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Abstract

Numerous antiretroviral therapy (ART) regimens are recommended for first-line and subsequent HIV care, but
regimen selection for clinical use may not represent the full range of options. We hypothesized that despite an
increase in available antiretrovirals, clinical trial data on regimen efficacy and fixed-dose combination options
have lead to uniformity in initial ART. We evaluated regimen selection for ART-naı̈ve patients at the University
of Alabama at Birmingham (UAB) 1917 Clinic between January 2000 and December 2007. The annual number of
unique initial regimens was quantified. Initial regimen variability was expressed as regimens per 100 patients.
Subsequent ART regimens were characterized for complexity via regimen sequence trees detailing the first three
generations of regimens for patients starting the two most common initial combinations. Four hundred eightytwo ART-naı̈ve patients were treated with 39 unique initial regimens (8.0 regimens per 100 patients). Variability
in initial regimen selection was highest in the first 6 years (14.9–24.4 regimens per 100 patients). A sharp decline
was observed in 2006 (16.1 regimens per 100 patients) and 2007 (6.5 regimens per 100 patients). The most
dramatic shift in drug selection involved an increase in emtricitabine plus tenofovir plus efavirenz, from 0% in
2003 to 85% in 2007. During the study period, 205 of 482 (43%) patients required a change in initial therapy. Of
these, 156 of 205 (76%) had a unique sequence of regimens. A shift toward homogeneity of initial ART was
observed (85% of patients received the same first-line regimen in 2007). In contrast, regimen sequencing beyond
the first regimen remained complex. These shifts in ART prescribing patterns may have implications for collaborative HIV care.

in our understanding of optimal combination therapy for
HIV. More recently, the advent of fixed-dose combinations of
more tolerable agents, comparative trials of initial regimens,
and the clear recognition of uninterrupted therapy as the
preferred treatment strategy, have greatly advanced our understanding of ART and impacted regimen selection in
treatment-naı̈ve patients.5–8
We hypothesized that these recent findings have lead to
greater standardization in the selection of initial ART regimens despite a growing number of antiretroviral options.
Consistency and homogenization in regimen selection should
clarify the perceived complexity of ART and could indicate an
opportunity for primary care providers to play a larger, more
direct role in the care of HIV infected patients in the United
States. In order to characterize the evolution of regimen selection in the context of these considerable changes and test

Introduction

S

election of antiretroviral therapy for HIV-infected
patients has traditionally been a complicated process,
punctuated by rapidly evolving guidelines and a continuous
stream of new therapeutic options and drug combinations.
Early in the antiretroviral therapy (ART) era providers made
treatment decisions between multiple novel antiretroviral
agents with only limited understanding of long-term side effect profiles and few clinical trials that compared individual
agents. The first few years of the ART era saw treatment
strategies such as ‘‘mega-HAART,’’ triple nucleoside reverse
transcriptase inhibitor (NRTI) regimens, and structured treatment interruptions fall from favor in a short period of time.1–4
With the rapid publication of landmark trials, the early ART
era can be characterized as a period of progressive evolution
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our hypothesis, we performed a retrospective review of the
first and subsequent ART regimens prescribed in treatmentnaı̈ve patients starting initial therapy at the University of
Alabama at Birmingham (UAB) 1917 HIV=AIDS Clinic from
January 2000 to December 2007.
Methods
The UAB 1917 Clinic Cohort (www.uab1917cliniccohort
.org) database contains detailed sociodemographic, psychosocial, and clinical information from approximately 7000
clinic patients dating back to 1988.9 The clinic currently serves
a population of 1211 patients who are 49.4% white and 76.8%
male. The payer distribution for the clinic is 25% from Ryan
White, 40% from private insurance, and the remainder are
covered by Medicare, Medicaid, or charity care. The cohort
data are 100% quality assured, whereby all provider notes are
reviewed within 72 hours of entry into the clinic electronic
medical record to ensure appropriate data capture regarding
diagnoses and medications. Using this database, we identified
antiretroviral-naı̈ve patients initiating therapy during the
study period of January 1, 2000 to December 31, 2007. Two
teams of independent medical record abstractors performed
chart review to confirm antiretroviral (ARV)-naı̈ve status for
all patients. Discrepancies between teams (<2%) were arbitrated by a third team ( J.H.W and M.J.M.) who made the final
determination on ARV exposure status.
Patients enrolled in research studies evaluating ARV
agents were excluded, as provider preference was not the sole
determinant for regimen selection. All ARV medications
prescribed to patients treated through routine clinical care
were electronically extracted from the cohort database. Additional targeted chart review was undertaken for all ARV
combinations that did not conform to established HIV therapeutic guidelines. A regimen was defined as any combination
of medications active against the HIV virus that was used
continuously for 14 days or more. Subsequent ART was defined as the addition or subtraction of 1 or more antiretroviral
drug to an existing ARV combination for any reason. The
transition of individual drugs to fixed-dose combinations was
not considered a regimen change (e.g., a change from zidovudine and lamivudine to Combivir, GlaxoSmithKline, Research Triangle Park, NC).
Statistical analysis
Initial regimen variability. The crude number of unique
regimens prescribed in each calendar year was quantified
(Count Model). Initial regimen variability for each year of the
study was expressed as the number of regimens prescribed
per hundred patients (unique regimens=patients starting
ARVs100) to allow for the comparison of regimen variability
over time (Normalized Model). Because we are studying the
count of unique ARV regimens, Poisson regression models
were fit. The count models were fit without an offset. The
normalized models were fit with an offset which reflects the
differing number of patients each year. To test for a trend over
time, year was treated as a continuous measure.
Initial regimen treatment share. The percentage of patients starting a unique regimen each year was defined as the
regimens’ ‘‘treatment share,’’ which was plotted over time.
We conducted a Cochrane-Armitage test of trend using year
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as the ordinal variable and the two-level variable of tenofovir
plus emtricitabine plus efavirenz versus other therapy.
Regimen sequence analysis—the regimen tree. Data on
the two initial regimens with the largest overall treatment
shares—zidovudine plus lamivudine plus efavirenz and emtricitabine plus tenofovir plus efavirenz—are presented as
‘‘regimen sequence trees.’’ This was used to assess the variability in subsequent regimen sequences among patients with a
common initial regimen. The figures start with the initial regimen and branch out to display all unique second- and third-line
regimens utilized in the subsequent therapy of these patients.
Results
Initial regimen selection
A total of 482 antiretroviral naı̈ve patients initiated ART as
part of routine care at the 1917 Clinic between January 2000 and
December 2007. The number of patients starting therapy annually remained relatively stable whereas the total number of
unique ART regimens prescribed per calendar year declined
dramatically during the latter part of the study period (Fig. 1).
Between 2000 and 2006, the number of unique ART regimens
used was high (10–16 ART regimens; 14.9–24.4 regimens per
100 patients), indicating considerable variability in initial regimen choice during this time period. Subsequently, the annual
variability in initial regimen selection abruptly declined, from
16.1 regimens per 100 patients in 2006 (10 ARV regimens) to 6.5
regimens per 100 patients in 2007 (4 ART regimens, Fig. 1).
Poisson regression analysis showed no evidence of a linear relationship between year and number of unique ARV regimens.
There was a statistically significant quadratic relationship in
both the count ( p < 0.01) and the normalized ( p < 0.01) models.
A descriptive analysis of treatment share also demonstrated notable changes in initial regimen selection (Fig. 2).
The initial regimen of tenofovir plusemtricitabine plus efavirenz experienced the greatest growth, from 0% in 2003 to
85% of initial ARV combinations in 2007. This shift coincided with a marked decline in zidovudine plus lamivudine
plus efavirenz use, which dropped from 46% in 2003, to 13%
in 2005, and then to 0% in 2006 and 2007. The CochraneArmitage test of trend indicated that the increase in tenofovir plus emtricitabine plus efavirenz was highly significant
( p < 0.001). In 2000 and 2001, seven unique regimens accounted for 95% of the total initial ARV treatment share. By
2007, only two unique regimens were used in the treatment of
over 95% of patients starting ARV combinations, reflecting a
trend toward homogenization of initial treatment selection.
Regimen sequence
Among the 482 patients, 205 (43%) required second-line
therapy during the study period. Overall, 156 of 205 patients
(76%) had a unique sequence of consecutive regimens. To
capture the individual variability of treatment history, we
utilized regimen sequence trees to detail the first three consecutive ARV combinations for the two most commonly
prescribed initial regimens (zidovudine plus lamivudine plus
efavirenz [n ¼ 135]; tenofovir plus emtricitabine plus efavirenz [n ¼ 128]; Fig. 3). Among patients started on zidovudine
plus lamivudine plus efavirenz, 58 individuals who required
second-line ART were switched to 17 distinct regimens.
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FIG. 1. Crude number of initial regimens (A) and initial regimen variability (number of initial regimens per 100 patients) (B)
of 482 antiretroviral-naı̈ve patients at the University of Alabama 1917 HIV Clinic starting therapy January 1, 2000 to
December 31, 2007. A decline in the number of unique regimens utilized over time is observed.
Clinicians subsequently used 21 unique regimens for 22 individuals who required a third ARV combination from this
common starting point (Fig. 3A). Similar heterogeneity was
observed among patients changing from an initial regimen of
emtricitabine plus tenofovir plus efavirenz, although fewer of
these patients required changes, in part due to the relatively
recent emergence of this combination. Among the 13 patients
who changed from this initial ART regimen, 7 unique secondline regimens were prescribed (Fig. 3B). These findings point
to the persistence of interindividual heterogeneity in subsequent ARV regimen choice despite the trend toward the homogenization of initial ARV therapy.
Discussion
This study describes the dynamic evolution of ART for
treatment-naı̈ve HIV-infected patients in clinical practice

since 2000. Despite an expanding number of treatment options created by the approval of over 25 antiretroviral drugs,
the number and variability of regimens prescribed as initial
regimens decreased markedly between 2000 and 2007. Notably, a single regimen accounted for 85% of all initial therapies started in 2007. In contrast, subsequent ART among
patients changing regimens remained highly individualized
and heterogeneous (Fig. 3).
The observed homogenization of initial therapy appears to
be due to both the confluence of clinical trial outcomes and the
greater convenience afforded by once-daily, fixed-dose combinations of commonly used ARV agents.3,5–7,10 A strong shift
away from the NRTI backbone of zidovudine plus lamivudine
toward emtricitabine plus tenofovir began in 2004. This
change was coincident with reports from a randomized trial
showing improved outcomes with emtricitabine-tenofovir
versus zidovudine-lamivudine regimen backbones.6,11
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FIG. 2. Annual treatment share for unique antiretroviral regimens prescribed as initial therapy at the University of Alabama
1917 HIV Clinic from January 1, 2003 to December 31, 2007. Several trends including the cessation of initial triple NRTI
(3TC=ABC=AZT) use (2003–2004), the decreasing utilization of 3TC=AZT=EFV (2003–2006), and the rise of FTC=TDF=EFV as
the preferred option at the end of 2007 can be observed.

Similarly, the sharp reduction in zidovudine plus lamivudine
plus abacavir followed the publication of an AIDS Clinical
Trial Group (ACTG) study showing that this triple NRTI
regimen was inferior to an efavirenz-based strategy (ACTG
5095).7 The simultaneous emergence of clinical trial data and
more convenient therapeutic options has led to a dramatically
more streamlined approach to initial therapy.
In contrast to the increasing uniformity of initial therapy,
patients who required a subsequent regimen painted a more
complex picture (Fig. 3). The regimen sequence trees for the
two most common initial ARV regimens (ZDV=3TC=EFV and
TDF=FTC=EFV) highlight the divergence of individual treatment histories over time. This heterogeneity of subsequent
regimens is influenced by several factors, including: available
drugs; temporal popularity of each ARV regimen (provider
and patient preference); and the reason for changing ARV
therapy (side effects, resistance, attempts to improve dosing
schedule, or reduce pill burden). In addition, the lack of
consensus regarding the sequencing of optimal salvage regimens plays an important role, contributing to the high degree
of variability among individual patient experiences.12
At a time when HIV-infected patients are increasingly being
cared for by HIV specialists due to the perceived complexity of
ART, our findings suggest that initial HIV therapy is becoming
more uniform. Should one or two regimens remain the most
popular and effective choices for initial therapy, expanding the
role of primary care providers in this patient population could
be considered. Successfully treated patients are now expected
to live for decades but are known to suffer from complications
of ARV therapy and other chronic conditions including accelerated cardiovascular disease, hyperlipidemia, hypertension,
and glucose intolerance=diabetes.10,13 A system designed to

share responsibility for patients, whereby experienced HIV
providers are responsible for ARV selection and primary care
practitioners provide internal medicine expertise and treatment follow-up as part of a collaborative multidisciplinary
team, would create a coordinated, comprehensive model of
care for HIV infected individuals.14–16 In the context of expanded HIV testing and anticipated increases in the number of
newly diagnosed patients requiring treatment, a system of bidirectional collaborative care would also improve capacity of
HIV specialty clinics to meet the expanding needs of people
living with HIV=AIDS.17–21
The results of this study should be interpreted within the
context of its limitations. As a single, academic HIV-treatment
center, in the southeastern United States, results may not be
generalizable to other populations. In addition, most treatment decisions were made before resistance testing of naı̈ve
patients became standard of care. It remains to be seen how
this testing will impact initial regimen selection. Furthermore,
due to the small number of patients changing therapy in recent years, quantification of regimen variability for subsequent ART was limited among patients initially treated
with TDF=FTC=EFV. However, evaluation of patients treated
with the most popular first-line regimen in the early 2000s
(ZDV=3TC=EFV) displayed considerable heterogeneity of
subsequent ART regimen selection.
In conclusion, initial ART regimen selection has become
increasingly homogenized in recent years, while subsequent
treatment remains divergent, heterogeneous and highly individualized. These findings have implications for the future
provision of HIV care. An expanded role for primary care
providers in the management of HIV-infected patients would
allow patients to benefit from the internal medicine expertise
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83

FIG. 3. Regimen sequence analysis for the two most common initial ART regimens; lamivudine, zidovudine, with efavirenz
(A) and emtricitabine, tenofovir, with efavirenz (B). This figure outlines the unique treatment course followed by the majority
of patients who require a regimen change, despite a common initial regimen.
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of these providers and help meet the expanding care needs for
people living with HIV=AIDS. The inevitable need for subsequent regimen changes and the persistent complexity of
subsequent therapy mandate effective comanagement with
experienced HIV providers. While there may be a number of
approaches to incorporate more providers in routine care of
this disease, any model for HIV care requires careful consideration of the psychosocial and unique case management
needs of newly diagnosed HIV patients.
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