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Abstract

Purpose—Antiretroviral monotherapy and treatment interruption are potential strategies for
perinatally HIV-infected adolescents (PHIVVA) who face challenges maintaining effective
combination antiretroviral therapy (ART). We assessed the use and outcomes for adolescents
receiving monotherapy or undergoing treatment interruption in a regional Asian cohort.

Methods—Regional Asian data (2001-2016) were analyzed to describe PHIVA who experienced
>2 weeks of lamivudine or emtricitabine monotherapy or treatment interruption and trends in CD4
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count and HIV viral load during and after episodes. Survival analyses were used for World Health
Organization (WHO) stage H1/1V clinical and immunologic event-free survival during
monotherapy or treatment interruption, and a Poisson regression to determine factors associated
with monotherapy or treatment interruption.

Results—Of 3,448 PHIVA, 84 (2.4%) experienced 94 monotherapy episodes, and 147 (4.3%)
experienced 174 treatment interruptions. Monotherapy was associated with older age, HIV RNA
>400 copies/mL, younger age at ART initiation, and exposure to =2 combination ART regimens.
Treatment interruption was associated with CD4 count <350 cells/uL, HIV RNA =1,000
copies/mL, ART adverse event, and commencing ART age =10 years compared with age <3 years.
WHO clinical stage I11/1V 1-year event-free survival was 96% and 85% for monotherapy and
treatment interruption cohorts, respectively. WHO immunologic stage I11/1V 1-year event-free
survival was 52% for both cohorts. Those who experienced monotherapy or treatment interruption
for more than 6 months had worse immunologic and virologic outcomes.

Conclusions—Until challenges of treatment adherence, engagement in care, and combination
ART durability/tolerability are met, monotherapy and treatment interruption will lead to poor
long-term outcomes.
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Antiretroviral therapy (ART) in perinatally HIV-infected adolescents (PHIVA) is
complicated by the impact of chronic disease on physical and psychosocial health,
contributing to morbidity, treatment fatigue, and adherence vulnerability [1]. This not only
has implications for the viability of ART during adolescence but also for future regimens
through the development of antiretroviral resistance. To limit disease progression and/or the
development of antiretroviral resistance during periods of inadequate adherence to
combination ART or for those failing combination ART awaiting access to effective
regimens, alternate treatment strategies such as antiretroviral monotherapy and treatment
interruption may be considered [2,3]. Rationale for lamivudine or emtricitabine
monotherapy has been derived from studies demonstrating the evolution of the M184V
mutation in the setting of lamivudine monotherapy, which hinders viral fitness and impairs
viral replication [4,5]. In addition, the M184V mutation in isolation does not confer cross-
resistance and increases susceptibility to other nucleoside reverse transcriptase inhibitors [4].
Treatment interruptions have been considered a more viable option in children compared
with adults because of concern over greater cumulative lifetime ART exposure, greater
potential for long-term ART toxicity, and less available ART formulations; as well as their
greater potential for immune reconstitution on recommencing ART [6].

Data regarding the viability of monotherapy or treatment interruption as alternate treatment
strategies for PHIVA are mixed, with prior studies incorporating adolescents into broader
cohorts with young adults [7] or children [2,3,8-13]. Lamivudine or emtricitabine
monotherapy has been shown to result in worse immunologic outcomes than continuing
nonsuppressive combination ART in a cohort of 33 adolescents and young adults from the
International Maternal Pediatric Adolescent AIDS Clinical Trials network [7] while
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lamivudine monotherapy resulted in better immunologic and clinical outcomes when
compared with completely stopping lamivudine-containing combination ART in an Italian
cohort of 58 adults [14]. In the Paediatric European Network for the Treatment of AIDS 11
study, 109 children and adolescents across nine countries who underwent a planned
treatment interruption encountered no serious clinical events during their treatment
interruption of up to 48 weeks [6], with 101 participants observed up to 2 years after
reinitiation of combination ART who encountered no serious adverse clinical, immunologic,
or virologic consequences [3]. Whereas the Strategies for Management of Antiretroviral
Therapy study demonstrated an increased risk of opportunistic disease and death associated
with treatment interruption in an international cohort of 5,472 adults [15].

Given the challenges of maintaining PHIVA on long-term effective combination ART [1], a
better understanding of the impact of monotherapy and treatment interruptions on PHIVA is
required to better inform HIV healthcare providers, and their patients, on the viability of
such alternate treatment strategies. This study aims to assess the use and impact of
lamivudine or emtricitabine monotherapy and incident treatment interruption in an Asian
regional cohort of PHIVA aged 10-19 years by describing characteristics of PHIVA who
received monotherapy or had treatment interruptions, describing trends in CD4 count and
HIV viral load during and after monotherapy and treatment interruption episodes, evaluating
World Health Organization (WHO) stage I11/1V event-free survival during episodes of
monotherapy and treatment interruptions, and determining factors associated with
monotherapy and treatment interruptions.

Study design and population

Definitions

The Therapeutics Research, Education, and AIDS Training Asia pediatric HIV
Observational Database (TApHOD) of International epidemiology Databases to Evaluate
AIDS Asia-Pacific involves 16 sites across six countries (Cambodia, India, Indonesia,
Malaysia, Thailand, and Vietnam) in Asia that collect data during HIV care, which are
transferred to the Kirby Institute (University of New South Wales, Sydney, Australia) for
management and analysis. Details of the TApHOD cohort have been previously reported
[16]. For this study, adolescents aged 10-19 years with perinatal HIV infection who received
care within TApHOD up to December 2016 were included. Ethics approval was obtained
through the human research ethics committees at participant sites, Kirby Institute, and
Therapeutics Research, Education, and AIDS Training Asia/amfAR (The Foundation for
AIDS Research) coordinating center (Bangkok, Thailand).

Adolescence was defined as 10-19 years of age. ART was defined as treatment with any
antiretroviral agent, and combination ART defined as treatment with at least three
antiretroviral agents. First combination ART regimen was defined as the initial combination
ART regimen. Switch to a second combination ART regimen consisted of either a change
from one antiretroviral class to another, addition of a new antiretroviral class, or a change in
at least two antiretroviral agents. Monotherapy was defined as treatment with lamivudine or
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emtricitabine for at least 2 weeks, and treatment interruption defined as a minimum of 2
weeks without ART between two periods of any ART use (planned or unplanned). Only
monotherapy or treatment interruption episodes that occurred during adolescence were
included.

Viral suppression was defined as an HIV viral load of <400 copies/mL, and
immunodeficiency as a CD4 count of <500 cells/uL [17]. Clinical and immunologic staging
was in accordance with the WHO; with advanced HIV disease as WHO clinical stage 111 or a
CD4 count 200-349 cells/uL, and severe HIV disease as WHO clinical stage IV or a CD4
count <200 cells/uL [17]. Baseline was defined as either a participants’ tenth birthday or
their first clinic visit if it occurred after their 10th birthday. Loss to follow-up (LTFU) while
on monotherapy was determined by the participant site reporting LTFU or the absence of
individual-level data for >12 months from last data transfer if the participant remained on
monotherapy at last clinic visit. LTFU could not be determined for patients with treatment
interruptions, as they required reinitiation of ART to meet the criteria for treatment
interruption, which required engagement in care.

Statistical analysis

Descriptive analyses were used to report demographic, immunologic, virologic, and clinical
characteristics of PHIVVA who received monotherapy, had a treatment interruption, and those
who did not have monotherapy or a treatment interruption. For WHO clinical events and
ART adverse events at baseline and initiation of monotherapy or treatment interruption, the
most recent event within the preceding 6 months was recorded for each participant. For
baseline CD4 count and HIV viral load, the closest measurement within a 6-month window
period (i.e., 6 months before or after) was taken. Crude incidence rates with 95% confidence
intervals (Cls) were calculated for monotherapy and treatment interruption episodes, with
person-years calculated from baseline to death, LTFU, last reported clinic visit (if occurred
at <20 years of age) or the day before their 20th birthday (if remained in care at =20 years of
age). Trends in median CD4 count and HIV viral load categories (<400 copies/mL, 400-999
copies/mL, 1,000-9,999 copies/mL, and =10,000 copies/mL) during and after episodes of
monotherapy or treatment interruption were reported at 6 monthly time points. The closest
measurement to each time point within a 3-month window period (i.e., 3 months before or
after) was taken. If a participant had a subsequent episode of monotherapy or treatment
interruption, they were censored from contributing further data to their most recent
monotherapy or treatment interruption episode and began contributing data to their current
monotherapy or treatment interruption episode.

Kaplan—Meier survival analyses were used to determine event-free survival during
monotherapy or treatment interruption for WHO clinical stage 111/1V events and WHO
advanced/severe HIV-associated immunodeficiency. The period of observation commenced
at the start of either the monotherapy or treatment interruption episode and stopped when
either the participant died, was LTFU, ceased monotherapy or treatment interruption, or at
their last clinic visit if remained on monotherapy. Only participants who commenced
monotherapy or treatment interruption with a CD4 count >350 cell/uL were included in the
survival analyses for WHO advanced/severe HIV-associated immunodeficiency.
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A Poisson regression analysis was used to determine incidence rate ratios and adjusted
incidence rate ratios (alRR) to determine factors associated with monotherapy or treatment
interruption. Covariates included age, sex, CD4 count, HIV viral load, preceding (within 6
months) WHO clinical stage, preceding (within 6 months) ART adverse event, age at ART
initiation, prior combination ART regimen (first or at least second), and prior monotherapy
or treatment interruption. Age, CD4 count, and HIV viral load were analyzed as time-
dependent variables. Unknown or missing data were included in the analyses as a separate
category. Covariates with a p value of <.1 on univariate analysis were included in a
multivariate analysis, which was conducted in a step-wise fashion maintaining covariate that
retained a p value of <.05. Statistical analyses were performed using Stata, version 14.2
(StataCorp LP, College Station, TX).

Study population

There were 3,448 PHIVA who ever received care within TApHOD up to December 2016.
The period of adolescent data analyzed ranged from 2001 to 2016. The total period of
observation was 16,400 person-years, with a median adolescent follow-up of 4.7
(interquartile range [IQR] 2.3, 7.1) years. Contribution of person-years by country was 9,939
person-years from Thailand, 2,234 person-years from Vietnam, 1,738 person-years from
Cambodia, 1,142 person-years from Malaysia, 948 person-years from India, and 309 person-
years from Indonesia. There were 84 PHIVA (2.4%) who experienced 94 monotherapy
episodes over 16,071 person-years (crude incidence rate .6 [95% CI .5, .7] per 100 person-
years), and 147 PHIVA (4.3%) who had 174 treatment interruption episodes over 16,067
person-years (crude incidence rate 1.1 [95% CI .9, 1.3] per 100 person-years). The median
duration of monotherapy was 198 (IQR 117, 365) days, and the median duration of
treatment interruption was 182 (IQR 65, 343) days. Table 1 summarizes the characteristics
of PHIVA who received monotherapy, had a treatment interruption, and who did not have
monotherapy or a treatment interruption.

For the 94 monotherapy episodes, preceding therapy was combination ART in 80 (85.1%),
dual agent ART in 10 (10.6%), and no therapy in 4 (4.3%). One PHIVA died, and four were
LTFU while on monotherapy, and 13 had continued monotherapy to the end of the follow-up
period. The remaining 76 monotherapy episodes were followed by combination ART in 70
(92.1%) and treatment interruption in six (7.9%). For the 174 treatment interruption
episodes, preceding therapy was combination ART in 147 (85.0%), dual agent ART in 17
(9.8%), and single-agent ART in nine (5.2%), whereas subsequent therapy was combination
ART in 160 (93.6%), dual agent ART in four (2.3%), and single-agent ART in seven (4.1%).

CD4 count and HIV viral load trends

The monotherapy group experienced a decline in median CD4 count from 403 (IQR 193,
697) cells/uL to 285 (IQR 128, 512) cells/uL over 12 months, whereas the treatment
interruption group demonstrated a decline in median CD4 count from 349 (IQR 132, 673)
cell/uL to 200 (IQR 72, 397) cells/uL over 6 months (Figure 1A). The median CD4 count at
the end of monotherapy and treatment interruption episodes was 213 (IQR 93, 435) cells/uL
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and 197 (IQR 48, 362) cells/uL, respectively. Figure 1B shows the trend in median CD4
count after recommencement of at least two agent ART for the monotherapy and treatment
interruption groups. When stratified by the duration of monotherapy (<6 months or >6
months), the groups demonstrated a similar median CD4 count at the end of their
monotherapy episodes; however, those who had a monotherapy duration of <6 months
displayed a better median CD4 count at 2 years after monotherapy compared with those who
had a monotherapy episode of more than 6 months (Supplemental Figure 1, which shows
CD4 count trends). For the treatment interruption group, those who had a treatment
interruption episode of <6 months had a higher median CD4 count from the end of their
treatment interruption episode through to 2 years after (Supplemental Figure 1, which shows
CD4 count trends).

Viral suppression was achieved in around 60% of those who had viral load testing up to 2
years after subsequent management with at least two agent ART after monotherapy or
treatment interruption (Figure 2). When stratified by duration of monotherapy or treatment
interruption (<6 months or >6 months), there was a higher proportion of those achieving
viral suppression for both the monotherapy and treatment interruption groups who had a
duration of <6 months (Supplemental Figure 2, which shows HIV viral load distribution for
the monotherapy cohort; and Supplemental Figure 3, which shows HIV viral load
distributions for the treatment interruption cohort).

WHO advanced/severe HIV disease-free survival

For the monotherapy group, there were 3/84 (3.5%) who had a WHO clinical stage I11/1\V
event, with an event-free survival of 96.4% (95% CI 85.9, 99.1) at 1 year and 91.9% (95%
Cl1 73.7,97.7) at 3 years (Figure 3A). For the treatment interruption group, there were
18/147 (12.2%) who had a WHO clinical stage 111/IV event, with an event-free survival of
85.2% (95% CI 74.7, 91.6) at 1 year and 59.8% (95% CI 31.6, 79.5) at 3 years (Figure 3A).
For PHIVVA who started monotherapy or treatment interruption with a CD4 count >350 cell/
uL, 22/44 (50%) who received monotherapy and 37/81 (45.7%) who had a treatment
interruption had a WHO immunologic stage I11/1V event. Figure 3B shows the WHO
immunologic stage 111/IV event-free survival during episodes of monotherapy and treatment
interruption, with an event-free survival of 51.9% (95% CI 33.6, 67.4) at 1 year and 13.0%
(95% CI 1.2, 39.1) at 3 years for the monotherapy group, and an event-free survival of
52.2% (95% CI 37.4, 65.1) at 1 year and 11.7% (95% CI 3.1, 26.4) at 3 years for the
treatment interruption group.

Factors associated with monotherapy or treatment interruption

On multivariate regression analysis, the following factors were found to be associated with a
higher rate of monotherapy: age 15-19 years compared with age 10-14 years (alRR 2.0
[95% CI 1.3, 3.1]); HIV viral load =400 copies/mL compared to <400 copies/mL (400-999
copies/mL alRR 10.2 [95% CI 3.2, 32.5]; 1,000-9,999 copies/mL alRR 24.6 [11.7, 51.7];
>10,000 copies/mL alRR 30.0 [95% CI 15.2, 59.1]; Figure 4); and exposure to at least two
combination ART regimens compared with one combination ART regimen (alRR 1.8 [95%
Cl 1.1, 3.0]; Table 2). Age =5 years at ART initiation was shown to be associated with a
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lower rate of monotherapy use compared with those commencing ARTat age <3 years (age
5-9 years alRR .3 [95% CI .2, .6]; age =10 years aIlRR .3 [.2, .6]).

A higher rate of treatment interruption was associated with the following factors on
multivariate regression analysis: CD4 count <350 cells/uL compared with =500 cells/uL
(200-349 cells/pL alRR 2.3 [95% CI 1.5, 3.8]; <200 cells/uL alRR 2.9 [95% CI 1.8, 4.5]);
HIV viral load =1,000 copies/mL compared with <400 copies/mL (1,000-9,999 copies/mL
alRR 3.8 [95% CI 2.2, 6.5]; 210,000 copies/mL alRR 3.4 [95% CI 2.1, 5.4]); ART adverse
event (alRR 2.9 [95% CI 1.8, 4.7]); and age =10 years at ART initiation compared with age
<3 years (alRR 3.2 [95% CI 1.5, 6.6]; Table 2). Those who were combination ART naive
(i.e., exposure to only single or dual agent ART) had a lower rate of treatment interruption
compared with those who had received their first combination ART regimen (alRR .1 [95%
Cl1.01, .7]).

Discussion

This study provides insights into the use and impact of monotherapy and treatment
interruption in a regional Asian PHIVA cohort. The combination of factors associated with
monotherapy in our cohort, including older age, unsuppressed HIV viral loads, having had at
least two prior combination ART regimens, and earlier age at ART initiation, suggests
monotherapy more often occurred in treatment-experienced PHIVA at risk of treatment
fatigue and in whom options for effective combination ART are limited. Monotherapy in
these circumstances is in keeping with experiences in other regions [2,8,18], emphasizing
common challenges in delivering suppressive combination ART to adolescents in low- and
middle-income countries. The higher proportion of Thai PHIVA in the monotherapy and
treatment interruption groups in part reflects the longer period of follow-up for Thai sites.

Those receiving monotherapy in our cohort demonstrated clinical stability, with 92%
remaining free of a WHO clinical stage 111/IV event at 3 years. However, they were
vulnerable to immunologic deterioration, with a WHO immunologic stage I11/1V event-free
survival of 52% at 1 year and only 13% at 3 years. The clinical stability but immunologic
vulnerability during episodes of monotherapy in our cohort is consistent with previous
studies involving children and adolescents. In an observational study from South Africa,
there were six WHO clinical stage I11/1V events among 71 children and adolescents who
received monotherapy over a mean duration of 2 years and a 50% probability of developing
an “immunological event” (new WHO stage I11/1V event, CD4 drop of >25%, and/or
absolute drop to<200 cells/uL) atl year [2]. In the International Maternal Pediatric
Adolescent AIDS Clinical Trials P1094 study comparing monotherapy with nonsuppressive
combination ART, there were no Centers for Disease Control and Prevention (CDC)
category C clinical events recorded for 17 participants randomized to monotherapy, but their
probability of experiencing “immunologic failure” (CD4 decline of 230% or CDC category
C event) was 41% at 28 weeks [7].

Not surprisingly, those having treatment interruptions frequently had preceding low CD4
counts and high HIV viral loads, suggestive of poor treatment adherence and engagement in
care. Interestingly, factors suggestive of treatment fatigue, such as earlier age at ART
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initiation or exposure to multiple combination ART regimens, were not found to be
associated with treatment interruption, which may in part be because of the high proportion
in our cohort commencing ART after age 5 years. The clinical course of the treatment
interruption group showed a steady decline, with a WHO clinical stage 111/1V event-free
survival of 85% at 1 year and 60% at 3 years. However, as with our monotherapy group,
there was considerable immunologic deterioration, with a WHO immunologic stage 111/
event-free survival of 52% at 1 year and 12% at 3 years. In the Pediatric European Network
for the Treatment of AIDS 11 trial of planned treatment interruptions, there were no new
CDC category C events during the periods of combination ART [6]. The higher proportion
of clinical events in our cohort is likely because of unplanned and unstructured treatment
interruptions being captured in our observational study among adolescents with preceding
poor immunologic control.

In addition to the clinical and immunologic outcomes expected during monotherapy or
treatment interruption, the expected responses following subsequent management with
combination ART need to be considered. For our monotherapy and treatment interruption
groups, of whom more than 90% were subsequently managed with combination ART, their
virologic and immunologic responses were poor. Despite median CD4 counts returning to
pre-monotherapy or pre-treatment interruption levels within several months of restarting
treatment, the monotherapy group did not achieve a median CD4 count of 500 cells/uL until
18 months after monotherapy, and the treatment interruption group had not reached a median
CD4 count of 500 cells/uL by 24 months after treatment interruption. This may reflect a
limited capacity for immune reconstitution in PHIVA [19,20]. Among those with viral load
testing, about 60% of both the monotherapy and treatment interruption groups achieved viral
suppression up to 2 years after restarting treatment. These outcomes may be related to poor
treatment adherence, emergence of drug resistance, or an insufficiently robust ART regimen.
Those who had monotherapy or a treatment interruption for more than 6 months had poorer
immunologic and virologic outcomes compared with those who had monotherapy or a
treatment interruption episode of <6 months, further highlighting the limited viability of
either treatment strategy.

The poor outcomes demonstrated during and after periods of monotherapy or treatment
interruption further underscore the call for adolescent-specific approaches to overcome
challenges related to treatment fatigue and nonadherence and engagement in care.
Adolescent-friendly clinics, incorporating management aspects such as structured
adolescent-focused adherence counseling, scheduled group activities promoting peer
interactions, and individualized psychosocial support delivered by staff trained to meet the
specific needs of HIV-infected adolescents have been shown to improve engagement in care,
retention on ART, and viral suppression [21-23]. The evolution of HIV services to meet the
needs of PHIVA are ever more important, given the expanding adolescent demographic
within the HIV-infected population who are particularly vulnerable for poor outcomes
[1,24,25].

The main limitation of this study is its observational nature including a heterogenous PHIVA
population with varying ART exposures and subsequent ART regimens. There was
insufficient data to evaluate treatment adherence, pill burden, or engagement in care as
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factors associated with monotherapy or treatment interruption or with outcomes after
restarting treatment. We were unable to ascertain the reasons for monotherapy or treatment
interruption and whether treatment interruptions were intentional or incidental. There was
potential not to capture all treatment interruptions by excluding participants that had stopped
but not recommenced ART by the end of the study period, which could lead to an
underappreciation of the impact of engagement in care on treatment interruptions. Our
criteria for a minimum 2-week duration of monotherapy and treatment interruption is less
than some prior observational studies. These limitations hinder the generalizability of our
results to all PHIVA who receive monotherapy or experience a treatment interruption.
However, given the large majority had prior experience with combination ART and were
subsequently managed with combination ART, this study population is a relatively
representative cohort of adolescents from low- and middle-income countries in an era of
combination ART.

In conclusion, we observed monotherapy in clinically stable PHIVA with extensive ART
exposure and poor virologic control, while treatment interruptions were encountered in
PHIVA with poor immunologic and virologic control suggestive of issues with treatment
adherence and engagement in care. Both alternate treatment patterns render PHIVA
immunologically vulnerable, and their virologic and immunologic responses after
subsequent management with combination ART are poor. Enhanced treatment adherence
support, the lifting of barriers to youth’s engagement in care, and increasing access to and
durability/tolerability of suppressive ART regimens are all of paramount importance to avoid
the poor long-term outcomes associated with the ineffective strategies of monotherapy and
treatment interruption.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTION

This analysis demonstrates that treatment fatigue and poor engagement in care are the
main reasons perinatally HIV-infected adolescents are receiving antiretroviral
monotherapy or undergoing treatment interruptions. These management strategies leave
adolescents immunologically vulnerable during such periods and lead to poor
immunologic and virologic outcomes with subsequent antiretroviral therapy.
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