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Abstract

Background—In sub-Saharan Africa, rates of sustained HIV virologic suppression remain
below international goals. HIV resistance testing, while common in resource-rich settings, has not
gained traction due to concerns about cost and sustainability.

Objective—We designed a randomized clinical trial (REVAMP) to determine the feasibility,
effectiveness, and cost-effectiveness of routine HIV resistance testing in sub-Saharan Africa.

Approach—We describe challenges common to intervention studies in resource-limited settings,
and strategies used to address them, including: 1) optimizing generalizability and cost-
effectiveness estimates to promote transition from study results to policy; 2) minimizing bias due
to patient attrition; and 3) addressing ethical issues related to enrollment of pregnant women.

Methods—The REVAMP study randomizes people in Uganda and South Africa with virologic
failure on first-line therapy to standard of care virologic monitoring or immediate resistance
testing. To strengthen external validity study procedures are conducted within publicly-supported
laboratory and clinical facilities using local staff. To optimize cost estimates, we collect primary
data on quality of life and medical resource utilization. To minimize losses from observation, we
collect locally-relevant contact information, including Whatsapp account details, for field-based
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tracking of missing participants. Finally, pregnant women are followed with increase visit
frequency to minimize risk to them and their fetuses.

Conclusions—REVAMP is a pragammatic randomized clinical trial designed to test the
effectiveness and cost-effectiveness of HIV resistance testing versus standard of care in sub-
Saharan Africa. We anticipate the results will directly inform HIV polity in sub-Saharan to
optimize care for HIV-infected patients.
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Introduction

To achieve sustained control of the HIV epidemic, the Joint United Nations Programme on
HIV/AIDS (UNAIDS) has set a “90-90-90” treatment target for 2020.1 Accomplishing this
goal would mean that 90% of those receiving antiretroviral therapy (ART) will sustain
virologic suppression. In sub-Saharan Africa, however, rates of virologic suppression remain
well below that goal, with up to 1 in 3 experiencing virologic failure within two years of
ART initiation.23

The optimal strategy for management of virologic failure in sub-Saharan Africa, in terms of
both efficacy and cost, is unknown. The 2016 World Health Organization (WHO) HIV
treatment guidelines recommend use of repeated viral load testing along with adherence
support to guide treatment decisions (Figure 1A).4 Whereas increasing availability of viral
load testing represents an important advance for HIV care in the region®, it also raises
questions about the optimal management of patients with treatment failure. In particular, it is
not known whether the use of viral load measurements alone may result in unnecessary
switches to second-line therapy, which is more costly, is associated with increased toxicity,
and requires an increased pill burden, which can challenge treatment adherence.”

An alternate approach to the WHO guidelines, which is employed in the North America and
Europe, would include addition of HIV genotypic resistance testing at the time of virologic
failure8. Studies in resource rich settings have demonstrated that the addition of resistance
testing results in improved immunologic and virologic outcomes.®-12 Similar studies
investigating the efficacy of resistance testing to support clinical care in sub-Saharan Africa
are lacking. Moreover, although cost effectiveness studies have identified value of resistance
testing in the United States,13 whether these findings translate to resource-limited settings
remains unclear, due to contrasting results of modeling studies (Table 1). The main
difference between these studies involves assumptions about the efficacy of first-line therapy
in patients without significant drug resistance. For example, Levison et a/posit that delivery
of drug resistance results to patients could result in improved adherence, and cost-savings
through salvage cheaper first-line therapy regimens. In contrast, Phillips et a/ predicted the
opposite — that those with poor adherence and wild-type virus would remain poorly adherent
— which mitigates the benefits of resistance testing. Consequently, there is an important need
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for studies to provide primary efficacy and resource data on the role for HIV resistance
testing in sub-Saharan Africa.

The goal of the REVAMP study (NCT 02787499) is to evaluate a resistance testing-based
algorithm for management of HIV virologic failure (Figure 1B), and ultimately to determine
whether resistance testing 1) improves clinical outcomes after virologic failure, 2) is feasible
in the public healthcare sector in sub-Saharan Africa, and 3) if so, at what cost to payers. We
designed the study with attention to these goals. We were particularly interested in providing
results that were generalizable to people living with HIV in care at publically funded
programs in the region, and enabling translation of our results into HIV program policy.
Here we describe how the study was designed to accomplish these goals, with a specific
focus on: 1) study design with a public health focus on evaluating effectiveness and cost-
effectiveness; 2) strategies to minimize attrition of patients at high risk of death and loss
from clinical care in resource limited settings; and 3) ethical issues surrounding enrollment
(or exclusion) of pregnant women, a patient population for which the intervention of interest
has particular relevance in order to prevent of mother to child transmission of HIV.

Study Design Overview

The REVAMP study is an open-label, randomized controlled trial designed to test the
hypothesis that resistance testing improves rates of virologic re-suppression after virologic
failure among patients in public HIV care programs in sub-Saharan Africa. The study is
being conducted at study sites in both Uganda and South Africa. The study began enrolling
participants in December 2016, and is slated to complete enroliment by the end of 2019. The
study population includes HIV-infected patients on first-line antiretroviral therapy with a
recent viral load >1,000 copies/milliliter (mL). Enrolled participants (eligibility criteria are
listed in Table 2) are randomized using block randomization (stratified by clinic, pregnancy
status, and duration on ART) into the WHO-based standard of care (SOC) arm, or to the
resistance testing (RT) arm (Figure 2).

Participants in the RT arm have blood collected for HIV-1 genotypic antiretroviral resistance
testing on the day of enroliment, with results used to determine regimen selection. In
general, participants without significant drug resistance will continue their first-line (non-
nucleoside reverse transcriptase-based) ART regimen, whereas those with resistance will be
changed to a second-line (protease inhibitor-based) regimen. Participants randomized into
the SOC arm return three months after enrollment for repeat viral load testing per WHO
guidelines. Those with a viral load < 1,000 copies/mL will continue their first-line (NNRTI-
based) ART regimen. Participants with a viral load >1,000 copies/mL initiate a second-line
regimen. Aside from resistance testing in the RT arm at baseline, all other clinical care,
including provision of ART and adherence support by clinic counselors, is supported by the
partner clinic infrastructure and conducted in keeping with WHO and national HIV
guidelines.

Participants return for the outcome assessment approximately nine months after enrollment.
The primary outcome of interest is viral suppression (<200 copies/mL). We selected 9
months as the study endpoint to ensure a minimum of 6 months of observation after final
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regimen selection in both arms; in the SOC arm, regimen changes might occur at the 3-
month follow-up viral load assessment. Outcomes are assessed using an intention-to-treat
analysis, where missing or absent results are considered failures. Secondary outcomes of
interest are viral suppression below the limit of assay detection, viral suppression on first-
line therapy, drug resistance at study conclusion, and mortality, among others.

We aim to enroll a sample of 840 participants, with approximately 420 randomized to each
arm. This sample will enable >80% power to detect a clinically significant, 10% or greater
difference in the rate of our primary outcome (viral load <200 copies/mL) in the RT arm
(superiority design), based on prior data demonstrating that approximately 70% of patients
will achieve suppression after virologic failure under standard of care conditions.14-18 we
believe provision of resistance results will promote improved adherence, both for those
without significant drug resistance who are presented with information that their virus
remains fully susceptible to first line regimens, and for those with drug resistance who are
transitioned to more potent protease inhibitor-based regimens.1%20 For our primary outcome
analysis, we will use a two-sample test of binomial proportions to compare the proportions
of participants in each arm who achieve virologic suppression at study conclusion.

Promoting a Public Health Focus on Feasibility and Effectiveness

Because HIV resistance is currently limited in practice in sub-Saharan Africa by concerns
about complexity and cost, an over-arching goal of the REVAMP study is to guide ministries
of health and donor organizations regarding the feasibility and impact of resistance testing
on clinical care within the existing framework of publically-funded and operated HIV clinics
in the region. Although clinical trials network infrastructures provide data monitoring,
laboratory quality control, and internal validity enhancement, they can challenge the external
validity of public health interventions in low-resource settings.2122 In contrast, our study
design attempts to enhance effectiveness estimation through leveraging established
partnerships with, and conduct within, existing ministry of health clinical and laboratory
infrastructures. For example, an inclusion criterion of study participation is active enroliment
at one of five publically-funded HIV clinics in Uganda and South Africa, and all study
activities will take place within these clinics. To standardize regimen allocation in the RT
arm and foster implementation of resistance testing in a real-world scenario, study clinicians
developed an HIV-1 RNA resistance interpretation guide (Supplemental Appendix) to assist
with treatment decision-making. Moreover, and perhaps most importantly, all study viral
load and HIV resistance testing is conducted within existing laboratory facilities and by
health workers currently used by the public health sector (the National Health Laboratory
Service in South Africa, or the Joint Clinical Research Centre, in Uganda). To accomplish
these goals, we developed relationships, certified through multilateral Memorandums of
Understanding between US collaborating institutions, foreign collaborating institutions,
clinical sites, and the partner laboratories during the proposal development stage. These
agreements help ensure that study results are representative of the existing public HIV health
care infrastructure.
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Promoting Cost Effectiveness Estimation

Because resistance testing use in the sub-Saharan African region is partially limited by
concerns about costs, another principle aim of the REVAMP study is to assess the value of
HIV resistance testing in the region. Our goal is to estimate both short term costs and long
term cost effectiveness from a national payer perspective to guide ministries of health and
donor partners, who are currently the principal financiers of HIV care in sub-Saharan Africa.
To do so, we will conduct both a short-term budget impact analysis of incorporating
resistance testing into routine care and model the long-term cost effectiveness of adopting
such an approach. We designed data collection tools to record resource utilization in “real
time”.2% To enable this, costs are collected at each study visit on human resource use, HIV
diagnostics including both viral load and resistance testing, therapeutic costs, including ART
use, as well as costs for additional clinical visits and hospitalizations accrued during the
study period. Human resource costs will be collected and summarized as hours/per patient
spent by nurses, clinicians, counselors, phlebotomists, registrars, pharmacists, and laboratory
personnel. We will also collect data on duration of time from laboratory testing to delivery
of results to participants, to assess if and how delays affect the cost-effectiveness of
resistance testing, as previously reported.24

First, we will conduct a budget impact analysis to estimate the short-term costs to ministries
of health of implementing routine resistance testing. We will follow International Society of
Pharmacoeconomics Outcomes Research guidelines to develop models to estimate the total
costs of adopting resistance testing in South Africa and Uganda.2> We will populate these
models with data provided by the clinical trial on costs of care, and add country-specific
HIV epidemiology and expenditure data to estimate the budget impact of adopting resistance
testing over five years for each strategy. We will build the model such that country-specific
fields will be flexible to enable analysis for other countries, to facilitate policy planning and
decision-making. In contrast to the future cost-effectiveness analysis, which will estimate
incremental cost effectiveness in terms of QALY's per dollars spent between resistance
testing and standard of care, the budget impact analysis will give payers an estimate of direct
total programmatic costs for initiation of resistance testing country-wide in the public
healthcare system.

If the resistance testing intervention is superior or similar to the standard of care strategy, we
will proceed with a full cost-effectiveness analysis. This analysis seeks to build upon prior
analyses that have considered the economics of resistance testing in sub-Saharan
Africa.2426.27 \We will achieve this by incorporating primary efficacy, quality of life, and
cost data from the clinical trial, and by estimating the cost utility of resistance testing versus
standard of care. To optimize validity, we will follow best practice recommendations for
modeling published by the International Society of Pharmacoeconomics Outcomes Research
Good Research Practice Task Force28 and guidelines of the National Institute for Health and
Clinical Excellence Reference Case.29 We have included the EuroQOL EQ-5D
questionnaire, a generic (i.e. not disease specific) health-related quality of life questionnaire
that has been validated in people with HIV in sub-Saharan Africa,39-33 with data collection
at study start and conclusion. For this analysis, our outcome of interest will be the cost per
quality adjusted life year ($/QALY), presented as an incremental cost-effectiveness ratio. We
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will populate the model for the first 9 months with data derived directly from the clinical
trial. Thereafter, we plan to use published data on the natural history of HIV disease to
model clinical outcomes every 6 months after study conclusion over a patient’s lifetime,
including risk of opportunistic infections, hospitalization, quality of life, and death.30:34-37
To characterize uncertainty in the model, we will conduct a probabilistic sensitivity analysis,
and present data as cost-effectiveness acceptability curves and probabilistic sensitivity
analysis plots. Convergent validity will be undertaken to compare the model to similarly
published models on the cost effectiveness of resistance testing. Whereas results will be
immediately relevant for the South African and Ugandan populations, the proposed structure
of the model will be designed such that it may be used for adaptation to countries with
similar health care contexts.

Minimizing Losses from Observation in a Population at High Risk for

Treatment Default and Mortality

Losses from observation are a well-described challenge to clinical trial design and
analysis.38:39 Loss from observation can be a particularly vexing issue in studies targeting
high-risk populations, such as HIV-infected populations experiencing virologic failure, who
have high rates of loss from care and mortality.2%41 Whereas many studies include
additional resources to monitor participants and enhance retention, this strategy has the
potential to mitigate external validity by providing participants support systems that are not
available outside of study settings. The REVAMP study includes a monitoring plan designed
to balance a strategy of retention for outcome assessment with a desire to minimize
contamination of results through provision of unsustainable participant support mechanisms.
To do so, comprehensive, locally-relevant contact information is collected at each visit,
including village leader contact information (if applicable), landlord contact information,
and “Whatsapp” usernames. At the final outcome visit, we call participants who do not
return within seven days of their scheduled visit. For those unreachable by phone, a study
staff member will attempt to track them at home. Professional trackers have been for the
purpose of locating missing study participants using the data collected at enroliment,
adopting methods previously employed in Uganda with >90% success.*243 Study staff will
encourage participants to return to the clinic to complete procedures. If not possible, we will
conduct the final blood draw and questionnaire in the field. As described previously, we will
use an intention-to-treat analysis, allocating any participants without a confirmed viral load
result as having a detectable viral load (failure).

Enrollment of Pregnant Women to Optimize Generalizability

Pregnant women are often excluded from clinical trials due to concerns about safety or
feasibility.*44> We sought to enhance generalizability of the study to pregnant women, for
whom optimal management of virologic failure has particular relevance in the prevention of
mother to child transmission of HIV infection. However, standard WHO guidelines do not
describe management of virologic failure among pregnant women. If standard guidelines are
followed, a three-month delay between identification of virologic failure and repeat
laboratory evaluation might put their fetuses at undue risk of HIV transmission.
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Consequently, we altered study procedures to ensure safeguarding of pregnant women and
their fetuses. To confirm pregnancy status, women under 50 years of age undergo urine p-
human chorionic gonadotropin testing at the enroliment visit. Those who are confirmed to be
pregnant, are referred for antenatal care in addition to completing study enrollment
procedures. Pregnant women in the SOC arm return one month after study enrollment for a
repeat viral load test (as opposed to three months for others in the SOC arm). This
recommendation is in keeping with South African Prevention of Mother-to-Child
Transmission Guidelines,*6 and is intended to enable inclusion of pregnant women for
generalizability purposes, while simultaneously maximizing chances of viral suppression
prior to delivery. This adapted protocol was agreed upon by clinic staff at all study sites, and
approved by ethical review committees in all three collaborating countries. Because of the
unique characteristics of this population and group-specific protocol, randomization will be
stratified by pregnancy status to minimize bias that could result from unbalanced inclusion
across study arms. Although the study will not be powered to independently demonstrate
benefit of resistance testing among pregnant women, their inclusion will provide an effect
size in this sub-population, and determine the value of a dedicated study among them.

Conclusions

Over 12 million people in sub-Saharan Africa have gained access to ART over the past
decade, but up to 1 in 3 of those individuals will develop virologic failure within two years
of treatment initiation.23 Identifying the optimally effective and cost-effective method of
managing virologic failure will be critical to ensure the long-term sustainability of HIV
programs in the region. The REVAMP study is a pragmatic, randomized controlled trial that
aims to provide valid and generalizable data on the feasibility, effectiveness, and cost
effectiveness of HIV resistance testing care in sub-Saharan Africa through partnerships with
the public health sector and simultaneous collection of quality of life and resource allocation
data. We intend to use results from the REVAMP study to inform ministries of health and
multinational donors on the optimal approach to management of virologic failure in sub-
Saharan Africa.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1A. WHO Guidelines / REVAMP Standard of Care Arm 1B. REVAMP Resistance Testing Arm

Targeted viral load monitoring Routine viral load monitoring Targeted viral load monitoring Routine viral load monitoring
(suspected clinical or (earl (suspected clinical or (early detection of

ly detection of
immunological failure) virological failure) immunological failure) virological failure)

Test viral load Test viral load

Viral load >1000 copies/mi

Viral load >1000 copies/mi

Evaluate for adherence concerns.

Resistance Test Drug Resistance

Repeat viral load testing after 3-6 months

No Drug Resistance

Second Line Therapy

Viral load <1000
coples/ml

Viral load >1000
copies/ml

Remain on First-Line + Intensive
Adherence Support

Maintain first-line Switch to second-line
therapy therapy

Figure 1.
Figures 1A-B. World Health Organization (1A) and proposed REVAMP study resistance

testing arm (1B) algorithms for management of virologic failure in HIV infection
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Eligibili riteri
-HIV+ on first-line ART for a minimum of 6 months
-No prior PI exposure
-No prior resistance testing
-HIV-1 RNA >1,000 copies/mL in last 90 days

STANDARD OF CARE ARM l RESISTANCE TESTING ARM

Visit1
-Randomization
-Adherence counseling
-Resistance testing for those in the
experimental arm only

Return after 2-3 mon™~ Return when resistance test
(1 month in pregnant wc / \results are available
Visit 2A-SOC Visit 2-RT
-Repeat viral load -Review resistance test results
measurement -Switch to second-line therapy
if resistance is present;
.Return when otherwise, continue first-line

viral load resultl therapy

available

Visit 2B-SOC
-Review viral load
measurement
-Switch to second-line therapy
if HIV-1 RNA > 1,000
copies/mL; otherwise, continue

first-line therapy Return 9
months after
: enrollment
Return 9 Visit 3
imonths after -Outcomc:a assessment:
enrollment Repeat viral load
measurement and
resistance genotype
Figure 2.
Study Schema
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Table 2

Enrollment Criteria

Inclusion Criteria

1. In care at a public HIV clinic within a PEPFAR-focus sub-Saharan African country (South Africa or Uganda) and living within 100
kilometers of the clinic

2. Age = 18 years at the time of enroliment

3. Currently prescribed first-line (non-nucleoside reverse transcriptase inhibitor-based) ART for at least 6 months. Switches within first line
regimens, including NNRTI and nucleos(t)ide backbone changes are allowed

4. Detectable plasma viral load > 1,000 copies/mL and/or dried blood spot viral load >1,000 copies/mL within 90 days of enrollment

Exclusion Criteria

1. Known prior drug resistance

2. Prior exposure to Pl-based ART

3. Current clinical indication to start Pl-based ART

4. Not planning to remain in the clinic catchment area for the next nine months
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