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CHAPTER 1

General introduction and thesis outline



HIV epidemic

The human immunodeficiency virus, or HIV, first named in 1986, is the virus responsible for acquired
immunodeficiency syndrome (AIDS), one of the deadliest and most pervasive infectious disease
epidemics globally. The Joint United Nations Programme on HIV/AIDS (UNAIDS) indicates that, by
2023, 88.4 million people had been infected since the start of the epidemic, almost half (47.9%) of
whom have died from AIDS-related illnessest. They also estimate that 39.9 million people were living
with the virus in 2023, 76.9% (30.7 million) of whom were accessing antiretroviral treatment (ART) L.
About 5.4 million people did not know that they were living with HIV in 2023 and it is estimated that
1.3 million people became newly infected with HIV during this same time period. Although the rate of
annual new infections has declined from 3.3 million at the peak on the epidemic in 1995 to 1.3 million
in 2023, equating to a 60% decrease over the time period, this falls short of the 2025 target of fewer
than 370,000 new infections®. HIV remains effectively incurable for most people, though a handful of
cases have been cured through extremely invasive experimental treatments that aren’t viable for
widespread use?*. Furthermore, although numerous attempts have been made®?°, an effective vaccine

has yet to be developed™!.

Eastern and Southern Africa

Eastern and Southern Africa is the region most affected by the HIV epidemic with 20.8 million people
currently estimated to be living with the virus in 20232, The region has made substantial progress, with
a 59% decrease in new HIV infections between 2010 and 2023; however, there were still an estimated
450,000 people newly infected in 2023 and certain population groups are still more acutely affected
than others'?. Adolescent girls and young women aged 15-24 still accounted for 27% of new HIV
infections, and were three times as likely to be infected with HIVV compared to males of the same age
in 20232, Despite an overall decrease in HIV incidence reported in 2023, this rate has been slower
among key groups, including men who have sex with men and people who inject drugs*?. Despite the
decreasing incidence, ART is a life-long treatment and declines in prevalence are much slower,
necessitating continued financial support; however, funding for HIV programming, both international
and domestic, has been declining since 2017, with UNAIDS estimating that the region had $9 billion in
available HIV funding for 2023, down from $11 billion in 2017 (constant 2019 US$)*3. Only $4 billion
of this $9 billion was estimated to come from domestic sources. With this has come an increased
emphasis on interventions demonstrating allocative and technical efficiency globally, regionally and
nationally. South Africa and Zambia are two countries that have been substantially affected by the HIV

epidemic and subsequent decreases in HIV funding.

South Africa and Zambia

South Africa and Zambia both have long-standing generalized epidemics, with the majority of

infections occurring through unprotected heterosexual sex. South Africa has the largest generalized HIV



epidemic in the world, with 2023 estimates of 7.7 million people living with HIV, an incidence of 4.6
per 1000 population and an overall prevalence of 17.1%*4. According to the Human Sciences Research
Council, South Africa is getting closer to reaching the UN 95-95-95 targets with 90% of people knowing
their HIV status, 91% of whom were on treatment and 94% of those on treatment achieving virologic
control in 2022%°. This population-based household survey likely has limited ability to capture adequate
samples of key populations, however, so it is possible that these statistics hide a lot of disparity in sub-
populations where there are still large gaps. South Africa is estimated to have had 150,000 new
infections in 2023, most of which occurred in women aged 15 years and older (89,000; 63.6%)“. This
is a 58% decrease in new infections since 2010; however, it falls well short of the 2030 goal of a 90%

reduction?®.

Zambia’s HIV epidemic is also generalized, with 1.3 million estimated to be living with HIV in 2023,
with an incidence rate of 2.09 and an overall prevalence rate of 9.8%%’. Zambia is estimated to be closing
in on their 95-95-95 goals, with 96% of people knowing their HIV status, 95% of those who are living
with HIV on treatment and 92% of those on treatment being virally suppressed!’. However, the UN
2023 estimates indicated that, despite 1.2 million being on treatment and virally suppressed, there were
still 23,000 new infections; this is a 64% decrease since 2010, but is still sub-optimal according to the
UN 2030 target of a 90% reduction®®. These infections were mainly in women aged 15 and over (13,000;
56.5%)%".

HIV prevention

As the HIV epidemic first emerged, prior to the development of effective treatment, policy and
programmatic focus was largely on transmission prevention through the promotion of sexual abstinence
or monogamy and the use of condoms*®°. Once antiretroviral drugs were introduced for treatment of
those infected with HIV, the focus sharply shifted towards the scale-up of treatment programs and
resulted in attention and funding being diverted from HIV prevention. As it becomes clear that HIV
treatment alone is not going to end the epidemic, there is a renewed focus on prevention, with one of
the most significant breakthroughs being in the development and improvement of biomedical
prevention. HIV prevention strategies can be categorised into two broad categories: 1) non-biomedical
prevention and 2) biomedical prevention. Both prevention measures have several types of specific
interventions and guidelines frequently recommend that more than one HIV prevention method or

technology is used concurrently.

Non-biomedical

Non-biomedical HIV prevention options can broadly be categorized into two types of interventions:
behavioral and structural. Behavioral interventions include interventions such as condom use to
promote safer sex practices, reduction in the number of sexual partners, HIV testing and counselling,

along with sexual health education programs. Structural interventions include access to prevention



technologies such as condoms, policy changes to reduce stigma and promote safer sex practices,
programs that address social determinants of increased vulnerability to HIV infections and reforms that
protect vulnerable populations.

Biomedical

Similar to non-biomedical prevention, biomedical prevention takes several forms. As of 2025, there are
five main categories of biomedical HIV prevention technologies that are currently available: 1) pre-
exposure prophylaxis; 2) post-exposure prophylaxis; 3) treatment-as-prevention; 4) prevention of
mother-to-child transmission and 5) voluntary medical male circumcision. Additionally, vaccines and
antibodies are two types of biomedical technologies that are being investigated for use in HIV
prevention as well, but none have demonstrated sufficient efficacy to result in regulatory approval. As
this thesis focuses on pre-exposure prophylaxis, this chapter will focus on describing these specific
methods of HIV prevention.

Daily and event-driven oral PrEP

Oral PrEP is a formulation of tenofovir disoproxil fumarate and emtricitabine that, if taken as directed
has over a 90% reduction in the risk of acquiring HIV?°2t, The World Health Organisation (WHO)
recommends daily oral PrEP for both cisgender men and women while event-driven PrEP is currently
recommended for cisgender men only?. Daily oral PrEP requires the oral ingestion of a PrEP tablet
every day, while event-driven PrEP (also known as 2-1-1) is an anticipated exposure regimen, whereby
men can take two PrEP pills between two and 24 hours before the exposure, one pill 24 hours after the
first pills and one pill again 24 hours after that (48 hours after exposure).

Dapivirine ring

The dapivirine vaginal ring (DPV-VR) is a long-acting form of PrEP that can reduce the risk of HIV
acquisition for women?2. The ring contains the antiretroviral, dapivirine, and it is inserted vaginally and
left in place for one month, before needing to be replaced with a new ring?. Currently, the device is
recommended by the WHO for use by women 18 years or older and is considered safe during pregnancy
and while breastfeeding?. It is approved for use by these populations in both South Africa and
Zambia®?, Although not as effective as the other PrEP methods currently available with a reduction
in risk of over 50% in open-label extension studies?®, it offers an option to women who have a higher

chance of HIV infection and are unable to take oral PrEP.

Long-acting formulations

The latest biomedical prevention option that has been approved and recommended by WHO is the long-
acting injectable cabotegravir?. This two-monthly intramuscular injection is 98% effective at protecting
against acquisition of HIV?"28_ It is currently being rolled out in both South Africa and Zambia — in

South Africa it is still only being offered through research settings, while in Zambia it is currently



offered as part of the public sector HIV prevention program through the Ministry of Health?°3°,
Lenacapivir, a six-monthly subcutaneous injection, has demonstrated 100% efficacy in cisgender
women as well as a 96% reduction in HIV incidence compared to background HIV incidence among a
study population of cisgender men, transgender men, transgender women and gender non-binary

individuals who have sex with partners assigned male at birth; it was also 89% more effective than daily
oral PrEP in preventing HIV infection®-32, Although not yet approved for use as a form of HIV

prevention, it is being widely anticipated®. Other modalities of long-acting formulations are currently
in pre-clinical and/or clinical trials including vaginal rings, implants, patches, douches, gels and

inserts®*.

Multi-purpose prevention technologies

Multi-purpose prevention technologies (MPTSs) are products designed to address more than one sexual
and reproductive concern simultaneously. Several MPTs are currently being investigated, including
daily and long-term options that address HIV protection alongside contraception and/or STI
protection®. Currently, a daily dual oral PrEP and contraceptive pill is undergoing efficacy trials and is
the farthest along the development pipeline for MPTs with regulatory approval anticipated in 2025%.

HIV prevention in South Africa

South Africa has a long HIV prevention history and the landscape has changed significantly since the
late 1980s and early 1990s when the epidemic was thought to be concentrated among homosexual men,
hemophiliacs and migrant mine workers®’. The government response was limited and HIV prevention
efforts were initially focused on these populations, through the provision of condoms, blood screening
and a ‘safe-sex’ education strategy led by non-governmental agencies®’. This slowly changed post-
democracy as the epidemic expanded to the general population, with the first national AIDS plan
developed in 1994 followed by the establishment of HIV/AIDS and STD Advisory Group alongside
the introduction of a PMTCT program and a PEP program for survivors of sexual violence®. Following
a period of moralistic conservatism, where any HIV prevention strategies largely revolved around the
‘ABC’ campaign — abstinence, being faithful and condoms - ART was finally introduced in the early
2000s%®. However, it wasn't until 2008, following President Thabo Mbeki's forced resignation, that
South Africa began to emerge from its dark period of AIDS denialism—a policy stance that researchers
estimate caused more than 330,000 premature deaths from HIV/AIDS between 2000 and 2005%°. A
nationwide HIV testing campaign, the introduction of comprehensive sexual education in schools and

eventually expanded ART programming and VMMC were to follow in the latter part of the decade.

Pre-exposure prophylaxis was not introduced to South Africa until 2016, following WHO
recommendations that PrEP be offered to “those at substantial risk of HIV infection,” defined as HIV

incidence greater than 3 per 100 person-years*. Implementation was initially restricted to key and



priority populations, which limited access to all. However, in late 2019, national scale-up plans were
implemented and daily oral PrEP was rolled out to government primary healthcare facilities between
2019 and 2024*'. Uptake was initially slow due to several factors including the COVID-19 pandemic,
but rates of use have been increasing steadily over the past few years from an estimated 58,136 by the
end of 2019 to just underl.34 million by the end of 202423 Two additional PrEP modalities were
approved in South Africa in 2022 — the Dapivirine vaginal ring (DPV-VR) and the long-acting
cabotegravir injectable (CAB-LA) 2. PrEPWatch estimates that, as of December 2024, oral PrEP has
been used by 1,337,133 people, while the DPV-VR and CAB-LA have been used by 3,954 and 7,002

people respectively?.

South Africa is estimated to have spent about $1.86 billion (domestic: $1.42 billion (76.5%);
international: $0.44 billion (23.5%)) on HIV expenditure in 2023, In 2024, the largest international
donors include PEPFAR, Global Fund, and UNITAID*. International funding has stagnated in recent
years and domestic funding is also facing a decrease with the most recent Investment Case report
indicating that the November 2023 mid-term budget included a reduction in funding for the HIV
program by almost $13.49 million (based on an November 2023 exchange rate of 18.532524%) — down
to $1.29 billion per year*2. Given funding reductions, the HIV programs need to be rebalanced to ensure
that the most efficient mix of interventions are included (allocative efficiency). To assist with this, South
Africa publishes the Investment Case which aims to identify the optimal combination of interventions
against HIV*2, This takes into account the cost-effectiveness of the interventions, both under the current
budget and various assumptions, including that of an unlimited budget. Using the Thembisa model, an
established HIV transmission model for South Africa, and a custom-made cost model as well as a novel
optimization routine, the investment case is used to inform South African government policy*. The
2023 Investment Case investigated both constrained (“most cost effective mix of interventions under
the current medium-term budget”) and unconstrained (“scaled up interventions without a regard to the
funding envelope, to establish the order of their cost-effectiveness”) scenarios®’. The total budget
envelope used was R29.66 billion in 2023/24, R30.22 billion in 2024/25, and R29.63 billion in 2025/26.
Under the 2023 constrained scenario, where the HIV incidence is reduced to below the <0.1% virtual
elimination threshold by 2032, PrEP does not appear as an affordable option — i.e. with the current
budget envelope, scaling up of oral PrEP or injectable PrEP, specifically CAB-LA, is not affordable
once all interventions in the constrained scenario are scaled up. However, under the unconstrained 2023
scenario, including oral PrEP and CAB-LA, along with scaled up monthly ART linkage and MMC,

could contribute to reducing HIV incidence to <0.1% from as early as 2026.

HIV prevention in Zambia

Zambia has a similar history with regard to HIV prevention, with basic behavioral and structural
interventions being offered early on in the epidemic prior to treatment becoming available. Zambia

began offering ART through the public sector in 2004, and this program has been expanded over time*.
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Biomedical HIV prevention strategies grew in popularity following this, with medical circumcision
policies developed in Zambia around 2007 following WHO recommendations*®, oral PrEP introduced
in national guidelines in 2018 and the DPV-VR approved for use following WHO recommendation in
2021 (47). CAB-LA was approved in 2023 and Zambia was the first African country to roll this
modality out, with the first injection being given in 2024, PrEPWatch estimates that, as of December
2024, almost 900,000 people had been initiated on PrEP, with 892,572 and 3,013 on oral PrEP and
CAB-LA respectively?,

In contrast to the South African HIV program, most funding for the epidemic in Zambia comes through
international support, largely by PEPFAR and the Global Fund. Detailed HIV programming funding
data is difficult to establish; however, a UNAIDS sustainability analysis cites 2020 expenditure of
$347.8 million by PEPFAR, $53.3 million by Global Fund and $5.6 million by the Zambian
government*®. A more updated figure puts the PEPFAR 2025 financial commitment for the Zambian
national HIV response at $367 million) “°. These international agencies largely contribute financial and
technical assistance, while government funds are spent on human resources for health, policy guidance
and infrastructure®®. Zambia does not have an HIV investment case and, as such, choices about inclusion
in the prevention program are the result of discussions and decisions between government and donors.
The initial introduction of oral PrEP and plans for national scale-up were decided through the
development of a National PrEP Task Force that comprised ministry of health officials, technical

experts, donors, and civil society®.

PrEP program implementation in Zambia and South Africa

Certain groups in Zambia and South Africa experience elevated HIV vulnerability and
disproportionately higher rates of HIV infection due to structural, behavioural and social determinants.
These include serodiscordant couples, sex workers and their clients, men who have sex with men,
transgender individuals and men with increased vulnerability to HIV®L, As such, both countries first
introduced oral pre-exposure prophylaxis to specific populations carrying a disproportionate HIV
acquisition burden. This initial rollout was largely implemented through non-governmental partners

with donated drugs and international funding®.

South Africa’s PrEP program initially started as a donor-funded program that included PrEP drug
donations from Gilead Sciences in addition to oral PrEP drugs procured by PEPFAR. The South African
national Department of Health took over PrEP drug procurement management in 2020, signaling a shift
from a donor-led program to local ownership*. Both countries have provided PrEP through various
differentiated service delivery (DSD) models since initial introduction, although these are still largely
offered through demonstration projects and are not fully integrated into the national healthcare program.

These include offering services through fixed public HIV ART clinics, public mobile clinics,



community-based models, nonprofit health clinics, private health clinics, pharmacies and integrated

sexual and reproductive health and family planning services??,

The rollout of oral PrEP faced initial challenges in both countries. Early implementation focused on
specific populations like female sex workers and men who have sex with men, which led to stigma and
negative public perception, slowing widespread adoption®. The situation was further complicated by
the coronavirus disease 19 (COVID-19) pandemic and subsequent lockdowns, which disrupted both the

supply chain expansion to healthcare facilities and reduced client demand®2%3,

Measuring PrEP program success

In the context of declining financial investment, it is increasingly critical to demonstrate intervention
impact. Many of the simple measures that have traditionally been used for PrEP programs thus far, such
as the number of people initiating PrEP, do not directly show impact and are unable to capture important
subtleties including whether programs are reaching people who would most benefit from being on PrEP,
how people use and engage with the prevention products and whether this changes their sexual
behaviour. Evaluating PrEP programs presents several unique challenges. Firstly, unlike HIV treatment,
PrEP is not a lifelong medication. Users may appropriately start and stop based on their changing
exposure to behaviours that place them at risk of HIV infection. This appropriate intermittent use makes
it difficult to measure adherence and program effectiveness, as there is currently no agreed-upon
standard for measuring successful PrEP use in real-world settings. Additionally, unlike HIV treatment,
where a positive test clearly indicates need, PrEP eligibility is more complex: a negative HIV test alone
doesn't indicate PrEP need, no definitive medical test exists to determine who needs PrEP, and the
population requiring PrEP constantly changes as individual risk factors evolve. Furthermore, the groups
who could benefit most from PrEP often face significant stigma and are harder to reach. While these
populations may require more resources to identify and engage, successfully reaching them could have
a greater impact on reducing new HIV infections. Lastly, while various metrics exist to evaluate PrEP
programs, they typically require extensive longitudinal data collection. This level of monitoring and

evaluation is often impractical within public sector healthcare systems.

Limitations to further scale-up or inclusion of new prevention technologies

Despite the promise of these current and future biomedical products, both South Africa and Zambia are
facing challenges to further scale-up and inclusion of new prevention technologies. As indicated above,
funding for HIV programming is declining globally which means that there are fewer financial
resources for new prevention programmes®*. Donors and funders must optimize resource allocation by
developing compelling investment cases and identifying program improvements. This requires
comprehensive data on costs and cost drivers essential for effective service delivery®®. With growing
demands for allocative and technical efficiency, countries face pressure to demonstrate evidence of

successful interventions and positive returns on investment. In this context, reliable, standardized
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metrics at both individual and program levels are crucial for meaningful cost comparisons and
performance evaluation, ultimately helping stakeholders make data-driven funding decisions. Secondly,
and associated to the above, new technologies tend to come with a high price tag and these new
biomedical HIV modalities are no exception. Both CAB-LA and the newer Lenacapivir are already tied
up in drawn out pricing and supply negotiations with their pharmaceutical manufacturers®. This has, at
best delayed, and at worst, prevented, the introduction of CAB-LA into the public sector HIV prevention
toolbox as no agreed pricing has been established. This highlights the importance of reporting on costs

associated with these programs.

Costing HIV programs

In resource constrained settings, achieving desirable outcomes needs to be balanced against the
resources used to obtain those outcomes and their associated cost. Resource usage for outpatients can
refer to any input used to treat patients in an outpatient setting. This would include, but is not limited
to, drugs, diagnostic testing, monitoring labs and visits to a health care worker. Inputs like these, that
vary at the level of the patient, are often referred to as variable costs. Resource usage that is not
observable at the individual level, like utilities or space, are often referred to as fixed costs. Resource
usage can be converted to financial costs using appropriate unit costs and financial records. There are
generally two primary approaches to costing; 1) cohort-based costing which uses actual patient or client
resource usage with unit costs assigned; and 2) modelled costing which uses assumptions regarding
resource usage and/or costs based on expected usage (i.e. treatment guidelines) or other relevant

literature.

Cohort-based costing

Cohort-based costing is a common method for costing health interventions, particularly for estimating
the costs of new interventions when historical cost data is not available. When data related to actual
resource use is available, this method can be used to build cost estimates using various approaches, one
of which is micro-costing. Through the identification and quantification of resource utilisation and unit
costs, micro-costing is able to precisely estimate costs and is often considered the preferred method for
costing of health interventions®’. Traditionally, micro-costing is often performed over a discrete time
period and generally, although not always, is done from the perspective of the provider rather than the

patient®®,

Micro-costing requires primary data collection and is both time and resource intensive, often involving
direct observation of service provision through time and motion studies, detailed resource usage data
extraction and thorough activity expense accounting. It is also challenging to generalise across multiple
settings or contexts as costs and resource-use is likely specific to the population, location and service

delivery model being costed. Micro-costing is, however, an essential component of evaluating the early
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stages of an intervention or service delivery program. It allows for a more accurate measurement of
costs as it takes into consideration the large variation at the individual client level. Micro-costing can
help providers accurately understand their likely costs based on the populations they are serving.

Modelled costing

While it is essential to conduct micro-costing to understand the true cost of scaling up programs, there
remains a key role for the use of modelling to understand program impact. When a technology is not
yet available, modelling can help elucidate what interventions are likely to be cost-effective and explore
ways in which we may want to implement a new technology. Cost modelling is a top-down approach
that largely relies on aggregate, existing data, published literature and assumptions. Through the use of
various mathematical and statistical methods, modelling is able to report on various scenarios and
sensitivity analyses, making it more generalizable across different settings. Modelled costs can also use

actual resource costing, if available, to inform their cost estimates.

Despite these advantages, there are several limitations of cost modelling. This method is only as good
as the information that goes into the model and is usually heavily reliant on assumptions that may or
may not be accurate to what would occur in real-world implementation. We readily see an example of
this in early models of daily oral PrEP, where it was assumed that PrEP continuation rates would be
high — an assumption that has repeatedly been shown to be incorrect. Relying on modelled costs alone
may create significant risk in investment decision-making, particularly as declining HIV funding results
in likely termination of interventions. These uncertainties may lead to substantial over- or
underestimation of PrEP costs, resulting in flawed resource allocation decisions. Such inaccuracies
could have serious consequences for public health, potentially reducing population-level health

outcomes when critical funding decisions are based on incomplete or incorrect information.

Challenges of costing PrEP programs

Costing PrEP programs introduces challenges that differ from costing HIV treatment programs. Firstly,
as indicated above, it is difficult to determine both the population and the timeframe for costing. Unlike
in HIV treatment programs, when a positive HIV diagnosis and initiation on ART clearly indicates a
permanent transition into a ‘population affected’ cohort, there is no similarly clear and indefinite
definition of a cohort ‘in need of PrEP.” Furthermore, whereas the initiation on ART could be
considered a clear start point to HIV treatment with end-points being death, transfer or treatment default,
there is no clear start and endpoint for PrEP care. Due to changes in sexual behaviour vulnerability to
HIV acquisition, cycling on and off PrEP is acceptable and cannot clearly be defined as an endpoint or
a negative outcome. Secondly, the ingredients of a clinical program that are easy to measure and cost
such as drugs and labs, may not be the cost drivers of PrEP programs. Increasingly, there is recognition

that there is a high cost to getting people through the door for PrEP and that these are costly and difficult
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to measure efforts. Lastly, as mentioned above, the public health community is struggling to define

meaningful and easily measured effectiveness metrics that can then be linked to the associated costs.

Costing methodology also presents limitations. Modelling approaches- while useful in their own right-
present challenges in accurately estimating the true cost of service delivery. Without incorporating
costing as part of program evaluation to include as inputs for future modelling, there is a risk of under-
or over-estimating resource needs, potentially leading to unrealistic projections if equivalent financial
investments are not made. Understanding the actual costs of program scale-up is critical for anticipating
program resource needs as programs grow and mature. Underinvestment in early phases of PrEP
program implementation may hinder achievement of expected outcomes. High initial costs- though
potentially unpalatable to funders- are often necessary and may decline as programs reach steady-state
operations. Lastly, there is a dearth of resource use and cost data for comparative studies of PrEP service
delivery in the sub-Saharan African region. Comparative studies that use the same costing methods and
outcome measures allow a direct comparison between alternative service delivery models that report
the same outcome. These evaluations are critical for evidence-based policy decisions as they balance
effectiveness against available resources and cost. Only a handful of evaluations report micro-costing
of PrEP service delivery in this region, all of which report on four sub Saharan countries®®2,

Research Aims

The overarching aim of this thesis is to identify the costs and expected impact of real-world scale-up of

PrEP in Zambia and South Africa. To address the overarching aim, we do the following:

1. Propose a novel metric for evaluation of PrEP service delivery programs.

2. Determine the costs and cost-outcomes of several PrEP service delivery programs in Zambia
and South Africa.

3. Evaluate the costs and cost-effectiveness of a theoretical dual HIV and pregnancy prevention

long-acting method through a modelling study.

Outline of thesis

Part 1 of this thesis presents a proposed metric for the evaluation of PrEP service delivery models
(Chapter 2) in an attempt to provide a standard measure of PrEP programmes success that could then

be used to compare the cost and outcomes of routine PrEP programmes.

Part 2 of this thesis evaluates the costs of daily oral PrEP provision and associated scale-up in Zambia
(Chapter 3) along with the costs and outcomes of daily oral PrEP provision in South Africa (Chapter
4) using two different costing methodologies to report the costs of early PrEP programs in these two

countries.
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Part 4 of this thesis uses modelling to investigate the costs and cost-effectiveness of a theoretical dual
HIV and pregnancy prevention long-acting method in South Africa, aiming to show whether this PrEP
method could result in a reduction in HIV acquisition (Chapter 5).
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Abstract

Although large-scale provision of HIV pre-exposure prophylaxis (PrEP) is gaining momentum, no
systematic method to evaluate or compare the effectiveness of different scale-up strategies in real-world
settings exists. To date, estimating the effectiveness of PrEP has relied on clinical trials or mathematical
models. We propose a novel and pragmatic metric to evaluate and compare programme effectiveness
using routine implementation data. Using South African and Zambian PrEP guidelines, we provide two
examples of how to consistently measure PrEP-programme effectiveness with routinely collected data.
PrEP effectiveness should account for HIV seroconversion, the variable risk of HIV infection (seasons
of risk) estimated with routine risk assessment at each clinic visit (when available), and the persistence
of PrEP use. Three criteria should be met in order to be considered a successful outcome: first, a person
who initiates PrEP must not seroconvert; second, there should be no more than one period at high risk
of HIV infection during the follow-up period when not taking PrEP; and finally, an individual must
continue to attend health-care visits or discontinue prophylaxis in consultation with a health-care
provider within a specified follow-up period. The number of PrEP successes could then be compared
with the total number of people initiating PrEP to establish a success ratio. This outcome is a useful and
easily interpretable metric to monitor effectiveness of PrEP programmes with routinely collected
clinical data and can be used in cost-effectiveness analyses. These measurements allow for comparisons
of scale-up strategies for PrEP programmes and, if widely adopted, will allow comparative studies of
different approaches for PrEP service delivery.
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Introduction

Oral HIV pre-exposure prophylaxis (PrEP) with tenofovir disoproxil fumarate and emtricitabine has
now been recommended by WHO as part of a combination HIV prevention package to be offered to all
people at substantial risk for HIV infection.! Countries in sub-Saharan Africa have begun to adopt these
guidelines®®and PrEP is now moving into the implementation phase, with research shifting from mostly
efficacy-based studies and demonstration projects to include PrEP effectiveness and implementation

evaluation.*®

Daily PrEP has been shown to be highly efficacious when adhered to correctly,® and when implemented
in a real-world setting might match clinical trial efficacy because of the strong element of self-selection
among PrEP users. The PROUD PrEP effectiveness trial” showed a greater reduction in HIV incidence
than in any placebo-controlled trial to date. However, as different target populations across varied
service delivery settings are offered PrEP, implementation effectiveness is likely to vary widely.® This
variation has already been observed in Kenya where only nine (5.4%) of 168 adolescent girls and young
women (16-20 years of age) who were offered PrEP accepted it.° Under a routine implementation
setting in maternal and child health, and family planning clinics, adolescent girls and young women
(median age of 24; interquartile range 21-29) in Kenya also dropped out of care early, with the
continuation of PrEP among this group reducing at 1 month (38%), 3 months (21%), and 6 months
(10%).1° However, in another evaluation of routine PrEP implementation, predominantly in
serodiscordant couples, 65% of participants continued PrEP (>1 refill in 3 months).!* The WHO
monitoring and evaluation module highlights the importance of routine monitoring of PrEP
programmes, emphasising that this step will be essential to assess uptake, effective use, and safety, and

to predict demand and ensure sufficient and uninterrupted supply of commodities.!**3

One barrier to rigorous evaluation of PrEP implementation is that no common metric with which to
evaluate PrEP success in a real-world setting exists, either for individual people, or for a prevention
programme. The obvious effectiveness measure for PrEP is to establish when an infection has been
prevented, although this outcome can only be modelled or estimated in a clinical trial setting, and is not
readily observed in individuals or prevention programmes during routine implementation. Variations
on this traditional metric, such as the measure of averted infections to compare cost-effectiveness of
different PrEP regimens,** will be useful when comparing new drugs or regimen patterns, but cannot
compare and evaluate effectiveness across PrEP implementation programmes. Another proposed metric
incorporates changing risk behaviours for HIV acquisition and the use of alternative HIV prevention
strategies; however, this metric will be challenging to implement in routine settings as it has data-rich
requirements.’®> To meet the demands of national HIV prevention efforts and to appropriately scale
different programmes, an operational definition of PrEP success on the basis of routinely available data

is essential. We propose a metric that measures programme effectiveness based on current country

23



guidelines. This metric is designed to facilitate the evaluation of different PrEP-based HIV prevention
programmes at the national level, but is not designed to measure the effectiveness of PrEP guidelines

or assess therapy success in the public health system.

Developing an implementation metric
Defining PrEP success

The first step in developing a new metric is to define the outcome of interest. Unlike male circumcision
and antiretroviral therapy (ART), PrEP is neither a one time nor a lifelong intervention, and the timing
of this prophylaxis is based on the assessment of each client’s personal risk. Many PrEP clients are
likely to go through so-called seasons of risk that require PrEP, and lower risk periods that might not.%16-
20 Seasons of risk can include the end of a long-term relationship, the beginning of a new sexual practice,
immigration to a new city, unanticipated economic hardship, seasonal engagement in sex work, or going
on holiday. A change in behaviour can present as a time of risk when PrEP is necessary or when the
risk has ended and PrEP is no longer required. Therefore, counting all those people who come off PrEP
as an unsuccessful outcome is illogical, as many no longer require the drug because of a lowered risk
of HIV acquisition. As a result, health-care workers must either assess potential risk during prevention
counselling or use formal risk assessments. Expecting near perfect PrEP adherence regardless of risk
status is impractical. Therefore, a meaningful metric for PrEP success must incorporate a measure of
persistence during periods of risk and account for changes in behaviour that increase or decrease the

risk of HIV acquisition over an individual’s life.

Once an individual client’s risk is taken into account, a metric for evaluating PrEP success must also
consider two unsuccessful prophylactic scenarios. The first scenario is if a PrEP client drops out of care
without any recorded consultation or reassessment of risk with a health-care provider, as the reason for
dropout is unclear and might not reflect a reduction in risk. The second is if seroconversion occurs

despite taking or being prescribed PrEp.
Metric inputs

A practical implementation metric should use routine implementation data available in resource-limited
settings, where therapeutic drug concentrations monitoring and resistance testing are not commonplace.
For most large-scale PrEP programmes, we anticipate that data on HIV status, provider visits, dispensed
and pharmacy refill records, and some measure or indication of risk will be available, but information
about adherence or behaviour between medication refills will not. Additionally, the definition and
determination of risk is dependent on individual country guidelines and this metric assumes that when
these guidelines are applied correctly they can identify people who are at a substantial risk of infection.

This programme metric is meant to identify the successful application of country guidelines, including
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their own risk score or patient-identification process, and compare these results with programmes that

operate within this guidance.

Finally, the proposed metric should allow comparison of programmes targeting similar population
groups. For example, a programme for female sex workers might appear to be less successful than a
programme for men who have sex with men, but this observation is not a good reason to favour funding

one programme over another. Rather, a useful metric should evaluate programmes within risk groups.

We thus define a successful PrEP outcome as a person who initiates PrEP and does not seroconvert,
someone who does not have more than one period at high risk of HIV infection during follow-up (not
on PrEP), and finally, a person who remains engaged with care by attending visits or discontinues PrEP
in consultation with a health-care provider within a stipulated follow-up period from therapy initiation

(eg, 12 months).

Estimating individual scores for PrEP clients

For each PrEP client at every scheduled follow-up visit, we propose to estimate a score using routinely
collected data to answer specific questions (Table 1) and convert these into client scores. Because the
guestions used can be applied to any time period, a reasonable initial period of analysis needs to be set.
Previously, different time frames have been used by various service-delivery models, making
comparisons across programmes difficult. We propose a standard 12-month period for this metric,
thereby further improving compatibility and allowing cross-programme evaluation. We suggest that

this period starts at a client’s date of PrEP initiation.

The PrEP success score incorporates all the data and criteria described in Table 1 and is based on three
criteria: maintenance of HIV-negative status (criterion 1 or a); PrEP persistence (criterion 2 or b); and
appropriate PrEP use (criterion 3 or c); success is achieved if all three criteria are met. We note that this
metric is binary to avoid weighting unsuccessful outcomes without evidence of how to value these
different outcomes appropriately. In addition, Table 1 applies only to clients who have already started
PrEP and does not comment on the uptake of PrEP among people who have not started prophylaxis but

are considered at substantial risk.

Estimating programme success

We have explained how to establish if any individual client is a PrEP success (Table 1). To evaluate a
programme, rather than an individual client, the number of PrEP successes for a group of clients can be
divided by the total number of PrEP initiates during a specified time. This success ratio can then
compare PrEP strategies across different sites and programmes, potentially even nationally or across
countries, depending on the differences in definitions of a PrEP success. As mentioned, however,

evidence has already shown that PrEP risk, uptake, persistence of use, and adherence varies depending
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on different population groups. We are therefore cautious about comparing programmes that target

different populations.

Table 1: Inputs, outputs, and formulas for assessing PrEP success

Output score

Criterion threshold

Formula

Criterion 1: maintains HIV uninfected status (a)

What is the PrEP
client’s HIV status at
the clinic visit? (d)

Negative=n, positive=p, or
unknown=u

HIV status negative (n) or
unknown (u) at all clinic visits,
meets success criterion 1

If (d=n or d=u) then
a=1; otherwise a=0

Criterion 2: PrEP persistence (b)

Did the PrEP-client
return for their follow-
up clinic visit? (e)

Yes=1, no=0. If a PrEP-client
does not miss >1 clinic visit
during the 12-month period they
are considered engaged in care;
if client is on PrEP and misses
>1 clinic visit they are
considered to have dropped out
of care.

If client returned for follow-up
clinic visit€) and is either on
PrEP (f) or stopped PrEP in
consultation with the healthcare
provider (g), meets success
criterion 2

If e=1 and (f=1 or
g=1) then b=1;
otherwise b=0

Was PrEP dispensed to
the PrEP-client? (f)

Yes=1, no=0.

If client returned for follow-up
clinic visit € and is either on
PrEP (f) or stopped PrEP in
consultation with the healthcare
provider (g), meets success
criterion 2

If e=1 and (f=1 or
g=1) then b=1;
otherwise b=0

Was PrEP stopped in
consultation with the
healthcare provider?

@

Yes=1, no=0. If PrEP-client did
not return for follow-up clinic
visit this indicator will be
scored O; if client does not
return during the follow-up
period, but stopped PrEP in
consultation with the provider,
they are not lost to follow-up; if
the PrEP-client does not attend
2 consecutive months of follow-
up visits they are lost to follow-
up and assumed to have stopped
PrEP without consultation with
the provider.

If client returned for follow-up
clinic visit € and is either on
PrEP (f) or stopped PrEP in
consultation with the healthcare
provider (g), meets success
criterion 2

If e=1 and (f=1 or
g=1) then b=1;
otherwise b=0

Criterion 3: appropriate PrEP use* (c)

According to
screening, is the PrEP-
client at substantial
risk of HIV infection?

(h)

Yes=1, no=0; in countries
where formal risk screening is
not done, a prescription from a
clinician is considered adequate
to indicate a substantial risk of
infection

If client is at substantial risk of
HIV infection (h) and dispensed
PrEP (f), meets success criterion
3

Ifh=1 and f#1 then
¢=0; otherwise c=1

If f=1 and g=1 (more than once) and h=1 (more than once) PrEP success score=1; otherwise=0. PrEP=pre-exposure prophylaxis. *Being
appropriately on PrEP depends on a country’s guidelines for determination of risk

Applications of the proposed metric

Using both the South African and Zambian PrEP delivery and monitoring and evaluation guidelines, 68

we provide two examples of how to measure PrEP programme effectiveness with routinely collected

data by applying our proposed metric. These examples use hypothetical PrEP client data to show

different outcome possibilities (Table 2). Both programmes dispense oral tenofovir disoproxil fumarate
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and emtricitabine (Zambia also dispenses tenofovir disoproxil fumarate and lamivudine) as a fixed-dose
combination and require a clinical follow-up visit 1 month after PrEP initiation and then every 3 months
thereafter. Monthly prescription refills are recommended for the first 12 months, but the metric only
considers refills at the 3-month clinical visit as other necessary indicators (HIV test results, risk
assessment, and prescription renewal) are usually only done at these appointments. Future use of the
metric will need to take visit schedules into account when comparing across programmes. The South
African PrEP programme offers oral PrEP to high-risk populations who are at substantial risk of HIV
infection (defined as a population group with an HIV incidence greater than three per 100 person-years
in the absence of PrEP). Specific populations considered to be at substantial risk of HIV infection
include adolescent girls and young women (15-24 years old), men who have sex with men, people with
concurrent or more than one sexual partner, people who inject drugs, people with a recent history of
sexually transmitted infections, people who recognise their own risk and request PrEP, serodiscordant
couples when a partner with HIV is not virally suppressed, and sex workers. South African guidelines
indicate that a potential PrEP user should receive counselling in relation to HIV infection risk at their
screening visit (before PrEP initiation or re-initiation)—“If the client’s lifestyle is high risk, oral PrEP
will be presented as an option [as a strategy to remain HIV negative].”*® The South African guidelines
provide counsellors with a series of steps and questions to follow in order to ascertain someone’s HIV
risk and PrEP eligibility (appendix p 1); although, this process is not routinely documented or translated
into a risk score. In South Africa, we assume that a consultation with a clinician that results in a PrEP
prescription is considered adequate to indicate an individual at substantial risk. This status might be
established by a health-care provider or as a perceived risk based on a client who requests to be on
PrEP. The South African PrEP guidelines state that “Users who want to stop PrEP should do so after
consultation with the healthcare provider.”? Therefore, if a client taking PrEP misses a follow-up visit,
and for this reason is not prescribed PrEP, they are assumed to still be at risk. However, if a client on
this therapy attends their visit and has a consultation with a health-care provider but is not prescribed
PrEP, they are no longer considered to be at risk. Additionally, WHO guidelines indicate that PrEP
medication should be continued for 28 days after the last potential HIV exposure to ensure protection.*

The Zambian PrEP programme, in contrast, uses a baseline risk-assessment tool to offer PrEP to anyone
at high risk of HIV infection. PrEP is not exclusively restricted to key populations, although the
guidelines state that “PrEP may also be considered for key populations (as defined by the 2017 [National
Strategic Framework]) or by persons self-selected as high risk for HIV acquisition.”*® Those people
who start PrEP continue to be provided prophylaxis on the basis of reassessment of risk at each clinical
visit. Health-care providers ask clients on PrEP a series of questions (appendix p 1) regarding their past

risk of HIV infection and use these answers to estimate future risk.

We have provided examples for defining successful PrEP outcomes that account for seasons of risk,

both with (South Africa) and without (Zambia) an explicit and recorded HIV-screening tool (Table 2).
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For the Zambian programme, the overall number of PrEP successes in this hypothetical cohort was
four of seven initiates, leading to a success ratio of 0.57. For South Africa, one additional person on

PrEP was counted as a success, resulting in a success ratio of 0.71.

Future applications

We Dbelieve that the metric described in this Viewpoint can serve as a measure for implementation at
the site, programme, and country level, or for any population that has access to PrEP under the same
eligibility and implementation guidelines. As the examples show (Table 2), the routine data collected
in both South Africa and Zambia allow application of this metric. We foresee this strategy being used
to assess the performance of different sites within a single programme or to compare different service-
delivery approaches across programmes, such as in community-based and facility-based care.
Furthermore, another strength of this simple metric is that it can be applied and compared between a
data-rich setting and a data-poor setting if warranted, which could allow for comparisons between trials

or demonstration projects in addition to routine care if they are done within the same country or group.

Other potential uses for this metric exist. First, we recognise that cross-country comparison will remain
a challenge because of differences in guidelines for PrEP and routine data-collection procedures.
However, a country might use another country’s success ratio to benchmark its own against a regional
or global standard. Although not all country guidelines call for a formal documented determination of
risk before or during PrEP, in cases where a measure of risk is not collected, the new metric allows
inference based on prescription records. Second, this metric will ultimately improve the ability to
estimate the cost-effectiveness of different PrEP programmes. Cost-effectiveness analysis requires a
cost comparison of interventions with the same outcome, be it units of health improvement, life-years
gained, or quality of life. It provides a common outcome for PrEP, across what might be widely different
implementation approaches. This metric would also weight programmes that target successful outcomes
more favourably. For example, if programme 1 has a high cost per person but has good PrEP persistence
and engagement in care, and programme 2 has a low cost per person but clients on PrEP rarely return
to the clinic for a follow-up appointment after initiating PrEP, programme 1 might be viewed more
favourably. This metric is not intended to replace the frequency of averted HIV infections but rather to
provide programmes and donor agencies with an alternative measure that can be used within and
between programmes to identify cost effectiveness on a more granular level with routinely collected
data. Finally, if this metric were to evaluate PrEP success in a data-rich setting, this metric could allow

for the collection of additional data for the assessment of predictors of successful PrEP persistence.
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Table 2. South Africa and Zambia’s proposed PrEP initiation and follow-up timeline with routine data
collected from hypothetical client examples showing the proposed metric for PrEP success outcomes

Prep Prep Prep Prep Prep Prep Prep
client 1* client 21 client 3% client 48 client5] client6|| client 7**

PrEP initiation visit

Month 0
HIV status Negative Negative Negative Negative Negative ~ Negative Negative
At risk of infectiont 1 1 1 1 1 1 1
PrEP dispensed 1 1 1 1 1 1 1
PrEP follow-up visits
Month 1
Returned 1 0 1 0 1 1 1
HIV status Negative Unknown  Negative  Unknown Negative ~ Negative Negative
At risk of infectiont 1 1 1 1 1 1 1
PrEP dispensedif 1 0 1 0 1 1 1
Month 3
Returned 1 0 1 1 1 1 1
HIV status Negative Unknown  Negative Negative Negative  Negative Negative
At risk of infectiontf 1 1 1 1 0 0 Oor188
PrEP dispensedii 1 0 1 1 0 0 0
Month 6
Returned 1 1 0 1 NA NA 1
HIV status Negative Positive Unknown  Negative NA NA Negative
At risk of infection ¥ 1 NA 1 1 NA NA 0 or 18§
PrEP dispensedii 1 NA 0 1 NA NA 0
Month 9
Returned 1 NA 0 1 NA NA 1
HIV status Negative NA Unknown  Negative NA NA Negative
At risk of infectiont 1 NA 1 1 NA NA Oor188
PrEP dispensedii 1 NA 0 1 NA NA 0
Month 12
Returned 1 NA 0 1 1 NA 1
HIV status Negative NA Unknown  Negative Negative NA Negative
At risk of infectiont 1 NA 1 1 1 NA 0 or 188
PrEP dispensedi} 1 NA 0 1 1 NA 0
Individual metrics
Engaged-in-care score 1 0 0 1 1 1 1
HIV seroconversion score 1 0 1 1 1 1 1
Appropriately on PrEP score 1 0 0 1 1 1 1
(South Africa’s assumption
of risk)
Appropriately on PrEP score 1 0 0 1 1 1 0
(Zambian risk assessment)
PrEP success score
South Africa 1 0 0 1 1 1 1
Zambia 1 0 0 1 1 1 0

Success ratios can range from 0 to 1. The success ratio is 0.71 (5 of 7 PrEP clients) for the South African programme and 0.57 (4 of 7 PrEP
clients) for the Zambian programme. PrEP=pre-exposure prophylaxis. NA=not applicable (because the patient discontinued PrEP in
consultation with a provider, or seroconverted). *Client 1 was at risk and on PrEP for the duration of follow-up and never seroconverted
(success). TClient 2 seroconverted at the 6-month visit (unsuccessful). $Client 3 was lost to follow-up after 3 months without indication of
risk reduction (unsuccessful). §Client 4 missed the PrEP follow-up visit at month 1, but was otherwise on PrEP for the rest of the follow-up
period (success). Client 5 went through seasons of risk and was on PrEP when at risk (success). ||Client 6 stopped PrEP after 3 months in
consultation with a health provider and is assumed to no longer be at risk of infection (success). **Client 7 was at risk of infection according
to the Zambian risk assessment, but was not prescribed PrEP at months 3 and 6 (unsuccessful). The South African met ric assumed the client
was not at risk because they were not prescribed PrEP (success). At months 9 and 12 the risk assessment in Zambia established the client was
not at risk and they were not prescribed PrEP (success). As with the South African metric, this client continued to be a success because they
were not prescribed PrEP and were therefore assumed to be at low risk. 7TIf a client had a visit with a health-care provider (initiation or
follow-up) and was prescribed or dispensed PrEP in that visit, the client was considered to be at risk. If a client missed a visit and as a result
was not prescribed PrEP, they were assumed to still be at risk. £1If a client visited a health-care provider and was not prescribed or dispensed
PrEP (stopping PrEP) they were considered no longer at risk of HIV acquisition. 88The risk score for client 7 differs for the Zambian and
South African programmes because of the way risk of infection is measured with routinely-collected data from each country. Zambia
documents risk through formal risk assessments, whereas South Africa relies on healthcare counselling to establish risk and this data is not
currently recorded. As such, this metric assumes that if a client is prescribed PrEP the health-care provider believes they are at risk of infection.
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Limitations to the proposed metric
Reliance on existing assessment of HIV infection risk

The hypothetical examples (Table 2) show how a programme that measures and records the risk of

infection has implications for whether someone is deemed to be appropriately prescribed PrEP or not.
Zambia, with their formal risk-assessment tool, has a more explicit documentation of risk that can be
used to assess PrEP success. South Africa does not document risk in the same way and, as such, our
assessment of PrEP success is based on whether a client was prescribed PrEP. Both have their strengths
and weaknesses and both assessments of risk might under or over-report those people at substantial
risk of HIV acquisition. Zambia’s measure is standardised and documented,® but might be difficult to
interpret because of its retrospective nature (ie, asks about past sexual behaviour to infer future risk).
South Africa’s guidelines allow for individualised assessment, but assume that being on PrEP in itself
is indicative of risk, otherwise the prophylaxis would not be prescribed.'® This metric relies on national
definitions and assessment of risk to measure PrEP success and, depending on the reliability of a

country’s risk-assessment strategy, might under or overestimate a programme’s success.

For our proposed metric we have assumed that if an individual is reported as being at low risk of
infection and has been prescribed PrEP, then there is a reason for this decision that is not captured in
the risk-assessment tool and the outcome is considered a success. The metric does not capture people
who do not present for care, but might be at risk, or those people who never start PrEP. Additionally,
some people who are assessed as low risk should probably be on PrEP.

Omission of pre-PrEP cascade

Our proposed metric starts with the initiation of PrEP and, as a result, does not account for the initial
steps in the PrEP cascade as outlined by Liu and colleagues.?> WHO has recommended PrEP uptake
(initiation) as a key indicator of programme performance, but there appears to be slow adoption of this
metric.”® Like measures of retention in care or viral suppression for people on ART, which indicate
outcomes but not uptake, our proposed metric does not take into account a programme’s success at
initiating people at high risk onto PrEP. The omission of the pre-PrEP cascade reflects, in part, the
relatively new data systems that support national PrEP programmes but do not track cohorts of people
from testing negative at the risk screening through to PrEP initiation. A consistently documented metric
whose denominator is all individuals who test negative but have a baseline assessment of high-risk

infection is still needed to assess PrEP uptake in a standardised metric.

Gaps in PrEP refill visits

Our proposed metric does not specifically account for gaps in PrEP refill or pharmacy visits when they
do not coincide with scheduled clinic appointments. With the expansion of differentiated service-

delivery models and the introduction of multimonth dispensing in many countries, future clinic
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appointments might be likely to coincide with pharmacy visits in many programmes. There is also a
possibility that individuals might use PrEP intermittently to cover specific exposures, and as a result
missing a refill might not indicate a period of uncovered risk. Using the scheduled clinic visit as an
indicator, the programme can focus on engagement in care (persistence) rather than adherence, which
is challenging to interpret in the context of PrEP therapy. however, as the metric does not measure
length of prophylaxis and is rather a binary result (successful or unsuccessful) at the end of the follow-
up period, we do not think that these refill visits will impact the overall programme success score.
Additionally, persistent gaps in drug coverage would be identified through missed clinic appointments
and HIV infection if periods of high risk continued during these uncovered times.

Conclusion

As countries implement and scale up their PrEP services, much will be learned about what is effective
and what is not. To identify best practices, both in terms of clinical and economic impact, a systematic
way to evaluate and compare programmes and service-delivery models is needed. Programmes are
tasked with increasing coverage of PrEP therapy in priority populations, monitoring the PrEP cascade,
and the evaluating effect. This novel metric of PrEP success considers individual risk of HIV infection,
PrEP persistence during periods of risk, and HIV acquisition, thereby allowing programmes to assess
their performance in a multidimensional way. Use of this metric early on in PrEP scale-up will allow
decision makers to make informed and evidence-based choices that will help them achieve national and

global goals for PrEP care.
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Abstract

Pre-exposure prophylaxis (PrEP) is an effective HIV prevention option, but cost-effectiveness is
sensitive to implementation and program costs. Studies indicate that, in addition to direct delivery cost,
PrEP provision requires substantial demand creation and client support to encourage PrEP initiation
and persistence. We estimated the cost of providing PrEP in Zambia through different PrEP delivery
models. Taking a guidelines-based approach for visits, labs and drugs, we estimated the annual cost of
providing PrEP per client for five delivery models: one focused on key populations (men-who-have-
sex-with-men (MSM) and female sex workers (FSW), one on adolescent girls and young women
(AGYW), and three integrated programs (operated within HIV counselling and testing services at
primary healthcare centres). Program start-up and support costs were based on program expenditure
data and number of PrEP sites and clients in 2018. PrEP clinic visit costs were based on micro-costing
at two PrEP delivery sites (2018 USD). Costs are presented in 2018 prices and inflated to 2021 prices.
The annual cost/PrEP client varied by service delivery model, from $394 (AGYW) to $655 (integrated
model). Cost differences were driven largely by client volume, which impacted the relative costs of
program support and technical assistance assigned to each PrEP client. Direct service delivery costs
ranged narrowly from $205-212/PrEP-client and were a key component in the cost of PrEP,
representing 35-65% of total costs. The results show that, even when integrated into full service
delivery models, accessing vulnerable, marginalised populations at substantial risk of HIV infection is
likely to cost more than previously estimated due to the programmatic costs involved in community
sensitization and client support. Improved data on individual client resource usage and outcomes is
required to get a better understanding of the true resource utilization, expected outcomes and annual

costs of different PrEP service delivery programs in Zambia.
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Introduction

Following several clinical trials and observational studies?, the World Health Organization (WHO)
has recommended that pre-exposure prophylaxis (PrEP) be offered to anyone at substantial risk of HIV
infection®. Several low- and middle-income countries (LMICs) have adopted these guidelines and are
currently implementing national PrEP programs®. However, limited data are available to inform the
total cost and affordability of these programs, which is crucial for policy decisions around

implementation strategies for HIV prevention programs.

A recent systematic review of modelling studies looking at the impact, cost and cost-effectiveness of
PrEP in SSA reported that PrEP can be cost-effective as an addition to HIV prevention packages in
some cases, but that is not cost-effective to introduce PrEP prior to the expansion of other prevention
interventions®. Most of the included studies largely focused on direct service delivery costs and many
do not take into account routine PrEP program support costs. Case et al. (2019) call for additional
modelling that includes updated programmatic information and real-world resource utilization data to
inform efficient use of resources®. The costs of PrEP programs implemented in routine care settings in
sub-Saharan Africa (SSA) are largely unreported and those that are, have thus far focused primarily on
targeting key populations including female sex workers (FSW), men who have sex with men (MSM),
and priority populations such as adolescent girls and young women (AGYW). Evidence demonstrating
the variations in costs of these different PrEP programs, service delivery strategies, and resource
utilization in SSA is limited, with only a few demonstration projects having published the costs of

providing PrEP in these settings’ 2.

Estimating the costs of scaling up PrEP programs is complicated by the changing ‘population-at-risk’
for any given time period. Unlike ART, which is intended as a life-long treatment program under which
optimal treatment requires 100% adherence, PrEP is effective when taken during periods of high risk,
meaning that cycling on and off PrEP may be appropriate for effective use®®. This complicates analyses
of budgetary needs and scale-up costs of PrEP programs as it is unclear what patterns of PrEP
persistence should and will look like, and how this will affect the long-term costs of PrEP service

delivery and program support.

Zambia, a lower-middle income country in southern Africa with an estimated 48,000 new HIV
infections in 2018, is investing in scaling up its PrEP program**. Zambia has adopted daily oral PrEP
containing tenofovir and emtricitabine as an additional HIV prevention strategy, recommending PrEP
for all HIV-negative persons at high risk of HIV acquisition®. By September 2018, PrEP was offered

in 162 sites across nine of the ten provinces, with 3,626 people at risk of HIV infection initiated on
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PrEP; one year later, this had increased to 23,327 at 728 sites across all provinces®. These were largely
serodiscordant couples, but also included AGYW ages 15-24 (35%), FSW (9%), and MSM (3%)*". The
Zambian Ministry of Health aims to further expand PrEP services, but has limited information on the
cost and budgetary impact of this national scale-up.

We present the results of a costing study of PrEP implementation in Zambia, aiming to provide cost
estimates of PrEP provision by different service delivery models aiming to reach different at-risk
populations. We also present costs per PrEP-month of effective use, using aggregate PrEP persistence

data, and compare that to costs for perfect use.

Methods

Study setting

Zambia’s PrEP guidelines stipulate that those eligible for PrEP and identified as being at substantial
risk of HIV infection (as defined as engaging in one or more risky activities in the past six months) be
offered PrEP (Table 1). We costed five service delivery models in Zambia that offered PrEP to specific
at-risk populations: AGYW (AGYW-focused), FSW and MSM (MSM/FSW-focused), and anyone at
risk of HIV infection visiting a primary healthcare facility (Integrated 1-3). The AGYW-focused,
MSM/FSW-focused and Integrated 1 models were run by one implementation partner, while the other
two integrated models were each run by different implementation partners. These models are described
in detail in Table 2.

Table 1: PrEP clinical activities adapted from the Zambian PrEP implementation framework?!®

Year 1 (at least 6 visits) | Year 2 (at least 4 visits)

Initial visit and Follow-up months

PrEP initiation 1 3 6 9 12 15 18 21 24
Confirmation of HIV-negative
status X X X X X X X X X X
Serum Creatinine X X X X X X X
Hepatitis B surface antigen X X
Hepatitis C antibody* X X
Pregnancy testing** X
Rapid Plasma Reagin (RPR) X X X
Other screening for sexually « X X x x « « « «
transmitted infections (STIs)
Alanine Transaminase (ALT) X X X

*Included for men-who-have-sex-with-men (MSM) only

**Included for women only

Abbreviations. PrEP: Pre-exposure prophylaxis; HIV: Human Immunodeficiency Virus; RPR: Rapid Plasma Reagin; STI:
Sexually transmitted infection; ALT: Alanine Transaminase
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Table 2: Description of the service delivery models included

Service delivery
model

AGYW-focused

MSM/FSW-focused

Integrated 1

Integrated 2

Integrated 3

Summary

Fixed facilities and
community outreach

Tailored and targeted

community-based interventions

PrEP services integrated into
HIV testing and counselling
services

PrEP services integrated into
HIV testing and counselling
services

PrEP services integrated into
HIV testing and counselling
services

Population targeted

AGYW

FSW and MSM

All at risk of HIV-infection

All at risk of HIV-infection

All at risk of HIV-infection

Model details A broad, multi-component Targeted community-based Program that focused on Focused resources on site The third model was based
package of evidence-based demand creation programs with  health promotion activities readiness through on the Community HIV
health, educational and social  referrals to local facilities for for facility personnel and preliminary site assessments,  Epidemic Model (CHEC) of
interventions aimed at PrEP initiation and follow up. service provider trainingand  training and community care [20], with costs incurred
reducing new HIV infections. sensitisation that focused on consultations. Additionally, for community education,
The AGYW-focused program improving client-provider there were several mobilization, and PrEP
was integrated as part of the interactions. Community international technical sensitization alongside
DREAMS program for Health Workers referred support visits from training of health care
adolescent girls and young community members to local ~ implementation partners. workers (HCWSs) on KP
women [19]. facilities for PrEP initiation sensitivity and PrEP service

and follow up. delivery.

Management type NGO NGO NGO NGO NGO

Location of partner Lusaka and Copperbelt Central, Copperbelt, Lusaka, Copperbelt province Northern and Muchinga Lusaka and Central provinces

operations provinces North-Western and Southern provinces

provinces

Demand creation
and community
sensitisation
activities

Community sensitization and
demand creation activities
through short-term
community mobilisers

Short-term mobilisers and peer

navigators spent time in the
local communities to
specifically reach FSW and
MSM populations, create

demand for PrEP refer them for

services at the clinics

Trained community health
workers to sensitize the
community about PrEP and
refer those interested in PrEP
to the local clinic

Community consultations
took place

Community consultations,
PrEP orientation sessions and
key population sensitization
activities took place

PrEP initiation and
follow-up location

Specialised DREAMS centers
with an integrated community
health worker who was
trained on PrEP provision

Government-run primary
healthcare centers

Government-run primary
healthcare centers

Government-run primary
healthcare centers

Government-run primary
healthcare centers

PreP-client support

Continued PrEP-client
support using peer navigators

Continued PrEP-client support

through mobilisers and peer
navigators

Continued PrEP-client
support using CHWs

Technical support provided
to clinic and facility staff to
improve PrEP-client support
through the facilities

Continued PrEP-client
support using CHWs

Number of sites in
2018

13

4

90

4

27
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Total 2018 PrEP 908 213 322 214 148
volume

Total target 2019 1408 500 2133 435 Unknown
PrEP volume

* DREAMS (Determined, Resilient, Empowered, AIDS-free, Mentored and Safe) partnership is a public-private partnership aimed at reducing rates of HIV among AGYW in highest HIV burden
countries. It is largely funded and implemented by the United States Agency for International Development (USAID).

** CHEC (Community HIV Epidemic Model) is an “innovative differentiated service delivery (DSD) model for human immunodeficiency virus (HIV)/ acquired immunodeficiency syndrome
(AIDS) care in Zambia” being implemented by The Center for International Health, Education, and Biosecurity (CIHEB) of the Institute of Human Virology, at the University of Maryland,
Baltimore (UMB). This model “addresses all three of the United Nations Program on HIV/AIDS (UNAIDS) 90-90-90 targets and utilizes a peer-to-peer approach to conduct health education,
provide targeted HIV testing services (HTS) in the community, refer and link HIV-infected clients to treatment services, as well as HIV-uninfected clients to preventative health services, and to
deliver antiretrovirals (ARVSs) to eligible people living with HIV (PLHIV) in the community to ensure adherence and sustain viral suppression.”
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Table 3: Cost methods and unit costs for direct service delivery costing

type through discussion with the staff and mapping what activities occur
during a visit at the two clinics in Lusaka. Unit costs of consumables

at month 6

Resource | Method for estimating cost Item Unit gI\S/TW) EL:JO;tJ) Source
Drug costs were calculated by the drugs prescribed, the dosage required . -
and the duration the drug would be taken for (in this case, 12 months). S Medical Stores Limited
. o . . ; Emtricitabine + (MSL) Catalogue 2016
Drugs According to guidelines, PrEP-clients are required to pick up monthly Tenofovir Tablet 2.51 0.22 [prices unchanged
drug supplies for the first twelve months. The published national drug 2016-2018]
unit costs were applied to determine total drug cost per client.
The number of tests performed per PrEP-client for the study period was ~ |-=reaunine Test | 24.07 2.29 | South Africa’s 2018
: o . ALT Test 36.03 3.43 | NHLS pricelist,
extrapolated based the Zambian guidelines and target population type. HBSA T 998 951 adiusted using ratio of
According to the Zambia guidelines, all PrEP-clients undergo the same SAY est .85 -5 S . h Afii 9 bli
monitoring labs, with the exception of the addition of pregnancy testing RPR/RST Test 15.59 1.49 out - ”IC? plé Ic
for women and Hepatitis C antibody testing for MSM: for the purposes of |_Pregnancy™ Test 67.33 6.41 | sector \g_ra’ oablprlce
Laboratory | this analysis, we assumed that all clients received all required lab testsat | STIS Test 55.85 532 |to Ztam 1a Islpu p N
tests each visit. Since the cost of public sector laboratory tests are not available chr:provrg::j irc:aNiErr]Ic();Ies
in Zambia, we estimated public sector laboratory costs by adjusting the etal. 2020 [21]
2018 South African National Health Laboratory Services pricelists. Using . - (no .ublic laborator
the published cost of an HIV viral load test performed at a central Hep C antibody Test 99.85 9.51 op " itab] fy
government laboratory in Zambia, we calculated adjusted prices for the price 'ISt avala Iel O(;
applicable laboratory tests for PrEP in Zambia. ?eesr:;ra hon-viral foa
We costed three different types of visits: initiation, monitoring/follow-up
and drug pick-up visits. These PrEP clinic visit costs were based on PrEP initiation visit Visit 42.36 4.03
micro-costing at two PrEP delivery sites in Lusaka and include staff time,
consumables (including HIV test and condoms), and overheads
(equipment, space, water, effluent, and electricity).
PreP follow-up visit Visit 3957 377 MSL catalogue, 2016
Staff time required for each visit type by staff cadre was estimated using at month 1 ' ' USD [prices
Clinic visit | information provided by healthcare workers and implementing partners. unchanged 2016-2018]
Costs*** The staff cost per minute was calculated using Ministry of Health (MOH)
salaries for each respective cadre of staff involved in PrEP delivery. PrEP follow-up visits Visit 40.37 384 Zambia MOH salary
Clinical staff salaries were obtained from the published list of public at months 3, 9 and 12 ' ' scales
sector salaries for that cadre.
We estimated the consumables, such as needles and gloves, used per visit | PrEP follow-up visit Visit 41.96 400
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were obtained from supplier price lists (MSL catalogue, 2016 USD
[prices unchanged 2016-2018]).

Equipment and overhead costs were estimated across ten healthcare
facilities in two provinces (Central and Copperbelt) through a separate
project aimed at costing standard ART visits [31]. These costs then
applied to our study as ART patients frequent the same spaces and spent
similar amount of time in a facility as with PrEP visits.

Pharmacy pick-up Visit 6.19 0.59

*For women only

**For men-who-have-sex-with-men only

***V/isits include staff time, consumables, and overheads (equipment, shared space, dedicated space and facility-level overheads). Consumables differ by visit as per
guidelines. Consumables include the HIV test and condoms as appropriate.

Abbreviations. ZMW: Zambian Kwacha; USD: United States Dollar; MSL: Medical Stores Limited; PrEP: Pre-exposure prophylaxis; HIV: Human Immunodeficiency
Virus; NHLS: National Health Laboratory Service; RPR: Rapid Plasma Reagin; RST: Rapid Syphilis Test; STI: Sexually transmitted infection; ALT: Alanine Transaminase;
HBsAg: Hepatitis B surface antigen; MOH: Ministry of Health; MSM: Men-who-have-sex-with-men.
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Costs

The costs of the PrEP programs were estimated from the providers’ perspective, with data collected in
2018 and reported in 2018 US dollars (USD). Costs were also inflated to 2021 USD using a cumulative
inflation factor of 1.36 and are presented in S1 Table??. Costs collected in Zambian Kwacha were
converted to the USD equivalent based on the average exchange rate for 2018 of 10.4988 ZMW to 1
USD (January-December)®. We used expenditure analysis in estimating financial costs and tracked
actual implementation expenses including training, demand creation and technical support. At the
facility-level we only included costs directly related to PrEP programming such as counsellor-time,
facility space and equipment. We categorized the costs into program costs and direct service delivery
costs. Program costs included project start-up costs, training, sensitization as well as provider and client
support costs. Direct service delivery costs included clinical personnel, supplies, laboratory tests and
drugs (Table 3).

Annualized program start-up, provider, and client support costs were based on program expenditure
data and the number of PrEP sites and clients in 2019. Program start-up costs included training
(annualized over two years), initial client demand creation activities and communication. Program
support costs included recurring costs such as ongoing technical assistance and patient support costs
(for example, peer navigators, peer support groups, social media support). We verified costing data via
interviews with clinical staff and implementing partners and triangulation with program records. We
analyzed costs in Excel 2018 (Microsoft, Redmond, USA). Ethical approval, as well as a consent
process, were not required for this study as this was not human subjects’ research, given that only

aggregate program data were used.

Analysis

We estimated the annual cost of providing PrEP services assuming fidelity to the expanded 2018
Zambian PrEP guidelines for 12-months of PrEP (Table 1). We estimated patient resource use based on
these guidelines from the day of PrEP initiation for 12 months, assuming continuous PrEP use for the
duration. These direct service delivery costs included drugs, laboratory tests, and clinic visits. Assuming
full adherence to guidelines, we then applied the unit costs to the resources expected to be used over

the 12-month period by sex and risk group (Table 3).

Furthermore, we modelled the cost of PrEP provision for a hypothetical cohort of 1000 individuals
taking PrEP over a 12-month period under two scenarios: 1) all PrEP-clients took PrEP continuously
for 12-months and 2) using the actual persistence rates from programmatic PrEP data for visits at
months 1, 3, 6, 9 and 12 for heterosexual men, women and MSM. Using the population-specific service

delivery costs described above, we determined a total cost per month based on these persistence rates.
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We then calculated the cumulative number of protected months for each visit over a 12-month period

and, using this, calculated the cost of PrEP per person-month effectively covered on PrEP.

Results

The number of PrEP-clients and sites varied across service delivery models, with the average number
of PrEP-clients per site ranging from 3.6 in the Integrated 1 model and almost 70 in the AGYW model
(Table 4). Start-up costs per site ranged from just over $400 for the Integrated 3 model to over $5000
for the AGYW program. However, this cost difference between the two models disappeared when
considering the number of PrEP-clients per site, with both models costing $73 per PrEP-client per site.
The Integrated 1 model incurred the largest start-up costs per PrEP-client per site at $230, while the
Integrated 2 program was the least costly at $26 per PrEP-client per site.

Recurrent costs per PrEP-client also varied by program, driven by the differences in programmatic
support costs. These ranged from $113 for the AGYW program to $377 for the third integrated program.
Direct service delivery costs did not vary greatly, with the variation due to the different monitoring
laboratory tests guidelines require for each target population. The proportion of recurrent costs
attributable to programmatic support costs ranged from just over a third (35%) for the AGYW-focused
program to almost two-thirds for the third integrated program (65%), with the two priority population
focused programs spending a lower proportion of these costs on programmatic support costs than the
integrated programs (Fig 1). The drug costs carried the highest proportion of the service delivery costs
at about 40%, followed by monitoring labs at about a third of the cost. However, when compared to the
costs of drugs and labs as a proportion of the entire recurrent program costs, this fell to between 15—
27% and 11-21% respectively.

When taking the average number of PrEP-clients initiated per site into account, and combining program
start-up and recurrent support costs and assuming 12 months of continuous PrEP-use, the annual cost
per PrEP initiate varied greatly by program type, with two of the integrated programs being most costly
at $648 and $655 per PrEP-initiate. The FSW/MSM focused program and second integrated program
cost $420 and $403 per PrEP initiate respectively. The least costly program per PrEP initiate,
considering start-up costs, number of sites and site volume was the AGYW-focused program at $394
per PrEP initiate. These cost differences were driven largely by the differences in the average number
of PrEP-clients initiated per site across each program. The two integrated models (1 and 3) cost $54 and
$55 per PrEP client per person-month respectively, assuming 12 months of continuous PrEP use, almost
double that of the AGYW-focused program at $33.
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Comparing two simulation scenarios, one with perfect PrEP persistence and the other using PrEP
continuation data from Zambia, we see that the cost of PrEP provision per person-month effectively
covered on PrEP decreases over time for all groups under both scenarios (Fig 2). However, this decrease
is less substantial when there is imperfect persistence. For example, the cost of PrEP provision per
person month among MSM is 76% greater at 12 months when using actual data on persistence in that
risk group as compared to assuming perfect persistence. For women, this difference is smaller at 27%
(%20 per person at 12 months with actual persistence rates versus $16 for perfect persistence). The
smallest difference is among men with a 19% greater cost of PrEP provision per person month at 12

months.

Discussion

Modelling studies for PrEP in SSA indicate that PrEP can be cost effective when targeted to specific
high-risk groups®; however, most models have not used data from real-world implementation settings.
To date only a few studies have reported the cost of providing PrEP to priority populations in SSA using
data from demonstration projects or routine implementation. In this study, we address this gap and add
to the small but growing PrEP cost literature by describing the guideline-based costs of PrEP service
delivery in the context of a generalized epidemic in an LMIC. We estimated that the overall average
cost to provide PrEP to an at-risk individual for a full 12 months in Zambia ranged from $394 to $655,
or $33 to $55 per person-month on PrEP. This varied by the different service delivery models, with
programs focused on reaching priority populations (AGYW, FSW/MSM) generally costing less than
those integrated into existing healthcare facilities, when taking into consideration the average number
of PrEP-clients per site. The differences in costs between the service delivery models are largely driven
by differences in program support with programs relying heavily on provider training and technical
support (the integrated programs) costing more than those focused on community outreach and PrEP-
client support (the population-specific programs). Variation in costs between the three integrated
models were driven by PrEP-client volumes per site, with the models with higher client volumes per
site demonstrating lower costs per client on PrEP than those with low client volumes. These costs are
based solely on the Zambian PrEP policy, which assumes that all patients were treated precisely
according to these guidelines, with no variation among patients based on condition, logistical

challenges, or other potential variants.
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Table 4: 2018 costs of PrEP-provision according to Zambian guidelines (USD)

Program Type AGYW FSW/MSM Integrated 1 Integrated 2 Integrated 3
Number of PrEP clients initiated in program 908 213 322 214 148
Number of total sites 13 4 90 4 27
Average number of PrEP-clients/site 69.8 53.3 3.6 53.5 55
Start-up costs/site
Community sensitization/consultation 0 0 156 654 242
Training 3979 2844 668 308 160
Site assessments 0 0 0 422 0
Equipment 1149 1149 0 0 0
Average cost of start-up/site 5128 3992 824 1384 403
Average cost of start-up/site/PrEP-client 73 75 230 26 73
Recurrent costs
Program support costs/PrEP-client
Technical support 0 0 0 154 265
Training 15 19 82 17 26
PrEP-client support 63 83 0 0 85
PrEP provider support 13 0 128 0 0
Demand creation communication 22 31 2 0 0

Average program support costs/PrEP-client (% of recurrent costs)

113 (35%)

133 (39%)

212 (51%)

171 (45%)

377 (65%)

Direct service delivery costs/PrEP-client

Staff & Overheads 46 46 46 46 46
Labs and monitoring 64 68 62 62 62
Consumables 13 13 13 13 13
PreP Drugs 86 86 86 86 86
Average direct service delivery costs/PrEP-client (% of recurrent costs) 208 (65%0) 212 (61%) 205 (49%) 205 (55%) 205 (35%)
Total recurrent cost/PrEP-client/year 320 345 418 377 582
Total average cost/PrEP-client/year 394 420 648 403 655
Total cost/person-month* 33 35 54 34 55

**Assuming 12 months effective PrEP coverage per PrEP-client. Abbreviations: PrEP: Pre-exposure Prophylaxis; USD: United States Dollar; AGYW: Adolescent girls and young women; MSM:
Men-who-have-sex-with-men; FSW: Female Sex Worker
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AGYW program FSW/MSM program Integrated 1
($320) (5345) (S418)

9%

Integrated 2 Integrated 3
($377) (5582)

Wl Frogsmmaticsupport costs Il Oirect service delivery costs
Bl vechnical suppont Bl sttf 8 Overheads
B raining B tabs and monitoring
|| PrEP user support I consumables
PrEP provider support PrE? Drugs

Demand creation communication

Fig 1. Proportion of total annual recurrent costs per PrEP-client by cost inputs (2018 USD)". *Figures are
approximately sized to illustrate the overall annual cost per PrEP-client (i.e. the larger the figure, the costlier the
program per PrEP-client). Costs have been inflated to 2021 from their 2018 cost prices.

httpsy/doi.org/10.1371/joumal.pgph.0001246.q001
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Fig 2. Sensitivity analysis of cost of PrEP provision per person-month effectively covered on PrEP, using
aggregate persistence data”. "Persistence was reported for months 1, 3, 6, 9 and 12—for the remainder of the months,
and average was taken using the adjacent two data points (i.e. for month 2 persistence, an average was taken of the
reported persistence for month | and month 3. Costs are reported in 2021 USD and only include direct service delivery
costs.

httpsy/doi.org/10.1371/joumal.pgph.0001246.9002
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The costs of PrEP provision we report in this study, ranging from $394 to $655 are generally higher
than those documented in other costing studies from the region. In Kenya and Uganda, the incremental
cost of providing PrEP to serodiscordant couples under study settings was just over $305 and $408
respectively® 1°, while in South Africa PrEP provision cost about $127 per year for FSW’. A study in
Zimbabwe reported the cost per PrEP client initiated as $238 while another study in Kenya reported an
overall cost of $256% 24, Compared to our calculated costs per person-month, ranging from $37 to $61,
other studies were also lower at $26.52 under study settings or $16.54 under MOH scenario and $21.32
and $28.92 study, $14.52 for adolescent girls and young women'? 22, One possible reason for these
differing results are the relatively low PrEP client volumes in these programs compared to those
reported in other studies, which ranged from 219 to almost 5000. In Kenya, authors report that the cost
per client-month of PrEP dispensed is reduced substantially if PrEP delivery is scaled up. This is
supported in other HIV scale-up studies that have demonstrated that early implementation costs are
greater per patient served (“U-shaped incremental cost curve”)?"?°, Understanding where we are on the
U-shaped curve will assist with planning and to ensure programs are adequately resourced. Similar to
HIV treatment programs focusing on hard-to-reach key populations, targeted PrEP programs require
substantial investment in order to establish and maintain successful programs®3%, More intensive
programmatic inputs and larger PrEP client volumes are required per site for the key population-focused
programs to reach the minimum cost/client; however, this investment may be necessary to effectively
reach these groups, especially as more than half of all new HIV infections were among key populations
in 2018, despite being a minority of the overall population®.

It should also be noted that the start-up cost of scaling up any of these programs nationally likely
exceeds the simple multiplication of start-up costs and number of sites. Particularly for the integrated
approach, many of the sites that have been reached to date have been relatively easy to reach. The cost
to scale-up to all facilities may therefore start to increase once smaller health facilities that serve fewer
patients are reached (the other side of the U-shaped incremental cost curve), with additional travel and
staff costs to get these sites started?. There are now more than 1500 health facilities in Zambia that
provide ART services (e.g. these could potentially also all provide PrEP services), of which 24%

provide service to 80% of patients, so an effort to scale-up PrEP to all facilities may be cost-prohibitive.

Using PrEP persistence data from Zambia to simulate the cost of PrEP provision over time, we observe
that low persistence results in higher costs per PrEP-client, up to 76%. Therefore, understanding PrEP
persistence in the population is key to planning and budgeting. Our data show that it is costly to initiate
someone on PrEP who only persists on PrEP for a few months. This does not necessarily mean that a
PrEP program is not cost-effective; it just means that this low-usage, or in-and-out cycling, needs to be
accounted for when planning PrEP provision and program scale-up. These costs vary with the duration

of at-risk periods when PrEP is required—longer periods on PrEP require more visits and medications
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resulting in high costs of continual PrEP use per year per PrEP-client, though lower per month costs.
Preliminary research has shown that, despite heterogeneity within sub-groups of PrEP clients, PrEP
persistence in Zambia is low, with retention at three months only 27% in one study® *’. This means that
the cost per initiate will likely decline rapidly for a given PrEP initiation cohort. Furthermore, the cost
per PrEP initiate may be lower depending on how many carry-over 2018 PrEP clients there were in
20109.

This analysis is subject to a number of limitations. First, we relied on implementing partners and
provider reports and some resource use may not have been recorded. We were unable to directly observe
time spent for PrEP alone from staff time on other primary care and relied on provider recall and
estimates to determine time per visit. This may mean our staff cost estimates are lower than would be
expected in a low HIV prevalence setting or where care is not integrated. We also excluded salary costs
of ancillary implementing partner staff who were involved in PrEP-program planning as they were
reported inconsistently across partners. Including these costs would further increase this cost per PrEP
client served. These lowest cost thresholds will not apply to truly integrated models where capacity and
resources are shared. Furthermore, we did not have the individual site-level costs within each service
delivery model so the ‘per site’ costs reported are an equal division of costs across all sites. As such,
we are unable to report variation summary statistics and acknowledge that this likely over-estimates or
under-estimates the site-level costs on an individual site level. Additionally, this analysis does not
investigate the effect that changes in integration and standardization would have on the cost of PrEP
provision across different clinic sizes. This is an important factor when thinking about PrEP provision
to small or more rural clinics where high PrEP-client volumes may not be achievable. Ensuring access,
however, even in remote or low-volume facilities is important to ensure equitable PrEP access, and
costs associated with a lower PrEP client volume should be planned for. As this analysis is based on
national guidelines and does not include patient or program outcomes, we are not making any
conclusions comparing the effectiveness of the various models, but are providing budgetary information
only. Further costing work is needed to elucidate the effect of PrEP persistence on the overall costs of
PrEP provision. Despite these limitations, this study provides a robust estimate of the costs of PrEP
provision under three different service delivery models intended to guide future scale-up. This
information will support budgeting and financial planning for PrEP services as Zambia scales up HIV

prevention and access to services to achieve national and international targets.

Conclusions

Given finite resources, methods to ensure low incremental costs for PrEP provision are important. This

work demonstrates that the routine implementation and service delivery of PrEP may be more costly
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than modelling and early demonstration projects indicated. In addition to direct delivery cost, PrEP
programs incur substantial costs for demand creation and PrEP-client support. The costs involved in

these activities to reach key and priority populations should not be discounted when budgeting for PrEP
program scale-up.
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Chapter 3 Supplementary Material

S1 Table: 2021 costs of PrEP-provision according to Zambian guidelines (USD)

Program Type AGYW FSW/MSM Integrated 1 Integrated 2 Integrated 3
Number of PrEP clients initiated in program 908 213 322 214 148
Number of total sites 13 4 90 4 27
Average number of PrEP-clients/site 69.8 53.3 3.6 53.5 55
Start-up costs/site
Community sensitization/consultation 0 0 212 888 329
Training 5404 3861 907 418 218
Site assessments 0 0 0 573 0
Equipment 1560 1560 0 0 0
Average cost of start-up/site 6963 5421 1119 1879 547
Average cost of start-up/site/PrEP-client 100 102 313 35 100

Recurrent costs
Program support costs/PrEP-client

Technical support 0 0 0 210 360
Training 20 26 112 23 36
PrEP-client support 86 112 0 0 115
PrEP provider support 17 0 174 0 0
Demand creation communication 30 42 3 0 0
Average program support costs/PrEP-client (% of recurrent costs) 153 180 288 233 511
Direct service delivery costs/PrEP-client
Staff & Overheads 62 62 62 62 62
Labs and monitoring 87 93 84 84 84
Consumables 17 17 17 17 17
PreP Drugs 117 117 117 117 117
Average direct service delivery costs/PrEP-client (% of recurrent costs) 282 288 279 279 279
Total recurrent cost/PrEP-client/year 435 469 567 512 790
Total average cost/PrEP-client/year 534 570 880 547 890
Total cost/person-month** 45 48 73 46 74

*Costs inflated from 2018 cost year using the cumulative CPI rate of 1.36.**Assuming 12 months effective PrEP coverage per PrEP-client. Abbreviations. PrEP: Pre-exposure Prophylaxis; USD:
United States Dollar; AGYW: Adolescent girls and young women; MSM: Men-who-have-sex-with-men; FSW: Female Sex Worker.
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Summary

Background

Despite several service delivery models that aim to improve uptake and persistence of pre-exposure
prophylaxis (PrEP) in sub-Saharan Africa, the full costs of daily oral PrEP provision in routine care
settings remain largely unknown. We aimed to evaluate outcomes and costs of daily oral PrEP delivery

among key and priority populations at in-facility and community outreach programmes in South Africa.

Methods

This retrospective cohort study was done at seven urban sites across South Africa with in-facility or
community outreach PrEP service delivery models. We did top-down and bottom-up microcosting,
from the provider perspective, of routine oral PrEP provision in programmes focusing on men who have
sex with men (MSM), female sex workers, and adolescent girls and young women (aged 15-24 years)
who initiated oral PrEP between March 12, 2018, and Aug 13, 2019. The primary outcome was PrEP
in-hand at 6 months, defined as having sufficient PrEP drug dispensed at the last visit to have the drug
available 6 months after PrEP initiation. A subset of enrolled participants with sufficient potential
follow-up were included in a 12-month outcome analysis. We report the cost per client initiated on PrEP
in 2021 US dollars.

Findings

We enrolled 1281 people aged at least 15 years who initiated oral PrEP in either in-facility or
community outreach programmes between March 12, 2018, and Aug 13, 2019. The proportion of
participants with PrEP in-hand at 6 months varied from 41.8% (95% CI 31.9-52.2; 41 of 98 participants)
at one MSM-focused clinic to 0% (0-6.7; 0 of 53 participants) in an MSM-focused outreach
programme. Among 633 clients receiving oral PrEP with the potential for 12 months follow-up, 86
(13.6%) had PrEP in-hand at 12 months. The mean average 6-month costs per client initiating oral PrEP
ranged from US$29 (95% CI 26-31) to $590 (488-692), with higher costs generally observed for in-
facility programmes ($152, 140-164) than for outreach programmes ($84, 79-88). The mean average
monthly cost per client with PrEP in-hand at 6 months ranged from $18 (15-21) to $160 (126-194).

Interpretation

Costs and outcomes of daily oral PrEP provision across several populations and service delivery models
in real-world settings show substantial variability. Policy makers should consider this variability when
planning further scale-up of oral PrEP programmes in South Africa and the sub-Saharan Africa region

to maximise opportunities to improve efficiency based on local context.
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Research in context
Evidence before this study

Although several modelling studies have investigated the cost and cost outcomes of pre-exposure
prophylaxis (PrEP) in sub- Saharan Africa, evidence for real-world costs of providing PrEP in this
region is scarce. We searched PubMed using the terms “PrEP” AND “cost analysis” AND “sub Saharan
Africa” for studies published in English between Jan 1, 2016, and June 30, 2024. After excluding
publications that were not relevant or derived results from models, we found only 14 studies covering
seven countries that calculated the primary costs of providing PrEP in sub-Saharan Africa. These studies
generally focused on one population group, costed interventions in a research setting, or used only
ingredients-based methods without analysing associated outcomes.

Added value of this study

We include cost and cost outcomes from a large cohort of individuals who initiated PrEP through in-
facility and community outreach service delivery models in seven distinct geographical locations in
South Africa. Costs are based on actual individual resource utilisation data and programme expenses,
differentiating this study from modelling and ingredients-based costing studies that identify and value
resource requirements but do not consider the use of resources at the individual-client level. Such
individual-level costs, which can be used as inputs in future PrEP models, have been called for in at
least two large systematic reviews. This study provides evidence needed to inform scale-up of PrEP
service delivery models. Using a microcosting approach across several sites that provide PrEP to
different target populations, we cost the real-world implementation of in-facility and outreach models,
contributing to the evidence required for HIV prevention scale-up and budget planning in South Africa
and the wider sub- Saharan Africa region. These results add to the growing body of evidence on the
outcomes and associated costs of routine implementation of PrEP programmes in the sub-Saharan
Africa region and can be used to strengthen budget impact analyses, which will, in turn, assist policy
makers in decisions regarding programme scale-up.

Implications of all the available evidence

Cost estimates for providing large-scale, routine, effective PrEP-delivery platforms that consider
economies of scale, changes in marginal costs as programmes expand, and differences in costs and
benefits for different populations and risk groups will be essential to the success and sustainability of

PrEP programmes in sub-Saharan Africa.
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Introduction

The HIV epidemic continues to affect millions of people globally, particularly in sub-Saharan Africa,
which incurred almost 50% of new global infections in 2023%. South Africa is especially affected, with
an estimated 140 000 new HIV infections and an HIV incidence of 4.55 per 1000 population in 20232,
Progress in HIV prevention has been slow, with global annual new infections declining by only 38%
between 2010 and 2023, far short of the 2016 UN General Assembly target of a 75% reduction by
2020%3, This slow decline is despite the introduction of pre-exposure prophylaxis (PrEP), a highly
effective biomedical HIV prevention tool that can reduce the risk of HIV-1 acquisition by more than
95%*,

South Africa adopted the WHO recommendation to offer PrEP to those at substantial risk of HIV
infection in 2016, beginning oral PrEP roll-out to select key populations at pilot sites and expanding
nationally thereafter®. However, uptake has been slow, with only around 106 400 people at risk of HIV
infection receiving PrEP at least once in 20208, Although these numbers did increase, with almost
350000 people receiving oral PrEP in 20217, uptake is still suboptimal, representing only a small
fraction of those estimated to be at high risk of HIV infection®. As South Africa continues to scale up
oral PrEP provision, data are needed to inform the total cost and affordability of the various service
delivery models. However, little information is available to support evidence-based resource allocation
decisions in the public sector and, as funding responsibility for the South Africa PrEP programme shifts

to the South African Government from international funders, such data are greatly needed.

Several modelling studies have investigated the cost-effectiveness of oral PrEP provision in sub-
Saharan Africa, finding large variations in assumed costs®*2. Similarly, modelling studies in South
Africa show cost-effectiveness only under particular conditions, such as population-targeted
programmes in which PrEP clients self-select or have high assumed rates of uptake and persistence.
These results are largely dependent on the cost estimates used and the assumptions around oral PrEP
uptake and persistence!®*, Although modelled estimates provide useful approximations, the most
accurate cost estimates are based on actual client resource usage in routine implementation and are

crucial to calculating true cost-effectiveness.

An understanding of true resource utilisation, cost, and outcomes of different oral PrEP service delivery
models in South Africa is currently lacking. We did a cost outcomes study to evaluate the cost and
associated outcomes of delivering daily oral PrEP to various populations via different service delivery
models in South Africa. These results could inform the expansion of PrEP programmes within both
South Africa and the greater sub-Saharan Africa region, inform the optimisation of service delivery to
improve cost-effectiveness, and provide data for budget impact analyses to inform future policy

decisions and implementation strategies in HIV prevention programming.
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Methods

Study design

In this retrospective cohort study, we did top-down and bottom-up microcosting of oral PrEP service
delivery through in-facility and community outreach service delivery models in seven distinct
geographical locations (henceforth termed sites) in Gauteng and KwaZulu-Natal provinces in South
Africa. These sites included public, multiservice clinics; specialised clinics; and community outreach
programmes (appendix p 1). Most sites had both in-facility and outreach models of PrEP provision,
although some had only a single model. The selected sites were either run by, or had PrEP services
provided by, implementation partners who were funded to focus on reaching specific populations
considered to be at increased risk of HIV acquisition: female sex workers, men who have sex with men
(MSM), and adolescent girls and young women. We intentionally selected sites that, before data
collection, had been routinely providing PrEP for at least 9 months and had initiated at least 25 people
on PrEP who had at least 6 months of potential follow-up. All PrEP service delivery was provided in
accordance with South African national guidelines, which, at the time of data collection, included only
daily oral PrEP, with 1 month's worth of tablets supplied at initiation followed by 3 months' supply
thereafter (appendix p 3)*. Data were collected between Sept 15, 2020, and Aug 31, 2021.

This study was approved by the Human Research Ethics Committee (Medical) of the University of the
Witwatersrand (M190621) and the Boston University Institutional Review Board (H-39120).

Participants

The retrospective cohort comprised clients aged at least 15 years who started oral PrEP at one of the
study sites between March 12, 2018, and Aug 13, 2019, allowing for at least 6 months of potential
follow-up by February, 2020, when the cohort was censored. We excluded PrEP clients if they had
missing files or incomplete data or if they had been transferred out of care at the selected site within 6
months of PrEP initiation. Although sites focused on specific populations, we did not limit enrolment
on the basis of target population. For example, a programme focused on MSM could have provided
services to a man who did not identify in this way, and this man would have been eligible for inclusion
in the costing cohort provided he met other inclusion criteria. For each site, we obtained a list of clients
who initiated PrEP on or before Aug 13, 2019. We used convenience sampling and began by enrolling
the most recently initiated PrEP clients, working backwards until either our target sample size had been
reached or there were no more eligible clients to include. The target enrolment per study population and
service delivery model was 200, based on a t-test for sample means using modelled results of cost
estimates for PrEP service delivery in South Africa®. As this was a retrospective medical record review
that involved no interaction with clients, we obtained a waiver of consent from the ethics review boards

that approved the study.
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Procedures

Routinely collected client-level data from clients' medical records, including hard-copy client files and
both hard-copy and electronic client registers, were retrospectively extracted and managed using
REDCap electronic data capture tools hosted at the University of Witwatersrand®’. These data provided
information on individual resource utilisation, such as number of clinic visits, services and medications
provided, and laboratory tests done. Facility-level data, such as client headcounts (ie, the number of
visits by clients during the study period), were extracted from clinic registers. Client-level data for the
period March 12, 2018, to Feb 12, 2020, were collected from Sept 15, 2020, to March 31, 2021. Facility-
level data for the 2019 calendar period were collected from Feb 16 to Aug 31, 2021.

We estimated the economic costs of PrEP provision from the provider's perspective following
recommended guidance from the Global Health Cost Consortium*®. We used routine client records to
estimate resource utilisation for each client over the study period, calculated from date of PrEP
initiation, and then multiplied this by unit cost. Resources considered were drugs, diagnostic and
laboratory tests, clinical staff time, buildings, equipment, supplies, and other shared services such as
utilities and non-clinical staff time; specific methods and sources for determining the costs for these
resources are shown in the appendix (p 4). We obtained shared resource costs from facility-level
financial records and price lists from suppliers, and these were proportionally allocated according to the
fraction of total visits that were dedicated to PrEP provision. Resources shared between a site's in-
facility and outreach service delivery models were proportionally allocated according to either the level
of effort (for staff costs) or the client headcounts for each model. Staff salaries for positions above site-
level management were excluded from the main analysis. We collected all costs in South African rand
(ZAR) and inflated the costs to 2021 prices (where necessary) using the South African Consumer Price
Index®®. Costs are reported in US dollars using the average 2021 exchange rate of ZAR14.78 to US$1

and we assumed a useful life of 5 years for all capital items®.

Outcomes

The primary outcome, PrEP in-hand at 6 months, was defined as having sufficient PrEP drug dispensed
at the last clinic visit to have the drug available 6 months after PrEP initiation. This outcome was
calculated for each enrolled participant by use of recorded visit dates and dispensing records. Because
PrEP outcomes are not a standard outcome metric within a clinic file, we measured outcomes with
available data (such as visit dates, services received, and medications dispensed) to reflect individual
engagement with PrEP care. To gain further insight into each programme, we reported several
additional outcomes (PrEP initiation on the same day as a negative HIV test, engagement in care, and
time in care) at various timepoints, if available (figure, table 1). 9-month and 12-month outcomes were

reported for only the subset of participants with 12 months of follow-up.
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Data analysis

We describe baseline characteristics and outcomes across study sites, service delivery models, and study
population. We also estimated average PrEP-client resource utilisation over the 6-month study period
and average cost per PrEP client by site, target population, service delivery model, and primary outcome
and disaggregated by cost category (drugs, laboratory testing, visit costs and fixed costs). We also
estimated production cost, calculated by dividing the costs of services to all clients by the number of
participants who reached the primary outcome of PrEP in-hand at 6 months after PrEP initiation, as a
way to incorporate effectiveness into the cost estimates. To assess the effect of varying assumptions on
the average cost per day with PrEP in-hand, we did one-way sensitivity analyses for total clinic visits
per year, staff cost per visit, and days with PrEP in-hand. We estimated best-case and worst-case
scenarios using parameters yielding the lowest and highest average cost per day with PrEP in-hand,
respectively. We also used two post-hoc mixed-effects regression models to analyse the factors
influencing the cost per client for PrEP, accounting for clustering across different geographical
locations: cost per day with PrEP in-hand is a function of age, sex, key population group, model type,
PrEP in-hand at 6 months; and 6-month cost per person is a function of age, sex, key population group,
model type, PrEP in-hand at 6 months; for further details, see appendix (p 8). All analyses were done
in Excel (Microsoft Office Standard 2019), using the Healthcare Cost and Outcomes Model to estimate
the cost per patient?*, and RStudio version 1.4.1106.

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data interpretation,

or writing of the report.
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Table 1: Outcome definitions

Definitions Notes Timepoints
Same-day Participant initiated PrEP  Participants who did not initiate on the same day would Singular
initiation (%) on the day of presentation have had separate visits for HIV testing and PrEP
for their HIV test initiation.
Engaged in care  Participant attended at This is a measure of short-term persistence: many studies ~ Singular
after PrEP- least one visit after PrEP  report rapid attrition after initiation, which is measured by
initiation visit initiation within the this outcome.
(%) follow-up period
Time in care Total number of PrEP We excluded any tablets dispensed at the last visit that 6 and 12
(days) tablets dispensed during  would have covered time outside the follow-up period: for months
the follow-up period example, if a participant has five visits in 12 months, with
a total of 300 tablets dispensed over the first four visits and
90 tablets dispensed at visit five (day 330), only 35 tablets
from the final visit count towards time in care; time in care
for this participant is therefore 335 days at 12 months.
PrEP in-hand (%) At client’s last visit in For example, if a participant came back 4 months after 3,6,9and 12
follow-up, they were initiation and was dispensed 3 months’ worth of PrEP drug months

dispensed sufficient PrEP
drug to still have the drug
available at the end of the
follow-up period

at that visit and did not come back again before the 6-
month period was reached, they were counted as having
PrEP-in-hand at 6 months; however, if a participant came
for a visit 4 months after initiation and was dispensed 1
month’s worth of tablets at that visit and did not come
back again before 6-months, they were counted as not
having PrEP in-hand at 6 months (figure)

PrEP = pre-exposure prophylaxis

Figure 1: Schematic showing examples of PrEP in-hand outcomes for clients eligible for 6-months
follow up and clients eligible for 6- and 12-months follow up.
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Results

We collected data on 1281 people aged at least 15 years who initiated PrEP between March 12, 2018,
and Aug 13, 2019, across seven sites in South Africa, about half (633, 49.4%) of whom had potential
for 12 months of follow-up across four of the sites (table 2). These data included 1281 initiation visits
and 1245 follow-up visits, amounting to 3086 months of PrEP dispensed. Most participants (994,
77.6%) initiated PrEP in 2019, with the remainder (287, 22.4%) initiating in 2018. On average,
participants were young: median age was 27 years (IQR 23-33) in the whole cohort, and 22 years (21—
25) in programmes focused on adolescent girls and young women. 465 (36.3%) of 1281 participants
were male and 816 (63.7%) were female, with the sex distribution largely influenced by the population
on which the site focused; however, 74 (8.3%) of 889 participants starting in the programmes focused

on female sex workers or adolescent girls and young women were male.

In general, the sites and service delivery models largely served the population on whom they were
focusing (ie, an MSM-focused programme mostly initiated MSM on PrEP); however, we observed
variability within sites and service delivery models. The MSM-focused outreach programmes reported
that 40 (20.8%) of 192 individuals who initiated PrEP identified as heterosexual men; by comparison,
the in-facility MSM programmes reported only three (1.5%) heterosexual men among 200 clients. Other
sites and service delivery models showed more heterogeneity in their PrEP-client populations: among
the 368 participants at in-facility sites focusing on adolescent girls and young women, 221 (60.1%)
were from this target population, whereas 114 (31.0%) were older women (aged >25 years), two (0.5%)
were female sex workers, and 22 (6.0%) were heterosexual men, with one (0.3%) MSM. The outreach
sites for adolescent girls and young women were similar, with the majority (51, 56.7%) of the 90
participants initiating PrEP belonging to this population; however, 17 (18.9%) were women aged at
least 25 years and five (5.6%) were heterosexual men. In these outreach sites, 16 (17.8%) participants
did not indicate which population group they belonged to. The sites focused on female sex workers
largely initiated people from this population (106 [76.8%] of 138 people at in-facility sites and 275
[93.9%] of 293 people at outreach sites); however, a few adolescent girls and young women, MSM, and

transgender women also initiated PrEP on these programmes.

In general, resource utilisation was higher in the in-facility models than in the outreach models (table
3). The mean number of visits per client initiated on PrEP was 2.3 (SD 1.7) for the in-facility models
and 1.5 (1.0) for the outreach models. Across all population groups, the mean number of days of PrEP
dispensed was higher in the in-facility models (83.2, 65.3) than in the outreach models (50.8, 42.1); this
difference was greatest among the MSM-focused programmes (outreach 32.3, 14.7; in-facility 124.3,
60.7). Over the 6-month follow-up period after the initiation of PrEP, 121 (9.4%) of 1281 participants

were dispensed treatment for sexually transmitted infections and 221 (17.3%) received other
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Table 2: Characteristics of 1281 PrEP clients at PrEP initiation by site type and service delivery model
Characteristic MSM site 1 MSM site 2 FSW site 1 FSW site 2 FSW site 3 AGYW site 1 AGYW ssite2  All sites
In-facility Owutreach In-facility Outreach In-facilitv Outreach In-facility Outreach Outreach In-facilitcy Outreach In-facility All models
(n=98) (n=139) (n=102) (n=53) (n=96) (n=98) (n=42) (n=99) (n=96) (n=168) (n=90) (n=200) (n=1281)

Potential for 12-month follow-up 07 (99.0%) 71(51.1%) 0 0 93 (96.9%) 98 (100%) 41 (97.6%) 99 (100%) 0 68 (40.5%) 66 (73.3%) 0 633 (40.4%)
Age at PrEP initiation, years

Mean (SD) 356 (11.5) 30.4(8.0) 321(9.5) 31.6(83) 303(61) 205(5.5) 307(7.6) 207(67) 289(62) 23.1(7.5) 233(53) 251(69) 285(8.4)

Median (IQR) 34 (26—42) 20(25-35) 30 (25-36) 31 (25-36) 30 (26-35) 20 (26-33) 30 (26-34) 20 (25-34) 28 (25-32) 21 (17-26) 22 (21-25) 24 (19-20) 27 (23-33)
Sex

Male 08 (100%) 130 (100%) 101 (99.0%) 53 (100%) 16 (16.7%) 7 (7.1%) 0 4(4.0%) 0 27(16.1%) 16 (17.8%) 4(2.0%) 465 (36.3%)

Female 0 0 1(1.0%) 0 80(83.3%) 01 (92.9%) 42 (100%) 95 (96.0%) 06 (100%) 141 (83.0%) 74 (82.2%) 106 (98.0%) 816 (63.7%)
Population*

MSM 02 (93.0%) 61(43.9%) 04 (92.2%) 10(18.9%) 6(6.2%) 4 (4.1%) 0 4(4.0%) 0 0 0 1(0.5%) 272 (21.2%)

FSW 0 0 0 0 66(65.8%) 86 (37.8%) 40 (95.2%) 93 (93.9%) 96 (100%) 0 0 2(1.0%) 383 (20.9%)

AGYW 0 0 0 0 2(2.1%) 0 0 2 (2.0%) 0 111 (66.1%) 51 (56.7%) 110 (55.0%) 276 (21.6%)

PWID, SDC, TGW, TGM. or MSW 2 (2.0%) 0 3(2.0%)  1(1.9%) 0 3 (3.1%) 0 0 0 0 1(1.1%) 0 10 (0.8%)
Yengrm"l population, males aged 215 g goiy 49 (288%)  2(2.0%) 0 2(2.1%) 0 0 0 0 10(11.3%) 5(5.6%) 3(15%) 72 (5.6%)
Yeggrmmpc’pum‘m’ females aged 225 0 0 0 0 1(1.0%) 0 0 0 0 30 (17.0%) 17(18.9%) 84 (42.0%) 132 (10.3%)

Not indicated 3(31%) 38(273%) 3 (2.9%) 42(792%) 10(10.8%) 5(5.1%) 2 (4.8%) 0 0 §(4.8%) 16(17.8%) 0 136 (10.6%)
Year of PrEP initiation

2018 61 (62.2%) 57 (41.0%) 0 0 52(54.2%) 19 (19.4%) 34 (81.0%) 8 (8.1%) 0 0 55(61.1%)  1(0.5%) 287 (22.4%)

2019 37 (37.8%) 82(50.0%) 102 (100%) 53 (100%) 44 (45.8%) 79 (80.6%) 8 (12.0%) 91 (91.9%) 96 (100%) 168 (100%) 35 (35.9%) 190 (99.5%) 994 (77.6%)

Indication for PrEP

Scored as at-risk on risk assessment by
health-care worker

Requested by client§ 62 (63.3%) 132 (95.0%) 16 (15.7%) 29 (54.7%) 31 (32.3%) 30 (30.6%) 33 (78.6%) 65 (65.7%) 13 (13.5%) 48 (28.6%) 27 (30.0%) 34 (17.0%) 520 (40.6%)

No reason provided 2(2.0%)  1(0.7%) 5(4.9%) 15(28.3%) 23(24.0%) 3(3.1%) 0 1(1.0%) 6 (6.2%) 0 11(12.2%)  1(0.5%) 68 (5.3%)
l‘f;%‘;;ff;;‘gj;“ completed before or at o5 o 902y 170 (86.3%) 100 (98.0%) 20 (54.7%) 81 (84.4%) 85 (86.7%) 42 (100%) 99 (100%) 95 (99.0%) 168 (100%) 78 (86.7%) 100 (99.5%) 1191 (93.0%)
Data are n (%o) unless otherwise indicated. AGYW=adolescent girls and young women. FSW=female sex workers. MSM=men who have sex with men. MSW=male sex worker. PrfEP=pre-exposure prophylaxis.
PWID=person who injects drugs. SDC=serodiscordant couple. TGM=transgender man. TGW=transgender woman. *MSM includes eight participants who indicated that they are bisexual. fGeneral population

comprises individuals who did not identify as one of the listed priority populations. {PrEP was not explicitly indicated as the reason for the client's visit to the clinic; however, the risk assessment indicated high risk,
and the client went on to initiate PrEP. §PrEP initiation was explicitly indicated as the client's reason for the clinic visit, regardless of the results of the risk assessment.

34 (34.7%) 6(43%) 81(79.4%) 0(17.0%) 42 (43.8%) 65 (66.3%) 9 (21.4%) 33 (33.3%) 77 (80.2%) 120 (71.4%) 52 (57.8%) 165 (82.5%) 693 (54.1%)
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Table 3: 6-month resource utilisation in the 6-month cohort (n=1281) by site and service delivery model

Resource Type MSM site 1 MSM site 2 FSW site 1 FSW site 2 FSW site 3 AGYW site 1 AGYW site 2
In-facility Qutreach In-facility Outreach In-facility Outreach In-facility  Outreach Outreach In-facility Outreach In-facility
(n=98) (n=139) (n=102) (n=53) (n=96) (n=98) (n=42) {n=99) (n=96) (n=168) {n=90) {n=200)
Visits and health-care worker interactions
Number of visits
Mean (SD) 27 (L) 1.0 (0.2) 3.0 (1.5) 1.0 (0.1) 1.6 (1.0) 10710y 31200  22(L5) 1.7 (1.0) 2.1(L.7) 13(0.7) 22(1.9)
Median (IQR) 3 (2-3) 1(1-1) 3(2-4) 1(1-1) 1(1-2) 2(1-2) 3 (2-5) 2(1-3) 1(1-2) 1(1-3) 1(1-1) 1(1-3)
Number of nurse interactions
Mean (SD) 27 (L) 1.1(0.2) 3.0 (1.5) 1.1(0.3) 1.6 (1.0) 10(1.0)  29(16  22(L5) 1.7 (1.0) 2.1(L.7) 13(0.7) 22(1.9)
Median (IQR) 3 (2-3) 1(1-1) 3(2-4) 1(1-1) 1(1-2) 2(1-2) 3(2-9) 2(1-3) 1(1-2) 1(1-3) 1(1-1) 1(1-3)
MNumber of counsellor interactions
Mean (SD) 26 (1.1) 1.1(0.2) 2.6 (1.2) 0.9 (0.5) 1.5(0.8) 18710y  27(16  22(13) 1.7 (1.0) 13(1.7) 1.0 (0.8) 1.7(1.6)
Median (IQR) 3 (2-3) 1(1-1) 3(2-4) 1(1-1) 1(1-2) 2(1-2) 202-9) 2(1-3) 1(1-2) 1(0-1) 1(0-1) 1(1-2)
Drugs, medications, or devices dispensed
Days of PrEP dispensed
Mean (D) 1300 (62.8) 32.9(16.9) 119.0(59.6) 30.6(+.12) 683(58.9) 79.6(63.1) 79.6(54.1) 66.0(443) 578(425)  652(653) 374(197) 645 (553)
Median (IQR) 120 (120-186) 30 (30-30) 120 (60-163) 30(30-30) 30(30-120) 59 (30-120) 60 (30-120) 60 (30-90) 30 (30-90) 30 (30-90) 30 (30-30) 30 (30-90)
mgﬁil‘;ﬁed”}:;;;l;gaffgf“) 4 (41%) 0 15(147%)  2(38%) 18(188%) 10(104%) 10(23.8%) 14(141%) 32(333%)  7(4.2%) 0 0
mgﬁ;‘;‘fﬁ}:;:;ga?:?‘uﬁmﬂ 5 (5.1%) 0 20(196%)  2(38%) 26(27.1%) 41(418%) 21(50.0%) 42 (424%) 53(552%)  O0(5.4%) 2 (22%) 0
Laboratory tests conducted, mean (SD)
HIV test 2.0 (1.0) 1.0 (0.2) 2.6 (1.2) 1.0(0.2) 14(0.7) L7(1.0)y  22(12)  19(LD) 1.6 (1.0) 1.9(1.3) 13 (0.6) 1.6(1.1)
Creatinine test 12 (1.0) 1.0 (0.2) 1.0 (0.7) 0.2 (0.5) 1.2 (0.6) 1.2 (0.6) 16(0.7)  14©07)  08(0.5) 10(04)  08(05) 1.0(03)
Hepatitis B surface antigen test 0.0 (0.0) 0.0 (0.0) 0.2 (0.5) 0.00.1)  0.0(0.1) 00001 0104 0002  0.0(0.0) 07(05)  05(05) 0.0 (0.1)
wuﬁ;?;’;‘;i B antibody fo surface 0.0 (0.0) 0.0 (0.0) 0.9 (0.6) 0.1¢03)  08(0.6) 00(04)  09¢(05) 0804  08(0.5) 1.0(03) 0704 1.0 (0.2)
Syphilis rapid test 0.0 (0.2) 0.0 (0.0) 0.5 (0.9) 0.1(04)  05(05) 05(0.5  09(04)  08(05)  00(0.D 09(03)  0.7(04) 0.9 (0.3)
Pregnancy test 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.000)  0.1(04) 03(0.8)  05(09) 0409 1.2(0.9) 13(14)  07(08) 0.2 (0.4)
Other} 0.2 (0.4) 0.0 (0.0) 0.5 (0.7) 0204  02(05) 01(04) 02004  01(03)  00(0.0) 00(02)  0.1(03) 0.0 (0.0)

AGYW=adoelescent girls and young women. FSW=~female sex workers. MSM=men who have sex with men. PrfEP=pre-exposure prophylaxis. STI=sexually transmitted infection. *STI medications dispensed were
ceftriaxone, cefuroxime, metronidazele, doxycycline, azithromycin, benzathine benzylpenicillin, flucloxacillin, and aciclovir. $Other medications were paracetamol, ibuprofen, diclofenac, amlodipine,
amoxicillin/clavulanic acid, ciprofloxacin, co-trimoxazole, chlorpheniramine maleate, amoxicillin, oxymetazoline hydrochloride, combined oral contraceptives, progesterone injection, and saline nasal spray.

TOther laboratory tests conducted were the measurement of aspartate aminotransferase, alanine aminotransferase, and haemoglobin concentrations; the use of urine dipstix (primarily used to screen for urinary tract
infections, kidney problems, diabetes, haematuria, and pregnancy); cervical screening; screening for the presence of hepatitis A IgM and hepatitis C antibody; and the GeneXpert test.
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medication. The proportions of participants receiving treatment for sexually transmitted infections were
higher in models focusing on female sex workers (14.1-33.3%) than among models focused on
adolescent girls and young women (0-4.2%). The mean number of HIV tests administered over the 6
months after PrEP initiation was 1.87 (1.22) for in-facility models and 1.43 (0.84) for outreach models.

Among 1281 PrEP clients, 1191 (93.0%, 95% CI 91.4-94.3) initiated PrEP on the same day as their
negative HIV tests; one notable exception was an MSM-focused clinic at which only 32 of 98 clients
(32.7%, 23.5-42.9) initiated on the same day (table 4). The proportion of PrEP clients returning for at
least one follow-up visit varied greatly, from only 1.9% at one MSM-focused outreach programme to
83.7% at another clinic focused on MSM. Similarly, time in care at 6 months ranged from a mean of
28.9 days (SD 8.2) to 125.9 days (61.2) across sites. Our primary outcome, PrEP in-hand at 6 months,
varied greatly across sites, populations, and service delivery models, but was low overall: the highest
proportion was at an MSM-focused in-facility programme (41.8%, 31.9-52.2), whereas an MSM-
focused outreach programme had no clients with PrEP in-hand at 6 months. In general, in-facility
models had higher PrEP in-hand coverage at 6 months than outreach models, with the exception of one
of the programmes focused on female sex workers, in which the outcome was higher in the outreach
model (22.4%, 14.6-32.0) than in the in-facility model (13.5%, 17.4-22.0). Programmes focused on
adolescent girls and young women had low proportions of participants with PrEP in-hand at 6 months,
ranging from 4.4% to 15.5%. Three clients (two at a clinic focused on female sex workers and one at a
clinic focused on adolescent girls and young women) acquired HIV during the 6-month follow-up

period.

Similar patterns were observed among the 633 PrEP clients with 12 months of potential follow-up, with
amean average time in care ranging from 41.2 days (SD 42.1) to 221.0 days (127.3). Across all included
programmes, PrEP in-hand at 12 months was 13.6% (86 of 633 participants), with variability across
sites and models. For the MSM-focused clinic, PrEP in-hand at 12 months was 35.1% for the in-facility
programme, whereas no clients had this outcome in the outreach programme. For the two clinics focused
on female sex workers, PrEP in-hand at 12 months ranged from 9.7% to 19.5%, both for in-facility
models, whereas the site focused on adolescent girls and young women had 4.4% of clients with PrEP

in hand at 12 months in the in-facility programme and 6.1% in the outreach programme.

When considering all clients initiated on PrEP, mean 6-month cost per client ranged from $29 (95% ClI
26-31) for an MSM-focused outreach programme to $590 (488-692) for an in-facility programme
focused on female sex workers, with higher average costs generally observed for the in-facility
programmes (table 5). This wide range in part reflects the high variation in the proportion of clients
with PrEP in hand at 6 months (range 0-42%). When estimating costs for only those clients who reached

this outcome, the average cost per client ranged from $108 ($92-125) at one of the outreach
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Table 4: 6-month and 12-month outcomes by site and service delivery model

Outcome MSEM site 1 MSM site 2 FSW gite 1 FSW gite 2 FSW gite 3 AGCYW gite 1 AGYW gite 2 Overall
In facility Outreach In facility Outreach In facility Outreach In facility Outreach Outreach In facility Outreach In facility In facility Outreach
Clients in 6-month cohort (N=1251), n 98 139 102 33 96 98 42 89 96 168 50 200 706 573
Same-day PrEP initiation, n (%) 32(32.7%) 135 (97.1%) 100 (98.0%) 50 (94.3%) 92 (95.8%) 97 (99.0%) 42 (100%) 98(99.0%)  96(100%) 164 (97.6%) 39 (98.9%) 196 (98.0%) 626(88.7%) 565 (98.3%)
At least one follow-up visit, m (%)* B2 (83.7%) 6(4.3%) 82 (80.4%) 1(1.5%) 35(36.5%) 33 (34.1%) 35 (78.6%) 58(58.6%) 3B (39.6%) 68 (40.5%) 16 (17.8%) 76 (38.0%) 376 (53.3%) 172 (19.9%)
Time between PrEP initiation and first follow-up, day=t
Mean (8D) 31.2(21.6) 71.8(36.3) 32.0(18.1) NA 35.1(43.4) 67.3(314) 484 (32.2) 49.6(36.6) 620(363) 36.6(23.9) 33.2(45.0) 36.3(17.4) 37.5(26.3) 38.8(43.7)
Median (IQR) 250 483 280 NA o 250 320 280 385 280 3453 280 i 280 330
(21.0-29.8) (43.5-83.5) (27.0-29.0) (28.0-74.00 (28.0-115.0) (28.0-59.0) (28.0-77.8) (28.0-815) (28.0-33.0) (28.0-55.8) (28.0-37.00 27.0-3400  (28.0-843)
Time in care st § months, days:
Mean (8D) 132 (57.4) 36.1(25.0) 128 (59.8) 32.3(9.88) 97.0(54.7) 108 (60.9) 121 (63.3) 903(639) T83(609) T25(61.4) 474 (442) 70.1 (59.5) 943 (64.6) 662 (56.6)
Median (IQR) 142 300 146 300 90.0 116 143 38.0 30,0 30.0 300 E 88.0 300
(104-183) (30.0-30.0) (67.3-183) (30.0-30.0) (30.0-144) (30.0-183) (38.3-183) (30.0-166)  (30.0-136)  (30.0-118) (30.0-30.0) (30.0-92.5) (30.0-182)  (30.0-50.0)
PrEP in-hand at 6 monthz, n (%4)§ 41 (41.8%) 1(0.7%) 38 (373%) 0 13 (13.5%) 22 (22.4%) 9 (21.4%) 13 (13.1%) 9(9.4%) 22 (13.1%) 4 (4.4%) 31(1535%) 154 (21.8%) 49 (B.5%)
Reason for not reaching PrEF in-hand at 6 months, n (%)Y
Death L] 0 0 0 0 0 0 0 1] 0 0 1] 0 0
HIV seroconversion L] 0 0 0 0 0 2(4.8%) 0 0 1(0.6%) 0 1] 3(04%) 0
Reported as having stopped PrEP 2(2.0%) 1(0.7%) 1(1.0%) 5(9.4%) 1(1.0%) 3(3.1%) 2(4.8%) 5(5.1%) 1(1.0%) 1 (0.6%) 1(1.1%) 7 (3.5%) 14 (2.0%) 16 (2.8%)
Reason unknown 96 (98.0%) 138 (59.3%) 101 (99.0%) 48 (90.6%) 95(99.0%) 93 (96.9%) 38 (90.4%) 94 (54.9%)  95(99.0%) 166 (98.8%) 39 (98.9%) 193 (96.5%) 689 (97.6%) 3559(97.1%)
Clients in 12-month cohort (N=633), n 97 71 0 0 93 98 41 89 '] 68 66 0 299 334
Same-day PrEP initiation, n (%) 32 (33.0%) 68 (95.8%) . - 90 (96.8%) 97 (99.0%) 41 (100%) 98 (99.0%) . 66 (57.1%) 66 (100%) - 229 (76.6%) 329 (98.5%)
At least one follow-up visit, m (%)* B3 (85.6%) 6(8.5%) . - 37(39.8%) 58 (392%) 37 (90.2%) 59 (59.6%) - 27 (39.7%) 14 (21.2%) . 184 (61.5%) 137 (41.0%)
Time between PrEP initiation and first follow-up, day=t
Mean (8D) 323(30.1) 71.8(56.3) . - 79.3 (75.0) 80.5 (68.9) 79.4(78.9) 52.1(41.0) - 49.5(30.3) 102 (114) . 53.7(39.8) 70.1 (66.1)
Median (IQR) 25.0 (21.0-29.5) 48.5 (43.5-83.5) . . 41.0 (28.0-111) 19.5 (28.0-12T) 34.0 (29.0-96.0) 28.0 (28.0-83.5) . 29.0 (28.0-37.5) 33.0(28.0-149) . 29.0 (25.0-45.3) 03-301—-(1}06}
Time in care at 12 months, daysi
Mean (SD) 220(133) 41(42) . - 122 (126) 155 (129) 21127 137(128) - 83 (104) 69 (93) - 160 (136) 108 (118)
Median (IQR) 201 (113-365) 30(30-30) . - 30 (30-209) 118 (30-262) 227 (114-352) 58 (30-239) . 30 (30-98) 30 (30-30) - 114 (30-320) ﬁﬂi?-ié')
PrEP in-hand at 12 months, n (%) 34(35.1%) 0 . - 9(9.7%) 15 (15.3%) 8 (19.5%) 13 (13.1%) - 3(44%) 4(6.1%) - 54 (18.1%) 32 (9.6%)
Reason for not reaching PrEP in-hand at 12 months, n (%)
Death 1] o . - 1] 0 0 0 - 0 ] - 0 0
HIV seroconversion ] 0 . - 0 0 2(6.1%) 0 - 1(1.5%) 0 . 3(1.2%) 0
Reported as having stopped PIEP 1(1.6%) 1(1.4%) - - 1(1.2%) 4 (4.8%) 4 (12.1%) 4(4.7%) - 1(1.5%) 1(1.6%) - 7(2.9%) 10 (3.3%)
Raeason unkmown 96 (98.4%) 70 (98.6%) B 92 (98.8%) 94 (93.2%) 35 (81.8%) 93 (93.3%) . 66 (97.0%) 63 (98.4%) . 189 (95.9%) 324 (96.7%)

AGYW=adolescent girls and voung women FSW=famals sex workers MSM=men wha haL'e sex with men NA=not applicable PrEP=pre-sxposure prophylaxis. *[a addition to the PrEP-initiation visit, the PrEP client had at lsast one additional visit within the 6-month or 12-
month time period. f Among thoss who had at least one follow-up visit within the 6-month or 12-month time period. 2 Total number of PrEP tablats dispensad excludimg any overdispansing at the last vieit (capped at the maximum follow-up period; 180 or 365 davs). §At the
PrEP client's last visst in the follow-up peniod, they wers dispensed sufficient PrEP drug to still have the drug 2vailable 2t the end of the follow-up period. TAmong those who wers not dizpensed sufficieant PrEP drug to still have the druz available at the and of the follow-up

perod.
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Table 5: Estimated costs per PrEP client of 6 months of PrEP provision by site and service delivery model

Cost Category MSM site 1 MSM site 2 FSW site 1 FSW site 2 FSW site 3 AGYWsite 1 AGYW site 2
In-facility Owutreach In-facility Outreach In-facility Owutreach In-facility Outreach Outreach In-facility Outreach In-facility
Proportion of clients with PrEP in- 41/98 1/139 38/102 0/53 13/96 22/98 9/42 13/99 9/96 22/168 4/90 31/200
hand at 6 months, /N (%) (41.8%) (0.7%) (37.3%) : (13.5%)  (224%)  (214%)  (13.1%) (9.4%) (13.1%) (4.4%) (15.5%)
Average 6-month cost per PrEP client
All PrEP clients $228 $76 $191 $29 $125 $75 $590 $105 $131 $84 $61 $73
(208-248) (73-79) (175-208)  (26-31)  (111-140)  (68-83)  (488-692) (93-117) (116-147)  (76-92) (55-68) (66-80)
PrEP clients with PrEP in-hand at 6 $312 $140 $248 $236 $108 $959 $220 $276 $179 $132 $170
months* (293-332) (236-262) - (204-268)  (92-125) (753-1164) (190-250) (231-320) (155-203) (43-220) (160-181)
Average cost per person-month per PrEP client¥
All PrEP clients $58 $71 $53 $28 $68 $32 $182 $44 $66 $47 $48 $37
(53-63) (70-73) (49-58) (26-31) (62-74) (29-34)  (159-204)  (41-47) (62-70) (42-52) (45-51) (36-39)
PrEP clients with PrEP in-hand at 6 $52 $23 $42 $39 $18 $160 $37 $46 $30 $22 $28
months (49-55) (39—44) - (34—45) (15-21)  (126-195)  (32-42) (39-53) (26-34) (7-39) (27-30)
Cost breakdown for PrEP clients with PrEP in-hand at 6 months
Druos $26 $5 $24 $13 $18 $20 $21 $16 $24 $10 $24
& (24-28) (23-26) - (13-13) (14-22) (13-26) (17-25) (11-21) (17-31) (1-19) (22-26)
i $16 $35 $31 $26 $32 $33 $28 $43 $35 $28
Laboratory tests (14-19) 12 (30-39) - (24-38)  (21-30)  (2837)  (27-39)  (23-34)  (38-49) (6-63) (25-30)
- e $133 $127 $89 $15 $744 $60 $23 $69 $45 $61
Clinic staff visit cost (124-142) 347 (120-135) - (77-102)  (13-17)  (573-915)  (51-69)  (19-28)  (56-82) (17-73) (57-65)
Fixed costs (ie, buildings, equipment, $136 $75 $63 $103 $50 $163 $107 $208 $42 $42 $58
management, and administration) (128-146) (58-67) " (89-117)  (43-57)  (130-196)  (90-124)  (170-245)  (37-48) (16-67) (54-62)
1;’;’3‘;';:"“ cost of PIEP in-hand at6 g5, $10537 $514 B} $929 $336 $2754 $780 $1403 $643 $1379 $470
$1.91 $2.34 $1.74 $0.93 $2.24 $1.03 $5.95(5.22— $1.46 $2.17 $1.55 $1.58 $1.23

Cost per day with PrEP in-hand§ (1.75-2.07) (2.29-239) (1.60-1.89) (0.85-101) (2.04-243) (0.95-112) 668)  (1.36-155) (2.03-230) (139-171) (149-167)  (1.19-126)

Data are mean (95% CT) unless otherwise stated. Costs reported in 2021 US dollars (95% CT). AGYW=adolescent girls and young women. FSW=female sex workers. MSM=men who have sex with men. PrEP=pre-
exposure prophylaxis. *Calculated by summing the 6-month costs for each client who reached the outcome (PrEP in-hand at 6 months) and then finding the average across those clients. $Total cost per month divided
by the total number of PrEP tablets dispensed, excluding any overdispensing at the last visit (capped at the maximum for the 6-month follow-up period [180]= 30.5). #Calculated by summing the costs of services to
all clients and dividing this value by the number of clients reaching the primary outcome of PrEP in-hand 6 months after PYEP imtiation. For example, for the MSM site 1 in-facility programme, the total costs are
$228%98=822 344. This value is then divided by 41 to yield a production cost of $545. §The total cost for each person divided by the total number of PrEP tablets dispensed during the 6-month period, excluding any
tablets dispensed at the last visit. which would have covered time outside of the follow-up period (1e. time in care: see table 1 for full definition).
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programmes focused on female sex workers to $959 ($753-1164) at an in-facility programme focused
on the same population. The high cost at the in-facility programme was driven largely by staffing, which
accounted for $744 (78%) and was attributed to the high staff-to-client ratio during the study period,
which, although distorting the cost per client interaction, accurately reflects the cost of sites with low
client numbers. Overall, the in-facility programmes had higher average costs per PrEP client than the
accompanying outreach programmes. This pattern held when considering the average cost per PrEP
client among those with PrEP in-hand at 6 months, with the in-facility programme costs ranging from
$170 (160-181) to $959 (753-1164) and the outreach programme costs ranging from $108 (92-125) to
$276 (231-320) over 6 months. Although the average costs were lower for outreach than for in-facility
programmes, the production costs (ie, the 6-month costs to produce one client with PrEP in-hand at 6
months) were, on average, much higher, with the exception of outreach programmes for female sex
workers, which had lower production costs than the corresponding in-facility programmes. The cost per
day with PrEP in-hand ranged from $0.93 (0.85-1.01) for an MSM outreach model to $5.95 (5.22—
6.68) for an in-facility programme for female sex workers. Considering all participants, the cost per day
with PrEP in-hand was $1.80 (1.73-1.86).

We did two preliminary analyses, using mixed-effects regression models, to understand drivers of costs.
After controlling for site location (which accounted for a large proportion of the variation in the cost
estimate), having PrEP in-hand at 6 months, initiating at an outreach programme, and identifying as
MSM lowered the estimate of cost per client per day with PrEP in-hand compared with our base case:
a 28-year-old female, who was not identified as a female sex worker, an adolescent girl or young
woman, or MSM, and who received services in a fixed facility and did not have PrEP in-hand at 6
months. Being in an outreach model and being an adolescent girl or young woman decreased the total
6-month cost, whereas having PrEP in-hand increased this total cost compared with the same base case

(appendix p 8).

Average costs remain robust under these varying parameters (appendix p 12). Compared with a cost for
the base case of $1.75, the average costs after increasing or decreasing the number of days with PrEP
in-hand by 20% were $1.50 and $1.90, respectively. Increasing or decreasing the annual clinic patient
volume by 20% yielded costs of $1.65 and $1.89, respectively, whereas varying the staff cost per visit
up and down by 20% resulted in costs of $1.87 and $1.62, respectively. The multivariate best-case
scenario, involving a 20% decrease in staff cost per visit and 20% increases in both annual clinic volume
and days with PrEP in-hand, resulted in a reduced cost of $1.31. The worst-case scenario, involving a
20% increase in staff cost per visit and 20% decreases in both annual clinic volume and days with PrEP

in-hand, yielded an increased cost of $2.19.

70



Discussion

In this microcosting study, we estimated the real-world outcomes and costs of PrEP provision across
seven sites in South Africa that provided either in-facility or community outreach service delivery
models or both, focused on MSM, female sex workers, or adolescent girls and young women. The costs
of 6 months of PrEP provision varied widely across sites and service delivery models, ranging from $29
to $590 per client initiated and from $108 to $959 among those who reached the primary outcome of
PrEP in-hand at 6 months. These costs were largely driven by clinic personnel and fixed costs, as was
observed in other studies in the region?>?*, Meyer-Rath and colleagues®® used an ingredients-based
approach relying on expert opinion, available literature, and several assumptions to estimate the cost
per client-year for the first year on PrEP for young women in South Africa, obtaining an estimate of
approximately $124; no specific service delivery model was indicated. This estimate is generally lower
than those obtained through the costing of real-world service delivery, highlighting the importance of
microcosting in providing a more granular view of costs and associated outcomes of PrEP provision,
which is key for future programme, intervention, and budget planning. When compared with published
costs of providing PrEP obtained from other microcosting studies in the region, the costs observed in
the service delivery models reported on here are generally higher, with annual costs ranging from $92
to $943 per year?242631 Two possible explanations for these differing results are more extensive
inclusion of programmatic costs and relatively low PrEP-client volumes in service delivery models with
particularly high costs. Some service delivery models were still within their first year or two of PrEP
provision, which could have contributed both to low client volumes and to low PrEP persistence, as the
services were still learning how to effectively promote PrEP among those who might benefit from it. In
this study, one site had particularly low client volumes and high staff numbers, which can distort costs,
highlighting the importance of considering expected client volumes and required staff numbers to

provide services when setting up a new PrEP-delivery site.

Overall, in-facility programmes had a higher cost per client initiated on PrEP than did outreach
programmes; however, they generally had higher numbers of clients with PrEP in-hand at 6 months,
resulting in lower production costs. A notable exception to this finding were outreach programmes
focused on female sex workers, which had lower production costs than in-facility programmes,
highlighting the need for differentiated programmes that focus on PrEP-client needs (in this case, PrEP
service delivery offered at the client's places of work). Some of the high costs observed at some sites
within our cohort can be attributed to low PrEP-client volume, and we observe patterns of lower costs
with higher client volumes, indicating potential for economies of scale for these programmes. The
mobile outreach programmes tended to have a high proportion of clients initiate PrEP on the same day
as their negative HIV test; however, the rates of return for a follow-up visit and the average times to

return were lower than for in-facility programmes. This finding could indicate that, in general, these
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mobile programmes might not be reaching people who find it more difficult to remain in consistent care
for structural reasons, or who do not see a personal benefit in consistent care and are therefore less

motivated to be on daily oral PrEP.

Across all sites and service delivery models we observed low proportions of clients with PrEP in-hand
at 6 months, ranging from 0% to 41.8%; these findings are in line with those of other studies in the
region®**2, These low proportions are concerning given that the populations on which we focused are
disproportionally affected by HIV. Despite comprising only 10% of the population of sub-Saharan
Africa, adolescent girls and young women accounted for 25% of new HIV infections in the region in
2020, with an estimated 4200 infections each week®. Additionally, in 2020, key populations (sex
workers and their clients, gay men and other MSM, people who inject drugs, and transgender people)
and their sexual partners accounted for 65% of HIV infections globally and 39% of new HIV infections
in sub-Saharan Africa®. The costs associated with PrEP delivery presented in this study could help
service delivery planners to set realistic expectations around daily oral PrEP continuation figures and
costs when budget planning. Furthermore, these outcomes and costs are valuable as inputs for existing
and future models aimed at assisting with strategic and tactical decision making, and could assist in
planning for interventions aimed at improving low PrEP continuation rates among populations at risk

of HIV acquisition in the sub-Saharan Africa region®.

This study has several limitations. First, differences within service delivery model design and
implementation (including facility type, client volume, and the type and quality of services delivered)
are likely to affect PrEP uptake and persistence. Drawing associations between these factors and
outcomes is challenging and outside the scope of this study. Future research should focus on elucidating
these details to enable a more granular understanding of these associations to be reached. Second, the
little information available regarding ongoing risk in the PrEP cohort limits any conclusions about
which clients are persisting on or discontinuing PrEP. Risk assessments were not captured at all visits,
so changes in risk and the reasons for stopping PrEP cannot be established. Therefore, apart from three
clients who seroconverted during the 6-month follow-up period, whether changes in outcomes for PrEP
clients were due to changes in risk, adoption of other HIV-prevention mechanisms, or simply
discontinuation of PrEP with no change in the risk of HIV acquisition is not known. The documentation
of risk or reason for PrEP initiation at first visit was not standardised and, as such, we are unable to say
whether these programmes were initiating the people who would most benefit from being on PrEP. We
were also unable to trace the movement of clients from one site or model to another, so cannot accurately
distinguish between transfer of PrEP care to another facility and loss to follow-up. Furthermore, we
could not define an outcome for individuals with missing files who were not included in our analysis,
and so cannot establish with certainty whether discrepancies in outcomes exist between those included

and those excluded from analysis. With regards to costing, demand creation efforts (eg, community
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events, advertising, and social media promotion) were not captured in a systematic and measurable way,
so we are unable to differentiate those costs from the broader fixed costs of the programme.
Additionally, we captured resource utilisation only from the point of PrEP initiation, so cannot attribute
any costs associated with PrEP demand creation and screening at the individual level. It is becoming
increasingly clear that such activities are important components of PrEP provision programmes that
need to be included when considering PrEP programme scale-up. Finally, since these costs were
collected, the monitoring guidelines for PrEP clients have changed; tests such as creatinine clearance
are no longer mandatory at each visit and instead are requested only for particular age and risk groups
and on a less frequent basis than previously. These changes should be considered when reviewing the

costs presented here.

Despite these limitations, our study is an important addition to the literature on the costs of PrEP in sub-
Saharan Africa, providing outcome and unit-cost data on real-world PrEP provision in South Africa
across a diverse set of service delivery models and populations. These data could be used to strengthen
budget impact and cost-effectiveness analyses, providing crucial information for further scale-up of the
oral PrEP programme in South Africa and the greater sub-Saharan Africa region.
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Chapter 4 Supplementary Material

Supplementary Table 1: Site and service delivery model descriptions

Total

. Geographic Population . . . . Prep 2019 Total 20.19 Proportio
Site / Service delivery setting Services offered program : PrEP client
location targeted patient n PrEP
start date volume
volume
L s Prep, HCT, HIV treatment (ARV) and
Standalone specialised men’s clinic -
management, ST screening and
managed by a non-governmental . d referral
MSM Site 1 Johannesburg organization. Daily oral PrEP treatment, TB screening and referral,
. - ' MSM S Sexual health and lifestyle education and 2019 1681 716 43%
in-facility Gauteng provided in an integrated manner, C . ksh d
offered as part of a package of awareness; Community workshops an
- events; Provision of services at events
sexual health services.
and venues
Mobile outreach community Prep, HCT, HIV treatment (ARV) and
awareness and clinics managed by a ~ management, STI screening and
MSM Site 1 Johannesbur non-governmental organization. treatment, TB screening and referral,
outreach Gauten 9. MSM Daily oral PrEP initiation and follow  Sexual health and lifestyle education and 2019 19966 728 4%
g up visits provided at mobile clinics awareness; Community workshops and
in an integrated manner, as part of a  events; Provision of services at events
package of sexual health services. and venues
L e PreP, HCT, HIV treatment (ARV) and
Standalone specialised men’s clinic -
management, STI screening and
managed by a non-governmental B . d referral
MSM Site 2 Tshwane organization. Daily oral PrEP treatment, screening and reterral,
e ' MSM S Sexual health and lifestyle education and 2017 4720 1908 40%
In-facility Gauteng provided in an integrated manner, awareness: Community workshoos and
offered as part of a package of o YW P
: events; Provision of services at events
sexual health services.
and venues
Mobile outreach community Prep, HCT, HIV treatment (ARV) and
awareness and clinics managed bya  management, STI screening and
MSM Site 2 Tshwane non-governmental organization. treatment, TB screening and referral,
outreach Gauten ' MSM Daily oral PrEP initiation and follow  Sexual health and lifestyle education and 2017 3705 942 25%
g up visits provided at mobile clinics awareness; Community workshops and
in an integrated manner, as part of a events; Provision of services at events
package of sexual health services. and venues
Standalone specialised sex worker
clinic managed by a non-
FSW Site 1 Johannesburg, governmental organization. Daily PreP, ART, STI's, Family Planning, TB 0
In-facility Gauteng Sw oral PrEP provided in an integrated and HCT 2015 1339 424 32%
manner, offered as part of a package
of sexual health services.
FSW Site 1 Johannesburg, SW Mobile outreach community PreP, ART, STI's, Family Planning, TB 2015 16535 1253 8%
outreach Gauteng awareness and clinics managed bya  and HCT
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non-governmental organization.
Daily oral PrEP initiation and follow
up visits provided at mobile clinics
in an integrated manner, as part of a
package of sexual health services.

FSW Site 2
In-facility

Tshwane,
Gauteng

SW

Standalone specialised sex worker
clinic managed by a non-
governmental organization. Daily
oral PrEP provided in an integrated
manner, offered as part of a package
of sexual health services.

PreP, ART, STI's, Family Planning, TB
and HCT

2015

632

159

25%

FSW Site 2
outreach

Tshwane,
Gauteng

SW

Mobile outreach community
awareness and clinics managed by a
non-governmental organization.
Daily oral PrEP initiation and follow
up visits provided at mobile clinics
in an integrated manner, as part of a
package of sexual health services.

PreP, ART, STI's, Family Planning, TB
and HCT

2015

10472

823

8%

FSW Site 3
outreach

Ekurhuleni,
Gauteng

SW

Mobile outreach community
awareness and clinics managed by a
non-governmental organization.
Daily oral PrEP initiation and follow
up visits provided at mobile clinics
in an integrated manner, as part of a
package of sexual health services.

PreP, ART, STI's, Family Planning, TB
and HCT

2015

9454

858

9%

AGYW Site
1
In-facility

eThekwini,
KwaZulu-Natal

AGYW

Community Health Center (CHC)
managed by the Department of
Health.

PreP, ART, SRH, Maternal, Mental
health, Youth services and Child Health

2017

367811

3025

1%

AGYW Site
1
outreach

eThekwini,
KwaZulu-Natal

AGYW

Mobile outreach community
awareness and clinics managed by a
non-governmental organization.
Daily oral PrEP initiation and follow
up visits provided at mobile clinics
in an integrated manner, as part of a
package of sexual health services.

PrEP, ART, SRH, Maternal, Mental
health, Youth services and Child Health

2017

2030

2030

100%

AGYW Site
2
In-facility

eThekwini,
KwaZulu-Natal

AGYW

Standalone specialised clinic
managed by the Department of
Health.

PrEP, ART, SRH, Maternal, Youth
services and Child Health

2017

47139

3294

7%
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Supplementary Table 2: Summary of South Africa PrEP guidelines

Activity/investigation

Timing and frequency of activity/investigation

Hepatitis B surface antigen (HBsSAQ)
Pregnancy screening

HIV test

Address side effects

Adherence counselling

STI screening and treatment

Behavioural sexual risk reduction counselling
Creatine clearance/serum creatinine test

PrEP medication issuance

Prior to initiation

Prior to initiation

Prior to initiation, at one month, then every three months
Every visit

Every visit

Every visit

Every visit

At initiation, at 7 months, then annually

One-month supply at initiation, then three-month supply
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Supplementary Table 3a: Costing methods and unit costs common to all service delivery models

Resource Method for estimating cost Item Unit  Cost (USD) Source
Pre-exposure prophylaxis and other drugs dispensed per PrEP-client
Drugs dl?n.ng the study perlod. were ex?racted from t.he individual che.nt ] TDE/ETC Tablet 014 Master Procurement
clinic record. The published national drug unit costs were applied to Catalogue
determine total drug cost per client.
HIV Rapid Screen Test Test 3.05
Diagnostic tests included pregnancy tests, urine dipsticks, HIV HIV§erology ) Test 3.82
tests. The actual number of tests performed per PrEP-client during ~ Alanine Transaminase Test 3.14
the study period was extracted from the individual client’s clinic Hepatitis B Surface Ag Rapid Test 8.71
record. The published unit cost per test was applied to determine the  Hepatitis B Surface Ab Test 8.71
Diagnostic and laboratory cost per PrEP-client. Urine Dipstick Test 0.89 Department of Health
L N .
Irggggzcr;rngtests All laboratory and monitoring tests after PrEP initiation were RPR o Test 1.48 Nr?élé)ﬂzltSLaboratory
y performed off site by the National Health Laboratory Service. The ~ Treponema Hemagglutination Test 5.95 P
actual number of tests performed per PrEP-client during the study Latex Test for Pregnancy Test 2.33
period was extracted from the individual client’s clinic record. The  BHCG Qualitative Test 5.87
published unit cqst per test was applied to determine the laboratory Aspartate Transaminase Test 314
cost per PrEP-client. . )
Alanine Transaminase Test 3.14
Haemoglobin Test 1.25
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Supplementary Table 3b: Costing methods and costs per visit unigque to service delivery models

Resource

Method for estimating cost

Item

Cost (USD)

‘ Source ‘

MSM Site 1

MSM Site 2

FSW Sites 1

FSW Site 2

FSW Site
3

AGYW Site 1

AGY
W Site
2

In-
facility

Outreach

In-
facility

Qutreach

In-
facility

Qutreach

In-

facility Qutreach

Qutreach

In-
facility

Qutreach

In-
facility

Clinical
staff time
for PrEP-
client care

Clinical staff time was defined as
including any doctor, nurse, and
HIV lay counsellor time spent with
the PrEP-client. The clinical staff
time cost was calculated by taking
the total PrEP clinical staff cost per
month and dividing it by the total
PrEP visits to the clinic per month
to get the average clinical staff cost
per visit. Clinical staff salaries were
obtained from the site and/or
implementing partner salary scales
for that cadre.

Nurse

19.26

4.29

21.52

10.66

23.74

3.40

73.90 5.86

3.04

8.87

8.52

9.66

Counsellor

15.85

2.32

12.46

13.39

4.83

1.59

42.16 1.84

3.34

3.42

2.78

0.64

PrepP
mobilizer/
peer
educator

34.58 3.61

2.85

2.99

Site
and/or
imple
mentin
g
partner
salary
scales

Buildings
and
equipment

The total floor space allocated to
the PrEP program was calculated
by measuring the PrEP care floor
space and adding on a proportion of
floor space shared by different
services (i.e. waiting rooms). A
market related average rental cost
per square meter was applied to
estimate the cost of the building.
Electricity costs were obtained for
the facility and applied by square
meter. Water and effluent costs
were not available for the facility
and cost per square meter was
estimated based on a similar
building. The replacement cost of
equipment was obtained and a
working life of 5 years applied to
obtain a cost per month. All PrEP
specific equipment was included
and a proportion of equipment from
shared spaces was included. The
building and equipment costs were
apportioned to each PrEP-client
based on a per-visit cost.

Buildings

6.16

1.59

11.14

8.17

9.13

0.62

15.92 3.04

1.73

1.38

1.38

0.35

Vehicles

0.00

0.83

0.00

8.37

0.0

1.45

0.00 3.60

2.01

0.00

4.36

0.00

Equipment

131

0.42

1.18

0.90

0.35

1.18 0.42

0.21

0.01

0.55

0.07

Site
and/or
imple
mentin
g
partner
financi
al
records
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Manageme
nt and
administrat
ion costs

All staff members who did not
provide direct patient care but
provided some support to the PrEP
program (i.e. clinic manager, data
clerks) were included. The cost of
all general supplies (i.e. not related
to a particular service) was obtained
from facility financial reports.
Management and administration
costs were apportioned to each
PrEP-client based on a per visit
cost. All costs for management and
administration incurred at the site
level (i.e. the primary health clinic)
were included. Costs incurred
above the level of the site were
excluded.

Staff 353 3.32 14.60 13.36 15.29 13.29 9.07 12.25 13.84 491 491 8.86
Supplies 111 1.04 0.42 0.42 6.30 0.48 491 055 0.76 1.45 1.38 0.28
S;:t‘;' fixed | 408 4.08 7.27 7.27 035 0.35 0.14 0.14 0.42 0.48 0.48 0.07

Site
and/or
imple
mentin
g
partner
financi
al
records
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Supplementary Table 4: Additional six- and 12-month outcomes by site and service delivery model

MSM Site 1 MSM Site 2 FSW Site 1 FSW Site 2 FSV\gs'te AGYW Site 1 AGY\ZN Site Overall
In facility Outreach In facility Outreach In facility Outreach In facility Outreach Outreach In facility Outreach In facility In facility Outreach

6-month cohort (n=1281) (N=98) (N=139) (N=102) (N=53) (N=96) (N=98) (N=42) (N=99) (N=96) (N=168) (N=90) (N=200) (N=706) (N=575)
Engaged in care? '('ﬁ/tu)?’ months 55 (56.1%) 4 (2.9%) 53 (52.0%) 0(0%)  29(30.2%) 41 (4L8%) 30 (71.4%) 38 (38.4%) 22 (22.9%) 40 (23.8%)  11(12.2%)  41(20.5%) 248 (35.1%) 116 (20.2%)
PrEP in-hand® 2/2)3 months 78 (79.6%) 6 (4.3%) 69 (67.6%) 0(0%)  36(37.5%) 52(531%)  25(59.5%) 38 (38.4%) 33 (34.4%)  48(28.6%)  9(10.0%)  51(255%) 307 (435%) 138 (24.0%)
12-month cohort (n=633) (N=97) (N=71) (N=0) (N=0) (N=93) (N=98) (N=41) (N=99) (N=0) (N=68) (N=66) (N=0) (N=299) (N=334)
Engaged in care® g/to)g months 38(39.2%) 0 (0%) 12(12.9%) 16 (16.3%)  15(36.6%) 17 (17.2%) 6 (8.8%) 4(6.1%) 71(23.7%) 37 (11.1%)
PrEP in-hand® '(“O/to)g months 44 (45.4%) 1 (L4%) 21 (22.6%) 22 (22.4%) 18 (43.9%) 24 (24.2%) 8 (11.8%) 6 (9.1%) 91 (30.4%) 53 (15.9%)

2Attended at least one visit at or past stipulated time period following PrEP initiation.

bAt the PrEP client’s last visit in the follow up period, they were dispensed sufficient drug to still have PrEP tablets available at the end of the follow up period.
Abbreviations: MSM: men-who-have-sex-with-men; FSW: female sex workers; AGYW: adolescent girls and young women.
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Supplement 5
Methods:

To analyze the factors influencing the cost per client for PrEP, accounting for clustering across different
geographic locations, we employed two mixed-effects regression model. These models were designed
to account for both fixed effects and random effects, providing a comprehensive understanding of how
various factors impact costs while considering the variability across geographic locations. We included
sex, age, SDM type (clinic or outreach), target population type (AGYW, FSW, MSM or other) and our
primary ‘PrEP in-hand’ outcome. The base case for the models was centered around average age for
the sample (28 years), female, was enrolled in a fixed facility, was not classified as AGYW, FSW or
MSM (i.e. was ‘all others’ which comprised of women > 24 years of age, heterosexual men, TG, PWID,
SDC and those with no target population identified) and did not have PrEP in-hand at six months. The
dependent variables for the models were ‘cost per person per day with PrEP in-hand’ and ‘six-month
cost per person.’

Model 1: Cost per person per day with PrEP in-hand:

. mixed days_covered age_centered_28 male i.risk_group_model outreach coveredé || geo:
Performing EM optimization ...

Performing gradient-based optimization:

Iteration ©: Log likelihood = -1771.7399

Iteration 1: Log likelihood = -1771.7399

Computing standard errors ...

Mixed-effects ML regression Number of obs = 1,280
Group variable: geo Number of groups = 7
Obs per group:

min = 96

avg = 182.9

max = 258

Wald chi2(7) = 288.17

Log likelihood = -1771.7399 Prob > chi2 = ©.0000
days_covered | Coefficient Std. err. z P>|z| [95% conf. interval]
age_centered_28 -.0102086 .0038254 -2.67 ©.008 -.0177062 -.002711
male -.1491933 .1428193 -1.84 0.296 -.4291139 .1307273

risk_group_model

1 -.0846135  .1049618 -0.81 0.420 -.2903349 .1211078
2 -.150306  .1645127 -0.91 0.361 -.4727451 .172133
3 -.4475523 .103149 -4.34 0.000 -.6497206  -.2453841

outreach -1.056696 .0686197 -15.40 0.000 -1.191188  -.9222036
covered6 -.6269919 .8771059 -8.13 0.000 -.7781168 -.475867
_cons 2.700297  .3272425 8.25 ©.000 2.058914 3.34168

Random-effects parameters Estimate Std. err. [95% conf. interval]

geo: Identity

var(_cons) .6554101  .3633455 .2211184 1.94268
var(Residual) .908441  .0360136 .8405282 .981841
LR test vs. linear model: chibar2(01) = 263.36 Prob >= chibar2 = 0.0000
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Model 2: Six-month cost per person:

. mixed tot_usd age_centered_28 male i.risk_group_model outreach coveredé || geo:

Performing EM optimization ...

Performing gradient-based optimization:

Iteration @: Log likelihood = -7626.344
Iteration 1: Log likelihood = -7626.344
Computing standard errors ...
Mixed-effects ML regression Number of obs = 1,281
Group variable: geo Number of groups = 7
Obs per group:
min = 96
avg = 183.0
max = 258
Wald chi2(7) = 859.08
Log likelihood = -7626.344 Prob > chi2 = 0.0000
tot_usd | Coefficient Std. err. z P>|z| [95% conf. interval)
age_centered_28 .1467858 .3690208 0.40 0.691 -.5764816 .8700533
male -20.58531 13.77982 -1.49 0.135 -47.59326 6.422637
risk_group_model
1 -23.92018 10.12529 -2.36 ©.018 -43.76539 -4.074963
2 -11.46431 15.8759 -0.72 0.470 -42.58051 19.65189
3 -9.484859 9.949715 -0.95 ©.340 -28.98594 10.01622
outreach -121.7084 6.610192 -18.41 ©.000 -134.6642 -108.7527
covered6 125.7253 7.436636 16.91 ©.000 111.1497 140.3008
_cons 187.0453 31.94638 5.85 ©.000 124.4315 249.659
Random-effects parameters Estimate Std. err. [95% conf. interval]
geo: Identity
var(_cons) 6267.326 3471.498 2116.402 18559.51
var(Residual) 8453.695 334.9996 7821.958 9136.454

LR test vs. linear model: chibar2(@1) = 289.11

Prob >= chibar2 = ©.0000

85



Results:

In the mixed-effects model assessing the cost per person per day with PrEP in-hand across seven
geographic locations, the base case (female, aged 28, not FSW, AGYW or MSM, receiving services in
fixed clinic and not having PrEP in-hand at six months) cost $2.70 (95%CI:$2.06-3.34). Being in an
outreach model decreased the cost per person per day by $1.06 (-$1.19- -0.92) while having PrEP in-
hand decreased this cost by $0.62 (95%ClI:-$0.78- -0.48). Identifying as MSM also resulted in decreased
cost per day (-$0.45; 95%Cl:-$0.65- -0.25).

Supplementary Figure 1: Forest plot of the cost per day with PrEP in-hand (USD)

. $2.70
PreP in-hand at 6 months ——

Outreach model o
M5M — i

FSW *

AGYW — e

Male .

Age [

Base case®

1 1.5 2 2.5 3 3.5
Cost per day with PreEP in-hand [USD)

* Base case: 28-year-old female, not identified as FSW, AGYW or MSM, received services in a fixed facility and
did not have PrEP in-hand at six-months.

In the mixed-effects model assess the six-month cost per person across seven geographic locations, the
base case (female, aged 28, not FSW, AGYW or MSM, receiving services in fixed clinic and not having
PrEP in-hand at six months) cost $187 (95%Cl:$124-249). Being in an outreach model decreased the
cost per person by $122 (-$135- -$109) while having PrEP in-hand increased this cost by $126
(95%Cl:$111-140). Being AGYW resulted in a small decreased six-month cost ($24; 95%CI:$-44- -
$4).
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Supplementary Figure 2: Forest plot of the total six-month cost per person (USD)

4187
PreP in-hand at 6 months —a—
Outreach model ——
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Age 3
Base case®
0 50 100 150 200 250 300
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* Base case: 28-year-old female, not identified as FSW, AGYW or MSM, received services in a fixed facility and

did not have PrEP in-hand at six-months.
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Supplement 6: Sensitivity analysis for the average cost per day with PrEP in-hand (2021)

Supplemental Figure 3 shows the univariate and multivariate sensitivity analysis results for the average
cost per day with PrEP in-hand. Average costs remain robust under these varying parameters. Varying
the number of days with PrEP in-hand 20% upwards and downwards resulted in respective average
costs per day per client with PrEP in-hand of $1.50 and $1.90 (base case $1.75). When the annual clinic
patient volume was increased and decreased by 20%, the cost per day per client with PrEP in-hand was
$1.65 and $1.89 respectively, while varying the staff cost per visit up and down by 20% resulted in a
$1.87 and $1.62 cost respectively. The multivariate best-case scenario resulted in a reduced cost per
day per client with PrEP in-hand to $1.31; this analysis included a 20% decrease in staff cost per visit,
and 20% increases in both annual clinic volume and days with PrEP in-hand. The worst-case scenario
resulted in an increased cost per day per client with PrEP in-hand to $2.19; this analysis included a 20%
increase in staff cost per visit as well as 20% decreases in both annual clinic volume and days with PrEP

in-hand.

Supplementary Figure 3: Sensitivity analysis for the average cost per day with PrEP in-hand (2021)

Best/worst case  $1.31
Days with PrEP in-hand (+20%) $1.50 $1.90
Number of total clinic visits/year (+20%) 51.65 $1.89
Staff cost per visit (+20%) 51.62 51.87
Days with PrEP in-hand (x10%) $1.61 51.81
Staff cost per visit (+10%) 51.68 $1.81
Number of total clinic visits/year (+10%) 51.69 51.81

Base case =$1.75

High = Low
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Abstract

Introduction

Although pre-exposure prophylaxis (PrEP) is an efficacious HIV prevention strategy, its preventive
benefit has not been shown among young women in sub-Saharan Africa, likely due to non-adherence.
Adherence may be improved with the use of injectable long-acting PrEP methods currently being
developed. We hypothesize that providing long-acting PrEP to women using injectable contraceptives,
the most frequently used contraceptive method in South Africa, could improve adherence to PrEP, result
in a reduction of new HIV infections, and be a relatively easy-to-reach target population. In this
modelling study, we assessed the epidemiological impact and cost-effectiveness of providing long-
acting PrEP to injectable contraceptive users in Limpopo, South Africa.

Methods

We developed a deterministic mathematical model calibrated to the HIV epidemic in Limpopo. Long-
acting PrEP was provided to 50% of HIV negative injectable contraceptive users in 2018 and scaled-up
over two years. We estimated the number of HIV infections that could be averted by 2030 and the drug
price of long-acting PrEP for which this intervention would be cost-effective over a time horizon of 40
years, from a healthcare payer perspective. In the base-case scenario we assumed long-acting PrEP is
75% effective in preventing HIV infections and 85% of infected individuals are on antiretroviral drug
therapy (ART) by 2030. In sensitivity analyses we adjusted PrEP effectiveness and ART coverage.
Costs between $519 and $1119 per disability-adjusted life-year (DALY) averted were considered
potentially cost-effective, and <$519 as cost effective.

Results

Without long-acting injectable PrEP, 224,000 (interquartile range 176,000 to 271,000) new infections
will occur by 2030; use of long-acting injectable PrEP could prevent 21,000 (17,000 to 26,000) or 9.8%
(8.9% to 10.6%) new HIV infections by 2030 (including 6000 (4000 to 7000) in men). Long-acting
PrEP would prevent 34,000 (29,000 to 39,000) or 12,000 (8000 to 15,000) at 75% and 95% ART
coverage by 2030 respectively. To be considered potentially cost-effective the annual long-acting PrEP

drug price should be <$16, and/or ART coverage remains at <85% in 2030.

Conclusions

Providing long-acting PrEP to injectable contraceptive users in Limpopo is only potentially cost-
effective when long-acting PrEP drug prices are low. If low prices are not feasible, providing long-

acting PrEP only to women at high risk of HIV infection will become important.
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Introduction

Women in South Africa have a disproportionate risk of HIV-infection as illustrated by an incidence of
2.5% per year for women aged 15 to 24 years, which is almost five times higher than the incidence in
men of the same age. Although this difference between men and women decreases at older ages, the
HIV incidence remains higher for women?. Therefore, South African women might particularly benefit

from HIV prevention strategies.

Pre-exposure prophylaxis (PrEP) is an effective HIV prevention strategy in high-risk populations with
reported risk reductions of 44% to 86% for acquiring HIV infection?. However, studies of daily oral
PrEP in the general population of heterosexual African women have not shown similar efficacy rates.

An important reason is low adherence as suggested by drug concentration studies®*.

In the past few years, injectable, long-acting forms of different antiretroviral drugs have been developed
that have the potential for use as long-acting PrEP®; the first clinical trial of injectable long-acting PrEP
is ongoing®. A possible advantage of injectable long-acting PrEP is that it can reduce the low
effectiveness of oral PrEP that is due to poor adherence. Key user groups, including young African
women, indicated a preference for long-acting forms of PrEP compared to daily

Intake®. Therefore, if long-acting injectable PrEP were to become available, there may also be greater
uptake and longer continuation of use than with daily oral PrEP.

An area that has shown success in long-acting drug delivery modalities are injectable contraceptives
which are used by 25% of South African women aged 15 to 49 years'®. While some observational
studies suggested progesterone-based injectables, particularly depot medroxyprogesterone acetate
(DMPA), might increase the risk of HIV infection'?, a recent randomized controlled study did not find
an increased risk for HIV for women using DMPA as compared to women using other contraceptive
methods®2. However, women using injectable contraceptives might still be an interesting target
population for injectable forms of long-acting PrEP. Combining long-acting PrEP with injectable
contraceptives in a single healthcare visit might improve uptake, adherence and consequently,
effectiveness, of long-acting PrEP®™ and could protect sexually active women against both HIV
infection and unintended pregnancies. In addition, a combination of both drugs could decrease overall

Costs.

Using data on contraceptive use, the HIV epidemic and the ART programme in Limpopo, we aimed to
model how many HIV infections could be averted if injectable contraceptive users started using long-
acting PrEP. We also determined the cost at which long-acting PrEP drugs would be cost-effective.
Limpopo was chosen because we had access to high-quality data for this part of South Africa through

the Anova Health Institute.
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Methods

The model

We developed a mathematical HIV transmission model representing the general HIV epidemic in men
and women aged 15 to 49 years old in Limpopo (Figure S1A,B). This compartmental model stratifies
disease progression into the acute stage, the chronic stage (sub-divided in three stages based on CD4
cell count: CD4 level >500, 350 to 500 and 200 to 350 cells/pL), the AIDS stage (CD4 level <200
cells/uL), and in individuals receiving antiretroviral treatment (ART). Each stage of infection has a
different duration, infectivity and rate at which infected people start treatment. For example, since most
individuals using ART will be virally suppressed, the infectivity when using ART is low (Table 1). We
did not consider loss-to-follow-up while using ART. Each stage of infection has a different duration,
infectivity and rate at which infected people start treatment. Use of ART reduces the viral load and
consequently the infectivity of individuals using ART. Therefore, in our model infectivity when using
ART was 87.3%-99.6% lower as compared to the infectivity of individuals with chronic HIV who are
not using ART (Table 1). Women are also classified based on contraceptive method use: no
contraception, DMPA or any other method (including two monthly injectables). Women can start or
stop using injectable contraception or another contraceptive method and can also switch between them.
We assume that the use of injectable contraceptives and non-injectable contraceptives remains stable.
In our model, the number of yearly sexual partnerships is equal for men and women (Table 1; Text S1).
We assume that the proportion of HIV infected individuals using ART rises from about 66% in 2017 to
about 85% in 2030, as predicted by the Thembisa model*“.

The model was calibrated to the historic HIV epidemic in Limpopo (2010 to 2017) based on: population
size, HIV prevalence for men and women, the proportion of HIV positive individuals receiving ART,
and the use of injectable and other forms of contraceptives (see supplement). Using Monte Carlo
filtering techniques®® we accepted 389 of the 250,000 simulations that matched the HIV epidemic in
Limpopo. All reported results are the median and interquartile range (IQR) of the accepted simulations.
The data for this model came from the publicly available Thembisa model and included data from the

years 1985 to 2014, No additional data were collected and ethical approval was therefore not required.

Intervention

In Limpopo, about 325,000 HIV negative women aged 15 to 49 years old use injectable contraceptives
and are therefore an interesting target group for injectable long-acting PrEP*%424, \We assume 50% of
this group will use long-acting PrEP with an effectiveness of 75%*'’. Long-acting PrEP was initiated
in 2018 and scaled-up over two years. Women receiving long-acting PrEP are tested for HIV infection

every three months, the assumed frequency of long-acting PrEP injections (Table 1).
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Table 1: Model parameters

Description

Estimate or range

Reference

Effectiveness long-acting PrEP
Average number of sexual partnerships per year after the
year 20012
Increased risk for women to acquire HIV compared to men
Disease stage infectivity: transmission probability per
partnership per year

Acute stage

Chronic stages

AIDS stage

On treatment®
Mortality rates per year

Population

Acute HIV

Chronic HIV stage

AIDS stage

On treatment
Disease stages duration

Acute stage

Chronic stage CD4 >500 cells/[ L

Chronic CD4 350-500 cells/T L

Chronic CD4 200-350 cells/T L
Rate of getting treatment per year since treatment became
available for particular HIV stage®

Acute HIV

Chronic HIV CD4 > 500 cells/[1L

Chronic HIV CD4 350 — 500 cells/[ 1L

Chronic HIV CD4 200-350 cells/[1L

AIDS
Rate of getting treatment using long-acting PrEP

Contraceptive use in Limpopo (2018 — 2030)¢

Women using DMPA
Women using other contraceptives
e Of which are injectables
New 15 years old per year entering the model
Costs®
Yearly cost long-acting PrEP excluding drug cost ($)
Cost of testing negative for HIV per test ($)
Cost of testing positive for HIV per test ($)
Cost of antiretroviral treatment per year (3$)
Cost discounting rate per year
Exchange rate, South African Rand to USD over year
2017

75% (50% to 100%)
0.53 t0 0.97
2.25 10 4.80

0.28 t0 0.68
0.0811t0 0.15
0.28 to 0.62
0.00031 to 0.019

0.029
0.102
0.102
0.633
0.029

10 to 16 weeks
0.87 to 1 year
2.9 to 3.1 years
3.6 to 3.9 years

0.00 to 0.099
0.052 to 0.27
0.052to0 0.27
0.22 t0 0.69
0.341t00.85

75% after 3 months in
acute and chronic stages
100% after 3 months in

AIDS stage

10.9% (7.0 to 16.2)
38.4% (26.1 to 47.3)

©38.7% (28.0 t0 43.2)

112 000 to 122 000

66.91
4.22
6.22
249.52
3%

13.86:1

(15-17)
Model calibration

Model calibration
(18); Model
calibration

(19)

Assumption
(20,21)

Model calibration

Assumption

(10); Model
calibration

Model calibration
(22)

3See table S1 for sexual partnerships over time; PInfectivity when on treatment depicts an average infectivity of
all individuals using anti-retroviral treatment which includes both virally suppressed and non-suppressed
individuals; “Values for baseline scenario where 85% of HIV-infected individuals use antiretroviral therapy (ART)
in 2030. Values used after 2017 to obtain different proportions of infected individuals using ART in the sensitivity
analysis are depicted in the supplement. Different treatment guidelines over time are taken into account, see
supplement; “Median with minimum and maximum values of simulations in this period; ®See table S5 for more

details
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Epidemiological impact

We estimated the number of HIV infections that could be averted using different effectiveness levels of
long-acting PrEP. The time horizon to determine the epidemiological impact is ten years after a two-
year period of scale-up (2018 to 2030) In addition, we assessed the impact of different ART coverage
levels on the number of new infections and the potential impact of long-acting PrEP for these different
ART scenarios on the number of new infections for the same period.

Cost-effectiveness

All individuals in our model were assigned a cost and disability adjusted life-year (DALY based on
the stage of HIV-infection (Table S4). We take a healthcare payer perspective and include costs for HIV
testing, ART and long-acting PrEP. The cost of drugs, laboratory testing, staff and overhead costs were
included (Table S5). We varied the drug price of long-acting PrEP to determine at what price long-
acting PrEP could be cost-effective. We compared incremental costs and DALY of long-acting PrEP
use by 50% of injectable contraceptive users, to the scenario of no use of long-acting PrEP for different
effectiveness levels of long-acting PrEP. The incremental cost-effectiveness ratios (ICERs) were
assessed for a 40-year time horizon, an estimated lifespan between the average age at HIV infection
and the life expectancy in South Africa. Costs and DALY were discounted at 3% per year. We used
the average exchange rate of 2017 to convert South African Rand to US dollars. We compared the
median ICER of all accepted simulations to the used country-level cost-effectiveness threshold for
South Africa, in which ratios below $519 are cost-effective and ratios between $519 and $1119 are
potentially cost-effective?®. In addition, we determined scenarios for which at least 90% of our

simulations were cost-effective.

Sensitivity analysis

We estimated the number of averted infections when the absolute uptake of long-acting PrEP by HIV
negative injectable users is lower (25%) or higher (75%) than predicted, if ART use by infected
individuals increases to 75% or 95% in 2030 and if the effectiveness of long-acting PrEP would be
lower (50%) or higher (100%) as compared to the assumed 75% effectiveness which is mostly based
on animal studies®®?’. In addition, we did a one-way sensitivity analysis where we compared the median
ICER of our simulations to the used cost-effectiveness thresholds in which we included ranges for cost
and DALY discounting (0% to 5%), the exchange rate (minimum and maximum rate of 2017), costs of
ART (25%), the yearly drug cost of long-acting PrEP ($0 to $100), the proportion of infected individuals
using ART in 2030 (75% to 95%) and long-acting PrEP effectiveness (50% to 100%). Lastly, we
included a scenario where the non-drug-related costs for long-acting PrEP decreased by 30%, since a
combination of injectable contraceptives and long-acting PrEP in a single healthcare visit might reduce
the total non-drug-related costs for both (Table S5A).
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Results

Long-acting PrEP, with an effectiveness of 75%, could prevent 22,000 (IQR 18,000 to 27,000) or 9.8%
(8.9% to 10.6%) of new HIV infections in Limpopo between 2018 and 2030 (Figure 1) when provided
to half of HIV negative injectable contraceptive users. Six thousand (IQR 4000 to 7000) of these
infections would be prevented in men showing that long acting PrEP is not only beneficial for women
(Figure S3). The number of infections potentially averted by long-acting PrEP increases with long-
acting PrEP effectiveness from 16,000 (IQR 13,000 to 20,000) or 7.5% (IQR 6.9% to 8.2%) to 26,000
(IQR 20,000 to 32,000) or 11.9% (IQR 10.9% to 12.9%) if the effectiveness increases from 50% to
100% respectively (Figure 1).

40000 Effectiveness
long-acting PrEP
30000 T % 100%
- 75%
50%

20000

10000

Cumulative infections prevented

0 I I I I
2018 2020 2022 2024 2026 2028 2030

Figure 1: Short-term epidemiological impact of long-acting pre-exposure prophylaxis (PrEP) on the
HIV epidemic in Limpopo (2018-2030), assuming 50% of injectable contraceptives users use long-
acting PrEP. In the analysis, we assumed an effectiveness of long-acting PrEP ranging between 50%
and 100%. Depicted are the median and interquartile ranges of all accepted simulations.

Influence of the use of ART and long-acting

PrEP on the number of HIV infections Figure 2 shows the impact of long-acting PrEP and the proportion
of HIV infected individuals using ART on the number of new infections in the period 2018 to 2030. In
our baseline scenario where 85% of infected individuals will use ART by 2030 and without long-acting
Prep, 224,000 (IQR 176,000 to 271,000) new infections will occur. Compared to the scenario where
85% of infected individuals will use ART in 2030, the number of new infections will increase by 97,000
(IQR 87,000 to 109,000) additional infections if only 75% of HIV-infected receive ART in 2030.
Conversely, if 95% of infected individuals will use ART by 2030, 75,000 (IQR 66,000 to 84,000)
infections will be prevented compared to the scenario where 85% of infected individuals will use ART

in 2030 due to the impact of treatment as prevention. Long-acting PrEP will prevent more infections if
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a lower proportion of HIV-infected individuals receive ART: in our model, the number of averted
infections by long-acting PrEP ranges from 12,000 (IQR 8000 to 15,000) if 95% of infected individuals
will use ART by 2030, to 34,000 (IQR 29,000 to 39,000) if 75% of infected individuals will use ART
by 2030. Figure S4 shows the impact of long-acting PrEP if the uptake by injectable contraceptive users
is 25% or 75%. The number of infections averted by long-acting PrEP increases proportional with an
increase in the uptake.

Impact ART and long-acting PrEP
on number of HIV infections

150.000
2
S, 100.000 - 75% ART no LA-PrEP
2= -=. 75% ART + LA-PrEP
= % 50.000 -e. 85% ART + LA-PIEP
s —~— 95% ART no LA-PrEP
§ 3 0 -=- 95% ART + LA-PrEP
‘s & -50.000
gs
g -100.000
=

-150.000

2020 2022 2024 2026 2028 2030

Figure 2: Effects of the coverage with antiretroviral therapy (ART) in the population and long-acting
pre-exposure prophylaxis (PrEP) provided to half of injectable contraceptive users in Limpopo on the
number of new HIV infections in the period 2018-2030. Baseline scenario assumes no long-acting PrEP
and 85% of infected individuals using ART by 2030. Effects of lower (75%) and higher (95%) ART
coverage in 2030 are depicted as well as the effect of long-acting PrEP for all three different ART
scenarios. Depicted are the median and interquartile ranges of all accepted simulations.

Cost-effectiveness

Figure 3 shows how the cost-effectiveness of long-acting PrEP provided to injectable contraceptive
users varies with changing effectiveness levels of PrEP and drug costs of long-acting PrEP using the
median ICER of our simulations. By 2030, if 85% of HIV-positive individuals are on ART and the
effectiveness of long-acting PrEP is 75%, we estimate that yearly drug cost of long-acting PrEP should
be $16 at most to be considered potentially cost-effective (ICER $1113 IQR $829 to $1696) and will
not be considered definitely cost-effective even if long-acting PrEP drugs would be free of charge
(Figure 3b). Figure S5 shows the cost-effectiveness results for which at least 90% of our simulations
have an ICER below the cost-effectiveness threshold. If ART use would rise to 85% in 2030, even at a

long-acting PrEP drug price of $0, less than 90% of all simulations are potentially cost-effective. This
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is because the use of long-acting PrEP is also accompanied by non-drug related costs (Table S5A). A
budget impact analyses for the total programme costs in the first one to five years, assuming long-acting
PrEP is 75% effective is provided in Table S6. In a case where there is a slower rise in ART use with
75% of infected individuals on ART by 2030, more infections will be averted by long-acting PrEP and
the cost-effectiveness increases (Figure 3a). However, if 95% of infected individuals are using ART by
2030, long-acting PrEP will not be (potentially) cost-effective (Figure 3c). Cost-effectiveness results
are comparable if 25% or 75% of injectable contraceptive users will use long-acting PrEP (data not
shown).
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Figure 3: Cost-effectiveness of providing half of HIV negative injectable contraceptive users in
Limpopo with long-acting pre-exposure prophylaxis (PrEP) if the proportion of HIV infected
individuals using antiretroviral therapy (ART) a) increases to 75% by 2030; b) increases as predicted
to 85% by 2030; c) increases to 95% by 2030. A time horizon of 40 years is used. Red represents
scenarios not cost-effective (costs over $1119/DALY), light green represents potentially cost-effective
scenarios (cost between $519-$1119 per DALY) and dark green represents cost-effective scenarios
(cost <$519/DALY). Depicted are the median incremental cost-effectiveness ratios of all accepted
simulations.

Sensitivity analysis

The cost per DALY averted of long-acting PrEP provided to injectable contraceptive users is most
sensitive to ART use (Figure 4) and ranges from $652 to $6500/DALY for an ART coverage of 75%
or 95% in 2030 respectively. Other important parameters affecting the cost-effectiveness of long-acting
PreP are yearly DALY and costs discounting rates and yearly long-acting PrEP drug cost; long-acting

PrEP is not (potentially) cost-effective for most scenarios.
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Figure 4: One-way sensitivity analysis of the incremental cost-effectiveness of long-acting pre-exposure
prophylaxis (PrEP) provided to half of HIV negative injectable contraceptive users in Limpopo
compared to no long-acting PrEP over 40 years. At baseline, the proportion of infected individuals
using antiretroviral therapy (ART) will rise as predicted to 85% in 2030, long-acting PrEP is 75%
effective, long-acting PrEP drug costs $50 per year and non-drug related costs for long-acting PrEP
are $66.91. Bars show the change in cost-effectiveness if the value of the corresponding parameter is
replaced by the value in parentheses. Red represents scenarios not cost-effective (costs over
$1119/DALY), light green represents potentially cost-effective scenarios (cost between $519-$1119 per
DALY) and dark green represents cost-effective scenarios (cost <$519/DALY). Depicted are the median
incremental cost-effectiveness ratios of all accepted simulations. Baseline scenario cost $1657 per
DALY. DALY = disability-adjusted life-year, LA-PrEP = long-acting pre-exposure prophylaxis.

Discussion

In this study, we investigated the impact and cost-effectiveness of long-acting PrEP provided to HIV
negative injectable contraceptive users in Limpopo. Our model predicts that 22,000 or 9.8% of new
infections could be prevented between 2018 and 2030 if half of HIV negative injectable contraceptive
users (11% of women aged 15 to 49 years) use long-acting PrEP. Long-acting PrEP drug price should

cost $16 or less to be potentially cost-effective.

The cost-effectiveness results are highly sensitive to ART coverage. If ART coverage increases, the

preventative impact and cost-effectiveness of long-acting PrEP decrease. However, increasing ART use
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will prevent more infections compared to increasing uptake of long-acting PrEP by injectable
contraceptive users. Therefore, efforts should be made to identify HIV infections in a timely manner,
to increase ART use and to retain infected individuals in care to make sure they are virally suppressed,
in line with the current WHO guidelines?. Long-acting PrEP may then also be most cost-effective
sooner, rather than later, while ART coverage remains relatively low (£66% in Limpopo in 2017).
Long-acting PrEP provided to injectable contraceptive users was not found to be cost-saving, even at a
long-acting PrEP drug price of $0. Additionally, less than 90% of accepted simulations had an ICER
below the potentially cost-effectiveness threshold in our baseline scenario, when long-acting PrEP
drugs were free (Figure S5). This is because long-acting PrEP use is also accompanied by non-drug-
related costs (Table S5A).

In this study, we show that providing injectable contraceptive users with long-acting PrEP is only cost-
effective when long-acting drug prices are low or if the HIV incidence remains relatively high. Yearly
drug cost of oral PrEP for women in South Africa is estimated to be about $61 per person??. However,
when newly developed, it is likely that drug prices for injectable long acting PrEP will even be higher.
So, even though the long-acting PrEP drug price is not known yet, a yearly drug costs <$16 per person
is not expected. If low prices are not feasible and ART coverage increases as predicted, it will become
important to provide long-acting PrEP only to populations with higher incidence rates. In that case,
long-acting PrEP should be targeted at women who are at high risk of HIV infection. In practice, women
using injectable contraceptives might have a higher HIV risk compared to women in general, because
they will be sexually active and might have fewer incentives to use condoms. However, differences in
risk behaviour between injectable contraceptive users and women not using injectable contraceptives

were not assessed in our model, since the extent of differences in sexual risk behaviour are not known.

We assumed that half of HIV negative injectable contraceptive users will use long-acting PrEP and
injectable contraceptive use will remain stable. Data about the potential uptake of PrEP by women differ
widely and the uptake will also be influenced by the effectiveness, safety, costs and side effects of long-
acting PrEP as well as implementation strategies®'*27-%%, However, in populations using injectable
contraceptives, acceptability of injectable long-acting PrEP will probably be high and this combination
could increase the use of both drugs®®. If women who are using no or other contraceptive methods
switch to injectable contraceptives with long-acting PrEP, the number of infections potentially averted
by long-acting PrEP would increase. However, a change in uptake of long-acting PrEP had no effect on
the cost-effectiveness. In practice, women not using injectable contraceptives could also start long-
acting PrEP when available. In our model, the risk for HIV is comparable for women using injectable
contraceptives and the general population of women. Therefore, cost-effectiveness results would be

comparable if women not using injectable contraceptives would start long-acting PrEP.
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Use of injectable contraceptives by sexually active women in South Africa is highest for women aged
15 to 34%°. Therefore, providing long-acting PrEP to injectable contraceptive users may
disproportionately contribute to HIV prevention among younger women, who have a higher HIV
incidence®. As such, our results are likely an underestimate of the total benefits of PrEP targeted to this

population.

Combining long-acting PrEP with injectable contraceptives in a single health care visit could not only
increase uptake and adherence for both drugs, but could also decrease overall costs. This cost reduction
would improve cost-effectiveness of long-acting PrEP, as shown in our sensitivity analyses. A possible
drawback of combining both drugs in a single healthcare visit could be a mismatch in dosing regimens.
Development of long-acting PrEP with different available dosing regimens is therefore desirable.
However, if long-acting PrEP has to be administered more frequently, long-acting PrEP costs will
increase. Additionally, uptake of long-acting PrEP might increase if both injections could be combined

in a single shot.

Effectiveness of most antiretroviral drugs and injectable contraceptives is not affected when combined
together®®. However, we recommend to study interactions between long acting PrEP and injectable
contraceptives more extensively as well as other possible side effects. Side effects of long-acting PrEP
could decrease its cost-effectiveness. Recently, concerns about safety during conception when using
dolutegravir®, an analogue of cabotegravir which is currently investigated as long-acting PrEP (6), have
been raised. These concerns could delay the development of long-acting PrEP suitable for women of
childbearing age. However, dolutegravir can be used by women who are using effective

contraceptives®, like injectable contraceptive users.

Our model has several strengths. First, we accounted for the population-level effect of PrEP, meaning
PrEP is not only beneficial for individuals using PrEP, but also for (future) partners of protected
individuals. Second, we take into account the newest WHO guideline regarding ART and show how
this could impact the HIV epidemic as well as the potential impact of long-acting PrEP. Lastly, we
calibrated our model to the well-described HIV epidemic in Limpopo and accurate data about the ART

programme in this region.

Our model has several limitations. First, we do not consider a possible increase in resistance against
antiretroviral drugs using long-acting PrEP. Previous modelling studies estimated HIV drug resistance
resulting from PrEP will probably be limited®?. However, risk of resistance is probably higher for long-
acting PrEP since these formulations are associated with prolonged suboptimal drug levels that could
facilitate the emergence of drug resistance®. An oral PrEP ‘tail’ may therefore be required, where oral

PrEP is taken for several months after the discontinuation of injectable PrEP, and the effectiveness and
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adherence to this “tail” are unknown. Second, all individuals in our model have the same number of
sexual partnerships in each model simulation, and no stratification by age was considered. Since long-
acting PrEP targeted at women with a higher HIV incidence improves its cost-effectiveness, providing
long-acting PrEP to young women and other high-risk populations will improve cost-effectiveness of
long-acting PrEP. However, there is no reliable data about sexual risk behaviour in the population for
different age categories and by use of contraceptive method, and identifying highly sexually active
individuals is difficult. Lastly, the future uptake of long-acting PrEP may be much lower than the 50%
we assumed in our base-case scenario. Reducing the coverage of long-acting PrEP will, however, result
in a comparable cost effectiveness ratio.

Other studies have modelled the effect of oral or injectable PrEP provided to the general population®*
% or to women®44%42 in an African setting, where*? especially modelled cost-effectiveness of methods
combining HIV and pregnancy prevention. However, model input parameters and outcome measures
often differ between studies, complicating comparison. For example, most studies were performed
before the current WHO guidelines regarding start of ART became effective and time horizons chosen
range between 10 years to a lifetime. Most studies show PrEP could be cost-effective in an African
setting when provided to individuals at high risk of HIV. Quaife et al*> shows different scenarios for
preventing pregnancies and HIV infections using multi-purpose prevention technologies in South
Africa. They show this would only be cost-effective for women aged 16 to 24, but not for women aged
25 to 49 because of higher incidence rates for younger women. Contrary to our model, as Quaife et al
used a static model, they could not consider the secondary infections that can be prevented on a
population level due to use of PrEP. In line with our results, multiple studies show cost effectiveness of
PrEP decreases rapidly if ART use increases and more infections can be averted by increasing ART
compared to PrEP®:36:38-40 | astly, when comparing the different studies, it is important to note that
South Africa does not have a generally accepted cost-effectiveness threshold. As a consequence, the
particular threshold that is used should be considered when comparing different cost effectiveness

studies.

Conclusions

In summary, long-acting injectable forms of PrEP are under development and could improve
continuation of PrEP and reduce effectiveness problems due to low adherence, which have been
observed in randomized controlled trials studying oral PrEP in African women®*. Injectable
contraceptive users are an interesting target group if injectable long-acting PrEP becomes available.
This is one potential way to identify sexually active women at risk of HIV that find injections tolerable.
The combination of both injections in a single healthcare visit could decrease costs and improve uptake

and adherence for both drugs.
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However, long-acting PrEP provided to injectable contraceptive users in Limpopo could only be
potentially cost-effective if drug prices of long-acting PrEP will be low and challenges with
increasing ART use by infected individuals remain. To improve cost-effectiveness of long-acting
PrEP, it is desirable to identify and target subpopulations with high HIV incidences who are therefore

at highest risk of HIV infection.
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Chapter 5 Supplementary Material

Figure S1A. Model Structure Men
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Text S1. Full model description and equations

The model is seeded in 1975 with one infected woman and one infected man. The state variables and

HIV transmission equations for the model are shown below. For women, these equations also include

the changes in the use of contraceptives. Women in this model can use no contraceptives, depot
medroxyprogesterone acetate (DMPA) (D)* or ‘other contraceptives’ (C). Women can start or
discontinue the use of contraceptives and can switch between them. Contraceptives other than DMPA
include the use of two monthly injectables. Women using DMPA or other injectables can start using
long-acting PrEP as long as they are not infected with HIV.

107



The model included five HIV infection stages k: stage 1 is the acute stage, stage 2 is the chronic stage
with CD4 >500 cells per pl, stage 3 is the chronic stage with CD4 >350 and <500 cells per pl, stage 4
is the chronic stage with CD4>200 and <350 cells per ul and stage 5 is the AIDS stage with CD4 <200
cells per pl. Infected individuals (1) are in class | when infected and not yet on treatment, in class P
when infected while using long-acting PrEP and not yet on treatment, and class RX when they are using

antiretroviral treatment (ART).

All groups have their own mortality rate (1) depending on HIV stage (table 1, not depicted in figure
S1). The force of infection (1) describes the rate by which susceptible individuals become infected with
HIV. The HIV progression rate (y) represents the duration of the different HIV stages (table 1). The rate
by which infected individuals without the use of long-acting PrEP start HIV treatment (RXk) is
calibrated in the model and differs per HIV stage (table 1). Women who use long-acting PrEP are tested
for HIV every three months, and 75% starts treatment after HIV diagnosis in our model, the other 25%
only discontinues long-acting PrEP. For women using long-acting PrEP who are in the AIDS stage, all
patients start treatment after diagnosis because of ethical reasons.

*DMPA and other injectable contraceptives are modelled separately, since the model was first
developed with a higher risk of becoming infected when using DMPA!. However, in light of the ECHO
trial?, the model was calibrated again without this increased risk. So, all women in our model have the

same risk of becoming HIV infected, irrespective of contraception use.

State variables

SM = Susceptible men

M, = HIV infected men, k = 1..5

IMRX = HIV infected men receiving treatment

SF = Susceptible women not using contraceptives

IFL = HIV infected women not using contraceptives, k = 1..5

IFRX = HIV infected women not using contraceptives receiving ART

SFD = Susceptible women using DMPA

IFD] = HIV infected women using DMPA, k= 1..5

IFDRX = HIV infected women using DMPA receiving ART

SFDP = Susceptible women using DMPA on long-acting PrEP

IFDf(J = HIV infected women using DMPA,, infected despite use of long-acting PrEP, k= 1..5
SFC = Susceptible women using other contraceptives

IFcl = HIV infected women using other contraceptives, k = 1.5

IFCRX = HIV infected women using other contraceptives receiving ART

SFCP = Susceptible women using other contraceptives on long-acting PrEP

IFC,f = HIV infected women using other contraceptives, infected despite use of long-acting
PrEP, k=1.5

Other variables

AM = Force of infection for men
AF = Force of infection for women
AFP = Force of infection when using other contraceptives with long-acting PrEP
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u = Mortality general population

Lk = Mortality untreated HIV infected patients in infection stage k, k = 1..5

px = Mortality treated patients

Yk = HIV infection progression rate by stage k, k = 1..4

o = HIV test rate in people using long-acting PrEP

T = Proportion long-acting PrEP users starting treatment after being tested HIV positive
RXk = Proportion HIV infected individuals in stage k who start treatment, k = 1..5

d = Proportion HIV positive women who start DMPA

ds = Proportion HIV negative women who start DMPA

doff = Proportion HIV positive DMPA users who discontinue DMPA

dgff = Proportion HIV negative women who discontinue DMPA

dP = Proportion women who start DMPA and long-acting PrEP

dgff = Proportion women who discontinue DMPA and long-acting PrEP

0 = Proportion women who start other contraceptives

Ooft = Proportion women who discontinue other contraceptives

oP = Proportion women who start other contraceptives and long-acting PrEP

egff = Proportion women who discontinue other contraceptives and long-acting PrEP

o = Proportion DMPA users who start using long-acting PrEP

mgff = Proportion DMPA and long-acting PrEP users who discontinue long-acting PrEP

®° = Proportion other contraceptive users who start using long-acting PrEP

Worf = Proportion other contraceptive and long-acting PrEP users who discontinue long-acting
Prep

v = Proportion other contraceptive users who switch to DMPA with long-acting PrEP

T = Proportion DMPA and long-acting PrEP users who switch to other contraceptives
without long-acting PrEP

N = Proportion DMPA users who switch to other contraceptives

Np = Proportion DMPA and long-acting PrEP users who switch to other contraceptives with
long-acting PrEP

IT = Proportion other contraceptive users who switch to DMPA

ITp = Proportion other contraceptive with long-acting PrEP users who switch to DMPA with
long-acting PrEP

v = Population growth (new 15 years old per year)

Nmen = Total population of men

Nwomen = Total population of women

Table S1: number of sexual partnerships per year for different periods in time

The number of sexual partnerships per year (£2) is calibrated in the model. To mimic the South African
epidemic, this number was higher in the beginning of the epidemic but decreased due to behavioural
changes.?

Year Range

Until 1995 1.75-3.24
1995-2000 0.88 —1.62
After 2001 0.53-0.97
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Ordinary Differential Equations

Men

[1] SM =¥ — SMAM - SM

[2] IM!= SMAM — IM (1 + RXq + 1)

[3] IME=yial M}, _; — IME(yic + RXk + L) k=2.4
[4] IML=yaIML — IML(RX + )

[5] IMRX=Y>_| IML RXy — IMPXuRX

Women without contraceptives
[6] SF =W + SFDA ;; + SFD?d] . + SFCOutt+ SFCP0] - — SF(AF + o+ o + 0 + 07 + 1)

[7) IF{= SFAF + IFD{dott + IFDY d} - + IFC{Outt +IFC{ 00 ¢ — IF{ (y1+ d + 0 + RX1 + o)

[8] IFi= yal Fg_1+ IFDjdot + IFDR db - - + IFCBoit +IFCY 0 ¢ — IFi(yc+d + 6 + RXi +uu) k = 2.4
[9] IF2=yal F[+ IFDLdost + IFCLO0tt — IF(d + 0 + RXs + pis)

[10] IFRX= Y2 _ IFL RX + IFDRdogs + IFCR 0ot — IFRX(d + 0 + p®¥)

Women using DMPA without long-acting PrEP

[11] SFD = SFd® + SFDP w3 ¢+ + SFCIT - SFD(AD + d ¢ + ? + N + )

[12] IFD!= SFDAD + IFDP(1-t)o +IF}d + IFC{T1 - IFD(y1+ dosr + N + RX1 + 1)

[13] IFD}=ykal FDf_y+ IFDY (1-t)ou + IFLd + IFCLTT = IFDL(yi + dof +N + RX +L1) k=2.4
[14] IFDL=y,dFDL+ IFld + IFCITT = IFDL(dott +N + RXic+ pis)

[15] IFDRX=¥>_, IFD} RXc+ X k_1 IFDE 1oL+ IFDE o + IF¥*d + IFCRTT — IFDRX (dotr + N + u®)

Women using DMPA with long-acting PrEP

[16] SFDP = SFd® + SFDw® + SFCIT, + SFCv — SFDP(ADP + dgff+ o rp+ 7+ Np + )

[17] IFD}= SFDPADP + IFCT1, = IFDY (y1 + dj -+ T+ Np + taL + (1-)ot + pua)

[18] IF D= yial FDy_y+ IFCPTlo = IFDY (yic+ df o+ 70+ Np+ toL + (1)t + fu) k=2.4
[19] IFDY=yalFD}+ IFC}T1,— IFDE (m + Np + o + pus)

Women using other contraceptives without long-acting PrEP

[20] SFC = SFO + SFC°@ 7+ SFDN + SFDPNp — SFC(AF + B0t + @ + TT+ v + 1)

[21] IFC{= SFCAF + IFCP(1-t)ou + IF{0 + IFDIN + IFDY 1t — IFCY (y1+ Oofs + TT + RX1 +p11)

[22] IFC}=yial FCL_{+IFC} (1-t)ou +IFL0 + IFDIN +IFDE 1 — IF C{ (i + Oofe + TT + RXic + ) k = 2.4
[23] IFCL=y4IFC} + IF10 + IFD{N + [FDEmt— IF CL (B0t + TT + RXs + pis)

[24) IFCRX= Y3 _  IFC} RXk+ Y g=1 IFCE 1o + IFCE o + IFRQ + IFDPN — IFCRX (ot + TT + )

Women using other contraceptives with long-acting PrEP

[25] SFCP= SFOP + SFCa* + SFD"Np — SFC(AF® + 0 - - + 0§ ¢ + TTp + )

[26] IFCY'= SFCPAF® + IFDYNp — IFCF (y1+ TTp + 0} ¢ + tou + (1- T)ou + pa)

[27]1 IFCY= yal FCL_y+ IFDENp = IFCY (yic+ TTp + 05 ¢ + tou+ (1- T)o + pu) k=2.4
[28] IFCY= yalFC+ IFDENp — IFCE (ITp + o1 + is)

Population size

[29] Nyien = SM + X2 IM), + IMRX

[30] Nwomen = SF + SFD + SFC + SFD? + SFC” + Y2 _, IFf + Y2 _ IFDL + ¥%_,IFDE + ¥2_, IFCF +
Y21 IFCL+ IFRX + [FDRX + [FCRX
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Force of infection

The forces of infection (1) for the different population groups are given below. They describe the rate

by which susceptible individuals become HIV infected. This is determined by the number of sexual

partnerships per year (£2) and the infectiousness of individuals in each class (B). The infectiousness

differs per HIV stage (table 1), where Bk and Brx describe the infectiousness in the HIV stages k and the

infectiousness while using ART. Women have a higher risk of becoming HIV infected compared to

men (x).The use of long-acting PrEP protects against HIV infection, ¢ is the effectiveness of long-

acting PrEP. In this model, the infectiousness of women who become HIV infected despite the use of

long-acting PrEP is lowered with the effectiveness of long-acting PrEP.

[31] AM =

Q (X}—q IF} BRK+X3_, IFDL BR+Y 5 _, IFCL BK+ (X5 =, IFDE BK+33_, IFCE BK) (1—-0)+(IFRX + IFDRX + [FCRX) BRX

[32] AF = O (T IMiBic+ IMRX Bry)
Npen

[34] AFP = QK(1_¢)(Z?(=11M,€ﬁk+ IMRXﬁRX)

Nmen

Nwomen

Table S2A: calibrated variables for the use of different contraceptive methods in the period before
scale-up of long-acting pre-exposure prophylaxis [PrEP]

Variable Range

d 0.020-0.12
d® 0.020-0.12
doff 0.20 — 0.55
dgff 0.20-0.55
0 0.10-0.44
Ooff 0.10-0.30
N 0.040-0.19
1 0.040 - 0.19
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Table S2B Variables after scale-up period of long-acting pre-exposure prophylaxis [PrEP]. Values are
adapted to obtain calibrated proportions of injectable contraceptive users on long-acting PrEP.

Percentage injectable contraceptive users on long-acting PrEP
25% 50% 75%

d 0.020 -0.12 0.020-0.12 0.020-0.12
d® 0.014-0.084 0.010-0.06 0.011-0.066
dott 0.20 - 0.55 0.20 - 0.55 0.20 - 0.55
df,ff 0.15-0.41 0.30-0.83 0.44-1.21
0 0.066 — 0.29 0.063-0.28 0.056 — 0.25
Ooft 0.10-0.30 0.10-0.30 0.10-0.30
N 0.030-0.14 0.020-0.10 0.080-0.38
IT 0.030-0.14 0.020-0.10 0.040-0.19
dr 0.0050 —0.03 0.10-0.28 0.016 — 0.096
df,’ff 0.18 - 0.50 0.10-0.28 0.20 - 0.55
or 0.0054 — 0.024 0.006 — 0.028 0.015-0.066
ef,’” 0.10-0.30 0.10-0.30 0.10-0.30
I, 0.020 — 0.095 0.020-0.10 0.030-0.14
v 0.010-0.048 0.05-0.15 0.040-0.19
Np 0.020-0.10 0.02-0.10 0.030-0.14
T 0.010-0.048 0.02-0.10 0.040-0.19
o 0.050-0.14 0.10-0.28 0.24 - 0.66
®° 0.0055 - 0.026 0.011-0.052 0.022 -0.10
mg” 0.12-0.33 0.10-0.28 0.050-0.14
®off 0.058 - 0.27 0.050 - 0.23 0.040-0.19

Treatment guidelines through the years

Before 2003, access to antiretroviral treatment in resource limited settings was very low. Therefore, in

our model HIV treatment becomes available for patients in the AIDS stage as of 2003.* In 2010,
treatment was initiated for infected individuals with a CD4<350 cells per ul®> and in 2013 this threshold
was expanded to infected individuals with CD4<500 cells per ulé. The current treatment guidelines are
from 2015 and recommend HIV treatment for all HIV infected individuals’. So, in our model treatment

for chronically infected individuals with CD4>500 cells per ul or individuals in the acute HIV stage

becomes available as of 2015.
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Table S3: Range of values used for rates of getting treatment after 2017

The rate of starting treatment before 2018 will result in an overall proportion of 85% of HIV infected
individuals that will be using treatment in 2030. The HIV treatment rates in 2018 and after were varied
equally for all disease stages to obtain 75% or 95% of HIV-infected individuals using ART in 2030.

Proportion infected individuals using ART in 2030
75% 85% 95%
Acute HIV 0.00 - 0.036 0.00 - 0.099 0.00-0.20
Chronic HIV CD4 > 500 cells per pL 0.019-0.096 0.042-0.27 0.10-0.56
Chronic HIV CD4 350 — 500 cells per uL. |  0.019 —0.096 0.042-0.27 0.10-0.56
Chronic HIV CD4 200-350 cells per pL 0.08 -0.31 0.18-0.70 0.44 -1.40
AIDS 0.12-0.31 0.27 -0.85 0.67-1.70
Assessing the cost-effectiveness
Disability-adjusted life-years (DALYS)
All DALYs are discounted with 3% per year.
Table S4: Assumed disability weightings for DALYs.
Status Utility Weight Source
Susceptible/On long-acting PrEP 0* [8], assumption
Acutely infected 0.051** [8]
Chronically infected CD4>500 cells/uL 0.051** [8]
Chronically infected CD4 350-500 cells/uL 0.051** [8]
Chronically infected CD4 200-350 cells/uL 0.221 [8]
Infected AIDS stage 0.547 [8]
Infected on treatment 0.053** [8]

* Side effects of long-acting PrEP are not fully known as long-acting PrEP is currently under
development. So far, reported side effects have been mild and transient. However, if a disability
weight of 0.0005 is assumed when using long-acting PrEP to account for potential side effects of
long-acting PrEP, comparable to disability weights used in®*, our baseline scenario would cost
$1681/DALY averted compared to $1657/DALY averted if no adjustment in utility weight is
considered for long-acting PrEP users.

**These utility weights were used by previous studies, e.g. **2, however other studies also considered
the same utility weight for individuals on treatment as compared to individuals who are acutely or
chronically infected with a CD4 cell count >350/uL. If we assume the utility weight when acutely
infected or chronically infected with CD4>350/uL are also 0.053 comparable to 3, our baseline
scenario would cost $1694/DALY averted compared to $1657/DALY averted, so we trust this does
not affect our outcomes.
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Costs

Included costs are: costs for antiretroviral therapy (ART), costs for long-acting pre-exposure
prophylaxis [PrEP] and costs for negative and positive HIV tests in the population. The yearly HIV
test-rate in the susceptible population is every three years®*. Costs for positive HIV tests are assessed
by one-off costs for individuals newly starting ART. All costs are discounted with 3% per year. Costs
for ART and drug cost of long-acting PrEP are varied in a sensitivity analysis.

Table S5A: Costs for women using long-acting pre-exposure prophylaxis [PrEP] in Limpopo [15]

Average costs long-acting PrEP *° First year (3) Every year thereafter
(©)

Drugs unknown unknown
Labs 35.22 17.02
HIV testing services 7.83 7.56
Screening and treatment STI 2.83 2.53
Social mobilization 8.25 8.25
Counselling/dispensing 10.40 10.10
Combination prevention 2.50 243
Overheads 11.20 10.00
Training 451 451
Monitoring and evaluation of the program 0.43 0.43
Total excluding drug costs* 83.17 62.84

*We based long-acting PrEP costs on an average use of five years. Yearly costs per individual using
long-acting PrEP is therefore $66.91 (excluding drug costs).

STI = Sexually transmitted infections

In our sensitivity analysis, we assume non-drug costs of long-acting PrEP could decrease by 30% if
long-acting PrEP could be administered in the same healthcare visit as the injectable contraceptives.

Table S5B: Overview used costs

Costs ($) Source
Negative HIV test $4.22 [15]
Positive HIV test $6.22 [15]
Yearly treatment with ART $249.52 [15]
Yearly treatment with long- $66.91 [15]
acting PrEP excluding drug costs

ART = anti-retroviral therapy, PrEP = pre-exposure prophylaxis
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Table S6: Variables used to calibrate and accept simulations using Monte Carlo filtering techniques.
348 simulations were accepted from 490,000 total simulations run.

on ART in Limpopo

Parameter Reference value Accepted values Source
Population Size Limpopo
(15-49 years old)
2010 2 852900 2 500 000 — 3200 000 [16]
2011 2 894 859 2 550 000 — 3 300 000 [17]
2012 - 2 500 000 — 3 350 000
2013 2 985 853 2 650 000 — 3 350 000 [18]
2014 2974 642 2 650 000 — 3 350 000 [19]
2015 3061 837 2 700 000 — 3 400 000 [20]
2016 3155819 2 800 000 — 3 500 000 [21]
2017 2 960 294 2 650 000 — 3 350 000 [22]
HIV prevalence women [14]
(15-49 years old)
2000 8.1% 6.1% —10.1%
2005 12.5% 10.5% — 14.5%
2010 15.6% 13.6% — 17.6%
2011 16.0% 14.0% — 18.0%
2012 16.3% 14.3% — 18.3%
2013 16.7% 14.7% —18.7%
2014 17.0% 15.0% — 19.0%
2015 17.2% 15.2% — 19.2%
2016 17.5% 15.5% —19.5%
2017 17.6% 15.6% — 19.6%
HIV prevalence men [14]
(15-49 years old)
2000 4.5% 2.5% — 6.5%
2005 6.6% 4.6% — 8.6%
2010 7.7% 5.7% —-9.7%
2011 7.9% 5.9% — 9.9%
2012 8.0% 6.0% — 10.0%
2013 8.1% 6.1% — 10.1%
2014 8.2% 6.2% — 10.2%
2015 8.3% 6.3% — 10.3%
2016 8.3% 6.3% — 10.3%
2017 8.3% 6.3% — 10.3%
HIV-infected individuals [14]
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2004 0.8% 0.05% - 5.8%

2008 10.1% 2.0% - 20.1%

2012 36.7% 26.7% — 46.7%

2013 42.4% 32.4% — 52.4%

2014 48.3% 38.3% — 58.3%

2015 54.3% 44.3% — 64.3%

2016 60.3% 50.3% — 70.3%

2017 66.0% 60.0% — 72.6%
Use of DMPA in 2016 12.2% 8.2% — 16.2% [23]
Use of other contraceptives | 38.5% 28.5% — 48.5% [23]

in 2016

DMPA = depot medroxyprogesterone acetate
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Figure S2. The model is calibrated to (A) The population size in Limpopo (B) Proportion HIV-infected
individuals (15-49 years) using antiretroviral treatment (ART) in Limpopo (C) HIV prevalence in men
(15-49 years) in Limpopo and (D) HIV prevalence in women (15-49 years) in Limpopo.

The HIV prevalence in men and women and the proportion of HIV-infected individuals using ART are
calibrated to data from the Thembisa model which is based on historic data. Depicted are the median
(black line) with the minimum and maximum values of all accepted simulations in orange.
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Figure S3: Epidemiological impact of long-acting pre-exposure prophylaxis [PrEP] with an
effectiveness of 75% on the HIV epidemic in Limpopo, assuming 50% of injectable contraceptives users
use long-acting PrEP and 85% of infected individuals uses antiretroviral therapy (ART) by 2030. Total
prevented infections and infections prevented separated by men and women are depicted. Prevented
infections in men are an indirect result of long-acting PrEP use by women. Depicted are the median
and interquartile ranges of all accepted simulations.
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Figure S4. Effects of the coverage with antiretroviral therapy [23] in the population and long-acting
pre-exposure prophylaxis [PrEP] targeted to injectable contraceptive users in Limpopo on the number
of new HIV infections in the period 2018-2030. Baseline scenario assumes no long-acting PrEP and
85% of infected individuals using ART by 2030. Effects of lower (75%) and higher (95%) ART coverage
in 2030 are depicted as well as the effect of long-acting PrEP for all three different ART scenarios. (A)
25% of HIV-negative injectable users use long-acting PrEP (B) 75% of HIV-negative injectable users
use long-acting PrEP. Depicted are the median and interquartile ranges of all accepted simulations.
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Figure S5. Cost-effectiveness of providing half of HIV negative injectable contraceptive users in
Limpopo with long-acting pre-exposure prophylaxis (PrEP.) if the proportion of HIV infected
individuals using antiretroviral therapy (ART) a) increases to 75% by 2030; b) increases as predicted
to 85% by 2030; c) increases to 95% by 2030. A time horizon of 40 years is used. Red represents
scenarios not cost-effective (costs over $1119/DALY), light green represents potentially cost-effective
scenarios (cost between $519-$1119 per DALY) and dark green represents cost-effective scenarios
(cost <$519/DALY). To be considered (potentially) cost-effective, at least 90% of accepted simulations
have an incremental cost-effectiveness ratio below the (potentially) cost-effectiveness threshold.
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Budget impact

We estimated the total undiscounted costs due to long-acting PrEP use by half of HIV negative
injectable contraceptive users in Limpopo, for time horizons between one to five years after full scale
up. Yearly drug prices of long-acting PrEP were varied between $0 and $100 per person and a
scenario with the maximum drug price where long-acting PrEP would be potentially cost-effective
[$16] was included.

Table S6: Budget impact of providing half of HIV negative injectable contraceptive users with long-
acting PrEP, assuming our baseline scenario with 85% ART coverage in 2030 and long-acting PrEP
effectiveness of 75%. Program costs are depicted in million dollars. Drug costs of long-acting PrEP
are ranged between $0-$100 per person per year, including $16, the maximum drug price for which
long-acting PrEP was found to be potentially cost-effective. Non-drug related costs are $66.91, see
Table S5A. Time horizons range between one to five years after full scale up. PrEP = Pre-exposure
prophylaxes.

Drug price 1 year 2 years 3 years 4 years 5 years
long-acting

Prep

$100 25.1 51.2 77.3 103.9 130.5
$80 22.1 45.0 68.1 91.4 114.8
$60 19.1 38.9 58.8 78.8 99.1
$40 16.1 32.7 49.5 66.3 83.4
$20 13.1 26.6 40.2 53.8 67.7
$16 125 254 38.4 51.3 64.6
$0 10.1 20.5 30.1 41.3 52.0
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CHAPTER ©

General Discussion



Thesis aim and significance

The introduction of biomedical HIV prevention options in the form of pre-exposure
prophylaxis (PrEP) has revolutionised the HIV prevention landscape in sub Saharan African in
recent years. Offering people additional HIV prevention options that are effective in reducing
the risk of HIV acquisition has the potential to change the trajectory of the epidemic®. However,
despite PrEP’s clinical effectiveness, the large-scale implementation of PrEP programs faces
substantial challenges related to programmatic costs, service delivery modalities and client
continuation on PrEP. The effective delivery of PrEP has become increasingly important with
the recent stagnation in progress towards reaching global targets and milestones and the
decreasing funding for HIV programming. Given this, documenting the costs and cost-
outcomes and cost-effectiveness of these pre-exposure prophylaxis interventions is crucial in
order to streamline the HIV response. The overarching aim of this thesis was to
comprehensively examine the real-world costs and effectiveness outcomes of diverse PrEP
implementation strategies across several service delivery models and key populations in sub-
Saharan Africa, with specific focus on South Africa and Zambia, with the goal to inform the
adoption and implementation of effective interventions in national health programming for

HIV prevention.

This thesis utilises multiple costing approaches in an effort to contribute to the evidence-based
budgeting (EBB) cycle for the HIV response, particularly for underserved and
disproportionately affected populations? (Figure 1). Long et al.’s depicting of the EBB cycle
for HIV indicates that several key pieces of information are needed for an intervention to be
considered for inclusion in the budget: 1) the intervention needs to be effective against some
agreed level; 2) there needs to be some estimate for who is likely to need/benefit from the
intervention; and 3) there needs to be an estimate of the cost of the intervention?. When
combined, this information allows for an economic evaluation that can guide policy makers on
appropriate decisions with limited resources and budgets. This ongoing process feeds this
information into the EBB cycle so that policymakers can make informed decisions about
resource allocation, program design and implementation strategy. | have generated evidence to
inform the EBB cycle by designing a metric for measuring PrEP program success and by
presenting costs, outcomes and cost-effectiveness using three different costing approaches to
evaluate several PrEP service delivery models focused on key populations in South Africa and

Zambia.
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Figure 1: Stylized budgeting and planning process for HIV in South Africa?
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Long LC, Rosen S, Nichols B, Larson BA, Ndlovu N, Meyer-Rath G. Getting resources to those who need them: the evidence we need to
budget for underserved populations in sub-Saharan Africa. Journal of the International AIDS Society. 2021;24 Suppl 3(Suppl 3):25707.

In this thesis, | designed an approach and associated tool for evaluating oral PrEP program
success, demonstrating that it is possible to create a standard metric to objectively evaluate how
a program is performing (effectiveness) with regard to PrEP uptake and continuation (Chapter
2)%. This metric accounts for initiation, seroconversion, continuation during periods of
increased vulnerability to HIV infection and appropriate PrEP discontinuation using a
systematic evaluation approach. Then | used two different costing methodologies to report the
costs of early PrEP programs in Zambia (Chapter 3) and South Africa (Chapter 4)*°. Both
methods showed that routine implementation and delivery of PrEP services is likely to be
costlier than previous modelled studies had indicated. Our guidelines-based costing of three
programs in Zambia also demonstrated that the cost of scaling up these programs is likely more
complicated than previous models had indicated®. Our bottom-up micro costing approach for
several diverse program in South Africa showed high variability in both costs and outcomes®.
Both chapters also show that drugs and labs are not the defining cost drivers of these PrEP
programs, rather it is the delivery program and the context in which these services are delivered
that are important. Lastly, Chapter 5 modelled the effectiveness and cost-effectiveness of a
newly approved long-acting injectable PrEP in South Africa and showed that this PrEP method
could result in a reduction in HIV acquisition; however, cost-effectiveness was strongly

contingent on the price of the injectable®.
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The work in this thesis has been done while engaging with the relevant national government
departments and technical working groups to get their input and disseminate results. This has
allowed for a more transparent and iterative process to ensure that work is relevant and useful
to policy makers and implementing partners. Through this, | have also participated actively in
both the Zambian and South African PrEP technical working group as well as the South African
HIV Think Tank.

Implications of this research
Part I: PrEP evaluation metric design

Designing a standardised metric for PrEP program evaluation, specifically oral PrEP
programs, to provide a transparent and comparable way of monitoring and evaluating
programs for successful outcomes.

Chapter 2 proposed a metric to evaluate PrEP program success in SSA in a time when routine
monitoring of PrEP services in the region was in its infancy. | was able to demonstrate a novel
way of evaluating service delivery programs in a real-world setting during a period where
programs had not yet grappled with the key challenges that this new HIV prevention modality
would bring. In the early stages of PrEP implementation, there was a tendency to apply the
same metrics and evaluation methods to this prevention program as we had to HIV treatment
programs. However, it was quickly realised that, although similar in many respects, PrEP
programs by definition of who they served and how they were used were very different and
needed to be evaluated and measured differently. This paper presents a metric at a stage in
PrEP program implementation when standardised outcomes were being discussed, but a
suitable standard metric has not yet been agreed upon.

This program evaluation metric highlights the critical role that monitoring and evaluation
indicators have in not only accounting for initiation and continuation measures, but also for
changes in HIV vulnerability and, therefore, the appropriateness of PrEP use. It offers a
systematic approach to evaluating PrEP program effectiveness that accounts for initiation,
seroconversion, continuation during periods of increased vulnerability to HIV infection and
appropriate PrEP discontinuation. This multifaceted approach provides an alternative to the
‘initiated and in care’ used for HIV treatment programs and signals that, in the case of PrEP,
increased initiation rates do not necessarily equate to a more effective program. This work was
presented at the PrEP Continuation and Success Think Tank in Washington, D.C. in 2019, with
a group of partners and stakeholders convening to discuss how to measure the success of PrEP

programs.
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We see how this metric took the field a step further when reviewing how PrEP program
outcomes were reported in early publications”8, with some programs reporting only uptake and
initiation outcomes while others incorporate various continuation outcomes. As these programs
have moved from early roll-out into more mature phases of service delivery implementation,
the recognition of the importance of a standardized, measurable and pragmatic measure of
program success has developed; however, there is still much debate and no gold standard has
been established. This is partly because identification of an appropriate denominator is
challenging — who is the ‘correct’ target population and how do we measure the size of this
population? Additionally, public sector programs are resource constrained and are not able to
exhaustively collect data on all interventions, including PrEP programs — this restricts the level
of detail that can be used when generating a meaningful outcome measure. Furthermore, the
landscape of biomedical HIV prevention product development and availability is ever-
changing. Since the publication of this manuscript in 2019, two additional PrEP modalities
have been approved in several SSA countries, with another promising long-acting injectable
on the horizon®. The dapivirine ring, as a monthly long-acting vaginal insert, presents similar
challenges as the daily oral formulation in that dispensing of the PrEP modality does not
necessarily equate to use and therefore decreased risk'®. Cabotegravir long-acting injectable is
simpler from this respect, but requires more frequent interactions with the healthcare system
than many differentiated models currently require for oral PrEP or the dapivirine ring'!. These
modalities vary in their modes and frequencies of administration, making the it even more

challenging to establish a standard evaluation metric.

| believe the metric | developed in Chapter 2 can be adapted to include multiple modalities and
frequency of PrEP delivery for example, daily oral or six-monthly injectables, allowing for
comparison both across and within programs. All of the criteria can be applied regardless of
PrEP modality, with adjustments to the frequency of measurement. A negative HIV test, timely
return for follow-up visits and PrEP dispensing are easily measurable across these modalities.
The last two measures: PrEP stopping in consultation with a healthcare provider and
appropriate use of PrEP are slightly more difficult to measure, particularly when considering
the argument for demedicalising PrEP for oral PrEP'2. Five years post-publication of this
metric, the evidence base has shifted towards support for more demedicalised, client-centric
PrEP delivery models for oral PrEP3. However, as more PrEP choices become available,
clinical management around stopping PrEP remains important. Future research should

investigate possible remote touchpoints for these discussions as these may allow PrEP
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provision in line with current and emerging practices that emphasize client autonomy, self-

assessment of risk, and flexible PrEP use patterns.

Part Il: Costs of real-world implementation of PrEP programs in Zambia and South Africa

Informing policy makers of the real-world costs of delivery daily oral PrEP in Zambia and
South Africa.

Part two of this thesis uses two different primary costing methodologies to report the real-world
costs of existing PrEP programs in Zambia and South Africa. Both showed substantial
variability in costs across the different service delivery models, with costs generally exceeding
those reported in modelled estimates. Chapter 3 demonstrated that, in Zambia, a guidelines-
based costing combined with expenditure reporting for service delivery scale-up showed that
PrEP programs may be costlier than previously indicated, particularly for programs targeted
towards populations with increased vulnerability to HIV infection, with total costs ranging
from USD394 to USD655. Chapter 4 demonstrated that, in South Africa, costs ranged from
USD29 to USD590 per client initiated on oral PrEP and went further to show that outcomes
also varied greatly, ranging from 0% to 41.8% of PrEP clients having PrEP in-hand six months
after initiating on PrEP. These findings suggest that clients require more than a one-size-fits-
all approach; context, target population and service delivery model are key components when
implementing differentiated service delivery models for PrEP. This is further emphasised in
Chapter 4 which showed that specific population groups demonstrated different outcomes
when initiated on PrEP in fixed clinics versus outreach clinics. For example, outreach programs
focused on reaching female sex workers had a lower cost of achieving a successful outcome of
having PrEP in-hand at six months post-initiation than their affiliated in-facility programs. This
suggests that community-based programs may be more efficient at reaching and retaining

certain demographics than others.

Chapter 4 uses a large cohort of diverse PrEP clients in South Africa who initiated PrEP in
either fixed facilities or community outreach service delivery models across several geographic
locations. Using a bottom-up micro costing approach, | showed that costs per PrEP client were
much higher than had previously been shown in models. Several models have investigated the
cost-effectiveness of oral PrEP in the sub Saharan African context and two reviews have
summarized these data*'®. However, the outcome and cost input data that are used to
parameterize these models is out of date, largely based on assumptions or data from clinical
trials that do not emulate real-world programmatic environments. The data collected and

reported in this chapter is critical from an operational standpoint, as it can be used as inputs for
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future modelling, providing more accurate estimates for cost-effectiveness needed for

budgeting and decision-making as shown in Figure 1.

Chapter 4 joins a growing body of evidence indicating that continuation on daily oral PrEP in
populations at increased risk of HIV infection is low®. Our work goes a step further to
demonstrate that these low continuation rates can have substantial implications for achieving
effective use and on the costs associated with effective outcomes. Various barriers to the
effective use of this daily oral formulation have been described and include community and
healthcare provider stigma, waiting times and transport time and costs!’8, Several strategies
are being tested to overcome these barriers, for example, peer-led community programs,
community pharmacy-based programs and various social media support tools*®-?1, The client-
support activities included in our analyses demonstrated that these types of interventions come
with additional costs that are not unsubstantial; however, we were unable to show whether
these activities and associated costs resulted in improved client outcomes. Future research
should conduct detailed costing of client-support activities to assess whether their extra

expense results in better PrEP outcomes.

The study designs used for both chapters started costing individual resource use at the point of
PrEP initiation. Clients having varying needs over time, however, and it is not clear from a
costing perspective where PrEP programs should start and end. As indicated above, substantial
resources are often needed to get people through the door so that they can be offered PrEP or
to maintain them in a program; these could include demand creation efforts or the introduction
of a delivery model that brings services closer to clients. Despite the costs, these interventions
may be necessary to reach populations who may be vulnerable to HIV infection, but are
unlikely to present to a clinic if they are healthy. Lastly, while population-specific and
community-based programs can be very effective at reaching the right individuals at the right
time, they often struggle with low volume which creates very high operating costs over and

above the variable costs such as drugs or labs.

Ranging between USD33 and USD55 per person-month in Zambia and USD28 and USD182
per person-month in South Africa at the time of reporting, | show that PrEP programs are
expensive in these relatively new, generally specialized service delivery models compared to
public HIV treatment programs?2. These program are focused on highly vulnerable populations
where onward HIV transmission is high so | argue that reaching these groups is important even

when this likely requires costlier interventions and service delivery models. It is crucial that
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the impacts of these programs are measured and communicated alongside the costs for

appropriate use in evidence-based budgeting and policy decision-making.

Practical considerations for program scale up

As PrEP programs continue to mature and look towards scaling up, there are several
considerations highlighted in this thesis. Firstly, an important factor to consider in evaluation
of PrEP programs is the concept of economies of scale. We know that in the early days of a
program, costs are high with substantial capital costs including equipment and training; client
volumes are also generally low. The programs evaluated in both Chapters 3 and 4 were
relatively young and the program volumes small. Economies of scale have been demonstrated
with HIV treatment programs, showing that early implementation costs are greater per patient
served, also termed the “U-shaped incremental cost curve”?°, HIV prevention programs in
India have also demonstrated this?® however, economic evaluations of large scaled-up PrEP
programs have not yet been done in SSA. A 2014 systematic review on possible cost savings
and efficiency gains in HIV services in low- and middle-income countries concluded that scale
explained much of the variation in costs of several HIV services, particularly those of targeted
HIV prevention for key populations and HIV testing and treatment?’. When considering
program scale-up it is critical to understand where the program is on this U-shaped curve such
that adequate planning and resources can be provided. This is particularly important for hard-
to-reach key and underserved populations as these populations are relatively small and often
dispersed. Scale for these targeted PrEP programs may not be a practical expectation and so
consideration must be taken around whether the additional costs of smaller, bespoke programs
is worth it as these groups often carry a high burden of HIV transmission?. As PrEP becomes
more widely used, these costs should go down, but they cannot be discounted in the interim,
and as new modalities get introduced these higher variable costs need to be taken into
consideration. Furthermore, reaching underserved and disproportionately affected populations

likely requires costlier interventions and service delivery models?,

Secondly, there is some evidence of economies of scope through integration in HIV
programming?’; however, this has not been specifically investigated with regard to PrEP
programs. Chapter 3 of this thesis examined the costs of key population programs and
integrated programs, but given the low client volumes in two of the integrated sites, it was

difficult to tease out whether economies of scope may be achieved.

Lastly, findings from this work show the importance of considering both direct service delivery

costs and programmatic support costs when planning for scale-up. | found that the former only
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represented between 35-65% of total PrEP implementation costs in Zambia, with the remainder
attributed to program support costs such as demand creation, provider training and technical
assistance (Chapter 3). This was somewhat mirrored in our work in South Africa, which
showed that 23.6-75.6% of costs were programmatic, with the exception of one heavily staffed
clinic where clinic staff visit costs amounted to 77.6% of total costs (Chapter 4). Program costs
are often underestimated during budget planning exercises, which may inadvertently lead to
inadequate resource allocation for comprehensive and effective PrEP program implementation,
particularly among harder-to-reach populations. However, even within integrated programs
targeted at the general population, these programmatic costs still proved to be crucial, with peer
support and community outreach driving the cost of the integrated programs I costed in Zambia
(Chapter 3).

The research presented in these two Chapters offers valuable insights into the real-world costs
associated with PrEP implementation. By analysing the costs across various service delivery
platforms and target populations, | was able to contribute essential data to inform budget
planning and resource allocation for PrEP scale-up efforts not only in South Africa and Zambia,
but also in similar resource-limited settings. This work was done while engaging with the
Zambian and South African national PrEP technical working groups, with regular participation
and dissemination to these groups during the rollout and scale-up of daily oral PrEP. Currently,
the data used for the South African PrEP costing is being input into budgeting models for the
South African National Department of Health, to estimate the cost of providing HIV services
to vulnerable populations in the aftermath of the withdrawal of United States government

funding.

Part IV: Modelling the cost-effectiveness of future PrEP programs

While work done in Chapters 2-4 focused on daily oral PrEP, the methods and findings have
important implications for emerging PrEP modalities, including long-acting injectable PrEP,
which I investigated in Chapter 5. Work conducted in Chapter 5 combines aspects of this thesis
together to develop a model to assess the potential cost-effectiveness of a new long-acting
injectable HIV prevention product, cabotegravir or CAB-LA, among current injectable
contraception users in South Africa. While the implementation of new products benefits from
micro-costing methods to assess the costs and outcomes of new products in real-world
implementation, health economic modelling methods should still be used to investigate the
potential epidemiologic impact and cost-effectiveness of novel methods that have not yet been

introduced. The modelling of long-acting PrEP to a population of injectable contraceptive users
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in this thesis allowed us to simulate and evaluate an existing, but not yet approved, product in
a specific setting and its possible epidemiologic impact and cost-effectiveness in a population
already familiar with long-acting injectables. Through modelling this, we found that this long
acting injectable method could prevent 9.8% of new HIV infections between 2018 and 2030 if
provided to half of HIVV-negative injectable contraceptive users. We also found that this method
would only be cost-effective if the price was below USD16, and that cost-effectiveness was
highly sensitive to the drug price as well as the coverage of antiretroviral therapy in the
population. At the time of publication, the price of CAB-LA was not yet officially listed in
South Africa; however, the current price indicated for certain LMICs, of which Zambia and
South Africa are two, is USD180 per year, which is above the cost-effectiveness threshold we

list in this chapter at about USD30 per year for South Africa®®.

CAB-LA has since been introduced into both Zambia and South Africa in limited supply
through donor-funded demonstration projects®®3!. We are currently doing the economic
evaluation of four of these programs and find that, as more PrEP products come onto the
market, evaluation, costing and cost-effectiveness efforts become more complex. The
introduction of CAB-LA in the sub-Saharan region has demonstrated how rarely the timing of,
and need for, evidence align. This highlights both the strengths and the limitations of cost and
cost-effectiveness modelling with bottom-up micro-costing methods, with parameterized
models being used to make difficult decisions and being inputs into national or provincial
public health investment strategies, without the time or regulatory environment necessary to
obtain real-world costs and outcomes to support this. The need for iterative, evidence-based
budgeting shown in Figure 1 is especially important given the current climate of decreased

funding, particularly for key populations.

Limitations
Despite the significant contributions of this research, several limitations should be

acknowledged.

Data availability and quality

Both Chapters 3 and 4 of this thesis relied on retrospective data from routine clinical or expense
records, which may have been incomplete. Furthermore, systematically and accurately
capturing programmatic costs, particularly related to activities such as demand creation, was
challenging. As demand creation and client support is increasingly recognized as a critical
component of effective PrEP implementation, more systematic approaches to documenting

these activities and their associated costs will strengthen future economic evaluations.

131



Metric development

Our PreP program success metric is a strong start to encouraging conversation around a
standardized metric of PrEP program success; however, it does have certain limitations as it
currently stands. Firstly, given the limited resource availability in these settings, the balance
between data collection capacity and usefulness for program success may need to be adjusted,;
this metric does require individual-level client data which may be burdensome in under-
resourced clinical settings. Additionally, it calls for measured risk assessments — these were
being used quite widely at the time, however, the field has moved on from formal risk-
assessment tools and generally now offers PrEP to anyone who may be vulnerable to HIV
infection. Thirdly, success is only measured among those who initiate PrEP; the metric doesn’t
consider the earlier stages of the HIV prevention cascade which we have learned is so important

and costly. This is a persistent challenge with PrEP programming monitoring.

Costing methodologies

The cost analysis done in Chapter 3 relied on assumptions on resource use based on the national
clinical guidelines and not on actual client resource use while the cost analysis done in Chapter
4 did use individual client-level resource use data. As such, these costs are not necessarily
comparable and caution should be used when assessing these costs across the populations and
interventions presented. That said, both methodologies provide much needed information on
the service provision programs and associated costs and build on the evidence base for PrEP

programs in sub Saharan Africa.

Generalizability

This thesis focused on PrEP programming in Zambia (Chapters 2 and 3) and South Africa
(Chapters 2, 4, and 5). The ability to extrapolate these outcomes and costs to other countries
may be possible, but will require clear identification of assumptions and differences in contexts
when adapting these to different countries and PrEP programs. Factors such as HIV prevalence,
healthcare infrastructure, cultural norms and economic conditions vary widely across the SSA
region and may influence both the costs and effectiveness of PrEP implementation.
Furthermore, our metric required data that may or may not be available in other PrEP programs

and so may have limited applicability beyond these settings (Chapter 3).

The research reported in this thesis was conducted during the early stages of PrEP rollout and
scale up in the SSA region. Some findings may be less applicable as programs mature and
evolve; there may be efficiency-gains with increased client-volumes and changes in scope
which would likely impact the cost-outcomes observed in this work.
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This work focused primarily on daily oral PrEP, which was the only approved PrEP modality
at the time of the research. As new modalities such as long-acting injectables, vaginal rings and
implants become available, specific cost and effectiveness estimates may become less directly
applicable. Despite this, many of the implementation challenges identified in this thesis, such
as low PrEP continuation and the challenge of getting the right people onto PrEP at the right

time, will likely remain relevant, regardless of the specific PrEP modality.

Conclusions and future research

This thesis provides several insights into the costs and effectiveness outcomes of PrEP
implementation programs across different service delivery models and populations in Zambia
and South Africa. Based on the work conducted for this thesis, I can draw the following

conclusions:

1. Comprehensive and standardised metrics that account for multiple aspects of program
effectiveness are needed for meaningful evaluation of PrEP implementation programs
(Chapter 2).

2. Costs of daily oral PrEP programs are highly variable which emphasizes the importance
of context-specific program planning and evaluation (Chapters 3 and 4).

3. Programmatic costs represent a substantial proportion of total PrEP implementation
costs, with direct service delivery costs accounting for only 35-65% of total costs in
Zambia (Chapter 3).

4. Continuation on daily oral PrEP is variable, but is consistently low across service
delivery models with only 13.6% of clients having PrEP in-hand at 12 months in South
Africa (Chapter 4).

5. Client volume is a driver of cost, with programs with lower client volumes generally
reporting higher costs per client. This suggests that strategies to increase client volume
could improve cost-efficiency (Chapter 3).

6. Different service delivery models work for different populations indicating that
community-based approaches may work for specific populations, while in-facility
programs may work for others (Chapter 4).

7. The cost-effectiveness of emerging and new PrEP modalities will depend on several
factors which may include drug price, target population and the broader HIV treatment

landscape (Chapter 5).

Future work should continue to focus on developing and refining integrated costing approaches

that leverage the strengths of both micro-costing and modelling, while mitigating their
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limitations. This will facilitate real-time cost-effectiveness work and accelerate policy
development for relevant questions around implementation. Furthermore, the increasing
availability of larger data sets provides an unprecedented opportunity to create more robust and
comprehensive evaluation frameworks. As new PrEP modalities get introduced and scaled-up,
models need to be updated to account for broader impacts and allow for multiple choice
options. Early results from demonstration projects implementing CAB-LA, indicate that,
similar to the field of pregnancy contraception, providing multiple types of PrEP, or choice,

results in an overall increase in uptake and continuation®?.

Continued development and updating of metrics for evaluating outcomes for PrEP programs
as context, guidelines, parameters and data change. Metrics should be validated where possible
and standardised across programs, populations, geographies and service delivery models.
Demand creation and client support have been shown to be costly, but likely cost-effective,
HIV prevention program components®*3%, Future research should investigate the cost-
effectiveness of the various approaches to demand creation, specifically in PrEP programs,
including evaluating different communication strategies, community mobilisation approaches

and peer support models.

This work focuses only on the provider costs associated with PrEP program implementation
and service provision. In both Zambia and South Africa, client costs are often a barrier to
accessing healthcare — future research should investigate client costs to provide a more
comprehensive assessment of the economic impact of PrEP implementation and could provide

information to inform policy decisions about resource allocation.

Finally, with the recent withdrawal of United States government aid to the sub-Saharan Africa
region, we are embarking on a new era of public health funding. Now, more than ever, timely
research is needed to examine the sustainability of these PrEP programs and to explore possible
alternatives with regard to financing mechanisms, task shifting approaches and integration with
broader health systems. We need more evidence towards the pathway to impact for establishing

control of the HIV epidemic within an even greater financially constricted moment in time.
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Summary in English
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This thesis examined the real-world costs and effectiveness of HIV pre-exposure prophylaxis (PrEP)
programs in sub-Saharan Africa, focusing on South Africa and Zambia. The research aimed to fill
critical gaps in understanding how PrEP works outside clinical trials and what it actually costs to
implement these programs at scale. During this research, | engaged with both South African and
Zambian national governments, implementation partners, and donors to ensure the work was relevant

to policymakers and service providers.

HIV remains a major challenge in Eastern and Southern Africa, where 20.8 million people lived with
HIV in 2023 and 450,000 new infections occurred, representing the region most affected by the
epidemic globally. South Africa and Zambia reported 150,000 and 23,000 new infections respectively
in 2023. The introduction of oral PrEP in 2016, formulated as tenofovir disoproxil fumarate and
emtricitabine, marked a significant advance in HIV prevention when traditional methods were proving
insufficient. While oral PrEP demonstrates over 90% reduction in HIV acquisition risk when taken as

directed, its real-world effectiveness is substantially lower due to adherence challenges.

At a time when critical funding challenges threaten long-term program sustainability, both countries
face substantial risks regarding HIV prevention program continuity and expansion. This work addresses
the critical evidence gap identified by Long et al., who emphasized the need for comprehensive data on
costs and cost drivers essential for effective service delivery in evidence-based budgeting cycles. To
address the overarching aim of identifying the costs and expected impact of real-world PrEP scale-up

in Zambia and South Africa, we evaluated the following sub-aims:

1. develop a standardized evaluation metric for PrEP service delivery programs;

2. determine costs and cost-outcomes of PrEP programs using multiple costing methodologies
across diverse populations and service delivery models;

3. evaluate the cost-effectiveness of long-acting injectable PrEP among current injectable

contraceptive users.

The first major contribution involved developing a novel, standardized metric for evaluating PrEP
program success that addresses fundamental measurement challenges in prevention programming
(Chapter 2). In the context of declining financial investment, demonstrating intervention impact
becomes increasingly critical. Unlike HIV treatment programs where people stay on medication for life
once diagnosed, PrEP users may appropriately cycle on and off based on changing vulnerability to HIV
acquisition. This metric accounts for program initiation, seroconversion, continuation during periods of
increased HIV wvulnerability, and appropriate PrEP discontinuation using a systematic evaluation
approach. This represents an important departure from traditional HIV treatment program metrics and

addresses critical evaluation challenges unique to PrEP programs. The framework accommodates
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multiple PrEP modalities and service delivery approaches while maintaining comparability across

programs and contexts, addressing critical needs in the evolving PrEP implementation landscape.

In resource-constrained settings, the health benefits of interventions must be balanced against
implementation costs. Understanding real-world PrEP service delivery costs is crucial when HIV
prevention funding is increasingly under pressure. Our cost analysis of five service delivery models in
Zambia revealed substantially higher implementation costs than previously estimated through
modelling approaches (Chapter 3). Using guidelines-based costing combined with expenditure
reporting, total costs ranged from US$394 to US$655 per client annually, with direct service delivery
costs representing only 35-65% of total program costs. The remaining costs comprised program support

activities, including demand creation, provider training, and technical assistance.

These findings challenge assumptions underlying many earlier economic models used for policy
decision-making, demonstrating that drug costs, while substantial, do not represent the primary cost
driver in PrEP programs. Instead, programmatic costs associated with reaching vulnerable populations
and ensuring appropriate clinical care constitute the majority of implementation expenses. The analysis
revealed significant cost variations across different service delivery models and target populations, with
programs targeting populations vulnerable to HIV infection demonstrating higher per-client costs but
potentially greater epidemiological impact due to elevated HIV transmission risk within these networks.

Complementing the Zambian analysis, our cost-outcome analysis of South African service delivery
models provided comprehensive micro-costing data across diverse contexts (Chapter 4). Costs ranged
from US$29 to US$590 per client initiated on oral PrEP, with outcomes varying dramatically from 0%
to 42% of clients having PrEP in-hand six months after initiation. This wide variation underscores the
importance of context-specific program design and the inadequacy of one-size-fits-all implementation
approaches. The study revealed differential effectiveness across service delivery models and target
populations, with community-based outreach programs demonstrating superior effectiveness for certain
populations, particularly female sex workers, compared to facility-based services. These findings
suggest that matching service delivery approaches to specific population needs and preferences can

improve both clinical outcomes and economic efficiency.

Building on these empirical cost findings, our modelling component assessed the cost-effectiveness of
cabotegravir long-acting injectable PrEP among injectable contraceptive users in South Africa (Chapter
5). The analysis focused on injectable contraceptive users, a population that self-identifies as vulnerable
to HIV acquisition and is already familiar with long-acting injectable interventions, potentially
facilitating easier adoption and improved continuation rates compared to daily oral formulations. This

long-acting cabotegravir injection, administered every two months, is 98% effective in protecting
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against HIV acquisition; however, concerns exist that it will be unaffordable at current prices,

particularly in low- and middle-income countries.

Modelling indicated that providing long-acting PrEP to half of HIV-negative injectable contraceptive
users could prevent 9.8% of new HIV infections between 2018 and 2030, but would only be cost-
effective at prices below $16 annually. Current estimates indicate the manufacturer is charging
approximately $180 annually for low- and middle-income countries, substantially above modelled cost-
effectiveness thresholds. These findings highlight the critical importance of pharmaceutical pricing in
determining population-level access to innovative prevention technologies in resource-constrained

settings.

I draw several key conclusions from these comprehensive analyses: 1) successful PrEP implementation
requires nuanced understanding of target populations, service delivery approaches, and economic
considerations extending beyond clinical efficacy; 2) implementation costs are substantially higher than
previously estimated through modelling approaches, with significant cost variations expected across
different service delivery models and target populations; 3) programs targeting populations vulnerable
to HIV infection demonstrated higher per-client costs but potentially greater epidemiological impact;
and 4) economies of scale represent a critical factor in PrEP programming costs, with early-stage
programs demonstrating higher per-client costs due to substantial capital investments in training,

infrastructure, and systems development.

The evidence generated in this thesis provides crucial foundations for evidence-based decision-making
in HIV prevention programming across sub-Saharan Africa and beyond. It provides essential data points
for evidence-based budgeting processes in resource-constrained settings, which represents the pathway
to sustainable country-led implementation of novel, effective HIV prevention modalities. By
demonstrating substantial variations in costs and effectiveness across different service delivery models
and target populations, the findings inform resource allocation strategies that balance epidemiological
impact and economic efficiency. Future research priorities include developing standardized costing
frameworks applicable across multiple contexts, conducting comparative effectiveness research across

different PrEP modalities, and investigating innovative financing mechanisms for sustainable programs.
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Deze scriptie onderzocht de werkelijke kosten en effectiviteit van hiv-pre-expositieprofylaxe (PrEP)-
programma'’s in Sub-Sahara Afrika, met de nadruk op Zuid-Afrika en Zambia. Het onderzoek had tot
doel cruciale hiaten op te vullen in het begrip van hoe PrEP buiten klinische proeven werkt en wat de
werkelijke kosten zijn om deze programma's op grote schaal te implementeren. Tijdens dit onderzoek
heb ik contact gehad met zowel de Zuid-Afrikaanse als de Zambiaanse nationale overheid, uitvoerende
partners en donoren om ervoor te zorgen dat het werk relevant was voor beleidsmakers en

dienstverleners.

Hiv blijft een grote uitdaging in Oost- en Zuid-Afrika, waar in 2023 20,8 miljoen mensen met hiv
leefden en 450.000 nieuwe infecties plaatsvonden, waarmee deze regio wereldwijd het zwaarst door de
epidemie wordt getroffen. Zuid-Afrika en Zambia meldden in 2023 respectievelijk 150.000 en 23.000
nieuwe infecties. De introductie van orale PrEP in 2016, samengesteld uit tenofovirdisoproxilfumaraat
en emtricitabine, betekende een belangrijke vooruitgang in de hiv-preventie, toen traditionele methoden
ontoereikend bleken. Hoewel orale PrEP bij correct gebruik een vermindering van meer dan 90% van
het risico op hiv-infectie aantoont, is de effectiviteit in de praktijk aanzienlijk lager vanwege problemen

met de therapietrouw.

Op een moment dat kritieke financieringsproblemen de duurzaamheid van langetermijnprogramma’s in
gevaar brengen, worden beide landen geconfronteerd met aanzienlijke risico's voor de continuiteit en
uitbreiding van hiv-preventieprogramma’s. Dit werk vult de kritieke bewijskloof aan die door Long et
al. is vastgesteld. Zij benadrukten de noodzaak van uitgebreide gegevens over kosten en kostenfactoren
die essentieel zijn voor een effectieve dienstverlening in evidence-based begrotingscycli. Om het
overkoepelende doel te bereiken, namelijk het in kaart brengen van de kosten en de verwachte impact
van de opschaling van PrEP in de praktijk in Zambia en Zuid-Afrika, hebben we de volgende

subdoelstellingen geévalueerd:

1. ontwikkeling van een gestandaardiseerde evaluatiemaatstaf voor PrEP-

dienstverleningsprogramma’s;

2. de kosten en cost-outcomes van PrEP-programma’s bepalen met behulp van meerdere
kostenberekeningsmethodologieén voor diverse bevolkingsgroepen en

dienstverleningsmodellen;

3. de kosteneffectiviteit van langwerkende injecteerbare PrEP evalueren onder huidige

gebruikers van injecteerbare anticonceptiva.

De eerste belangrijke bijdrage betrof de ontwikkeling van een nieuwe, gestandaardiseerde maatstaf voor

het evalueren van het succes van PrEP-programma's, die fundamentele meetproblemen in
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preventieprogramma’s aanpakt (hoofdstuk 2). In de context van dalende financiéle investeringen wordt
het steeds belangrijker om de impact van interventies aan te tonen. In tegenstelling tot hiv-
behandelingsprogramma’s, waarbij mensen na de diagnose levenslang medicatie moeten blijven
gebruiken, kunnen PrEP-gebruikers op basis van hun veranderende kwetsbaarheid voor hiv-infectie op
gepaste wijze met het gebruik stoppen en weer beginnen. Deze maatstaf houdt rekening met de start
van het programma, seroconversie, voortzetting tijdens periodes van verhoogde kwetsbaarheid voor hiv
en het op gepaste wijze staken van PrEP aan de hand van een systematische evaluatiemethode. Dit is
een belangrijke afwijking van de traditionele maatstaven voor hiv-behandelingsprogramma’s en pakt de
cruciale evaluatieproblemen aan die specifiek zijn voor PrEP-programma’s. Het kader biedt ruimte voor
meerdere PrEP-modaliteiten en dienstverleningsbenaderingen, terwijl de vergelijkbaarheid tussen
programma'’s en contexten behouden blijft, waardoor wordt voorzien in kritieke behoeften in het zich
ontwikkelende landschap van PrEP-implementatie.

In omgevingen met beperkte middelen moeten de gezondheidsvoordelen van interventies worden
afgewogen tegen de implementatiekosten. Inzicht in de werkelijke kosten van PrEP-dienstverlening is
van cruciaal belang nu de financiering van hiv-preventie steeds meer onder druk komt te staan. Onze
kostenanalyse van vijf dienstverleningsmodellen in Zambia bracht aanzienlijk hogere
implementatiekosten aan het licht dan eerder was geraamd aan de hand van modelleringsmethoden
(hoofdstuk 3). Op basis van op richtlijnen gebaseerde kostenberekeningen in combinatie met
uitgavenrapportages varieerden de totale kosten van 394 tot 655 dollar per cliént per jaar, waarbij de
directe kosten voor dienstverlening slechts 35-65% van de totale programmakosten uitmaakten. De
resterende kosten bestonden uit programma ondersteunende activiteiten, waaronder het creéren van

vraag, opleiding van zorgverleners en technische bijstand.

Deze bevindingen zetten vraagtekens bij de aannames die ten grondslag liggen aan veel eerdere
economische modellen die voor beleidsbeslissingen werden gebruikt, en tonen aan dat de kosten van
geneesmiddelen weliswaar aanzienlijk zijn, maar niet de belangrijkste kostenfactor in PrepP-
programma's vormen. In plaats daarvan vormen de programmatische kosten voor het bereiken van
kwetsbare bevolkingsgroepen en het waarborgen van passende klinische zorg het grootste deel van de
implementatiekosten. Uit de analyse bleek dat er aanzienlijke kostenverschillen bestaan tussen
verschillende dienstverleningsmodellen en doelgroepen, waarbij programma's die gericht zijn op
bevolkingsgroepen die kwetsbaar zijn voor hiv-infectie hogere kosten per cliént met zich meebrengen,
maar mogelijk een grotere epidemiologische impact hebben vanwege het verhoogde risico op hiv-

overdracht binnen deze netwerken.

Als aanvulling op de analyse in Zambia leverde onze cost-outcomes analyse van Zuid-Afrikaanse
dienstverleningsmodellen uitgebreide micro-kosteninformatie op voor diverse contexten (hoofdstuk 4).

De kosten varieerden van 29 tot 590 dollar per cliént die met orale PrEP begon, met resultaten die sterk
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varieerden van 0% tot 42% van de cliénten die zes maanden na aanvang van de behandeling nog steeds
PrEP gebruikten. Deze grote variatie benadrukt het belang van een context gebonden
programmaontwerp en de ontoereikendheid van uniforme implementatiebenaderingen. Uit het
onderzoek bleek dat de effectiviteit verschilde tussen dienstverleningsmodellen en doelgroepen, waarbij
gemeenschapsgerichte outreach-programma’s voor bepaalde groepen, met name vrouwelijke
sekswerkers, effectiever bleken dan facilitaire diensten. Deze bevindingen suggereren dat het
afstemmen van dienstverleningsbenaderingen op de specifieke behoeften en voorkeuren van de
bevolking zowel de klinische resultaten als de economische efficiéntie kan verbeteren.

Op basis van deze empirische kostenbevindingen hebben we in ons modelleringsgedeelte de
kosteneffectiviteit van langwerkende injecteerbare PrEP met cabotegravir onder gebruikers van
injecteerbare anticonceptiva in Zuid-Afrika beoordeeld (hoofdstuk 5). De analyse richtte zich op
gebruikers van injecteerbare anticonceptiva, een populatie die zichzelf als kwetshaar voor hiv
beschouwt en al bekend is met langwerkende injecteerbare interventies, wat de acceptatie en de
continuiteit mogelijk vergemakkelijkt in vergelijking met dagelijkse orale medicatie. Deze
langwerkende cabotegravir-injectie, die om de twee maanden wordt toegediend, is voor 98% effectief
in de bescherming tegen hiv-infectie; er bestaat echter bezorgdheid dat deze bij de huidige prijzen

onbetaalbaar zal zijn, met name in lage- en middeninkomenslanden.

Modellen geven aan dat het verstrekken van langwerkende PrEP aan de helft van de hiv-negatieve
gebruikers van injecteerbare anticonceptiemiddelen tussen 2018 en 2030 9,8% van de nieuwe hiv-
infecties zou kunnen voorkomen, maar alleen kosteneffectief zou zijn bij prijzen onder de 16 dollar per
jaar. Volgens huidige schattingen rekent de fabrikant ongeveer 180 dollar per jaar voor lage- en
middeninkomenslanden, wat aanzienlijk boven de gemodelleerde kosteneffectiviteitsdrempels ligt.
Deze bevindingen benadrukken het cruciale belang van de prijsstelling van geneesmiddelen voor de
toegang van de bevolking tot innovatieve preventietechnologieén in omgevingen met beperkte

middelen.

Uit deze uitgebreide analyses trek ik een aantal belangrijke conclusies: 1) voor een succesvolle
implementatie van PrEP is een genuanceerd inzicht nodig in de doelgroepen, de
dienstverleningsmethoden en economische overwegingen die verder gaan dan de klinische
werkzaamheid; 2) de implementatiekosten zijn aanzienlijk hoger dan eerder geraamd op basis van
modelleringsmethoden, waarbij aanzienlijke kostenverschillen worden verwacht tussen verschillende
dienstverleningsmodellen en doelgroepen; 3) programma's gericht op bevolkingsgroepen die kwetsbaar
zijn voor hiv-infectie, vertoonden hogere kosten per cliént, maar mogelijk een grotere epidemiologische
impact; en 4) schaalvoordelen vormen een cruciale factor in de kosten van PrEP-programma’s, waarbij
programma’s in een vroeg stadium hogere kosten per cliént vertonen als gevolg van aanzienlijke

kapitaalinvesteringen in opleiding, infrastructuur en systeemontwikkeling.
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De bevindingen van dit proefschrift vormen een cruciale basis voor evidence-based besluitvorming over
hiv-preventieprogramma's in Sub-Sahara Afrika en daarbuiten. Ze leveren essentiéle gegevens voor
evidence-based budgettering in omgevingen met beperkte middelen, wat de weg vrijmaakt voor een
duurzame, door landen geleide implementatie van nieuwe, effectieve hiv-preventiemaatregelen. Door
de aanzienlijke verschillen in kosten en effectiviteit tussen verschillende dienstverleningsmodellen en
doelgroepen aan te tonen, leveren de bevindingen input voor strategieén voor de toewijzing van
middelen die een evenwicht zoeken tussen epidemiologische impact en economische efficiéntie.
Toekomstige onderzoeksprioriteiten zijn onder meer het ontwikkelen van gestandaardiseerde
kostprijsberekeningskaders die in meerdere contexten kunnen worden toegepast, het uitvoeren van
vergelijkend onderzoek naar de effectiviteit van verschillende PrEP-modaliteiten en het onderzoeken

van innovatieve financieringsmechanismen voor duurzame programma’s.
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