,11.83)

350-499 2.37 (0.49-11.33) 2.68 (0.92,7.80)
2500 Reference Reference
Not indicated 2.68 (0.86-8.38) -

Viral load (copies/ml) 2 | <50 Reference Reference
50-199 1.59 (0.86-2.92) 1.60 (0.88,2.91)
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200-399 1.58 (0.82-3.06) 1.60 (0.85,3.03)
Anaemia ? No Reference Reference
Yes 1.42 (0.65-3.11) 1.41 (0.67,2.96)
Missing/Not measured 1.05 (0.56-1.97)
Regimen 2 AZT-3TC-LPVr Reference Reference

3TC-LPVr-TDF

1.10 (0.58-2.08)

1.10 (0.58,2.07)

d4T-3TC-LPVr

1.46 (0.57-3.73)

1.39 (0.56,3.43)

Other 1.38 (0.73-2.61) 1.35 (0.72,2.52)
Frequency of EAC <5 Reference Reference
sessions after baseline | 25 0.11*** (0.06-0.20) 0.11™(0.06,0.20)
Duration on second- <2 years Reference Reference
line ART (years)? 2-5 years 1.34 (0.70-2.58) 1.32 (0.70,2.50)

95% CI: 95 % confidence interval; aHR: Adjusted hazard ratio; BMI: Body mass index; EAC: Enhanced adherence

counselling; 3TC: Lamivudine; AZT: Zidovudine; d4T: Stavudine; LPVr: Lopinavir; TDF: Tenofovir

a Covariates measured at baseline (virally re-suppressed status)

b Measured as the duration between initial virological failure date and second-line ART initiation date.

¢ Measured as the duration between initial virological failure date and re-suppression date while on second-line ART.
p-value: " p < 0.05, ™ p < 0.001
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CHAPTER 4 - DISCUSSION
4.1 INTRODUCTION:

This chapter provides an in-depth analysis, interpretation, and synthesis of the study
findings under specific themes with reference to the existing body of knowledge. In
addition, it provides new insights into the existing literature and elaborates on the impact
of the study findings on health policy. The chapter further highlights the study’s limitations

and provides recommendations for future research.

Other studies from resource-limited settings have demonstrated that Pl-based second-
line ART successfully achieves viral suppression in resource-limited settings (91,92). The
present study was set out with the aim of determining the incidence rates and predictors
of virological rebound among HIV-infected adult patients who achieved viral re-
suppression after failing second-line ART in Johannesburg, South Africa. In addition, itis
the first study to report on this outcome in a cohort of patients on second-line ART being
managed in a resource-limited setting. Specifically, this chapter reviewed three aspects
of the study findings, which include the baseline characteristics of the study participants,

the burden of virological rebound, and finally, the predictors of virological rebound.

4.2 BASELINE CHARACTERISTICS

An initial objective of the present study was to describe the baseline characteristics of the
virally re-suppressed patients who had failed a Pl-based second-line ART regimen in the
Themba Lethu Clinical Cohort.

It is interesting to note that most of these patients were female. These findings match
those observed in earlier studies conducted at TLC and those reported in the cohort
profiles (56,82,93). This further supports the fact that females have a higher ART uptake
through HIV testing and ART initiation services which are readily available during

pregnancy and postpartum periods. Another explanation for this is the disproportionately
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high HIV prevalence among females in many regions, including the sub-Saharan region,

particularly in South Africa.

Most patients were employed which is not consistent with an earlier report on the Themba
Lethu cohort profile (82). These differences can be explained by the fact that patients
included in the analysis were able to achieve viral re-suppression, probably due to a higher
socio-economic status which made them maintain optimal ART adherence. Again, most
of the patients were middle-aged, which may correspond with the higher employment

rates observed.

Normal BMI and overweight patients (66.11%) made the highest proportion in this sub-
cohort. A similar finding was found in other studies conducted at the same study site
(56,93). However, a significant number of patients (13.4%) were underweight, which may

mostly be explained by poor nutrition and advanced HIV disease.

Most of the patients were on an AZT+ 3TC + LPV regimen (42.98%) and TDF+3TC+ LPVr
(28.10%), in accordance with the national ART guidelines. However, a significant
proportion of patients (21.90%) were on non-standard Pl-based regimen combinations.
This finding may have been due to the unavailability of the standard ART regimens.
Another possible explanation could be that most prescribing clinicians were not adhering

to the national ART guidelines.

As mentioned in the literature review, poor ART adherence is considered as the primary
predictor of second-line ART virological failure. It has also been considered as one of the
main predictors of HIV disease progression and HIV-related deaths after a poor
immunological response to ART (94,95). Patients on ART tend not to be consistently
adherent to treatment and may be at risk of experiencing virological failure even after they
have achieved viral suppression. In the present study, at baseline, most of the patients
displayed near-perfect ART adherence of >90%. Although these patients were virally
suppressed, a few patients had a low ART adherence of less than 90%. This finding could

be suggestive of inconsistent ART adherence among these patients despite receiving
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EAC after experiencing the initial second-line ART failure. Some of the reasons for being
non-adherent to ART reported in earlier studies include drug stock-outs at a treatment
site, lack of adherence ART follow-ups, forgetfulness, low motivation levels, multiple drug
prescriptions, adverse drug reactions, being in good health, high transportation costs, and
stigma linked to ART (96-101). Pill count was the method used to assess adherence in
the present study’s context. However, it has been considered as a poor marker of ART
adherence since there is no way of verifying treatment compliance. And, considering that
high ART adherence was reported at baseline in most patients, it was not included in the

inferential analysis.

The risk of HIV transmission is lower in patients with low viral loads (102). And, achieving
and maintaining viral suppression is essential for good treatment outcomes, which lead to
improved quality of life (103). Although all patients included in this analysis achieved viral
re-suppression (VL <400 copies/ml) at baseline, most of them (59.92%) failed to achieve
undetectable viral loads of <50 copies/ml. There could be a number of factors contributing
to these observed sub-optimal viral suppression states. Some of the explanations that
may be considered may include comorbidities that may affect ART adherence, reduced
efficacy due to exposure to suboptimal ART regimens, drug interruptions, drug

interactions with concomitant medications and/or drug adverse drug reactions.

Surprisingly, the median (IQR) CD4 count 403 (223-603) cells/ul is suggestive of low
immunological response at baseline in most (>50%) of these patients. This finding
indicates that most of these patients showed discordant immunological and virological
responses. Some studies have suggested that a discordant relationship where low viremia
does not reflect good immunological response may be due to delays in ART Initiation
(104). However, there seems not to be substantial literature on the pathogenesis of these
discordant responses, which may be dependent on the interaction of viral, host, and

treatment-related factors.

A Tanzanian study found a longer duration on ART to be a risk factor of non-adherence

to first-line ART (105). In the present study, the overall median duration on ART was 3.5
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(IQR: 2-6) years at the study’s baseline which is a considerable duration on treatment.
This also accords with the fact some of these patients had poor adherence during first-
line ART; and following the switch to second-line ART, they may have also been non-
adherent to the treatment and eventually experienced early second-line ART virological
failure. Another important finding was the short median duration on second-line ART of
1.3 years (IQR:0.8-2.11 years) at baseline. Studies have shown that patients on ART for
longer periods have high toleration to second-line ART (9). Interestingly, most patients
achieved viral re-suppression in less than four months after experiencing their initial
virological failure on this treatment option. This finding may reflect the impact of EAC
offered to all patients after experiencing their initial virological failure.

Most patients in the present study were non-anaemic at baseline. However, a higher
anaemia prevalence (<50%) was reported before the initial second-line ART virological
failure in a previous study at TLC (93). Since this sub-cohort already experienced the initial
failure and had received some other clinical services, this may have impacted on this
observed disparity. Additionally, TB-coinfection was observed in a low proportion of
patients (7.9%) in the present study, which was a similar finding in an earlier study

focusing on initial virological failure at the same study site (12).

4.3 INCIDENCE OF VIROLOGICAL REBOUND

The second objective of the present study was to determine the incidence rate of
virological rebound among virally re-suppressed patients after the initial failure of second-
line ART.

This is the first study to investigate the burden of this long-term outcome in second-line
ART. The findings indicate the overall incidence rate of virological rebound was 23.20 per
100 person-years, and the prevalence was 29.34%. Compared to incidences rates of the
initial second-line ART virological failure, the present study reports quite similar high
incidence rates of virological rebound. Studies in similar settings have documented
incidence rates of the first second-line ART virological failures between 19.1-28.3 per 100

person-years (8,12,15,69,93). This similar finding suggests the rates of virological
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rebound are comparably high. However, since virological rebound in this study was
observed after the initial failure, comparisons of the burden of virological failure at different
occurrences need to be interpreted with caution. Also, comparisons of these rates across
different studies and countries may be difficult to compare due to the differences in the
duration on ART, study designs, virological failure definitions, sample size, and follow-up
periods. However, these results emphasise the fact that adult patients who achieve viral
re-suppression after experiencing virological failure during second-line ART remain at risk

of developing virological rebound within two years after registering the first episode.

Interestingly, the incidence rates were highest between 18-24 months of follow-up from
baseline. However, the rates were lower before 12 months of follow-up, with the rate
increasing over the follow-up period. In contrast, a meta-analysis of studies in resource-
limited settings focusing on the virological failure rates after the second-line ART switch
found contrasting findings (106). The pooled virological failure rates in this meta-analysis
showed a decreasing pattern over the follow-up period, which is contrary to what was
observed in the present study. Furthermore, the results of the present study show that the
most incident cases of virological rebound occur between 18-24 months of follow-up,
which is suggestive of a relatively poor virological response over time within the follow-up

period.

Another additional finding was the comparable cumulative incidence of virological rebound
among males and females. Though slightly higher among males, the cumulative incidence
was statistically similar. However, the incidence rates were higher among males
compared to females. A similar record can be seen in studies that have reported on the
incidence rates of the initial failure while receiving second-line ART (55). This finding
suggests that incidence rates of virological rebound differ according to sex and are much

higher in males.

With the present study’s findings on the incidence rates of virological rebound, it is worth
noting that patients who achieve viral suppression after experiencing their initial virological

failure during second-line ART, remain at risk of experiencing virological rebound later in
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the course of this treatment. This finding points to the fact that poor management of
patients on second-line ART may eventually have long-term consequences even in
patients who have achieved viral re-suppression. It is important to have standardised

clinical guidance, that targets this group of patients.

4.4 PREDICTORS OF VIROLOGICAL REBOUND

The final objective of the present study focused on investigating the predictors of
virological rebound in patients who achieved viral re-suppression after experiencing their
initial virological failure on second-line ART. In the adjusted analysis, several factors were
found to be associated with virological rebound in these patients and may be considered

as predictors.

Available evidence indicates that Pl-based second-line ART regimens are highly potent
(6,36—40) and they have low rates of drug-resistance (9,44,50). It is evident that poor ART
adherence is an important predictor of second-line ART failure as stated in the literature
review. As such, patients need to receive EAC uninterruptedly for the achievement and
maintenance of viral suppression. In the present study, patients received EAC even
though all the patients had achieved viral re-suppression at baseline as per National ART
guidelines. The most interesting finding was that patients who received a higher number
of EAC sessions had a lower risk of experiencing virological rebound. To explain this
finding, it is worth noting that the overall high ART adherence at baseline in most of the
patients may have been maintained after they had received more EAC sessions. This
finding provides evidence on the dose-response relationship between frequency of EAC
and the risk of experiencing virological rebound. Even though there is substantial evidence
suggesting that EAC has an impact in reducing the risk of virological failure in patients on
second-line ART (17), there is a paucity of knowledge on the optimal number of EAC
sessions patients they need to receive to achieve this. The present study found that
patients who received at least five EAC sessions had a lower risk of experiencing
virological rebound in the 24-month follow-up period. Further studies need to be

conducted to provide substantial evidence on the optimal number of EAC sessions that
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patients need to receive to achieve viral re-suppression in such a period. However, the
findings suggest that it is essential for virally suppressed patients with high ART
adherence to continuously receive EAC to ensure that they maintain good virological

response to these Pl-based second-line ART regimens.

Wasting has been considered as a clinical complication of HIV infection since early in the
HIV epidemic (107), and its presence eventually leads to low BMI. The present study
found that patients with low BMI (underweight) had a higher risk of experiencing virological
rebound compared to those with a normal BMI. However, no statistical difference was
found between patients that were overweight or obese and those who had a normal BMI.
A Malawian study has found that patients failing second-line ART are less likely to be
overweight or obese (108). Likewise, a study at TLC has reported low BMI as a predictor
of virological failure in patients on second-line ART (56). The data reported here appear
to support the idea that patients with low BMI having a higher risk of virological rebound.
A reasonable explanation for this is that weight loss and low BMI have been indexed as
predictors of HIV disease progression and malnutrition (109), and this may result in the
poor immunological response to treatment. This immuno-compromised state may have
impeded them from maintaining the achieved viral re-suppression state and increased the

risk of experiencing virological rebound.

Another key clinical finding in support of the previous discussion was that patients with
low immunological status, as defined by a CD4 count < 350 cells/ul, had a higher risk of
virological rebound. The explanation here is that poor immunological response may have
eventually led to a poor virological response in the form of virological rebound. This finding
accords with previous studies and emphasises that poor immunity predisposes patients
on ART to virological failure while on second-line ART regimens (68,69). As such
discordant immunological and virological response in these patients may be considered

as a marker of risk of virological rebound.

Surprisingly, there was no statistically significant association between viral load at

baseline and virological rebound. This suggests that even having an undetectable viral
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load in these patients does not reduce the risk of virological rebound in such patients.
However, it is quite certain that maintaining a high virological response is crucial for
successful second-line ART. Since all patients were virally suppressed at baseline, it is
adequate to say that other factors play a more significant role in reducing or increasing

the risk of virological rebound.

Furthermore, age and gender were also not statistically associated with the outcome.
However, studies have suggested that females (15,71) and others have suggested that
males (72-74) have a higher risk (55,56) of experiencing the initial virological failure of
second-line ART. And, other studies have found that older-aged patients have a lower risk
(37,75). Quite important is the fact that these two factors were adjusted for in the final
model, in case they confounded the relationship between the virological rebound and the

other measured factors.

The duration on ART, time to the initial virological failure while on second-line ART, and
time to viral re-suppression were not included in the adjusted analysis since they failed to
reach statistical significance. Though studies have reported that patients with longer
duration on ART have a high tolerance to second-line ART as earlier stated (9), this study
did not find similar findings. Other factors, such as regimen type, anaemia, and duration
on second ART, were also not associated with the outcome in the final model. These
factors were kept in the final model solely based on knowledge of previous literature and
may not necessarily be considered as predictors of virological rebound. However, such
factors and others not investigated in the present study need further research in future

studies.

The sensitivity analysis provided more insights on the validity of the results and reaffirmed
the present study’s findings. This step of the analysis provided a means of showcasing
how these findings were not biased, although missing or non-measured categories for

some categorical exposure variables were included in the final analysis.
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CHAPTER 5 - LIMITATIONS
5.1 INTRODUCTION:

The study findings should be considered in light of some limitations. This chapter presents
the limitations of the present study and discusses how these may have restricted the

generalizability of the presented findings.

5.2 LIMITATIONS OF THE STUDY

Firstly, being a retrospective cohort study that used routinely collected clinic data, missing
information is inevitable. Due to the limited data available on ART adherence, WHO
staging, and alcohol use history, these covariates were not included in the inferential
analysis. The lack of data on these covariates meant that they could not be linked to
virological rebound. Hence, other additional potential explanations and risk factors of
virological rebound may not have been adequately addressed.

Secondly, the exclusion of patients who had a high viral load within three months from the
time they became virally re-suppressed from the analysis may have introduced some
survivorship bias. It was assumed that there was a high likelihood that high viral loads in
these patients might have been viral blips other than virological failures. However, patients
who registered a high viral load after these three months may have been overall healthier
patients. Restricting the analysis to this group of patients may have underestimated the
burden of virological rebound. In addition, due to the sparsity of previous literature on the
topic, the comparison of this study’s findings on the risk of virological rebound among
virally re-suppressed patients after the initial virological failure with those of studies that
focussed on the risk of the initial virological failure may have also introduced survivor bias
in most of the discussions. Patients who were able to survive the initial virological failure
and achieve viral re-suppression were more likely to have more favourable outcomes. As
such, the potential impact of survivorship bias in both of these scenarios needs to be

considered when interpreting the study findings.
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Thirdly, the outcome was subject to misclassification. Based on the outcome definition,
some viral blips may have been considered as virological rebound and vice versa. Even
though all high viral loads within the first three months after viral re-suppression were
considered as viral blips, some patients may have experienced a viral blip outside this
period which may have been misclassified as virological rebound. High viral loads may
have also been misclassified as virological rebounds during the follow-up period since not
all viral load tests were done at scheduled times as per standard guidelines. The former
scenario may have overestimated, and the latter underestimated the incidence rates of
virological rebound. A pragmatic definition of virological rebound, as defined by a single
VL >1000 copies/ml, was used in the present study. This is based on the WHO
recommendation on the threshold of 1000 copies/ml for defining virological failure, as
mentioned in the literature review. In addition, two consecutive viral loads between 400-
999 copies/ml that were three months apart were also considered as virological rebound
in the present study. There is a chance that the latter definition may have misclassified
some patients to have experienced virological rebound and may represent a more
stringent monitoring policy. This limitation may have particularly, overestimated the actual
burden of virological rebound. As such, this limitation, together with the previous two

scenarios, should be considered when making inferences with the presented results.

The fourth limitation to be considered is the study’s relatively small sample size, which
may have affected the precision of the reported estimates. However, the sample size is
larger than that of the few studies that have attempted to report on virological rebound
burden. Also, this is comparable with sample sizes of previous studies on initial second-
line ART failure in similar settings. In addition, the high statistical power of the sample
size sufficiently supports and validates the results of this study as being statistically

plausible.

The fifth limitation of the present study is that it did not investigate the incidence of drug
resistance across the different second-line ART regimen types. Drug resistance testing
would have also provided information to rule out the possibility of the reported virological

rebound cases reported in this study being due to drug resistance and not poor ART
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adherence. Even though high rates of virological rebound have been reported, it is difficult
to be certain that all the patients that experienced virological rebound were required to
switch to third-line regimens since drug resistance testing is not readily available to all
patients in this setting to confirm this. Although previous studies have reported that most
patients fail second-line ART mainly due to poor adherence (51), the present study does
not exclude the idea that some of the virological rebound cases reported may be due to
drug resistance. Furthermore, this study was limited to patients with documented viral re-
suppression after initial virological failure who mostly had good ART adherence at
baseline. However, this study was unable to comment on subsequent ART adherence
behaviours to rule out drug resistance. However, some studies have suggested that
patients with persistent virological failure on Pl-based second-line ART may show some
traces of Pl genotype resistance (48,49). This further demonstrates that this aspect

warrants further investigation.

A sixth limitation focuses on the generalisability of the study findings. The diversity of
patients accessing services at TLC by nationality and race is already a substantial
limitation towards the generalisability of the present study’s results to similar patients from
all HIV treatment sites in South Africa. Again, TLC being an urban HIV treatment site, the
patients accessing health services have different characteristics in comparison to those
accessing these services at rural-based HIV treatment sites. Besides, the standard of care
may differ in rural-based and urban-based HIV treatment sites, which also adds to the
poor generalisability of the study findings. Also, TLC is one of the accredited
Comprehensive Care, Management, and Treatment (CCMT) sites in South Africa (82). As
such, the patients included in this study may not be truly reflective of those in the general
HIV population. The intense monitoring and EAC support offered to these patients may
have a positive impact on their attitude towards health. In comparison with the general
HIV population, such patients are likely to have more successful treatment outcomes.
Therefore, considering the study’s setting and patient characteristics, these study findings
may not be generalizable to other populations having different patient and health system

characteristics.
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Lastly, the most common limitation with any cohort study design is LTFU, and in the
present study, this seemed to be high during the study’s follow-up period, as presented
earlier. Viral load test results for patients that were LTFU, transferred to other treatment
sites, or died close to the study’s baseline were not available. As such, these patients
were excluded from the analysis. The lack of follow-up data for these patients reduced the
sample size included in this analysis, which may have lowered the power of the study
sample size. This effect on sample size may have also impacted on the incidence rate of
virological rebound observed in this study. Furthermore, patients that were censored at
the time they exited the cohort may have experienced virological rebound outside the
treatment site during the follow-up period. Many settings consider LTFU patients as ART
defaulters (110) since they have a high likelihood of dying within one year of treatment
discontinuation. Studies in South Africa reported deaths between 27%- 48% among such
patients who were traced (111,112). It seems reasonable to censor patients at the time
they were LTFU, but it does not entirely rule out the chances of these patients
experiencing virological rebound outside the cohort within the study’s follow-up period. As
such, it is possible that the censoring of these LTFU patients may have underestimated
the reported rates of virological rebound. However, it suffices to say that LTFU is common
in cohort studies that use clinic data, and in this study, this provides a true reflection of
patient characteristics that need to be considered in HIV management.

5.3 STRENGTHS OF THE STUDY

Although the study may be considered to have had some limitations, it is the first study to
investigate virological rebound in this subgroup of patients and it forms a foundation for
future studies. Most importantly, is the fact that the results of the present study provide
important information for health care providers, particularly on the importance of closely
monitoring patients who achieved viral re-suppression after experiencing their initial
virological failure during second-line ART. As mentioned earlier, this study had a
substantially large sample size, and the duration of follow-up of patients was longer as
compared to other previous studies on second-line ART treatment outcomes (6,8). Also,
the study used routinely collected clinic data, which gives a true reflection of second-line

ART management in a resource-limited setting. In addition, the study partially used a
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standard definition of virological failure to define virological rebound in accordance with
WHO guidelines, which enabled comparison with other study findings. In general, the data
used in this analysis was considered robust and reliable, which allowed the application of
survival analysis methods. Lastly, to ensure standard reporting quality, it is worth
mentioning that the study has been reported following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines (113).
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CHAPTER 6 - RECOMMENDATIONS AND CONCLUSION
6.1 INTRODUCTION:

This chapter presents the recommendations and conclusion of the present research
study. It begins by highlighting the recommendations that emanate from the findings of
the study while referring to earlier key discussions. It ends by providing a detailed

conclusion for the study findings.

6.2 RECOMMENDATIONS:

With the high rates of virological failure being reported in studies from resource-limited
settings focussing on second-line ART, novel approaches to improve second-line ART are
still urgently needed as more patients are being switched from first-line ART to second-
line ART. For patients showing early good outcomes, new innovative interventions need
to be established to ensure that these patients maintain a good response to second-line
ART.

An important observation from this study was the high incidence rate of virological
rebound. Although several factors may play a role, ranging from patient to health system
factors, the evidence underscores the need for HIV programs to establish continued active
follow-up mechanisms for patients even after achieving viral suppression. Notably, for
patients who achieve viral re-suppression after initial virological failure while on second-
line ART, where resources are available, more vigilant ART monitoring through viral load
testing is recommended beyond the current WHO recommendations for early detection of

virological rebound.

In addition, further research is needed to understand the profile of these patients in
resource-limited settings and to investigate if traces of drug resistance exist. This would
provide further evidence to help reduce the burden of virological rebound and forecast the

need for third-line regimens are not readily available in resource-limited settings.
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Following an improvement in ART adherence through EAC, patients who experience
virological failure are expected to have raised CD4 counts if ART immune recovery starts.
However, according to this study in some patients, failure of CD4 recovery is common,
and for some this immuno-suppressed state can persist. As such, patients who have a
low CD4 count after achieving viral suppression following an initial virological failure whilst
on second-line ART, may be at risk of experiencing virological rebound. Furthermore, this
should alert health care providers of a risk of virological rebound in these patients. More
importantly, more attention should be given to these patients since they have proven to

have a higher risk of long-term non-response to second-line ART.

With the growing number of patients failing second-line ART in resource-limited settings,
prolonging the effectiveness of this treatment and patient survival relies on maintenance
of good treatment adherence. To ensure that good virological response is maintained in
patients after failing second-line ART, intensifying EAC is essential even though viral
suppression is achieved. From this study’s findings patients receiving a minimum of five
adherence counselling sessions had a lower risk of experiencing virological rebound over
a 24-months follow-up. However, to achieve optimum long-term treatment outcomes, the
recommendation is that clinics should offer EAC to patients at each visit and irrespective
of virological state if resource permitting. This intervention will ensure that health workers
or adherence counsellors provide a substantial number of EAC sessions, which are a
necessity for the maintenance of good treatment adherence and extend the patients’ time
on second-line treatment by reducing the risk of virological rebounding. Further
investigation is needed to assess the effectiveness of adherence interventions,
particularly, EAC. Also, future studies should establish the optimum number of EAC

sessions that patients should receive within a year to maintain good treatment adherence.

The importance of measuring BMI in HIV-infected patients as a marker of treatment failure
needs to be championed. An important observation in the present study is that low BMI in
patients who failed second-line ART may be considered as a marker of future virological
rebound. Such patients need intensive nutritional support to maintain the viral suppressed
state. In addition, closer monitoring through regular BMI measurements is advised in these

patients to maintain or achieve normal BMI.
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As more patients continue to fail second-line ART, HIV management of these patients
should not ignore the fact that not all virological failures in these patients are due to poor
treatment adherence. As such, a growing need for third-line regimens is likely to ensue in
these patients. Hence, ongoing studies focusing on drug resistance testing among this
group of patients should be conducted to measure the proportion of virological rebounds,
not due to treatment non-adherence but rather drug resistance. This knowledge may help

to quantify the need for third-line regimens in future HIV management policies.

Finally, the high patient LTFU noted in this study is a strong indication of the need for
clinics from RLS, including TLC, to conduct more active follow-up to ensure that such
patients have prolonged second-line ART virological response. Also, the presence of
missing information in routine clinic data, as observed in this study, shows the importance
of continuous training, supportive supervision, and performance monitoring of health
workers at HIV treatment sites in RLS. This recommendation will help to improve recording

and completion of that clinical information in Electronic Medical Record (EMR) systems.

6.3 CONCLUSION:

In conclusion, this study shows that virological rebound is highly incident among HIV-
infected patients on Pl-based second-line ART who virally re-suppress after experiencing
initial virological failure. This finding emphasises the importance of more frequent and
intensive monitoring approaches among these patients, comparable to those offered to
patients who fail to achieve viral re-suppression. Attention should be paid to markers of
virological rebound in these patients in resource-limited settings. These include low CD4
count and low BMI, which can be used to identify patients who are at higher risk of
experiencing virological rebound. Offering ongoing adherence support through enhanced
adherence counselling may reduce this risk and promote long-term good virological
response. Hence, enhancing patient-centred interventions that promote good ART
adherence, immune recovery, and normalised BMI; are essential for the reduction of

switches to more expensive and limited third-line regimens
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Appendix 4:

Data management and analysis dataset preparation

Data Management

(Dataset 1)
Extraction of laboratory test
results of interest

¥

e Viral load test result and dates

¥

v

e Cd4 count test result and dates
e Haemoglobin test result and dates

Datasets merged using unique
study identifier and record
dates

(Dataset 2)
ART regimen data

A

e Type of regimen
e Startdate
e Enddate

)

Identification of patients initiated on a
Pl-based Second line regimen

I
Follow up
A 4

v

Identification of patients who failed
ART initiation at least 3 months after
ART initiation

(Dataset 3)

Extraction and data preparation of :
e Demographic and selected clinical data
-Date of birth,
- Sex
- Employment status,
- Alcohol use,
- Smoking history,
- Pregnant,
- ART initiation date
- Transferred out date, death date, LTFU date

Patient drop-outs at these time

points were identified and
excluded

I
Follow up
v

Identification of patients re-suppressed
within 6months after the first recorded
virological failure

A

Follow up
[

(Dataset 4)
Extraction and data prepartion of :
e (Clinical data
- WHO staging
L]
- BMI
- Intensified adherence counselling

v

Patients stratified by on the
defined outcome:

Virological rebound

completed 24-month follow-up .

Person-time was calculated from the day re-suppressed to the
date they experienced the outcome, exited the cohort or

v

v

identifier

All dataset merged
using unique study
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Appendix 5: Definitions for all measurement variables

Variable Definition Time of data | Variable | Variable coding
collection type

Socio-demographic variables

Age The patient's age. A continuous variable | At the study’s | Exposure | N/A
measured in years. baseline variable

Sex The patient's sex. A binary categorical variable | At the study’s | Exposure | Male =1
categorised as male and female. baseline variable Female = 2

Employment status | The employment status of the patient. A binary | At ART | Exposure | Un-employed =0
categorical variable categorised as unemployed | initiation variable Employed =1
and employed.

Alcohol use The patient’s alcohol use history. A binary | At ART | Exposure | No=0
categorical variable categorised as yes and no. | initiation variable Yes =1

Smoking status The patient's smoking history. A binary | At ART | Exposure | No=0
categorical variable categorised as yes and no. | initiation variable Yes =1

Clinical variables

Virologic rebound | A binary variable defined as a high viral load | During follow- | Outcome | No =0
(VL) of >1000 copies/ml after virological re- | up variable Yes=1

suppression following initial virological failure
on second-line ART. Also considered as
virological rebound 3-months from the study’s

baseline was two consecutive VLs, which were
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3-months apart with the first VL as 400-999
copies/ml followed by a VL 2400 copies/ml. This
variable was defined as yes (virological
rebound) and no (maintained virological re-

suppression).

Enhanced A binary variable categorised based on the | During follow- | Exposure | <5 sessions=0
adherence number of EAC sessions received from the | up variable =5 sessions =1

counselling (EAC) | study’s baseline: <5 and = 5 sessions

WHO clinical | An ordinal categorical variable categorised into | At the study’s | Exposure | WHO clinical stage 1 =0
staging four categories for stages 1, 2, 3, and 4 of the | baseline variable WHO clinical stage 2 =1
WHO clinical staging criteria WHO clinical stage 3 =2
WHO clinical stage 4 =3
Missing =4
CD4 count An ordinal categorical variable of the CD4 count | At the study’s | Exposure | < 350 cells/ul=0
result of the patient at the study’s baseline | baseline variable 350 — 499 cells/ul = 1
categorised as = 500 cells/ul, 350 — 499 cells/yl, = 500cells/pl = 2
and < 350 cells/ l.
Viral load A binary variable defined as the HIV load | At the study’s | Exposure | <200 copies/mi=0
(copies per millilitre) of the patient at the study’s | baseline variable 201-399 copies/ml=1

baseline, categorised as <200 copies/ml and
201-399 copies/ml.
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ART adherence ART adherence of the patient. A binary variable | At the study’s | Exposure | <90% =0
for self-reported Adherence at the study’s | baseline variable = 90% =1
baseline. Categorised as = 90% (all pills), <90%

(few to most pills).

Duration on | A binary variable of the patient's overall | At the study’s | Exposure | 0-12=0

second-line  ART | duration on second-line ART at the study’s | baseline variable 13-24=1

(years) baseline, categorised as <2 years and 2-5years 225=2

Duration on ART | The patient’s overall duration on ART (first-line | At the study’s | Exposure | <1 =0

(years) ART and second-line ART) at the study’s | baseline variable 1-2=1
baseline. An ordinal categorical variable 3-4=2
categorised into three categories: <1, 1-2, 3-4, 25=3
and = 5 years.

Type of second- | A categorical variable of the type of second-line | At the study’s | Exposure | TDF +3TC/FTC+LPV =1

line ART Regimen | ART regimen at the study’s baseline, | baseline variable AZT +3TC+LPVr =2
categorised into three: Other =3

o AZT +3TC+LPVr
e 3TC+LPVr+ TDF
e d4T+3TC+LPVr
e Other

B co-infection | Defined as having TB co-infection history at the | At the study’s | Exposure | No=0

history study’s baseline. TB diagnosed through Ziehl- | baseline variable Yes =1

Neelsen stain (ZN), GeneXpert TB test, and
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chest X-rays. Binary categorical variable

categorised as yes (TB co-infection) and no (No

TB co-infection).

Anaemia The patient's anaemia status at the study’s | At the study’s | Exposure | No=0
baseline. A binary categorical variable | baseline variable Yes=1
categorised as yes (Haemoglobin result <11.5 Not measure=2
g/dL for females and <13.0 g/dL for males.), No
(>11.5 g/dL for females and >13.0 g/dL for
males 8g/dl) and not measured.

Adverse drug | A binary variable capturing the history of ADRs | During the | Exposure | No=0

reactions (ADRS) during the study’s follow-up. Categorised as yes | study’s follow- | variable Yes =1
(ADRs present) and no (No ADRs). The | up period
following diagnosed conditions were possible
ADRs: dermatitis, gastroenteritis,
gynaecomastia, hepatitis, lactic acidosis,
lipodystrophy, muscle/joint pain, or neuropathy.

Time to initial | An ordinal categorical variable referring to the | Before the | Exposure | 3-5 months=1

virological failure | duration of the first second-line ART failure from | study’s variable 6-8 months=2

on second-line | the time of the switch from the first-line ART | baseline 29 months=3

ART (months)

categorised as 3-5, 6-8, and =9 months.
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Time to virological | A binary variable referring to the time from the | Before the | Exposure
re-suppression initial virological failure while on second-line | study’s variable
after initial ART to the time when virological re-suppression | baseline
virological failure was achieved. Categorised as 0-3 and 4-6
on second-line months.

ART (months)

Anthropometric Variables

Body Mass index | The patient’s BMI at the study’s baseline. An At the study’s | Exposure | Underweight =0

(BMI) ordinal categorical variable categorized baseline variable Normal =1
according to the WHO classification as Overweight = 2
>30kg/m2 (obese), 25 — 29.9 kg/m2 Obese =3

(overweight), 18.5 — 24.9 kg/m2 (normal) and
<18.5kg/m2 (underweight).

3TC: lamivudine; ADRs: Adverse drug reactions; ART: antiretroviral therapy; AZT: zidovudine; BMI: body mass index; LPV/r:

ritonavir-boosted lopinavir; TDF: tenofovir; WHO: World Health Organisation
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