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Abstract

In an effort to evaluate factors associated with the development of antiretroviral (ARV) resistance, we assessed
the prevalence of toxicity-related regimen changes and modeled its association to the subsequent development
of ARV resistance in a cohort of treatment-naive individuals initiating ARV therapy (ART). A retrospective
analysis of patients initiating ART was conducted at the UAB 1917 Clinic from 1 January 2000 to 30 September
2007. Cox proportional hazards models were fit to identify factors associated with the development of resistance
to 21 ARV drug class. Among 462 eligible participants, 14% (n=64) developed ARV resistance. Individuals
with =1 toxicity-related regimen change (HR=3.94, 95% CI=1.09-14.21), initiating ART containing ddI or d4T
(412, 1.19-14.26), and from a minority race (2.91, 1.16-7.28) had increased risk of developing resistance.
Achieving virologic suppression within 12 months of ART initiation (0.10, 0.05-0.20) and higher pretreatment
CD4 count (0.85 per 50 cells/ mm?, 0.75-0.96) were associated with decreased hazards of resistance. Changes in
ART due to drug intolerance were associated with the subsequent development of ARV resistance. Under-
standing the role of ARV drug selection and other factors associated with the emergence of ARV resistance will

help inform interventions to improve patient care and ensure long-term treatment success.

Introduction

ESPITE MARKED IMPROVEMENTS IN HIV-related mor-

bidity and mortality with antiretroviral therapy (ART),
the emergence of drug resistance remains a threat capable of
rendering these lifesaving drugs ineffective.' The develop-
ment of antiretroviral (ARV) resistance is associated with poor
clinical outcomes, including virologic failure and death.*®
As use of ARVs continues to expand throughout the world,
and the life expectancy of HIV-infected individuals increases,
furthering our understanding of factors contributing to
the development of ARV resistance is critical to ensure the
long-term success of antiretroviral therapy (ART).

Toxicity often leads to premature changes in ARV regimens
and has been associated with poor adherence to ART.” "> The
impact of such toxicity-associated intermittent adherence on
the development of subsequent ART resistance remains un-
derstudied. In an effort to contribute to the extant literature on
factors associated with the development of ARV resistance,
we assessed the prevalence of toxicity-related regimen chan-
ges and modeled its association to the subsequent develop-
ment of ART resistance in a cohort of treatment-naive

individuals initiating ART. We hypothesized that individuals
initiating ART with agents known to have more frequent side
effects, and individuals who underwent regimen changes due
to toxicity would be more likely to intermittently adhere to
treatment and to subsequently develop ARV resistance. These
data are particularly important as the treatment of HIV with
older, more toxic ARVs continues to expand in resource-poor
settings and as the role of such agents in the developed world
is reexamined as cost-saving, generic formulations become
available.

Materials and Methods
Setting

This study is nested in the University of Alabama at Bir-
mingham (UAB) 1917 HIV/AIDS Clinic Cohort, a 100%
quality-controlled, prospective cohort study that collects de-
tailed sociodemographic, psychosocial, and clinical informa-
tion (www.uab1917cliniccohort.org). Currently, over 1700
patients receiving primary HIV care at the UAB 1917 HIV/
AIDS clinic (1917 Clinic) participate in the Institutional Re-
view Board (IRB) approved observational, clinical cohort
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project. The process put in place by the cohort to assure data
quality was recently recognized by the information integrity
coalition for excellence in information integrity (http://
www.eiiaward.org/).

Sample and procedures

Data from all ART-naive patients initiating therapy from 1
January 2000 to 30 September 2007 were reviewed to evaluate
eligibility for study inclusion. Patients initiating therapy with
single or dual drug regimens were excluded from all analyses,
as were patients who did not have at least two viral load
measures within the first 12 months following ART initiation
since initial virologic suppression could not be measured. The
analytic dataset was generated in September 2008. Enrollment
stopped in September 2007 to ensure all patients had at least a
12-month period of observation following ART initiation.

Patients were followed from the time of ART initiation until
the end of the study period (September 2008) or until resistance
to ARVs was documented, whichever occurred first. Detailed
chart abstraction was performed whenever an elevation in
plasma HIV viral load (VL) occurred to determine whether or
not a resistance test was performed. Additional chart abstrac-
tion was performed when >1 ARV was added to or subtracted
from the ART regimen. Provider responses to VL elevations
and reasons for regimen changes were recorded. All regimen
changes were classified into the following categories: toxicity,
unable to afford, regimen simplification, noncompliance, con-
traindicated medication/medical condition, other, or un-
known. Changes due to toxicity that occurred prior to the
detection of resistance or the end of the study period were
quantified and subsequently used in statistical models.

Independent variables

Patient level variables. Age, gender, race, HIV risk factor,
baseline plasma HIV RNA (copies/ml), baseline CD4 cell
count (cells/ul), achievement of virologic suppression (<50
copies/ml) on at least 1 occasion within 12 months of ART
initiation (yes/no), and health insurance status (private,
public, uninsured) were included. Several clinical variables
including history of affective mental health disorders (de-
pression and/or anxiety), substance abuse (cocaine, opiate,
and amphetamine use), alcohol abuse, hepatitis C infection,
and opportunistic infections were also collected.'*

Regimen level variables. Nucleoside reverse transcrip-
tase inhibitor (NRTI) [didanosine or stavudine (ddI or d4T),
zidovudine (AZT), and tenofovir or abacavir (TDF or ABC)]
and third drug strategy [NRTI, nonnucleoside reverse tran-
scriptase inhibitor (NNRTI), protease inhibitor (PI), or boos-
ted-PI (PI plus ritonavir)] were identified. Because nearly all
(98.9%) NRTIs were paired with either lamivudine (3TC) or
emtricitabine (FTC), only one component of the NRTI back-
bone pair was evaluated. If a regimen contained NRTIs from
more than one group, the regimen was assigned to one NRTI
group using a standardized hierarchy previously used in the
literature: ddI or d4T, ZDV, and finally TDF or ABC.15

Dependent variables

ARV resistance. The primary outcome of interest was
documented resistance to =1 ARV drug class. Resistance was
defined as >1 significant mutation as categorized in the
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spring 2008 International AIDS Society-USA (IAS-USA) drug
mutation listing and/or “Reduced susceptibility” or “Re-
sistance” to an ARV per phenotypic assessment.'® Those who
underwent resistance testing but had pan-sensitive virus were
not considered to have met this outcome.

Statistical analysis

Descriptive statistics were performed to evaluate patient
and regimen level characteristics of the overall study popu-
lation and to ensure assumptions of statistical tests were met.
Frequencies of identified resistance mutations per genotypic
assays were calculated. Bivariate analysis (chi-square, t-test)
was performed to evaluate differences between those who
developed resistance during the study period and those who
did not. Univariate and multivariable Cox proportional haz-
ard models to evaluate factors associated with time to the
development of resistance to >1 drug class were completed.
Cox proportional hazards (survival methods) were selected to
account for time on antiretroviral therapy. Sensitivity analy-
ses were performed using differing censoring strategies to
account for loss to follow-up and missed visits (=1 year
without a primary provider appointment) and starting anal-
ysis of time to resistance 12 months after ART initiation. All
statistical analyses were performed using SAS software, ver-
sion 9.1.3 (SAS Institute).

Results

Overall, 462 patients initiated ART during the study period
and met criteria for inclusion. The mean age was 38.5+9.8
years and the majority were males (76%) and of black/other
(53%) race. The average pretreatment CD4 cell count was
173+160 cells/ ul and 57% (n=244) of patients had a baseline
plasma HIV viral load <100,000 copies/ml. The most com-
monly used NRTIs were TDF or ABC (46%) and AZT (45%),
while NNRTIs (68%) were the most commonly employed
third drug. A majority of patients (82%) achieved virologic
suppression (VL <50 copies/ml) within 12 months of initi-
ating ART. Affective mental health disorders were present in
over half (52%) of patients, whereas alcohol (17%) and sub-
stance abuse (14%) were less common.

Most patients did not experience a toxicity-related regimen
change during the study period (82%). A total of 79 toxicity-
related regimen changes took place among the remaining 18%
(n=62) of study participants. Anemia (n=16), nausea (n=13),
neuropathy (n=8), lipodystrophy/lipoatrophy (1=7), and
other/unspecified (n=11) toxicities were most commonly
found (Table 1). Statistically significant differences (p<0.05)
in race, health insurance status, history of opportunistic in-
fection, baseline CD4 cell count, baseline HIV viral load, HIV
RNA suppression (<50 copies/ml) within 12 months of ART
initiation, number of toxicity-related regimen changes, NRTI
backbone, and third drug were seen among the study groups
(Table 1).

A total of 184 patients experienced virologic failure during
the study period. Resistance testing was ordered for 77 (42%)
of these patients; 50% (n=38) underwent genotypic testing
(GeneSeq), 14% (n=11) phenotypic testing (Phenosense), and
36% (n=28) had a combination of both (Phenosense GT). Pan-
sensitive virus was reported for 13 patients, while virologic
failure with resistance was detected in 64 individuals. The
most commonly found reverse transcriptase mutations were
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TaBLE 1. OVERALL AND GROUP-SPECIFIC CHARACTERISTICS OF TREATMENT NAIVE PATIENTS STARTING
ANTIRETROVIRAL THERAPY AT THE UAB 1917 HIV/AIDS CrINIC JANUARY 1, 2000-SEPTEMBER 30, 2007 (N =462).

Group 1: Group 2: Group3:
Virologic failure Virologic failure No virologic
Ovwerall with resistance®  without documented failure®

Characteristic (n=462) (n=64) resistance® (n=120) (n=278) p-value

Age at ART initiation (years) 38.5+9.8 36.7+£10.8 37.7+£9.2 39.3+9.8 0.08

Gender 0.34
Male 351 (76.0%) 44 (68.8%) 92 (76.7%) 63 (22.7%)

Female 111 (24.0%) 20 (31.2%) 28 (23.3%) 215 (77.3%)

Race 0.008
White 216 (46.8%) 19 (29.7%) 55 (45.8%) 142 (51.1%)
Black/other 246 (53.2%) 45 (70.3%) 65 (54.2%) 136 (48.9%)

HIV risk factor 0.70
MSM 248 (54.0%) 33 (51.6%) 62 (51.7%) 153 (55.6%)
Heterosexual 211 (46.0%) 31 (48.4%) 58 (48.3%) 122 (44.4%)

Health insurance 0.002
Private 202 (43.7%) 20 (31.3%) 45 (37.5%) 137 (49.3%)

Public 147 (31.8%) 31 (48.4%) 46 (38.3%) 70 (25.2%)

Uninsured 113 (24.5%) 13 (20.3%) 29 (24.2%) 71 (25.5%)

History of affective mental health disorder 0.55
No 224 (48.5%) 27 (42.2%) 60 (50.0%) 137 (49.3%)

Yes 238 (51.5%) 37 (57.8%) 60 (50.0%) 141 (50.7%)

History of substance abuse 0.12
No 398 (86.1%) 58 (90.6%) 97 (80.8%) 243 (87.4%)

Yes 64 (13.9%) 6 (9.4%) 23 (19.2%) 35 (12.6%)

History of alcohol abuse 0.94
No 385 (83.3%) 53 (82.8%) 99 (82.5%) 233 (83.8%)

Yes 77 (16.7%) 11 (17.2%) 21 (17.5%) 45 (16.2%)

History of hepatitis C infection 0.68
No 420 (90.9%) 60 (93.8%) 108 (90.0%) 252 (90.7%)

Yes 42 (9.1%) 4 (6.3%) 12 (10.0%) 26 (9.3%)

History of opportunistic infection <0.001
No 278 (60.2%) 21 (32.8%) 67 (55.8%) 190 (68.4%)

Yes 184 (39.8%) 43 (67.2%) 53 (44.2%) 88 (31.7%)
Pretreatment CD4 cell count (cells/mm?) 173+160 110£123 174+181 187+ 155 0.004
Pretreatment plasma HIV RNA (copies/ml) 0.12

<100,000 copies/ml 244 (56.7%) 23 (44.2%) 63 (55.8%) 158 (59.6%)

>100,000 copies/ml 186 (43.3%) 29 (55.8%) 50 (44.2%) 107 (40.4%)

VL <50 within 12 months of ART initiation <0.001
No 84 (18.2%) 33 (51.6%) 34 (28.3%) 17 (6.1%)

Yes 378 (81.8%) 31 (48.4%) 86 (71.7%) 261 (93.9%)
Toxicity-related regimen change <0.001

0 400 (86.6%) 43 (67.2%) 120 (100.0%) 237 (85.3%)

1 48 (10.4%) 16 (25.0%) 0 (0%) 32 (11.5%)

>2 14 (3.0%) 5 (7.8%) 0 (0%) 9 (3.2%)

Death 0.006
No 432 (93.5%) 54 (84.4%) 113 (94.2%) 265 (95.3%)

Yes 30 (6.5%) 10 (15.6%) 7 (5.8%) 13 (4.7%)

NRTI backbone <0.001
TDF or ABC 211 (45.7%) 11 (17.2%) 37 (30.8%) 163 (58.6%)

AZT 208 (45.0%) 41 (64.1%) 67 (55.8%) 100 (46.0%)

ddI or d4T 43 (9.3%) 12 (18.7%) 16 (13.3%) 15 (5.4%)

Third drug <0.001
Boosted PI 73 (15.8%) 5 (7.8%) 16 (13.3%) 52 (18.7%)

PI 32 (6.9%) 9 (14.1%) 11 (9.2%) 12 (4.3%)

NNRTI 315 (68.2%) 38 (59.4%) 77 (64.2%) 200 (71.9%)

NRTI 42 (9.1%) 12 (18.7%) 16 (13.3%) 14 (5.1%)

“Data presented as mean *standard deviation or n (%).

ART, antiretroviral treatment; MSM, men who have sex with men; VL, viral load; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI,
nonnucleaside reverse transcriptase inhibitor; PI, protease inhibitor; TDF, tenofovir; ABC, abacavir; AZT, zidovudine; ddl, didanosine; dHT,

stavudine. Figures in bold are statistically significant (p <0.05).
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M184V/1 (n=50, 65.8%) followed by K103N (n=45, 59.2%)
(Table 2). Other reverse transcriptase mutations found in
>10% of cases included the K70R/E, T215F, D67N, M41L,
P225H, V1081, Y181C/I, and Y188C /L. Mutations to PIs were
rare, with the D30N being most common (Table 2). Provider
rationale for not ordering a resistance test among the re-
maining patients (1=107, 58%) with documented high HIV
viral loads included perceived noncompliance (1=>56), viral
load blip (n=26), adverse event (n=12), lost to follow-up
(n=5), scheduled treatment interruption (n=5), and un-
known (n=3).

In multivariable Cox proportional hazards analysis, indi-
viduals who experienced >1 toxicity-related regimen change
were at significantly greater risk of developing resistance
[hazard ratio (HR) 3.94, 95% confidence interval (CI) 1.09-

TABLE 2. FREQUENCY OF SELECTED RESISTANCE MUTATIONS
IN THE REVERSE TRANSCRIPTASE AND PROTEASE (GENES
AMONG TREATMENT NAIVE PATIENTS INITIATING ART

BETWEEN JANUARY 2000 AND SEPTEMBER 2007
WHO UNDERWENT GENOTYPIC TESTING (N =64)

NEVIN ET AL.

14.21]. Individuals initiating ART regimens with ddI or d4T
(HR 4.12, 95% CI 1.19--14.26) as an NRTI and those patients
who were black/other race also had increased risk of devel-
oping resistance (HR 2.91, 95% CI 1.16-7.28). Higher pre-
treatment CD4 cell count (HR 0.85 per 50 cells/ mm?>, 95% CI
0.65-0.96) and achieving viral load suppression (<50 copies/
ml) within 12 months of ART initiation (HR 0.10, 95% CI 0.05-
0.20) were associated with a decreased risk of developing
ARV resistance (Table 3). Analyses using different censoring
strategies (see Materials and Methods) did not significantly
alter results.

Discussion

In our cohort of treatment-naive patients initiating ART
between 2000 and 2007, 14% developed antiretroviral medi-

TABLE 3. UNADJUSTED AND ADJUSTED Cox PH MoDEL
OF FACTORS ASSOCIATED WITH TIME DEVELOPMENT OF >1
RESISTANCE MUTATIONS AMONG TREATMENT NAIVE
PATIENTS INITIATING ART BETWEEN JANUARY 2000
AND SEPTEMBER 2007

Patient
Characteristics

Unadjusted
HR (95% CI)

Adjusted
HR (95% CI)

Age at ART initiation
(per 10 years)

0.98 (0.95-1.01)  0.99 (0.95-1.03)

Mutation No. (%) of patients

NRTT resistance
M41L 8 (10.5)
A62V 1(1.3)
K65R 8 (10.5)
D67N 11 (14.5)
K70R/E 14 (18.4)
L74V 3 (4.0)
V751 1(1.3)
F77L 0 (0)
Y115F/Y 0 (0)
Fl1e6Y 0 (0)
Q151M 0 (0)
M184V /1 50 (65.8)
L210W 1(1.3)
T215F 12 (15.8)
K219Q/E/N/R 5 (6.6)
Total NRTI resistance mutations 114

NNRTT resistance
L1001 4 (5.3)
K103N 45 (59.2)
V106A/M 2 (2.6)
V1081 8 (10.5)
Y181C/1 8 (10.5)
Y188C/L 8 (10.5)
G190A/S 7 (9.2)
P225H 21 (27.6)
Total NNRTI resistance mutations 103

PI resistance
D30N 2 (2.6)
V321 1(1.3)
L33F/1 1(1.3)
M46l/L 1(1.3)
147V/A 1(1.3)
G48V 0 (0)
150V 0 (0)
154M/L 1(1.3)
L76V 0 (0)
V82A/T/E/S 0 (0)
184V 0 (0)
N88S 1(1.3)
LoOM 0 (0)
Total PI resistance mutations 8

Gender

Male 1.0 1.0

Female 142 (0.79-2.54)  0.47 (0.20-1.14)
Race

White 1.0 1.0

Black/other 2.42 (1.36-4.33) 2.91 (1.16-7.28)
Health insurance

Uninsured 1.0 1.0

Private 0.67 (0.31-1.43) 0.82 (0.33-2.04)

Public 1.52 (0.76-3.06) 1.17 (0.50-2.73)

History of affective

mental health disorder

No 1.0 1.0

Yes 1.42 (0.83-2.42) 1.50 (0.73-3.06)
Pretreatment CD4 0.85 (0.76-0.95) 0.85 (0.75-0.96)

cell count

(per 50 cells/ mm?)

VL <50 within

12 months

of ART initiation

No 1.0 1.0

Yes 0.14 (0.08-0.23) 0.10 (0.05-0.22)

Toxicity-related

regimen change

1.0 1.0

>1 2.42 (0.86-6.77) 3.94 (1.09-14.21)
NRTI backbone

TDF or ABC 1.0 1.0

AZT 1.69 (0.81-3.49) 2.18 (0.87-5.47)

ddI or d4T 2.36 (0.96-5.80)  4.12 (1.19-14.26)
Other drug

Boosted-PI 1.0 1.0

PI 3.06 (0.94-10.02) 2.09 (0.45-9.64)

NNRTI 1.42 (0.50-4.02)  2.12 (0.58-7.78)

NRTI 2.54 (0.80-8.04) 2.20 (0.51-9.53)

HR, hazard ratio; CI, confidence interval. Figures in bold are
statistically significant (p <0.05).
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cation resistance mutations. Existing literature points to as-
sociations between pretreatment patient characteristics (e.g.,
low CD4 and high pretreatment viral load) and ART regimen
composition (e.g., inclusion of NNRTIs, inadequate number
of active drugs) and the development of ARV resistance, but
none investigated the role of prior toxicity-related regimen
changes.'”"* In our study, we found, for the first time in the
published literature that prior regimen change owing to tox-
icity was associated with a significant risk of developing re-
sistance. Individuals who experienced toxicity-related
regimen changes had over a 3-fold increased risk of devel-
oping ARV resistance than those who did not undergo tox-
icity-related regimen changes.

Another potentially related finding in our study was that
those initiating ART with ddI or d4T as part of the NRTI
backbone had over four times the risk of developing resis-
tance than individuals starting therapy with TDF or ABC.
Previous studies have reported on the various side effects and
long-term toxicity of ddl, d4T, and AZT, as well as the de-
creased durability of regimens containing these drugs.'*>2°
In our sample, among individuals (1=62) who underwent
toxicity-related regimen changes, the most common NRTI
backbone was ddlI or d4T (43%) followed by AZT (30%) and
finally TDF or ABC (27%). We postulate that initiation of ART
with agents more likely to result in toxicity more commonly
leads to intermittent adherence and increases the risk of
subsequent ARV. Further research is needed, however, to
confirm this relationship.

Though the use of many of the agents included in these
analyses has declined in the United States and other devel-
oped nations, they continue to be utilized frequently as first-
line agents throughout the world. Generic coformulations of
agents such as ddI, d4T, and AZT are increasingly available in
resource-limited settings, in large part owing to their reduced
costs and convenient administration. As the patents on these
older agents expire, generic formulations for these ARVs will
be available in the developed world as well, offering potential
savings in the cost of HIV therapy. However, despite lower
costs and similar efficacy, these agents exhibit side effect
profiles more significant than many of the contemporary ARVs
for which generic formulations are not yet available.?”-2° The
difficult balance of short-term cost benefits versus mainte-
nance of long-term therapeutic success must be weighed
when making individual and programmatic decisions re-
garding the selection of initial ART both in the United States
and abroad. Further study is needed in larger numbers
of patients to determine the true cost effectiveness of uti-
lizing generic formulations of older agents to inform policy
decisions.

HIV viral load has been used as a surrogate measure of
therapeutic success since the mid-1990s and virologic sup-
pression is associated with decreased morbidity and mortal-
ity.’*?? In our study, achieving virologic suppression (VL
<50 copies/ml) within 12 months of ART initiation was as-
sociated with a dramatically reduced risk for the emergence of
drug resistance (HR 0.10, 95% CI 0.05-0.22). This is consistent
with previous studies and clinical experience in which in-
complete suppression of plasma HIV viral load results in ARV
resistance and treatment failure.>’ These findings suggest
that HIV viral load monitoring is particularly critical in the
first year of treatment and failure to achieve suppression in
this timeframe indicates substantial risk for the development
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of resistance. This finding may be of particular importance in
regions of the world where HIV VL testing is not readily ac-
cessible and the frequency and timing of virologic testing
must be apportioned carefully to achieve maximal benefit.

Minority patients had nearly a 3-fold increased risk of de-
veloping resistance mutations. In addition, patients with
lower pretreatment CD4 cell counts had a decreased time to
the development of resistance. Both minority race and pre-
treatment CD4 cell counts have been previously associated
with an increased risk for virologic failure and poor clinical
outcomes, including disease progression and death.'!!%3+3%
In our study, we find that minority race and low pretreatment
CD#4 cell counts are also associated with an increased risk of
the development of ARV resistance. The implementation
of interventions targeting those individuals at greatest risk
for the development of ARV resistance is important to
maximizing the effectiveness and durability of initial ART
regimens.

The findings of our study should be interpreted with re-
spect to its limitations. As a single-site, observational cohort
study, our experiences may not be applicable to other national
or international settings. However, given our broad patient
sample, time period, and the high quality of our data, our
findings may prove useful in other settings. As with all ob-
servational studies, we are only able to ascertain associations,
but not establish causation. The study period overlaps the
implementation of guidelines recommending routine baseline
resistance testing for treatment-naive individuals and we
were unable to determine the impact of baseline resistance on
subsequent ART failure. However, baseline ARV resistance
has been previously reported to be <10% in settings such as
ours, likely diminishing its impact on our results.*’ Finally, we
were unable to measure self-reported adherence to ART in
this retrospective analysis as it was not captured in a consis-
tent, analyzable format by providers and patients use multi-
ple pharmacies, precluding the use of adherence measures
such as medication possession ratio.

In summary, our findings underscore the importance of the
selection of ARV agents with reduced toxicity profiles, viro-
logic monitoring in the first year after ART initiation, and
timely HIV diagnosis as it relates to the development of re-
sistance to ART. Understanding the role of ARV drug selec-
tion and other factors associated with the emergence of ARV
resistance will help inform interventions to improve patient
care and ensure long-term treatment success. These findings
may be of particular use in settings in which long-term success
of initial ART is critical due to limited drug formularies and
reduced access to viral load testing.
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