


The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



TABLE OF CONTENTS
Statement of Author's Contributions
Acknowledgements
Publications arising from the thesis
Selected prior publications
- Abbreviations/glossary
List of tables |
List of figures

Abstract

Chapter 1: Introduction & Literature Review
The HIV/AIDS Epidemic in sub-Saharan Africa
Access to Antiretroviral Therapy in Africa
Antiretroviral Therapy Adherence
Adherence in sub-Saharan Africa
Relationship between Adherence and Drug Resistance
Measuring Adherence
Conclusion

References

Chapter 2: Description of Study Population, Design and Methods
Hypothesis

‘Overall Goal and Specific Aims

Overview of Design and Patient Cohort

10

1

12
13
16

19
19
19
22
26
31
35
43

44

54

54

55



Regulatory Approvals 58

Power Justification , 60
General Limitations 687
References 70

Chapter 3: Relationship between Antiretroviral Adherence and
Virologic Qutcomes in Patients on NNRTI-based Antiretroviral Therapy

Introduction 71
Materials and Methods 72
Results : 75
Discussion , 83
References : 89

Chapter 4: Relationship between Antiretroviral Adherence and Survival

Introduction 93
Materials and Methods a3
Results g6
Discussion 103
References 107

Chapter 5: Effectiveness of Efavirenz- versus Nevirapine-based Regimens
for Initial Antiretroviral Therapy in HiV-infected African Adults

Intraduction 108
Materials and Methods 111
Resuits 114
Discussion 122
References 131

Chapter 6: Virologic Outcomes and Antiretroviral Therapy Adherence in
Adolescents Compared to Adults in Southern Africa

introduction 135
Methods : 136
Results 138
Discussion 144
References 148



Chapter 7: Antiretroviral Therapy Adherence Predicts Direct Health Care
Costs in HiV-infected African Adults

introduction 151
Methods 153
Results , 155
Discussion 166
References 170

Chapter 8: General Discussion, Conclusion, and Future Directions 172

Appendices:
a) Aid for AIDS Registration Forms
b) Aid for AIDS Clinical Guidelines with letter of permission
¢) Aid for AIDS Pharmacy-Claim Adherence Detailed Methodology
d) Aid for AIDS HIV Counselor Job Description



STATEMENT OF AUTHOR’S CONTRIBUTION

The work presented in this thesis is the product of several studies using a
dataset provided by the Aid for AIDS disease management programme in Cape
Town, South Africa. | personally was involved closely at all stages, including
study design, data management and analysis, data interpretation and writing
under the supervision of Professor Gary Maartens. | was responsible for
checking the quality of the data collected and held in the dataset and have done
all the analyses. For further dataset cleaning, | was helped by the Aid for AIDS
data manager, and for advanced statistical analysis techniques, when needed, |
got helpful supervision from the Department of Epidemiology and Biostatistics at
the Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland,
USA. The contribution, help and advice | have received from others (see
acknowledgement section) was complementary to, and not a substitution for, my
personal expertise, critical appraisal, and intellectual and scientific authorship.

The work on which this thesis is based has not, in whole or in part, been
submitted towards another degree at this university or elsewhere. The University
of Cape Town is empowered to reproduce either the whole or any portion of the

contents for purposes of research.

NOTE FROM THE AUTHOR

In 1998, | was very grateful and fortunate to have received the Stellios M. Stelson
Scholarship from the Johns Hopkins Bloomberg School of Public Health,
Baltimore, Maryland, USA, to work toward their Masters in Public Health (MPH)
degree with supplementary funding from the Dikembe Mutombo Foundation,
Atlanta, GA, USA. The Johns Hopkins MPH program, one of the top programs in
the world, equipped me with tools in Epidemiology, Biostatistics and International



Health that | critically needed to start my clinical research career. Along the way,
| acquired data analysis, data interpretation, writing and presentation skills both
through formal learning and trial and error. | am much richer for this experience
and enjoyed discovering the results presented in this thesis. | hope you will enjoy

reading it.



ACKNOWLEDGEMENTS

Directly or indirectly, many persons contributed to the work presented in this
thesis and | would like to gratefully acknowledge them. First and foremost, | am
indebted to Professor Gary Maartens, who helped me to access the Aid for AIDS
dataset, for his dedicated supervision through continuing intellectual stimulus and
through the art of asking important research questions, suggestion of key
complementary analyses, constructive criticism, and rapid scientific feedback on
preliminary results and manuscripts.

I am also grateful to Professors Richard E. Chaisson and Thomas Quinn from the
Johns Hopkins School of Medicine, Baltimore, Maryland, USA, who in many
ways have been my academic mentors as well as role models. | would also like
to acknowledge the United States National Institutes of Health, which awarded
me an NIH Mentored-Patient Oriented Research Career Award (K23 Al068582-
01), a 5-year career development grant which supported the work presented in

this thesis.

| am also particularly grateful to Michael Hislop, MSc, from Aid for AIDS Disease
Management Programme, for his dataset management and computer
programming skills that provided a high quality dataset for me to work with, and
to Dr. Leon Regensberg for approving and making available the Aid for AIDS
dataset on which this thesis is based.

Statistical Consultants Professor David Celentano, Dr. David Dowdy, Mark Van-
Natta, MHS, (Department of Epidemiology) and Professor Larry Moulton and Dr.
Hoang Nguyen (Departments of Biostatistics and International Health) at Johns
Hopkins Bloomberg School of Public Health; Health Economics Consultants: Dr.
Susan Cleary at University of Cape Town, South Africa and Professor David
Bishai at the Johns Hopkins Bloomberg School of Public Health, Baltimore,



Maryland, USA, also deserve thanks for their invaluable contribution of aiding me

in the performance of advanced statistical analyses.

A special thanks to Rod Graham, MA, from The Johns Hopkins University, and to
Joanna Downer, PhD, for their editing assistance and administrative support.

| would not have been able to reach this level of my career without continuing
encouragement and general career advice along the way from Professor Paul
Tulkens, Cellular and Molecular Pharmacology, University of Louvain Medical
School and Pharmacy, Brussels, Belgium, and Professor Robert Colebunders,
from the Department of Clinical Sciences, Institute of Tropical Medicine, Antwerp,

Belgium. | say thank you to them.

Throughout this research valuable clinical or research comments were informally
provided by colleagues working in this field. Of these colleagues, | would like to
thank Dr. Edward Mills, Centre of Excellence in AIDS Care, University of British
Columbia, Vancouver, Canada, Drs. Steven Deeks and David Bangsberg from
San Francisco General Hospital, CA, Robert Gross and Gregory Bisson from the
University of Pennsylvania, PA, Professors Joel Gallant, Carl Latkin, Richard
Moore, Gregory Lucas and Dr. Amy Knowlton from the Johns Hopkins University,
and Professor Gerald Friedland, Yale University School of Medicine.

My love and thanks to Emilia, my wife, for her unwavering patience and
encouragement, tolerance for my occasional late return home from office and
overseas travels, steady support and belief in me. And to our daughter, Marie-
Isabella, who was born on February 22, 2008—1 will always remember this as a
truly great year | became father and, with the approval of the evaluators, holder
of a Ph.D. Thanks also to my friends—who cannot all be named-—for their
support at different stages of this thesis. Thanks also to my brothers and sisters

for their love, and a sincere expression of gratitude to my mom and to my



deceased father, for their love, encouragement, inspiration, hard work,-
perseverance, and spirit of excellence against all odds.

Jean B. Nachega
Cape Town, March 2008



PUBLICATIONS AND CONFERENCE PRESENTATIONS RESULTING FROM
THIS THESIS

1.

NACHEGA JB, Maartens G. Pharmacogenetics of Efavirenz, Adherence and
Virologic Outcomes. Ann Int Med 2007;147(11):817-8.

NACHEGA JB, Hislop M, Dowdy DW, Chaisson RE, Regensberg L, Maartens G.
Adherence to Non-Nucleoside Reverse Transcriptase-based HIV Therapies and
Virologic Qutcomes. Ann Inf Med 2007;146(8):564-73.

NACHEGA JB. Hislop M, Dowdy DW, Lo M, Omer BS, Regensberg L, Chaisson RE,
Maartens G. Adherence to Highly Active Antiretroviral Therapy as Assessed by

Pharmacy Claims Predicts Survival in HiV-infected South African Adults. J Acquir
immune Defic Syndr 2006;43(1).78-84.

NACHEGA JB, Hislop M, Dowdy DW, Gallant J, Chaisson RE, Regensberg L,
Maartens G. Effectiveness of Efavirenz- versus Nevirapine-based HAART in HIV-

infected African Adults. 74" Conference on Retroviruses and Opportunistic
infections, Los Angeles, CA, USA, Feb 25-28, 2007, (MonOralAbstract#31).
Weblink: http://www retroconference.org/2007/Abstracts/30191.htm
Accessed on March 29, 2008

NACHEGA JB Hislop M, Cleary S, Regensberg L, Maartens G. Antiretroviral
Therapy Adherence and Direct Health Care Cost in An HIV/AIDS Disease
Management Programme in Southern Africa. 74" Conference on Retroviruses and
Opportunistic Infections, L.os Angeles, CA, USA, Feb 25-28, 2007,
(TuesPosterAbstract#548).

Weblink: hitp://www . retroconference.org/2007/Abstracts/30303.htm Accessed on
March 29, 2008

NACHEGA JB, Hislop M, Dowdy DW, Chaisson RE, Regensberg L, Cotton M,
Maartens G. Virologic Outcomes and Antiretroviral Therapy Adherence in

Adolescents Compared with Adults in Southern Africa. 15™ Conference on

-10 -



Retroviruses and Opportunistic Infections, Boston, MA, USA, Feb 3-8, 2008,
{(MonPosterAbstract#821).

Weblink: hitp:/fwww retroconference.orq/2008/Abstracts/32415 him
Accessed on March 29, 2008. ‘

SELECTED PRIOR PUBLICATIONS RELEVANT TO THIS THESIS

1. Bisson G, Gross R, Hislop M, Bellamy S, Chittams S, Frank |, Regensberg L,
Maartens G, NACHEGA JB. Pharmacy refill adherence compared with CD4
couni changes for monitoring HiV-infected adults on antiretroviral therapy.
PLoSMedicine 2008; May 20;5(5):e109

2. Mills ED, NACHEGA JB. A Wake-up Call to Global Access of HIV Salvage Drug
Regimens. The Lancet 2007,370(9603):1885-7.

3. NACHEGA JB, Mills E. Antiretroviral Therapy Adherence in Developed and
Developing Countries. State of Knowledge and Current Research Priorities.
Therapy 2007,4(6):1-11.

4. Selin A, Mills E, NACHEGA JB. Barriers to Antiretroviral Therapy Adherence in
Africa. Future HIV Therapy 2007;1(3):331-8.

5. Mills EJ, NACHEGA JB, Guyatt G, Buchan |, Orbinski J, Altaran A, Singh S,
Rachlis B, Wu P, Thabane L, Wilson K, Bangsberg DR. Adherence to Antiretroviral
Therapy in Africa and North America: A Meta Analysis. J Am Med Assoc
2006;296(6).679-90.

6. Mills EJ, NACHEGA JB, Bangsberg DR, Singh S, Rachlis B, Wu P, Wilson K, Gill
CJ, Cooper C. Adherence to Antiretroviral Therapy: A Systematic Review

Examining Developed and Developing-Nation Patient Reported Barriers and
Facilitators. PLoSMedicine 2006;3(11).e438.

-11 -



7. NACHEGA JB, Stein D, Halathso D, Mothopeng R, Chaisson RE, Karstaedt A.
Adherence to Antiretroviral Therapy in HIV-infected South African Adults. AIDS
Res Hum Retro 2004;20(10}):1053-6.

GLOSSARY

AfA
AIDS
ANOVA
AUC
CD4 count
Ci
CROI
DNA
EFV
GFATM
HAART
Hiv

HR

QR
RIS
KM
MEMS

ul.

mb
NNRTI
NRTI
NVP
OR
PEPFAR
Pi
PMTCT
RNA
ROC
RR

RT

B
UNAIDS
WHO

Aid for AIDS

Acquired Immune Deficiency Syndrome
Analysis of Variance

Area Under the Curve

CD4" T cell count

Confidence Interval

Conference on Retroviruses and Opportunistic Infections
Deoxyribonucleic Acid

Efavirenz

Global Fund Against AIDS, Tuberculosis and Malaria
Highly Active Antiretroviral Therapy

Human Immunodeficiency Virus

Hazard Ratio

Interquartile Range

Immune Reconstitution Inflammatory Syndrome
Kaplan Meier

Medication Event Monitoring System or Electronic
Medication Monitoring System

Microlitres

Millilitres

Non-Nucleoside Reverse Transcriptase Inhibitor
Nucleoside Reverse Transcriptase Inhibitor
Nevirapine

Odds Ratio

Presidential Emergency Plan for AIDS Relief
Protease Inhibitor

Prevention of Mother-to-Child HIV Transmission
Ribonucleic Acid

Receiver Operating Characteristic

Relative Risk

Reverse Transcriptase

Tuberculosis

Joint United Nations Programme on HIV/AIDS
World Health Organization

-12 -



List of Tables

Chapter 2

Table 1. Overall Analysis Plan: Method of analysis, Primary endpoints, and
statistical techniques used to investigate each Specific Aim.

Table 2. Power to detect effect sizes when Total Sample Size (N) = 2000
{Specific Aims 1 and 2).

Table 3. Power when Total Sample Size (N) = 2000 (Specific Aim 3).

Table 4. Power for various choices for R%, the Hazards Ratio, and the Overall
Event Rate for Specific Aim 4

Chapter 3

Table 1. Baseline Characteristics of Study Population, According to
Achievement of Sustained Virologic Suppression < 400 copies /mi.

Table 2. Adjusted Associations Between Patient Characteristics and Time to
Viral Load Suppression < 400 copies/mL and Time to Subseqguent
Virologic Failure.

Chapter 4

Table 1. Baseline Characteristics of the Study Population at Initiation of HAART
by Adherence Level (N = 6,288).

Table 2. Crude Relative Hazards of Death, by Level of HAART Adherence (N =
6,288).

Table 3. Dependence of Relative Hazards of Death Estimates on Analytical Lag
Period.

Table 4. Adjusted and Unadjusted Relative Hazards of Death by Baseline
Factors Among 6,288 HIV-1-Infected Patients at HAART Initiation.

Chapter 5
Table 1. Characteristics of Study Population, by Initial NNRTI Regimen.

Table 2. Adjusted Associations between Patient Characteristics and Time to
Initial Viral Suppression <400 copies/ml..

Table 3. Adjusted Associations betwaen Patient Characteristics and Time fo
Study Outcomes.

Chapter 6
Table 1. Demographic and clinical characteristics of study population.

Table 2. Relative risks for virologic suppression in adolescents, compared to
adults,

Table 3. Relative risks for virologic rebound in adolescents, compared to adults.

Page

59
61

64
65

77

82

g7
99
100

101

116
120

121

140
141

143

-13 -



Chapter 7

Table 1. Baseline and heaith care cost characteristics of study cohort by quartile
of adherence

Table 2. Log-binomial regression analysis of factors associated with health care
cost above the median

Table 3. Log-binomial regression analysis of factors associated with being
hospitalized and hospital charge above the median among ever-
hospitalized patients

List of Figures

Chapter 1
Figure 1. Stopping antiviral drugs of different half-lives. (Adapted from [20])
Figure 2. Determinants of Drug Efficacy for HIV Therapeutics. [21]

Figure 3. Meta-analysis of published studies showing antiretroviral therapy
adherence in HAART-naive patients from sub-Saharan Africa. [35]

Figure 4. Meta-analysis of published studies showing antiretroviral therapy
adherence in both experienced and HAART-naive patients from North
America. [35]

Figure 5. Hypothetical curve demonstrating relationship between adherence and
development of drug resistance.[49]

Figure 6. Resistance risk by adherence and regimen class (Adapted from [51])

Chapter 2

Figure 1. Power vs. Odds Ratio by baseline probability of viral load suppression
or death with a hypothetical N = 2000 and covariates correlation (R?)
=0.04

Figure 2. Power vs. Odds Ratio by baseline probability of viral load suppression
or death with a hypothetical N = 2000 and covariates correlation (R?)
=1.2

Figure 3. Power vs. Odds Ratio by baseline probability of viral load suppression
or death with a hypothetical N = 2000 and covariates correlation (R?)
= (.36

Figure 4. Power versus Hazard Ratio of virologic failure by varying covariates
correlation and event rates of 0.10

Figure 5. Power vs. Log of baseline hazard ratio of virologic failure by covariates
coefficient with event rate of 0.10

Figure 6. Power versus log of hazard ratio of virologic failure with event rate of
0.80

156
162

165

Page

23
25
27

28

33

35

62

62

63

64
66

66

- 14 -



Chapter 3

Figure 1. Proportion of patients at each level of pharmacy-claim adherence to
NNRTI-based HAART with sustained viral suppression < 400
copies/mbL

Figure 2. Pharmacy-claim adherence to NNRTI-based HAART and viral
suppression < 400 copies/ml within specified time strata after HAART
initiation

Figure 3. Kaplan-Meier piot of patients with sustained HIV RNA <400

copies/mi. after initial viral suppression, by levels of pharmacy-claim
adherence

Chapter 4
Figure 1. Study profile and oufcomes

Figure 2. Kaplan-Meier product limit estimates of cumulative progression to
death by HAART adherence, as assessed by pharmacy claims (N =
6,288).

Chapter 5
Figure 1. Characterization of Study Participants

Figure 2. Time to Virologic Failure for Patients with 100% Pharmacy Claim
Adherence and Those with <100% Adherence, by Initial NNRTI

Figure 3. Time fo Virologic Failure for Patients with 280% Pharmacy Claim
Adherence and Those with <80% Adherence, by Initial NNRTI

Figure 4. Time to Virologic Failure for Patients with 280% Pharmacy Claim
Adherence and Those with <80% Adherence, by Initial NNRTI

Figure 5. Time to Virologic Suppression, by Initial and Second NNRT! Regimen

Chapter 6

Figure 1. Time to rebound in adolescents compared to adults (P for log-rank test
=0.1)

Chapter 7

Figure 1. Contributions to total cost of each cost category for each adherence
quartile (1st = highest adherence quartile)

Figure 2. Boxplots of health care cost areas by quartile adherence.
Figure 3. Monthly health care costs by baseline CD4 cell count.

Figure 4. Proportion of each adherence quartile hospitalised since beginning
HAART.

78

78

82

94
102

118
123

123

124

125

143

157

158
160
163

« 15 -



 ABSTRACT

Background: Adherence to highly active antiretroviral therapy (HAART) is
among the most important predictors of treatment effectiveness for people
infected with Human Immunodeficiency Virus (HIV), the virus that causes
Acquired Immune Deficiency Syndrome (AIDS). However, it is unclear how
adherence should best be monitored in large HIV programs in sub-Saharan
Africa where treatment is being scaled up. Furthermore, the precise relationship
between adherence and healthcare burden and costs is not well defined. This
dissertation presents the results of evaluating pharmacy refill claims data as a
measure of HAART adherence and of determining the association between
HAART pharmacy-claim adherence and virologic and clinical outcomes, including
survival, and costs in HIV-1-infected patients enrolled in Aid for AIDS, a private-
sector HIV/AIDS management programme operating in nine countries in
southern Africa. Aid for AIDS collects demographic and longitudinal clinical data
on participants. Patients in the program are started on HAART once they reach a
certain CD4" T cell count level or develop an AIDS-defining iliness, and a
monthly claim submitted to the patient’s health insurance provides
reimbursement for the cost of HAART regimen.

Design and Methods: These investigations were accornplished using
observational cohort studies. Pharmécy and clinical records of patients who
enrolled in Aid for AIDS between 1998 and 2007 and who began receiving
HAART at some point during that period were included. Pharmacy claim
adherence is expressed as a percentage, calculated as the number of months
with claims submitted divided by the number of complete months between the
date of HAART commencement and (a) death, (b) withdrawal from the AfA
program, or (c) study end, and the result multiplied by 100. The specific aims
were: 1) To determine the impact of adherence as evaluated by pharmacy claim
data on time to virologic suppression as well as time to failure after initial virologic

suppression; 2) To determine whether there is an association between
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pharmacy-claim adherence and survival; 3) To compare pharmacy-claim
adherence by initial non-nucleoside reverse transcriptase inhibitor-based
regimens (in particular Nevirapine vs. Efavirenz) and by virologic and ci‘inical
outcomes; 4) To compare adults to adolescents in terms of adherence measured
by pharmacy claim data, clinical outcomes and virologic outcomes; 5) To

evaluate the impact of pharmacy-claim adherence on direct health care costs.

Results: Of the 6288 Aid for AIDS registrants who began HAART between
January 1999 and August 2004, 3805 (61%) were female and 6094 (97%) were
black African. HAART adherence was >or= 80% for 3298 patients (52%) and
was 100% for 1916 patients (30%). Women were significantly more likely to have
adherence >or= 80% than men (54% vs 49%, P<0.001). The median
(interquartile range) follow-up time was 1.8 (1.37-2.5) years. As of 1 September
2004, 222 patients had died, resulting in a crude mortality rate of 3.5%. In a
multivariate Cox regression model, adherence <80% was associated with lower
survival (relative hazard 3.23; 95% confidence interval: 2.37-4.39). When
medication adherence was divided into five strata with a width of 20% each, each
stratum had lower survival rates than the adjacent higher-adherence stratum. in
‘a subset of 2821 patients started on non-nucleoside reverse transcriptase
inhibitor-based HAART, each 10% increase in pharmacy claim adherence
greater than 50% was associated with a mean absolute increase of 0.10 in the
proportion of patients with sustained virologic suppression (defined as viral load
<400 copies/mL) (P < 0.001). Predictors for shorter time to virologic failure after
initial suppression in multivariable Cox regression included CD4" T-cell counts of
500 x 10° cells/mL or less (hazard ratio, 1.60 [95% CI: 1.22 to 2.10] vs. CD4" T-
cell counts >200 x 10° cells/mL), baseline viral load greater than 10° copies/mL
(hazard ratio, 1.39 [Cl: 1.14 to 1.70}]), nevirapine-based regimen (hazard ratio,
1.43 [Cl: 1.16 to 1.75]), and Ibw pharmacy claim adherence (hazard ratio, 1.58
[Cl: 1.48 to 1.69], per 10% decrease in adherence to 50%). In an analysis of 154
adolescents [age 11 to 19 years] compared to 7622 adults [age 220 years],
adolescents did not have significantly increased times to initial virologic
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suppression <400 copies/mL (HR 0.86; 95% Cl 0.70-1.05). However, after
achieving initial suppression, adolescents had shorter times to virologic rebound
>400 copies/mL (HR 2.1; 95% CI 0.63-1); this finding was restricted to patients
who failed to maintain 100% adherence. Adolescents were more likely to have
lower pharmacy claims adherence than adults. In a final analysis, poor pharmacy
claim adherence was associated with greater hospitalisation costs.

Significance of this work: Pharmacy refill claims are an effective tool to
estimate HAART adherence. This is believed to be the first demonstration of a
linear association between adherence and virologic outcomes for patients on
NNRTI-based HIV therapy, a finding that has important clinical and public health
implications both in Africa and in developed countries. This is also believed to be
the first investigation to show the association between adherence and survival in
Africa, and the first evidence from Africa that efavirenz is superior to nevirapine
when considering both virologic endpoints and clinical endpoints and when taking
into account adherence to therapy. This work is also believed to be the first to
show that adherence in adolescents in southern Africa is worse than in adults, a
discovery that requires further investigation to identify reasons and to tailor
appropriate interventions to improve adherence in this population. And finally,
this is the first report that adherence correlates with inpatient hospitalisation
costs.

Conclusion: This work shows that pharmacy refill or claim data may be a

simple and effective population-level tool for monitoring treatment adherence and
predicting treatment effectiveness as HAART programs in Africa are scaled up.
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Chapter 1

Introduction and Literature Review

The HIV/AIDS Epidemic in sub-Saharan Africa

Of the world's estimated 35 million people living with HIV in 2007, roughly
68% live in sub-Saharan Africa.[1,2] Although domestic and international efforts
to stabilize and reduce HIV incidence in sub-Saharan Africa have achieved
notable accomplishments, success has been inconsistent. [3] Recently, in
countries such as Uganda and Kenya, the national HIV prevalence has been
reduced to less than 10%.[1] Southern Africa, however, remains one of the
hardest hit by HIV. The latest report from UNAIDS suggests that this region is
home to 35% of all people living with HIV infection and 32% of all deaths due to
HIV/AIDS.[1] Because of a change in methodology and improvement in
countries' disease-monitoring programmes [2], it is difficult to compare the most
recent adult HIV statistics with those published in earlier years. However,
according to these new figures, eight countries of southern Africa still have HIV-
infection prevalence in excess of 15%.[1] In sub-Saharan Africa, AIDS is still the
single largest cause of mortality, claiming the lives of 1.6 million adults and

children in 2007 alone.[1]

Access to Antiretroviral Therapy in Africa
Until a few years ago, HIV infection almost always led to an early death

from AIDS. However, since the advent of highly active antiretroviral therapy
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(HAART), the disease largely has been transfofmed into a treatable and chronic
condition-in developed countries. For individuals with access to HAART, a
treatment cocktail combining three or more antiretroviral drugs, the risk of
opportunistic infection and death has plummeted [4-7]. The use of HAART has
additional public health benefits, reducing vertical [8,9] and possibly horizontal
transmission [10].

Although HAART has had a major impact on HIV infection in developed
countries, its public heaith‘impact in developing nations has been limited, even
though 95% of the 36 million HIV-infected individuals in the world live in low-
income countries.[1] It is estimated that by December 20086, close to 2,015,000
people living with HIV/AIDS (1.8-2.2 million) were receiving treatment in low- and
middle-income countries. In sub-Saharan Africa, close to 1.3 million are receiving
antiretroviral therapy HAART for a coverage of 28% of the infected population,
whereas three years ago only 100,000 were on treatment for a coverage of only
2%. While antiretroviral therapy coverage still needs to increase in developing
countries, the rate of increase in antiretroviral access over just a few years is
encouraging [2]. As an example, WHO estimates indicate that as of June 2006,
the proportion of patients requiring urgent access and currently receiving ART
was 65% in Botswana, 24% in Burkina Faso, 17% in Cameroon, 16.2 % in Cote
d’lvoire, 3.3% in the DRC, 8% in Nigeria, 37% in Rwanda, 18.8% in South Africa,
3.2% in Tanzania, and 61% in Uganda.[11,12] In Malawi, only 16.5% of patients

requiring immediate treatment are receiving HAART, but therapy is being scaled
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up in the Zomba district at a relatively unprecedented rate of 250 patients per
month.

HAART's benefits in managing HiV-infected patients are clearly dramatic
and life-prolonging, but the costs, feasibility, and lack of effective delivery
methods remain formidable barriers to the effective and sustainable scale-up of
treatment in developing countries. [13] Because of these barriers, routine use of
HAART in sub-Saharan Africa and in Asia was considered to be impossible until
just a few years ago. |

The effort to bring anti-HIV therapies to developing countries is evolving
and continues to be a major theme for the public health community,
pharmaceutical companies, and governmental and non-governmental
organizations. AIDS researchers in sub-Saharan Africa have been working to
demonstrate the feasibility of both treatment of HIV and prevention of
transmission in this setting. Activists are working diligently to make antiretroviral
drugs more accessible through a variety of means, while international initiatives
to increase access to HAART in sub-Saharan Africa and other resource-poor
settings include discounts and marketplace competition for AIDS drugs.
Examples of this include the "Accelerating Access” initiative from major

pharmaceutical companies in collaboration with UNAIDS, and offers of reduced

pricing and simplified dosing (fixed-dose formulations) from generic drug makers,

including Cipla and Ranbaxy of India. These and other efforts have been
supported in part by the U.S. President's Emergency Plan for AIDS Relief

(PEPFAR) and the United Nations Global Fund to Fight AIDS, Tuberculosis and
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Malaria (GFATM). Promising results from some of the first studies on the
feasibility and early outcomes of providing HAART to large populations in
resource-limited settings clearly support the effectiveness of treatment in

developing countries [14,15].

Antiretroviral Treatment Adherence

Medication adherence typically refers to the extent to which individuals
take medications as prescribed. Optimal adherence can been defined based on
the virologic, immune, and clinical outcomes of patients whose adherence was
measured during longitudinal studies. For the old unboosted protease inhibitor
(P1) -based ART regimens, Paterson et al. described optimal outcome in patients
who take 295% of the medications prescribed by their physician. [16] Currently,
NNRTI-based HAART is the mainstay of initial HIV treatment in sub-Saharan
Africa. While early versions of HAART required >95% adherence to be effective,
accumulating data shows that NNRTI therapy can suppress HIV at moderate
adherence (70-90%). [17-19, Chapter 3].

NNRTIs' longer half-life may lead to better virologic suppression at
moderate adherence rates, but paradoxically lead to prolonged monotherapy and
resistance during a treatment interruption, such as occurs when transport
barriers prevent patients from obtaining refills (Figure 1). Indeed, a study in
Kampala, Uganda, [17] of patients purchasing generic antiretroviral fixed-dose

NNRTI-based combination therapy found that 65% had a treatment interruption
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medication adherence played by the heaith care system, including the
development and availability of potent medications, prescription of these drugs,
and regular patient access to health care and to medication, as well as by
patients' own behavioural, social and cultural contributions (Figure 2). All of these

factors must come together to allow excellent adherence.

The fragility of this pathway to adherence is jeopardized by the complexity
of antiretroviral regimens. As an example, a South African patient taking the first-
line HAART regimen must take five pills in 24 hours, which is much more
complex than the regimen for patients who can afford combination pills that
include several drugs in a single pill. In order to remain >85% adherent to ART,
a patient could miss no more than seven out of the 150 pills the patient takes per
month, and for maximal efficacy the 150 pills must be taken at the prescribed
time. Moreover, like any other substance in the bloodstream, antiretroviral drugs
are metabolized and excreted as time passes. [21] When patients do not
accurately adhere to their regimen schedule and instead take their drugs too late
or too early, blood concentrations can drop below the level necessary to
suppress HIV, which may lead to drug resistance, disease progression and

death, or rise to levels that are hazardous to the patient because of drug toxicity.
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Figure 2. Determinants of Drug Efficacy for HIV Therapeutics. [21]
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Effectively exéanding or scaling up HAART access in countries with
limited resources will depend on the local infrastructure and available resources.
These aspects are important not just for delivering HAART and providing heaith
care, but in monitoring treatment adherence, one of the most important predictors
of therapeutic effectiveness in both developed and developing countries. Indeed,
at the time the studies described herein were begun, adherence to HAART had
been shown to be a major predictor of viral suppression of HIV replication
[16,22,23},' emergence of drug resistance [24-26], disease progression [27], and
death [28,29].

Although adherence is increasingly recognized as a critical factor in

treatment effectiveness, there is an urgent need for the development and
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| implementation of simplified, standardized treatment and monitoring algorithms
that will facilitate roll-out and scale-up of programs and enable counselling and
follow-up of patients, as recently recommended by WHO guidelines [2]. Required
aspects of infrastructure include not only mechanisms to obtain and dispense
drugs, but also to teach patients about adverse side effects, adherence and

lifestyle modifications to improve treatment effectiveness.

Adherence in Sub-Saharan Africa

Historically, there has been an expectation of poor adherence in Africa
[30,31] expressed at high levels of international agency decision-making [32]
that has arguably contributed to the delay in antiretroviral roll-out [33]. Yet,
until my colleagues and | conducted a meta-analysis to assess adherence in
Africa, decisions regarding adherence had been based on anecdote and
personal values. In our international research collaborative study published to
coincide with the International AIDS Society (IAS) Conference in 2006, we
examined reported levels of adherence measured in a variety of ways,
including pill-counts, pharmacy refill data, electronic medication monitoring
systems (MEMS), and self-report. [34] We found that, on average, 77% of
African HAART patients (5% Confidence Entefval [Cl}: 68-85%) met the
standard definition of good clinical adherence (280%) (Figure 3) compared to

55% (95% Cl: 49-62%) of North American patients (Figure 4).
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Figure 3. Meta-analysis of published studies showing antiretroviral therapy
adherence in HAART-naive patients from sub-Saharan Africa. [34]
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Figure 4. Meta-analysis of published studies showing overall antiretroviral therapy
adherence in both experienced and HAART-naive patients from North America [34]
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This finding has had important i‘mptications for international assistance
regarding improved access to HAART and was referred to by former U.S.
President Bill Clinton at the 2006 |AS Conference as the “nail in the coffin” on
discrimination regarding drug access. [35] The finding clearly indicated that there
were erroneous assumptions about adherence in poverty-affected populations

“that adversely affected treatment, access, and clinical care.

Given the individual and public health implications associated with
adherence to HAART, there is a need for a greater understanding of actual
adherence rates within specific populations. In addition to evaluating levels of
adherence, it is important to examine reasons for poor adherence and possible
motivators to improve adherence.[36] A review of the literature shows that the
most important and prevalent factors reported to negatively impact adherence in
sub-Saharan Africa are: cost [36-39]; non-disclosure to a loved one or fear of
being stigmatized [38,40]; alcohol abuse [36]; and difficult drug regimens [37 ,41];
Studies report that the majority of patients accessing ART have disclosed their
HIV status to family or friends [42,43] and that those who have not appear to do
worse on therapy [38,40]. Patients who do not disclose their infection are likely to
have frequent treatment interruption due to the fact that tablets must be hidden
and not taken in the presence of others. Encouraging voluntary HIV status
disclosure in a community with access to ART may result in improved uptake of
voluntary counseling and testing (VCT) and may help decrease stigma and

improve adherence, although findings of qualitative studies should not be
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generalized. Preliminary, as-yet unpublished data from the 2006 Dignitas Baseline
Survey (DBS) suggests wide variance in urban and rural adherence patterns and
identifies some factors that may affect adherence, such as transport costs to and
from clinics, clinical oversight and access to pharmacy refills. [Ed Milis, PhD,
personal communication]

Very few interventions have been designed that have successfully

demonstrated improved adherence, and most have been limited to North

American settings. [44] Knowledge of effective adherence interventions in African

settings is limited. One of the most controversial program components of HAART
- scale-up in developing countries, including Malawi, is whether there is a need for
intensive interventions such as directly observed therapy of ART, known as DOT-
HAART. By having a close family member or friend to whom the patient has
voluntarily disclosed their HIV status observe a patient actually take each dose,
DOT-HAART is proposed to influence patient outcomes. Indeed, in settings with

high HIV status disclosure rates, community-based DOT-HAART with a patient-

nominated treatment accompagnateur or supporter [15,45] has been reported to

be feasible and to help improve or maintain high levels of ART adherence.
However, in order to separate the influence of DOT-HAART from a constellation
of other services provided by the treatment program, this finding still needs to be
confirmed in well-conducted randomized trials, which are underway in several
African countries. Furthermore, patients who are not able fo disclose due to fear

of stigma, discrimination, or violence would need other culturally sensitive
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adherence interventibns. Other methods, such as long-term clinic-based DOT-
HAART, may prove to be unfeasible given the lifelong nature of HIV treatment
and paucity of clinic settings.

However, because adherence is so important for treatment effectiveness,
it is critical to establish a reliable, cost-effective method for determining or
estimating adherence and, eventually, to use that method to evaluate adapted,

culturally appropriate interventions to improve adherence.

Relationship between Adherence and Drug Resistance

The phenomenon of HIV drug resistance continues to receive major
attention because it not only threatens the patient in which it develops, but has
the potential to undermine our ability to fight the HIV/AIDS pandemic by
rendering current treatments ineffective, especially in the developing world where
HIV salvage therapy is very costly and drugs may not even be available. [46] Like
any evolutionary change, the development of resistance first occurs with a
mutation of the genetic material responsible for the overall structure or function of
an organism or virus. Experts estimate that a mutation occurs in the HIV genome
once every time it is replicated because viral enzymes lack the proof-reading
mechanisms that help limit the mutation rate in mammalian cells. [47] Therefore
the potential mutation rate in HIV can be quite high if virus replication is not
suppressed by medication.

It is worth noting that not all mutations have the same impact; most either

have no effect or are detrimental to the virus in some way. Occasionally though,
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a genetic mutation alters an HIV particle in a way that makes it impervious to a
medication in HAART. Usually the mutant HIV particle is in some way less fit
than the standard, or wild-type, strain. However, when the second ingredient for
evolution, selection pressure, is added, the mutant may gain the advantage.
Selection pressure occurs when HAART incapacitates the wild-type strain, but is
ineffective against the mutant strain, allowing it to replicate unchecked.
Eventually the resistant strain is able to expand and dominate the HIV population
in that individual.

it is a common belief that non-adherence to medication breeds drug-
resistance. However, taking into account the evolutionary model of resistance,
one can see that the reiationship between adherence and resistance is much
more complex. This relationship is not simply linear but parabolic (Figure 5). ltis
true that at the highest levels of adherence the threat of resistance is lowest
because mutations cannot occur without replication. A review of studies
addressing the adherence and resistance relationship reported that “the
likelihood of accumulating new mutations will increase sharply with even small
departures from perfect adherence, with a rise to 1.9 times higher with individuals
with 90% adherence." [48] Therefore, while exceptional adherence effectively
prevents resistance by stopping viral replication, moderate adherence can allow
slow progression toward resistance.

However, the relationship between adherence and resistance is shaped
by the fact that most mutant strains are less fit than the wild-type strains, which

means a certain level of selection pressure is required before the mutant strains
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Figure 5. Hypothetical curve demonstrating relationship between
adherence and development of drug resistance. [48]
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are able to out-compete the wild-type strains. As a result, low levels of
adherence do not impose the necessary selection pressure on the HIV
population and so mutant strains or quasi species persist at only very low levels
and resistance is less likely; of course low adherence is not advisable since it
allows the wild-type virus to replicate unchecked, leading to disease progression.
[560] This ‘u-shaped’ relationship leaves moderately adherent patients at the
greatest risk for the development of resistance. [48]

Recent work by Bangsberg and colleagues found that this relationship
between adherence and drug resistance differs depending on the antiretroviral
drug class. [50,51] Indeed, they showed that NNRTI-based drug regimens are

more likely to produce resistance than Pl-based because of several factors. First,
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NNRTIs act on HiV's reverse transcriptase (RT) at an area removed from the
active site—the location required for enzymatic activity—so NNRTI-resistance
changes have little effect on RT’s overall function and hence little impact on viral
fitness. Also, the high potency and extended half-life of NNRTIs increase both
the magnitude and duration of selection pressure and therefore promote greater
resistance development even under conditions of very poor adherence or
treatment discontinuation. [50,51] Finally, there is a low genetic barrier to
resistance mutations for current NNRTIs, which exacerbates other factors
affecting the adherence-resistance relationship for current NNRTIs. As a
consequence, the threat of resistance to today's NNRTIs is highest at low
adherence, rather than at moderate adherence, because even the lowest
concentrations of these NNRTIs create enough selection pressure to affect HIV
(Figure 6). Protease inhibitors (Pls) and nucleoside reverse transcriptase
inhibitors (NRTIs) require multiple mutations, each of which alters enzyme
function and could make the virus less fit. [52] It is therefore not surprising that

NNRTI resistance is seen more often than Pl or NRTI resistance.
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measurement methods, and reported that physician assessment and self-report
were the least accurate, pill counts were intermediate, and electronic drug
monitoring provided the most accurate surrogate of antiretroviral adherence [58].

Of note, studies of adherence measures typically rely on limited
assessment of criterion-related forms of validity such as predictive or concurrent
validity. In most cases, validation of an adherence measure is based on how well
the measure predicts virologic outcomes. [54] While this ability is of central
importance, accurate prediction of virologic outcome provides only limited
information about what is actually being measured in terms of adherence
behaviour. In addition, some have argued that virologic failure is an inadequate
indicator of non-adherence, as several other factors (e.g., viral mutations, HIV
viremia at initiation of therapy, potency of the therapy prescribed, individual
differences in absorption, and drug interactions) also mediate virologic outcomes.
[56,59] Assessments of content validity (i.e., how well the measurement items
represent the entire universe of items or domain being assessed) and construct

validity (i.e., how well a measure reflects some underlying construct or latent
variable) are rare [57], and to our knowledge have only been evaluated in one
very small study from Uganda, by Oyugi et al. [60]

Problems related to adherence measurement have been perpetuated by
the‘use of the single term ‘adherence’ to refer to various adherence behaviours.
In the case of adherence to HAART, full adherence involves a series of distinct
behaviours, including continuing access to treatment, timely refilling of a

prescription, correctly counting medications, and ensuring that medications are
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taken at the right time of day and in accordance with dietary guidelines. The
cognitive and behavioural tasks that comprise “adherence” include both
prospective and retrospective memory components [61], as patients must not
only remember when to perform the adherence behaviour, but they also must
remember what the behaviour consists of. Below, the different adherence

measurement methods available are reviewed.

PiLL COuNT

Two types of pill counts have been used to measure medication-quantity
adherence. Announced pill counts occur when patients bring their pill bottles to a
practitioner who counts the remaining medications to determine the number of
medications not consumed. A second type is an unannounced visit to a patient
for the purpose of pill counting. [62] Adherence measured by pill count is
calculated by dividing the number of pills taken by the number prescribed.

Studies employing pill counts have shown moderate associations with
surrogate markers of adherence such as viral load and CD4 cell count. [54,62,63]
However, in studies comparing several measures of adherence, pill counts have
been found to be inferior to other methods, in particular electronic MEMS
(Medication Event Monitoring System) and composite adherence measures,
[54,66] although studies have reported that unannounced pill counts are more
predictive of viral load than self-reported adherence measures. [64]

There are several limitations associated with pill count methods. First, as

for any other adherence measure which does not demonstrate patients’
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medication ingestion or therapeutic plasma drug levels, pill counts only measure
medication-quantity adherence, and therefore associations with virologic
outcomes can be contaminated by other unmeasured adherence behaviours. In
addition, investigators must assume that medications missing at time of the pill
count have been consumed. Pill counts also provide an estimate of average
adherence and do not capture drug "holidays" [65]. Furthermore, when compared
with other measures, some have argued that pill counts tend to overestimate
adherence [63] because some subjects may dump pills prior to counting [66]. In
terms of feasibility, pill counts are time-consuming and may seem overly
paternalistic to some patients. [56] Unannounced pill counts, although they may
be superior, are costly and likely will only be a research tool. For these reasons,
and the problem of patients forgetting to bring pill bottles for counting, pill counts

are not ideal for routine clinical settings.

MEDICATION EVENT MONITORING SYSTEM (MEMS)

Medication Event Monitoring Systems (MEMS), also known as electronic
medication monitoring systems, are being used increasingly in studies of
adherence. [22] These systems use a microchip placed in a medication bottle
cap that records the date and time of openings and closings of the cap. [67] The
bottles are placed on a communicator that downloads and displays all openings
and closings for up to 30 days. The software computes the percentage of time
the patient had drug coverage based on recorded dose events (i.e., openings)
and the prescribed time interval between doses. [68] This method of adherence

assessment is considered by many to be the most objective and accurate
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method of adherence measurement [56,68,69], but it is rarely used in developing

seftings [22].

Adherence to antiretroviral therapy as evaiuated by MEMS technology has
been associated with virologic and immunological outcomes [16,23,53,64,70]. in
addition, longitudinal and cross-sectional comparisons of multiple adherence
measures have found that MEMS-measured adherence was more strongly
associated with virologic outcome than other measures such as pill counts, self-
reported adherence, and pharmacy refills. [23,53,54,64,71,72]

Despite these encouraging findings, there are numerdus shortcomings for
this approach. First, while MEMS is generally used to obtain information
concerning medication-quantity and medication-interval adherence, MEMS, in
fact, measures nothing other than pill bottle openings and cannot distinguish
between a proper dose and issues such as patients taking out several pills during
one bottle opening (also known as "pocket doses") as well as “curiosity events”,
when patients open the pill bottle out of curiosity but do not remove a pill. [16,64]
Another problem arises because subjects are restricted to use of the MEMS cap
and bottle and cannot use pillboxes, which are memory aids that increase
medication adherence. [73] In addition, system malfunction and incorrect use of
MEMS have forced exclusion of some patients in adherence assessments in
some studies. [63,74]

In terms of feasibility, electronic monitoring technology is difficult to
implement. A single MEMS cap costs approximately US$100 and can only be

used by one patient at a time. [75] In addition, use of these devices may threaten
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patient privacy and alter pill-taking behaviour as clients are forced to carry

around larger or unusual pill containers. [76]

PHARMACY REFILL OR CLAIMS

Pharmacy data have been used éxtensively to calculate medication
adherence. [77,78] Pharmacy refill is defined as the number of times that
medicines have been dispensed, whereas pharmacy claims refer to the number
of times medicines were dispensed and subsequently claimed to gain
reimbursement. The most common method of pharmacy refill adherence
measurement examines the number of prescriptions picked up, although some
investigators have studied medication gaps or treatment interruptions. [78] In its
simplest form, medication availability is calculated as either the number of
months or days’ supply obtained divided by the total number of months or days in
the period or the number of refills obtained divided by the expected number of
refills in a given time period [78].

Several studies have shown moderate to strong associations between
pharmacy-based adherence measurements and various indices of disease
progression, including virologic outcome, CD4"T-cell count, and AlDS-related
mortality. [71,77-81] Published studies from developed settings have found a
statistically significant linear trend for viral suppression across five strata of
adherence as measured by pharmacy—baséd adherence. [79] However, other
studies have found weak or no associations between pharmacy-based

adherence and measures of disease progression, likely due to low statistical
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power. Finaily, other investigators have reported that pharmacy-based

adherence measurement is inferior to measures such as MEMS. [71,82]

The predictive validity of pharmacy records reported by various
investigators is surprising given that pharmacy records only measure medication
pick-up adherence. It can be assumed that some individuals who fill their
prescriptions do not consume all their medications and/or do not consume them
on the prescribed schedule, and therefore this method may overestimate
adherence. However, the advantages of this approach include the lack of
participation required from patients and problems associated with patient
involvement for other methods, including time involved, inaccurate recall and
socially desirable responding associated with self-report. [77] While pharmacy-
based adherence measurement is often easily obtained through computerized
data linkages, this approach may be time consuming and less accessible for
clinicians.

Despite the possible disadvantages, as a measure of adherence,
pharmacy-based data (refills and claims) are relatively simple to collect and
therefore may be suitable as an adherence-monitoring tool in large HIV
programs. Pharmacy refill data have previously been validated as a measure of
adherence in HIV-1-infected adults, but only in developed-country settings
[77,79]. One way to evaluate pharmacy data measures is to define their

association with outcomes in large cohort from a “real-world” setting.
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SELF-REPORTED ADHERENCE

Self-report is the most commonly used method for assessing adherence to
HAART due to ease of implementation and low cost, although there are
considerable differences in the composition of self-report measures. [55] While
most measures focus on measuring medication-quantity adherence, the specific
survey items differ greatly in the use of anchors, including use of visual aids, and
the number of days on which subjects are asked to report.

A meta-analysis found that self-reported measures do predict clinical
outcomes associated with adherence fairly reliably. [55] This is consistent with
several earlier studies examining the relationship between self-reported
adherence and virologic outcomes, antiretroviral plasma levels, and other clinical
outcomes. [19,83-87] However, studies comparing self-reported adherence to
other measures have repeatedly found that self-report measures likely
overestimate adherence and have weaker associations with virologic outcome
than do objective measures. [54,56,64,67,69] However, self-report measures do
not always overestimate adherence, and, to date, there is no evidence |
supporting this assumption in Africa. [60]

Suggestions that self-report measures overestimate adherence are
typically attributed to patients' tendency to provide socially desirable responses.
[88] However, this is likely an overly simple explanation for the observed
discrepancies between objective measures of adherence and self-reported
adherence. One obvious problem with self-reported adherence stems from the

fact that subjects might have difficulty accurately recalling what they did or forgot
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to do in the course of a day. Recent studies in cognitive science have indicated
that while people generally remember memory successes in everyday life, our
ability to remember that we have forgotten to do a particular thing is poor. [89,90]

There are measurement issues unique to self-report methods. One
problem is that these measures do not provide continuous assessment of
adherence due to the time parameters commonly used. The intervals used are
often too short to capture ﬂucfuations in adherence to dose schedules that may
occur over weeks or months. Indeed, Lui et al. demonstrated that MEMS and pill
counts produce adherence patterns with greater variation than self-report

measures. [54] However, the accuracy of adherence recall will likely diminish as

the period covered is increased.

Conclusion

Adherence to antiretroviral treatment is a critical factor in the success or
failure of therapy for HIV infection, but no one method for measurement or
estimation of adherence has been widely accepted. To monitor effectiveness of
treatment and to intervene to optimize or improve treatment effectiveness as
HAART scale-up proceeds in resource-limited settings such as sub-Saharan

Africa, it is necessary to select a simple, affordable adherence method for use in

these settings and to validate its usefulness.
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Chapter 2

Description of the Study Population, Design and Methods

Hypothesis

' The hypothesis driving these investigations was that pharmacy-claim
( adherence would be an appropriate and easy-to-ascertain method to estimate
Jl adhefence to antiretroviral treatment regimens in a private sector HIV-disease
l management programme in southern Africa, and that, as an estimate of actual
} adherence, pharmacy-claim adherence would be associated with clinical and
virologic outcomes, including survival, and direct health care costs, and tha‘t
pharmacy-claim adherence and outcomes are likely to depend on patient age

(adult vs. adolescent) and the NNRTI used.

Overall Objective and Specific Aims

The long-term primary objective of this study was to validate pharmacy claim

data as an adherence monitoring tool in HIV-infected patients in sub-Saharan

Africa.

3 The specific aims of this study were:

1. To determine the impact of adherence as evaluated by pharmacy data on
time to virologic suppression as well as time to failure after initial virologic

suppression in HiV-infected patients on non-nucleoside reverse transcriptase

inhibitor (NNRTI)-based regimens (Chapter 3)
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2. To determine whether there is an association between pharmacy-claim
adherence and sﬁrviva! (Chapter 4),

3. To compare the effects of pharmacy-claim adherence by initial NNRTI-based
Regimens (Efavirenz vs. Nevirapine) on virologic and clinical outcomes
(Chapter 5);

4. To compare adults vs. adolescents with respect to pharmacy-claim
adherence, clinical outcomes, and virologic outcomes (Chapter 6);

5. To evaluate the association between pharmacy-claim adherence and direct

health care costs (Chapter 7).

Overview of Design, Patient Cohort and Statistical Considerations

DesiGN

These specific aims were investigated using observational cohort studies.

PATIENT COHORT: THE' AID FOR AlDS PROGRAMME

Data was obtained from records of HIV-1-infected patients enrolled in Aid
for AIDS, a private-sector disease management programme available to
beneficiaries of contracted medical insurance funds (subsidized by employers) in
nine countries in southern Africa (South Africa, Malawi, Botswana, Zimbabwe,
Namibia, Zambia, Mozambique, Lesotho, Swaziland) (See registration form in
Appendix #1). Roughly 42,000 patients are currently [March 2008] registered in
Aid for AIDS. The number of patients eligible for each analysis and the number

within each analysis who were lost to follow-up or who died are reported within
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each chapter. Patient data and pharmacy claims have been recorded by Aid for
AIDS since June 1998. With the patient's permission, baseline demographic and
clinical data, inc;luding' CD4" T-cell count, HIV-1 RNA levels, and prior history of
HAART, are captured in the Aid for AIDS database upon application for the
program. Acceptance is subject to confirmation of HIV-1 infection and proof of
eligibility. Once enrolled, patients with a CD4" T-cell count <350 cells/uL. on 2
occasions or with an AIDS-defining condition are eligible for HAART. The
regimen prescribed included at least 3 medications, either 2 nucleoside reverse
transcriptase inhibitors (NRTIs) plus 1 non-nucleocside reverse transcriptase
inhibitor (NNRTI), or 2 NRTIS plus 1 protease inhibitor (Pl) (ritonavir-boosted
saquinavir, indinavir or lopinavir). The NNRTI-based HAART was strongly
preferred as a first-line regimen per WHO recommendations. [1]

Patients obtain authorization for reimbursement of HAART expenditure by
their medical insurance fund subject to (a) receipt of a prescription for HAART
from their physician, and (b) review and approval of the prescription by Aid for
AIDS clinical staff in accordance with pre-specified clinical guidelines (Appendix
#2). A uniform 30-day (1-month) supply of the HAART regimen is dispensed to
patients, either at their local pharmacy or via confidential mail-order pharmacy.

For reimbursement, a claim must be submitted to the patient's health
insurance fund. Each claim contains information about the dispensed date,
specific medication regimen, and quantity supplied. Nearly all antiretroviral-
related claims received are reimbursed withéut any patient co-payment. All

claims are processed through the coordinating centre at the Aid for AIDS Cape
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Town office. Claims include the drug names and date of the prescription refill.

There was no differential delay between countries or sites within countries with
respect to returning prescriptions for processing.

Data are captured to the database via a "Disease Management System”
which is designed to allow capture and display of all relevant patient treatment,
results and comments. While enrolled in Aid for AIDS, patients are seen by their
individual private doctors and not by the programme or special clinics. Patient
calls to a dedicated phone line will reach specially trained Aid for AIDS
adherence counsellors who focus on the clinical and psychological aspects of
HIV and its treatment. These patient calls are routed by Aid for AIDS call centre
agents to one of four adherence coordinators per site (See Appendix 4 for full job
description of adherence counsellors).

Semi-annual measurement of CD4" count and viral load is recommended,
but physicians are free to choose the timing and the laboratory in which these
testsvare performed (fully reimbursed). Physicians are asked to use the same
laboratory for follow-up measurements, but the specific viral load assays used
are not recorded. Therefore the cutoff limit for undetectable viral load (<50 vs.
<400 copies/mL) for each measurement is not known, and so a level of <400
copies/mL was defined as evidence of viral suppression for these studies.

During follow-up, deaths were identified by notification from the attending
medical practitioner, hospital case manager (for in-hospital deaths), medical fund

administrator, or family member. Patients who elected to leave their insurance
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fund or whose insurance fund changed to a different disease-management

program were censored as lost to follow-up at the date of departure.

IDENTIFICATION OF STUDY SUBJECTS

Roughly 42,000 patients are currently registered in Aid for AIDS dataset
from which the cohort samples for the studies herein were randomly selected.
Each chapter of this thesis contains detailed inclusion critefia for the specific aim
investigated. In general, to be included in this thesis, Aid for AIDS registrants
needed to fulfill the following requiréments: be domiciled in southern Africa;
belong to a medical scheme; have claims data available for HAART énd other
medicines, hospitalizations, investigations, general practitioners and specialists
consultations etc. (for adherehce and cost evaluation in Chapter 7); have enough
data to generate adherence measures {i.e. have at least 6 months of follow-up);
be HAART-naive (medical records indicate no HAART use prior to initiation of
HAART under Aid for AIDS); and have claimed at least 1 month of HAART
between January 1999 and March 2006. Of note, for specific aim#1 and #3, only

patients initiated on NNRTI-based HAART regimen were included (N= 2,817).

OVERALL ANALYSIS PLAN
As mentioned earlier, pharmacy refill is defined here as the number of
times that medicines have been dispensed, whereas pharmacy claims refer to

the number of times medicines were dispensed and subsequently claimed to

gain reimbursement. Adherence for the studies herein is based on pharmacy



claims, which imply that refills have occurred. The overall analysis plan for the

specific aims presented in this thesis is shown in Table 1. For details see

subsequent chapters.

Regulatory Approvals

These studies were approved by the University of Cape Town Research

Ethics Committee and the Aid for AIDS Clinical Advisory Committee and Board,

Cape Town, South Africa, and by the Johns Hopkins Bloomberg School of Public

Health's Committee on Human Research, Baltimore, MD.

Table 1. Method of analysis, Primary endpoints, and statistical techniques used to
investigate each Specific Aim. For details see subsequent chapters.

SPECIFIC ANALYSIS ENDPOINT STATISTICAL
AIM(S) TECHNIQUES
Viral suppression Proportion of patients with X* analysis
1,3 OR Viral rebound V6i.< 400 o/mi (binary) or | Adjusted logistic regression
after initial Time to Viral Log-Linear Regression
suppression Suppression/Rebound Kaplan-Meier & Cox
regression
X* analysis (binary)
2 Survival All-cause mortality (binary) | Adjusted logistic regression
K-M & Cox regression
12,345 Proportion of patients with X* analysis (binary
Pharmacy-claim 100% adherence (binary) exposure/ouicome)
Adherence and by pre-defined strata | Adjusted logistic regression
Wilcoxon rank-sum test or
5 Cost analysis Monthly inflation adjusted ANOVA

direct care costs
nus$

Adijusted linear regression
L.og-Linear Regression
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Power Justification

in this section, we calculate that a sample size of a hypothefical 2000
patients has at least 80% power for the primary analyses of Aims 1-5. The
power and sample size calculations were conducted using the software program
PASS © [2] which uses methods described in Hsieh et al. [3], Shoenfeld [4],and

Desu [5].

Aims 1 and 2: The primary goal of Aim 1 was to determine the proportion
of patients achieving viral suppression at all measurements from one month after
HAART initiation until the end of the follow-up period, accounting for other
variables of interest. The primary goal of Aim 2 was to determine whether there
is an association between pharmacy-claim adherence and all-cause mortality,
accounting for other variables of interest. The analysis of Qata for both aims
used logistic regression. For purposes of the sample size and power
calculations, baseline probabilities of virologic suppression occurring (when all
the other variables of interest were at their mean values) of 0.1, 0.4, and 0.7
were explored. The same baseline probabilities were used for death (Aim 2).
Correlation between covariates of 0.2, 0.4, and 0.6 (R? = 0.04, 0.16, and 0.36)
were explored (Table 2 and Figures 1, 2 and 3), where R? is the squared-
correlation achieved when the primary predictor of interest (adherence) is
regressed on the other independent variables in the regression. Even for
relatively small effect sizes (OR = 1.3 or higher), the power is 80% or higher for

the parameter configurations considered.
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using the Kruskal-Wallis test, a non-parametric version of the Analysis of
Variance (ANOVA). For purposes of the sample size and power calculation, the
total cost excluding costs of HAART and viral load and CD4" mea’sureménts
(HAART-out) was examined. The mean direct health care costs excluding
HAART and viral load/CD4" measurements for the 1% (highest), 2™, 3", and 4™
(lowest) adherence quartiles were 155, 164.6, 178.9, and 199.7 (based on
previous results). To perform the sample size calculation, cost was considered to
follow a gamma distribution with a shape parameter of 2.0 (medium positive
skewness). The sample sizes for each category were chosen to be 500. Given

these inputs, 100% power was achieved.

General Limitations

Using Aid for AIDS patients for our study population creates some general
limitations for the results reported herein. First, Aid for AlDS is a private care
setting, and so our patient cohort may not share characteristics with other
populations in Africa. As a result, the potential to generalize the findings in this
thesis within the Aid for AIDS population or to other settings (e.g. public sector) in
Africa may be limited.

However, the particular individuals included in each analysis are likely to
be representative of other participants in Aid for AIDS because our study
population is a large random sample of the patienfs from whom data could be
generated and who met inclusion criteria for each specific aim. Furthermore, the

findings in this thesis may be generalizable to the public-sector patient population
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because the relationship between adherence and biological variables (e.g., HIV
viral load) is unlikely to be influenced by factors such as socioeconomic status
that may differ for public-sector programs. Moreover, our findings showing
usefulness of pharmacy data as an adherence monitoring tool has been
confirmed by studies from other investigators in public-sector settings both in
developed countries [6] and recently in a large PEPFAR-funded public-sector
HAART program in Zambia [7]. These validations of the association between
pharmacy data and virologic outcomes provide strong evidence of the
universality of this approach for monitoring effectiveness of antiretroviral therapy
in countries hit hard by the AIDS epidemic like South Africa. [8]

The use of pharmacy claims to calculate adherence presents limitations.
For instance, there is no evidence that pharmacy claim or refill data reflect the
number of pills taken correctly by a patient. As a result, claims data may
underestimate adherence if not all medications taken were claimed or if some
were obtained via refill outside of the Aid for AIDS program, or it may
overestimate adherence if some number of the pills claimed were not taken
appropriately or if not all of the claimed medications were taken. However, a
number of studies have found that refill compliance correlates well with other
compliance behaviours such as appointment keeping, medication consumption
[9] or viral load suppression [7,10]. It may be reasonably assumed that patients
would not continue to refill a prescription (or, in this case, to claim medication)
without intending to adhere [11]. In any case, the results presented in this thesis

suggest that pharmacy claims or refill may be appropriately used as a program-
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level HAART adherence measure, regardless of whether pharmacy claims

directly correlate with consumption.
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Chapter 3

Relationship between Antiretroviral Adherence and
Virologic Outcomes in Patients on NNRTI-based
Antiretroviral Therapy

Introduction

Adherence to highly active antiretroviral therapy (HAART) has been
shown to be a major predictor of viral suppression of HIV replication [1-3],
emergence of drug resistance [4-6], disease progression [7] and death [8-10].
When un-boosted protease inhibitor (Pl)-based HAART regimens are used,
nearly perfect adherence (295%) is required for sustained virologic suppression
[2], and emergence of drug resistance is highest at intermediate levels (70-90%)
of édherence [5,11].

However, data from a prospective study conducted by Maggiolo and
colleagues in Italy suggest that at intermediate levels of adherence patients on
non-nucleoside reverse transcriptase inhibitor (NNRT!)-based regimens may
have higher rates of viral suppression than those on un-boosted Pl-based
regimens. [12] Similarly, a study of homeless/indigent antiretroviral-experienced
HIV patients in San Francisco found that, in contrast to patients on un-boosted
protease inhibitors, about 70% of patients on NNRTIl-based HAART with
intermediate adherence (70%-90% as evaluated by pill count or electronic
monitor) achieved undetectable viral load (<400 copies/mL) and lower levels of
drug resistance compared to patients with low (0%-50%) adherence. [13,14]

These studies were limited by small sample size and reduced generalizability to
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other populations. As a result, it remains unclear whether the relationship
between adherence and viral suppression in patients taking NNRTI-based
HAART resembles a linear dose-response or a threshold adherence level, below
which virologic failure rapidly increases.

NNRTI-based HAART is not only the preferred option for first-line
treatment of HIV/AIDS worldwide [15,16], but also in the scale-up of HAART
programs in resource-limited settings [17]. Given the importance of adherence for
treatment success, it is also important to select and validate a method of
estimating treatment adherence during HAART scale-up in resource-limited
settings. One way to validate pharmacy-claims adherence as a useful tool is to
determine its association with both virologic and clinical (death) outcomes, and to
do so not in well controlled environment such as clinical trials, but in routine

clinical practice that offers a “real-world” setting.

Materials and Methods
Study Participants

inclusion criteria: All Aid for AIDS participants who: (a) qualified for and
claimed at least one month of NNRTI-based HAART between January 1998 and
March 2003; (b) were 218 years old at HAART initiation; (¢) had no indication of
prior HAART therapy in the medical record provided by the medical
practitioner/attending doctor; (d) had HIV-1 RNA >400 copies/mL at HAART
initiation and (e) had at least one follow-up viral load measurement recorded

between 30 and 365 days after initiating HAART.
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Measurement of Plasma HIV-1 RNA
As stated earlier, the frequency and timing of viral load measurements and
the pathology laboratory used for analysis were at the discretion of the treating

physician. The assay used to measure viral load was not recorded.

Operational Definitions, Outcome Measures, and Exploratory Variables
Pharmacy claim adherence was expressed as a percentage, calculated as
the number of months with HAART claims submitted, divided by the number of
complete months from HAART commencement to either (a) death, (b) withdrawal
from the Aid for AIDS program, or (c) study end (September 1, 2004) with the
result multiplied by 100. Patients were categorized into seven groups based on
calculated pharmacy-claim adherence: <50%, 50%-59%, 60%-69%, 70%~79%,
80%—89%, 90%—99%, and 100%. Strata in increments of 10% were defined a
priori; patients having <50% adherence are reported as a single stratum due to
small sample size. The primary outcome was proportion of patients achieving
viral suppression, defined as HIV RNA level <400 copies/mL., at all
measurements from one month after HAART initiation until the end of the follow-
up period. The proportion of patients achieving this viral suppression at their first
viral load measurement in pre-defined six-month strata (3-9 months, 9-15
months, 15-21 months, and 21-27 months) was also measured. Age, gender,
race, baseline CD4" T-cell count, specific NNRTI prescribed, date of HAART

initiation, and baseline plasma HIV-1 RNA levels were investigated in relation to
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both pharmacy-claim adherence and viral suppression in univariate and
multivariate analyses.

Additional analyses were performed with the endpoints of time to viral
suppression (HIV-1 RNA < 400 copies/mL), as well as time to viral load rebound
(>400 copies/mL}) among those patients who achieved initial viral suppression
<400 copies/mL. In these analyses, patients who switched to protease inhibitor-
based therapy were censored at the time of the switch, with the assumption that,
at that time, the patient had a similar suppression status as at his/her last viral

load measurement.

Statistical Analysis

Differences in baseline characteristics were assessed with two-sample
Student's f tests (continuous variables) and y? tests (categorical variables).
Mean absolute increase in the proportion of patients achieving sustained viral
suppression, per 10% increase in pharmacy-claim adherence, was calculated by
variance-weighted, least squares regression (adherence modeled as
categorical). To do this, sustained viral suppression was used as a binary-
coded, dependent variable among patients with at least 50% adherence.
Kaplan-Meier plots and log-rank tests were used to examine survival by strata of
medication adherence. Cox proportional hazards regression was used to model
the individual and simultaneous effects of baseline variables and medication
adherence on time to viral suppression or failure. Plots of -log[-log(survival)]

against log(analysis time) and analysis of scaled Schoenfeld residuals were used
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to assess the proportionality assumption. All available variables were included a
priori in muitivariable models and were stratified into discrete categories, as
follows: viral suppression (greater or less than 400 copies/mL), gender
(maleffemale), race (black/other), HIV-1 RNA (greater or less than 5 logy
copies/mL), HAART regimen (efavirenz- or nevirapine-based) and date of
HAART initiation (in four calendar-year strata). All P values reported are exact
and 2-tailed, with a value of <0.05 considered statistically significant. Statistical
analyses were performed using STATA Release 8.0 (Stata Corporation, College

Station, TX, USA).

RESULTS

2,821 patients meeting all inclusion criteria were identified, of whom 1,822
(64.6%) were on efavirenz- and 999 (35.4%) on nevirapine-based regimens. The
mean age (standard deviation) at HAART initiation was 37.0 (7.8) years; 1,775
patients (62.9%) were female, and 2,734 (96.9%) were black Africans (Table 2).
The median (interquartile range) follow-up period was 2.2 (1.7-2.7) years, and
median (interquartile range) frequency of viral load measurement was 1.2 (0.7-
1.7) measurements per year. Of viral load measurements <400 copies/mL
(5,513 [75.6%)] of 7,290 total measurements), 65.9% were recorded as <50
copies/ml., 22.1% as <400 copies/mL, and 11.9% were recorded as between 50-
400 copies/mL. The median (interquartile range) CD4" T-cell counts at HAART
initiation for males and females were 130 (56-211) and 157 (69-236) cells/uL

(P=0.002), respectively. The median (interquartile range) HIV-1 RNA levels at
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HAART initiation for males and females were 5.1 (4.6-5.6) and 5.2 (4.7-5.6) log1o
copies/mL, respectively (P=0.184).

A significant dose-response relationship was identified between viral load
suppression and pharmacy claim adherence across all adherence strata. Rates
of sustained viral suppression in the seven adherence strata from <50% to 100%
were 13% (41/325), 25% (51/202), 39% (78/200), 45% (116/258), 59%
(287/489), 69% (241/350), and 73% (725/997), respectively (Table 1 and Figure
1). Thus, using simple linear regression, every 10% increase in adherence—
above 50%—was associated with a mean absolute increase of 0.10 in the
proportion of patients achieving sustained viral suppression of <400 copies/mL.
In pairwise comparisons, each stratum of increased adherence had significantly
(p<0.004) higher rates of sustained viral suppression than the preceding stratum,
except for the comparisons of 100% vs. 90%-99% (p=0.168) and 60%-69% vs.
70%-79% adherence (p=0.20). Similarly, pharmacy-claim adherence, modelled
as a continuous variable among patients with adherence >50%, was significantly
associated with odds of achieving persistent viral suppression (p<0.001).
Examination of sub-strata within the <50% adherence stratum (e.g., 40%-49%)
suggested a similar dose-response pattern but this finding was limited by small
sample size. A similar dose-response pattern, with viral suppression rates
consistently over 70% in patients who achieved pharmacy-claim adherence rates
of 80% or better, was seen when outcome was measured as viral suppression

<400 copies/mL at the first viral load measurement within four pre-specified time
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Table 1. Baseline Characteristics of Study Population, According to
Achievement of Sustained Virologic Suppression < 400 copies /mL

Variable Patients with Patients Total P value”
sustained without {N =2821)
virologic sustained
suppression® virologic
{N=1539) suppression
{(N=1282)

Age: Mean (sd) 37.2(7.9) 36.7(7.7) 37.0(7.8) 0.052

Gender 0.045
Male 545 (35.4) 501 (39.1) 1046 (37.1)

Female 994 (64.6) 781 (60.9) 1775 (62.9)

Race 0.012
Black 1480 (86.2) 1254 (97.8) 2734 (96.9)

Other 59 (3.8) 28{2.2) 87 (3.1)

Baseline CD4 <0.001
<50 286 (18.6) 299 {23.3) 585 (20.7)

51-200 698 (45.3) 602 (47.0) 1300 (46.1)

>200 555 (36.1) 381 (29.7) 936 (33.2)

Baseline VL <0.001
<10° 711 (46.2) 445 (34.7) 1156 (41.0)
>10° 828 (53.8) 837 (65.3) 1665 (59.0)

NNRTI <0.001
Efavirenz 1056 (68.6) 766 (59.8) 1822 (64.6)
Nevirapine 483 (31.4) 516 (40.2) 999 (35.4)

NRTI <0.001
3TC + ZDV 1228 (79.8) 962 (75.0) 2190 (77.8)
3TC + d4T 56 (3.6) 56 (1.9) 80 (2.8)
d4T + ddl 246 (16.0) 277 (21.6) 523 (18.5)

ddi + ZDV 9 (0.6) 19 (1.5) 28 (1.0}

Date of HAART <0.001

start

1998-2000 21(1.4) 36 (2.8) 57 (2.0)

2001 503 (32.7) 582 (45.4) 1085 {38.5)

2002 917 (59.6) 586 (46.5) 1513 {53.6)

2003 98 (6.4) 68 (5.3) 166 (5.9)
Pharmacy-claim <00.001
adherence

<50% 41 (2.7) 284 (22.1) 325 (11.5)

50-59% 51 {3.3) 151 (11.8) 202 (7.2)

60-69% 78 (5.1) 122 (9.5) 200 (7.1)

70-79% 116 (7.5) 142 (11.1) 258 (9.2)

80-83% 287 (18.7) 202 (15.8) 489 (17.3)

50-99% 241 (15.7) 109 (8.5) 350 (12.4)

100% 725 (47.1) 272 (21.2) 997 (35.3)

* Defined as less than 400 copies/mL at all of measured time points during follow-up.
® Based on the chi-square test {3 ) with one degree of freedom, comparing patients who
did or did not achleve sustained virologic suppression.
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that claims should not be used to predict individual outcomes, particularly in the

months immediately after HAART initiation.

In this observational cohort study, half of enrolled HIV-1-infected patients
claimed more than 80% of their prescriptions, and one third claimed <60%. For
patients who had been on HAART for at ieast 12 months, 62% claimed >75% of
their prescriptions. These rates are relatively lower than those reported in studies
from developed countries that used pharmacy records. Hogg et al. [2] reported
that among 1,282 HIV-1-infected individuals, 74% had adherence >75% and 57%
had adherence >95% in their first year on HAART, based on pharmacy refill data.
In addition, in a 1-year retrospective review of pharmacy refill data for 100
patients in Canada, Ostrop et al reported >80% adherence in 75% of patients. [4]
The lower rate of adherence found in this study also differs from previous studies
in sub-Saharan Africa that reported a high proportion (>80%) of patients with
excellent (>95%) adherence [5-8] using different adherence measures and in
developed countries (mean adherence range: 54%-84%) using electronic bottle
monitors. [9-13] This discrepancy is likely to reflect difference in adherence
measurement tools used or a selection bias leading to overestimation of
preliminary studies reported from Africa [14-18], most of which were cross-
sectional, measured adherence by self-report, were with short-term follow-up,
and included patients participating in ongoing randomized {rials with rigorous
exclusion criteria and substantial structural support. it is also likely that the

adherence support and treatment readiness programs in the public sector could
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result in higher adherence than individualized private doctors can accomplish in

the private sector.

Given the direct dose-response relationship between pharmacy-claim
adherence and both virologic outcomes (Chapter 3) and survival, and the need to
evaluate pharmacy-data as a tool for public HIV/AIDS programs, such as those
sponsored by public agencies (GFATM, PEPFAR, Meédecins Sans Frontiéres), it
could be useful for those programs to consider tracking pharmacy data as a
measure of adherence. Such public-private partnerships are essential in
countries such as South Africa, where the private sector has greater

resources.[19]
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and nevirapine at 48 weeks (viral load <50 copies/mL in 70% and 65% of
subjects, respectively; p=0.193).[3] However, nevirapine could not be declared
non-inferior as the investigator could not show equivalence within the 10% limits
of the treatment groups even though the study was adequately powered for such
an analysis and nevirapine was associated with more serjous toxicity (including 2
deaths).[3] Moreover, in a collaborative study of 12 cohorts from Europe and
North America, as well as in a cohort of Velerans Affairs patients in the United
States, efavirenz was associated with better virologic outcomes than was
nevirapine.[4,5] Furthermore, meta-analyses of data from clinical trials, mostly
conducted in the developed world, suggest that efavirenz-based regimens
achieve higher rates of virologic suppression than do nevirapine-containing
regimens.[6]

Currently, when used with two NRTls, efavirenz is recommended over
nevirapine for initia! treatment by both the U.S. Department of Health and Human
Services [7] and the International AIDS Society-USA guidelines [8], based on its
more favorable toxicity profile and efficacy data from multiple clinical trials.[5,9-
12] A World Health Organization survey, however, found that most (67%)
countries in sub-Saharan Africa recommended a first-line regimen of stavudine
(d4T), lamivudine (3TC) and nevirapine.[13]

Reasons for the wider use of nevirapine in sub-Saharan Africa include its
low cost, availability in generic, fixed-dose, combination regimens (stavudine-

lamivudine-nevirapine prescribed as Triomune® or Maxivir® in Africa, at a cost of
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Median (interquartile range [IQR]) length of follow-up was 1.9 (1.0-2.6)
years among patients started on nevirapine and 2.0 (1.3-2.6) among those
started on efavirenz (p=0.009 for difference; Table 1). During this time, patients

started on nevirapine were significantly less likely than those started on
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Figure 1. Characterization of Study Participants

2817 Patients Eligible for Primary Analysis:
Antiretroviral-Naive Adulis Started on NNRTI-Based HAART
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1163 (63.8%) Completed
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Table 2. Adjusted Associations between Patient Characteristics and Time to Initial

Viral Suppression <400 copies/ml

Yariable

Univariate HR {85% CI)

Multivariate HR {95% Cl1)°

NNRTI
Efavirenz
Nevirapine

Age
(per 10 years)

Sex
Male
Female

Race
Black
Other

Baseline CD4"
<50
51-200
>200

Baseline viral load
<10°
>10°

pMTCT
Yes
No

NRTI pair
3TC + ZDV
3TC +d47
ddT + ddi
ddl + ZDV

Year of HAART start

1998-2000

2001

2002

2003
Pharmacy-claim
adherence

50% vs. <50%

per 10% increase

above 50%

1.21 (1.10-1.33)
1

1.04 (0.99-1.10)

1
1.20 {1.10-1.32)

0.84 (0.66-1.07)
1

1
1.02 (0.91-1.15)
1.14 (1.00-1.28)
1.28 (1.17-1.40)
1

1.10 (0.94-1.28)
1
1
1.55 (1.22-1.97)
0.92 (0.82-1.03)
0.44 (0.25-0.78)

1.00 (0.72-1.39)

22 (1.11-1.33)
13 (0.93-1.37)

[ N NN

1.05(0.77-1.42)
1.14 (1.11-1.18)

1.27 (1.15-1.40)
1

1.05 (0.99-1.11)

1
1.11(1.01-1.22)

0.87 (0.68-1.11)
1

1
0.95 (0.84-1.06)
1.12 (0.98-1.27)

1.41(1.28-1.55)
1

1.27 (1.07-1.50)
1

1
1.08 (0.84-1.37)
0.82 (0.73-0.92)
0.43 (0.23-0.79)

2.27 (1.58-3.27)
1

1.23(1.12-1.36)
1.08 (0.88-1.33)

0.84 (0.61-1.14)
1.15(1.12-1.18)

“Adjusted for all other variables in the table, plus frequency of viral load measurement and time fo
measurement of first viral load.





































(10]

(111

2006. http:Haidsinfo.nih.gov/contentfiles/AdultandAdolescentGL . pdf

Accessed May 24, 2007,

Hammer SM, Saag MS, Schechter M, et al. Treatment for aduit HIV infection:
2008 recommendations of the International AIDS Society-USA panel. JAMA
20086;296:827-43.

Staszewski S, Morales-Ramirez JO, Godofsky EW, ef al. Efavirenz plus
zidovudine and lamivudine, efavirenz plus indinavir, and indinavir plus zidovudine
plus lamivudine in the treatment of HIV-1 infection in adults. N Engf J Med
1999;341:1865-73.

Gulick RM, Ribaudo HJ, Shikuma CM, et al. Triple-nucleoside regimens versus
efavirenz-containing regimens for the initial treatment of HIV-1 infection. N Engl J
Med 2004;350:1850-61,

Gallant JE, Staszewski S, Pozniak AL, et al. Efficacy and safety of tenofovir DF
vs, stavudine in combination therapy in antiretroviral therapy-naive patients: a 3-
vear randomized trial. JAMA 2004,292:191-201.

Pozniak A, Gallant JE, Deldesus E, et al. Tenofovir disoproxil fumarate,
emtricitabine, and efavirenz versus fixed-dose zidovudine/lamivudine and
efavirenz in antiretroviral-naive patients: virologic, immunologic, and morphologic
changes--a 96-week analysis. J Acquir immune Defic Syndr 2006,43(5).535-40.
Munderi P. Towards the ideal first-line aduit regime. Cral presentation at the
round table 2: Ideal HIV Therapy in Africa (WHO/ICASA). Monday, Dec 5, 2005,
15:30. The 14" International Conference on AIDS and STis in Africa (ICASA), 4-

8 December 2005, Abuja, Nigeria.

132




(19]

Ovugi JH, Byakika-Tusiimeb J, Raglandd K, et al. Treatment interruptions predict

resistance in HiV-paositive individuals purchasing fixed-dose combination
antiretroviral therapy in Kampala, Uganda. AIDS 2007,21:965-71.

Antiretroviral therapy price list. Available at: hitp//www aidforaids.co.za/pages/4-
clinical%20care/AFA%20Pricelist.pdf  Accessed July 29, 2007.

AFA Clinical Guidelines. Available at: hitp://www .aidforaids.co.za . Accessed
October 29, 20086,

Nunez M, Soriano V, Martin-Carbonero, et al. SENC (Spanish efavirenz vs
nevirapine comparison) trial: a randomized, open-label study in HIV-infected
naive individuals, HIV Clin Trials 2002:3.186-94.

Hitti J, Frenkel LM, Stek AM, et al; for the PACTG 1022 Study Team. Maternal
toxicity with continuous nevirapine in pregnancy: results from PACTG 1022, J
Acquir immune Defic Syndr 2004,36:772-6.

Boehringer- Ingetheim, Ridgefield, CT--Viramune. Package Insert. Warning about
increased risk of hepatotoxicity in HiV-infected wornen with CD4 count greater
than 250 cells/mm?.

South African Department of Health. Guidelines on Antiretroviral Therapy 2004.
Pretoria, South Africa: Ministry of Health, 2004,

Centers for Disease Control and Prevention. Notice to readers: Updated
guidelings for the use of rifamycins for the treatment of tuberculosis among HIV
infected patients taking protease inhibitors or non-nucleoside reverse

transcriptase inhibitors. MMWER 2004,53:37.

133













known prior exposure to ART; (2) age 211 years old at ART initiation; (3) at least

6 months of follow-up data available; (4) baseline (pre-ART) HIV viral load >400
copies/mL; and (5) at least one known viral load measurement after ART
initiation. Follow-up continued from initiation of ART until a) change in ART
regimen, b) loss to follow-up, ¢) death, or d) study end in February 2007 (six

months after the last eligibility date).

Our primary analyses compared adolescents (defined as age 11-19
years) to adults (age 220 years), based on age at ART initiation. The primary
outcomes were virologic suppression (HIV viral load 2400 copies/mL) and viral
rebound, defined as virologic failure (viral load >400 copies/mL) after achieving
virologic suppression. The cutoff of 400 copies/mL was selected because
measurements were performed at a variety of laboratories, some of which
measured HIV viral load using assays with a limit of detection of 400 copies/mL.
Adherence was classified as <50%, 51-67%, 68-84%, 85-89% and 100% of
possible pharmacy refills. Other covariates in the analysis included sex, race,
CD4" T-cell count and viral load at programme enrolment, year of ART initiation

and number of viral load measurements.

Statistical analysis
Two analytic methods to compare virologic suppression in adolescents

versus adults were used. In the first, four pre-specified time points +/- 3 months
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Table 1. Demographic and clinical characteristics of study population

\ Adolescent Adult Total +
Variable (n = 154) (n =7.622) (n=7.776) P

Age, yrs* 16.4 (11.8-18.8)  36.1 (31.5-42.0) 36 {31.2-41.9)  <0.001

Female, n (%) 112 (72.7) 4,749 (62.3) 4,861 (62.5) 0.01

Black, n (%) 125 (84.0) 7,301 (95.8) 7,426 (95.8) 0.28

Baseline® CD4" T-cell
count, cells/uL* 144 (27-246) 146 (64-242) 146 (64-242) 0.24

Baseline® viral load, logs,-
copies/mL, n (%) 5.1(4.5-58) 5.1 (4.6-5.5) 5.1(4.6-5.5) 0.59

Follow-up time, mos” 27 (18.1-43.7)  36.9(236-54.5) 36.7 (23.4-54.4)  <0.001

i*of viral loads per patient, 2(1-3) 2 (1-4) 2 (1-4) 0.007

CD4" T-cell count, cell/ul*

6 months 295 (135-482) 246 (142-377) 247 (142-378) 0.28
12 months 281 (154-538) 276 (159-412) 276 (159-413) 0.96
18 months 263 (157-439) 308 (177-464) 308 (177-464) 0.72
24 months 172 (44-451) 339 (187-496) 338 (186-496) 0.02

Pharmacy-claim adherence

at specified times post-

ART, %~ 1
6 months 66.7 (50.0-83.3) 83.3 (5.0-100) 83.3(50.0-100) <0.00
12 months 66.7 (41.7-83.3)  83.3(50.0-100) 83.3 (50.0-100)  0.001
24 months 62.5(33.3-80.0) 80.0(50.0-95.8) 80.0(50.0-95.8) <0.001
Total 72.7 (36.5-95.8) 81.0(50.0-95.8) 81.0(50.0-95.8) 0.15

100% Adherence, n (%)

& months 17/82 {20.7} 2835/7005 (40.5) 2852/7087 (40.2) <0.001
12 months 1177 (14.3)  1868/6693 (27.9) 1879/6770 (27.8)  0.007
24 months 4/61 (6.8) 1173/5684 (20.8)  1177/5745 (20.5) 0.004
Viral suppression, n (%)
8 months 58/92 (63.0) 2711/3812 (69.3) 2769/4004 (69.2) 0.20
12 months 32/70(45.7) 1982/3180 (62.1) 2014/3260 (61.8) 0.006
18 months 24/53 {(45.3) 1651/2741 (60.2) 1675/2794 (60.0)  0.03
24 months 17/39 (43.6) 14566/2337 (62.3)  1473/2376 (62.0) 0.02
Viral rebound, n (%)
8 months 14/45 (31.1) 396/2,390 (16.8)  410/2435 (16.8) 0.02
12 months 14/33 (42.4) 384/1905 (20.2)  398/1938 (20.5) 0.004
18 months 7/18 (38.9) 335/1560 (21.5)  342/1578 (21.7) 0.09
24 months 6/16 (37.5) 297/1229 (24.2)  303/1245 (24.3) 0.24
Ever-suppressed, n (%) 93/154 (60.4) 85504/7622 (72.2y 5597/7776 (72.0) 0.002

* Data are given as median (inter-guartile range)

T P-values are calculated using Wilcoxon rank-sum test for continuous variables and Fisher’s
exact test for binary variables.

1 Data collected at program enroliment.
&The denominator consists only of patients who had initially suppressed viral load
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Chapter 7

Pharmacy Claim-Adherence Predicts Direct Health Care Costs
for HIV-infected Adults

INTRODUCTION

Previous studies have shown that antiretroviral therapy (ART) is cost-
effective for HIV-infected patients in both resource-rich [1] and resource-limited
settings [2,3]. Adherence to ART is known to influence virologic outcomes [4],
drug resistance [5,6] and survival [7, and see Chapter 3]. However, the
relationship between adherence and overall healthcare costs or healthcare
burden is not well defined. Cost models suggest that excellent adherence would
be cost-effective [8], and a recent review shows that health care costs are higher
for people with more advanced disease [9]. For example, a 2002 study in France
estimated that the average cost (in 2001 U.S. dollars) of treating a patient with a
CD4" T-cell count >500 cells/mL was $1015, while the average cost of treating a
patient during a month in which an AIDS-defining event occurred was $3,795,

and during a patient's last month of life was $14,655. [10]

The most robust cost data is from developed countries [9]. Thus, itis
increasingly important to measure treatment-related costs in resource-limited
settings where advanced end-of-life care may be unavailable, and the burden of

HIVIAIDS is greatest. Studies of HiV-related costs in resource-limited settings
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MATERIALS AND METHODS

Study Population

This retrospective cohort analysis includes all HIV/AIDS patients from Aid
for AIDS over a 5 year period from March 19, 1899, to September 1, 2004. We
included all participants who met the following eligibility criteria: () at least 18
years old; (b) qualified for ART for at least six months and submitted claims; (c)
antiretroviral treatment-naive upon entry to the Aid for AIDS database.
Pharmacy-claim adherence was expressed as a percentage, calculated
Adherence was calculated as the number of months with ART claims submitied,
divided by the number of complete months from ART commencement, to
withdrawal from the Aid for AIDS program, or study end, with the result multiplied
by 100.

Treatment costs were obtained directly from the Aid for AIDS database and
were categorized into physician consultations, hospitalisations, investigations,
non-ART medications, ART, and other costs. The primary sources of medical
cost data were claims from physicians, hospitals, laboratories, and pharmacies.
Direct monthly costs per patient were categorized as above and were totalled
both with ART and laboratory investigations (CD4" T-cell count and Viral Load)
expenses (ART & labs-in) and excluding ART and laboratory investigations
expenses (ART & Investigations-out). Due to data restrictions, these analyses

were conducted from the perspective of a third-party payer, and so costs to
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RESULTS

A total of 4,631 patients met study inclusion criteria. The demographic,
clinical and health care cost characteristics of study population are shown in
Table 1. Median (Inter-quartile range, IQR) age was 36.4 (31.6-41.9) years,
59.8% of patients (n=2,768) were female; 98% (n=1,135) were black. Median
(IQR) duration of follow-up was 29 (24-36) months, of which 14 (10-20) were
HAART-authorized. The median (IQR) CD4" cell count at entry was 155 (67-
234) cells/ul., and viral load was 5.2 (47-56) logio copies/mL. Pharmacy-claim
adherence medians (total range) for the 1st through the 4th quartile were 100%
(95.7-100%), 90% (83.3-95.7%), 70.6% (52.6-83.3%), and 30% (3.2-52.6%),
respectively. Overall median (IQR) monthly cost areas were $288.38 ($165.29-
$402.83) for HAART; $34.53 ($0-$174.12) for hospitalisations; $40.74 ($23.35-
$69.42) for consultations; $64.32 ($37.78-$98.9) for investigations; $41.04
($23.96-$62.3) for non-ART medications; and $17.16 ($3.09-3$36.65) for other
costs. Overall proportion of patients who had ever been hospitalised was 61.7%
and median (IQR) monthly hospital charge of this subset was $563 ($388-$796).
HAART was responsible for more than twice as many charges as any other cost
category in total costs (ART was 45%, hospitalisations, the second largest factor,
were 22% of total costs), but hospitalisation costs increased with lower

adherence (15% to 38% of total costs from 1% to 4™ quartile) (Figure 1).
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male sex (RR: 0.83; Cl: 0.79-0.87), and higher baseline CD4" T-cell count (RR:
0.92; Cl: 0.9-0.94). Those significantly associated with higher probability of being
hospitalized included non-black race (RR: 1.11; Cl: 0.98-1.26), higher baseline
viral load measurements (RR: 1.06; Cl: 1.03-1.1), and Iowevr adherence rate
(RRs [Cl] comparing higher to lower strata vs. highest 6ne were 1.13 [1.06-1.21],

1.14 [1.07-1.23], and 1.24 [1.16-1.33], respectively) (Table 3).

Among those having ever been hospitalised, median (IQR) monthly
hospital charges were $123 ($48-$272), $120 ($43-$262), $128 ($54-$303), and
$146 ($61-3$336) from highest to lowest adherence strata (P for trend across
strata <0.001) (Table 1 and Figure 5). Lower baseline CD4" count sign‘iﬁcantly
incurred higher hospital charge (median [IQR] monthly hospital charges were
$178 [$73-3409], $134 [$54-$294], and $98 [$36-$213] for CD4" strata of <50,

51-200, and >200 cells/uL, respectively, P for trend <0.001) (Figure 5). Using log-
binomial model with hospital charge above the median in this subset indicated
that only lower adherence rate associated with higher hospital charge, but only

highest versus lowest strata had shown significance level <0.05 (adjusted P =

0.01) (Table 3).
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Table 3. Log-binomial regression analysis of factors associated with being
hospitalized and hospital charge above the median among ever-hospitalized
patients

Univariate Multivariate
Variable n = 2856 n=2763

1 RR(95%Cl) | P RR {85% Cl} | P
? a. Being hospitalized
5 Age, per 10 years 0.93 (0.8-0.96) <(.001 0.95 (0.92-0.98) <0.001
g Male (vs. Female) 0.84 (0.8-0.88) <0.001 0.83 (0.79-0.87) <0.001
! Non-black (vs. Black) 1.06 (0.93-1.2) 0.37 1.11{0.88-1.26) 0.08
E Baseline CD4, per 100 cells 0.92 (0.9-0.94) <0.001 0.92 (0.9-0.94) <0.001
' Baseline VL, per 1 logg-copy’ 1.09 (1.05-1.13} <(.001 1.08 (1.03-1.1) 0.001
! Adherence (1rﬁ quartile as ref.)
! 2* quartile 1.13 {1.06-1.21) <(0.001 1.13 (1.06-1.21) <0.001

3" quartile 1.15 (1.07-1.23) <(.001 1.14 (1.07-1.23) <0.001
4" quartile 1.22 (1.14-1.3) <0.001 1.24 (1.16-1.33) <0.001
b. Hospital charge above the median
| | Age, per 10 years 1.01 (0.96-1.06) 0.75 1.01 {0.96-1.06) 0.63
i Male (vs. Female) 0.96 (0.89-1.04) 0.30 0.91 {(0.84-0.98) 0.02
i Non-black {vs. Black) 0.98 (0.79-1.21) 0.83 1(0.8-1.25) 0.99
; Baseline CD4, per 100 cells 0.88 (0.85-0.92) 0.88 (0.84-0.91)
! Baseline VL, per 1 logys-copy 1.05 {(0.99-1.11) 0.10 1 {0.94-1.05) 0.89
I Adherence (17 quartile as ref.)
| 2* quartile 0.99 (0.89-1.11) 0.89 1.01 (0.9-1.13) 0.87
! 3™ quartile 1.02 (0.91-1.14) 0.74 1.02 (0.91-1.13) 0.78
5 4" quartile 1.12 (1.01-1.24) 0.04 1.14 (1.03-1.27) 0.01
i " Data excluded due o missing were 32 patients in univariate model
' ' Data excluded due to missing were 91 patients in univariate model

Figure 5. Monthly hospital charge by quartile adherence and baseline CD4 cell count.
All P-values were from Wilcoxon rank-sum test.
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DISCUSSION

in this study of 4631 patients in a private health management programme
in southern Africa, better adherence to ART was associated with higher total
costs. For example, comparing the most-adherent to the least-adherent quartiles
of patients, total costs were $699 (IQR: $552-3935), compared to $358 (IQR:
$207-$605). This reflects the fact that 45% of grand total claimed charges were
for ART medication, and ART-related costs were substantially higher in patients
with better pharmacy-claim adherence. Among those with higher adherence,
hospitalisation costs were significantly lower than for those with lower adherence

levels, but these costs represented only 22% of total charges.

In a multivariate linear regression model, variables significantly associated
with non-ART related expenditures included ART adherence, CD4" T-cell count
per 100 mm® increase, and non-black race. The peak in cost seen around the
initiation period is largely due to hospitalisation and investigations, as most
people have a low CD4" T-cell at entry and are therefore prone to opportunistic
infections and other HIV-related morbidity. Immune reconstitution syndrome
(IRIS) may also be partially responsible for the increased cost in the period

around initiation of ART, as IRIS patients are also likely to be hospitalised.[14]

- 166 -




These findings have important clinical and public health implications. First,
our results indicate that non-ART and non viral load/CD4" T-cell count
measurements costs decrease with improving adherence in a "dose-dependent”
manner. Good adherence also clearly has clinical benefits, §vith better survival
[7,15] and, as shown in this study, decreased hospitalisation costs. These
clinical benefits are likely to result in further savings in indirect costs, but we did
not measure these. Second, our data show that ART costs are a major
proportion of total costs. The cost effectiveness of ART in South Africa is highly
dependent on antiretroviral costs. [3] Although antiretroviral costs have dropped
with the advent of access pricing and availability of generics, further reductions
are necessary to expand access in resource-limited settings. Third, the
observation that lower CD4" T-cell count categories tend to incur more cost than
higher ones is likely due to the fact that late presenters are more likely to require
hospitalisation for opportunistic diseases. Public health interventions that improve
earlier access to ART treatment programs could reduce these complications and
expenditures and are urgently needed in low-income countries, where ART is

commenced with more advanced disease than in high-income countries. [16]

Strengths of our study include its description of the financial expenditure
patterns in relation to adherence of a local South African HiV-infected population
from a reliable database of a managed care organisation that has many years of

experience in healthcare funding. The database includes low- to medium- income
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patients registered for treatment. Furthermore, the health care costs are actual

expenditures.

Limitations include the status of Aid for AIDS as a private managed care
organisation that administers claims across 30 different medical aid schemes,
and different schemes may have different treatment protocols. The patients were
treated by different physicians whosé treatment practices may be different
despite Aid for AIDS guidelines. Furthermore, there is a lack of data on costs
outside the Aid for AIDS scheme and hence the results are not necessarily
generalizable to the public sector. Although health care costs are higher for more
advanced disease, individuals receiving more effective treatment will live longer
and thus over their lifetimes are likely to incur higher total health care costs (even
if their average monthly health care costs are lower). Therefore it is generally
desirable to evaluate antiretroviral therapy in terms of cost-effectiveness,
including social costs and benefits, but such an analysis was beyond the scope
of this work. Finally, our analyses were based median values and from a payer or
policy perspective. However, from a budgetary viewpoint, median differences are
less informative because the payer or policymaker still needs to provide
resources for high cost outliers, making mean costs remain the best source for

forecasting future costs.
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in summary, poor levels of adherence, as assessed by pharmacy claims

in a private-sector managed care program, are associated with greater overall
non-ART :;elated expenditures in HIV-infected South African adults on NNRTI-
based ART. The decrease in non-ART costs was insufﬁcient. to offset the
increased cost of HAART in patients who were high!y adherent. Further research
should prospectively investigate the impact of improving adherence on heaith

care and social costs as well as on clinical outcomes.
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Chapter 8:

Overall Discussion, Conclusions and Future Research

As the number of patients on highly active antiretroviral therapy (HAART)
grows worldwide, developing simple, affordable ways of monitoring patients after
treatment initiation has become a major public health priority. Since the central
paradigm of antiretroviral therapy is suppression of viral replication, and since
costs of second line HAART are higher than first-line regimens [1], monitoring
efforts should, to whatever extent possible, focus on preserving the virologic
effectiveness of first-line combinations. Failure to identify patients on partially
suppressive regimens may result in selection of viral resistance mutations; which

have been associated with more rapid disease progression and death [2-4].

in the developed world, the standard of care for monitoring virologic
response involves measuring plasma HIV-1 RNA levels [5]. These assays are
often unavailable in most countries in the developing world due to financial and
technical constraints [6]. Since CD4" counts are comparatively inexpensive,
World Health Organization (WHQ) guidelines for scaling up antiretroviral therapy
in resource-limited settings advocate use of CD4" T-cell count criteria to identify
patients on failing HAART regimens [7]. Thus, CD4" T-cell count is considered an

essential tool for monitoring patients on HAART [8], and there is a widespread
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movement to incorporate cheaper, less technologically demanding CD4" T-cell

count assays into clinical care in the developing world [9].

Quantifying and monitoring adherence levels to HAART using pharmacy
data is one potentially useful and low-cost method of monitoring patients at high
risk for virologic failure in resource-limited settings [10]. The work presented in
this thesis and in other published works clearly show that adherence to HAART is
strongly associated with virologic response in a dose-dependent manner and
with survival in developing and developed countries (Chapters 3, 4, 5) [11-16].
Furthermore, among patients on first-line therapy, lapses in adherence usually
precede immunologic declines, and, unlike CD4" T-cell count pharmacy refill or
claim adherence data are readily accessible to clinics that dispense HAART,
require little to no technical sophistication to compile, and directly measure a
variable on which providers can intervene. Aithough CD4" T-cell count
monitoring in patients on HAART is deeply ingrained in HIV care [5,7], if
adherence assessments are as accurate as CD4" T-cell count changes for
identification of patients with virologic failure, sites currently performing or
planning measurements for treatment monitoring could instead monitor
adherence, thereby preserving scarce resources for triaged virologic monitoring
[17,18] or for other treatment-related activities. Recently, using a validated
computer simulation model of HIV infection, the effect of antiretroviral therapy

was used to compare survival, use of second-line regimens, and development of
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resistance resulting from different strategies, based on viral load, CD4" T-cell
count, or clinical observation alone, for determining when to switch to second-line
regimens. In that study, Phillips and colleagues found only modest benefits of
viral load or CD4" T-cell count monitoring over cfinicél monitoring alone for
patients on a first-line regimen of stavudine, lamivudine, and nevirapine. [19].
The Phillips model assumes patients with drug-resistant virus will do as well in

Africa as their counterparts in North America, which might not prove correct.

The limited empirical data to compare with Phillips and colleagues’ model,
however, are supportive. The ART-LINC (Antiretraviral Treatment in Lower
Income Countries) collaboration found no evidence of improved mortality in
programmes with viral-load testing. [20] Furthermore, preliminary results from
one of two randomised trials examining this question in Africa do not show
significant survival benefits from adding viral-load measurements to CD4" T-cell
count monitoring. [21] In that ongoing study, 1094 HiV-infected ART-naive adults
with a CD4" T-cell count of <250 cells/mm® or World Health Organization (WHO)
stage 3 or 4 were offered ART and randomized to 1 of 3 monitoring groups: A)
clinical monitoring, with quarterly CD4" T-cell count and viral loads; B) clinical
monitoring and quarterly CD4" T-cell count; or C) clinical monitoring alone. The
use of routine CD4 cell count monitoring was associated with fewer new AIDS-
defining events or mortality compared to clinical monitoring alone. The clinical

monitoring-only arm was stopped early due to an unexplained increase in
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mortality (not due to undocumented virologic failure) compared to the other arms,
although mortality was still low (13% with a 3 year follow-up). The results from
the other randomized study in Africa are anticipated within the next year; the
Development of ART (DART) for Africa is comparing clinical versus laboratory-
based treatment monitoring in Uganda and Zimbabwe and wili add to this

discussion. [22]

To add to this discussion, it worth noting that a recent work using
pharmacy claim data from the Aid for AIDS cohort, our collaborative research
group found that adherence levels outperformed CD4" T-cell count changes in
the first year after HAART (areas under the curve [AUCs] for adherence and
CD4" T-cell count changes were 0.79 and 0.68 [difference = 0.11; 95% CI 0.06-
0.16], respectively, at 6 months and 0.85 and 0.75 [difference = 0.10; 95% Cl

0.05-0.14], respectively, at 12 months; P <0.001 for both comparisons). When

used to detect breakthrough viremia, adherence and CD4" counts were equally

accurate (AUCs of 0.68 vs. 0.67 [difference = 0.01; 95% CI -0.06-0.07}; P>0.5).

The results did not change if virologic failure was defined as >10,000 copies/mL.

i [23] One can therefore consider‘ that pharmacy-claim adherence assessments
are as accurate as CD4" T-cell count for identification of virologic failure on

Q HAART. It would seem prudent that WHO guidelines for antiretroviral therapy

l scale-up in resource-limited settings should include an adherence-based

monitoring approach.
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As recommended by WHO [7], NNRTi-based HAART regimens (using
efavirenz or nevirapine) are the cornerstone of initial antiretroviral therapy in
Africa. Among the specific findings of work reported in this thesis was the
association of efavirenz-based initial HAART regimens with superior virologic and
clinical outcomes, compared to nevirapine-based regimens, even when
accounting for treatment adherence. This suggests efavirenz might be the
preferred NNRTI for initial HAART in resource-limited settings, but its higher cost
and potential teratogenicity are important considerations in implementation.
Furthermore, it is worth discussing the possibility of unmeasured confounding
that might account for efavirenz outperforming nevirapine in real world. In
particular, our dataset did not consider capture tuberculosis treatment
information. Indeed, concomitant rifampicin-based anti-tuberculosis treatment
significantly reduces nevirapine concentrations, and sub-therapeutic trough
nevirapine concentration occurs in a significant proportion of patients, which is
one reason efavirenz is recommended for patients being treated with rifampicin.
[18] Whiile preliminary reports from Spain, Malawi and Thailand suggested that
these sub-therapeutic levels of nevirapine were not associated with virologic
failure [23-25], emerging data from South Africa shows a significant association
with virologic failure for concomitant nevirapine and rifampicin-based tuberculosis
treatment [26]. Even though tuberculosis information wasn't captured, it is
unlikely that interaction of nevirapine with rifampicin-based tuberculosis treatment

accounts for the findings in Chapter 5, in part because our findings are similar to
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results from many cohorts in the developed world where tuberculosis is not
endemic. It is clear, however, that there is a critical need for a large randomized
clinical trial in resource-limited settings to definitively compare efavirenz and
nevirapiné and to assess the impact of rifampicin-based tuberculosis treatment

on nevirapine-based HAART regimens.

While informative, the finding that switching from nevirapine to efavirenz
had no significant virologic effect, whereas switching from efavirenz to nevirapine
resulted in significantly slower time to suppression (HR 0.58, 95% CI 0.35-0.93)
and faster time to failure (HR 3.92; 95% Cl 1.61-9.55) versus remaining on EFV,
need to be interpreted with cautious given the limited sample size of these
secondary analyses. Furthermore, this finding may have been confounded by
physician prescribing pattern. Indeed, efavirenz induces the metabolism of co-
administered drugs through the induction of CYP3A4. It is often necessary to
switch from efavirenz to nevirapine because of intolerance or teratogenicity
concerns. In a pharmacokinetic study, Winston et al. [27] found that when
switching from efévirenz to nevirapine, individuals should commence on 200 mg -
twice daily and not to dose-escalate nevirapine, as the latter practice was

associated with sub-therapeutic drug levels that might lead to virologic failure.

The present work clearly demonstrates the impact of adherence on

survival (Chapter 4). It is also significant that adherence was particularly
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important in patients presenting with low CD4 cell cqunts, a finding not only
pertinent to Africa but also to the developed world. A|thou§h it may be expected
that patients in Africa often present with low CD4 counts, in the United Kingdom,
more than 50% of patients present with CD4 counts below 200 cells/mL. The
lower the CD4 count at HAART initiation, the more important near perfect
adherence is for better survival. As a result, there is a critical need for patients to
access HAART before CD4 counts drop below 200 cells/mL. Furthermore, for
those who start HAART with CD4 below 100 cells/mL, perfect adherence is
required until CD4 counts recover to 200 cells/mL or higher, which can take 6 to

" 12 months or longer.

The findings on adolescents' adherence (Chapter 6) is very relevant now
that children born with HIV disease or infected perinatally or through
breastfeeding are reaching this stage in life. In addition, adolescents also
become infected due to high-risk sexual behaviour. There is limited data on the
attitudes and beliefs adolescents have regarding HIV infection and/or its
treatment, but it is well known anecdotally that many adolescents rebel as they
seek their independence, and therefore it is possible that even those who were
once highly adherent children could be at risk for reduced adherence during
adolescence. Understanding adolescents' attitudes concerning HIV and HIV
therapy would inform the design of targeted interventions for this special

population. We discuss in Chapter 6 adolescents’ adherence for treatment of
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other chroriic non-infectious diseases, but it would be quite interesting to have
information regarding adolescents' treatment adherence for chronic infectious

diseases such as tuberculosis.

The relationship between adherence and healthcare costs (Chapter 7) is
vitally important for all countries where antiretroviral drugs are the major cost
burden for HIV care. Even with the limits of the analyses, such documentation is
rare for any healthcare system and extremely so in resource-limited settings. All
statistical analyses of healthcare costs reported in this thesis use median (inter-
quartile range) because costs were not normally distributed, as evidenced by the
degree of skewness (difference between medians and means, data not shown).
However, it is important to acknowledge the limitation of focusing on median
values from a payer or policy perspective. From a budgetary viewpoint, median
differences are less informative because the payer or policymaker still needs to
provide resources for high cost outliers; therefore mean costs remain the best
source for forecasting future costs. Furthermore, although costs are higher for
patients with poor adherence and more advanced disease, individuals
experiencing more effective treatment will live longer and are likely to incur
higher total healthcare costs (even if their average monthly healthcare costs are
lower). As a result, an important next step to the work reported herein is
evaluation of cost-effectiveness of high adherence to ART, which will need to

take into account social costs and contributions by heaithier individuals to get a
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true picture of the value of effective ART in resource-limited settings. Such an
analysis was beyond the scope of this thesis and would require data outside the

Aid for AIDS dataset.

Conclusions

The work presented in this thesis establishes the usefulness of pharmacy-
claim adherence in the Aid for AIDS cohort, and application of this method
revealed its usefulness in addressing research questions. In particular, we were
able to show that pharmacy-claim adherence is strongly associated with virologic
and clinical outcomes in adults in a linear dose-dependent manner, that it can be
used to reveal differences in treatment efficacy (with efavirenz being more
effective in initial HAART than nevirapine), and that adolescents have
significantly lower pharmacy-claim adherence than adults. We also showed that
high adherence significantly reduces hospitalisation and health care costs while
increasing total cost due to HAART. Efforts to decrease HAART cost shouid also

be a priority on the agenda of private and public partnership.

Future Research

These conclusions offer much opportunity for future study. First, it is clear
that a large randomized clinical trial will be needed to fully evaluate the relative

effectiveness of efavirenz vs. nevirapine for initial HAART regimen in Africa.
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This work also showed data that adolescents have lower adherence levels
that adults enrolled in Aid for AIDS (Chapter 5), a finding that underscores the
need to study adherence levels in a larger group of adolescents and to
investigate barriers to adherence in this special population. Although some
barriers might be the same as those faced by adults (cost, infrastructure
problems, fear of stigma, etc.), culturally appropriate interventions to address
barriers need to be developed specifically for adolescents and for adults and
evaluated in each population. Pharmacy-data adherence should offer a low-cost
and straightforward way to establish baseline adherence and to measure the
effect of adherence interventions in both developing and developed countries.
Importantly, the effect of interventions could be tracked individually, if necessary,

and not just cohort-wide.

We also were able to show that pharmacy-claims adherence levels are
indirectly related to total, non-HAART direct health care costs. Because there are
so few studies published on the association between costs and HAART
adherence, this finding, too, is cause for further study both from private and
public sectors, in both the developing and the developed world. These critically
needed data will be helpful to conduct cost-effectiveness evaluation of adherence

interventions in sub-Saharan Africa using real world data.
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Furthermore, to apply pharmacy-claim adherence outside of research or

particular cohorts will require work to solve barriers to placing into routine
operation systematic monitoring of adherence using pharmacy refill and/or claims
data. For example, there must be ready access to drug refill information as well
as conversion of these data into an adherence metric at the time a patient is
seen, which may be difficult in some settings at this time. One approach might be
to link pharmacy and patient care records by computer, so the pharmacy refill
adherence calculation would be automatically provided to the clinical medical
record when a patient is seen. But provision of adherence data to patients at the
point of care doesn't have to rely on computer technology. In Botswana, for
example, patients present to providers a paper pharmacy card on which dates of
medication dispensing (and pill counts) are noted. [Bisson G, personal
communication] Providers can calculate adherence directly using these cards. It
is clear that widespread application of pharmacy data adherence monitoring
would take at least some scale-up, but it is reassuring that the technological

requirements for this approach are flexible and can be made minimal.

The flexibility of pharmacy-claim adherence, its ability to identify patients
at high risk of virologic failure not just after virologic failure, and its ability to offer
providers information on a modifiable patient behavior are good reasons for
clinics to move towards organizing pharmacy data so they can be used in routine

patient care. This would allow clinicians or HAART program officers opportunities
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to intervene with targeted adherence interventions to prevent drug resistance and
death, and as we demonstrated in this thesis, improvements in adherence should

be cost-saving.

In short, pharmacy-claims or refill adherence should be a tool with great
utility in evaluating HIV treatments, adherence interventions, and in routine
monitoring of patients on antiretroviral medication in many settings for many

years to come.
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Common conditions include:

Xeroderma

Dry skin is very common in late-stage HIV infection and may be associated with pruritus.
Therapy: agqueous cream or other emollients. Antihistamines may assist with the pruritus.

Seborrhoeic Dermatitis
Lesions are commonly found in the hairline, nasclabial folds and eyebrows, but may be
extensive. Therapy: low dose topical steroids and selenium suiphide shampoo.

Folliculitis
Several types are seen ~ infective, acneform and eosinophilic. Therapy: topical benzoyl peroxide
and antibiotics (e.g. erythromycin) may be effective. If severe or refractory refer to dermatologist.

Papular, Pruritic Eruption {“itchy red bump disease”)

Common and difficult to manage. Darker-skinned patients often experience marked post-
inflammatory hyperpigmentation. Therapy: antihistamines {older sedating agents given at night
are preferred) and steroid creams, often mixed with an emollient such as aqueous cream. The
cause is thought to be an exaggerated response to insect bites and measures 1o reduce these
{e.g. regular treatment of pets, mosquito nets) should be implemented.

Molluscum Gontagiosum
This is commonly found with low CD4 cell counts. Therapy: local curettage if limited number
of lesions.

Dermatophytosis

This may involve the skin, scalp or nails. Therapy: topical antifungals should be used for limited
skin disease only, Extensive skin involvement or infection of the scalp or nails must be treated
with oral antifungals:

Tinea corporis/cruris/pedis: Terbinafine 250 mg daily for 2 weeks OR Griseofulvin 500 mg
daily for 4 weeks OR fluconazole 150 mg per week for 2-4 weeks.

Tinea capitis: Terbinafine 250 mg daily for 4 weeks OR Griseofulvin 500 mg dally for 4-8
weeks.

Tinea unguium {fingernails): Terbinafine 250 mg daily for 6 weeks OR Griseofulvin 500 mg
daily for 8 weeks OR ltraconazole 200 mg BD for one week, repeat after 1 month.

Tinea unguium {foenaiis}): Terbinafine 250 mg daily for 12 weeks OR Grisecfulvin 500 mg daily
for 12 weeks OR Hraconazole 200 mg BD for one week, repeat monthly for 3-4 months.

NB: There are drug interactions between certain ARVs and ifraconazole. See tables on page 43.

Herpes Simplex

Many asymptomatic carriers develop symptomatic disease with HIV infection. With advancing
immune suppression, large chronic mucocutaneous ulcers develop, particularly in the anogenital
region and around the mouth. The lesions may be very extensive. Therapy: Oral acyclovir 400
mg three times a day for 5-10 days. Frequent recurrences should be treated with suppressive
therapy: acyclovir 400 mg BD for 6 months, but acyclovir-resistant HSY may develop.

Herpes Zoster

May be the first sign of HIV infection. May affect multiple dermatomes and may be recurrent.
Therapy: Valaciclovir 1g tds or acyclovir 800 mg five times daily or famciclovir 250 mg tds — all
for one week. Pain management is critically important — opiates are often necessary acutely.
Amitriptyline 10-100 mg nocte is useful for prolonged pain (but should be started early if pain
is not settling within a few days). Soothing antibacterial creams are useful (e.g. povidone-iodine,
silver sulfadiazine).




















































































































































































































































































Adherence Measurement Methodology

[Author: Michael! Hislop, MSc, Senior Data Analyst, Aid for AIDS Programme |Created: 2004-11-01 |
Modified: 2005-01-11 ]

1.

Introduction

This document describes an enhanced version of an adherence measurement methodology described
previously (see Adherence_Methods_200311.doc).

The motivation for developing this methodelogy was two folds;

1.

To make it possible to measure adherence for fixed periods, e.q. in first six months, year, two years,
etc. In the original methodology it was only possible to express adherence as months with ART
claims submitted as percentage of total months authorised. For example, if a patient had been on
ART for 48 months, it was nol possibie to look at adherence in the first 12 or 24 months only. This
limitation makes it less accurate {o compare adherence in patients who have been on therapy for
different lenghths of time, as the likelihood of good adherence decreases in relation to the duration of
therapy.

To reduce the chances of counting two discrete dispensed dates, occurring within one month, as one
rather than two claims, as was likely in the original methodology.

In addition to these two important factors, a careful audit of the active periods that beneficiaries were on each
option was also required, to ensure that the 'period of exposure’ was reported as accurately as possible.

2. General methodology

Overview of Adherence Measurement Methodology.

1.

Medicine details extract from 2003, contains claims up to 200306 and complete treatment months up
to 200303, for Medscheme beneficiaries associated with AFA at the time of the extract.

From medicine details, create a summary of claims for ART at a beneficiary, drug name, and
dispensed date level. The drug level summary permits the allocation of a line by line drug
equivalence, e.g. COMBIVIR has an equivalence of two.

include only patients who have been authorised on full ART prior to 2003-03-01, i.e. patients must
have started full ART before medicine claims cut-off.

From the first level summary, create a second level summary at a beneficiary, dispensed date, and
script (sum of equivalence) level.

Some ART claims were missing in the medicine details exiract, but were present in the claims data
in a summarised form as AFA authorised claims (BRO code}. Any BRO claim for more than R300,
missing from medicine details, was inserted into the second level ART claims summary.

The effective date of ART commencement was established. It was assumed that effective ART
commencement date was the earliest date that ART was dispensed, but only if ART was dispensed
at earliest, in the month before AFA ART authorisation.

The number of days between ART dispensed and the effective date that ART was started was
calculated in the second level ART claims summary. The number of months between ART
dispensed and ARTstart was calculated based on the interval in days since ARTstart, divided by
30.4375.

From the second level summary, a third level summary was created at a beneficiary, months since
ART start and sum of equivalence level. In some cases there were duplicates, i.e. multiple
dispensed dates associated with the same dispensed month. More often than not, these were
‘borderline’ dispensed dates associated with the incorrect dispensed month. Incorrectly assigned



duplicates were identified based on whether they might be preceding or succeeding missing records
in the sequence of claims.

9. Remaining patients with more "actual dispensed months' than 'months relative to ART start’, were
manually checked, as this was suggestive of duplication.

10. A final adherence summary was generated by (i) creating a table containing all complete months
relative to the start of ART that each beneficiary was active on each option, and (i} flagging the
active months where claims occurred.

11. Due to a significant number of errors in the beneficiary option level membership data, this data was
put through a review and validation process {0 ensure that dates were plausible.

3. Source data.

Distinct ART drugs from the database of all reimbursable medicines (t_Drug_List), 100 in total.
Applicant data from the Aid for AIDS system.

ART authorisation data from the Aid for AIDS system.

Membership data for Medscheme associated AfA patients from Medscheme Datawarehouse.

Detailed Medicine claims data from Medscheme Datawarehouse.

e O

Script level claims data from Medscheme Datawarehouse.

4. Beneficiaries for medicine claims exiract and adherence analysis.

4.1. introduction

This section describes the preparation of membership data of the medical scheme options against which
AFA patients have been claiming for ART. At the time of preparing the data for this adherence analysis, only
membership data for Medscheme administered schemes was available. A patient can belong to one option
at a time, and may change from one option to another within a scheme, or may change from one scheme to
another over time. It is essential to ensure that the duration of option membership is accurate, as this
provides the period during which ART claims should be submitted. For example, if option duration is
incorrectly given as twelve months, when it should be six months, and the patient has claimed for six months,
adherence will be reported as 50% when it should, in fact, be 100%. To ensure that the data is as accurate
as possible, two keys steps are taken, (i} the membership database is carefully checked to ensure that all the
options to which patients have belonged are extracted, and (i) that the dates on which patients joined and
left these options are as accurate as possible. The first step ensures that all possible medicine claims data
for each option that a patient belonged to can be extracted, and the second step ensures that the duration of
option membership is not exaggerated.

4.2, Source data
There are several sources for medical scheme option membership data;

1. Application data {t_Application) in the Aid for AIDS system provides beneficiary numbers for patients
who are currently on Medscheme administered options.

2. The AfA system also captures previous beneficiary numbers of AfA patients whilst the patients were
registered on the programme ({_Application_History). This table also contains a lot of rubbish data
which has {o be excluded via a tedious audit process.

3. The Medscheme Datawarehouse has a database of all options to which Medscheme administered
beneficiaries have ever belonged (DATAWARE.BENEFICIARIES). Via a number of steps it is
possible to link patlients to their option membership history via any current or previous Medscheme
option membership numbers. Unfortunately, a significant number of these membership records are
either void (never activated or claimed against), or have incorrect option joined or left dates. A
painstaking consolidation process, described below, is required to audit this data.






17,674 -721 3.9% Exclude: [ D ] LeftDate2 <= JoinDate?

16,919 -755 4.3% Exclude: [ E ] Fedhealth membership data a shambles. Exclude from analysis.
18,327 853% Beneficiaries with claims.
921 54% Beneficiaries with death date before option left date.
16,814 -5 0.0% Exclude: [ F ] JoinDate? IS NULL and MinTreatDate 18 NULL
15,889 -1,025 6.1% Exclude: [ G ] LefiDate2 < ARTStart.
5832 Option level ART start modified due to ARTStart < JoinDate2.
711 4.5% Beneficiaries with claims afier date lefi.
14,679 Distinct App_ID in #DWBens

5. Medicine claims extract.

51 Introduction

This section provides the method used {0 exiract medicine claims data for AfA patients from Medscheme
Datawarehouse. it should be possible to associate all Medscheme beneficiary numbers of AfA patients with
claims data from Medscheme Datawarehouse. No claims implies that the beneficiary either (i} never
submitted a single claim (unlikely with legitimate beneficiary numbers), (ii) was registered under a non-
functional beneficiary number (possible with membership errors, e.q. patients temporarily captured under
multiple member numbers), or (iil} was somehow not joined to the claims table for data extraction (uniikely).

52 Method

1. Data extracted on 2003-07-11 by Joe Vala of Medscheme Datawarehouse.

2. JOEV.REQS5117 joined to DATAWARE MEDICINE_DETAILS or DATAWARE EVENT_HEADER on
MemberNumber only. Therefore claims for entire family, and not only the patient in question, were
extracted.

in total, data was extracted for 78,282 beneficiaries (6,261,220 lines). Of these 30,054 Beneficiary_Numbers
associated with Aid for AIDS patients ( via AfA_DW _Beneficiaries_030709 [Beneficiaries from
JOEV.REQ5117]) (3,848,791 lines).

6. Beneficiary level ART claims summary.

6.1.  Introduction
From the detailed medicine claims data, it is necessary to create a beneficiary level summary of ART claims
per month. This can then be compared to the months that beneficiaries were actually authorised on ART o
derive a measure of their adherence to therapy.

6.2. Method

1. From medicine details, create a first level summary of claims for ART at a beneficiary, drug name,
and dispensed date level, inciuding only patients who have been authorised on full ART priar to
2003-03-01, i.e. patients must have started full ART before medicine claims cut-off. There are
341,897 ART drug claims in this table.

2. This drug level summary permits the allocation of a line by line drug equivalence, e.g. COMBIVIR

has an equivalence of two. When the drug level data is later summed per month (to a script level),
the sum of equivalence indicates whether the claim was complete, either dual or triple therapy.

3. Aliclaims for single use ART, e.g. 'RETROVIR/ 3TC STARTER PACK 'RETROVIR IV 20ML’ were
excluded (262} from the adherence analysis, as these drugs should not be a component of on-going
therapy.

4. From the first level summary, create a second level summary at a beneficiary, dispensed dale, and

script (sum of equivalence) level, creating a table of 159,195 'script’ lines per dispensed date. In
some cases, patients claim one or more of their drugs on a different dispensed date in the same




month. It is therefore necessary to evaluate whether the drugs dispensed on different dates are
actually part of the same script for the same month.

5. Some ART claims are missing in the medicine detalls extract, but are present in the claims datain a
summarised form as AFA authorised claims (BRO code). Any BRO claim for more than R300,
missing from medicine details, was inserted into the second level ART claims summary, 1,733
records, vielding a total table size of 160,928 records.

6. In order to determine the relative interval between a dispensed date and the commencement of
therapy, it necessary to establish the effective date of ART commencement. The effective date of
ART commencement was taken as the earliest date that ART was dispensed, but only if ART was
dispensed at earliest, in the month before the authorisation of ART by AFA staff.

7. Once this is done, the number of days between ART dispensed and the effective ART start date,
could be calculated in the second level ART claims summary. The number of months between ART
dispensed and ARTstart, was then calculated from the number of days between ART dispensed and
ART start, by incrementing in intervals of 30.4375 days.

8. From the second level summary, create a third level summary by beneficiary, months since ART
start and sum of equivalence, containing 150,016 records. In some cases there are duplicates, i.e.
multiple dispensed dates associated with the same dispensed month. More often than not, these are
‘borderline’ dispensed dates associated with the incorrect dispensed month. Incorrectly assigned
duplicates were identified based on whether they coincide with missing records in the sequence.
There were 4,227 misallocated scripls based on gaps in the sequence, vielding a new total of
154,243 records.

§. There were some remaining patients with more ‘actual dispensed months' than 'months relative to
ART start’, suggestive of duplication. These were manually reviewed, through which an additional
403 misallocated duplicates were identified and added to the claims sequence, yielding a final row
count of 154,646 months of ART claims.

7. Beneficiary level adherence summary.

7.1. Infroduction

The beneficiary level ART adherence summary is created in two steps, (i} a table containing all complete
months that each beneficiary was active on each option, and (ii) the ART claims summary described above
is used to associate each claimed month to the relevant active month on each option.

7.2. Method

1. Create a table of complete active months that each beneficiary was on each option relative to the
start of ART.

2. This is done by calculating the number of days between starting ART and leaving the option, then
dividing the number of days by 30.4375 and rounding down the result to the smallest integer (Floor
function) to obtain complete active months.

3. Forexample, if a beneficiary started ART on 16 March 2002, and left the option on 28 September
2003, then that beneficiary would have FLOOR(561/30.4375) = 18 active month on the option during
which therapy should have been claimed.

4. If a beneficiary changed option, then the first active month was taken as the first complete month.
For example, if a patient joined a new option 18.4 months after commencing therapy, then the first
active month was taken as 20.

5. A potential limitation of this method is that active claim months can be lost. For example, if the
patient in the last example left the previous option shortly before joining the next, then the last
complete month on the first option would be 18, and the first complete month on the second option
would be 20. Patients were given a slight benefit of the doubt in that if an actual claim occurred in
month 19, then that month was added in as an aclive month.

6. intotal there were 228,483 active months for patients on therapy in which ART should have been
claimed.



7. Once the active months have been derived, the next step is to figure out in which of these months
claims were actually submitted. This is done by associating active months with the equivalent month
in which ART was claimed from the beneficiary level ART claims summary described above, in fotal
154,646 (68%).

8. Patient level adherence summary.

8.1.  Infroduction
The final adherence result nesds to be expressed at a patient level. To do this, the beneficiary level
adherence measure needs {o be summarised at a patient level.

8.2 Method

1. The numerator is calculated as the sum of complete unique months that the patient was active on
each option.

2. The denominator is calculated as the sum of complete unique active months in which the patient
submitted claims for ART.

3. The patient level adherence is calculated as the first over the second, expressed as a percentage.














