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Abstract

Persistency is the time from initiation to discontinuation of therapy. Previous research has described factors that
affect the persistency of initial antiretroviral therapy (ART); however, the impact of persistency on clinical
outcomes is unknown. A retrospective study was conducted of treatment-naive HIV patients initiating ART
between January 1, 2000 and December 31, 2010 at an academic medical center. Descriptive statistics and Cox
proportional hazards regression models with persistency as a time-varying covariate were fit for (1) immuno-
logic failure (subsequent CD4 lower than initial CD4); (2) development of an opportunistic infection (OI) or
malignancy; and (3) mortality. Analyses were repeated with an interaction term of persistency (per 180 days)
and time (before and after 1 year of ART). Among 879 patients who started ART, the mean age was 38 years (£10)
and most patients were racial/ethnic minority (59%), males (80%), and with baseline CD4 <200 cells/ mm?® (52%).
There were 100 deaths, 94 OlIs/malignancy, and 183 immunologic failures; the mean persistency =723 days. In
multivariable modeling, increased persistency decreased the overall and long-term hazard for immunologic
failure (0.84 per 180 additional days; 0.70-1.00; 0.045). Increased persistency exhibited a potential trend toward
decreased hazard for the occurrence of OI/malignancy (0.91; 0.80-1.03; 0.124) overall and after 1 year. Persis-
tency exhibited a trend toward less risk of mortality in the first year of ART (0.42; 0.17-1.06; 0.067). In this study
of the relationship between initial ART persistency and clinical outcomes, increased persistency was associated
with a decreased hazard for the development of immunologic failure, a trend toward a decreased hazard for OI/
malignancy, and a trend toward a decreased risk of first year mortality. Given these findings, the relationship
between persistency and clinical outcomes merits further study.

Introduction

PERSISTENCY IS DEFINED AS THE duration of pharmacologic
treatment, from initiation to change of therapy. It repre-
sents an operationally distinct construct than adherence,
which quantifies the extent to which an individual abides by
the dose, frequency, and timing of administration for a pre-
scribed therapy.! Multiple factors at the patient level (affective
mental health disorder, gender, etc.) and the regimen level
(pill burden, frequency of administration, efficacy, tolerabil-
ity, etc.) can affect persistency. In HIV care, initial anti-
retroviral therapy (ART) combinations are known to exhibit
the longest persistency.”™®

ART has transformed HIV into a chronic illness with a life
expectancy approaching that of the general population, and

ongoing initiatives to increase testing in routine treatment
settings and current epidemiologic trends point to HIV being
diagnosed in younger individuals.”* In this context, ART
regimen persistency is increasingly important to HIV care
providers now faced with the need to provide effective ART
for decades with a finite number of antiretroviral drugs.
While finite treatment options and the increased cost and
complexity of post-first line regimens underscore the im-
portance of persistency, the present study explores the im-
pact of increased persistency on clinical outcomes, an issue
scarcely addressed in the extant literature. Our objective then
was to explore the impact of persistency on three clinical
outcomes: (1) immunologic failure; (2) development of an
opportunistic infection (OI) or malignancy; and (3) mortal-
ity. The impact of these outcomes was measured overall, in
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early (<365 days) and late (>365 days) time periods from
ART initiation.

Materials and Methods

This retrospective cohort study used data from the Uni-
versity of Alabama at Birmingham (UAB) 1917 HIV/AIDS
Clinic Cohort Observational Database Project, a prospective
cohort study containing detailed sociodemographic, psycho-
social, and clinical information from over 6,000 clinic patients
dating back to 1988. Currently, over 1,900 patients receiving
primary and subspecialty HIV care at the clinic participate in
the Institutional Review Board (IRB)-approved observational,
clinical cohort project. Since August 1, 2004, the UAB 1917
HIV /AIDS Clinic uses a locally developed electronic medical
record (EMR) that imports all laboratory values from the
central UAB laboratory, requires electronic prescription for all
medications, and contains detailed provider encounter notes.
The EMR and database are quality controlled, with all pro-
vider notes reviewed within 72h of entry to ensure appro-
priate data capture regarding changes (additions or deletions)
in diagnoses, allergies, and medications, including start and
stop dates for antiretroviral and all other prescribed medica-
tions. The present study was supported through a collabora-
tive research grant from Definicare, Bristol-Myers Squibb, and
Gilead. The study was observational in design and did not
provide antiretroviral medications, laboratory tests, or re-
muneration to participants. Representatives from each re-
search partner participated in the study design, data
interpretation, and manuscript preparation but did not con-
tribute to data collection or analysis. Academic authors made
the final determination of manuscript content.

Study sample and procedures

All ART-naive patients who initiated therapy while in care
atthe UAB 1917 Clinic between January 1,2000 and December
31, 2010 were eligible for inclusion in this retrospective cohort
study. Patients who were pregnant within 9 months of the
start of ART, who were <19 years old at the start of ART, and
whose baseline viral load (VL) was <50 were excluded or
those without a valid Social Security number as mortality
could not be ascertained via the Social Security Death Index in
such cases.

Microsoft SQL queries of our laboratory, diagnostic, ad-
ministrative, and treatment databases were used to extract
data for those who initiated ART at our clinic during the study
period. Treatment-naive status at entry into care and all ART
prescriptions found in the electronic data were verified
through comprehensive review of all provider notes (re-
corded on paper before August 1, 2004 and electronically after
this date). Persistency was then determined, defined as the
time from initial ART regimen initiation to change (i.e., ther-
apy augmentation switch or complete discontinuation). Re-
gimens were ended when at least one drug in the regimen was
stopped and/or a new drug was added for at least 14 days.
Drug changes (including treatment interruptions) lasting less
than 14 days did not count as discontinuation. Similarly,
dosage changes and simplification (switches to a fixed dose
combination of the same drugs) did not count as discontinu-
ation. Each patient’s last regimen was ended in a competing
risks framework at the earlier of the recorded: stop date,
the lost-to-follow-up (LTFU) date, the date of death, or the
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administrative censoring date (May 11, 2011). A patient was
considered as LTFU if they had a gap of more than 210 days
(180 days + 30 day buffer) between arrived primary care visits.
The LTFU date was defined as the date of last arrived primary
care visit before the gap of at least 210 days.

Study variables

Independent variables. Patient level characteristics in-
cluded sociodemographic (age at ART initiation, gender, race,
HIV transmission risk factor, and health insurance status),
laboratory (baseline CD4 and viral load), and clinical history
(diagnoses of schizophrenia, affective mental health disorder,
alcohol or substance abuse). Regimen level characteristics
included year of ART initiation and anchoring third drug of
initial ART regimens [nucleoside reverse transcriptase inhib-
itors (NRTI), nonnucleoside reverse transcriptase inhibitors
(NNRTI), protease inhibitors (PI), and integrase inhibitors
(I)]. Persistency was calculated as time from initial ART
regimen initiation to discontinuation. Persistency was ana-
lyzed as a time-varying covariate.

Dependent variables. Three clinical outcome variables
were modeled for the study period: (1) immunologic failure
defined as subsequent CD4 value lower than initial CD4
value; (2) development (incidence) of an OI (per CDC defi-
nitions) or malignancy (composite of all neoplasms AIDS re-
lated and non-AIDS related); and (3) mortality as confirmed
by the Social Security Death Index (SSDI).

For each outcome the survival time was defined as the time
from the start of ART until the event of interest occurred.
Patients not experiencing the event were censored at the ad-
ministrative censoring date (May 11, 2011). For the immu-
nologic failure and development of an OI or malignancy
outcomes, death and LTFU were considered to be competing
risks. A competing risk is a situation in which the occurrence
of one type of event removes the individual from risk of all the
other event types. Patients experiencing a competing risk
were censored as of the point in time the competing risk oc-
curred. For the immunologic failure outcome only patients
with both a baseline CD4 count and at least one available
follow-up CD4 before a competing risk were included.

Statistical analyses

Descriptive analyses were used to illustrate the distribution
of patient (sociodemographic, clinical, laboratory) and regi-
men level characteristics and to ensure that the assumptions
of subsequent statistical testing were met. Three Cox pro-
portional hazards regression models were fit, one for each of
the three dependent variables (immunologic failure; devel-
opment of an opportunistic infection or malignancy, and
mortality). Further analyses for each of the clinical outcomes
using a persistency (per 180 days) and time interaction term
(before and after 1 year of ART) were performed. All statistical
analyses were performed using SAS software, version 9.3
(SAS Institute).

Results

Among 879 study participants, the median age at ART
initiation was 38 (IQR 30, 45) years, and the majority were
nonwhite (59%, n=505) males (80%, n=701). Men who have
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sex with men (MSM) constituted the largest HIV transmission
risk group (54%, n=470). A total of 52% (n=424) of study
participants initiated ART with a CD4<200 cells/mm? and
57% (n=456) had a VL <100,000 copies/ml (Table 1).

There were 100 confirmed deaths (per SSDI), 94 incident
combined opportunistic infections or malignancies, and a
total of 183 cases of immunologic failure in the observation
period. The Kaplan-Meier estimate of the mean persistency of
initial ART regimens was 723 days (SD+1,012).

Persistency, modeled as a time-varying covariate, was the
primary independent variable of interest in the three Cox
proportional hazards (PH) models completed, one for each of
the three studied clinical outcomes (Table 2).

Immunologic failure

Prolonged initial regimen persistency (per 180 days) was
associated with a decreased hazard for immunologic failure
(HR 0.84; 95% CI 0.70-1.00; 0.0454). The use of a Pl-based
initial regimen (HR 1.57; 95% CI 1.09-2.26; 0.0147) and a di-
agnosis of schizophrenia (HR 2.11; 95% CI 1.10-4.05; 0.0243)
were found to increase the hazard of immunologic failure. In
the model with the persistency/time interaction term, the
long-term hazard for immunologic failure decreased with
prolonged persistency (persistency per 180 days/ >365 days
of ART 0.85; 0.72-1.00; 0.0437).

Incident Ol or malignancy

Increased persistency (per 180 days) exhibited a potential
trend toward decreased hazard for the occurrence of OI/
malignancy (0.91; 0.80-1.03; 0.1236). More recent ART initia-
tion (2007-2010) was associated with a decreased hazard for
this outcome (HR 0.51; 95% CI 0.26—0.98; 0.0433). In the model
with the persistency/time interaction term, the long-term
hazard for incident OI or malignancy exhibited a trend to-
ward statistical significance with prolonged persistency
(persistency per 180 days/ >365 days of ART 0.90; 0.80-1.02;
0.0953).

Mortality

Prolonged initial regimen persistency (per 180 days) was
not significantly associated with mortality (HR 0.95; 95% CI
0.87-1.04; 0.2808). Baseline CD4 <200 cells/mm? (HR 3.68;
95% CI 1.27-10.65; 0.0165), Public Insurance (HR 2.91; 95% CI
1.65-5.14; 0.0002), and a diagnosis of schizophrenia were as-
sociated with increased hazard for mortality (HR 2.72; 95% CI
1.05-7.02; 0.0394). Age group 30-39 vs. 250 years old (HR
0.48; 95% CI 0.25-0.93; 0.0296) and a diagnosis of affective
mental health disorder (0.53; 0.33-0.85; 0.0091) were associ-
ated with a decreased hazard for mortality. In the model with
the persistency/time interaction term, the hazard for mor-
tality in the first year of ART exhibited a trend toward a sta-
tistically significant decrease with prolonged persistency
(persistency per 180 days/ <365 days of ART 0.42; 0.17-1.06;
0.0669).

Discussion

There is a natural tension between prolonged life expec-
tancy on ART and achieving lifelong therapy with a finite
number of effective drugs.”'*'* Maximizing the persistency
of each successive ART regimen is crucial in maximizing
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TABLE 1. DESCRIPTIVE STATISTICS OF TREATMENT-NAIVE
INDIVIDUALS (11=879) STARTING ANTIRETROVIRAL
THERAPY 1/1/2000-5/11/2011 AT THE UAB 1917

HIV/AIDS Crinic COHORT

Characteristic Results (n, %)

Age at ART initiation (years)

19-29 195 (22.2)

30-39 301 (34.2)

40-49 255 (29.0)

>50 128 (14.6)
Race (16 missing)

Nonwhite 505 (58.5)

White 358 (41.5)
Gender

Female 178 (20.3)

Male 701 (79.7)
Insurance

Private 333 (37.9)

Public 234 (26.6)

Uninsured 312 (35.5)
HIV risk factor (7 missing)

Heterosexual 337 (38.7)

VDU 65 (7.5)

MSM 470 (53.9)
Substance abuse

No 708 (80.6)

Yes 171 (19.5)
Alcohol abuse

No 742 (84.4)

Yes 137 (15.6)
Schizophrenia

No 850 (96.7)

Yes 29 (3.3)
Affective mental health disorder

No 428 (48.7)

Yes 451 (51.3)
Baseline CD4 (cells/mm?) (68 missing)

<200 424 (52.3)

201-350 238 (29.4)

>351 149 (18.4)
Baseline log;y VL median (IQR) (84 missing) 4.9 (4.4, 5.5)
ART start

2000-2003 240 (27.3)

2004-2006 223 (25.4)

2007-2010 416 (47.3)
Third drug®

I 33 (3.8)

NNRTI 628 (71.4)

NRTI 50 (5.7)

P 168 (19.1)

?Of the initial ART regimens 94% (1=829) included exactly two
NRTIs. In total, 99% (n=870) of regimens included either emtrici-
tabine (59%, n=>520) or lamivudine (40%, n=350).

PCombined boosted (1=133) and unboosted (1=35) protease
inhibitors.

Reasons for ending persistency: lost to follow-up (1 =366); adverse
event (n=136); noncompliant (1=79); unknown (n=47); therapy
failure (n=38); death (1n=22); concomitant medical condition (1=13);
structured treatment interruption (1=6).

ART, antiretroviral therapy; IVDu, intravenous drug use; MSM,
men who have sex with men; VL, viral load; II, integrase inhibitor;
NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucle-
oside reverse transcriptase inhibitor; PI, protease inhibitor.
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TABLE 2. MULTIVARIABLE SURVIVAL ANALYSES OF THE ASSOCIATION OF TIME-VARYING PERSISTENCY AND CLINICAL
EvENTs (IMMUNOLOGIC FATLURE, OPORTUNISTIC INFECTION/MALIGNANCY, DEATH) AMONG TREATMENT-NAIVE
INDIVIDUALS STARTING ANTIRETROVIRAL THERAPY 1/1/2000-5/11/2011 AT THE UAB 1917 HIV /AIDS CLiNiCc COHORT

Characteristic

Immunologic failure HR (95% CI)

Ol/malignancy HR (95% CI)

Death HR (95% CI)

Persistency (per 180 days)™”
Age at ART initiation (years)
19-29

0.84 (0.70-1.00)

0.96 (0.59-1.55)

30-39 0.71 (0.44-1.12)

40-49 0.70 (0.44-1.11)

>50 1.0
Race

White 1.0

Nonwhite 0.89 (0.64-1.24)
Gender

Male 1.0

Female 1.24 (0.84-1.84)
Insurance

Private 1.0

Public 1.06 (0.71-1.60)

Uninsured 1.01 (0.70-1.46)
Schizophrenia

No 1.0

Yes 2.11 (1.10-4.05)
Affective mental health disorder

No 1.0

Yes 1.30 (0.95-1.79)

Baseline CD4 (cells/mm?®)

<200

200-350

>350
Baseline log;p VL median (IQR)
ART start

0.62 (0.52-0.75)

2000-2003 1.0
2004-2006 1.39 (0.85-2.27)
2007-2010 1.43 (0.89-2.30)
Third drug
NNRTI 1.0
I 0.99 (0.42-2.33)
NRTI 1.66 (0.87-3.19)
PI 1.57 (1.09-2.26)

0.91 (0.80-1.03)

0.56 (0.24-1.29)

0.58 (0.29-1.14)

0.79 (0.41-1.51)
1.0

1.0
1.03 (0.60-1.76)

1.0
0.77 (0.41-1.46)

1.0
1.07 (0.61-1.88)
0.84 (0.45-1.59)

1.0
1.48 (0.42-5.17)

1.0
1.08 (0.66-1.77)

2.14 (0.96-4.77)

0.84 (0.34-2.11)
1.0

1.19 (0.84-1.71)

1.0
0.67 (0.37-1.22)
0.51 (0.26-0.98)

1.0

1.70 (0.39-7.49)
1.24 (0.49-3.12)
1.24 (0.68-2.28)

0.95 (0.87-1.04)

0.61 (0.30-1.27)

0.48 (0.25-0.93)

0.69 (0.37-1.28)
1.0

1.0
1.60 (0.93-2.76)

1.0
0.60 (0.33-1.09)

1.0
2.91 (1.65-5.14)
1.25 (0.65-2.41)

1.0
2.72 (1.05-7.02)

1.0
0.53 (0.33-0.85)

3.68 (1.27-10.65)

2.42 (0.80-7.31)
1.0

0.98 (0.71-1.35)

1.0
1.34 (0.73-2.46)
0.82 (0.38-1.77)

1.0

4.17 (0.91-19.24)

1.90 (0.89-4.07)
0.58-2.02)

“p-values for persistency: immunologic failure 0.0454; OI/malignancy 0.1236; death 0.2808.

bPersistency/ time interaction term results. [Results in bold are significant (p-value<0.05) while results marked with asterisks are
marginally significant (0.05 < p-value <0.10).] Immunologic failure: Persistency (per 180 days) early (<365 days): 0.66; 0.31-1.39. Persistency
(per 180 days) late (>365 days): 0.85; 0.72-1.00. Incident malignancy/OI: Persistency (per 180 days) early (<365 days): 1.04; 0.25-4.28.
Persistency (per 180 days) early (>365 days): 0.90; 0.80-1.02%. Death: Persistency (per 180 days) early (<365 days): 0.42; 0.17-1.06*.

Persistency (per 180 days) early (>365 days): 0.97; 0.89-1.05.

Ol, oportunistic infection; HR, hazard ratio; CI, confidence interval.

patient life expectancy. While previous studies have identi-
fied patient and regimen level factors associated with in-
creased persistency, little is known regarding its impact on
and association with clinical outcomes.>® In the present
study, we explored the relationship of first ART regimen
persistency with three clinical outcomes overall, and before
and after the first year of ART initiation. We found evidence
of a clear association between prolonged first regimen per-
sistency and decreased hazards for immunologic failure. In
addition, although not statistically significant, we saw a
trend toward decreased hazards for both the clinical out-
come of incident OI or malignancy after 1 year of ART as well
as a trend toward decreased mortality in the first year of ART
with prolonged first regimen persistency (per 180 days of
continuous ART).

Immunologic failure was selected as an outcome due to the
well-known risks associated with decreased CD4 values. In this
study, immunologic failure was defined as a subsequent value
lower than baseline CD4 value during the time after first ART
regimen initiation. Prolonged persistency was protective for
immunologic failure in primary analysis and after long-term
ART initiation in the model with the persistency/time inter-
action term. Though multiple efficacious treatment options are
available, first regimens achieve the greatest persistency. As
ART start commonly coincides with CD4 nadirs, the time of
ART initiation is a vulnerable period in which the clinical risks
for immunologic failure are decreased by prolonged persis-
tency.® Framing this finding in the context of providing lifelong
ART and decreasing the total number of days a patient is at
equal or greater risk of complications associated with a lower
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than baseline CD4 while on initial ART underscore the rele-
vance of prolonging persistency to this clinical outcome.
Selecting a regimen associated with prolonged persistency at
the time of ART initiation will decrease the risks associated
with immunologic failure over the long term.

In our second model, a composite clinical outcome of in-
cident OI or malignancy is featured as the dependent variable.
Though persistency did not show a statistically significant
decreased hazard for this outcome, a trend for increased
persistency being protective was found (HR 0.91; 95% CI
0.80-1.03) in the overall model. The model including the
persistency/time interaction term showed a similar trend af-
ter 1 year of ART therapy. We posit that with a greater sample
size, these associations could achieve statistical significance.
We also recognize that this is a composite outcome and mul-
tiple other questions regarding the association of persistency
with specific Ols or malignancies remain unexplored. Defining
such associations could influence future regimen selection. For
example, we might select regimens with optimized persistency
that are known to reduce risk in a person known to have pre-
existing tendencies to develop a specific malignancy. Defining
the relationship between persistency, specific clinical out-
comes, and their risk over time with larger datasets will both
solidify knowledge about further clinical ramifications of
prolonged persistency and potentially inform our treatment
decisions in the context of an individual’s other preexisting
health risks and the need for lifelong ART in the future.

No statistically significant association was found between
first ART regimen persistency and subsequent mortality as
reported in the SSDI in initial analyses. However, when a
persistency/time interaction term was added to the model,
we observed a trend toward a decrease in mortality in the
first year of ART. This finding may be due to the higher risk
of mortality seen in those starting ART with lower baseline
CD4 values, a population in which prolonged persistency in
the first year will be critical. The question of how much the
persistency of initial ART regimen influences the risk of
subsequent mortality must be posed, and per these data, the
effect seems minimal as multiple factors beyond the persis-
tency of the first regimen are likely to influence long-term
mortality risk. Beyond individual mortality risks, however,
future studies must gauge the effect of persistency at the
community level in terms of HIV transmission. Recent
studies point to virologic control as a key strategy to prevent
transmission, a notion captured in the “treatment as pre-
vention” paradigm.'>'® To maximize the impact of such
public health strategies, efficacious regimens with prolonged
persistency will be needed. The relationship between regi-
men persistency and its impact on transmission currently
remains undefined. In addition, persistency of initial ART
is particularly important in resource-limited settings in
which limited subsequent therapeutic options and limited
monitoring resources make the selection of regimens with
optimized persistency crucial to the long-term success of
national treatment programs.

The present study must be considered in light of its limi-
tations. First, due to the retrospective observational cohort
study design, we are able to determine associations and can-
not define causation. Though extensive and meticulous con-
firmation of all electronic prescriptions was performed by
review of all provider notes, patient level data on regimen
adherence were not available for analyses. In addition, as a
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single site cohort drawing patients from a limited geographic
region in the United States, the applicability of our findings to
other treatment populations and settings must be cautiously
considered.

Maximizing persistency becomes increasingly important as
epidemiologic trends point to prolonged longevity and trends
toward younger transmission and diagnosis in HIV and
providers think in terms of providing lifelong successful ART
therapy. In this initial study of the impact of prolonged first
regimen persistency on clinical outcomes, we found de-
creased hazards of immunologic failure and a trend toward
decreased hazards for incident OI or malignancy in patients
on long-term first line therapy as well as a trend toward a
decreased hazard of mortality in the first year of ART. Though
these initial data begin to underscore the importance of per-
sistency on such outcomes, much work remains on under-
standing the effect of persistency on clinical outcomes. With
such insights, persistency may become a factor to aid in reg-
imen selection in the future.
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