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What’s New in the Pediatric Guidelines (Last updated March 5, 2015; last
reviewed March 5, 2015)

Key changes made by the Panel on Antiretroviral Therapy and Medical Management of HIV-Infected
Children (the Panel) to update the February 12, 2014, Guidelines for the Use of Antiretroviral Agents in
Pediatric HIV Infection are summarized below. Throughout the document, text and references have been
updated to include new publications where relevant. Minor changes and edits have been made to enhance
clarity and facilitate use of the Guidelines. The Panel has added a new section to address specific issues in
antiretroviral therapy (ART) for neonates. All changes are highlighted.

Diagnosis of HIV Infection

* Because children with perinatal HIV exposure aged 18 to 24 months may have residual maternal HIV
antibodies, the Panel recommends that definitive exclusion or confirmation of HIV infection in children
in this age group who are HIV antibody-positive should be based on a nucleic acid test (NAT) (AII).

¢ The AMPLICOR® HIV-1 DNA test, widely used for diagnosis of infants born to HIV-1-infected mothers
since 1992, is no longer commercially available in the United States. The Panel cautions that the
sensitivity and specificity of non-commercial HIV-1 DNA tests may differ from the sensitivity and
specificity of the Food and Drug Administration (FDA)-approved commercial test.

Clinical and Laboratory Monitoring of Pediatric HIV Infection

* Because current pediatric HIV classification and thresholds for treatment initiation are based on absolute
CD4 cell count, the Panel now recommends that absolute CD4 T lymphocyte (CD4) cell count should be
used for monitoring immune status in children of all ages, with CD4 percentage as an alternative (AII).

» The Panel has added hepatitis B virus (HBV) screening to the schedule for clinical and laboratory
monitoring in Table 3 when considering starting or changing to antiretroviral (ARV) drugs with activity
against HBYV, specifically lamivudine-, emtricitabine-, and tenofovir-containing regimens.

» The Panel has added Table 4 to provide information about primary, FDA-approved assays to monitor
viral load.

When to Initiate Therapy in Antiretroviral-Naive Children

* The Panel has updated recommendations for when to initiate therapy in ARV-naive HIV-infected children
to incorporate the updated Centers for Disease Control and Prevention (CDC) Surveillance Case Definition
for HIV Infection, which aligns children with adult and adolescent patients. It includes age-specific CD4
values, indicating a preference for the use of CD4 count over CD4 percentage in all ages (see Revised
Surveillance Case Definition for HIV Infection at http://www.cdc.gov/mmwr/pdf/rr/rr6303.pdf).
Information about HIV infection stage based on age-specific CD4 cell count or percentage is provided in
Table 6, and Table 7 lists HIV-related symptoms.

* The Panel has now stratified the urgency for initiation of combination antiretroviral therapy (cART),
recommending urgent initiation in all children younger than 12 months and in those aged 12 months and
older with CDC Stage 3-defining opportunistic illnesses or Stage 3 CD4 counts. The text provides
guidance that in situations requiring urgent initiation of treatment, the clinical team should expedite a
discussion on adherence and provide increased, intensive follow-up in the first few weeks to support the
children and families.
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What Drugs to Start: Initial Combination Therapy for Antiretroviral Treatment-Naive
Children

» The Panel has added integrase strand transfer inhibitor-based regimens as agents to be used in combination
with two nucleoside analogue reverse transcriptase inhibitors (NRTIs). Raltegravir can be used in children
age 2 years and older and dolutegravir in children aged 12 years and older. Raltegravir is also licensed for
infants as young as 4 weeks but the Panel would consider usage only in special circumstances.

* The protease inhibitor (PI) atazanavir boosted with ritonavir is now considered an alternative PI in
children aged 3 months through 5 years and remains a preferred drug for children 6 years and older.

e The two-NRTI combination of zidovudine and lamivudine or emtricitabine is now considered an
alternative combination for adolescents older than 13 years.

Specific Issues in Antiretroviral Therapy for Neonates

* The Panel has added a new section about ART for neonates to address specific issues raised by the ability
to diagnose HIV infection within a few days of birth in conjunction with growing discussion and reports of
early intensive ART of HIV-infected infants and infants at high risk of HIV infection.

* Available information about dosing and safety of individual ARV drugs in term and pre-term infants is
summarized and discussed in the context of the benefits and risks of early intensive treatment.

* The Panel cautions that existing pharmacokinetic (PK) and safety data are insufficient for the
recommendation of a complete combination antiretroviral therapy (cART) regimen to treat preterm infants
and term infants younger than 15 days (until 42 weeks postmenstrual age).

* The Panel recommends that neonatal care providers who are considering a three-drug ARV treatment
regimen of term infants younger than 2 weeks or premature infants contact a pediatric HIV expert for
guidance and individual case assessment of the risk/benefit ratio of treatment and for the latest information
on neonatal drug doses. The National Perinatal HIV Hotline (1-888-448-8765) provides free clinical
consultation on perinatal HIV care.

Management of Medication Toxicity

» Toxicity table sections have been reviewed and updated throughout. Notable changes include newer data
on the occurrence and management of central nervous system (CNS) adverse effects of efavirenz and the
effects on creatinine determination of newer ARV drugs dolutegravir, cobicistat, and rilpivirine.

* Central Nervous System Toxicity: The toxicity table has been updated to reflect recent reports indicating
that a greater proportion of patients than previously recognized experience persistent CNS symptoms due
to efavirenz and new information about suicidality associated with this drug. Major depression or suicidal
thoughts are now specified as psychiatric illnesses warranting cautious use of efavirenz. Explicit
recommendation is made to discontinue efavirenz for severe and/or persistent symptoms when a suitable
alternative exists.

* Nephrotoxic Effects: The toxicity table has been updated to include a section about elevation in serum
creatinine with drugs that cause an asymptomatic decrease in renal tubular secretion of creatinine, leading
to an increase in measured serum creatinine without a true change in glomerular filtration rate:
dolutegravir, cobicistat, rilpivirine.

Modifying Antiretroviral Regimens in Children with Sustained Virologic Suppression on
Antiretroviral Therapy

* The Panel has added a new bulleted recommendation to emphasize the need to consider past episodes of
ARV treatment failure, tolerability, and all prior drug resistance testing results to avoid choosing new ARV
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drugs for which archived drug resistance would limit activity.

* Updated ARV drug information has been incorporated in the text and in Table 14 which provides examples
of changes in ARV regimen components that are made for reasons of simplification, convenience, and
safety profile in children who have sustained virologic suppression on their current regimen.

Role of Therapeutic Drug Monitoring in the Management of Pediatric HIV Infection

* The Panel has added language about consideration of dose adjustment for efavirenz with a known
CYP2B6 poor metabolizer genotype in children older than 3 years.

Pediatric Antiretroviral Drug Information

» Updates with new pediatric data are provided when relevant to specific drugs. The Panel has added and revised
references to websites in each drug section that provide information about drug interactions http://www.hiv-
druginteractions.org/ and HIV resistance mutations http://www.iasusa.org/sites/default/files/tam/22-3-642.pdf
and http://hivdb.stanford.edu/DR/. With FDA approval of cobicistat tablets, a new heading has been added for
drugs classified as Pharmacokinetic Enhancers.

Nucleoside Analogue Reverse Transcriptase Inhibitors

» Zidovudine: The Panel has updated the dosing table to include the dose for continuation of
zidovudine after 4 or more weeks based on gestational age.

Non-Nucleoside Analogue Reverse Transcriptase Inhibitors

» Nevirapine: The Panel has provided information about the investigational treatment dose of
nevirapine for infants younger than 1 month with a link to the new section, Dosing: Special
Considerations: Neonates <14 Days and Premature Infants.

* Rilpivirine: The panel has updated dosing for adolescents and adults to include switching to
rilpivirine in appropriate virologcially-suppressed patients.

Protease Inhibitors

* Atazanavir: In June 2014, the FDA approved the powder formulation of atazanavir for infants and
children 3 months and older who weigh at least 10 kg but less than 25 kg. The Panel provides
information about dosing and administration of atazanavir powder and discusses issues related to
transitioning from atazanavir powder to capsules. Because there is no FDA approved atazanavir
powder dose for the child who reaches a weight of 25 kg and cannot swallow pills, the Panel has
provided information about an experimental dose currently under study for children who weigh 25
to <35kg. Information is also provided about the use of cobicistat tablets for boosting atazanavir in
adolescents 18 years and older and adults. Information has also been added about administration
and dosing of atazanavir with cobicistat in adolescents and adults.

* Darunavir: Information has been added about administration and dosing of darunavir with

cobicistat in adolescents 18 years and older and adults.

Integrase Strand Transfer Inhibitors

* Dolutegravir: The Panel has provided information about the investigational dose being used in a
clinical trial for treatment-experienced children younger than 12 years.

» Elvitegravir: A tablet formulation of elvitegravir was FDA approved in September 2014 for adults;
it is not approved for children younger than 18 years. The Panel has provided dosing
recommendations for the use of elvitegravir in combination with other ARV drugs.
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Pharmacokinetic Enhancers

* Cobicistat: A new section has been added because cobicistat is now available as a tablet and in
combination with atazanavir (Evotaz) or darunavir (Prezcobix) as well as the previously available
Stribild (emtricitabine-tenofovir disoproxil fumarate-elvitegravir-cobicistat). Cobicistat is not
interchangeable with ritonavir. See dosing information for specific PI and elvitegravir that require
cobicistat for boosting.

* Ritonavir: Information about ritonavir has been moved because it is used as a PK enhancer of
other PI in children and adults and is no longer recommended as an antiviral agent. In adults,
ritonavir is recommended as a PK enhancer for use with the integrase inhibitor elvitegravir, when
used in combination with another PI.
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Introduction (Last updated March 5, 2015; last reviewed March 5, 2015)

These updated guidelines address the use of combination antiretroviral therapy (cART) for HIV-infected
infants, children, and adolescents (through puberty). Guidance on management of adverse events associated
with use of antiretroviral (ARV) drugs in children and a detailed review of information about safety, efficacy,
and pharmacokinetics (PK) of ARV agents in children is also included. The Department of Health and
Human Services (HHS) Panel on Antiretroviral Therapy and Medical Management of HIV-Infected Children
(the Panel), a working group of the Office of AIDS Research Advisory Council (OARAC), reviews new data
on an ongoing basis and provides regular updates to the guidelines. The guidelines are available on the
AIDSinfo website at http://aidsinfo.nih.gov.

The AIDSinfo website also includes separate guidelines for the prevention and treatment of opportunistic
infections in HIV-exposed and -infected children,' for the use of ARV agents in HIV-infected (post—pubertal)
adolescents and adults,” for the use of ARV drugs in pregnant HIV-infected women,? and for the prevention
and treatment of opportunistic infections in HIV-infected adults.* These guidelines are developed for the
United States and may not be applicable in other countries. The World Health Organization (WHO) provides
guidelines for resource-limited settings at http://www.who.int/hiv/pub/arv/en.

Since the guidelines were first developed in 1993 (with the support of the Frangois-Xavier Bagnoud Center,
Rutgers, The State University of New Jersey), advances in medical management have dramatically reduced
morbidity and mortality in HIV-infected children in the United States. Mortality in children with perinatal
HIV infection has decreased by more than 80% to 90% since the introduction of protease inhibitor-
containing combinations and opportunistic and other related infections in children have significantly declined
in the era of cART.>® ARV drug resistance testing has enhanced the ability to choose effective initial and
subsequent regimens. Treatment strategies continue to focus on timely initiation of cART regimens capable
of maximally suppressing viral replication in order to prevent disease progression, preserve or restore
immunologic function, and reduce the development of drug resistance. At the same time, availability of new
drugs and drug formulations has led to more potent regimens with lower toxicity, lower pill burdens, and less
frequent medication administration, all factors that can improve adherence and outcomes. The use of ARV
drugs in HIV-infected pregnant women has resulted in a dramatic decrease (to less than 2%) in the rate of HIV
transmission to infants in the United States. In addition to decreasing numbers of infants with HIV infection,
children in the United States who are HIV-infected are less likely to develop AIDS because of routine and early
institution of effective cART.”® Finally, as a group, children living with HIV infection are growing older,
bringing new challenges related to adherence, drug resistance, reproductive health planning, transition to adult
medical care, and the potential for long-term complications from HIV and its treatments.’!°

The pathogenesis of HIV infection and the virologic and immunologic principles underlying the use of cART
are generally similar for all HIV-infected individuals, but unique considerations exist for HI V-infected
infants, children, and adolescents, including:

* Acquisition of infection through perinatal exposure for most infected children;

* In utero, intrapartum, and/or postpartum neonatal exposure to ARV drugs in most perinatally infected
children;

* Requirement for use of HI'V virologic tests to diagnose perinatal HIV infection in infants younger than
18 months;

*  Age-specific interpretation of CD4 T lymphocyte (CD4) cell counts;
* Higher viral loads in perinatally-infected infants than in HIV-infected adolescents and adults;

* Changes in PK parameters with age caused by the continuing development and maturation of organ
systems involved in drug absorption, distribution, metabolism, and clearance;

» Differences in the clinical manifestations and treatment of HIV infection secondary to onset of infection

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection A-1



in growing, immunologically immature individuals; and

* Special considerations associated with adherence to ARV treatment in infants, children, and adolescents.

The recommendations in these guidelines are based on the current state of knowledge regarding the use of
ARV drugs in children. Evidence is drawn primarily from published data regarding the treatment of HIV
infection in infants, children, adolescents, and adults; however, when no such data were available,
unpublished data and the clinical expertise of the Panel members were also considered. The Panel intends for
these guidelines to be flexible and not to replace the clinical judgment of experienced health care providers.

Guidelines Development Process
An outline of the composition of the Panel and the guidelines process can be found in Table 1.

Table 1. Outline of the Guidelines Development Process (page 1 of 2)

Topic

Comment

Goal of the Guidelines

Provide guidance to HIV care practitioners on the optimal use of ARV agents in HIV-infected infants,
children, and adolescents (through puberty) in the United States.

Panel Members

The Panel is composed of approximately 32 voting members who have expertise in management of HIV
infection in infants, children, and adolescents. Members include representatives from the Committee on
Pediatric AIDS of the American Academy of Pediatrics and community representatives with knowledge of
pediatric HIV infection. The Panel also includes at least one representative from each of the following HHS
agencies: Centers for Disease Control and Prevention (CDC), Food and Drug Administration (FDA), Health
Resources and Services Administration (HRSA), and the National Institutes of Health (NIH). A
representative from the Canadian Pediatric AIDS Research Group participates as a nonvoting, ex officio
member of the Panel. The U.S. government representatives are appointed by their respective agencies;
nongovernmental members are selected after an open announcement to call for nominations. Each
member serves on the Panel for a 3-year term with an option for reappointment. A list of current
members can be found in the Panel Roster.

Financial Disclosure

All members of the Panel submit a financial disclosure statement in writing annually, reporting any
association with manufacturers of ARV drugs or diagnostics used for management of HIV infections. A
list of the latest disclosures is available on the AIDSinfo website (http://aidsinfo.nih.gov).

Users of the Guidelines

Providers of care to HIV-infected infants, children, and adolescents

Developer

Panel on Antiretroviral Therapy and Medical Management of HIV-Infected Children—a working group of
OARAC

Funding Source

Office of AIDS Research, NIH and Health Resources and Services Administration

Evidence Collection

A standardized review of recent relevant literature related to each section of the guidelines is performed by
a representative of the Frangois-Xavier Bagnoud Center and provided to individual Panel section working
groups. The recommendations are generally based on studies published in peer-reviewed journals. On
some occasions, particularly when new information may affect patient safety, unpublished data presented
at major conferences or prepared by the FDA and/or manufacturers as warnings to the public may be used
as evidence to revise the guidelines.

Recommendation

Described in Table 2.

Grading
Method of Synthesizing | Each section of the guidelines is assigned to a small group of Panel members with expertise in the area of
Data interest. The members synthesize the available data and propose recommendations to the Panel. The

Panel discusses and votes on all proposals during monthly teleconferences. Proposals endorsed by a
consensus of members are included in the guidelines as official Panel recommendations.
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Table 1. Outline of the Guidelines Development Process (page 2 of 2)

Topic Comment

Other Guidelines These guidelines focus on HIV-infected infants, children, and adolescents through puberty. For more
detailed discussion of issues of treatment of postpubertal adolescents, the Panel defers to the designated
expertise offered by the Panel on Antiretroviral Guidelines for Adults and Adolescents.

Separate guidelines outline the use of cART in HIV-infected pregnant women and interventions for
prevention of perinatal transmission, cART for nonpregnant HIV-infected adults and postpubertal
adolescents, and ARV prophylaxis for those who experience occupational or nonoccupational exposure to
HIV. These guidelines are also available on the AIDSinfo website (http://www.aidsinfo.nih.gov).

Update Plan The full Panel meets monthly by teleconference to review data that may warrant modification of the
guidelines. Smaller working groups of Panel members hold additional teleconferences to review individual
drug sections or other specific topics (e.g., What to Start). Updates may be prompted by new drug
approvals (or new indications, formulations, or frequency of dosing), new significant safety or efficacy
data, or other information that may have a significant impact on the clinical care of patients. In the event
of significant new data that may affect patient safety, the Panel may issue a warning announcement and
post accompanying recommendations on the AIDSinfo website until the guidelines can be updated with
appropriate changes. All sections of the guidelines will be reviewed, with updates as appropriate, at least
once yearly.

Public Comments A 2-week public comment period follows release of the updated guidelines on the AIDSinfo website. The
Panel reviews comments received to determine whether additional revisions to the guidelines are
indicated. The public may also submit comments to the Panel at any time at contactus@aidsinfo.nih.gov.

Basis for Recommendations

Recommendations in these guidelines are based upon scientific evidence and expert opinion. Each
recommendation includes a letter (A, B, or C) that represents the strength of the recommendation and a
Roman numeral (I, II, or II) that represents the quality of the evidence that supports the recommendation.

Because licensure of drugs in children often is based on efficacy data from adult trials in addition to safety
and PK data from studies in children, recommendations for ARV drugs may need to rely, in part, on data
from clinical trials or studies in adults. Pediatric drug approval may be based on evidence from adequate and
well-controlled investigations in adults if:

1. The course of the disease and the effects of the drug in the pediatric and adult populations are expected to
be similar enough to permit extrapolation of adult efficacy data to pediatric patients;

2. Supplemental data exist on PKs of the drug in children indicating that systemic exposure in adults and
children are similar; and

3. Studies are provided that support the safety of the drug in pediatric patients.'!

Studies relating activity of the drug-to-drug levels (pharmacodynamic data) in children also should be
available if there is a concern that concentration-response relationships might be different in children. In
many cases, evidence related to use of ARV drugs is substantially greater from adult studies (especially
randomized clinical trials) than from pediatric studies. Therefore, for pediatric recommendations, the
following rationale has been used when the quality of evidence from pediatric studies is limited:

Quality of Evidence Rating [—Randomized Clinical Trial Data

*  Quality of Evidence Rating I will be used if there are data from large randomized trials in children with
clinical and/or validated laboratory endpoints.

* Quality of Evidence Rating I* will be used if there are high-quality randomized clinical trial data in
adults with clinical and/or validated laboratory endpoints and pediatric data from well-designed,
nonrandomized trials or observational cohort studies with long-term clinical outcomes that are consistent
with the adult studies. A rating of [* may be used for quality of evidence if, for example, a randomized
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Phase III clinical trial in adults demonstrates a drug is effective in ARV-naive patients and data from a
nonrandomized pediatric trial demonstrate adequate and consistent safety and PK data in the pediatric
population.

Quality of Evidence Rating II—Nonrandomized Clinical Trials or Observational Cohort Data

* Quality of Evidence Rating II will be used if there are data from well-designed nonrandomized trials or
observational cohorts in children.

*  Quality of Evidence Rating IT* will be used if there are well-designed nonrandomized trials or
observational cohort studies in adults with supporting and consistent information from smaller
nonrandomized trials or cohort studies with clinical outcome data in children. A rating of II* may be used
for quality of evidence if, for example, a large observational study in adults demonstrates clinical benefit
to initiating treatment at a certain CD4 cell count and data from smaller observational studies in children
indicate that a similar CD4 cell count is associated with clinical benefit.

Quality of Evidence Rating III—Expert opinion

*  The criteria do not differ for adults and children.

In an effort to increase the amount and improve the quality of evidence available for guiding management of
HIV infection in children, the discussion of available trials with children and their caregivers is encouraged.
Information about clinical trials for HIV-infected adults and children can be obtained from the AIDSinfo
website (http://aidsinfo.nih.gov/ClinicalTrials/) or by telephone at 1-800-448-0440.

Table 2. Rating Scheme for Recommendations

Strength of Recommendation Quality of Evidence for Recommendation

A: Strong recommendation for the statement I: One or more randomized trials in children® with clinical outcomes and/or

B: Moderate recommendation for the statement validated laboratory endpoints

I*: One or more randomized trials in adults with clinical outcomes and/or
validated laboratory endpoints plus accompanying data in children® from
one or more well-designed, non randomized trials or observational cohort
studies with long-term clinical outcomes

C: Optional recommendation for the statement

1I: One or more well-designed, non-randomized trials or observational cohort
studies in children® with long-term clinical outcomes

II*: One or more well-designed, non-randomized trials or observational cohort
studies in adults with long-term clinical outcomes plus accompanying data
in children® from one or more smaller non-randomized trials or cohort
studies with clinical outcome data

lll: Expert opinion

2 Studies that include children or children and adolescents, but not studies limited to postpubertal adolescents
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Identification of Perinatal HIV Exposure (Last updated March 5, 2015; last
reviewed March 5, 2015)

Panel’s Recommendations

e HIV testing early in pregnancy is recommended as standard of care for all pregnant women in the United States (All).

¢ Repeat HIV testing in the third trimester, before 36 weeks’ gestation, should be considered for all HIV-seronegative pregnant
women and is recommended for pregnant women who are at high risk of HIV infection (Alll).

¢ Rapid or expedited HIV testing at the time of labor or delivery should be performed on women with undocumented HIV status; if
results are positive, intrapartum and infant postnatal antiretroviral prophylaxis should be initiated immediately, pending results of
the confirmatory HIV antibody test (All).

¢ Women who have not been tested for HIV before or during labor should undergo rapid or expedited HIV antibody testing during
the immediate postpartum period or their newborns should undergo rapid HIV antibody testing. If results in mother or infant are
positive, infant antiretroviral prophylaxis should be initiated immediately and the mothers should not breastfeed unless
confirmatory HIV antibody testing is negative (All). In infants with initial positive HIV viral tests (RNA, DNA), prophylaxis should
be stopped and antiretroviral treatment initiated.

* For HIV-seronegative women in whom acute HIV infection is suspected during pregnancy, intrapartum, or while breastfeeding, a
virologic test (e.g., plasma HIV RNA assay, antigen/antibody combination immunoassay) should be performed because serologic
testing may be negative at this early stage of infection (All).

* Results of maternal HIV testing should be documented in the newborn’s medical record and communicated to the newborn’s
primary care provider (All).

¢ |nfant HIV antibody testing to determine HIV exposure should be considered for infants in foster care and adoptees for whom
maternal HIV infection status is unknown (AIll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in children’ with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in children with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; Ill = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

HIV infection should be identified prior to pregnancy or as early in pregnancy as possible. This provides the
best opportunity to prevent infant HIV infection and to identify and start therapy as soon as possible in
infants who become infected. Universal HIV counseling and voluntary HIV testing are recommended as the
standard of care for all pregnant women in the United States by The Panel on Antiretroviral Therapy and
Medical Management of HIV-Infected Children (the Panel), the U.S. Public Health Service, the American
Academy of Pediatrics, the American College of Obstetricians and Gynecologists, and the U.S. Preventive
Services Task Force.!® All HIV testing should be performed in a manner consistent with state and local laws
(http://nccc.ucsf.edu/clinical-resources/hiv-aids-resources/state-hiv-testing-laws/). The Centers for Disease
Control and Prevention (CDC) recommends the “opt-out” approach, which involves notifying pregnant
women that HIV testing will be performed as part of routine care unless they choose not to be tested for HIV.
The "opt-in" approach involves obtaining specific consent before testing and has been associated with lower
testing rates.”® The mandatory newborn HIV testing approach, adopted by several states, involves testing of
newborns for perinatal HIV exposure with or without maternal consent, if prenatal or intrapartum maternal
testing is not performed.

Early identification of HIV-infected women is crucial for their health and for the care of their children,
whether the children are infected or not. Knowledge of antenatal maternal HIV infection enables:
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* HIV-infected women to receive appropriate combination antiretroviral therapy (cART) and prophylaxis
against opportunistic infections for their own health, which may also decrease risk of transmission to
their partners.>%!°

* Provision of cART to the mother during pregnancy and labor, and antiretroviral (ARV) prophylaxis to the
newborn to reduce the risk of perinatal transmission of HIV transmission;*

* Counseling of HIV-infected women about the indications for (and potential benefits of) scheduled
elective cesarean delivery to reduce perinatal transmission of HIV;*!-13

* Counseling of HIV-infected women about the risks of HIV transmission through breast milk
(breastfeeding is not recommended for HIV-infected women living in the United States and other
countries where safe alternatives to breast milk are available);'*

» Initiation of prophylaxis against Pneumocystis jirovecii pneumonia beginning at age 4 to 6 weeks in all
HIV-infected infants and in those HIV-exposed infants whose HIV infection status remains
indeterminate;'> and

» Early diagnostic evaluation of HIV-exposed infants, as well as testing of partners and other children, to
permit prompt initiation of cART in infected individuals.!-'¢

Repeat HIV Testing in the Third Trimester

Repeat HIV testing should be considered for all HIV-seronegative pregnant women. A second HIV test
during the third trimester, before 36 weeks’ gestation, is recommended*!” for women who:

* Are receiving health care in a jurisdiction that has a high incidence of HIV or AIDS in women between
ages 15 and 45, or are receiving health care in facilities in which prenatal screening identifies at least 1
HIV-infected pregnant woman per 1,000 women screened (a list of areas where such screening is
recommended is found in the 2006 CDC recommendations);

* Are known to be at high risk of acquiring HIV (e.g., those who are injection drug users or partners of
injection drug users, exchange sex for money or drugs, are sex partners of HIV-infected individuals, have
had a new or more than one sex partner during current pregnancy, or have been diagnosed with a new
sexually transmitted disease during pregnancy); or

+ Have signs or symptoms of acute HIV infection.>*!%1°

Women who decline testing earlier in pregnancy should be offered testing again during the third trimester. If
acute HIV infection is a possibility, virologic testing with a plasma HIV RNA assay or, if unavailable, an
antigen/antibody combination immunoassay, should be performed because serologic testing may be negative
at this early stage of infection.?

Rapid HIV Testing During Labor in Women with Unknown HIV Status

Use of rapid test kits or an expedited immunoassay to detect HIV infection is recommended to screen women
in labor whose HIV status is undocumented and to identify HIV exposure in their infants.!*>!¢ Any hospital
offering intrapartum care should have rapid or expedited HIV testing available and should have policies and
procedures in place to ensure that staff are prepared to provide patient education about rapid or expedited
HIV testing, that results are available ideally within 1 hour, that appropriate ARV medications are available
whenever needed, and that follow-up procedures are in place for women found to be HIV-infected and their
infants. Rapid tests have been found to be feasible, accurate, timely, and useful both in ensuring prompt
initiation of intrapartum and neonatal ARV prophylaxis and in reducing perinatal transmission of HIV.?!
Results of rapid tests can be obtained within minutes to a few hours with accuracy comparable to standard
enzyme-linked immunosorbent assays (EIA).>?>% A single negative rapid test does not need confirmation
unless acute HIV infection is a possibility, in which case, a virologic test is necessary.?’ A positive rapid HIV
test result must be followed by a supplemental test to confirm the presence of HIV infection.”® However,
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immediate initiation of ARV prophylaxis for prevention of perinatal transmission of HIV is strongly
recommended pending confirmation of an initial positive rapid HIV test.!+6:1¢

HIV Counseling and Testing During the Postnatal Period

Women who have not been tested for HIV before or during labor should be offered rapid or expedited testing
during the immediate postpartum period or their newborns should undergo rapid or expedited HIV testing
with maternal consent (unless state law allows testing without consent).!**!¢ Use of rapid or expedited HIV
assays or expedited EIA for prompt identification of HIV-exposed infants is essential because neonatal ARV
prophylaxis should be initiated as soon as possible after birth—ideally no more than 6 to 12 hours after
birth—to be effective for the prevention of perinatal transmission. When an initial HIV test is positive in
mother or infant, initiation of infant ARV prophylaxis and counseling against initiation of breastfeeding is
strongly recommended pending results of confirmatory HIV tests.* If confirmatory tests are negative and
acute HIV infection is excluded, infant ARV prophylaxis can be discontinued. In the absence of ongoing
maternal HIV exposure, breastfeeding can be initiated. Mechanisms should be developed to facilitate HIV
screening for infants who have been abandoned and are in the custody of the state.

Infant HIV Testing when Maternal HIV Test Results Are Unavailable

When maternal HIV test results are unavailable (e.g., for infants who are in foster care) or their accuracy
cannot be evaluated (e.g., for infants adopted from a country where results are not reported in English), HIV
antibody testing is indicated to identify HIV exposure in those infants.! If antibody testing is positive, further
testing is needed to diagnose HIV infection, or in the case of infants older than 18 months, to confirm HIV
infection (see Diagnosis of HIV Infection in Infants).

Acute Maternal HIV Infection During Pregnancy or Breastfeeding

The risk of perinatal transmission of HIV is increased in infants born to women who have acute HIV
infection during pregnancy or lactation.!”?*?” When acute retroviral syndrome is a possibility in pregnancy or
during breastfeeding, maternal testing should include a combination antigen/antibody immunoassay or
plasma HIV RNA test, because HIV antibody testing may be negative in early maternal infection. Women
with possible acute HIV infection who are breastfeeding should stop breastfeeding immediately until HIV
infection is confirmed or excluded.'* Pumping and temporarily discarding breast milk can be recommended
and (if HIV infection is excluded), in the absence of ongoing maternal exposure to HIV, breastfeeding can
resume. Care of pregnant or breastfeeding women identified with acute or early HIV infection, and their
infants, should follow the recommendations in the Perinatal Guidelines.*

Surveillance Reporting of HIV-Exposed Infants to Local and State Health
Departments

Clinicians should be aware of public health surveillance systems and exposed-infant reporting regulations
that may exist in their jurisdictions; this is in addition to mandatory reporting of HIV-infected persons,
including infants. Reporting cases allows for appropriate public health functions to be accomplished.
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Diagnosis of HIV Infection in Infants and Children (Last updated
March 5, 2015; last reviewed March 5, 2015)

Panel’s Recommendations

* \Virologic assays that directly detect HIV must be used to diagnose HIV infection in infants younger than 18 months; antibody
tests should not be used (All).

e HIV RNA and HIV DNA nucleic acid tests (NATs) are recommended as preferred virologic assays (All).

» Virologic diagnostic testing in infants with known perinatal HIV exposure is recommended at ages 14 to 21 days, 1 to 2 months,
and 4 to 6 months (All).

» Virologic diagnostic testing at birth should be considered for infants at high risk of HIV infection (Alll).

* Virologic diagnostic testing should be considered 2 to 4 weeks after cessation of antiretroviral (ARV) prophylaxis for infants
receiving combination ARV infant prophylaxis, if the results of prior virologic testing were negative while the infant was receiving
prophylaxis (BIII).

¢ A positive virologic test should be confirmed as soon as possible by a repeat virologic test on a second specimen (All).

¢ Definitive exclusion of HIV infection in non-breastfed infants is based on two or more negative virologic tests, with one obtained
at age =1 month and one at age =4 months, or two negative HIV antibody tests from separate specimens obtained at age =6
months (All).

¢ Some experts confirm the absence of HIV infection at 12 to 18 months of age in infants with prior negative virologic tests by
performing an antibody test to document loss of maternal HIV antibodies (BIII).

» Children with perinatal HIV exposure aged 18 to 24 months may have residual maternal HIV antibodies; definitive exclusion or
confirmation of HIV infection in children in this age group who are HIV antibody-positive should be based on a NAT (see
Diagnostic Testing in Children with Perinatal HIV Exposure in Special Situations) (All).

» Diagnosis of HIV infection in children with non-perinatal exposure or children with perinatal exposure aged >24 months relies
primarily on the use of HIV antibody tests; when acute HIV infection is suspected, testing with an HIV NAT may be necessary to
diagnose HIV infection (All).

Rating of Recommendations: A = Strong; B = Moderate, C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; /1l = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Diagnostic Testing in Infants with Perinatal HIV-1 (HIV) Exposure

HIV infection can be definitively diagnosed through use of virologic assays in most non-breastfed HIV-
exposed infants by age 1 month and in virtually all infected infants by age 4 months. Tests for antibodies to
HIV, including newer tests, do not establish the presence of HIV infection in infants because of
transplacental transfer of maternal antibodies to HIV; therefore, a virologic test should be used.!? Positive
virologic tests (i.e., nucleic acid tests [NAT]—a class of tests that includes HIV DNA and RNA polymerase
chain reaction [PCR] assays, and related RNA qualitative or quantitative assays) indicate likely HIV
infection. The first test result should be confirmed as soon as possible by a repeat virologic test on a second
specimen because false-positive results can occur with both RNA and DNA assays.

HIV culture is not used for routine HIV diagnostic testing.* It is more complex and expensive to perform
than DNA PCR or RNA assays, requires 2 to 4 weeks for definitive results, and is generally not available
outside of research laboratories. Use of the currently approved HIV p24 antigen assay is not recommended
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for infant diagnosis in the United States because the sensitivity and specificity of the assay in the first months
of life are less than that of other HIV virologic tests.**

Infants who are found to have positive HIV antibody tests but whose mothers’ HIV status is unknown (see
Identification of Perinatal HIV Exposure) should be assumed to be HIV-exposed and undergo the HIV
diagnostic testing described here.®

HIV DNA PCR

HIV DNA PCR is a sensitive technique used to detect specific HIV viral DNA in peripheral blood
mononuclear cells. The specificity of the HIV DNA PCR is 99.8% at birth and 100% at ages 1, 3, and 6
months. The sensitivity of the test performed at birth is 55% but increases to more than 90% by 2 to 4 weeks
of age and to 100% at ages 3 months and 6 months.*” Although, the AMPLICOR® HIV-1 DNA test has been
widely used for diagnosis of infants born to HIV-1-infected mothers since it was introduced in 1992, it is no
longer commercially available in the United States. The sensitivity and specificity of non-commercial HIV-1
DNA tests (using individual laboratory reagents) may differ from the sensitivity and specificity of the Food
and Drug Administration (FDA)-approved commercial test.

HIV RNA Assays

HIV quantitative RNA assays detect extracellular viral RNA in the plasma. Their specificity (for results
>5,000 copies/mL) has been shown to be 100% at birth and at 1, 3, and 6 months of age and is comparable to
HIV DNA PCR.® HIV RNA levels <5,000 copies/mL may not be reproducible and should be repeated before
they are interpreted as documenting HIV infection in an infant. The sensitivity of HIV RNA assays has been
shown to be 25% to 58% during the first weeks of life, 89% at age 1 month, and 90% to 100% by age 2 to 3
months.>® HIV RNA assays were found to be as sensitive as HIV DNA PCR for early diagnosis of HIV
infection in HIV-exposed infants regardless of receipt of infant zidovudine prophylaxis.®®

An HIV RNA assay can be used as the supplemental test for infants who have an initial positive HIV DNA
PCR test. In addition to providing virologic confirmation of infection status, the expense of repeat HIV DNA
PCR testing is spared and an HIV RNA measurement is available to assess baseline viral load. HIV RNA
assays may be more sensitive than HIV DNA PCR for detecting HIV non-subtype B (see Issues Related to
Diagnosis of Group M Non-Subtype B and Group O HIV-1 Infections).

While HIV DNA PCR remains positive in most individuals receiving antiretroviral (ARV) treatment, HIV
RNA assays could potentially be affected by maternal antenatal treatment or infant combination ARV
prophylaxis.®!® However, in one study, the sensitivity of HIV RNA assays was not associated with the type of
maternal or infant ARV prophylaxis, but HIV RNA levels at 1 month were significantly lower in infants
receiving multidrug prophylaxis (n = 9) compared to levels among infected infants receiving single-drug
zidovudine prophylaxis (n = 47) (median HIV RNA 2.5 log copies/mL vs. 5.4 log copies/mL, respectively).
In contrast, the median HIV RNA levels were high (median HIV RNA 5.6 log copies/mL) by age 3 months in
both groups after stopping prophylaxis.® Further studies are necessary to evaluate the sensitivity of HIV RNA
assays during and after receipt of combination infant ARV prophylaxis.

The HIV qualitative RNA assay (APTIMA HIV-1 RNA Qualitative Assay) is an alternative diagnostic test
that can be used for infant testing. It is the only qualitative RNA test that is FDA-approved.®!!-!®

Issues Related to Diagnosis of Group M Non-Subtype B and Group 0 HIV-1 Infections

Although HIV-1 Group M subtype B is the predominant viral subtype found in the United States, non-subtype
B viruses predominate in other parts of the world, such as subtype C in regions of Africa and India and subtype
CRFO01 in much of Southeast Asia. Group O HIV strains are seen in West-Central Africa. Non-subtype B and
Group O strains may also be seen in countries with links to these geographical regions.!*!” Geographical
distribution of HIV groups is available at http://www.hiv.lanl.gov/components/sequence/HIV/geo/geo.comp.
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HIV DNA PCR tests have decreased sensitivity for detection of non-subtype B HIV, and false-negative HIV
DNA PCR test results have been reported in infants infected with non-subtype B HIV.2*-?2 In an evaluation of
perinatally infected infants diagnosed in New York State in 2001 through 2002, 16.7% of infants were infected
with a non-subtype B strain of HIV, compared with 4.4% of infants diagnosed between 1998 and 1999.%

Currently available real-time HIV RNA PCR assays and the qualitative RNA assay have improved sensitivity
for detection of non-subtype B HIV infection and the more uncommon Group O strains, compared to other
RNA assays that do not detect or properly quantify all non-B subtypes and Group O HIV*?° (see HIV RNA
Monitoring in Children: General Considerations in Clinical and Laboratory Monitoring).

When evaluating an infant whose mother’s HIV transmission risk is linked to an area endemic for non-
subtype B HIV or Group O strains, such as Africa or Southeast Asia, clinicians should consider conducting
initial testing using one of the assays more sensitive for non-subtype B viruses, such as one of the real-time
PCR assays or the qualitative RNA assay. In addition, when non-subtype B perinatal exposure is suspected in
infants with negative HIV DNA PCR results, repeat testing using one of the newer RNA assays is
recommended. The child should undergo close clinical monitoring and HIV serologic testing at age 18
months to definitively rule out HIV infection. Clinicians should consult with an expert in pediatric HIV
infection; state or local public health departments or the Centers for Disease Control and Prevention (CDC)
may be able to assist in obtaining referrals for diagnostic testing.

Issues Related to Diagnosis of HIV-2 Infections

HIV-2 infection is endemic in Angola; Mozambique; West African countries including Cape Verde, Ivory
Coast, Gambia, Guinea-Bissau, Mali, Mauritania, Nigeria, Sierra Leone, Benin, Burkina Faso, Ghana, Guinea,
Liberia, Niger, Nigeria, Sao Tome, Senegal, and Togo; and parts of India.’*3! It also occurs in countries such as
France and Portugal, which have large numbers of immigrants from these regions;**3* HIV-2 is rare in the
United States. HIV-2 infection should be suspected in pregnant women who are from—or who have partners
from—countries in which the disease is endemic, who are HIV-1 antibody-positive on an initial immunoassay
test, and who have repeatedly indeterminate results on HIV-1 Western blot and HIV-1 RNA viral loads at or
below the limit of detection.?*3* This pattern of HIV testing can also be seen in patients who have a false-
positive HIV antibody test. HIV-1 and HIV-2 coinfections may also occur but are rare outside areas where
HIV-2 is endemic. Although accurate diagnosis of HIV-2 can be problematic, it is clinically important because
HIV-2 strains are naturally resistant to several ARV drugs developed to suppress HIV-1.%¢

The majority of commercially available HIV screening antibody tests can detect both HIV-1 and HIV-2 but do
not distinguish between the two viruses. More than 60% of individuals with HIV-2 infection are misclassified
as having HIV-1 by the HIV-1 Western blot. The only FDA-approved antibody test that distinguishes between
HIV-1 and HIV-2 is the Bio-Rad Laboratories Multispot HIV-1/HIV-2 rapid test which, in the United States, is
being used increasingly as a supplemental test instead of the Western blot. All HIV-2 cases should be reported
to the HIV surveillance program of the state or local health department, which can arrange for additional
confirmatory testing for HIV-2 by their public health laboratory or the CDC. Confirmatory testing for HIV-2
infection uses an HIV-2 nucleic acid test. HIV-2 RNA is undetectable in at least half of HIV-2-infected persons;
thus, tests for HIV-2 proviral DNA may be necessary for definitive diagnosis.?”*

Infants born to HIV-2-infected mothers should be tested for HIV-2 infection with HIV-2-specific virologic
assays (HIV-2 DNA PCR testing) at time points similar to those used for HIV-1 testing. HIV-2 virologic
assays are not commercially available, but the National Perinatal HIV Hotline (1-888-448-8765) can provide
a list of sites that perform this testing. Clinicians should consult with an expert in pediatric HIV infection
when caring for infants with suspected or known exposure to HIV-2,30:4041

Timing of Diagnostic Testing in Infants with Known Perinatal HIV Exposure

Virologic diagnostic testing of an HIV-exposed infant should be performed at age 14 to 21 days, at age 1 to 2
months, and at age 4 to 6 months. Virologic diagnostic testing should be considered at birth for infants at
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high risk of HIV infection and 2 to 4 weeks after discontinuation of prophylaxis for infants receiving
combination neonatal ARV regimens (see below).

Confirmation of HIV infection should be based on two positive virologic tests from separate blood samples,
regardless of a child’s age. A positive HIV antibody test with supplemental Western blot (or immunofluorescent
antibody [IFA] assay) at age >18 months generally confirms HIV infection; exceptions include late
seroreverters (see Diagnostic Testing in Children with Perinatal HIV Exposure in Special Situations).!

HIV infection can be presumptively excluded in non-breastfed infants with two or more negative virologic
tests (one at age >14 days and one at age >4 weeks) or one negative virologic test (i.e., negative NAT [RNA
or DNA]) test at age >8 weeks, or one negative HIV antibody test at age >6 months.!® Preumocystis jirovecii
pneumonia (PCP) prophylaxis is recommended for infants with indeterminate HIV infection status starting at
age 4 to 6 weeks until they are determined to be HIV-uninfected or presumptively uninfected.*? Thus,
initiation of PCP prophylaxis can be avoided or discontinued if an infant has negative virologic tests at ages
2 weeks and >4 weeks, or if virologic testing is negative at age >8 weeks.

Definitive exclusion of HIV infection in a non-breastfed infant is based on two or more negative virologic tests
(i.e., negative NATs [RNA or DNAJ]), one at age >1 month and one at age >4 months, or two negative HIV
antibody tests from separate specimens obtained at age >6 months. For both presumptive and definitive
exclusion of HIV infection, a child must have no other laboratory (i.e., no positive virologic test results or low
CD4 T lymphocyte [CD4] cell count/percent) or clinical evidence of HIV infection and not be breastfeeding.
Many experts confirm the absence of HIV infection in infants with negative virologic tests by performing an
antibody test at age 12 to 18 months to document seroreversion to HIV antibody-negative status.

Virologic Testing at Birth (Optional)

Virologic testing at birth should be considered for newborns at high risk of perinatal HIV transmission, such
as infants born to HIV-infected mothers who did not receive prenatal care or prenatal ARVs, were diagnosed
with acute HIV infection during pregnancy, or who had HIV viral loads >1,000 copies/mL close to the time
of delivery.*# As many as 30% to 40% of HIV-infected infants can be identified by age 48 hours.® Prompt
diagnosis is critical to allow for discontinuing ARV prophylaxis and instituting early ARV therapy (see When
to Initiate Therapy). Blood samples from the umbilical cord should not be used for diagnostic evaluations
because of the potential for contamination with maternal blood. Working definitions have been proposed to
differentiate acquisition of HIV infection in utero from the intrapartum period. Infants who have a positive
virologic test at or before age 48 hours are considered to have early (i.e., intrauterine) infection, whereas
infants who have a negative virologic test during the first week of life and subsequent positive tests are
considered to have late (i.e., intrapartum) infection.*-46

Virologic Testing at Age 14 to 21 Days

The diagnostic sensitivity of virologic testing increases rapidly by age 2 weeks,’ and early identification of
infection would permit discontinuation of neonatal ARV prophylaxis and initiation of ARV therapy (see
Infants Younger than Age 12 Months and Table 5 in When to Initiate Therapy).

Virologic Testing at Age 1 to 2 Months

Infants with negative virologic tests before age 1 month should be retested at age 1 to 2 months. Most HI'V-
exposed neonates will receive 6 weeks of neonatal ARV prophylaxis. Although the use of antepartum,
intrapartum, and neonatal zidovudine single-drug prophylaxis did not delay detection of HIV by culture in
infants in Pediatric AIDS Clinical Trials Group protocol 076 or affect the sensitivity and predictive values of
many virologic assays,*** this may not always apply to current combination prenatal and neonatal ARV
regimens if the test is obtained while the infant is receiving combination neonatal ARV prophylaxis.®

Virologic diagnostic testing for infants receiving combination ARV infant prophylaxis should be considered
2 to 4 weeks after cessation of prophylaxis if prior negative diagnostic testing was performed during the
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period of prophylaxis. In such situations, the test recommended at age 1 to 2 months can be delayed until
after cessation of ARV prophylaxis.

An infant with two negative virologic tests, one at age >14 days and one at age >1 month, can be viewed as
presumptively uninfected and will not need PCP prophylaxis, assuming the child has not had a positive
virologic test, CD4 immunosuppression, or clinical evidence of HIV infection.

Virologic Testing at Age 4 to 6 Months

HIV-exposed children who have had negative virologic assays at age 14 to 21 days and at age 1 to 2 months,
have no clinical evidence of HIV infection, and are not breastfed should be retested at age 4 to 6 months for
definitive exclusion of HIV infection.

Antibody Testing at Age 6 Months and Older

Two or more negative HIV antibody tests performed in non-breastfed infants at age >6 months can also be
used to definitively exclude HIV infection in HIV-exposed children with no clinical or virologic laboratory
evidence of HIV infection.

Antibody Testing at Age 12 to 18 Months to Document Seroreversion

Some experts confirm the absence of HIV infection in infants with negative virologic tests (when there has not
been prior confirmation of two negative antibody tests) by repeat serologic testing between 12 and 18 months
of age to confirm that maternal HIV antibodies transferred in utero have disappeared.! In a recent study, the
median age at seroreversion was 13.9 months.*” Although the majority of HIV-uninfected infants will
serorevert by age 15 to 18 months, there are reports of late seroreversion after 18 months (see below). Factors
that might influence the time to seroreversion include maternal disease stage and assay sensitivity.**->2

Diagnostic Testing in Children with Perinatal HIV Exposure in Special Situations

Late Seroreversion up to Age 24 Months

Non-breastfed, perinatally HIV-exposed infants with no other HI'V transmission risk and no clinical or
virologic laboratory evidence of HIV infection may have residual HIV antibodies up to age 24 months (these
infants are called late seroreverters).’*32-3* In one study, 14% seroreverted after age 18 months.*’ These
children may have positive immunoassay results but indeterminate supplemental antibody tests (using
Western blot or [FA). In such cases, repeat antibody testing at a later time would document seroreversion.
Due to the possibility of residual HIV antibodies, virologic testing (i.e., with a NAT) will be necessary to
definitively exclude or confirm HIV infection in children with perinatal HIV exposure at age 18 to 24 months
in situations such as lack of prior testing history or clinical suspicion of HIV infection.

Postnatal HIV Infection in HIV-Exposed Children with Prior Negative Virologic Tests for Whom
There Are Additional HIV Transmission Risks

In contrast to late seroreverters, in rare situations postnatal HIV infections have been reported in HIV-
exposed infants who had prior negative HIV virologic tests. This occurs in infants who become infected
through an additional risk after completion of testing (see Diagnostic Testing in Children with Non-Perinatal
HIV Exposure or Children with Perinatal Exposure Aged >24 Months). If an HIV antibody test is positive at
age 18 to 24 months, repeated virologic testing will distinguish between residual antibodies in uninfected,
late-seroreverting children and true infection.

Suspicion of HIV-2 or Non-Subtype B HIV-1 Infections with False-Negative Virologic Test Results

Children with non-subtype B HIV-1 infection and children with HIV-2 infection may have false-negative
virologic tests but persistent positive immunossay results and indeterminate HIV-1 Western blot results.?%->2
The diagnostic approach in these situations is discussed above in the sections in Issues Related to Diagnosis
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of Group M Non-Subtype B and Group O HIV-1 Infections and in Issues Related to Diagnosis of HIV-2
Infections.

Diagnostic Testing in Children with Non-Perinatal HIV Exposure or Children with
Perinatal Exposure Aged >24 Months

Breastfeeding is a known route of postnatal HIV transmission. Typical scenarios in the United States include
women who have not been adequately counseled about infant feeding, women who breastfeed despite being
counseled not to do so (this may occur among women from communities where breastfeeding is the norm
and/or in women who fear that not breastfeeding would be a stigma or would reveal their HIV status), and
women who learn of their HIV diagnosis only after initiating breastfeeding (such as women who were HIV
negative during pregnancy but who acquire HIV infection postnatally; breastfeeding during acute HIV
infection is associated with an increased risk of perinatal HIV transmission).*>>’ Donor breast milk from an
unscreened HIV-infected donor is an additional potential risk factor. Diagnostic testing to rule out acquisition
of HIV through breast milk will only be accurate after breastfeeding has completely ceased. Infants who are
breastfed by HIV-infected women should undergo immediate age-appropriate HIV diagnostic testing, and
breastfeeding should be discontinued. Follow-up testing should be performed at 4 to 6 weeks, 3 months, and
6 months after breastfeeding cessation if the initial tests are negative.’®* HIV antibody testing of an infant to
assess for HIV exposure would not be helpful if the mother acquired HIV infection after giving birth. In that
situation, an infant would be HIV antibody-negative but still at risk of acquiring HIV infection through
breastfeeding, and counseling to cease breastfeeding should be provided.

Receipt of solid food premasticated or prechewed by an HIV-infected caregiver has been documented to be
associated with risk of HIV transmission.>*3*0-63 If this occurs in perinatally HIV-exposed infants 24 months
or younger with prior negative virologic tests, it will be necessary for such children to undergo virologic
diagnostic testing, as they may have residual maternal HIV antibody (see Diagnostic Testing in Children with
Perinatal HIV Exposure in Special Situations).

Additional routes of HIV transmission in children include sexual abuse or receipt of contaminated blood
products (which occurs in countries in which parenteral exposure to HIV via contaminated blood products is
a possibility). In such cases, maternal HIV status may be negative or unknown.

Acquisition of HIV is possible through accidental needlesticks or behavioral risks, such as sexual activity or
injection drug use in older children. Medical procedures performed in settings with inadequate infection
control practices may pose a potential risk; although tattooing or body piercing presents a potential risk of
HIV transmission, no cases of HIV transmission from these activities have been documented.®

Diagnosis of HIV-1 infection in children with non-perinatal exposure or children with perinatal exposure
aged >24 months relies primarily on HIV antibody tests.! FDA-approved diagnostic tests include:

* Antigen/antibody combination immunoassays (fourth-generation tests) that detect HI'V-1/2 antibodies as
well as HIV-1 p24 antigen: Recommended for initial testing
* HIV-1/2 immunoassays (third-generation antibody tests): Alternative for initial testing

» HIV-1/HIV-2 antibody differentiation immunoassay that differentiates HIV-1 antibodies from HIV-2
antibodies (Multispot HIV-1/HIV-2 test): Recommended for supplemental testing

* HIV-1 Western blot and HIV-1 indirect [FAs (first-generation tests): Alternative for supplemental testing
* HIV-1 NAT (HIV qualitative RNA assay)
If acute HIV infection or end-stage AIDS is suspected, virologic testing may be necessary to diagnose HIV

infection because HIV-1/2 antibody immunoassays, HIV-1 Western blot, or HIV-1 IFA may be negative in
these situations.
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Clinical and Laboratory Monitoring of Pediatric HIV Infection
(Last updated March 5, 2015; last reviewed March 5, 2015)

Panel’s Recommendations

* Absolute CD4 T lymphocyte (CD4) cell count is recommended for monitoring immune status in children of all ages, with CD4
percentage as an alternative (All).

* (D4 cell count/percentage and plasma HIV RNA (viral load) should be measured at the time of diagnosis of HIV infection and at
least every 3 to 4 months thereafter for children not on combination antiretroviral therapy (CART) (Alll).

¢ More frequent CD4 cell count and plasma viral load monitoring should be implemented in children with suspected clinical,
immunologic, or virologic deterioration or to confirm an abnormal value (Alll).

» After initiation of cART (or after a change in cART regimen), children should be evaluated for clinical side effects and to support
treatment adherence within 1 to 2 weeks, with laboratory testing for toxicity and viral load response recommended at 2 to 4
weeks after treatment initiation (Alll).

e Children on cART should have therapy adherence, effectiveness (by CD4 cell count/percentage and plasma viral load), and
toxicities (by history, physical, and selected laboratory tests) routinely assessed every 3 to 4 months (All*).

e (D4 cell count/percentage can be monitored less frequently (every 6-12 months) in children and youth who are adherent to
therapy and have CD4 cell value well above the threshold for opportunistic infection risk, sustained viral suppression, and stable
clinical status for more than 2 to 3 years (BIl).

Rating of Recommendations: A = Strong; B = Moderate, C = Optional

Rating of Evidence: | = One or more randomized trials in children® with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; /1l = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Laboratory monitoring of HIV-infected children poses unique and challenging issues. In particular, normal
ranges and the value of CD4 T lymphocyte (CD4) cell count and plasma HIV-1 RNA concentration (viral
load) for prediction of risk of disease progression vary significantly by age. This section will address
immunologic, virologic, and general laboratory monitoring as well as clinical monitoring of HIV-infected
children, relevant to both those who are and are not receiving combination antiretroviral therapy (cART).

Immunologic Monitoring in Children: General Considerations

Clinicians interpreting CD4 cell count and percentage in children must consider age as a factor. CD4 cell
count and percentage values in healthy infants who are HIV-uninfected are considerably higher than values
observed in uninfected adults (and slowly decline to adult values by age 5 years).!? In children younger than
age 5 years, the absolute CD4 cell count tends to vary more with age than does CD4 percentage. Therefore,
in HIV-infected children younger than age 5 years, CD4 percentage has historically been preferred for
monitoring immune status, whereas absolute CD4 cell count has been the preferred option for children aged
>5 years.>> An analysis from the HIV Paediatric Prognostic Markers Collaborative Study (HPPMCS) found
that CD4 percentage provided little or no additional prognostic value compared with CD4 cell count
regarding short-term disease progression in children aged <5 years as well as in older children.® Current
pediatric HIV classification and thresholds for treatment initiation are based on absolute CD4 cell count (see
When to Initiate).’

In HIV-infected children, as in infected adults, the CD4 cell count and percentage decline as HIV infection
progresses; patients with lower CD4 cell count/percentage values have a poorer prognosis than patients with
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higher values (see Tables A—C in Appendix C: Supplemental Information).

The prognostic value of CD4 cell count and percentage and plasma viral load was assessed in a large
individual patient meta-analysis (HPPMCS), which incorporated clinical and laboratory data from 17
pediatric studies and included 3,941 HIV-infected children receiving either no therapy or only zidovudine
monotherapy.* The analysis looked at the short-term (12-month) risk of developing AIDS or dying based on a
child’s age and selected values of CD4 cell count or percentage and plasma viral load at baseline (see Figures
A and B and Table A in Appendix C: Supplemental Information). In a separate analysis of this dataset,
predictive value of CD4 cell count for risk of death or AIDS/death in HIV-infected children aged 5 years or
older was similar to that observed in young adults, with an increase in the risk of mortality when CD4 cell
count fell below 350 cells/mm? (see Figure C and Table B in Appendix C: Supplemental Information).>

The risk of disease progression associated with a specific CD4 cell count or percentage varies with the age of
the child. Infants in the first year of life experience higher risks of progression or death than older children
for any given CD4 stratum. For example, comparing a 1-year-old child with a CD4 percentage of 25% to a 5-
year-old child with the same CD4 percentage, there is an approximately fourfold increase in the risk of AIDS
and sixfold increase in the risk of death in the 1-year-old child (see Figures A and B in Appendix C:
Supplemental Information). Children aged 5 years or older have a lower risk of progression than younger
children, with the increase in risk of AIDS or death corresponding to CD4 cell count more similar to those in
young adults (see Figure C and Table B in Appendix C: Supplemental Information). In the HPPMCS, there
were no deaths among children aged 5 years or older with CD4 cell count >350 cells/mm?, although in
younger children there continued to be a significant risk of death even with CD4 cell count >500 cells/mm?
(see Table B in Appendix C: Supplemental Information).

These risk profiles contribute to the rationale for recommendations on when to initiate therapy in a treatment-
naive HIV-infected child (see When to Initiate). A website using the meta-analysis from the HPPMCS is
available to estimate the short-term risk of progression to AIDS or death in the absence of effective cART
according to age and the most recent CD4 percentage/absolute CD4 cell count or HIV-1 RNA viral load
measurement (http://hppmes.org).*

Measurement of CD4 cell count and percentage can be associated with considerable intrapatient variation.’
Mild intercurrent illness, the receipt of vaccinations, or exercise can produce a transient decrease in CD4 cell
count and percentage; thus, CD4 cell count/percentage are best measured when patients are clinically stable.
No decision about therapy should be made in response to a change in CD4 cell count/percentage until the
change has been substantiated by at least a second determination, with a minimum of 1 week between
measurements.

HIV RNA Monitoring in Children: General Considerations

Quantitative HIV-1 RNA assays measure the plasma concentration of HIV RNA as copies/mL, commonly
referred to as the plasma viral load. During the period of primary infection in adults and adolescents, in the
absence of therapy, plasma viral load initially rises to high peak levels and then declines by as much as 2 to 3
log ) copies to reach a stable lower level (the virologic set point) approximately 6 to 12 months after acute
infection.”!? In infected adults, the stable lower level (or viral set point) correlates with the subsequent risk of
disease progression or death in the absence of therapy.!!

The pattern of change in plasma viral load in untreated perinatally infected infants differs from that in
infected adults and adolescents. High plasma viral load persists in untreated infected children for prolonged
periods.'>!3 In one prospective study of infants with perinatal infection born prior to antiretroviral (ARV)
availability in children, plasma viral loads generally were low at birth (i.e., <10,000 copies/mL), increased to
high values by age 2 months (most infants had values >100,000 copies/mL, ranging from undetectable to
nearly 10 million copies/mL), and then decreased slowly, with a mean plasma viral load during the first year
of life of 185,000 copies/mL.'* After the first year of life, plasma viral load slowly declined over the next few
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years.'*!7 Viral load during the first 12 to 24 months after birth showed an average decline of approximately
0.6 log( copies/mL per year, followed by an average decline of 0.3 log;( copies/mL per year until age 4 to 5
years. This pattern probably reflects the lower efficiency of an immature but developing immune system in
containing viral replication and possibly the rapid expansion of HIV-susceptible cells that occurs with
somatic growth. '8

High plasma viral load in infants younger than 12 months has been correlated with disease progression and
death, but the range of plasma viral loads overlaps considerably in young infants who have rapid disease
progression and those who do not.'>!* Plasma viral load >100,000 copies/mL in older children also has been
associated with high risk of disease progression and mortality, particularly if CD4 percentage is <15% (see
Table C in Appendix C: Supplemental Information).'®!” The most robust data set available to elucidate the
predictive value of plasma viral load for disease progression in children was assembled in the HPPMCS* (see
Immunologic Monitoring in Children: General Considerations) in children on no therapy or only zidovudine
monotherapy, which showed that the risk of clinical progression to AIDS or death dramatically increases
when viral load exceeds 100,000 copies (5.0 log; copies)/mL; at lower values, only younger children show
much variation in risk (see Figures D and E and Table A in Appendix C: Supplemental Information). At any
given viral load, infants younger than 1 year were at higher risk of progression than older children, although
these differences were less striking than those observed for the CD4 percentage data.

Despite data indicating that high plasma viral load is associated with disease progression, the predictive
value of specific HIV RNA concentrations for disease progression and death for an individual child is
moderate.!® Plasma viral load may be difficult to interpret during the first year of life because values are high
and are less predictive of disease progression risk than in older children.!® In both HIV-infected children and
adults, CD4 cell count or percentage and plasma viral load are independent predictors of disease progression
and mortality risk, and use of the two markers together more accurately defines prognosis.!¢!7:19-20

Methodological Considerations in Interpretation and Comparability of HIV RNA Assays

Several different methods can be used for quantitating HIV RNA, each of which has a different level of
sensitivity (see Table). Although the results of the assays are correlated, the absolute HIV RNA copy number
obtained from a single specimen tested by two different assays can differ by twofold (0.3 log; copies/mL)
or more.?!?2 If possible, because of the variability among assays in techniques and quantitative HIV RNA
measurements, a single HIV RNA assay method should be used consistently to monitor an individual
patient.?3-2°

The predominant HIV-1 subtype in the United States is subtype B—the subtype for which all initial assays
were targeted. Current kit configurations for all companies have been designed to detect and quantitate
essentially all viral subtypes, with the exception of the uncommon O subtypes.?®?’ This is important for
many regions of the world where non-B subtypes are predominant as well as for the United States, where a
small subset of individuals are infected with non-B viral subtypes.?**¥32 It is particularly relevant for children
who are born outside the United States or to foreign-born parents. Choice of HIV RNA assay, particularly for
young children, may be influenced by the amount of blood required for the assay. The NucliSENS assay
requires the least blood (100 pL of plasma), followed by the RT-PCR assays such as the COBAS
MapliPrep/TagMan (1 microliter of plasma) and VERSANT assays (500 microliters of plasma).

Biologic variation in plasma viral load within one person is well documented. In adults, repeated
measurement of plasma viral load using the same assay can vary by as much as threefold (0.5 log;
copies/mL) in either direction over the course of a day or on different days.!”*? This biologic variation may
be greater in infected infants and young children. This inherent biologic variability must be considered when
interpreting changes in plasma viral load in children. Thus, on repeated testing, only differences greater than
fivefold (0.7 log copies/mL) in infants younger than 2 years and greater than threefold (0.5 log;
copies/mL) in children aged 2 years and older should be considered reflective of plasma viral load changes
that are biologically and clinically substantial.
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Generally, no change in ARV treatment should be made as a result of a change in plasma viral load unless the
change is confirmed by a second measurement. Interpretation of plasma viral load for clinical decision
making should be done by or in consultation with an expert in pediatric HIV infection because of the
complexities of HIV RNA testing and the age-related changes in plasma viral load in children.

Based on accumulated experience with currently available assays, viral suppression is currently defined as a
plasma viral load below the detection limit of the assay used (generally <20 to 75 copies/mL). This definition
of suppression has been much more thoroughly investigated in HIV-infected adults than in HIV-infected
children (see the Adult and Adolescent Antiretroviral Guidelines).** Temporary viral load elevations (“blips™)
between the level of detection and 500 copies/mL often are detected in adults** and children on cART and
should not be considered to represent virologic failure as long as the values return to below the level of
detection at the time of repeat testing. For definitions and management of virologic treatment failure, see
Recognizing and Managing Antiretroviral Treatment Failure in Management of Children Receiving
Antiretroviral Therapy. These definitions of viral suppression and virologic failure are recommended for
clinical use. Research protocols or surveillance programs may use different definitions.

Clinical and Laboratory Monitoring of Children with HIV Infection

Table 3 provides one proposed general monitoring schedule, which should be adjusted based on the specific
cART regimen a child is receiving.

Entry into Care—Baseline Evaluation

At entry into care, HIV-infected children should have a complete age-appropriate medical history, physical
examination, and laboratory evaluation (see Table 3). This should include a general medical and social
history (e.g., immunizations, nutrition, physical and social environment), evaluation for HIV-specific
physical conditions (e.g., growth delay, microcephaly, motor or cognitive neurologic problems), evaluation
for HIV-associated laboratory abnormalities (e.g., anemia, leukopenia, thrombocytopenia, elevated glucose,
transaminases or creatinine, hypoalbuminemia), and assessment of presence or risk of opportunistic
infections (see the Pediatric Opportunistic Infections Guidelines).

Laboratory confirmation of HIV infection should be obtained if available documentation is incomplete (see
Diagnosis of HIV Infection). CD4 cell count and percentage, as well as plasma HIV RNA measurements
(i.e., viral load), should be obtained at entry into care to help guide decisions about timing of cART initiation
(see When to Initiate). Genotype resistance testing should be performed, even if cART is not initiated
immediately. For patients previously treated with ARV drugs, resistance evaluation requires a complete ARV
history (see Antiretroviral Drug-Resistance Testing).

Monitoring of Children Not Receiving Antiretroviral Therapy

Children not receiving cART should be evaluated every 3 to 4 months with measurement of CD4 cell count
and percentage and plasma viral load; evaluation of growth and development for signs of HIV-associated
change; and laboratory evaluation for HIV-associated conditions including anemia, leukopenia,
thrombocytopenia, elevated glucose, transaminases, or creatinine, and hypoalbuminemia. Urinalysis should
be obtained every 6 to 12 months to monitor for HIV-associated nephropathy. Opportunistic infection
monitoring should follow guidelines appropriate for the child’s exposure history and clinical setting (see the
Pediatric Opportunistic Infections Guidelines).

More frequent evaluation may be necessary for children experiencing virologic, immunologic, or clinical
deterioration or to confirm an abnormal value.

Initiation of Combination Antiretroviral Therapy—Qverview

Readiness for ARV adherence should be assessed prior to starting cART. If abacavir is being considered as
part of the regimen, HLA-B*5701 testing should be sent prior to initiation of that ARV, and an alternative
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ARV should be used if HLA-B*5701 is positive (see Abacavir in Appendix A: Pediatric Antiretroviral Drug
Information). Genotype resistance testing is recommended if not already performed (see Antiretroviral Drug-
Resistance Testing).

Children who start cART or who change to a new regimen should be followed to assess effectiveness,
tolerability, and adverse effects of the regimen and to evaluate medication adherence. Frequent patient visits and
intensive follow-up during the initial months after a new ARV regimen is started are necessary to support and
educate the family. The first few weeks of cART can be particularly difficult for children and their caregivers;
they must adjust their schedules to allow for consistent and routine administration of medication doses. Children
may also experience adverse effects of medications, and both children and their caregivers need assistance to
determine whether the effects are temporary and tolerable or are more serious or long-term and require a visit to
the clinician. It is critical that providers speak to caregivers and children in a supportive, non-judgmental manner
using layman’s terms. This promotes honest reporting and ensures dialogue between providers and both children
and their caregiver(s), even when medication adherence is reported to be inconsistent.

Monitoring of Children Receiving Antiretroviral Therapy

Evaluations at Initiation of Combination Antiretroviral Therapy

At the time of cART initiation, CD4 cell count and percentage and plasma viral load should be measured to
establish a baseline to monitor cART benefit. To set the baseline for monitoring cART toxicity (see
Management of Medication Toxicity or Intolerance), complete blood count (CBC) and differential, serum
chemistries (including electrolytes, creatinine, glucose, hepatic transaminases), urinalysis, and serum lipids
(cholesterol, triglycerides) should be measured. CBC allows monitoring of zidovudine-associated anemia,
leukopenia, and macrocytosis (see Zidovudine in Appendix A: Pediatric Antiretroviral Drug Information).
Electrolytes with anion gap might help identify nucleoside reverse transcriptase inhibitor (NRTI)-associated
lactic acidosis. With use of tenofovir disoproxil fumerate, creatinine may increase, phosphate decrease, and
proteinuria can occur (see Tenofovir in Appendix A: Pediatric Antiretroviral Drug Information). Use of
protease inhibitors may be associated with hyperglycemia. Hepatic transaminases (alanine aminotransferase
and aspartate aminotransferase) increase with many ARV drugs. Bilirubin should be measured prior to
starting atazanavir because that drug causes an increase in indirect bilirubin (see Atazanavir in Appendix A:
Pediatric Antiretroviral Drug Information). For further details of adverse effects associated with a particular
ARY, see Tables 11a-111 in Management of Medication Toxicity or Intolerance.

Within 1 to 2 Weeks of Initiation of Combination Antiretroviral Therapy

Within 1 to 2 weeks of initiating therapy, children should be evaluated either in person or by phone to
identify clinical adverse effects and to support adherence. Many clinicians plan additional contacts (in
person, by telephone, or via email) with children and caregivers to support adherence during the first few
weeks of therapy.

2 to 4 Weeks after Initiation of Combination Antiretroviral Therapy

While data are limited on which to base an exact recommendation about precise timing, most experts
recommend laboratory testing at 2 to 4 weeks (and not more than 8 weeks) after initiation of cART to assess
virologic response and laboratory toxicity. The selection of laboratory chemistry tests is regimen-specific
(see above). Evaluation of hepatic transaminases is recommended at 2 weeks and 4 weeks for patients
starting treatment that includes nevirapine (see Nevirapine in Appendix A: Pediatric Antiretroviral Drug
Information). Plasma viral load monitoring is important as a marker of response to cART because a fall in
viral load suggests medication adherence, administration of appropriate doses, and viral drug susceptibility.
Some experts favor measuring viral load at 2 weeks to ensure that viral load is declining. Because of higher
baseline viral load in infants and young children, the decline in viral load after cART initiation may be
slower than in adults. A significant decrease in viral load in response to cART should be observed by 4 to 8
weeks of therapy.
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Routine Testing for Patients Receiving Combination Antiretroviral Therapy

After the initial phase of cART initiation, regimen adherence, effectiveness (CD4 cell count and percentage
and plasma viral load), and toxicities (history, physical, and laboratory testing as above) should be assessed
every 3 to 4 months in children receiving cART. Children who develop symptoms of toxicity should have
appropriate laboratory evaluations (such as evaluation of serum lactate in a child receiving NRTIs who
develops symptoms suspicious for lactic acidosis). If laboratory evidence of toxicity is identified, testing
should be performed more frequently until the toxicity resolves.

Testing for Patients Who are Stable on Long-Term Combination Antiretroviral Therapy

Recent studies have critically evaluated the frequency of laboratory monitoring in both adults and children,
particularly CD4 cell count and plasma viral load. These studies support less frequent monitoring in stable
patients in whom viral suppression has been sustained for at least a year.>>*° The current Adult and
Adolescent Guidelines support plasma viral load testing every 6 months for individuals who have

1. CD4 count >350 cells/mm?
2. Consistent virus suppression for more than 2 years.

The Panel finds value in continuing viral load testing every 3 to 4 months to provide enhanced monitoring of
adherence or disease progression among children and youth. Some experts monitor CD4 cell count and
percentage less frequently (e.g., every 6 to 12 months) in children and youth who are adherent to therapy and
have CD4 cell value well above the threshold for opportunistic infection risk, sustained viral suppression,
and stable clinical status for more than 2 to 3 years. Some clinicians find value in visits every 3 months even
when lab testing is not performed in order to review adherence and update dosing for interim growth.

Testing at the Time of Switching Combination Antiretroviral Therapy

When a switch in regimen is made to simplify cART, labs appropriate to the toxicity profile of the new
regimen should be measured at baseline, with follow up including plasma viral load at 4 weeks (and not
more than 8 weeks) after the switch, to ensure efficacy of the new regimen. If the regimen is switched
because of cART failure (see Recognizing and Managing Antiretroviral Treatment Failure in Management of
Children Receiving Antiretroviral Therapy) resistance testing should be performed while a patient is still
receiving the failing regimen to optimize the chance of identifying resistance mutations because resistant
strains may revert to wild type within a few weeks of stopping ARV drugs (see Antiretroviral Drug-
Resistance Testing).

Table 3. Sample Schedule for Clinical and Laboratory Monitoring of Children Before and After
Initiation of Combination Antiretroviral Therapy (page 1 of 2)

Entry i Weeks 1-2 | Weeks Every | Only Required

Into Thpe::mﬁ Ini(t:i‘:t‘i](-)m on 2-4 on 3-4 Every 6-12 S\‘r\l?t‘l,:h

Care' Therapy = Therapy Months* Months®
History and
Physical v v v v v v v
Adherence
Evaluation v v v v v v
CD4 Count/
Percentage v v v v v
Plasma Viral Load v v v v v v
Resistance
Testing v 4
CBC with
Differential v v v v v v
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Table 3. Sample Schedule for Clinical and Laboratory Monitoring of Children Before and After
Initiation of Combination Antiretroviral Therapy (page 2 of 2)

Entry Pre- cART Weeks 1-2  Weeks Every | Only Required ARV
Lixg Therapy? | Initiation? on 2-4.0n - Every6-12 ' ¢ itch
Care' Therapy = Therapy Months* Months®

Chemistries v v v v 4 v

Lipid Panel v v 4

Urinalysis v v 4

Hepatitis B

Screening® v v

I See text for details of appropriate tests to send.

2 Readiness for ARV adherence is assessed prior to starting CART. If abacavir is being considered as part of the regimen, send HLA-
B*5701 testing prior to initiation of that ARV and choose an alternative ARV if HLA-B*5701 is positive (see Abacavir in Appendix A:
Pediatric Antiretroviral Drug Information). Genotype resistance testing is recommended if not already performed (see Antiretroviral
Drug-Resistance Testing). Send tests appropriate to the toxicities expected from each patient’s cART regimen and history (see text).

3 If cART is initiated within 30 to 45 days of a pre-therapy lab result, repeat testing may not be necessary.

4 CD4 cell count and percentage can be monitored less frequently (every 6-12 months) in children and youth who are adherent to
therapy and have CD4 cell value well above the threshold for opportunistic infection risk, sustained viral suppression, and stable
clinical status for more than 2 to 3 years.

5 If lipids have been abnormal in the past, more frequent monitoring might be needed. For patients treated with tenofovir, more
frequent urinalysis is considered.

6 When considering starting antiretrovirals with activity against hepatitis B, specifically lamivudine, emtricitabine-, and tenofovir-
containing regimens

Key to Acronyms: ARV = antiretroviral, CART = combination antiretroviral therapy, CBC = complete blood count, CD4 = CD4 T lymphocyte

Table 4. Primary, FDA-Approved Assays to Monitor Viral Load

. . COBAS Ampliprep/

Assay Abhott Real Time NucliSens EasyQ v 2.0 TagMan v 2.0 Versantv 1.0

Method Real-time RT-PCR Real-time nucleic acid sequence- Real-time RT-PCR Real-time RT-PCR
based amplification (NASBA)

Dynamic Range 40-107 25-107 20-107 37-11x107
(copies/mL)
Specimen volume* | 0.2-1 mL 0.1-1 mL 1mL 0.5 mL
Manufacturer Abbott bioMerieux Roche Siemens

* Note: Smaller volumes for children can be accommodated.
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Treatment Recommendations (Last updated March 5, 2015; last reviewed
March 5, 2015)

General Considerations

Antiretroviral (ARV) treatment of pediatric HIV infection has steadily improved since the introduction of
potent combination drug regimens that effectively suppress viral replication in most patients, resulting in a
lower risk of virologic failure due to development of drug resistance. Combination antiretroviral therapy
(cART) regimens including at least three drugs from at least two drug classes are recommended; such
regimens have been associated with enhanced survival, reduction in opportunistic infections and other
complications of HIV infection, improved growth and neurocognitive function, and improved quality of life
in children.' In the United States and the United Kingdom, significant declines in morbidity, mortality, and
hospitalizations have been reported in HIV-infected children between 1994 and 2006, concomitant with
increased use of highly active combination regimens.®® As a result, perinatally HIV-infected children are
now living into the third and fourth decades of life, and potentially beyond.

The increased survival of HIV-infected children is associated with challenges in selecting successive new
ARYV drug regimens. In addition, therapy is associated with short- and long-term toxicities, which can be
recognized in childhood or adolescence’!? (see Management of Medication Toxicity or Intolerance).

ARYV drug-resistant virus can develop during cART because of poor adherence, subtherapeutic drug levels, a
regimen that is not potent, or a combination of these factors which results in incomplete viral suppression. In
addition, primary drug resistance may be seen in ARV-naive children who have become infected with a
resistant virus.'*!> Thus, decisions about when to start therapy (see When to Initiate), what drugs to choose in
ARV-naive children (see What to Start) and how to best treat ARV-experienced children remain complex.
Whenever possible, decisions regarding the management of pediatric HI'V infection should be directed by or
made in consultation with a specialist in pediatric and adolescent HIV infection. Treatment of ARV-naive
children (when and what to start), when to change therapy, and treatment of ARV-experienced children will
be discussed in separate sections of the guidelines.

Several factors need to be considered in making decisions about initiating and changing cART in children,
including:

» Severity of HIV disease and risk of disease progression, as determined by age, presence or history of
HIV-related illnesses, degree of CD4 T lymphocyte (CD4) immunosuppression, (see Revised
Surveillance Case Definition for HIV Infection at http://www.cdc.gov/mmwr/pdf/rr/rr6303.pdf) and level
of HIV plasma viremia;

* Availability of appropriate (and palatable) drug formulations and pharmacokinetic (PK) information on
appropriate dosing in a child’s age/weight group;

* Potency, complexity (e.g., dosing frequency, food and fluid requirements), and potential short- and long-
term adverse effects of the cART regimen;

» Effect of initial regimen choice on later therapeutic options;
* Achild’s cART history;
* Presence of ARV drug-resistant virus;

* Presence of comorbidity, such as tuberculosis, hepatitis B or C virus infection, or chronic renal or liver
disease, that could affect decisions about drug choice and the timing of initiation of therapy;

* Potential ARV drug interactions with other prescribed, over-the-counter, or complementary/alternative
medications taken by a child; and

* The anticipated ability of the caregiver and child to adhere to the regimen.
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The following recommendations provide general guidance for decisions related to treatment of HIV-infected
children, and flexibility should be exercised according to a child’s individual circumstances. Guidelines for
treatment of HIV-infected children are evolving as new data from clinical trials become available. Although
prospective, randomized, controlled clinical trials offer the best evidence for formulation of guidelines, most
ARYV drugs are approved for use in pediatric patients based on efficacy data from clinical trials in adults, with
supporting PK and safety data from Phase I/II trials in children. In addition, efficacy has been defined in
most adult trials based on surrogate marker data, as opposed to clinical endpoints. For the development of
these guidelines, the Panel reviewed relevant clinical trials published in peer-reviewed journals or in abstract
form, with attention to data from pediatric populations when available.

Goals of Antiretroviral Treatment

Although there was a single case report of a period of prolonged remission in an HIV-infected child treated
with a cART regimen initiated at age 30 hours,'® viremia returned in this child after more than 2 years of
undetectable HIV RNA levels following discontinuation of cART. Current cART has not been shown to
eradicate HIV infection in perinatally infected infants due to persistence of HIV in CD4 lymphocytes and
other cells.!”"!” Some data suggest that the half-life of intracellular HIV proviral DNA is even longer in
infected children than in adults (median 14 months vs. 510 months, respectively).?’ Thus, based on
currently available data, HIV causes a chronic infection likely requiring treatment for life once a child starts
therapy. The goals of cART for HIV-infected children and adolescents include:

* Preventing and reducing HIV-related morbidity and mortality;

* Restoring and/or preserving immune function as reflected by CD4 cell measures;
* Maximally and durably suppressing viral replication;

* Preventing emergence of viral drug-resistance mutations;

* Minimizing drug-related toxicity;

* Maintaining normal physical growth and neurocognitive development;

* Improving quality of life;

* Reducing the risk of sexual transmission to discordant partners in adolescents who are sexually active;
and

* Reducing the risk of perinatal transmission in adolescent females who become pregnant.

Strategies to achieve these goals require a complex balance of potentially competing considerations.

Use and Selection of Combination Antiretroviral Therapy

The treatment of choice for HIV-infected children is a regimen containing at least three drugs from at least
two classes of ARV drugs. The Panel has recommended several preferred and alternative regimens (see What
to Start). The most appropriate regimen for an individual child depends on multiple factors as noted above. A
regimen that is characterized as an alternative choice may be a preferred regimen for some patients.

Drug Sequencing and Preservation of Future Treatment Option

The choice of ARV treatment regimens should include consideration of future treatment options, such as the
presence of or potential for drug resistance. Multiple changes in ARV drug regimens can rapidly exhaust
treatment options and should be avoided. Appropriate sequencing of drugs for use in initial and second-line
therapy can preserve future treatment options and is another strategy to maximize long-term benefit from
therapy. Current recommendations for initial therapy are to use two classes of drugs (see What to Start),
thereby sparing three classes of drugs for later use.
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Maximizing Adherence

As discussed in Adherence to Antiretroviral Therapy in HIV-Infected Children and Adolescents, poor
adherence to prescribed regimens can lead to subtherapeutic levels of ARV medications, which increases the
risk of development of drug resistance and likelihood of virologic failure. Issues related to adherence to
therapy should be fully assessed, discussed, and addressed with a child’s caregiver and the child (when age
appropriate) before the decision to initiate therapy is made. Participation by the caregiver and child in the
decision-making process is crucial. Potential problems should be identified and resolved before starting
therapy, even if this delays initiation of therapy. In addition, frequent follow-up is important to assess
virologic response to therapy, drug intolerance, viral resistance, and adherence. Finally, in patients who
experience virologic failure, it is critical to fully assess adherence and possible viral resistance before making
changes to the cART regimen.
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When to Initiate Therapy in Antiretroviral-Naive Children (Last
updated April 27, 2015; last reviewed April 27, 2015)

Overview

The decision about when to initiate combination antiretroviral therapy (cART) in asymptomatic HIV-infected
older children and adolescents continues to generate controversy among HIV experts. Aggressive therapy in
the early stages of HIV infection has the potential to control viral replication before HIV can evolve into
diverse and potentially more pathogenic quasispecies. Initiation of therapy at higher CD4 T lymphocyte
(CD4) cell counts has been associated with fewer drug resistance mutations at virologic failure in adults.!
Early therapy also slows immune system destruction and preserves immune function, preventing clinical
disease progression.>* Ongoing viral replication may be associated with persistent inflammation and
development of cardiovascular, kidney, and liver disease and malignancy; studies in adults suggest that early
control of replication may reduce the occurrence of these non-AIDS complications.>*¢ Conversely, delaying
therapy until later in the course of HIV infection, when clinical or immunologic symptoms appear, may result
in reduced evolution of drug-resistant virus due to a lack of drug selection pressure, improved adherence to
the therapeutic regimen due to perceived need when the patient becomes symptomatic, and reduced or
delayed adverse effects of cART. Because therapy in children is initiated at a young age and will likely be
life-long, concerns about adherence and toxicities are particularly important.

The Department of Health and Human Services (HHS) Adult and Adolescent Antiretroviral Guidelines Panel
(the Panel) has recommended initiation of therapy for all adults with HIV infection, with the proviso that the
strength of the recommendations is dependent on the pre-treatment CD4 count.” Randomized clinical trials have
provided definitive evidence of benefit with initiation of therapy in adults with CD4 counts 200 to <350 cells/
mm?.? A secondary analysis of an international randomized trial in adults with CD4 counts between 350 and
550 cells/mm? versus waiting until the CD4 count dropped below 250 cells/mm? showed significantly fewer
AIDS events and tuberculosis diagnoses when treatment was initiated at a higher CD4 count (median 442 vs.
230 cells/mm?).” Observational cohort data have also demonstrated the benefit of treatment in adults with CD4
counts between 350 and 500 cells/mm?® in reducing morbidity and mortality; therefore, adult treatment
guidelines recommend initiation of lifelong cART for individuals with CD4 counts 350 to 500 cells/mm?.7-10-13
For adults with CD4 counts >500 cell/mm?®, observational data are less conclusive regarding the potential
survival benefit of early treatment.!*!"! The recommendation for initiation of therapy at CD4 counts >500/mm?
in adults is based on accumulating data that untreated HIV infection may be associated with development of
many non-AIDS-defining diseases, the availability of more effective cART regimens with improved tolerability,
and evidence that effective cART reduces secondary sexual HIV transmission.!> However, the Panel
acknowledges that the amount of data supporting earlier initiation of therapy decreases as the CD4 count
increases above 500 cells/mm?, and that concerns remain over the unknown overall benefit, long-term risks,
cumulative additional costs, and potential for decreased medication adherence associated with earlier treatment
in asymptomatic patients.’
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Treatment Recommendations for Initiation of Therapy in Antiretroviral-Naive,
HIV-Infected Infants and Children

Panel Recommendations

Recommend Urgent Treatment* | Combination Antiretroviral Therapy (cART) Should Be Initiated Urgently in All HIV-Infected
Children with any of the Following:

Age <12 Months:
* Al for infants age <12 weeks
* All for infants 12 weeks—12 months

Age =1 year:
* CDC Stage 3-defining opportunistic illnesses (Al*)
* CDC Stage 3 immunodeficiency (AI*):

 Aged 1 to <6 years, CD4 count® <500 cells/mm?
* Aged = 6 years, CD4 count® <200 cells/mm?

Recommend Treatment® cART Should Be Initiated in HIV-Infected Children Aged =1 Year with any of the Following:
* Moderate HIV-related symptoms (All) (see Table 7)
 Plasma HIV RNA >100,000 copies/mL® (All)

CDC Stage 2:

* Age 1 to <6 years, CD4 count® 500-999 cells/mm3 (All)

* Age =6 years, CD4 count® 200-499 cells/mm? (Al* if CD4 count <350 cells/mm3; All* if CD4
count 350-499 cells/mm®)

Consider Treatment® cART Should Be Considered for HIV-Infected Children Aged =1 Year with:

* Mild HIV-related symptoms (see Table 7) or asymptomatic and

CDC Stage 1 (see Table 6):
* Ages 1 to <6 years, CD4 count® =1000 cells/mm? (BIII)
 Age =6 years, CD4 count® = 500 cells/mm? (BIII)

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in childrent
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One or
more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or more
well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in
childrent from one or more similar nonrandomized trials or cohort studies with clinical outcome data; 11l = expert opinion

t Studies that include children or children and adolescents but not studies limited to postpubertal adolescents

Note: Adherence should be assessed and discussed with HIV-infected children and their caregivers before initiation of therapy (Alll).
2 Within 1-2 weeks, including an expedited discussion on adherence

b More time can be taken to fully assess and address issues associated with adherence with the caregivers and the child prior to
initiating therapy. Patients/caregivers may choose to postpone therapy, and on a case-by-case basis, providers may elect to defer
therapy based on clinical and/or psychosocial factors.

¢ CD4 counts should be confirmed with a second test to meet the treatment criteria before initiation of CART.

d To avoid overinterpretation of temporary blips in viral load (which can occur, for example, during intercurrent ilinesses), plasma HIV
RNA level >100,000 copies/mL should be confirmed by a second level before initiating cART.

Infants Younger Than Age 12 Months

The Children with HIV Early Antiretroviral Therapy (CHER) Trial, a randomized clinical trial in South Africa,
demonstrated that initiating triple-drug cART before 12 weeks in asymptomatic perinatally infected infants
with normal CD4 percentage (>25%) resulted in a 75% reduction in early mortality, compared with delaying
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treatment until the infants met clinical or immune criteria.'® Most of the deaths in the infants in the delayed
treatment arm occurred in the first 6 months after study entry. A substudy of this trial also found that infants
treated early had significantly better gross motor and neurodevelopmental profiles than those in whom therapy
was deferred.!” Because the risk of rapid progression is so high in young infants and based on the data in young
infants from the CHER study, the Panel recommends initiating therapy for all infants <12 months regardless of
clinical status, CD4 percentage, or viral load (Table 5). Before therapy is initiated, it is important to fully
assess, discuss, and address issues associated with adherence with an HIV-infected infant’s caregivers.
However, given the high risk of disease progression and mortality in young HIV-infected infants, it is important
to expedite this assessment in infants younger than 12 months.

The risk of disease progression is inversely correlated with the age of a child, with the youngest infants at greatest
risk of rapid disease progression. Progression to moderate or severe immune suppression is also frequent in older
infected infants; by 12 months, approximately 50% of children develop moderate immune suppression and 20%
develop severe immune suppression.'® In the HIV Paediatric Prognostic Markers Collaborative Study meta-
analysis, the 1-year risk of AIDS or death was substantially higher in younger children than in older children at
any given level of CD4 percentage, particularly for infants younger than <12 months.!” Unfortunately, although
the risk of progression is greatest in the first year of life, the ability to differentiate children at risk of rapid versus
slower disease progression by clinical and laboratory parameters is also most limited in young infants. No specific
“at-risk” viral or immunologic threshold can be easily identified, and progression of HIV disease and
opportunistic infections can occur in young infants with normal CD4 cell counts."

Identification of HIV infection during the first few months of life permits clinicians to initiate cART during the
initial phases of primary infection. Data from a number of observational studies in the United States and
Europe suggest that infants who receive early treatment are less likely to progress to AIDS or death than those
who start therapy later.>?%2! A study of 195 South African children initiating cART aged <24 months found that
infants treated by 6 months achieved target growth milestones more rapidly than children who initiated therapy
between 12 and 24 months.?? Several small studies have demonstrated that, despite the very high levels of viral
replication in perinatally infected infants, early initiation of treatment can result in durable viral suppression
and normalization of immunologic responses to non-HIV antigens in some infants.?*?* In infants with sustained
control of plasma viremia, failure to detect extra-chromosomal replication intermediates suggests near-
complete control of viral replication.”> Some of these infants have become HIV seronegative. Although there is
a single case report of a period of remission in an HIV-infected child treated with a cART regimen initiated at
age 30 hours, discussed below, current cART has not been shown to eradicate HIV infection in perinatally
infected infants because of persistence of HIV in CD4 lymphocytes and other cells.?*2

The report of a prolonged remission in an HIV-infected child in Mississippi generated discussion about early
initiation of cART in newborn infants with high-risk HIV exposure. This newborn, born to a mother who did not
receive antenatal or perinatal cART, was treated with a three-drug cART regimen at ages 30 hours through 18
months, after which cART was discontinued against medical advice. Intensive follow-up evaluations showed no
evidence of virologic rebound for more than 2 years following discontinuation of cART, at which time viremia
recurred and cART was restarted.” This experience has prompted increasing support for initiation of treatment
in the first weeks of life, as soon as the diagnosis is made. However, because of limited safety and
pharmacokinetic data and experience with antiretroviral (ARV) drugs in infants <2 to 4 weeks, drug and dose
selection in this age group is challenging (see What to Start and Specific Issues in Antiretroviral Treatment for
Neonates). If early treatment is initiated, the Panel does not recommend empiric treatment interruption.

Virologic suppression may take longer to achieve in young children than in older children or adults.’*3!
Possible reasons for the slower response in infants include higher virologic set points in young infants,
inadequate ARV drug levels, and poor adherence because of the difficulties in administering complex regimens
to infants. With currently available drug regimens, rates of viral suppression of 70% to 80% have been reported
in HIV-infected infants initiating therapy at <12 months.>*>33 In a 5-year follow-up study of 40 HIV-infected
children who initiated treatment at <6 months, 98% had CD4 percentage >25% and 78% had undetectable viral
load with median follow-up of 5.96 years.? More rapid viral suppression in young infants may also be
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important in reducing the long-lived HIV reservoir; a study of 17 HIV-infected infants initiating
lopinavir/ritonavir-based cART before 6 months demonstrated that time to the first HIV viral load <400
copies/mL was correlated with the size of the long-lived HIV reservoir (i.e,. the resting memory CD4 cell
pool).> In addition, in the Pediatric HIV/AIDS Cohort Study/Adolescent Master Protocol (a cross-sectional
study of 144 perinatally infected youth with long term viral suppression) found a lower proviral reservoir in
those who achieved virologic control at <1 year versus 1 to 5 years versus >5 years of age (4.2 vs. 19.4 vs. 70.7
copies/million peripheral blood mononuclear cells, respectively).

Information on appropriate drug dosing in infants younger than 3 to 6 months is limited. Hepatic and renal
functions are immature in newborns undergoing rapid maturational changes during the first few months of life,
which can result in substantial differences in ARV dose requirements between young infants and older
children.* When drug concentrations are subtherapeutic, either because of inadequate dosing, poor absorption,
or incomplete adherence, ARV drug resistance can develop rapidly, particularly in the setting of high levels of
viral replication in young infants. Frequent follow-up and continued assessment and support of adherence are
especially important when treating young infants (see Adherence).

Finally, the possibility of long-term toxicities (e.g., lipodystrophy, dyslipidemia, glucose intolerance, osteopenia,
mitochondrial dysfunction) with prolonged therapy is a concern.’’

Children Aged 1 Year and Older

In general, disease progression is less rapid in children aged >1 year,'® However, children with stage 3-defining
opportunistic infections (see Revised Surveillance Case Definition for HIV Infection at
http://www.cde.gov/mmwr/pdf/rr/rr6303.pdf and Table 7) are at high risk of disease progression and death. Given
the high risk of disease progression and mortality with severe HIV disease, the Panel recommends urgent treatment
(i.e., within 1-2 weeks) for all such children, regardless of immunologic or virologic status. In these cases, the
clinical team should expedite a discussion on adherence and provide increased, intensive follow-up in the first few
weeks to support the children and families. Children aged >1 year who have mild to moderate clinical symptoms
(see Table 7) or who are asymptomatic are at lower risk of disease progression than children with more severe
clinical symptoms.*® In these children, more time can be taken to fully assess, discuss and address issues associated
with adherence with the caregivers and the children prior to initiating therapy. In asymptomatic children,
consideration of CD4 count and viral load may be useful in determining the need for therapy.

In adults, the strength of recommendations to initiate cART in asymptomatic individuals is based primarily on
risk of disease progression, as determined by baseline CD4 cell count.” In adults, both clinical trial and
observational data support initiation of treatment in individuals with CD4 counts <350 cells/mm?. In HIV-
infected adults in Haiti, a randomized clinical trial found significant reductions in mortality and morbidity with
initiation of treatment when CD4 counts fell to <350 cells/mm?, compared with deferring treatment until CD4
cell counts fell to <200 cells/mm?.® In observational data in adults, a collaborative analysis of data from 12 adult
cohorts in North America and Europe on 20,379 adults starting treatment between 1995 and 2003, the risk of
AIDS or death was significantly less in adults who started treatment with CD4 counts 200 to 350 cells/mm?
compared with those who started therapy at CD4 counts <200 cells/mm?.3° A prospective observational cohort
study of 468 adults found that initiation of cART within 4 months of infection resulted in the highest likelihood
and fastest rate of recovery of CD4 counts when compared with initiation between 4 and 12 months or more
than 12 months post-infection. Furthermore, starting cART at lower CD4 counts, defined as <500 cells/mm?, as
compared with higher CD4 counts, was associated with a significant reduction in CD4 recovery.*

The Cochrane Collaboration*! published a review on the effectiveness of cART in HIV-infected children aged <2
years based on data from published randomized trials of early versus deferred cART.!®*? The authors concluded
that immediate therapy reduces morbidity and mortality and may improve neurologic outcome, but that data are
less compelling in support of universal initiation of treatment between ages 1 and 2 years.

The Pediatric Randomised Early versus Deferred Initiation in Cambodia and Thailand (PREDICT) trial was
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designed to investigate the impact on AIDS-free survival and neurodevelopment of deferral of cART in children
aged >1 year.* This multicenter, open-label trial randomized 300 HIV-infected children aged >1 year (median 6.4
years) to immediate initiation of cART or deferral until the CD4 percentage was <15%. The median baseline CD4
percentage was 19% (IQR 16% to 22%) and 46% of children in the deferred group started cART during the study.
AIDS-free survival at week 144 was 98.7% (95% CI 94.7-99.7) in the deferred group and 97.9% (CI 93.7-99.3)
in the immediate therapy group (P = 0.6), and immediate cART did not significantly improve
neurodevelopmental outcomes.** However, because of the low event rate, the study was underpowered to detect a
difference between the two groups. This study population likely had a selection bias toward relatively slowly
progressive disease because it enrolled children who had survived a median of 6 years without cART. The limited
enrollment of children aged <3 years poses restrictions on its value for recommendations in that age group.

A secondary analysis of a randomized controlled trial addresses the comparative efficacy of starting versus
deferring treatment at higher CD4 thresholds in HIV-infected adults. The HPTN 052 trial randomized 1763
HIV-serodiscordant couples to initiate ARV treatment either on entry into the study (median CD4 counts of 442
IQR 373-522 cells/mm?) or after a decline in CD4 count to <250 cells/mm? or with onset of an AIDS-related
illness (median CD4 count 230 [IQR 197-249] cells/mm?). New-onset AIDS events and tuberculosis occurred
more frequently in the delayed versus early treatment group (P =0.031 and 0.018, respectively), thus showing
a benefit to starting cART early, when the CD4 count is over 400 cells/mm3.” Two observational studies in
adults—the ART Cohort Collaboration (ART-CC) and North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD)—also suggest a higher rate of progression to AIDS or death in patients
deferring treatment until the CD4 count is <350/mm?® compared with patients starting cART at CD4 counts of
351 to 500 cells/mm?.!%!"! The NA-ACCORD study demonstrated a benefit of starting treatment at CD4 cell
counts >500 cell/mm?® compared with starting cART at CD4 cell counts below this threshold;!® however, the
ART-CC cohort found no additional benefit for patients starting cART with CD4 cell counts >450 cells/mm?>."!
In a third observational study of 5,162 patients with CD4 cell counts between 500 and 799 cells/mm?, patients
who started cART immediately did not experience a significant reduction in progression to AIDS or death (HR:
1.10, 95% CI: 0.67 to 1.79) or death alone (HR: 1.02, 95% CI: 0.49 to 2.12), compared with those who
deferred therapy.!® There are no similar observational data analyses for HIV-infected children.

In children, the prognostic significance of a specific CD4 percentage or count varies with age.!>* In data
from the HIV Paediatric Prognostic Markers Collaborative Study meta-analysis, derived from 3,941 children
with 7,297 child-years of follow-up, the risk of mortality or progression to AIDS per 100 child-years is
significantly higher for any given CD4 count in children ages 1 to 4 years than in children aged >5 years (see
Figures A and B and Tables A and B in Appendix C: Supplemental Information). Data from the HIV
Paediatric Prognostic Markers Collaborative Study suggest that absolute CD4 cell count is a useful
prognostic marker for disease progression in children aged >5 years, with risk of progression similar to that
observed in adults (see Table B in Appendix C: Supplemental Information).!**¢ For children ages 1 to <5
years, a similar increase in risk of AIDS or death is seen when CD4 percentage drops below 25% (see Table
A 1n Appendix C: Supplemental Information).

Because the CD4 percentage is more consistent than the naturally declining CD4 cell count in the first years
of life, it has been used preferentially to monitor immunologic status in children aged <5 years. However, an
analysis of more than 21,000 pairs of CD4 measurements from 3,345 children aged <1 to 16 years in the HIV
Paediatric Prognostic Markers Collaborative Study found that CD4 cell counts and percentages were
frequently discordant around established World Health Organization (WHO) and the Pediatric European
Network for Treatment of AIDS (PENTA) thresholds for initiation of cART (14% and 21%, respectively).*’
Furthermore, CD4 cell counts were found to provide greater prognostic value over CD4 percentage for short-
term disease progression for children aged <5 years as well as in older children. For example, the estimated
hazard ratio for AIDS or death at the 10th centile of CD4 cell count (compared with the 50th centile) was 2.2
(95% confidence interval [CI]) 1.4, 3.0) for children ages 1 to 2 years versus 1.2 (CI 0.8, 1.6) for CD4
percentage. Recently, the CDC has issued an updated HIV infection staging classification based on age-
specific CD4 values, indicating a preference for CD4 count over CD4 percentage in all ages (see Revised
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Surveillance Case Definition for HIV Infection at http://www.cdc.gov/mmwr/pdf/rr/rr6303.pdf).

The level of plasma HIV RNA may provide useful information in terms of risk of progression, although its
prognostic significance is weaker than CD4 count.* Several studies have shown that older children with HIV
RNA levels >100,000 copies/mL are at high risk of mortality**-*° and lower neurocognitive performance;’'
similar findings have been reported in adults.’>->* Similarly, in the HIV Paediatric Prognostic Markers
Collaborative Study meta-analysis, the 1-year risk of progression to AIDS or death rose sharply for children
aged >1 year when HIV RNA levels were >100,000 copies/mL (see Figures D and E and Table A in
Appendix C: Supplemental Information).** For example, the estimated 1-year risk of death was 2 to 3 times
higher in children with plasma HIV RNA 100,000 copies/mL compared with 10,000 copies/mL and 8 to 10
times higher with plasma HIV RNA >1,000,000 copies/mL. Therefore, the Panel recommends that children
of all ages with HIV RNA levels >100,000 copies/mL initiate cART.

As with data in adults, data from pediatric studies suggest that improvement in immunologic parameters is
better in children when treatment is initiated at higher CD4 percentage/count levels.?!>%° In a study of 1,236
perinatally infected children in the United States, only 36% of those who started treatment with CD4
percentage <15% and 59% of those starting with CD4 percentage 15% to 24% achieved CD4 percentage >25%
after 5 years of therapy.®! Younger age at initiation of therapy has also been associated with improved immune
response and with more rapid growth reconstitution.?>3!->61:62 [n addition, the PREDICT Study demonstrated
improved height z-scores in the early treatment arm compared with no improvement in the deferred arm.*
Given that disease progression in children aged >5 years is similar to that in adults,*® and observational data in
adults show decreased risk of mortality with initiation of therapy when CD4 cell count is <500 cells/mm?,!%!!
most experts feel that recommendations for asymptomatic children in this age range should be similar to those
for adults. However, there are no conclusive pediatric data to address the optimal CD4 cell count threshold for
initiation of therapy in older children; additional research studies are needed to answer this question in children
more definitively. The Panel has moved to endorse initiating cART in all HIV-infected adults regardless of CD4
cell count, using varying strengths of evidence to support different CD4 cell count thresholds’ and
incorporating compelling data demonstrating that cART is effective in preventing secondary transmission of
HIV. However, prevention of sexual transmission of HIV is not a significant consideration for children aged
<13 years. Comparative studies on the impact of treatment versus treatment delay at specific higher CD4 cell
counts have not been performed in children, and observational adult studies have produced conflicting
results.!®!"'* Drug choices are more limited in children than in adults and adequate data to address the potential
long-term toxicities of prolonged cART in a developing child are not yet available. Some studies have shown
that a small proportion of perinatally infected children may be long-term nonprogressors, with no immunologic
or clinical progression by age 10 years despite receiving no cART.%-> Medication adherence is the core
requirement for successful virologic control, but achieving consistent adherence in childhood is often
challenging.®® Incomplete adherence leads to the selection of viral resistance mutations but forced
administration of ARVs to children may result in treatment aversion or fatigue, which occurs among many
perinatally infected children during adolescence.®” The relative benefits of initiating cART in asymptomatic
children with low viral burdens and high CD4 cell counts must be weighed against these potential risks.

The Panel recommends that cART be urgently initiated in all children younger than aged 12 months, and in
those aged 12 months or older who have Centers for Disease Control and Prevention (CDC) Stage 3-defining
opportunistic illnesses or Stage 3 CD4 counts (Tables 6 and 7).

The Panel also recommends that children aged 12 months or older with the following findings initiate cART:
*  Moderate HIV-related symptoms (Table 7), regardless of CD4 count;

* HIV RNA >100,000 copies/mL, regardless of CD4 count or symptoms;

* CDC Stage 2 CD4 counts (Table 6), with the strength of the recommendation differing based on age and
CD4 count.

The evidence for this recommendation is strongest for children with CD4 cell counts <350 cells/mm?. For
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children with CD4 cell counts 350 to 500 cells/mm?, the recommendation is based on observational data in
adults, hence the evidence base is not as strong; this recommendation should not prohibit research studies in
children designed to answer this question more definitively.

The Panel also recommends consideration of treatment for all children aged 12 months or older with no or mild
symptoms and CDC Stage 1 CD4 counts (Tables 6 and 7), although the strength of recommendation is lower
because of limited data.

Patients/caregivers may choose to postpone therapy, and, on a case-by-case basis, providers may elect to defer
therapy based on clinical and/or psychosocial factors. Note that the Panel’s recommendations which permit
optional deferral of therapy for healthy children older than 1 year are different from the 2013 WHO guidelines,
which recommend initiation of therapy for all children younger than 5 years, reflecting different approaches in
resource-limited settings.

In general, except in infants younger than age 12 months and children with advanced HIV infection, cART does
not need to be started urgently (i.e., within 1-2 weeks). Before initiating therapy, it is important to take time to
educate caregivers (and children, as appropriate) about regimen adherence and to anticipate and resolve any
barriers that might diminish adherence. This is particularly true for children age 5 years and older, given their
lower risk of disease progression and the higher CD4 cell count threshold now recommended for initiating therapy.

If therapy is deferred, the health care provider should closely monitor a child’s virologic, immunologic, and
clinical status every 3 to 4 months (see Clinical and Laboratory Monitoring). Factors to consider in deciding
when to initiate therapy in children in whom treatment was deferred include:

* Increasing HIV RNA levels (e.g., HIV RNA levels approaching 100,000 copies/mL);

*  CD4 count or percentage values approaching the age-related threshold for treatment;

* Development of clinical symptoms; and
* The ability of caregiver and child to adhere to the prescribed regimen.

Table 5. Indications for Initiation of Antiretroviral Therapy in HIV-Infected Children (page 1 of 2)

Table 5 provides general guidance rather than absolute recommendations for individual patients. Factors to be
considered in decisions about initiation of therapy include risk of disease progression as determined by CD4
percentage or count and plasma HIV RNA copy number, the potential benefits and risks of therapy, and the
ability of the caregiver to adhere to administration of the therapeutic regimen. Urgent treatment should be
initiated within 1 to 2 weeks, including an expedited discussion on adherence. In non-urgent settings, more time
can be taken to fully assess and address issues associated with adherence with the caregivers and the child prior
to initiating therapy. Patients/caregivers may choose to postpone therapy and, on a case-by-case basis, providers
may elect to defer therapy based on clinical and/or psychosocial factors.?

Age Criteria Recommendation
<12 Months Regardless of clinical symptoms, immune status, or viral load Urgent treatment (Al for <12 weeks of age;
All for =12 weeks)

110 <6 Years | CDC Stage 3-defining opportunistic illnesses® Urgent treatment (Al*)
' CDC Stage 3 immunodeficiency® CD4 <500 cell/mm® | | Urgent treatment (AI*) |
'Moderate HIV-related symptoms® | Teat(AWy |
'HIVRNA>100,000 copies/mt¢ | Teat(Awy |
CDA cell count' 500-999 cells/mm® | Teat(AWy |
Asymptomatic or mild symptoms” and CD4 cell count* =1000 cells/ | Consider treatment (BM)

mm
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Table 5. Indications for Initiation of Antiretroviral Therapy in HIV-Infected Children (page 2 of 2)

Age Criteria Recommendation

Urgent treatment (Al*)

CDC Stage 3-defining opportunistic illnesses®

=6 Years

Treat (Al* for CD4 cell count <350 cells/mm?
and All* for CD4 cell count 350-499
cells/mm?)

Asymptomatic or mild symptoms® and CD4 cell count =500 cells/mm3 | Consider treatment (BIII)

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = data from randomized controlled trials in children; |*= data from randomized trials in adults with
accompanying data in children from nonrandomized trials or observational cohort studies with long-term clinical outcomes; II: data
from well-designed nonrandomized trials or observational cohort studies in children with long-term clinical outcomes; II* = data from
well-designed nonrandomized trials or observational cohort studies in adults with long-term clinical outcomes with accompanying data
in chidren from smaller non-randomized trials or cohort studies with clinical outcomes data; Il = Expert opinion

2 Children in whom cART is deferred need close follow-up. Factors to consider in deciding when to initiate therapy in children in whom
treatment was deferred include:

« CD4 cell count or percentage values approaching the age-related threshold for treatment;
* Development of clinical symptoms; and
* The ability of caregiver and child to adhere to the prescribed regimen.

b Table 7

¢To avoid overinterpretation of temporary blips in viral load (which can occur during intercurrent ilinesses, for example), plasma HIV
RNA level >100,000 copies/mL should be confirmed by a second level before initiating cART.

d L aboratory data should be confirmed with a second test to meet the treatment criteria before initiation of cART.

Table 6: HIV Infection Stage® Based on Age-Specific CD4 Cell Count or Percentage

Age on Date of CD4 Test
<1 Year 1 to <6 Years =6 years
Stage Cells/pL % Cells/pL % Cells/pL %

1 =1,500 234% =1,000 =30 =500 =26

2 750-1499 26-33 500-999 22-29 200-499 14-25

3 <750 <26 <500 <22 <200 <14

2 The stage is based primarily on the CD4 count; the CD4 count takes precedence over the CD4 percentage, and the percentage is

considered only if the count is missing. If a Stage 3-defining opportunistic illness has been diagnosed (Table 6), then the stage is 3
regardless of CD4 test results.

Source: Centers for Disease Gontrol and Prevention: Revised Surveillance Case Definition for HIV Infection—United States, 2014.

MMWR 2014;63(No. RR-3):1-10.
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Table 7: HIV-Related Symptoms (page 1 of 2)

Mild HIV-Related Symptoms

Children with two or more of the conditions listed but none of the conditions listed in Moderate Symptoms category
* Lymphadenopathy (=0.5 cm at more than 2 sites; bilateral at 1 site)

* Hepatomegaly

* Splenomegaly

* Dermatitis

* Parotitis

* Recurrent or persistent upper respiratory tract infection, sinusitis, or otitis media

Moderate HIV-Related Symptoms

* Anemia (hemoglobin <8 g/dL [<80 g/L]), neutropenia (white blood cell count <1,000/uL [<1.0 x 109/L]), and/or thrombocytopenia
(platelet count <100 x 103/pL [<100 x 109/L]) persisting for =30 days

* Bacterial meningitis, pneumonia, or sepsis (single episode)

« Candidiasis, oropharyngeal (thrush), persisting (>2 monts) in children older than age 6 months
 Cardiomyopathy

 Cytomegalovirus infection, with onset before 1 month

* Diarrhea, recurrent or chronic

* Hepatitis

* Herpes simplex virus stomatitis, recurrent (>2 episodes within 1 year)

* Herpes simplex virus bronchitis, pneumonitis, or esophagitis with onset before 1 month
* Herpes zoster (shingles) involving at least 2 distinct episodes or more than 1 dermatome
e L eiomyosarcoma

* Lymphoid interstitial pneumonia or pulmonary lymphoid hyperplasia complex

* Nephropathy

* Nocardiosis

* Persistent fever (lasting >1 month)

* Toxoplasmosis, onset before 1 month

* Varicella, disseminated (complicated chickenpox)

Stage-3-Defining Opportunistic llinesses In HIV Infection

* Bacterial infections, multiple or recurrent?

* Candidiasis of bronchi, trachea, or lungs

« Candidiasis of esophagus

« Cervical cancer, invasive®

* Coccidioidomycosis, disseminated or extrapulmonary

¢ Cryptococcosis, extrapulmonary

* Cryptosporidiosis, chronic intestinal (>1 month duration)

 Cytomegalovirus disease (other than liver, spleen, or nodes), onset at age >1 month
* Cytomegalovirus retinitis (with loss of vision)

* Encephalopathy attributed to HIVe

* HSV: chronic ulcers (>1 month duration) or bronchitis, pneumonitis, or esophagitis (onset at age >1 month)
* Histoplasmosis, disseminated or extrapulmonary

* [sosporiasis, chronic intestinal (>1 month duration)

* Kaposi sarcoma

* Lymphoma, Burkitt (or equivalent term)

» Lymphoma, immunoblastic (or equivalent term)

e Lymphoma, primary, of brain

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection F-9



Table 7: HIV-Related Symptoms (page 2 of 2)

Stage-3-Defining Opportunistic llinesses In HIV Infection, continued

* Mycobacterium avium complex or Mycobacterium kansasii, disseminated or extrapulmonary
» Mycobacterium tuberculosis of any site, pulmonary?, disseminated, or extrapulmonary

* Mycobacterium, other species or unidentified species, disseminated or extrapulmonary

* Pneumocystis jirovecii (previously known as Pneumocystis carinii) pneumonia

¢ Pneumonia, recurrent?

* Progressive multifocal leukoencephalopathy

» Salmonella septicemia, recurrent

* Toxoplasmosis of brain, onset at age >1 month

* \Wasting syndrome attributed to HIV®

2 Only among children aged <6 years.

® Only among adults, adolescents, and children aged =6 years.

¢ Suggested diagnostic criteria for these illnesses, which might be particularly important for HIV encephalopathy and HIV wasting
syndrome, are described in the following references:

* Centers for Disease Control and Prevention. 1994 Revised classification system for human immunodeficiency virus infection in
children less than 13 years of age. MIMWR. 1994;43(No. RR-12).

« Centers for Disease Control and Prevention. 1993 Revised classification system for HIV infection and expanded surveillance case
definition for AIDS among adolescents and adults. MMWR. 1992;41(No. RR-17).
Modified from:

» Centers for Disease Control and Prevention. 1994 revised classification system for human immunodeficiency virus infection in
children less than 13 years of age. MMIWR. 1994;43(No. RR-12).

« Centers for Disease Control and Prevention: Revised Surveillance Case Definition for HIV Infection—United States, 2014. MMWA.
2014;63(No. RR-3):1-10.
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What to Start: Regimens Recommended for Initial Therapy of
Antiretroviral-Naive Children (Last updated April 27, 2015; last reviewed
April 27, 2015)

Panel’s Recommendations

¢ Selection of an initial regimen should be individualized based on a number of factors including characteristics of the proposed
regimen, patient characteristics, and results of viral resistance testing (Alll).

* The Panel recommends initiating combination antiretroviral therapy (CART) in treatment-naive children using one of the
following preferred agents plus a dual-nucleoside/nucleotide reverse transcriptase inhibitor backbone combination:

o For neonates/infants aged =42 weeks postmenstrual and =14 days postnatal and children <3 years: lopinavir/ritonavir (Al);
o For children aged 3 years to <6 years: efavirenz or lopinavir/ritonavir (Al*);
o For children aged =6 years: atazanavir/ritonavir or efavirenz or lopinavir/ritonavir (Al*).
¢ The Panel recommends the following preferred dual-nucleoside reverse transcriptase inhibitor backbone combinations:
o For infants <3 months: zidovudine plus (lamivudine or emtricitabine) (Al*);

o For children aged =3 months: abacavir plus (lamivudine or emtricitabine) (Al) or zidovudine plus (lamivudine or
emtricitabine) (Al*);

o HLA-B*5701 genetic testing should be performed before initiating abacavir-based therapy, and abacavir should not be
given to a child who tests positive for HLA-B*5701 (All*);

o For children aged =12 years: abacavir plus lamivudine or plus emtricitabine (Al).

o For adolescents at Tanner Stage 4 or 5: abacavir plus lamivudine or plus emtricitabine (Al) or tenofovir disoproxil fumarate
plus lamivudine or plus emtricitabine (Al*).

¢ Table 8 provides a list of Panel-recommended alternative and acceptable regimens.

* Forinfants aged <42 weeks postmenstrual or <14 days postnatal, data are currently inadequate to provide recommended dosing
to allow the formulation of an effective, complete CART regimen (see Specific Issues in Antiretroviral Therapy in Newborn Infants
with HIV Infection).

¢ Both emtricitabine and lamivudine, and tenofovir disoproxil fumarate have antiviral activity and efficacy against hepatitis B. For a
comprehensive review of this topic, and hepatitis C and tuberculosis during HIV coinfection, the reader should access the
Pediatric Opportunistic Infections Guidelines.

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in children’ with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in children with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in childrent from one or more similar nonrandomized trials or cohort studies with clinical outcome data; Il = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Criteria Used for Recommendations

In general, the Panel on Antiretroviral Therapy and Medical Management of HIV-Infected Children (the
Panel)’s recommendations are based on reviews of pediatric and adult clinical trial data published in peer-
reviewed journals (the Panel may also review data prepared by manufacturers for Food and Drug
Administration [FDA] review and data presented in abstract format at major scientific meetings). Few
randomized, Phase III clinical trials of combination antiretroviral therapy (cART) in pediatric patients exist
that provide direct comparison of different treatment regimens. Most pediatric drug data come from Phase
I/II safety and pharmacokinetic (PK) trials and non-randomized, open-label studies. In general, even in
studies in adults, assessment of drug efficacy and potency is primarily based on surrogate marker endpoints,
such as CD4 T lymphocyte (CD4) cell count and HIV RNA levels. The Panel continually modifies
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recommendations on optimal initial therapy for children as new data become available, new therapies or drug
formulations are developed, and additional toxicities are recognized.

Information considered by the Panel for recommending specific drugs or regimens includes:

» Data demonstrating durable viral suppression, immunologic improvement, and clinical improvement
(when such data are available) with the regimen, preferably in children as well as adults;

» The extent of pediatric experience with the particular drug or regimen;

* Incidence and types of short- and long-term drug toxicity with the regimen, with special attention to
toxicity reported in children;

* Availability and acceptability of formulations appropriate for pediatric use, including palatability, ease of
preparation (e.g., powders), volume of syrups, and pill size/number of pills;

* Dosing frequency and food and fluid requirements; and

* Potential for drug interactions with other medications.
The Panel classifies recommended drugs or drug combinations into one of several categories as follows:

*  Preferred: Drugs or drug combinations are designated as preferred for use in treatment-naive children
when clinical trial data in children or, more often, in adults have demonstrated optimal and durable
efficacy with acceptable toxicity and ease of use, and pediatric studies demonstrate that safety and
efficacy are suggested using surrogate markers; additional considerations are listed above.

*  Alternative: Drugs or drug combinations are designated as alternatives for initial therapy when clinical
trial data in children or adults show efficacy but there are disadvantages compared with preferred
regimens in terms of more limited experience in children; the extent of antiviral efficacy or durability is
less well defined in children or less than a preferred regimen in adults; there are specific toxicity
concerns; or there are dosing, formulation, administration, or interaction issues for that drug or regimen.

»  Use in Special Circumstances: Some drugs or drug combinations are recommended for use as initial
therapy only in special circumstances when preferred or alternative drugs cannot be used.

Factors to Consider When Selecting an Initial Regimen

A cART regimen for children should generally consist of two nucleoside reverse transcriptase inhibitors
(NRTIs) plus one active drug from the following classes: non-nucleoside reverse transcriptase inhibitor
(NNRTI) or protease inhibitor (PI), generally boosted with low-dose ritonavir. Although integrase strand
transfer inhibitors (INSTIs) or CCRS antagonists may be considered for first-line treatment of adults, there
are insufficient data to recommend these agents as preferred agents for initial therapy in children and
adolescents at this time. Choice of a regimen should be individualized based on a number of factors
including characteristics of the proposed regimen, patient characteristics, and results of viral resistance
testing. Advantages and disadvantages of each class-based regimen are delineated in detail in the sections
that follow and in Table 9. In addition, because cART will most likely need to be administered lifelong,
considerations related to the choice of initial antiretroviral (ARV) regimen should also include an
understanding of barriers to adherence, including the complexity of schedules and food requirements for
different regimens, differing formulations, palatability problems, and potential limitations in subsequent
treatment options, should resistance develop. Treatment should only be initiated after assessment and
counseling of caregivers about adherence to therapy.

Choice of Non-Nucleoside Reverse Transcriptase Inhibitor-Based versus Protease
Inhibitor-Based Initial Regimens

Preferred regimens for initial therapy include both NNRTI- and PI-based regimens. The selection of a
NNRTI- or PI-based regimen should be based on patient characteristics, especially age, and preferences,
results of viral drug resistance testing, and information cited below.
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Clinical trial data in children provide some guidance for choosing between a NNRTI-based regimen and a PI-
based regimen for initial therapy. The P1060 study compared a nevirapine-based regimen to a lopinavir-based
regimen in HIV-infected infants and children (in 6 African countries and India) aged 2 months to 35 months.
Infants and children in this study were stratified at entry based on prior maternal or infant exposure to
peripartum single-dose nevirapine prophylaxis or no exposure, and randomized to receive either zidovudine,
lamivudine, and nevirapine or zidovudine, lamivudine, and lopinavir/ritonavir (lopinavir boosted with low-dose
ritonavir). Median age was 0.7 years in the single-dose nevirapine-exposed and 1.7 years in the nevirapine-
unexposed children. Among infants and children with prior exposure to nevirapine, 39.6% of children in the
nevirapine group reached a study endpoint of death, virologic failure, or toxicity by Week 24 compared with
21.7% of children in the lopinavir/ritonavir group.! Among infants and children with no prior nevirapine
exposure, 40.1% of children treated with nevirapine met a study endpoint after 24 weeks in the study compared
with 18.4% of children who received lopinavir/ritonavir.” Based on these data, a PI-based regimen containing
lopinavir/ritonavir is the preferred initial regimen for HIV-infected children aged <3 years.

A comparison of a PI-based regimen and a NNRTI-based regimen was also undertaken in HIV-infected
treatment-naive children aged 30 days to <18 years in PENPACT-1 (PENTA 9/PACTG 390) (the study did not
dictate the specific NNRTI or PI drug initiated). In the PI-based group, 49% of children received lopinavir/
ritonavir and 48% received nelfinavir; in the NNRTI-based group, 61% of children received efavirenz and 38%
received nevirapine. Efavirenz was recommended only for children aged >3 years. After 4 years of follow-up,
73% of children randomized to PI-based therapy and 70% randomized to NNRTI-based therapy remained on
their initial cART regimen. In both groups, 82% of children had viral loads <400 copies/mL, suggesting that
selection of a NNRTI or a PI did not influence outcome. Although the age of participants overlapped somewhat
between P1060 and PENPACT-1 (in PENPACT-1, the lowest quartile was aged <2.8 years), PENPACT-1
generally enrolled older children.?

Data from PROMOTE-pediatrics trial also demonstrated comparable virologic efficacy among children
randomized to receive either a NNRTI or lopinavir/ritonavir-based cART.* Children were aged 2 months to
<6 years, with a median of 3.1 years (intermediate between P1060 and PENPACT 1). Children had no
perinatal exposure to nevirapine and could be cART-naive or currently receiving cART with HIV RNA level
<400 copies/mL at enrollment. In the NNRTI arm, children aged <3 years received nevirapine and those aged
>3 years primarily received efavirenz. Among 185 children randomized to lopinavir/ritonavir- (n = 91) or
NNRTI- (n = 92) based cART, the proportion with HIV RNA level <400 copies/mL at 48 weeks was 80% in
the lopinavir/ritonavir arm versus 76% in the NNRTI-arm, a difference of 4% (95% CI: -9% to +17%).

With regard to virologic suppression, the results of the P1060 study suggest that a PI-based regimen
containing lopinavir/ritonavir should be the preferred initial regimen for children aged <3 years. However, in
both single-dose nevirapine-exposed and nevirapine-unexposed children in the P1060 study, participants
receiving the nevirapine-based regimen demonstrated better immunologic response and growth than those
receiving a lopinavir/ritonavir-based regimen, although these differences did not achieve statistical
significance. Similarly, in the NEVEREST study, children switched to a nevirapine regimen showed better
immune and growth responses than those continuing a lopinavir/ritonavir regimen.’ Based on these findings,
the potential for improved lipid profiles with nevirapine use,> and the poor palatability of liquid
lopinavir/ritonavir, liquid nevirapine remains an acceptable alternative for infants who were not exposed to
peripartum single-dose nevirapine or infant nevirapine prophylaxis and who cannot tolerate
lopinavir/ritonavir. In children aged >3 years, either a NNRTI-based or a PI-based regimen is acceptable.

Non-Nucleoside Reverse Transcriptase Inhibitor-Based Regimens (One Non-Nucleoside
Reverse Transcriptase Inhibitor plus Two-Nucleoside Reverse Transcriptase Inhibitor
Backbone)

Summary: Non-Nucleoside Reverse Transcriptase Inhibitor-Based Regimens

Efavirenz (aged >3 months), etravirine (aged >6 years) and nevirapine (aged >15 days) have an FDA-
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approved pediatric indication for treatment of HIV infection. In the United States, nevirapine is the only
NNRTI available in a liquid formulation. Efavirenz capsules can be opened and sprinkled on age-appropriate
food. This administration procedure has been approved by the FDA for use in children as young as age 3
months who weigh at least 3.5 kg. However, at this time, there are concerns regarding variable PK of the
drug in the very young and the committee does not currently endorse its use for infants and children aged 3
months to 3 years at this time. Additional data about the PK in children in this age group are awaited.
Advantages and disadvantages of different NNRTI drugs are delineated in Table 9. Use of NNRTIs as initial
therapy preserves the PI class for future use and confers lower risk of dyslipidemia and fat maldistribution
than use of some agents in the PI class. In addition, for children taking solid formulations, NNRTI-based
regimens generally have a lower pill burden than PI-based regimens. The major disadvantages of the current
NNRTI drugs FDA-approved for use in children are that a single viral mutation can confer high-level drug
resistance to nevirapine and efavirenz, and cross resistance to other NNRTIs is common. Rare but serious
and potentially life-threatening skin and hepatic toxicity can occur with all NNRTI drugs, but is most
frequent with nevirapine, at least in HIV-infected adults. Like PIs, NNRTIs have the potential to interact with
other drugs also metabolized via hepatic enzymes; however, these drug interactions are less frequent with
NNRTIs than with boosted PI regimens.

Efavirenz, in combination with two NRTTs, is the preferred NNRTI for initial therapy of children aged >3
years based on clinical trial experience in adults and children. Nevirapine is considered as a component of an
alternative NNRTI-based regimen because of its association with the rare occurrence of significant
hypersensitivity reactions (HSRs), including Stevens-Johnson syndrome, rare but potentially life-threatening
hepatitis,”® and conflicting data about virologic efficacy compared to preferred regimens.

Currently, data are insufficient to recommend etravirine or rilpivirine-based regimens as initial therapy in
children. Etravirine is licensed for management of treatment-experienced adults and children aged >6 years
and rilpivirine is licensed only for adults.

Preferred Non-Nucleoside Reverse Transcriptase Inhibitors

Efavirenz as Preferred Non-Nucleoside Reverse Transcriptase Inhibitor (For Children Aged >3 Years)
(AI¥)

In clinical trials in HIV-infected adults, efavirenz in combination with two NRTIs has been associated with
excellent virologic response. Efavirenz-based regimens have proven virologically superior or non-inferior to
a variety of regimens including those containing lopinavir/ritonavir, nevirapine, rilpivirine, atazanavir,
elvitegravir, raltegravir, and maraviroc.’'¢

Efavirenz in combination with two NRTIs or with a NRTI and a PI has been studied in HIV-infected
children'7?* with results comparable to those seen in adults. For children aged >3 years who are unable to
swallow pills, efavirenz capsules can be opened and sprinkled on age-appropriate food. Bioequivalence data
based on bioavailability and PK support this option.*

The major limitations of efavirenz are central nervous system (CNS) side effects in both children and adults;
reported adverse effects include fatigue, poor sleeping patterns, vivid dreams, poor concentration, agitation,
depression, and suicidal ideation. Although in most patients this toxicity is transient, in some, the symptoms
may persist or occur months after initiating efavirenz. In several studies, the incidence of such adverse
effects was correlated with efavirenz plasma concentrations and the occurrence was more frequent in adults
with higher levels of drug.?>->® The ENCOREI study in adults has demonstrated that a dose of 400 mg of
efavirenz is associated with fewer adverse events but non-inferior virologic response when compared with
the recommended 600-mg dose of efavirenz in adults.”’ In patients with pre-existing psychiatric conditions,
efavirenz should be used cautiously for initial therapy. Rash may also occur with efavirenz treatment; it is
generally mild and transient but appears to be more common in children than adults.?!?* In addition, first-
trimester exposure to efavirenz is potentially teratogenic (see Appendix A: Pediatric Antiretroviral Drug
Information for detailed information). Although emerging information about the use of efavirenz in

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-4



pregnancy is reassuring,’’** alternative regimens that do not include efavirenz should be strongly considered

in adolescent females who are trying to conceive or who are not using effective and consistent contraception,
because of the potential for teratogenicity with first-trimester efavirenz exposure, assuming these alternative
regimens are acceptable to the provider and will not compromise the woman’s health (BIII).

Alternative Non-Nucleoside Reverse Transcriptase Inhibitors

Nevirapine as Alternative Non-Nucleoside Reverse Transcriptase Inhibitor (Al)

Nevirapine has extensive clinical and safety experience in HIV-infected children and has shown ARV
efficacy in a variety of combination regimens (see Appendix A: Pediatric Antiretroviral Drug Information for
detailed information).** Nevirapine in combination with two NRTIs or with a NRTI and a PI has been studied
in HIV-infected children.!#35-7

Randomized clinical trials in adults have not demonstrated virologic inferiority for a nevirapine-based
regimen compared to either efavirenz or atazanavir-based regimens.**

Randomized clinical trials in children have demonstrated conflicting results. In the P1060 trial of children
aged <3 years, a nevirapine-based regimen was less effective compared to a lopinavir/ritonavir regimen,
regardless of prior history of maternal nevirapine exposure."? In PENPACT-1 and PROMOTE-pediatrics,
there was no difference in virologic suppression between NNRTI-based and PI-based regimens (see Choice
of NNRTI- Versus PI-Based Initial Regimens). However, interpretation of these studies is complicated by the
fact that the children in P1060 were younger than those in PROMOTE-pediatrics and PENPACT-1.
Furthermore, efavirenz was allowed in PROMOTE-pediatrics and PENPACT-1 and was preferentially
prescribed to older children. Comparisons of a nevirapine-based regimen and an efavirenz-based regimen in
children in non-randomized studies have suggested that efavirenz is more effective but it is usually used in
older children.*-#?

In addition to concerns about virologic efficacy, adult randomized clinical trials have demonstrated higher rates
of toxicity and drug discontinuation in the nevirapine arms.*®* Data in adults indicate that symptomatic hepatic
toxicity is more frequent in individuals with higher CD4 cell counts and in women, particularly women with
CD4 cell counts >250 cells/mm? and men with CD4 cell counts >400 cells/mm?®. In the published literature,
hepatic toxicity appears to be less frequent in children receiving chronic nevirapine therapy than in
adults.>*37434 Although there is limited evidence in children of hepatic toxicity associated with CD4 cell count,
overall toxicity has been reported to be more frequent among children with CD4 percentage >15% at therapy
initiation.* The safety of substituting efavirenz for nevirapine in patients who have experienced nevirapine-
associated hepatic toxicity is unknown. Efavirenz use in this situation has been well tolerated in the very limited
number of patients in whom it has been reported, but this substitution should be attempted with caution.*®

Nevirapine-based regimens are considered an alternative rather than the preferred NNRTTI in children aged
>3 years because of the greater potential for toxicity and possibly increased risk of virologic failure. In
children aged <3 years, nevirapine is considered an alternative because of increased risk of virologic failure
compared to a PI lopinavir/ritonavir regimen.

Nevirapine should not be used as part of an initial therapy regimen in postpubertal adolescent girls with CD4
cell counts >250/mm? because of the increased risk of symptomatic hepatic toxicity, unless the benefit
clearly outweighs the risk.® Nevirapine also should be used with caution in children with elevated
pretreatment liver function tests.

Protease Inhibitor-Based Regimens (Protease Inhibitors [Boosted or Unboosted] plus
Two-Nucleoside Reverse Transcriptase Inhibitor Backbone)

Summary: Protease Inhibitor-Based Regimens

Advantages of PI-based regimens include excellent virologic potency, high barrier for development of drug
resistance (requires multiple mutations), and sparing of the NNRTI drug class. However, because Pls are

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-5



metabolized via hepatic enzymes, the drugs have potential for multiple drug interactions. They may also be
associated with metabolic complications such as dyslipidemia, fat maldistribution, and insulin resistance.
Factors to consider in selecting a PI-based regimen for treatment-naive children include virologic potency,
dosing frequency, pill burden, food or fluid requirements, availability of palatable pediatric formulations,
drug interaction profile, toxicity profile (particularly related to metabolic complications), age of the child,
and availability of data in children. (Table 9 lists the advantages and disadvantages of PIs. See Appendix A:
Pediatric Antiretroviral Drug Information for detailed pediatric information on each drug.)

Ritonavir is a potent inhibitor of the cytochrome P450 3A4 (CYP3A4) isoenzyme and can be used in low
doses as a PK booster when co-administered with some Pls, increasing drug exposure by prolonging the half-
life of the boosted PI. Currently only lopinavir/ritonavir is available as a co-formulated product. When
ritonavir is used as a PI booster with other Pls, two agents must be administered. In addition, the use of low-
dose ritonavir increases the potential for hyperlipidemia*’ and drug-drug interactions.

The Panel recommends either atazanavir with low-dose ritonavir or co-formulated lopinavir/ritonavir as the
preferred PI for initial therapy in children based on virologic potency in adult and pediatric studies, high
barrier to development of drug resistance, excellent toxicity profile in adults and children, availability of
appropriate dosing information, and experience as initial therapy in both resource-rich and resource-limited
areas. Darunavir/ritonavir is considered an alternative PI regimen. Several regimens including unboosted
atazanavir in adolescents aged >13 years, fosamprenavir/ritonavir in children aged >6 months, and nelfinavir
are considered appropriate for use in special circumstances when preferred and alternative drugs are not
available or are not tolerated.

Preferred Protease Inhibitors

Atazanavir with Low-Dose Ritonavir as Preferred Protease Inhibitor (for Children >6 Years) (AI¥)

Atazanavir is a once-daily PI that was approved by the FDA in March 2008 for use in children aged >6 years.
Approval was extended in 2014 for use in infants and children aged >3 months and weighing >10 kg. It has
efficacy equivalent to efavirenz-based and lopinavir/ritonavir-based combination therapy when given in
combination with two NRTIs in treatment-naive adults.®*° Seventy-three percent of 48 treatment-naive
South African children achieved viral load <400 copies/mL by 48 weeks when given atazanavir with or
without low-dose ritonavir in combination with 2 NRTIs.’! Among 43 treatment-naive children aged 6 to 18
years in IMPAACT/PACTG P1020A who received the capsule formulation of atazanavir with or without
ritonavir, 51% and 47% achieved viral load <400 copies/mL and <50 copies/mL, respectively, by 96
weeks.’>** When given with low-dose ritonavir boosting, atazanavir achieves enhanced concentrations
compared with the unboosted drug in adults and children aged >6 years>**° and in ARV-naive adults, appears
to be associated with fewer Pl-resistance mutations at virologic failure compared with atazanavir given
without ritonavir boosting.’”*® The main adverse effect associated with atazanavir/ritonavir is indirect
hyperbilirubinemia, with or without jaundice or scleral icterus, but without concomitant hepatic transaminase
elevations. Although atazanavir is associated with fewer lipid abnormalities than other Pls, lipid levels are
higher with low-dose ritonavir boosting than with atazanavir alone.*” Although atazanavir with low-dose
ritonavir is approved for use in infants as young as 3 months, the Panel does not endorse usage as a preferred
regimen in infants and children younger than 6 years due to lack of experience and concern about efficacy.
Efficacy studies of atazanavir are ongoing in infants and children aged <6 years.

Lopinavir with Low-Dose Ritonavir as Preferred Protease Inhibitor (for Infants with a Postmenstrual
Aged >42 Weeks and Postnatal Age >14 Days) (Al)

In clinical trials of treatment-naive adults, regimens containing lopinavir/ritonavir plus 2 NRTIs have been
demonstrated to be comparable to a variety of other regimens including atazanavir, darunavir (at 48 weeks),
fosamprenavir, saquinavir/ritonavir, and efavirenz. Lopinavir/ritonavir was demonstrated to have superior
virologic activity when compared to nelfinavir,!!#85959-64 _opinavir/ritonavir has been studied in both ARV-
naive and ARV-experienced children and has demonstrated durable virologic activity and low toxicity (see
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Appendix A: Pediatric Antiretroviral Drug Information for detailed information).!*>’! In addition, dosing and
efficacy data in infants as young as age 25 days are available.®®7? Post-marketing reports of
lopinavir/ritonavir-associated cardiac toxicity (including complete atrioventricular block, bradycardia, and
cardiomyopathy), lactic acidosis, acute renal failure, CNS depression, and respiratory complications leading
to death have been reported, predominantly in preterm neonates. These reports have resulted in a change in
lopinavir/ritonavir labeling including a recommendation to not administer the combination to neonates until
they reach a postmenstrual age (first day of the mother’s last menstrual period to birth plus the time elapsed
after birth) of 42 weeks and a postnatal age of at least 14 days. In addition, although once-daily
lopinavir/ritonavir is FDA-approved for initial therapy in adults,”® PK data in children do not support a
recommendation for once-daily dosing in children.”*” A recent study of 173 virologically suppressed
children (median age 11 years) on twice-daily lopinavir/ritonavir were randomized to continue twice daily
dosing or change to once-daily dosing. At 48 weeks, non-inferiority for viral load suppression was not
demonstrated and lopinavir drug exposure was lower among participants with once-daily dosing. These
results suggest that lopinavir/ritonavir should only be administered twice daily in children.”

Alternative Protease Inhibitors

Atazanavir with Low-Dose Ritonavir as Alternative Protease Inhibitor (for Children >3 Months and
<6 Years Who Weigh >10 kg) (AI*)

Atazanavir in a powder formulation to be administered once daily with liquid low-dose ritonavir was
approved by the FDA in 2014 for use in infants and children aged >3 months and weighing >10 kg based on
findings of two open-label clinical trials, PRINCE I and PRINCE II.*® Sixty-five infants and children
weighing between 10 and 25 kg were studied. Using a weight band approach for determining dose, PK
targets were met. The drug was well tolerated and among 41 naive infants and children, 27 (66%) achieved
HIV RNA levels <50 copies at week 48. Because of the limited experience with this agent in younger
children, the Panel recommends atazanavir with low-dose ritonavir as alternative PI therapy in infants and
children aged >3 months and weighing between 10 and 25 kg.

Darunavir with Low-Dose Ritonavir Administered Once Daily as Alternative Protease Inhibitor (for
Children Aged >12 Years) or Twice Daily (for Children Aged >3 to 12 Years) (AI¥)

Darunavir combined with low-dose ritonavir is FDA-approved for ARV-naive and -experienced adults and
for ARV-naive and -experienced children aged >3 years. In a randomized, open-label trial in adults,
darunavir/ritonavir (800/100 mg once daily) was found to be non-inferior to lopinavir/ritonavir (once or
twice daily) when both boosted PIs were administered in combination with tenofovir disoproxil fumarate
(tenofovir)/emtricitabine. Adverse events were also less common in the darunavir/ritonavir group (P <
0.01).5%77 Unfortunately, there is limited information about the use of darunavir combined with low-dose
ritonavir as part of an initial therapy regimen for HIV-infected children. To date the only clinical trial of
darunavir with low-dose ritonavir as initial therapy is a study of once-daily darunavir/ritonavir in treatment-
naive adolescents aged 12 to 18 years (mean age, 14.6 years). After 24 weeks of treatment, 11 of 12
participants had HIV-1 RNA <50 copies/mL and the agents were well tolerated.”®”

Data in treatment-experienced children have also demonstrated that the regimen is effective and well-
tolerated. In a study of treatment-experienced children (aged 617 years), DELPHI, twice-daily
darunavir/ritonavir-based therapy was well tolerated and 48% of the children achieved HIV-1 RNA <50
copies/mL by 48 weeks.* In another study of treatment-experienced pediatric participants (aged 3 to <6
years and weight >10 kg to <20 kg), ARIEL, 57% of subjects had HIV-1 RNA <50 copies/mL and 81% were
less than 400 copies/mL after 24 weeks of treatment.?! Twenty children completed the trial; 1 stopped
prematurely because of vomiting. Based on data from these studies and the findings of high potency and low
toxicity in adults, darunavir/ritonavir is recommended as an alternative agent for initial therapy in HIV-
infected children. Some experts, however, would only recommend darunavir/ritonavir for
treatment-experienced children and reserve its use for patients with resistant mutations to other Pls.
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As noted above, darunavit/ritonavir is approved for once-daily use in adults and children. In addition to the
DELPHI study noted above, a PK study of 24 patients, aged 14 to 23 years receiving once-daily darunavir,
demonstrated darunavir exposure similar to that in adults receiving once-daily therapy—although there was a
trend toward lower exposures in those aged <18 years.®? Also, in the ARIEL study, 10 treatment-experienced
children were switched from twice-daily dosing to once-daily dosing after 24 weeks of therapy. PK studies
were performed after 2 weeks of once-daily dosing and demonstrated darunavir mean area under the curve
24-hour equivalent to 128% of the adult AUC 24 hour.?* Based on these findings, the FDA has approved use
of once-daily darunavir in children. At this time, the Panel recommends that once-daily dosing of
darunavir/ritonavir as alternative initial therapy be considered only in treatment-naive adolescents aged >12
years. Additional experience with once-daily dosing of darunavir/ritonavir in children aged >3 years through
age 12 years is awaited. Also, if darunavir resistance-associated substitutions are present (V111, V321, L33F,
147V, 150V, I54L, 154M, T74P, L76V, 184V, and L89V), once-daily administration should not be used. If
darunavir/ritonavir is used as alternative therapy in children aged <12 years or if any of these resistance-
associated substitutions are present, the Panel recommends twice-daily dosing.

PIs for Use in Special Circumstances

Atazanavir without Ritonavir Boosting in Children Aged >13 Years (BII*)

Although unboosted atazanavir is FDA-approved for treatment-naive adolescents aged >13 years who weigh
>39 kg and are unable to tolerate ritonavir, data from the IMPAACT/PACTG 1020A study indicate that
higher doses of unboosted atazanavir (on a mg/m? basis) are required in adolescents than in adults to achieve
adequate drug concentrations® (see Appendix A: Pediatric Antiretroviral Drug Information for detailed
information on dosing used in IMPAACT/PACTG P1020A). If using unboosted atazanavir in treatment-
naive patients, clinicians should consider using a dual-NRTI combination other than didanosine/emtricitabine
because this combination demonstrated inferior virologic response in adults in ACTG 5175.3¢ Also,
unboosted atazanavir should not be used in combination with tenofovir because concomitant administration
results in lower atazanavir exposure. If didanosine, emtricitabine, and atazanavir are used in combination,
patients should be instructed to take didanosine and atazanavir at least 2 hours apart, to take atazanavir with
food, and to take didanosine on an empty stomach. The complexity of this regimen argues against its use.

Fosamprenavir with Low-Dose Ritonavir as Alternative Protease Inhibitor (for Children Aged >6
Months) (AI¥)

Fosamprenavir (the prodrug of amprenavir) is available in a pediatric liquid formulation and a tablet
formulation. In an adult clinical trial, fosamprenavir with low-dose ritonavir was demonstrated to be
noninferior to lopinavir/ritonavir.’' In June 2007, fosamprenavir suspension was FDA-approved for use in
pediatric patients aged >2 years. The approval was based on two open-label studies in pediatric patients aged
2 to18 years.?>#¢ PK, safety and efficacy were assessed in an international study of PI-naive and PI-
experienced pediatric patients, aged 4 weeks to 2 years.?”#® Overall, fosamprenavir was well tolerated except
for vomiting and effective in suppressing viral load and increasing CD4 cell count (see Appendix A:
Pediatric Antiretroviral Drug Information for detailed information). These data supported FDA approval for
use in Pl-naive children as young as 4 weeks who were born at >38 weeks’ gestation and had attained a
postnatal age of 28 days. Young infants, however, demonstrated low drug exposure. Fosamprenavir should
always be used in combination with low-dose ritonavir boosting and only for children aged >6 months.
Once-daily dosing of fosamprenavir is not recommended for pediatric patients.

Nelfinavir for Children Aged >2 Years (BI*)

Nelfinavir in combination with 2 NRTIs is an acceptable PI choice for initial treatment of children aged >2
years in special circumstances. The pediatric experience with nelfinavir-based regimens in ARV-naive and
ARV-experienced children is extensive, with follow-up in children receiving the regimen for as long as 7
years.® The drug has been well tolerated; diarrhea is the primary adverse effect. However, in clinical studies
the virologic potency of nelfinavir has varied greatly, with reported rates of virologic suppression ranging
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from 26% to 69% (see Appendix A: Pediatric Antiretroviral Drug Information for detailed information).
Several studies have shown a correlation between nelfinavir trough concentrations and virologic response in
treatment-naive pediatric patients.”® In one such study, virologic response at Week 48 was observed in 29%
of children with subtherapeutic nelfinavir troughs (<0.8 mg/L) versus 80% of children with therapeutic
nelfinavir troughs (>0.8 mg/L).” The interpatient variability in plasma concentrations is great in children,
with lower levels in younger children.”'*® The optimal dose of nelfinavir in younger children, particularly in
those aged <2 years, has not been well defined. These data, combined with data in adults showing inferior
potency of nelfinavir compared with other PIs and efavirenz, balanced against the advantage of a PI that is
not coadministered with low-dose ritonavir for boosting,**°”-!% make nelfinavir an agent for use in special
circumstances in treatment-naive children aged >2 years and not recommended for treatment of children
aged <2 years.

Nelfinavir is currently available only as tablets, which can be dissolved in water or other liquids to make a
slurry that is then ingested by children unable to swallow whole tablets. Dissolving nelfinavir tablets in water
and swallowing whole tablets resulted in comparable PK parameters in a study in adults.'"!

Integrase Strand Transfer Inhibitor-Based Regimens (Integrase Strand Transfer
Inhibitors plus Two-Nucleoside Reverse Transcriptase Inhibitor Backbone)

Summary: Integrase Strand Transfer Inhibitor-Based Regimens

Alternative Integrase Strand Transfer Inhibitors

Raltegravir is FDA-approved for treatment of HIV-infected children aged >4 weeks and weighing >3 kg. It is
available in film-coated tablets, chewable tablets, and single packets of granules for oral suspension.
Raltegravir has a favorable safety profile and lacks significant drug interactions. The Panel considers
raltegravir an alternative INSTI in children aged >2 years who are able to take either the chewable or film-
coated tablets. The tablet formulations are not interchangeable (they are not bio-equivalent), and therefore,
require different dosing. Safety and efficacy data are promising, but at this time, there are little data on
raltegravir use as initial therapy in HIV-infected infants and children.!%2-1%4

Dolutegravir has recently been approved by the FDA for use in children aged >12 years and weighing >40
kg. The approval was supported by data from a study of 23 treatment-experienced but INSTI-naive children
and adolescents.!® The drug has a very favorable safety profile and can be dosed once daily in treatment of
INSTI-naive patients.

Integrase Strand Transfer Inhibitors for Use in Special Circumstances

Raltegravir can be considered for use in special circumstances in infants and children aged 4 weeks to 2
years. At this time, there is limited information about the use of single packets of granules for oral suspension
in children aged <2 years. For this group of children, raltegravir granules may be considered as initial
therapy in special circumstances.!%>1%4

Selection of Dual-Nucleoside Reverse Transcriptase Inhibitor Backbone as Part of Initial
Combination Therapy

Summary: Selection of Dual-Nucleoside Reverse Transcriptase Inhibitor Backbone
Regimen

Dual-NRTI combinations form the backbone of combination regimens for both adults and children.
Currently, 7 NRTIs (zidovudine, didanosine, lamivudine, stavudine, abacavir, emtricitabine, and tenofovir)
are FDA-approved for use in children aged <13 years. Dual-NRTI combinations that have been studied in
children include zidovudine in combination with abacavir, didanosine, or lamivudine; abacavir in
combination with lamivudine, stavudine, or didanosine; emtricitabine in combination with stavudine or
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didanosine; and tenofovir in combination with lamivudine or emtricitabine.!%348%95:106-114 Advantages and
disadvantages of different dual-NRTI backbone options are delineated in Table 9.

In the dual-NRTI regimens listed below, lamivudine and emtricitabine are interchangeable. Both lamivudine
and emtricitabine are well tolerated with few adverse effects. Although there is less experience in children
with emtricitabine than with lamivudine, it is similar to lamivudine and can be substituted for lamivudine as
one component of a preferred dual-NRTT backbone (i.e., emtricitabine in combination with abacavir or
tenofovir or zidovudine). The main advantage of emtricitabine over lamivudine is that it can be administered
once daily as part of an initial regimen. Both lamivudine and emtricitabine select for the M 184V resistance
mutation, which is associated with high-level resistance to both drugs; a modest decrease in susceptibility to
abacavir and didanosine, and improved susceptibility to zidovudine, stavudine, and tenofovir based on
decreased viral fitness.''>-!16

Preferred Dual-Nucleoside Reverse Transcriptase Inhibitor Backbone Regimens (in
Alphabetical Order)

Abacavir in Combination with Lamivudine or Emtricitabine (for Children > 3 Months) (AI)

Abacavir in combination with lamivudine has been shown to be as potent as or possibly more potent than
zidovudine in combination with lamivudine in both children and adults.!'”-!!® In 5 years of follow-up,
abacavir plus lamivudine maintained significantly better viral suppression and growth in children than did
zidovudine plus lamivudine and zidovudine plus abacavir.!'®* However, retrospective observational data from
African children aged <16 years suggests the possibility of worse virologic outcome with
abacavir/lamivudine based first-line cART when compared to the stavudine/lamivudine-based first-line
cART.!"%120 Multiple confounders could have contributed to these findings and further data collection and
evaluation is warranted. Additionally, abacavir/lamivudine or emtricitabine has the potential for abacavir-
associated life-threatening HSRs in a small proportion of patients. Abacavir hypersensitivity is more
common in individuals with certain HLA genotypes, particularly HLA-B*5701 (see Appendix A: Pediatric
Antiretroviral Drug Information); however, in the United States, the prevalence of HLA-B*5701 is much
lower in African Americans and Hispanics (2% to 2.5%) than in whites (8%).!?! Prevalence in Thai and
Cambodian children is approximately 4%.'?? Pretreatment screening for HLA-B*5701 before initiation of
abacavir treatment resulted in a significant reduction in the rate of abacavir HSRs in HIV-infected adults
(from 7.8% to 3.4%).!2* Before initiating abacavir-based therapy in HIV-infected children, genetic screening
for HLA-B*5701 should be performed and children who test positive for HLA-B*5701 should not receive
abacavir (AII*).

An advantage of an abacavir regimen is the potential to switch to once-daily dosing in children with
undetectable plasma RNA after approximately 24 weeks of therapy. Three small studies have now
demonstrated equivalent drug exposure following a change from a twice-daily to a once-daily dosing
regimen in children aged >3 months who had undetectable or low, stable plasma RNA after a variable period
of twice-daily abacavir dosing. Two of the three demonstrated continued virologic suppression and one did
not assess viral suppression.!?*+1” Recently, the ARROW trial reported findings from 669 HIV-infected
children who had been receiving abacavir and lamivudine twice daily for 36 weeks and were randomized to
either continue twice-daily dosing or change to once-daily dosing. At 48 weeks, once-daily abacavir was
non-inferior to twice-daily dosing in terms of viral suppression;'?® therefore, the Panel suggests that in
clinically stable patients with undetectable plasma RNA and stable CD4 cell counts for more than 6 months,
switching from twice-daily to once-daily dosing of abacavir is recommended as part of a once-daily regimen.

Tenofovir in Combination with Lamivudine or Emtricitabine (for Adolescents, Tanner Stage 4 or 5)
(AT¥)

Tenofovir is FDA-approved for use in children and adolescents aged >2 years. Because of decreases in bone
mineral density (BMD) observed in adults and children receiving tenofovir, the Panel has opted to consider use
of tenofovir based on Tanner stage. We have reserved our strongest recommendation in support of using
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tenofovir for adolescents who are in the late stages of or who have completed puberty (Tanner stages 4 and 5).
Tenofovir can be used in younger children after weighing potential risks of decreased BMD versus benefits of
therapy. In comparative clinical trials in adults, tenofovir when used with lamivudine or emtricitabine as a dual-
NRTI backbone was superior to zidovudine used with lamivudine and efavirenz in viral efficacy.?>3° In ACTG
5202, adults who had a screening HIV-1 RNA >100,000 copies/mL receiving tenofovir/emtricitabine as part of
a cART regimen had a longer time to virologic failure and to first adverse event compared to those assigned to
abacavir/lamivudine.'3! However, this has not been demonstrated in other comparative trials or in a meta-
analysis.!3%13% Tenofovir has been studied in HIV-infected children in combination with other NRTIs and as an
oral sprinkle/granule formulation.'”!'> The use of tenofovir in pediatric patients aged 2 years to <18 years is
approved by the FDA based on data from 2 randomized studies. In study 321, 87 treatment-experienced
subjects aged 12 to <18 years were randomized to receive tenofovir or placebo plus optimized background
regimen for 48 weeks. Although there was no difference in virologic response between the two groups, the
safety and PKs of tenofovir in children in the study were similar to those in adults receiving tenofovir.''* In
study 352, ninety-two treatment-experienced children aged 2 years to <18 years with virologic suppression on
stavudine- or zidovudine-containing regimens were randomized to either replace stavudine or zidovudine with
tenofovir or to continue their original regimen. After 48 weeks, 89% of subjects receiving tenofovir and 90% of
subjects continuing their original regimen had HIV-1 RNA concentrations <400 copies/mL.""* Tenofovir in
combination with lamivudine or emtricitabine is a preferred dual-NRTI combination for use in adolescents
Tanner Stage 4 or 5 (AI*). The fixed-dose combination of tenofovir and emtricitabine and the fixed-dose triple
combination of tenofovir, emtricitabine, and efavirenz both allow for once-daily dosing, which may help
improve adherence in older adolescents.

In some but not all studies, decreases in BMD have been observed in both adults and children taking
tenofovir for 48 weeks.!?-112134135 At this time, data are insufficient to recommend use of tenofovir as part of
a preferred regimen for initial therapy in infected children in Tanner Stages 1 through 3, for whom the risk of
bone toxicity may be greatest!®!'? (see Appendix A: Pediatric Antiretroviral Drug Information for more
detailed pediatric information). It is important to note that although decreases in BMD are observed, the
clinical significance of these changes is not yet known. Renal toxicity has been reported in children receiving
tenofovir.'*¢13% Given the potential for bone and renal toxicity, tenofovir may be more useful for treatment of
children in whom other ARV drugs have failed than for initial therapy of treatment-naive younger children.
Numerous drug-drug interactions with tenofovir and other ARV drugs, including didanosine,
lopinavir/ritonavir, atazanavir, and tipranavir, complicate appropriate dosing of tenofovir.

Both emtricitabine and lamivudine, and tenofovir have antiviral activity and efficacy against hepatitis B virus
(HBV). For a comprehensive review of this topic and interactions of ARV drugs with treatment for hepatitis
C virus (HCV) and tuberculosis the reader should access the Pediatric Opportunistic Infections Guidelines.

Zidovudine in Combination with Lamivudine or Emtricitabine (For Children Aged <13 Years) (AI*)

The most extensive experience in children is with zidovudine in combination with lamivudine. Data on the
safety of this combination in children are extensive and the combination is generally well tolerated.!*° The
major toxicities associated with zidovudine/lamivudine are bone marrow suppression, manifested as
macrocytic anemia and neutropenia, and an association with lipoatrophy; minor toxicities include
gastrointestinal toxicity and fatigue. In addition, the combination of zidovudine and lamivudine is acceptable
in infants less than 3 months. Because zidovudine must be administered twice daily, use in adolescents (aged
>13 years) is an alternative rather than a preferred agent.

Alternative Dual-Nucleoside Reverse Transcriptase Inhibitor Regimens

Alternative dual-NRTI combinations include zidovudine in combination with abacavir or didanosine (BII),
didanosine in combination with lamivudine or emtricitabine (BI*), zidovudine with lamivudine or
emtricitabine in adolescents (aged >13 years) (AI*), and tenofovir in combination with lamivudine or
emtricitabine in children and adolescents who are Tanner Stage 3 (as opposed to Tanner Stages 4 and 5,
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where this is a preferred dual-NRTI regimen) (BI*). There is considerable experience with use of these dual-
NRTI regimens in children, and in a large pediatric study, the combination of zidovudine and didanosine had
the lowest rate of toxicities.'** However, zidovudine/abacavir and zidovudine/lamivudine had lower rates of
viral suppression and more toxicity leading to drug modification than did abacavir/lamivudine in a European
pediatric study.”>!'® The combination of didanosine and emtricitabine allows for once-daily dosing. In a
study of 37 treatment-naive children aged 3 to 21 years, long-term virologic suppression was achieved with a
once-daily regimen of didanosine, emtricitabine, and efavirenz; 72% of subjects maintained HIV RNA
suppression to <50 copies/mL through 96 weeks of therapy.! Prescribing information for didanosine
recommends administration on an empty stomach. However, this is impractical for infants who must be fed
frequently and it may decrease medication adherence in older children because of the complexity of the
regimen. A comparison of didanosine given with or without food in children found that systemic exposure
was similar but with slower and more prolonged absorption with food.!*! To improve adherence, some
practitioners recommend administration of didanosine without regard to timing of meals for young children.
However, data are inadequate to allow a strong recommendation at this time, and it is preferable to
administer didanosine under fasting conditions when possible.

Dual-Nucleoside Reverse Transcriptase Inhibitor Backbone Regimens for Use in
Special Circumstances

The dual-NRTI combinations of stavudine with lamivudine or emtricitabine in children of any age are
recommended for use in special circumstances. Stavudine is recommended for use only in special
circumstances because the ARV is associated with a higher risk of lipoatrophy and hyperlactatemia than
other NRTI drugs.!**1%7 Children receiving dual-NRTI combinations containing stavudine had higher rates of
clinical and laboratory toxicities than children receiving zidovudine-containing combinations.!** However, in
a prospective study, 365 treatment-naive children were randomized to stavudine, zidovudine, or abacavir as
part of a cART regimen. After 96 weeks, there were no differences in overall tolerability, CD4 change, or
virologic response among the groups. There was no difference in skinfold z-scores among the groups,
however, 2 children randomized to stavudine underwent a drug substitution due to lipodystrophy.'*® In
children with anemia in whom there are concerns related to abacavir hypersensitivity or who are too young
to receive abacavir or tenofovir, stavudine may be preferable to zidovudine for initial therapy because of its
lower incidence of hematologic toxicity.

In children aged >2 years and those who are prepubertal or in the early stages of puberty (Tanner Stages 1
and 2), tenofovir in combination with lamivudine or emtricitabine is also recommended for use in special
circumstances. As discussed above, the use of tenofovir during puberty when bone toxicity may be greatest
may require caution. However, tenofovir may be a reasonable choice for initial therapy in children with
demonstrated resistance to other NRTTIs, coinfection with hepatitis B virus, or in those desiring a once-daily
NRTI where abacavir is not an option. The Panel awaits additional safety data, especially with the recently
licensed powder formulation, before providing a broader recommendation in younger children.

Both emtricitabine and lamivudine, and tenofovir have antiviral activity and efficacy against hepatitis B. For
a comprehensive review of this topic, and hepatitis C virus and tuberculosis during HIV coinfection the
reader should access the Pediatric Opportunistic Infections Guidelines.
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Table 8. ARV Regimens Recommended for Initial Therapy for HIV Infection in Children (page 1 of 2)

A cART regimen in treatment-naive children generally contains one NNRTI plus a two-NRTI backbone or
one PI (generally with low-dose ritonavir boosting) plus a two-NRTI backbone. Regimens should be
individualized based on advantages and disadvantages of each combination (see Table 9).

Preferred Regimens

Children aged =14 days to <3 years?

Two NRTIs plus LPV/r

Children aged =3 years to <6 years

Two NRTIs plus EFV®

Two NRTIs plus LPV/r

Children aged =6 years

Two NRTIs plus ATV plus low-dose RTV

Two NRTIs plus LPV/r

Alternative Regimens

Children aged >14 days

Two NRTIs plus NVP®

Children aged =3 months to <6 years and weighing =10 kg

Two NRTIs plus ATV plus low-dose RTV

Children aged =2 years

Two NRTIs plus RALY

Children aged =3 years to <12 years

Two NRTIs plus twice-daily DRV plus low-dose RTV

Children aged =12 years

Two NRTIs plus once-daily DRV plus low-dose RTV®

Children aged =12 years and weighing =40 kg

Two NRTIs plus DTG

Regimens for Use in Special Circumstances

Children aged =4 weeks and <2 years and weighing =3 kg

Two NRTIs plus RAL?

Children aged =6 months

Two NRTIs plus FPV' plus low-dose RTV

Children aged =2 years

Two NRTIs plus NFV

Treatment-naive adolescents aged =13 years and weighing >39 kg

Two NRTIs plus ATV unboosted

Preferred 2-NRTI Backhone Options for Use in Combination with Additional Drugs

Children, birth to 3 months

ZDV plus (3TC or FTC)

Children aged =3 months and <12 years

ABC plus

—_

3TC or FTC)

ZDV plus (3TC or FTC

Adolescents aged =13 years at Tanner Stage 3

ABC plus (3TC or FTC

Adolescents at Tanner Stage 4 or 5

,\,\A
— | — | —

ABC plus (3TC or FTC

TDF plus (3TC ot FTC

-

Alternative 2-NRTI Backhone Options for Use in Combination with Additional Drugs

Children aged =2 weeks

ddl plus (3TC or FTC)

ZDV plus dd!

Children =3 months

ZDV plus ABC

Children and adolescents at Tanner Stage 3

TDF plus (3TC ot FTC)

Adolescents =13 years

ZDV plus (3TC ot FTC)

2-NRTI Regimens for Use in Special Circumstances in Combination with Additional Drugs

« d4T plus (3TC or FTC)

* TDF plus (3TC or FTC) (prepubertal children aged =2 years and adolescents, Tanner Stage 1 or 2)

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection



2 LPV/r should not be administered to neonates before a postmenstrual age (first day of the mother’s last menstrual period to birth
plus the time elapsed after birth) of 42 weeks and postnatal age =14 days.

b EFV is licensed for use in children aged =3 months who weigh =3.5 kg but is not recommended by the Panel as initial therapy in
children aged =3 months to 3 years. Unless adequate contraception can be ensured, EFV-based therapy is not recommended for
adolescent females who are sexually active and may become pregnant.

¢ NVP should not be used in postpubertal girls with CD4 cell count >250/mm?3, unless the benefit clearly outweighs the risk. NVP is
FDA-approved for treatment of infants aged =15 days.

4 RAL pills or chewable tablets can be used in children aged =2 years as an alternate INSTI. Use of granules or chewable tablets in
infants and children aged 4 weeks to 2 years can be considered in special circumstances.

¢ DRV once daily should not be used if any one of the following resistance-associated substitutions are present (V111, V32I, L33F, 147V,
150V, 154L, 154M,T74P, L76V, 184V, and L89V).

fFPV with low-dose RTV should only be administered to infants born at =38 weeks’ gestation who have attained a postnatal age of 28
days and to infants born before 38 weeks’ gestation who have reached a postmenstrual age of 42 weeks.

Key to Acronyms: 3TC = lamivudine; ABC = abacavir; ARV = antiretroviral; ATV = atazanavir; cART = combination antiretroviral therapy;
04T = stavudine; ddl = didanosine; DRV = darunavir; DTG = dolutegravir; EFV = efavirenz; FPV = fosamprenavir; FTC = emtricitabine;
INSTI = integrase strand transfer inhibitor; LPV/r = fixed dose formulation lopinavir/ritonavir; NFV = nelfinavir; NNRTI = non-nucleoside
reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine; Pl = protease inhibitor; RAL =
raltegravir; RTV = ritonavir; TDF = tenofovir; ZDV = zidovudine

Table 9. Advantages and Disadvantages of Antiretroviral Components Recommended for Initial
Therapy in Children® (page 1 of 4)

ARV .
ARV Class Agent(s) Advantages Disadvantages
NNRTIs NNRTI Class Advantages: NNRTI Class Disadvantages:
In Alphabetical Order « Long half-life * Single mutation can confer resistance, with
« Less dyslipidemia and fat maldistribution | Cross resistance between EFV and NVP.
than Pls « Rare but serious and potentially life-threatening
* Pl-sparing cases of skin rash, including SJS, and hepatic
) ) toxicity with all NNRTIs (but highest with
* Lower pill burden than Pls for children nevirapine)
taking solid formulation; easier to use and Potential for multiple drug interactions due to
adhere to than Pl-based regimens. *
r regl metabolism via hepatic enzymes (e.g., CYP3A4)
BV | «PotentARVactivity | Neuropsychiatric adverse effects (bedtime |
« Once-daily administration dosing recommended to reduce CNS effects).
« Can give with food (but avoid high-fat * Rash (generally mild)
meals). * No commercially available liquid
* Capsules can be opened and added to * Limited data on dosing for children aged <3 years.
food. « No data on dosing for children aged <3 months
 Use with caution in adolescent females of
childbearing age.
NVP * Liquid formulation available. * Reduced virologic efficacy in young infants,
« Dosing information for young infants regardiess of exposure to NVP as part of a
available. peripartum preventive regimen
« Can give with food « Higher incidence of rash/HSR than other
] NNRTIs
* Extended-release formulation is available . . ' .
that allows for once-daily dosing in older | ® Higher rates of serious hepatic toxicity than EFV
children. * Decreased virologic response compared with EFV
* Twice-daily dosing necessary in children with
BSA < 0.58 m?
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Table 9. Advantages and Disadvantages of Antiretroviral Components Recommended for Initial
Therapy in Children® (page 2 of 4)

given with low-dose RTV boosting.

« Can be used once daily in children aged
=12 years.

e Liquid formulation available

ARV .
ARV Class Agent(s) Advantages Disadvantages
Pls . PI Class Advantages: PI Class Disadvantages:
In Alphabetical Order * NNRTI-sparing « Metabolic complications including dyslipidemia,

« Clinical, virologic, and immunologic fat maldistribution, insulin resistance
efficacy well documented. . Potentiall for multiple .drug interactions because of

« Resistance to Pls requires multiple metabolism via hepatic enzymes (e.g., CYP3A4).
mutations. « Higher pill burden than NRTI- or NNRTI-based

« When combined with dual NRTI backbone regimens for patients taking solid formulations
targets HIV at two steps of viral replication | » Poor palatability of liquid preparations, which
(viral reverse transcriptase and protease may affect adherence to treatment regimen
enzymes). ¢ Most Pls require low-dose ritonavir boosting

resulting in associated drug interactions.
ATV/r * Once-daily dosing * No liquid formulation

* Powder formulation available * Food effect (should be administered with food).

* ATV has less effect on TG and total ¢ Indirect hyperbilirubinemia common but
cholesterol levels than other Pls (but RTV asymptomatic.
boosting may be associated with « Must be used with caution in patients with pre-
elevations in these parameters). existing conduction system defects (can prolong

PR interval of ECG).
* RTV component associated with large number
of drug interactions (see RTV).
ATV * Once-daily dosing * No liquid formulation
* Powder formulation available * Food effect (should be administered with food)
* | ess effect on TG and total cholesterol * Indirect hyperbilirubinemia common but
levels than other Pls. asymptomatic

* Must be used with caution in patients with pre-
existing conduction system defects (can prolong
PR interval of ECG).

* May require RTV boosting in treatment-naive
adolescents to achieve adequate plasma
concentrations.

* Unboosted ATV cannot be used with TDF.

'DRV/r | Effective in Pl-experienced children when | « Pedatric pill burden high with current tablet |

dose formulations.
* Food effect (should be given with food).

¢ Must be given with RTV boosting to achieve
adequate plasma concentrations.

« Contains sulfa moiety. The potential for cross
sensitivity between DRV and other drugs in
sulfonamide class is unknown.

* RTV component associated with large number
of drug interactions (see RTV).

« Can only be used once daily in absence of
certain Pl-associated resistance mutations.
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Table 9. Advantages and Disadvantages of Antiretroviral Components Recommended for Initial
Therapy in Children® (page 3 of 4)

ARV .
ARV Class Agent(s) Advantages Disadvantages
Pls . FPV/r * Oral prodrug of APV with lower pill burden | « Skin rash
In Alphabetical Order, * Pediatric formulation available, which « More limited pediatric experience than preferred
continued should be given to children with food. PI

* Must be given with food to children.

* RTV component associated with large number
of drug interactions (see RTV).

* Contains sulfa moiety. Potential for cross-
sensitivity between FPV and other drugs in
sulfonamide class is unknown.

« Should only be administered to infants born at
=38 weeks’ gestation and who have attained a
postnatal age of 28 days.

'LPV/r | *LPV only available co-formulated with RTV | « Poor palatability of liquid formulation (bitter |
in liquid and tablet formulations. taste), although palatability of combination
« Tablets can be given without regard to better than RTV alone.
food but may be better tolerated when * Food effect (liquid formulation should be
taken with meal or snack. administered with food).

* RTV component associated with large number
of drug interactions (see RTV).

* Should not be administered to neonates before a
postmenstrual age (first day of the mother’s last
menstrual period to birth plus the time elapsed
after birth) of 42 weeks and a postnatal age =14
days.

¢ Must be used with caution in patients with pre-
existing conduction system defects (can prolong
PR and QT interval of ECG).

N «Cangivewithfood. ~  |eDarhea
* Simplified 2-tablet (625 mg) twice-daily * Food effect (should be administered with food).
regimen has a reduced pill burden « Appropriate dosage for younger children not
compared with other Pl-containing Wgﬂ dgfined g young
regimens in older patients where the adult ' N
dose is appropriate.  Adolescents may require higher doses than
adults.
* L ess potent than boosted Pls.
INSTI Integrase Inhibitor Class Advantages: Integrase Inhibitor Class Disadvantages:
* Susceptibility of HIV to a new class of * Limited data on pediatric dosing or safety
ARVs
DTG * Once-daily administration e Limited data on pediatric dosing or safety.
« Can give with food. * Drug interactions with EFV, FPV/r, TPV/r, and
rifampin necessitating twice daily dosing.
RAL * Susceptibility of HIV to a new class of e Limited data on pediatric dosing or safety.

ARVs.

* Can give with food.

* Available in a chewable tablet and powder
formulation

« Potential for rare systemic allergic reaction or
hepatitis
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Table 9. Advantages and Disadvantages of Antiretroviral Components Recommended for Initial
Therapy in Children® (page 4 of 4)

* Delayed-release capsules of ddl may allow once-
daily dosing of ddI in older children able to
swallow pills and who can receive adult doses.

ARY .
ARV Class Agent(s) Advantages Disadvantages
Dual-NRTI ABC plus * Palatable liquid formulations * Risk of ABC HSR; perform HLA-B*5701 screening
Backbones (3TC or « Can give with food. before initiation of ABC treatment.
gr(,;\épr)habencal FTC) * ABC and 3TC are co-formulated as a single pill
for older/larger patients; ABC, 3TC are also co-
formulated with DTG for use in adults.
d4T plus * Extensive pediatric experience * d4T associated with higher incidence of
(3TC or « Palatable liquid formulations hyperlactatemia/lactic acidosis, lipoatrophy,
FTC) « Can give with food. peripheral neuropathy, hyperlipidemia.
* FTC is available as a palatable liquid
formulation administered once daily.
ddl plus * Delayed-release capsules of ddI may allow * Food effect (ddl is recommended to be taken 1
(3TC or once-daily dosing in children aged = 6 years, hour before or 2 hours after food). Some experts
FTC) weighing =20 kg, able to swallow pills, and give ddl without regard to food in infants or when
who can receive adult dosing along with once- | adherence is an issue (ddl can be co-administered
daily FTC. with FTC or 3TC).
* FTC available as a palatable liquid formulation | e Limited pediatric experience using delayed-release
administered once daily. ddl capsules in younger children.
* Pancreatitis, lactic acidosis, neurotoxicity with ddl.
TDF plus * Resistance slow to develop. * Limited pediatric experience
]£3TC 0r F1C) | « Once-daily dosing for TDF « Potential bone and renal toxicity, may be less in
a(()jrolescents « Less mitochondrial toxicity than other NRTIs | Postpubertal children.
4or5 * TDF and FTC are cq-formulated as single pill including ddI, LPV/r, ATV, and TPV.
for older/larger patients.
* Available as reduced-strength tablets and oral
powder for use in younger children.
ZDVplus - Edensive pediatricexperience | « Bone marrow suppression wih 20V |
(3TC or « ZDV and 3TC are co-formulated as single pill | Lipoatrophy with ZDV
FTC) for older/larger patients.
* Palatable liquid formulations
« Can give with food.
* FTC is available as a palatable liquid
formulation administered once daily.
'ZDVplus |« Palatable liquid formulations | « Risk of ABC HSR; perform HLA-B*5701 screening |
ABC « Can give with food. before initiation of ABC treatment.
* Bone marrow suppression and lipoatrophy with ZDV.
'ZDVplus | Extensive pediatric experience | « Bone marrow suppression and lipoatrophy with ZDV. |

* Pancreatitis, neurotoxicity with ddl.

e ddl liquid formulation is less palatable than 3TC or
FTC liquid formulation.

* Food effect (ddl is recommended to be taken 1
hour before or 2 hours after food). Some experts
give ddI without regard to food in infants or when
adherence is an issue.

2 See Appendix A: Pediatric Antiretroviral Drug Information for more information.

Key to Abbreviations: 3TC = lamivudine; ABC = abacavir; ARV = antiretroviral; ATV = atazanavir; ATV/r=atazanavir/ritonavir; BSA = body
surface area; CNS = central nervous system; d4T = stavudine; DRV/r = darunavir/ritonavir; dd| = didanosine; DTG = dolutegravir; ECG =
electrocardiogram; EFV = efavirenz; FPV/r = fosamprenavir/ritonavir; FTC = emtricitabine; HSR = hypersensitivity reaction; INSTI =
integrase strand transfer inhibitor; LPV/r = lopinavir/ritonavir; NFV=nelfinavir, NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI
= nucleoside reverse transcriptase inhibitor; NVP = nevirapine; Pl = protease inhibitor; PK = pharmacokinetic; RAL = raltegravir; RTV =
ritonavir; SJS = Stevens-Johnson Syndrome; TDF = tenofovir; TG = triglycerides; ZDV = zidovudine

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection

G-17



References

1. Palumbo P, Lindsey JC, Hughes MD, et al. Antiretroviral treatment for children with peripartum nevirapine exposure. N
Engl J Med. 2010;363(16):1510-1520. Available at http://www.ncbi.nlm.nih.gov/pubmed/20942667.

2. Violari A, Lindsey JC, Hughes MD, et al. Nevirapine versus ritonavir-boosted lopinavir for HIV-infected children. N
Engl J Med. 2012;366(25):2380-2389. Available at http://www.ncbi.nlm.nih.gov/pubmed/22716976.

3.  Babiker A, Castro nee Green H, Compagnucci A, et al. First-line antiretroviral therapy with a protease inhibitor versus
non-nucleoside reverse transcriptase inhibitor and switch at higher versus low viral load in HIV-infected children: an
open-label, randomised phase 2/3 trial. Lancet Infect Dis. 2011;11(4):273-283. Available at
http://www.ncbi.nlm.nih.gov/pubmed/21288774.

4.  Ruel TD, Kakuru A, Ikilezi G, et al. Virologic and immunologic outcomes of HIV-infected Ugandan children
randomized to lopinavir/ritonavir or non-nucleoside reverse transcriptase inhibitor therapy. J Acquir Immune Defic
Syndr. 2014;65(5):535-541. Available at http://www.ncbi.nlm.nih.gov/pubmed/24326597.

5. Coovadia A, Abrams EJ, Stehlau R, et al. Reuse of nevirapine in exposed HIV-infected children after protease inhibitor-
based viral suppression: a randomized controlled trial. JAMA. 2010;304(10):1082-1090. Available at

http://www.ncbi.nlm.nih.gov/pubmed/20823434.

6. Hazra R, Cohen RA, Gonin R, et al. Lipid levels in the second year of life among HIV-infected and HIV-exposed
uninfected Latin American children. AIDS. 2012;26(2):235-240. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22008654.

7. Kontorinis N, Dieterich DT. Toxicity of non-nucleoside analogue reverse transcriptase inhibitors. Semin Liver Dis.
2003;23(2):173-182. Available at http://www.ncbi.nlm.nih.gov/pubmed/12800070.

8. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-
infected adults and adolescents. 2014. Available at
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL .pdf. Accessed February 20, 2015.

9.  Squires K, Lazzarin A, Gatell JM, et al. Comparison of once-daily atazanavir with efavirenz, each in combination with
fixed-dose zidovudine and lamivudine, as initial therapy for patients infected with HIV. J Acquir Immune Defic Syndr.
2004;36(5):1011-1019. Available at http://www.ncbi.nlm.nih.gov/pubmed/15247553.

10. Torti C, Maggiolo F, Patroni A, et al. Exploratory analysis for the evaluation of lopinavir/ritonavir-versus efavirenz-
based HAART regimens in antiretroviral-naive HIV-positive patients: results from the Italian MASTER Cohort. J
Antimicrob Chemother. 2005;56(1):190-195. Available at http://www.ncbi.nlm.nih.gov/pubmed/15917286.

11. Riddler SA, Haubrich R, DiRienzo AG, et al. Class-sparing regimens for initial treatment of HIV-1 infection. N Engl J
Med. 2008;358(20):2095-2106. Available at http://www.ncbi.nlm.nih.gov/pubmed/18480202.

12. Lennox JL, DelJesus E, Lazzarin A, et al. Safety and efficacy of raltegravir-based versus efavirenz-based combination
therapy in treatment-naive patients with HIV-1 infection: a multicentre, double-blind randomised controlled trial.
Lancet. 2009;374(9692):796-806. Available at http://www.ncbi.nlm.nih.gov/pubmed/19647866.

13.  Cooper DA, Heera J, Goodrich J, et al. Maraviroc versus efavirenz, both in combination with zidovudine-lamivudine,

for the treatment of antiretroviral-naive subjects with CCR5-tropic HIV-1 infection. J Infect Dis. 2010;201(6):803-813.
Available at http://www.ncbi.nlm.nih.gov/pubmed/20151839.

14. Cohen CJ, Molina JM, Cahn P, et al. Efficacy and safety of rilpivirine (TMC278) versus efavirenz at 48 weeks in
treatment-naive HIV-1-infected patients: pooled results from the phase 3 double-blind randomized ECHO and THRIVE
Trials. J Acquir Immune Defic Syndr. 2012;60(1):33-42. Available at http://www.ncbi.nlm.nih.gov/pubmed/22343174.

15. Nunez M, Soriano V, Martin-Carbonero L, et al. SENC (Spanish efavirenz vs. nevirapine comparison) trial: a
randomized, open-label study in HIV-infected naive individuals. HIV Clin Trials. 2002;3(3):186-194. Available at
http://www.ncbi.nlm.nih.gov/pubmed/12032877.

16. Sax PE, Delesus E, Mills A, et al. Co-formulated elvitegravir, cobicistat, emtricitabine, and tenofovir versus co-
formulated efavirenz, emtricitabine, and tenofovir for initial treatment of HIV-1 infection: a randomised, double-blind,
phase 3 trial, analysis of results after 48 weeks. Lancet. 2012;379(9835):2439-2448. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22748591.

17. Fraaij PL, Neubert J, Bergshoeff AS, et al. Safety and efficacy of a NRTI-sparing HAART regimen of efavirenz and
lopinavir/ritonavir in HIV-1-infected children. Antivir Ther. 2004;9(2):297-299. Available at

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-18



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

http://www.ncbi.nlm.nih.gov/pubmed/15134193.

Funk MB, Notheis G, Schuster T, et al. Effect of first line therapy including efavirenz and two nucleoside reverse
transcriptase inhibitors in HIV-infected children. Eur J Med Res. 2005;10(12):503-508. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16356864.

McKinney RE, Jr., Rodman J, Hu C, et al. Long-term safety and efficacy of a once-daily regimen of emtricitabine,
didanosine, and efavirenz in HIV-infected, therapy-naive children and adolescents: Pediatric AIDS Clinical Trials Group
Protocol P1021. Pediatrics. 2007;120(2):e416-423. Available at http://www.ncbi.nlm.nih.gov/pubmed/17646352.

Spector SA, Hsia K, Yong FH, et al. Patterns of plasma human immunodeficiency virus type 1 RNA response to highly
active antiretroviral therapy in infected children. J Infect Dis. 2000;182(6):1769-1773. Available at
http://www.ncbi.nlm.nih.gov/pubmed/11069252.

Starr SE, Fletcher CV, Spector SA, et al. Combination therapy with efavirenz, nelfinavir, and nucleoside reverse-
transcriptase inhibitors in children infected with human immunodeficiency virus type 1. Pediatric AIDS Clinical Trials
Group 382 Team. N Engl J Med. 1999;341(25):1874-1881. Available at http://www.ncbi.nlm.nih.gov/pubmed/10601506.
Starr SE, Fletcher CV, Spector SA, et al. Efavirenz liquid formulation in human immunodeficiency virus-infected
children. Pediatr Infect Dis J. 2002;21(7):659-663. Available at http://www.ncbi.nlm.nih.gov/pubmed/12237599.
Teglas JP, Quartier P, Treluyer JM, Burgard M, Gregoire V, Blanche S. Tolerance of efavirenz in children. AIDS.
2001;15(2):241-243. Available at http://www.ncbi.nlm.nih.gov/pubmed/11216933.

Kaul S, Ji P, Lu M, Nguyen KL, Shangguan T, Grasela D. Bioavailability in healthy adults of efavirenz capsule contents
mixed with a small amount of food. Am J Health Syst Pharm. 2010;67(3):217-222. Available at
http://www.ncbi.nlm.nih.gov/pubmed/20101064.

Gutierrez F, Navarro A, Padilla S, et al. Prediction of neuropsychiatric adverse events associated with long-term
efavirenz therapy, using plasma drug level monitoring. Clin Infect Dis. 2005;41(11):1648-1653. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16267739.

Marzolini C, Telenti A, Decosterd LA, Greub G, Biollaz J, Buclin T. Efavirenz plasma levels can predict treatment
failure and central nervous system side effects in HIV-1-infected patients. 4IDS. 2001;15(1):71-75. Available at
http://www.ncbi.nlm.nih.gov/pubmed/11192870.

Treisman GJ, Kaplin Al. Neurologic and psychiatric complications of antiretroviral agents. AIDS. 2002;16(9):1201-
1215. Available at http://www.ncbi.nlm.nih.gov/pubmed/12045485.

Zugar A. Studies disagree on frequency of late CNS side effects from efavirenz. AIDS Clin Care. 2006;4(1).
ENCORE!1 Study Group. Efficacy of 400 mg efavirenz versus standard 600 mg dose in HIV-infected, antiretroviral-
naive adults (ENCORE]): a randomised, double-blind, placebo-controlled, non-inferiority trial. Lancet.
2014;383(9927):1474-82. Available at http://www.ncbi.nlm.nih.gov/pubmed/24522178.

Ford N, Calmy A, Mofenson L. Safety of efavirenz in the first trimester of pregnancy: an updated systematic review
and meta-analysis. AIDS. 2011;25(18):2301-2304. Available at http://www.ncbi.nlm.nih.gov/pubmed/21918421.

World Health Organization. Technical update on treatment optimization: Use of efavirenz during pregnancy: A public
health perspective. 2012. Available at http://www.who.int/hiv/pub/treatment2/efavirenz/en/. Accessed February 20,
2015.

Antiretroviral Pregnancy Registry Steering Committee. Antiretroviral Pregnancy Registry international interim report
for 1 January 1989 through 31 January 2014. 2014. Available at http://www.apregistry.com/forms/interim_report.pdf.
Accessed February 20, 2015.

Ford N, Mofenson L, Shubber Z, et al. Safety of efavirenz in the first trimester of pregnancy: an updated systematic
review and meta-analysis. 4IDS. 2014;28 Suppl 2:S123-131. Available at
http://www.ncbi.nlm.nih.gov/pubmed/24849471.

Bardsley-Elliot A, Perry CM. Nevirapine: a review of its use in the prevention and treatment of paediatric HIV
infection. Paediatr Drugs. 2000;2(5):373-407. Available at http://www.ncbi.nlm.nih.gov/pubmed/11022799.

Luzuriaga K, Bryson Y, Krogstad P, et al. Combination treatment with zidovudine, didanosine, and nevirapine in infants
with human immunodeficiency virus type 1 infection. N Engl J Med. 1997;336(19):1343-1349. Available at

http://www.ncbi.nlm.nih.gov/pubmed/9134874.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-19



36. Luzuriaga K, McManus M, Mofenson L, et al. A trial of three antiretroviral regimens in HIV-1-infected children. N
Engl J Med. 2004;350(24):2471-2480. Available at http://www.ncbi.nlm.nih.gov/pubmed/15190139.

37. Verweel G, Sharland M, Lyall H, et al. Nevirapine use in HIV-1-infected children. A7DS. 2003;17(11):1639-1647.
Available at http://www.ncbi.nlm.nih.gov/pubmed/12853746.

38. van Leth F, Phanuphak P, Ruxrungtham K, et al. Comparison of first-line antiretroviral therapy with regimens including
nevirapine, efavirenz, or both drugs, plus stavudine and lamivudine: a randomised open-label trial, the 2NN Study.
Lancet. 2004;363(9417):1253-1263. Available at http://www.ncbi.nlm.nih.gov/pubmed/15094269.

39. Soriano V, Arasteh K, Migrone H, et al. Nevirapine versus atazanavir/ritonavir, each combined with tenofovir disoproxil
fumarate/emtricitabine, in antiretroviral-naive HIV-1 patients: the ARTEN Trial. Antivir Ther. 2011;16(3):339-348.
Available at http://www.ncbi.nlm.nih.gov/pubmed/21555816.

40. Kamya MR, Mayanja-Kizza H, Kambugu A, et al. Predictors of long-term viral failure among ugandan children and
adults treated with antiretroviral therapy. J Acquir Immune Defic Syndr. 2007;46(2):187-193. Available at

http://www.ncbi.nlm.nih.gov/pubmed/17693883.

41. Lowenthal ED, Ellenberg JH, Machine E, et al. Association between efavirenz-based compared with nevirapine-based
antiretroviral regimens and virological failure in HIV-infected children. JAMA. 2013;309(17):1803-1809. Available at

http://www.ncbi.nlm.nih.gov/pubmed/23632724.

42. Kekitiinwa A, Spyer M, et al. Virologic resonse to efavirenz vs. neviraopine-containing ART in the ARROW trial.
Presented at: 21st Conference on Retroviruses and Opportunistic Infections. 2014. Boston, MA.

43. Baylor M, Ayime O, Truffa M, et al. Hepatotoxicity associated with nevirapine use in HIV-infected children. Presented
at: 12th Conference on Retroviruses and Opportunistic Infections. 2005. Boston, MA.

44. Buck WC, Kabue MM, Kazembe PN, Kline MW. Discontinuation of standard first-line antiretroviral therapy in a cohort
of 1434 Malawian children. J Int AIDS Soc. 2010;13:31. Available at http://www.ncbi.nlm.nih.gov/pubmed/20691049.

45. Kea C, Puthanakit T, et al. Incidence and risk factors for nevirapine related toxicities among HIV-infected Asian
children randomized to starting ART at different CD4%. Abstract MOPE240. Presented at: 6th IAS Conference on HIV
Pathogenesis, Treatment and Prevention. 2011. Rome, Italy.

46. Mehta U, Maartens G. Is it safe to switch between efavirenz and nevirapine in the event of toxicity? Lancet Infect Dis.
2007;7(11):733-738. Available at http://www.ncbi.nlm.nih.gov/pubmed/17961859.

47. Gatell J, Salmon-Ceron D, Lazzarin A, et al. Efficacy and safety of atazanavir-based highly active antiretroviral therapy
in patients with virologic suppression switched from a stable, boosted or unboosted protease inhibitor treatment
regimen: the SWAN Study (A1424-097) 48-week results. Clin Infect Dis. 2007;44(11):1484-1492. Available at
http://www.ncbi.nlm.nih.gov/pubmed/17479947.

48. Molina JM, Andrade-Villanueva J, Echevarria J, et al. Once-daily atazanavir/ritonavir versus twice-daily
lopinavir/ritonavir, each in combination with tenofovir and emtricitabine, for management of antiretroviral-naive HIV-
1-infected patients: 48 week efficacy and safety results of the CASTLE study. Lancet. 2008;372(9639):646-655.
Available at http://www.ncbi.nlm.nih.gov/pubmed/18722869.

49. Malan DR, Krantz E, David N, et al. Efficacy and safety of atazanavir, with or without ritonavir, as part of once-daily
highly active antiretroviral therapy regimens in antiretroviral-naive patients. J Acquir Immune Defic Syndr.
2008;47(2):161-167. Available at http://www.ncbi.nlm.nih.gov/pubmed/17971713.

50. Molina JM, Andrade-Villanueva J, Echevarria J, et al. Once-daily atazanavir/ritonavir compared with twice-daily
lopinavir/ritonavir, each in combination with tenofovir and emtricitabine, for management of antiretroviral-naive HIV-
l-infected patients: 96-week efficacy and safety results of the CASTLE study. J Acquir Immune Defic Syndr.
2010;53(3):323-332. Available at http://www.ncbi.nlm.nih.gov/pubmed/20032785.

51. Meyers T, Rutstein R, Samson P, et al. Treatment responses to atazanavir-containing HAART in a drug-naive paediatric
population in South Africa. Presented at: 15th Conference on Retroviruses and Opportunistic Infections. 2008. Boston,
MA.

52. Deeks ED. Atazanavir: in pediatric patients with HIV-1 infection. Paediatr Drugs. 2012;14(2):131-141. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22292486.

53. Atazanavir sulfate (REYATAZ) [package insert]. Bristol-Myers Squibb. 2012. Avalable at
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021567s0281bl.pdf. Accessed February 20, 2015.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-20



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Kiser JJ, Fletcher CV, Flynn PM, et al. Pharmacokinetics of antiretroviral regimens containing tenofovir disoproxil
fumarate and atazanavir-ritonavir in adolescents and young adults with human immunodeficiency virus infection.
Antimicrob Agents Chemother. 2008;52(2):631-637. Available at http://www.ncbi.nlm.nih.gov/pubmed/18025112.

Kiser J, Rutstein R, Aldrovandi G, et al. Pharmacokinetics of atazanavir/ritonavir in HIV-infected infants, children, and
adolescents: PACTG 1020. Presented at: 12th Conference on Retroviruses and Opportunistic Infections. Boston, MA.

Kiser JJ, Rutstein RM, Samson P, et al. Atazanavir and atazanavir/ritonavir pharmacokinetics in HIV-infected infants,
children, and adolescents. AIDS. 2011;25(12):1489-1496. Available at http://www.ncbi.nlm.nih.gov/pubmed/21610486.

Stebbing J, Nathan B, Jones R, et al. Virological failure and subsequent resistance profiles in individuals exposed to
atazanavir. AIDS. 2007;21(13):1826-1828. Available at http://www.ncbi.nlm.nih.gov/pubmed/17690587.

Strehlau R, Liberty A, et al. PRINCE 1: 48 week safety and efficacy of atazanavir powder and ritonavir liquid in HIV-1-
infected antiretroviral treatment-naive and -experienced infants and children 3 months to 6 years of age. Presented at:
7th International AIDS Society Conference on HIV Pathogenesis, Treatment, and Prevention. 2013. Kuala Lumpur,
Malaysia.

Ortiz R, Dejesus E, Khanlou H, et al. Efficacy and safety of once-daily darunavir/ritonavir versus lopinavir/ritonavir in
treatment-naive HIV-1-infected patients at week 48. AIDS. 2008;22(12):1389-1397. Available at
http://www.ncbi.nlm.nih.gov/pubmed/18614861.

Orkin C, DeJesus E, Khanlou H, et al. Final 192-week efficacy and safety of once-daily darunavir/ritonavir compared
with lopinavir/ritonavir in HIV-1-infected treatment-naive patients in the ARTEMIS trial. HIV Med. 2013;14(1):49-59.
Available at http://www.ncbi.nlm.nih.gov/pubmed/23088336.

Eron J Jr., Yeni P, Gathe J Jr., et al. The KLEAN study of fosamprenavir-ritonavir versus lopinavir-ritonavir, each in
combination with abacavir-lamivudine, for initial treatment of HIV infection over 48 weeks: a randomised non-
inferiority trial. Lancet. 2006;368(9534):476-482. Available at http://www.ncbi.nlm.nih.gov/pubmed/16890834.
Pulido F, Estrada V, Baril JG, et al. Long-term efficacy and safety of fosamprenavir plus ritonavir versus
lopinavir/ritonavir in combination with abacavir/lamivudine over 144 weeks. HIV Clin Trials. 2009;10(2):76-87.
Auvailable at http://www.ncbi.nlm.nih.gov/pubmed/19487177.

Walmsley S, Avihingsanon A, Slim J, et al. Gemini: a noninferiority study of saquinavir/ritonavir versus
lopinavir/ritonavir as initial HIV-1 therapy in adults. J Acquir Immune Defic Syndr. 2009;50(4):367-374. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19214123.

Walmsley S, Bernstein B, King M, et al. Lopinavir-ritonavir versus nelfinavir for the initial treatment of HIV infection.
N Engl J Med. 2002;346(26):2039-2046. Available at http://www.ncbi.nlm.nih.gov/pubmed/12087139.

Chadwick EG, Capparelli EV, Yogev R, et al. Pharmacokinetics, safety and efficacy of lopinavir/ritonavir in infants less
than 6 months of age: 24 week results. AIDS. 2008;22(2):249-255. Available at
http://www.ncbi.nlm.nih.gov/pubmed/18097227.

De Luca M, Miccinesi G, Chiappini E, Zappa M, Galli L, De Martino M. Different kinetics of immunologic recovery
using nelfinavir or lopinavir/ritonavir-based regimens in children with perinatal HIV-1 infection. Int J Immunopathol
Pharmacol. 2005;18(4):729-735. Available at http://www.ncbi.nlm.nih.gov/pubmed/16388722.

Saez-Llorens X, Violari A, Deetz CO, et al. Forty-eight-week evaluation of lopinavir/ritonavir, a new protease inhibitor,
in human immunodeficiency virus-infected children. Pediatr Infect Dis J. 2003;22(3):216-224. Available at
http://www.ncbi.nlm.nih.gov/pubmed/12634581.

Violari A, Cotton MF, Gibb DM, et al. Early antiretroviral therapy and mortality among HIV-infected infants. N Engl J
Med. 2008;359(21):2233-2244. Available at http://www.ncbi.nlm.nih.gov/pubmed/19020325.

Reitz C, Coovadia A, Ko S, et al. Initial response to protease-inhibitor-based antiretroviral therapy among children less
than 2 years of age in South Africa: effect of cotreatment for tuberculosis. J Infect Dis. 2010;201(8):1121-1131.
Auvailable at http://www.ncbi.nlm.nih.gov/pubmed/20214476.

Chadwick EG, Yogev R, Alvero CG, et al. Long-term outcomes for HIV-infected infants less than 6 months of age at

initiation of lopinavir/ritonavir combination antiretroviral therapy. AIDS. 2011;25(5):643-649. Available at
http://www.ncbi.nlm.nih.gov/pubmed/21297419.

Robbins BL, Capparelli EV, Chadwick EG, et al. Pharmacokinetics of high-dose lopinavir-ritonavir with and without
saquinavir or nonnucleoside reverse transcriptase inhibitors in human immunodeficiency virus-infected pediatric and
adolescent patients previously treated with protease inhibitors. Antimicrob Agents Chemother. 2008;52(9):3276-3283.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-21



Available at http://www.ncbi.nlm.nih.gov/pubmed/18625762.

72. Chadwick EG, Pinto J, Yogev R, et al. Early initiation of lopinavir/ritonavir in infants less than 6 weeks of age:
pharmacokinetics and 24-week safety and efficacy. Pediatr Infect Dis J. 2009;28(3):215-219. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19209098.

73. Gathe J, da Silva BA, Cohen DE, et al. A once-daily lopinavir/ritonavir-based regimen is noninferior to twice-daily
dosing and results in similar safety and tolerability in antiretroviral-naive subjects through 48 weeks. J Acquir Immune
Defic Syndr. 2009;50(5):474-481. Available at http://www.ncbi.nlm.nih.gov/pubmed/19225400.

74. la Porte C, van Heeswijk R, Mitchell CD, Zhang G, Parker J, Rongkavilit C. Pharmacokinetics and tolerability of once-
versus twice-daily lopinavir/ritonavir treatment in HIV-1-infected children. Antivir Ther. 2009;14(4):603-606. Available
at http://www.ncbi.nlm.nih.gov/pubmed/19578247.

75.  van der Flier M, Verweel G, van der Knaap LC, et al. Pharmacokinetics of lopinavir in HIV type-1-infected children
taking the new tablet formulation once daily. Antivir Ther. 2008;13(8):1087-1090. Available at

http://www.ncbi.nlm.nih.gov/pubmed/19195335.

76. Lyall H. Final results of Koncert: A randomized noninferiority trial of QD vs BD LPV/r dosing in children. Presented
at: 21st Conference on Retroviruses and Opportunistic Infections. 2014. Boston, MA.

77. Mills AM, Nelson M, Jayaweera D, et al. Once-daily darunavir/ritonavir vs. lopinavir/ritonavir in treatment-naive, HIV-
1-infected patients: 96-week analysis. AIDS. 2009;23(13):1679-1688. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19487905.

78. Flynn P, Blanche S, et al. 24-week efficacy, safety, tolerability and pharmacokinetics of darunavir/ritonavir once daily in
treatment-naive adolescents aged 12 to <18 years in DIONE. Presented at: 6th IAS Conference on HIV Pathogenesis,
Treatment, and Prevention. 2011. Rome, Italy.

79. Giaquinto C, Flynn P, et al. Darunavir/r once daily in treatmentOnaive adolescents: 48 week results of the DIONE study.
Presented at: XIX International AIDS Conference. 2012. Washington, DC.

80. Blanche S, Bologna R, Cahn P, et al. Pharmacokinetics, safety and efficacy of darunavir/ritonavir in treatment-
experienced children and adolescents. 4IDS. 2009;23(15):2005-2013. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19724191.

81. Violari A, Bologna R, et al. ARIEL: 24-Week Safety and Efficacy of DRV/r in Treatment-experienced 3- to <6-Year-old
Patients Abstract #713. 18th Conference on Retroviruses and Opportunistic Infections (CROI). Boston. 2011.

82. KingJ, Hazra R, et al. Pharmacokinetics of darunavir 800 mg with ritonavir 100mg once daily in HIV+ adolescents and
young adults. Presented at: Conference on Retroviruses and Opportunistic Infections. 2013. Atlanta, GA.

83. Mascolini M. Darunavir dosing determined for naive and experienced children and youth. Presented at: 14th
International Workshop on Clinical Pharmacology of HIV Therapy. 2013. Amsterdam, NL.

84. National Institute of Allergy and Infectious Diseases (NIAID). Bulletin monitoring board recommends stopping
experimental treatment regimen in international study of patients new to HIV treatment. 2008. Available at
http://www.niaid.nih.gov/news/newsreleases/2008/Pages/ ACTG_5175.aspx. Accessed February 20, 2015.

85. Chadwick E, Borkowsky W, Fortuny C, et al. Safety and antiviral activity of fosamprenavir/ritonavir once daily
regimens in HIV-infected pediatric subjects ages 2 to 18 years (48-week interim data, study apv20003). Presented at:
14th Conference on Retroviruses and Opportunistic Infections. 2007. Los Angeles, CA.

86. Cunningham C, Freedman A, Read S, et al. Safety and antiviral activity of fosamprenavir-containing regmens in HI'V-
infected 2- to 18-year-old pediatric subjects (interim data, study apv 29005). Presented at: 14th Conference on
Retroviruses and Opportunistic Infections. 2007. Los Angeles, CA.

87. Cotton M, Cassim H, Pavia-Ruz N, et al. Pharmacokinetics, Safety and Antiviral Activity of Fosamprenavir/Ritonavir-
containing Regimens in HIV-infected Children Aged 4 Weeks to 2 Years-48-week Study Data. Pediatr Infect Dis J.
2014;33(1):57-62. Available at http://www.ncbi.nlm.nih.gov/pubmed/23811743.

88. Fortuny C, Duiculescu D, Cheng K, et al. Pharmacokinetics and 48-week safety and antiviral activity of fosamprenavir-
containing regimens in HIV-infected 2- to 18-year-old children. Pediatr Infect Dis J. 2014;33(1):50-56. Available at
http://www.ncbi.nlm.nih.gov/pubmed/23811744.

89. Scherpbier HJ, Bekker V, van Leth F, Jurriaans S, Lange JM, Kuijpers TW. Long-term experience with combination
antiretroviral therapy that contains nelfinavir for up to 7 years in a pediatric cohort. Pediatrics. 2006;117(3):e528-536.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-22



Available at http://www.ncbi.nlm.nih.gov/pubmed/16481448.

90. Burger DM, Bergshoeff AS, De Groot R, et al. Maintaining the nelfinavir trough concentration above 0.8 mg/L
improves virologic response in HIV-1-infected children. J Pediatr. 2004;145(3):403-405. Available at
http://www.ncbi.nlm.nih.gov/pubmed/15343199.

91. Capparelli EV, Sullivan JL, Mofenson L, et al. Pharmacokinetics of nelfinavir in human immunodeficiency virus-
infected infants. Pediatr Infect Dis J. 2001;20(8):746-751. Available at http://www.ncbi.nlm.nih.gov/pubmed/11734735.

92. Floren LC, Wiznia A, Hayashi S, et al. Nelfinavir pharmacokinetics in stable human immunodeficiency virus-positive
children: Pediatric AIDS Clinical Trials Group Protocol 377. Pediatrics. 2003;112(3 Pt 1):e220-227. Available at

http://www.ncbi.nlm.nih.gov/pubmed/12949316.

93. Hirt D, Urien S, Jullien V, et al. Age-related effects on nelfinavir and M8 pharmacokinetics: a population study with 182
children. Antimicrob Agents Chemother. 2006;50(3):910-916. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16495250.

94. Litalien C, Faye A, Compagnucci A, et al. Pharmacokinetics of nelfinavir and its active metabolite, hydroxy-tert-

butylamide, in infants perinatally infected with human immunodeficiency virus type 1. Pediatr Infect Dis J.
2003;22(1):48-55. Available at http://www.ncbi.nlm.nih.gov/pubmed/12544409.

95. Paediatric European Network for Treatment of AIDS (PENTA). Comparison of dual nucleoside-analogue reverse-
transcriptase inhibitor regimens with and without nelfinavir in children with HIV-1 who have not previously been
treated: the PENTA 5 randomised trial. Lancet. 2002;359(9308):733-740. Available at http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list uids=11888583& query hl=42.

96. van Heeswijk RP, Scherpbier HJ, de Koning LA, et al. The pharmacokinetics of nelfinavir in HIV-1-infected children.
Ther Drug Monit. 2002;24(4):487-491. Available at http://www.ncbi.nlm.nih.gov/pubmed/12142631.

97. Rodriguez-French A, Boghossian J, Gray GE, et al. The NEAT study: a 48-week open-label study to compare the
antiviral efficacy and safety of GW433908 versus nelfinavir in antiretroviral therapy-naive HIV-1-infected patients. J
Acquir Immune Defic Syndr. 2004;35(1):22-32. Available at http://www.ncbi.nlm.nih.gov/pubmed/14707788.

98. Gathe JC, Jr.,, Ive P, Wood R, et al. SOLO: 48-week efficacy and safety comparison of once-daily fosamprenavir
/ritonavir versus twice-daily nelfinavir in naive HIV-1-infected patients. A/DS. 2004;18(11):1529-1537. Available at
http://www.ncbi.nlm.nih.gov/pubmed/15238771.

99. Robbins GK, De Gruttola V, Shafer RW, et al. Comparison of sequential three-drug regimens as initial therapy for HIV-
1 infection. N Engl J Med. 2003;349(24):2293-2303. Available at http:/www.ncbi.nlm.nih.gov/pubmed/14668455.

100. Resino S, Larru B, Maria Bellon J, et al. Effects of highly active antiretroviral therapy with nelfinavir in vertically HIV-
1 infected children: 3 years of follow-up. Long-term response to nelfinavir in children. BMC Infect Dis. 2006;6:107.
Available at http://www.ncbi.nlm.nih.gov/pubmed/16834769.

101. Regazzi MB, Seminari E, Villani P, et al. Nelfinavir suspension obtained from nelfinavir tablets has equivalent
pharmacokinetic profile. J Chemother. 2001;13(5):569-574. Available at http://www.ncbi.nlm.nih.gov/pubmed/11760223.

102. Nachman S, Zheng N, Acosta EP, et al. Pharmacokinetics, safety, and 48-week efficacy of oral raltegravir in HIV-1-
infected children aged 2 through 18 years. Clin Infect Dis. 2014;58(3):413-422. Available at
http://www.ncbi.nlm.nih.gov/pubmed/24145879.

103. Briz V, Leon-Leal JA, Palladino C, et al. Potent and sustained antiviral response of raltegravir-based highly active
antiretroviral therapy in HIV type 1-infected children and adolescents. Pediatr Infect Dis J. 2012;31(3):273-277.
Available at http://www.ncbi.nlm.nih.gov/pubmed/22330165.

104. Teppler H, Homony B, et al. Raltegravir pediatric development: New options for treating the youngest children with
HIV. Presented at: 6th International Workshop on HIV Pediatrics. 2014. Melbourne, Australia.

105. Hazra R, Viani R, Acosta E, et al. Pharmacokinetics, safety and efficacy of dolutegravir (DTG; S/GSK1349572) in HIV-
1-positive adolescents: preliminary analysis from IMPAACT P1093, TUABO0203 (abstract). Presented at: XIX
International AIDS Conference. 2012. Washington, DC.

106. McKinney RE, Jr., Johnson GM, Stanley K, et al. A randomized study of combined zidovudine-lamivudine versus
didanosine monotherapy in children with symptomatic therapy-naive HIV-1 infection. The Pediatric AIDS Clinical
Trials Group Protocol 300 Study Team. J Pediatr. 1998;133(4):500-508. Available at
http://www.ncbi.nlm.nih.gov/pubmed/9787687.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-23



107.

108.

109.

110.

I11.

112.

113.

114.
115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Kline MW, Van Dyke RB, Lindsey JC, et al. Combination therapy with stavudine (d4T) plus didanosine (ddI) in
children with human immunodeficiency virus infection. The Pediatric AIDS Clinical Trials Group 327 Team.
Pediatrics. 1999;103(5):¢62. Available at http://www.ncbi.nlm.nih.gov/pubmed/10224206.

Kline MW, Van Dyke RB, Lindsey JC, et al. A randomized comparative trial of stavudine (d4T) versus zidovudine
(ZDV, AZT) in children with human immunodeficiency virus infection. AIDS Clinical Trials Group 240 Team.
Pediatrics. 1998;101(2):214-220. Available at http://www.ncbi.nlm.nih.gov/pubmed/9445494.

Gafni RI, Hazra R, Reynolds JC, et al. Tenofovir disoproxil fumarate and an optimized background regimen of
antiretroviral agents as salvage therapy: impact on bone mineral density in HIV-infected children. Pediatrics.
2006;118(3):¢711-718. Available at http://www.ncbi.nlm.nih.gov/pubmed/16923923.

Giacomet V, Mora S, Martelli L, Merlo M, Sciannamblo M, Vigano A. A 12-month treatment with tenofovir does not
impair bone mineral accrual in HIV-infected children. J Acquir Immune Defic Syndr. 2005;40(4):448-450. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16280700.

Hazra R, Balis FM, Tullio AN, et al. Single-dose and steady-state pharmacokinetics of tenofovir disoproxil fumarate in
human immunodeficiency virus-infected children. Antimicrob Agents Chemother. 2004;48(1):124-129. Available at
http://www.ncbi.nlm.nih.gov/pubmed/14693529.

Hazra R, Gafni RI, Maldarelli F, et al. Tenofovir disoproxil fumarate and an optimized background regimen of
antiretroviral agents as salvage therapy for pediatric HIV infection. Pediatrics. 2005;116(6):e846-854. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16291735.

Della Negra M, de Carvalho AP, de Aquino MZ, et al. A randomized study of tenofovir disoproxil fumarate in
treatment-experienced HIV-1 infected adolescents. Pediatr Infect Dis J. 2012;31(5):469-473. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22301477.

Tenofovir disoproxil fumarate (Viread) [package insert]. Gilead Sciences. 2012.

Borroto-Esoda K, Vela JE, Myrick F, Ray AS, Miller MD. In vitro evaluation of the anti-HIV activity and metabolic
interactions of tenofovir and emtricitabine. Antivir Ther. 2006;11(3):377-384. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16759055.

Ross L, Parkin N, Chappey C, et al. Phenotypic impact of HIV reverse transcriptase M 1841/V mutations in combination
with single thymidine analog mutations on nucleoside reverse transcriptase inhibitor resistance. AIDS.
2004;18(12):1691-1696. Available at http://www.ncbi.nlm.nih.gov/pubmed/15280780.

Delesus E, Herrera G, Teofilo E, et al. Abacavir versus zidovudine combined with lamivudine and efavirenz, for the
treatment of antiretroviral-naive HIV-infected adults. Clin Infect Dis. 2004;39(7):1038-1046. Available at
http://www.ncbi.nlm.nih.gov/pubmed/15472858.

Green H, Gibb DM, Walker AS, et al. Lamivudine/abacavir maintains virological superiority over
zidovudine/lamivudine and zidovudine/abacavir beyond 5 years in children. AIDS. 2007;21(8):947-955. Available at
http://www.ncbi.nlm.nih.gov/pubmed/17457088.

Technau KG, Lazarus E, Kuhn L, et al. Poor early virologic performance and durability of abacavir-based first-line
regimens for HIV-infected children. Pediatr Infect Dis J. 2013;32(8):851-855. Available at
http://www.ncbi.nlm.nih.gov/pubmed/23860481.

Technau KG, Schomaker M, Kuhn L, et al. Virologic Response in Children Treated With Abacavir-compared With
Stavudine-based Antiretroviral Treatment: A South African Multi-Cohort Analysis. Pediatr Infect Dis J.
2014;33(6):617-622. Available at http://www.ncbi.nlm.nih.gov/pubmed/24378944.

Phillips EJ. Genetic screening to prevent abacavir hypersensitivity reaction: are we there yet? Clin Infect Dis.
2006;43(1):103-105. Available at http://www.ncbi.nlm.nih.gov/pubmed/16758425.

Puthanakit T, Bunupuradah T, Kosalaraksa P, et al. Prevalence of human leukocyte antigen-B*5701 among HIV-
infected children in Thailand and Cambodia: implications for abacavir use. Pediatr Infect Dis J. 2013;32(3):252-253.
Auvailable at http://www.ncbi.nlm.nih.gov/pubmed/22986704.

Mallal S, Phillips E, Carosi G, et al. HLA-B*5701 screening for hypersensitivity to abacavir. N Engl J Med.
2008;358(6):568-579. Available at http://www.ncbi.nlm.nih.gov/pubmed/18256392.

Bergshoeff A, Burger D, Verweij C, et al. Plasma pharmacokinetics of once- versus twice-daily lamivudine and

abacavir: simplification of combination treatment in HI'V-1-infected children (PENTA-13). Antivir Ther.
2005;10(2):239-246. Available at http://www.ncbi.nlm.nih.gov/pubmed/15865218.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-24



125.

126.

127.

128.

1209.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

LePrevost M, Green H, Flynn J, et al. Adherence and acceptability of once daily Lamivudine and abacavir in human
immunodeficiency virus type-1 infected children. Pediatr Infect Dis J. 2006;25(6):533-537. Available at
http://www.ncbi.nlm.nih.gov/pubmed/16732152.

Paediatric European Network for Treatment of Aids. Pharmacokinetic study of once-daily versus twice-daily abacavir
and lamivudine in HIV type-1-infected children aged 3-<36 months. Antivir Ther. 2010;15(3):297-305. Available at
http://www.ncbi.nlm.nih.gov/pubmed/20516550.

Musiime V, Kendall L, Bakeera-Kitaka S, et al. Pharmacokinetics and acceptability of once- versus twice-daily
lamivudine and abacavir in HIV type-1-infected Ugandan children in the ARROW Trial. Antivir Ther. 2010;15(8):1115-
1124. Available at http://www.ncbi.nlm.nih.gov/pubmed/21149918.

Musiime V, Kasirye P, et al. Randomised comparison of once versus twice daily abacavir and lamivudine among 669
HIV-infected children in the ARROW trial. Presented at: Conference on Retroviruses and Opportunistic Infections.
2013. Atlanta, GA.

Arribas JR, Pozniak AL, Gallant JE, et al. Tenofovir disoproxil fumarate, emtricitabine, and efavirenz compared with
zidovudine/lamivudine and efavirenz in treatment-naive patients: 144-week analysis. J Acquir Immune Defic Syndr.
2008;47(1):74-78. Available at http://www.ncbi.nlm.nih.gov/pubmed/17971715.

Gallant JE, DelJesus E, Arribas JR, et al. Tenofovir DF, emtricitabine, and efavirenz vs. zidovudine, lamivudine, and
efavirenz for HIV. N Engl J Med. 2006;354(3):251-260. Available at http://www.ncbi.nlm.nih.gov/pubmed/16421366.

Sax PE, Tierney C, Collier AC, et al. Abacavir-lamivudine versus tenofovir-emtricitabine for initial HIV-1 therapy. N
Engl J Med. 2009;361(23):2230-2240. Available at http://www.ncbi.nlm.nih.gov/pubmed/19952143.

Smith KY, Patel P, Fine D, et al. Randomized, double-blind, placebo-matched, multicenter trial of abacavir/lamivudine
or tenofovir/emtricitabine with lopinavir/ritonavir for initial HIV treatment. AIDS. 2009;23(12):1547-1556. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19542866.

Spaulding A, Rutherford GW, Siegfried N. Tenofovir or zidovudine in three-drug combination therapy with one
nucleoside reverse transcriptase inhibitor and one non-nucleoside reverse transcriptase inhibitor for initial treatment of
HIV infection in antiretroviral-naive individuals. Cochrane Database Syst Rev. 2010(10):CD008740. Available at
http://www.ncbi.nlm.nih.gov/pubmed/20927777.

Gallant JE, Staszewski S, Pozniak AL, et al. Efficacy and safety of tenofovir DF vs stavudine in combination therapy in
antiretroviral-naive patients: a 3-year randomized trial. JAMA. 2004;292(2):191-201. Available at
http://www.ncbi.nlm.nih.gov/pubmed/15249568.

Vigano A, Bedogni G, Manfredini V, et al. Long-term renal safety of tenofovir disoproxil fumarate in vertically HIV-
infected children, adolescents and young adults: a 60-month follow-up study. Clin Drug Investig. 2011;31(6):407-415.
Available at http://www.ncbi.nlm.nih.gov/pubmed/21528939.

Papaleo A, Warszawski J, Salomon R, et al. Increased beta-2 microglobulinuria in human immunodeficiency virus-1-

infected children and adolescents treated with tenofovir. Pediatr Infect Dis J. 2007;26(10):949-951. Available at
http://www.ncbi.nlm.nih.gov/pubmed/17901802.

Riordan A, Judd A, Boyd K, et al. Tenofovir use in human immunodeficiency virus-1-infected children in the United
kingdom and Ireland. Pediatr Infect Dis J. 2009;28(3):204-209. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19209091.

Andiman WA, Chernoff MC, Mitchell C, et al. Incidence of persistent renal dysfunction in human immunodeficiency
virus-infected children: associations with the use of antiretrovirals, and other nephrotoxic medications and risk factors.
Pediatr Infect Dis J. 2009;28(7):619-625. Available at http://www.ncbi.nlm.nih.gov/pubmed/19561425.

Pontrelli G, Cotugno N, Amodio D, et al. Renal function in HIV-infected children and adolescents treated with tenofovir
disoproxil fumarate and protease inhibitors. BMC Infect Dis. 2012;12:18. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22269183.

Van Dyke RB, Wang L, Williams PL, Pediatric ACTGCT. Toxicities associated with dual nucleoside reverse-
transcriptase inhibitor regimens in HIV-infected children. J Infect Dis. 2008;198(11):1599-1608. Available at
http://www.ncbi.nlm.nih.gov/pubmed/19000014.

Stevens RC, Rodman JH, Yong FH, Carey V, Knupp CA, Frenkel LM. Effect of food and pharmacokinetic variability
on didanosine systemic exposure in HIV-infected children. Pediatric AIDS Clinical Trials Group Protocol 144 Study
Team. AIDS Res Hum Retroviruses. 2000;16(5):415-421. Available at http://www.ncbi.nlm.nih.gov/pubmed/10772527.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-25



142.

143.

144.

145.

146.

147.

148.

Dapena M, Jimenez B, Noguera-Julian A, et al. Metabolic disorders in vertically HIV-infected children: future adults at
risk for cardiovascular disease. J Pediatr Endocrinol Metab. 2012;25(5-6):529-535. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22876550.

Alam N, Cortina-Borja M, Goetghebuer T, et al. Body fat abnormality in HIV-infected children and adolescents living
in Europe: prevalence and risk factors. J Acquir Immune Defic Syndr. 2012;59(3):314-324. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22205436.

Jacobson DL, Patel K, Siberry GK, et al. Body fat distribution in perinatally HIV-infected and HIV-exposed but
uninfected children in the era of highly active antiretroviral therapy: outcomes from the Pediatric HIV/AIDS Cohort
Study. Am J Clin Nutr. 2011;94(6):1485-1495. Available at http://www.ncbi.nlm.nih.gov/pubmed/22049166.

Kinabo GD, Sprengers M, Msuya LJ, et al. Prevalence of lipodystrophy in HIV-infected children in Tanzania on highly
active antiretroviral therapy. Pediatr Infect Dis J. 2013;32(1):39-44. Available at
http://www.ncbi.nlm.nih.gov/pubmed/23038217.

Piloya T, Bakeera-Kitaka S, Kekitiinwa A, Kamya MR. Lipodystrophy among HIV-infected children and adolescents on
highly active antiretroviral therapy in Uganda: a cross sectional study. J Int AIDS Soc. 2012;15(2):17427. Available at
http://www.ncbi.nlm.nih.gov/pubmed/22814353.

Innes S, Cotton MF, Haubrich R, et al. High prevalence of lipoatrophy in pre-pubertal South African children on
antiretroviral therapy: a cross-sectional study. BMC Pediatr. 2012;12:183. Available at
http://www.ncbi.nlm.nih.gov/pubmed/23176441.

Musiime V, Kekitiinwa A, et al. CHAPAS 3: A randomised trial comparing stavudine vs zidovudine vs abacavir as
NRTI backbone in NNRTI-based first-line ART in 478 HIV-infected children in Uganda and Zambia. Presented at: 6th
International Workshop on HIV Pediatrics. 2014. Melbourne, Australia.

Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection G-26



What Not to Start: Regimens Not Recommended for Initial Therapy of Antiretroviral-
Naive Children (Last updated April 27, 2015; last reviewed April 27, 2015)

Many additional antiretroviral (ARV) agents and combinations are available; some are not recommended for
initial therapy, although they may be used in treatment-experienced children. This section describes ARV
drugs and drug combinations that are not recommended or for which data are insufficient to recommend use
for initial therapy in ARV-naive children.

Not Recommended

These include drugs and drug combinations that are not recommended for initial therapy in ARV-naive children
because of inferior virologic response, potential serious safety concerns (including potentially overlapping
toxicities), or pharmacologic antagonism. These drugs and drug combinations are listed in Table 10.

Insufficient Data to Recommend

Drugs and drug combinations approved for use in adults that have insufficient, limited, and/or no
pharmacokinetic (PK) or safety data for children cannot be recommended as initial therapy in children.
However, these drugs and drug combinations may be appropriate for consideration in management of
treatment-experienced children (see Management of Children Receiving Antiretroviral Therapy). These
drugs are also listed in Table 10.

Antiretroviral Drugs and Combinations Not Recommended for Initial Therapy

In addition to the regimens listed below, several ARVs—including unboosted atazanavir in adolescents aged
<13 years, nelfinavir and tenofovir disoproxil fumarate (tenofovir) in children aged <2 years, unboosted
darunavir, once-daily dosing of lopinavir/ritonavir, and full-dose ritonavir—are not recommended for use as
initial therapy.

Enfuvirtide-Based Regimens

Enfuvirtide, a fusion inhibitor, is Food and Drug Administration (FDA)-approved for use in combination
with other ARV drugs to treat children aged >6 years who have evidence of HIV replication despite ongoing
combination antiretroviral therapy (cART) (i.e., treatment-experienced children on non-suppressive
regimens). Enfuvirtide is not recommended as initial therapy because the drug must be administered
subcutaneously twice daily and is associated with a high incidence of local injection site reactions (98%).

Fosamprenavir Without Ritonavir Boosting

Fosamprenavir without ritonavir boosting has been studied in children aged >2 years but is not recommended
because the large volume of fosamprenavir oral suspension necessary to administer in the absence of
ritonavir boosting is prohibitive. In addition, low levels of exposure may result in selection of resistance
mutations that are associated with darunavir resistance.

Indinavir-Based Regimens

Although adequate virologic and immunologic responses have been observed with indinavir-based regimens
in adults, the drug is not available in a liquid formulation and high rates of hematuria, sterile leukocyturia,
and nephrolithiasis have been reported in pediatric patients using indinavir.!* The incidence of hematuria and
nephrolithiasis with indinavir therapy may be higher in children than adults."* Therefore, indinavir alone or
with ritonavir boosting is not recommended as initial therapy in children.

Regimens Containing Only Nucleoside Reverse Transcriptase Inhibitors

In adult trials, regimens containing only nucleoside reverse transcriptase inhibitors (NRTIs) have shown less
potent virologic activity when compared with more potent non-nucleoside reverse transcriptase inhibitor
(NNRTI)- or protease inhibitor (PI)-based regimens. These include studies of zidovudine plus abacavir plus
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lamivudine, stavudine plus didanosine plus lamivudine, stavudine plus lamivudine plus abacavir, didanosine
plus stavudine plus abacavir, tenofovir plus abacavir plus lamivudine, and tenofovir plus didanosine plus
lamivudine.>* Data on the efficacy of triple-NRTI regimens for treatment of ARV-naive children are limited; in
small observational studies, response rates of 47% to 50% have been reported.”® In a study of the triple-NRTI
regimen abacavir, lamivudine, and zidovudine in previously treated children, the combination showed evidence
of only modest viral suppression, with only 10% of 102 children maintaining a viral load of <400 copies/mL at
48 weeks of treatment.’ Therefore, regimens containing only NRTIs are not recommended. A possible
exception to this recommendation is the treatment of young children (aged <3 years) with concomitant HIV
infection and tuberculosis for whom a nevirapine-based regimen is not acceptable. For these children, where
treatment choices are limited, the World Health Organization recommends the use of a triple-NRTI regimen.'°

Regimens Containing Three Drug Classes

Data are insufficient to recommend initial regimens containing agents from three drug classes (e.g., NRTI
plus NNRTTI plus PI). Although studies containing three classes of drugs have demonstrated these regimens
to be safe and effective in previously treated HIV-infected children and adolescents, these regimens have not
been studied as initial therapy in treatment-naive children and adolescents and have the potential for inducing
resistance to three drug classes, which could severely limit future treatment options.''"!> Ongoing studies,
however, are investigating three drug classes as treatment in HI V-infected neonates.

Regimens Containing Three NRTIs and an NNRTI

Data are currently insufficient to recommend a regimen of three NRTIs plus an NNRTT in young infants. A recent
review of nine cohorts from 13 European countries suggested superior responses to this four-drug regimen when
compared to boosted PI or three-drug NRTI regimens.'® There has been speculation that poor tolerance and
adherence to a PI-based regimen may account for differences. The ARROW trial conducted in Uganda and
Zimbabwe randomized 1,206 children (median age 6 years) to a standard NNRTI-based three-drug regimen
versus a four-drug regimen (three NRTIs and an NNRTTI). After a 36-week induction period, the children on the
four-drug regimen were continued on a dual NRTI plus NNRTTI or an all NRTI-based regimen. Although early
benefits in CD4 T lymphocyte improvement and virologic control were observed in the four-drug arm, these
benefits were not sustained after de-intensification to the three-NRTI arm.!” Furthermore, after a median of 3.7
years on therapy, children in the initial four-drug arm who changed to an all NRTI-based regimen had
significantly poorer virologic control.!® Based on demonstrated benefits of recommended three-drug regimens and
lack of additional efficacy data on the four-drug regimen, the Panel does not currently recommend this regimen.

Saquinavir with Low-Dose Ritonavir

A saquinavir/ritonavir-based regimen compared with a lopinavir/ritonavir-based regimen demonstrated
comparable virologic and immunologic outcomes when used as initial therapy in treatment-naive adults."
However, saquinavir is not recommended for initial therapy in children because the agent is not available in a
pediatric formulation, and dosing and outcome data on saquinavir use in children are limited.

Stavudine in Combination with Didanosine

The dual-NRTI combination of stavudine/didanosine is not recommended for use as initial therapy because
of greater toxicity when used in combination. In small pediatric studies, stavudine/didanosine demonstrated
virologic efficacy and was well tolerated.?*>> However, in studies in adults, stavudine plus didanosine-based
combination regimens were associated with greater rates of neurotoxicity, pancreatitis, hyperlactatemia and
lactic acidosis, and lipodystrophy than therapies based on zidovudine plus lamivudine.?*?* In addition, cases
of fatal and non-fatal lactic acidosis with pancreatitis/hepatic steatosis have been reported in women
receiving this combination during pregnancy.?*-2

Tipranavir-Based Regimens

This agent has been studied in treatment-experienced children and adults. Tipranavir is a PI licensed for use
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in children aged >2 years. Tipranavir-based regimens are not recommended because higher doses of ritonavir
to boost tipranavir must be used and rare, but serious, cases of intracranial hemorrhage have been reported.

Antiretroviral Drugs and Combinations with Data Insufficient to Recommend for
Initial Therapy in Children

A number of ARV drugs and drug regimens are not recommended for initial therapy in ARV-naive children
or for specific age groups because of insufficient pediatric data. These include the dual-NRTI backbone
combinations abacavir/didanosine, abacavir/tenofovir, and didanosine/tenofovir. In addition, several new
agents appear promising for use in adults but do not have sufficient pediatric PK and safety data to
recommend their use as components of an initial therapeutic regimen in children. These agents include
maraviroc (CCRS antagonist), elvitegravir (integrase strand transfer inhibitor [INSTI]), and etravirine and
rilpivirine (both NNRTIs). In addition, some dosing schedules may not be recommended in certain age
groups based on insufficient data. As new data become available, these agents may be considered as
recommended agents or regimens. These are summarized below and also listed in Table 10.

Darunavir with Low-Dose Ritonavir when Administered Once Daily (for Children Aged >3 to 12 Years)

Data are limited on PK of once-daily darunavir/ritonavir in young children. While modeling studies
identified a once-daily dosing regimen now approved by FDA, the Panel is concerned about the lack of
efficacy data for individuals aged >3 to <12 years treated with once-daily darunavir/ritonavir. Therefore
once-daily dosing for initial therapy is not recommended in this age group. For children aged >3 to <12
years, twice-daily darunavir boosted with ritonavir is an alternate PI regimen. For older children who have
undetectable viral load on twice-daily therapy with darunavir/ritonavir, practitioners can consider changing
to once-daily treatment to enhance ease of use and support adherence if no darunavir-associated resistance
mutations are present.

Dolutegravir for Children Aged <12 Years

Dolutegravir is an INSTI that has recently been approved by FDA for use in children 12 years and older and
weighing at least 40 kg. At this time there is no information about its use in children aged <12 years, but a
clinical trial in treatment-experienced children aged <12 years is under way.

Efavirenz for Children Aged >3 Months to 3 Years

Efavirenz is FDA-approved for use in children as young as 3 months who weigh at least 3.5 kg. Concerns
regarding variable PK of the drug in the very young have resulted in a recommendation to not use efavirenz
in children younger than 3 years at this time (see Efavirenz in Appendix A: Pediatric Antiretroviral Drug
Information). Based on the recommended efavirenz dosage for children younger than 3 years, the IMPAACT
P1070 study estimated the variability in area under the curve (AUC) for efavirenz based on polymorphisms
in cytochrome P (CYP) 2B6 516. The findings suggest that 38% of extensive metabolizers would have
subtherapeutic AUCs and 67% of poor metabolizers would have excessive AUCs based on recommended
dosing.?” Thus, should efavirenz be considered, CYP2B6 genotyping that predicts efavirenz metabolic rate
should be performed, if available. Therapeutic drug monitoring can also be considered.

Elvitegravir-Based Regimens

Elvitegravir is an INSTI available as a tablet and as a fixed-dose combination tablet containing
elvitegravir/cobicistat/emtricitabine/tenofovir. It is FDA-approved for use as cART in HIV-1-infected cART-
naive adults. Elvitegravir tablets must be taken in combination with a low-dose, ritonavir-boosted PI. Neither
formulation is FDA-approved for use in children aged <18 years. A small study (14 participants) of the fixed-
dose combination tablet containing elvitegravir/cobicistat/emtricitabine/tenofovir in treatment-naive children
and adolescents, aged 12 to 17 years, has reported PK, tolerability, and virologic efficacy at 24 weeks. The
therapy was well tolerated and all participants taking the cART at 24 weeks had viral loads less than 400
copies/mL; 11 had viral loads less than 50 copies/mL. Steady state exposure was similar to that observed in
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adults, as were small increases in serum creatinine without evidence of nephrotoxicity. These data suggest
that elvitegravir/cobicistat/emtricitabine/tenofovir is efficacious in children and adolescents aged 12 to 18
years, but evidence is insufficient for this regimen to be recommended as initial therapy for treatment-naive
children and adolescents in this age group.

Etravirine-Based Regimens

Etravirine is an NNRTI that has been studied in treatment-experienced children 6 years and older.?®% It is
associated with multiple interactions with other ARVs, including tipranavir/ritonavir, fosamprenavir/ritonavir,
atazanavir/ritonavir, and unboosted Pls, and must be administered twice daily. Studies in treatment-experienced
younger children are under way. It is unlikely that etravirine will be studied in treatment-naive children.

Rilpivirine-Based Regimens

Rilpivirine is currently available both as a single-agent formulation and a once-daily, fixed-dose combination
tablet containing emtricitabine and tenofovir. A recent study of rilpivirine, 25 mg daily in combination with
two NRTIs in treatment-naive adolescents aged 12 to 18 years, demonstrated that the regimen was well-
tolerated over 24 weeks. Among adolescents with baseline viral loads <100,000 copies/mL, 86% had a
virologic response.*’ In adult studies, reduced viral suppression was observed in patients with initial HIV
RNA >100,000 copies/mL; similar reduced response was also observed in the pediatric study. In adults,
rilpivirine is recommended only if HIV RNA is <100,000 copies/mL; it is not recommended as initial
therapy for treatment-naive children and adolescents, and if used in older children and adolescents (aged >12
years) it should only be used if HIV RNA is <100,000 copies/mL.

Maraviroc-Based Regimens

Maraviroc is an entry inhibitor that has been used infrequently in children. A dose-finding study in treatment-
experienced children aged 2 to 18 years is enrolling patients in four age cohorts using both liquid and tablet
formulations. Initial dose is based on body surface area and scaled from recommended adult dosage. Dose
adjustments were required in patients not receiving a potent CYP450 3A4 inhibitor or inducer.>! The drug
has multiple drug interactions and must be administered twice daily. In addition, tropism assays must be
performed prior to use to ensure the presence of only CCR5-tropic virus.

Antiretroviral Drug Regimens that Should Never Be Recommended

Several ARV drugs and drug regimens should never be recommended for use in therapy of children or adults.
These are summarized in Table 11. Clinicians should be aware of the components of fixed-drug combinations
so that patients do not inadvertently receive a double dose of a drug contained in such a combination.

Table 10. ART Regimens or Components Not Recommended for Initial Treatment of HIV Infection in
Children (page 1 of 2)

Regimen or ARV Component Rationale for Being Not Recommended
Unboosted ATV-containing regimens in children aged <13 years and/or Reduced exposure
weight <39 kg
DRV-based regimens once daily in children =3 to 12 years Insufficient data to recommend
Unboosted DRV Use without ritonavir has not been studied.
Dual (full-dose) PI regimens Insufficient data to recommend
Dual NRTI combination of ABC plus ddl Insufficient data to recommend
Dual NRTI combination of ABC plus TDF Insufficient data to recommend
Dual NRTI combination of d4T plus ddl Significant toxicities
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Table 10. ART Regimens or Components Not Recommended for Initial Treatment of HIV Infection in

Children (page 2 of 2)

Regimen or ARV Component

Rationale for Being Not Recommended

Dual NRTI combination of TDF plus ddI

Increase in concentrations; high rate of virologic failure

DTG-based regimens for children <12 years or body weight <40kg

Insufficient data to recommend

EFV-based regimens for children aged <3 years

Appropriate dose not determined

T20-containing regimens

Insufficient data to recommend
Injectable preparation

ETR-based regimens

Insufficient data to recommend

EVG-based regimens

Insufficient data to recommend

FPV without RTV boosting

Reduced exposure
Medication burden

IDV-based regimens

Renal toxicities

LPV/r dosed once daily

Reduced drug exposure

MVC-based regimens

Insufficient data to recommend

NFV-containing regimens for children aged <2 years

Appropriate dose not determined

Regimens containing only NRTIs

Inferior virologic efficacy

Regimens containing three drug classes

Insufficient data to recommend

Full-dose RTV or use of RTV as the sole PI

Gl intolerance
Metabolic toxicity

Regimens containing three NRTIs and an NNRTI

Insufficient data to recommend

RPV-based regimens

Insufficient data to recommend

SQV-based regimens

Limited dosing and outcome data burden

TDF-containing regimens in children aged <2 years

Potential bone toxicity
Appropriate dose has yet to be determined.

TPV-based regimens

Increased dose of RTV for boosting
Reported cases of intracranial hemorrhage

Key to Abbreviations: ABC = abacavir; ARV = antiretroviral; ATV = atazanavir; d4T = stavudine; ddl = didanosine; DRV = darunavir; EFV =
efavirenz; ETR = etravirine; EVG = elvitegravir; FPV = fosamprenavir; Gl = gastrointestinal; IDV = indinavir; LPV/r = ritonavir-boosted
lopinavir; MVC = maraviroc; NFV = nelfinavir; NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI = nucleoside reverse
transcriptase inhibitor; Pl = protease inhibitor; RPV = rilpivirine; RTV = ritonavir; SQV = saquinavir; T20 = enfuvirtide; TDF = tenofovir

disoproxil fumarate; TPV = tipranavir
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Table 11. ART Regimens or Components that Should Never Be Recommended for Treatment of HIV

Infection in Children

ART Regimens Never Recommended for Children

« Inferior antiviral activity compared with
combination including =3 ARV drugs

» Monotherapy “holding” regimens
associated with more rapid CD4 decline
compared to non-suppressive CART

Regimen Rationale Exceptions
One ARV drug alone * Rapid development of resistance * HIV-exposed infants (with negative viral testing)
(monotherapy) during 6-week period of prophylaxis to prevent

perinatal transmission of HIV

Two NRTIs alone

* Rapid development of resistance

* Inferior antiviral activity compared with
combination including =3 ARV drugs

* Not recommended for initial therapy

* For patients currently on 2 NRTIs alone who achieve
virologic goals, some clinicians may opt to continue
this treatment.

TDF plus ABC plus (3TC or FTC)
as a triple-NRTI regimen

* High rate of early viral failure when this
triple-NRTI regimen was used as initial
therapy in treatment-naive adults

* No exceptions

TDF plus ddI plus (3TC or FTC)
as a triple-NRTI regimen

* High rate of early viral failure when this
triple-NRTI regimen was used as initial
therapy in treatment-naive adults

* No exceptions

ARV Components Never Recommended as Part of an ARV Regimen for Children
Regimen Rationale Exceptions
ATV plus IDV « Potential additive hyperbilirubinemia * No exceptions

Dual-NNRTI combinations

* Enhanced toxicity

* No exceptions

Dual-NRTI Combinations:
* 3TC plus FTC

« d4T plus ZDV

* Similar resistance profile and no
additive benefit

* Antagonistic effect on HIV

* No exceptions

¢ No exceptions

EFV in first trimester of
pregnancy or for sexually active
adolescent girls of childbearing
potential when reliable
contraception cannot be
ensured

« Potential for teratogenicity

¢ \When no other ARV option is available and potential
benefits outweigh risks

NVP as initial therapy in
adolescent girls with CD4 count
>250 cells/mm? or adolescent
boys with CD4 count >400 cells/
mm3

e Increased incidence of symptomatic
(including serious and potentially fatal)
hepatic events in these patient groups

* Only if benefit clearly outweighs risk

Unboosted SQV, DRV, or TPV

* Poor oral bioavailability

* Inferior virologic activity compared with
other Pls

* No exceptions

Key to Abbreviations: 3TC = lamivudine; ABC = abacavir; ARV = antiretroviral; ATV = atazanavir; CART = combination antiretroviral
therapy; CD4 = CD4 T lymphocyte; d4T = stavudine; ddl = didanosine; DRV = darunavir; EFV = efavirenz; FTC = emtricitabine; IDV =
indinavir; NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine;
Pl = protease inhibitor; SQV = saquinavir; TDF = tenofovir disoproxil fumarate; TPV = tipranavir; ZDV = zidovudine
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Specific Issues in Antiretroviral Therapy for Neonates (Last updated
March 5, 2015; last reviewed March 5, 2015)

Existing pharmacokinetic (PK) and safety data are insufficient for the recommendation of a complete
combination antiretroviral therapy (cART) regimen to treat preterm infants and term infants younger than 15
days (until 42 weeks postmenstrual age).

Until recently, neonatal antiretroviral (ARV) regimens were designed for prophylaxis of perinatal HIV
transmission and to be as simple as possible for practical use in resource-poor countries. There was little
reason to develop ARV regimens for treatment of neonates, as the long turnaround times to receive HIV
nucleic acid testing (NAT) results meant that neonatal infections were generally not diagnosed in the first
weeks of life. However, because HIV NAT test results now often are available within a few days, HIV-
infected infants are being diagnosed as early as the first days of life. In addition, the recent case of prolonged
remission of HIV infection in an infant from Mississippi has led to discussions about strategies to achieve
prolonged virologic suppression of in utero HIV infection with early intensive ARV treatment and
subsequent treatment interruption.' This interest must be tempered by:

» Lack of evidence that very early treatment (before age 2 weeks) will produce a prolonged remission or
lead to better outcomes in infected infants

» The very limited dosing and safety data for ARV drugs in the newborn period

* The potential for toxicity from ARV agents.

Sufficient data exist to provide dosing recommendations appropriate for the treatment of HIV infection in

neonates using the following medications:

* From birth in term and preterm infants: zidovudine

*  From birth in term neonates: lamivudine, emtricitabine, and stavudine

» From age 2 weeks in term neonates: didanosine, nevirapine, and lopinavir/ritonavir

For all other ARV drugs, PK and safety data are insufficient to allow recommendations for safe doses
appropriate for use in HIV infected neonates.

Data are insufficient on which to base a firm recommendation for treatment doses of nevirapine in newborn
infants. Nevirapine PK data in neonates come from studies designed to identify doses appropriate for
prophylaxis, not treatment, of HIV infection. The target plasma trough concentration in nevirapine perinatal
prophylaxis studies was 0.1 microgram/mL, which would be inadequate for sustained therapeutic effect in an
HIV infected individual.>* No neonatal PK data exist for regimens designed to achieve the suggested
therapeutic plasma target trough concentration of 3.0 microgram/mL.* A population analysis of nevirapine
PK data collected during the first year of life combining both prevention and treatment studies demonstrated
that nevirapine clearance is low immediately after birth and increases dramatically over the first months of
life.> Simulations derived from this model suggest that 6 mg/kg of nevirapine administered twice daily to
full-term infants in the first 4 weeks of life will maintain trough concentrations above 3.0 microgram/mL.
This dose will be studied in the IMPAACT P1115 clinical trial.

The experience with lopinavir\ritonavir in neonates highlights the risk of using ARVs in neonates without
neonatal PK and safety data. Life-threatening cardiovascular, renal, and central nervous system toxicity have
been reported in 10 infants (8 preterm, 2 term) receiving lopinavir\ritonavir oral solution during the first
weeks of life. These toxicities included bradycardia, complete atrioventricular block, heart failure, renal
failure, respiratory failure, metabolic acidosis, hypotonia and central nervous system depression, and one
infant died of cardiogenic shock.® Lopinavir\ritonavir oral solution contains ethanol (42.4% w/v) and
propylene glycol (15.3% w/v), and the contributions of lopinavir, ritonavir, ethanol, and propylene glycol
exposure to the observed toxicities are not clear. While a small study of trough lopinavir plasma
concentrations in premature infants and a larger-population PK study in infants including neonates provide
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some preliminary PK data, they are insufficient to currently allow a recommendation for safe and effective
ritonavir-boosted lopinavir dosing immediately following birth.”® The Food and Drug Administration
recommends against the use of lopinavir\ritonavir oral solution in premature infants until 14 days after their
due date, or in full-term infants younger than 42 weeks postmenstrual age.®

While there is considerable interest in the use of integrase inhibitors in neonates, data are lacking to
formulate a safe dosing recommendation in neonates. Neonatal washout elimination of raltegravir that
crossed the placenta after maternal administration is highly variable, with a half-life ranging from 9.3 to 184
hours over the first days of life.’ As raltegravir competes with bilirubin for protein binding and for
elimination through glucuronidation, increased plasma raltegravir concentrations may lead to increased
plasma concentrations of free unconjugated bilirubin, posing the risk of bilirubin encephalopathy and
kernicterus, particularly in preterm infants who have decreased bilirubin elimination, decreased albumin
binding capacity and an immature blood-brain barrier.!® Use of the recently approved oral granule raltegravir
formulation in neonates should be avoided until adequate neonatal PK and safety data are available.

Current recommendations for ARV prophylaxis for prevention of perinatal HIV transmission in high-risk
infants in the United States (e.g., limited prenatal maternal ARV therapy, high maternal viral load) are for use
of zidovudine and nevirapine dosed according to the NICHD-HPTN 040 regimen.'"'? The nevirapine
regimen used in NICHD-HPTN 040 was designed to maintain nevirapine concentrations above 0.1
microgram /mL, the drug concentration target used in studies of prevention of HIV transmission, not the 3.0
microgram /mL target used in treatment of HIV-infected individuals.'® In this study, both 2- and 3-drug
combination regimens were superior to zidovudine prophylaxis alone to prevent intrapartum transmission;
however, there was no incremental benefit of the 3-drug regimen (lamivudine and nelfinavir for 2 weeks plus
zidovudine for 6 weeks) compared to the 2-drug regimen (3 doses of nevirapine in the first week of life plus
6 weeks of zidovudine) in prevention of perinatal transmission. The three-drug regimen had significantly
more hematologic toxicity and the powder nelfinavir formulation is no longer commercially available.

Despite these data, combination treatment of infants at high risk of HIV infection before diagnostic test
results indicating infection are available has been increasing. The European Pregnancy and Paediatric HIV
Cohort Collaboration (EPPICC) has pooled data from 5,285 mother-infant pairs considered at high risk of
perinatal transmission (no antepartum maternal treatment or detectable maternal viremia despite treatment)
included in eight European cohorts and evaluated the use of combination prophylaxis. Among the 1,105
infants receiving combination prophylaxis, 13.5% received zidovudine plus lamivudine, 22.7% received
zidovudine plus single-dose nevirapine, 55.8% received zidovudine plus single-dose nevirapine plus
lamivudine, and 4.4% received a regimen including a protease inhibitor. In these observational cohorts, there
was no difference in infant infection rates between one drug and combination prophylactic regimens.'* As
discussed above, the data necessary for safe and appropriate neonatal dosing of all components of a three-
drug ARV regimen for treatment of HIV infection are not currently available.

The risks associated with use of a three-drug ARV regimen in neonates as well as the potential benefits,
including the possibility of prolonged remission in infected neonates, require further study before a general
recommendation can be made. The Panel recommends that neonatal care providers, who are considering a 3-
drug ARV treatment regimen of term infants younger than 2 weeks or premature infants, contact a pediatric
HIV expert for guidance and individual case assessment of the risk/benefit ratio of treatment and for the
latest information on neonatal drug doses. Providers may contact a local pediatric HIV expert or the National
Perinatal HIV Hotline (1-888-448-8765), which provides free clinical consultation on perinatal HIV care.
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Specific Issues in Antiretroviral Therapy for HIV-Infected
Adolescents (Last updated March 5, 2015; last reviewed March 5, 2015)

Panel’s Recommendations

¢ Combination antiretroviral therapy regimens must be individually tailored to the adolescent (Alll).

* Reproductive options including preconception care, contraception methods, and safer sex techniques for prevention of
secondary HIV transmission to sexual partners should be discussed regularly (Al).

* Adolescents who are considering a planned pregnancy should be receiving a maximally suppressive combination antiretroviral
therapy regimen (All).

¢ Providers should be aware of potential interactions between combination antiretroviral therapy and hormonal contraceptives that
could lower contraceptive efficacy (All*).

¢ Pediatric and adolescent care providers should prepare adolescents for the transition into adult care settings (Alll).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in children’ with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in children with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; /Il = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Background

Most children who acquired HIV infection through perinatal transmission in the United States are adolescents
or young adults. They generally have had a long clinical course and extensive history of treatment with
combination antiretroviral therapy (cART).! Adolescents with non-perinatally acquired HIV infection generally
follow a clinical course similar to that in adults; early intervention with cART should be considered for them.?

Dosing of Antiretroviral Therapy for HIV-Infected Adolescents

Puberty is a time of somatic growth and sexual maturation, with females developing more body fat and males
more muscle mass. These physiologic changes may affect drug pharmacokinetics (PK), which is especially
important for drugs with a narrow therapeutic index that are used in combination with protein-bound medicines
or hepatic enzyme inducers or inhibitors.

In addition, many antiretroviral (ARV) drugs (e.g., abacavir, emtricitabine, lamivudine, tenofovir disoproxil
fumarate [tenofovir], and some protease inhibitors [PIs]) are administered to children at higher weight- or
surface area-based doses than would be predicted by direct extrapolation of adult doses. This is based upon
reported PK data indicating more rapid drug clearance in children. Data suggesting optimal doses for every
ARV drug in adolescents are not available although Appendix A: Pediatric Antiretroviral Drug Information
includes a discussion of data relevant to adolescents for individual drugs and notes the age listed on the drug
label for adult dosing.

Adolescent Contraception, Pregnancy, and Antiretroviral Therapy

HIV-infected adolescents may be sexually active and usually initiate activity during or after puberty.
Reproductive health options including preconception care, contraception methods, and safer sex techniques for
prevention of secondary HIV transmission should be discussed with them regularly (see U.S. Medical
Eligibility Criteria for Contraceptive Use).* For additional information please see the Perinatal Guidelines
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section entitled—Reproductive Options for HIV-Concordant and Serodiscordant Couples.’

The possibility of planned and unplanned pregnancy should also be considered when selecting a cART regimen
for an adolescent female. The most vulnerable period in fetal organogenesis is the first trimester, often before
pregnancy is recognized. Concerns about specific ARV drugs and birth defects should be promptly addressed to
preclude any misinterpretation or lack of adherence by HIV-infected pregnant adolescents (for additional
information please see the Perinatal Guidelines).’ Currently efavirenz is the only approved ARV drug that
carries Food and Drug Administration Pregnancy Class D labeling, based on neural tube defects in primates.
However, a recent updated meta-analysis found no increased risk of teratogenicity associated with first-
trimester efavirenz exposure. This review contributed to the evidence base for the revised 2013 World Health
Organization (WHO) guidelines on ARV therapy; WHO recommends including efavirenz as part of first-line
therapy in adults regardless of gender, and indicates that it can be used throughout pregnancy, including during
the first trimester. However, because of the low incidence of central nervous system anomalies in the overall
population and relatively small number of exposures in the current literature, continued surveillance of birth
outcomes is warranted.® Although increasing data on the use of efavirenz in pregnancy are reassuring, many
experts remain reluctant to consider use of efavirenz in adolescent females who are trying to conceive or who
are not using effective birth control. Readers should consult the Recommendations for Use of Antiretroviral
Drugs in Pregnant HIV-1-Infected Women for Maternal Health and Interventions to Reduce Perinatal HIV
Transmission in the United States for guidance in selection of ARV drugs during pregnancy.

Contraceptive-Antiretroviral Drug Interactions

Several PI and non-nucleoside reverse transcriptase inhibitor drugs alter metabolism of oral contraceptives,
resulting in possible decreases in ethinyl estradiol or increases in estradiol or norethindrone levels (see the
Adult and Adolescent Antiretroviral Guidelines and http://www.hiv-druginteractions.org).” These changes
may decrease the effectiveness of the oral contraceptives or potentially increase the risk of estrogen- or
progestin-related adverse effects. Some newer agents, such as integrase inhibitors (specifically raltegravir),
appear to have no interaction with estrogen-based contraceptives.'” Providers should be aware of these drug
interactions and consider alternative or additional contraceptive methods for patients receiving cART. For more
information about potential interactions between ARVs and hormonal contraceptives please see Table 3 in the
Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-1-Infected Women for Maternal Health and
Interventions to Reduce Perinatal HIV Transmission in the United States located at
http://aidsinfo.nih.gov/guidelines/html/3/perinatal-guidelines/152/overview.

Whether interactions with cART would compromise the contraceptive effectiveness of progestin-only
injectable contraceptives (such as depot medroxyprogesterone acetate [DMPA]) is unknown because these
methods produce higher blood hormone levels than other progestogen-only oral contraceptives and combined
oral contraceptives. In one study, the efficacy of DMPA was not altered in women receiving concomitant
nelfinavir-, efavirenz-, or nevirapine-based treatment, with no evidence of ovulation during concomitant
administration for 3 months, no additional adverse effects, and no clinically significant changes in ARV drug
levels.'!? At this time, concerns about loss of bone mineral density (BMD) with long-term use of DMPA with
or without cART (specifically tenofovir)'* should not preclude use of DMPA as an effective contraceptive,
unless there is clinical evidence of bone fragility. However, more active monitoring of BMD in young women
on DMPA may need to be considered.!* Minimal information exists about drug interactions with use of newer
methods of hormonal contraception (e.g., the patch and vaginal ring).'"* HIV-infected women can use all
available contraceptive methods, including the transdermal patch and vaginal ring.* Adolescents who want to
become pregnant should be referred for preconception counseling and care, including discussion of special
considerations for use of cART during pregnancy (see the Perinatal Guidelines).’

HIV-Infected Pregnant Adolescents and Outcomes

Pregnancy should not preclude the use of optimal therapeutic regimens. However, because of considerations
related to prevention of perinatal transmission and maternal and fetal safety, timing of initiation of treatment
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and selection of regimens may be different for pregnant women than for nonpregnant women. Details regarding
choice of cART regimen in pregnant HIV-infected women, including adolescents, are provided in the Perinatal
Guidelines.® Although information is limited about the pregnancies of adolescents who were HIV-infected
perinatally, perinatal HIV transmission outcomes in this population appear similar to those in adult cohorts;
however, there may be differences in pregnancy-related morbidities. Kenny et al'® reported pregnancy
outcomes from the United Kingdom and Ireland in a group of 30 adolescents who were perinatally HI'V-
infected or who acquired HIV infection at a young age. Few of these pregnancies were planned and in many
cases, the partner was unaware of the mother’s HIV status. Rates of elective termination, miscarriage, and
prematurity were high. The rate of prematurity was twice that in the general adolescent population of Europe.
Many of the women had an AIDS diagnosis before pregnancy, but only one infant was HIV-infected. Although
the rate of perinatal transmission is reassuring, this study highlights some of the major challenges in caring for
pregnant, perinatally HIV-infected youth.

15-18

Comparisons of pregnancy incidence and outcomes between perinatally infected and non-perinatally infected
youth are few and may offer special insight into the effects of prolonged HIV infection on pregnancy-related
sequelae. Agwu et al*® retrospectively evaluated pregnancies at four clinics. Non-perinatally infected youth
were more likely to have one or more pregnancies despite similar age at first pregnancy between groups. They
also appeared to have more premature births and spontaneous abortions, but that is tempered by the fact that
the perinatally infected youth were more likely to have an elective termination. The perinatal transmission rate
for the entire cohort was 1.5%. Similar results were found in several other studies.?'*> However, in a single-
center review of perinatal versus non-perinatal birth outcomes, infants born to women who were perinatally
infected with HIV were more likely to be small for gestational age.”* Recently Badell and colleagues noted that
20 perinatally infected pregnant women were significantly more likely to be younger, have a detectable viral
load, and have HIV-genotypic resistance compared to 80 non-perinatally infected pregnant women. The median
gestational age at delivery and rates of obstetrical and neonatal complications were similar between the groups.
There was one case of perinatal transmission in an infant born to a perinatally infected mother versus two
transmission events in offspring of the mothers who were not perinatally infected.?*

Transition of Adolescents into Adult HIV Care Settings

Facilitating a smooth transition of adolescents with chronic health conditions from their pediatric/adolescent
medical home to adult care can be difficult and is especially challenging for those who are HIV-infected.
Transition is described as “a multifaceted, active process that attends to the medical, psychosocial, and
educational or vocational needs of adolescents as they move from the child-focused to the adult-focused health-
care system.”” Care models for children and adolescents with perinatally acquired HIV tend to be
family-centered, consisting of a multidisciplinary team that often includes pediatric or adolescent physicians,
nurses, social workers, and mental health professionals. These providers generally have long-standing
relationships with patients and their families, and care is rendered in discreet, more intimate settings. Although
expert care is also provided under the adult HIV care medical model, an adolescent may be unfamiliar with the
more individual-centered, busier clinics typical of adult medical providers and uncomfortable with providers
with whom they, in many cases, do not have a long-standing relationship. Providing an adolescent and an adult
medical care provider with support and guidance regarding expectations for each partner in the patient-provider
relationship may be helpful. In this situation, it may also be helpful for a pediatric and an adult provider to
share joint care of a patient for a period of time. Providers should also have a candid discussion with a
transitioning adolescent to understand what qualities the adolescent considers most important in an adult care
setting (e.g., confidentiality, small clinic size, after-school appointments). Pediatric and adolescent providers
should have a formal plan in place to transition adolescents to adult care. Some general guidelines about
transitional plans and who might benefit most from them are available.?5-

Outcomes are variable in young adult patients transitioned to adult care. Definitions of “successful transition”
have ranged from the ability to maintain a certain level of follow-up in the new clinic, to laboratory measures
of stability, to comparisons of younger and older adult patients.’® Factors that should be taken into
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consideration during transition include social determinants such as developmental status, behavioral/mental
health issues, housing, family support, employment, recent discharge from foster care, peer pressure, illicit
drug use, and incarceration. Psychiatric comorbidities and their effective management predict adherence to
medical care and therapy.’*¢ Currently there is no definitive model of transition to adult HIV care and only
limited reports about outcomes following transition. One such article from the United Kingdom suggests a
higher mortality risk after transition.*
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Adherence to Antiretroviral Therapy in HIV-Infected Children and
Adolescents (Last updated March 5, 2015; last reviewed March 5, 2015)

Panel’s Recommendations

o Strategies to maximize adherence should be discussed before initiation of combination antiretroviral therapy and again before
changing regimens (Alll).

¢ Adherence to therapy must be assessed and promoted at each visit, along with continued exploration of strategies to maintain
and/or improve adherence (Alll).

e At least one method of measuring adherence to combination antiretroviral therapy should be used in addition to monitoring viral
load (All).

* When feasible, a once-daily antiretroviral regimen should be considered (BI*).

* To improve and support adherence, providers should maintain a nonjudgmental attitude, establish trust with patients/caregivers,
and identify mutually acceptable goals for care (All*).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: | = One or more randomized trials in childrent with clinical outcomes and/or validated endpoints; 1* = One or
more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; /1l = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Background

Adherence to combination antiretroviral therapy (cART) is a principal determinant of virologic suppression. '™
Prospective adult and pediatric studies have established a direct correlation between risk of virologic failure
and the proportion of missed doses of antiretroviral (ARV) drugs.* Based on early work in HIV-infected
adults treated with unboosted protease inhibitor-based regimens, >95% adherence has been the threshold
associated with complete viral suppression. More recent studies from adult populations suggest that the
relationship between ARV adherence and viral suppression may vary with individual drug, drug class, and
pattern of adherence.’ Viral suppression may be achieved with lower levels of adherence to boosted PI and
non-nucleoside reverse transcriptase inhibitor regimens.>® In patients who achieve virologic suppression, the
degree of adherence needed to prevent viral rebound appears to decrease over time.” Different patterns of
inadequate adherence (e.g., intermittent missed doses, treatment interruptions) may have a differential impact
on regimen efficacy, depending on the drug combination.’

Poor adherence will result in sub-therapeutic plasma ARV drug concentrations, facilitating development of
drug resistance to one or more drugs in a given regimen, and possibly cross-resistance to other drugs in the
same class. Multiple factors (including regimen potency, pharmacokinetics, drug interactions, viral fitness,
and the genetic barrier to ARV resistance) influence the adherence-resistance relationship.!” In addition to
compromising the efficacy of the current regimen, suboptimal adherence has implications for limiting future
effective drug regimens in patients who develop multidrug-resistant HIV and for increasing the risk of
secondary transmission.

Poor adherence to ARVs is commonly encountered in the treatment of HIV-infected children and
adolescents. Multiple studies have reported that fewer than 50% of children and/or caretakers reported full
adherence to prescribed regimens. Rates of adherence varied with method of ascertainment (e.g., parent/child
report, pharmacy records), ARV regimens, and study characteristics.>*!!"1> A variety of factors—including
medication formulation, frequency of dosing, child’s age, and psychosocial and behavioral characteristics of
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children and parents—have been associated with adherence; however, no consistent predictors of either good
or poor adherence in children have been consistently identified.!*!> Furthermore, several studies have
demonstrated that adherence is not static and can vary with time on treatment.'® These findings illustrate the
difficulty of maintaining high levels of adherence and underscore the need to work in partnership with
families to ensure that adherence education, support, and assessment are integral components of care.

Specific Adherence Issues in Children

Adherence is a complex health behavior that is influenced by the regimen, patient and family factors, and
characteristics of health care providers.'* The limited availability of palatable formulations for young
children is especially problematic.* Furthermore, infants and children are dependent on others for
administration of medication; thus, assessment of the capacity for adherence to a complex, multidrug
regimen requires evaluation of the caregivers and their environments, as well as the ability and willingness of
a child to take the drug. Barriers faced by adult caregivers that can contribute to non-adherence in children
include forgetting doses, changes in routine, being too busy, and child refusal.!”'® Some caregivers may place
too much responsibility for managing medications on older children before they are developmentally able to
undertake such tasks,!” whereas others themselves face health and adherence challenges related to HIV
infection, substance use, or other medical conditions. Other barriers to adherence include caregivers’
unwillingness to disclose HIV infection status to the child and/or others, reluctance of caregivers to fill
prescriptions locally, hiding or relabeling of medications to maintain secrecy within the household,
avoidance of social support, and a tendency for doses to be missed if the parent is unavailable. Adherence
may also be jeopardized by social issues within a family (e.g., substance abuse, unstable housing, and
involvement with the criminal justice system).

Specific Adherence Issues in Adolescents

HIV-infected adolescents also face specific adherence challenges. Several studies have identified both pill
burden and lifestyle issues (i.e., not having medications on hand when away from home, change in schedule)
as significant barriers to effective adherence.?’ Denial and fear of their HIV infection are common in
adolescents, especially youth who have been recently diagnosed; this may lead to refusal to initiate or
continue cART. Distrust of health care workers, misinformation about HIV, and lack of knowledge about the
availability and effectiveness of ARV treatments can also be barriers to linking adolescents to care, retaining
them in care, and maintaining them on successful cART.

Perinatally infected youth are familiar with the challenges of taking complex drug regimens and with the
routine of chronic medical care; nevertheless, they often have long histories of inadequate adherence.
Regimen fatigue also has been identified as a barrier to adherence in adolescents.?! HIV-infected adolescents
often have low self-esteem, unstructured and chaotic lifestyles, concomitant mental illnesses, and cope
poorly with their illness. Depression, alcohol or substance abuse, poor school attendance, psychiatric
disorders and advanced HIV disease have been associated with non-adherence.? A review of published
papers on adherence among HIV-infected youth suggests that depression and anxiety are consistently
associated with poorer adherence.?”> Adherence to complex regimens is particularly challenging at a time of
life when adolescents do not want to be different from their peers. Further difficulties include adolescents
who live with parents or partners to whom they have not yet disclosed their HIV status and youth who are
homeless and have no place to store medicine. When recommending treatment regimens for adolescents,
clinicians must balance the goal of prescribing a maximally potent ARV regimen with a realistic assessment
of existing and potential support systems to facilitate adherence.

Adherence Assessment and Monitoring

The process of adherence preparation and assessment should begin before therapy is initiated or changed. A
routine adherence assessment should be incorporated into every clinic visit. A comprehensive assessment
should be instituted for all children in whom cART initiation or change is considered. Evaluations should
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include nursing, social, and behavioral assessments of factors that may influence adherence by children and
their families and can be used to identify individual needs for intervention. Specific, open-ended questions
should be used to elicit information about past experience as well as concerns and expectations about
treatment. When assessing readiness and preparing to begin treatment, it is important to obtain a patient’s
explicit agreement with the treatment plan, including strategies to support adherence. It is also important to
alert patients to minor adverse effects of ARVs, such as nausea, headaches, and abdominal discomfort that
may recede over time or respond to change in diet or timing of medication administration.

Adherence is difficult to assess accurately; different methods of assessment have yielded different results and
each approach has limitations.'>?** Patients, caregivers, and health care providers often overestimate
adherence although infected youth and caregivers report similar rates of adherence.” Use of multiple methods
to assess adherence is recommended.?** Viral load monitoring is useful in identifying patients who require
enhanced adherence support.?’ The viral load response to a new regimen is often the most accurate indication
of adherence if the virus is susceptible to the regimen and the medication doses are appropriate. Other measures
include quantitative self report of missed doses by caregivers and children or adolescents (i.e., focusing on
missed doses during a recent 3-day or 1-week period), descriptions of the medication regimens, and reports of
barriers to administration of medications. Caregivers may report number of doses taken more accurately than
doses missed.”® Targeted questions about stress, pill burden, and daily routine are recommended. Pharmacy
refill checks and pill counts can identify adherence problems not evident from self-reports.?’ Electronic
monitoring devices (e.g., Medication Event Monitoring System [MEMS] caps) which are equipped with a
computer chip that records each opening of a medication bottle are primarily used in research studies, but have
been shown to be useful tools to measure adherence in some settings. Mobile phone technologies (e.g.,
interactive voice response, SMS text messaging) are being evaluated to quantify missed doses and provide real-
time feedback on adherence to caregivers, but studies in the pediatric population are in the pilot phase.’*3!
Home visits can play an important role in assessing adherence. In some cases, suspected non-adherence is
confirmed only when dramatic clinical responses to cART occur during hospitalizations or in other supervised
settings. Preliminary studies suggest that monitoring plasma ARV concentrations or therapeutic drug
monitoring may be useful measures in situations where non-adherence is suspected. Drug concentrations in
hair are currently being studied as an alternative method to measure adherence.’>3

Adherence can change over time. An adolescent who was able to strictly adhere to treatment upon initiation
of a regimen may not be able to maintain complete adherence over time. A nonjudgmental attitude and
trusting relationship foster open communication and facilitate assessment. To obtain information on
adherence in older children, it is often helpful to ask both HIV-infected children and their caregivers about
missed doses and problems. Their reports may differ significantly; therefore, clinical judgment is required to
best interpret adherence information obtained from the multiple sources.?

Strategies to Improve and Support Adherence

Intensive follow-up is required, particularly during the first few months after therapy is initiated. This is
particularly important if treatment must be started urgently. If there are particular concerns about adherence,
patients should be seen and/or contacted by phone (voice mail and text messaging) or email frequently—as
often as weekly during the first month of treatment—to assess adherence and determine the need for
strategies to improve and support adherence.

Strategies include the development of patient-focused treatment plans to accommodate specific patient
needs, integration of medication administration into the daily routines of life (e.g., associating medication
administration with daily activities such as brushing teeth), and use of social and community support
services. Multifaceted approaches that include regimen-related strategies; educational, behavioral, and
supportive strategies focused on children and families; and strategies that focus on health care providers—
rather than one specific intervention—may be most effective.!*¥-3¢ Programs designed for administration of
directly observed combination therapy to adults, in either the clinic or at home, have demonstrated successful
results in both the United States and in international, resource-poor settings.?”*® Modified directly observed
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therapy (m-DOT), where one dose is administered in a supervised setting and the remaining doses are self-
administered, appears to be both feasible and acceptable.*>*° However, a recent meta-analysis of 10
randomized clinical trials evaluating DOT to promote adherence in adults found that it was no more effective
than self-administered treatment.*’ In another meta-analysis of DOT studies, DOT was found to have a
demonstrated effect on virologic, immunologic, and adherence outcomes, but efficacy of the strategy was not
supported when the analysis was restricted to randomized controlled trials.*! Table 12 summarizes some of
the strategies that can be used to support and improve adherence to ARV medications. The Centers for
Disease Control and Prevention offers a web-based toolkit (consisting of four evidence-based HIV
medication adherence strategies) to HIV care providers.*?

Regimen-Related Strategies

ARV regimens for children often require the administration of large numbers of pills or unpalatable liquids,
each with potential adverse effects and drug interactions, in multiple daily doses. To the extent possible,
regimens should be simplified with respect to the number of pills or volume of liquid prescribed, as well as
frequency of therapy, and chosen to minimize drug interactions and adverse effects.* When non-adherence
occurs, addressing medication-related issues (e.g., adverse effects) may result in improvement. If a regimen is
overly complex, it can be simplified. For example, when the burden of pills is great, one or more drugs can be
changed to a fixed-drug combination resulting in a regimen with fewer pills. A once-daily regimen should be
considered, when feasible. Several studies in adults have demonstrated better adherence with once-daily versus
twice-daily ARV regimens.**¢ In a meta-analysis of randomized, controlled trials in adults, a lower pill burden
was associated with better adherence and viral suppression. Adherence was modestly better with once-daily
regimens than with twice-daily regimens; however, rates of viral suppression did not differ.*” Once-daily
dosing may be less forgiving of poor adherence for some medications but outcomes are likely to vary by
specific drug regimen. When non-adherence is related to poor palatability of a liquid formulation or crushed
pills and simultaneous administration of food is not contraindicated, the offending taste can sometimes be
masked with a small amount of flavoring syrup or food (see Appendix A: Pediatric Antiretroviral Drug
Information) in order to overcome medication aversion.*® Unfortunately, the taste of lopinavir/ritonavir cannot
be masked with flavoring syrup. A small study of children aged 4 to 21 years found that training children to
swallow pills has been associated with improved adherence at 6 months post-training.*

Patient/Family-Related Strategies

The primary approach taken by the clinical team to promote medication adherence in children is patient and
caregiver education. Educating families about adherence should begin before ARV medications are initiated
or changed and should include a discussion of the goals of therapy, the reasons for making adherence a
priority, and the specific plans for supporting and maintaining a child’s medication adherence. Caregiver
adherence education strategies should include the provision of both information and adherence tools, such as
written and visual materials; a daily schedule illustrating times and doses of medications; and demonstration
of the use of syringes, medication cups, and pillboxes.

A number of behavioral tools can be used to integrate taking medications into an HIV-infected child’s daily
routine. The use of behavior modification techniques, especially the application of positive reinforcements and
the use of small incentives (including financial incentives) for taking medications, can be effective tools to
promote adherence.’® Availability of mental health services and the treatment of mental health disorders (such
as depression) may facilitate adherence to complex ARV regimens.’! A gastrostomy tube should be considered
for non-adherent children who are at risk of disease progression and who have severe and persistent aversion to
taking medications.* If adequate resources are available, home-nursing interventions may also be beneficial.
Directly observed dosing of ARV medications has been implemented in adults, adolescents, and children, using
home nursing services as well as daily medication administration in the clinic setting.

Other strategies to support adherence that have been employed in the clinical setting include setting patients’
cell phone alarms to go off at medication times; using beepers or pagers as an alarm; sending SMS text-
message reminders; conducting motivational interviews; providing pill boxes and other adherence support
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tools, particularly for patients with complex regimens; and delivering medications to the home. Randomized
clinical trials in adults have demonstrated that text-messaging is associated with improved adherence.>*¢ In
a pilot study evaluating peer support and pager messaging in an adult population, peer support was
associated with greater self-reported adherence post-intervention; however, the effect was not sustained at
follow-up. Although pager messaging was not associated with reported adherence, improved biologic
outcomes were measured.”” Motivational interviews, including computer-based interventions, are currently
being evaluated.’** A study evaluating the efficacy of a 4-session, individual, clinic-based, motivational,
interviewing intervention targeting multiple risk behaviors in HIV-infected youth demonstrated an
association with lower viral load at 6 months in youth taking cART. However, reduction in viral load was not
maintained at 9 months.> In adults, an intervention that taught managed problem solving resulted in
improved adherence and viral suppression during 1 year of follow-up.*

Health Care Provider-Related Strategies

Providers have the ability to improve adherence through their relationships with patients’ families. This
process begins early in a provider’s relationship with a family, when the clinician obtains explicit agreement
about the medication and treatment plan and any further strategies to support adherence. Fostering a trusting
relationship and engaging in open communication are particularly important.®! Provider characteristics that
have been associated with improved patient adherence in adults include consistency, giving information,
asking questions, technical expertise, and commitment to follow-up. Creating an environment in the health
care setting that is child-centered and includes caregivers in adherence support also has been shown to
improve treatment outcomes.®?

Table 12. Strategies to Improve Adherence to Antiretroviral Medications (page 1 of 2)

Initial Intervention Strategies

« Establish trust and identify mutually acceptable goals for care.
« Obtain explicit agreement on the need for treatment and adherence.

* |dentify depression, low self-esteem, substance abuse, or other mental health issues for the child/adolescent and/or caregiver that
may decrease adherence. Treat mental health issues before starting ARV drugs, if possible.

« |dentify family, friends, health team members, and others who can support adherence.

* Educate patient and family about the critical role of adherence in therapy outcome.

« Specify the adherence target: =95% of prescribed doses.

* Educate patient and family about the relationship between partial adherence and resistance.

* Educate patient and family about resistance and constraint in later choices of ARV drug (i.e., explain that although a failure of
adherence may be temporary, the effects on treatment choice may be permanent).

* Develop a treatment plan that the patient and family understand and to which they feel committed.
* Establish readiness to take medication through practice sessions or other means.

* Consider a brief period of hospitalization at start of therapy in selected circumstances for patient education and to assess
tolerability of medications chosen.

Medication Strategies

* Choose the simplest regimen possible, reducing dosing frequency and number of pills.

* Choose a regimen with dosing requirements that best conform to the daily and weekly routines and variations in patient and
family activities.

* Choose the most palatable medicine possible (pharmacists may be able to add syrups or flavoring agents to increase palatability).
* Choose drugs with the fewest adverse effects; provide anticipatory guidance for management of adverse effects.

« Simplify food requirements for medication administration.

* Prescribe drugs carefully to avoid adverse drug-drug interactions.

* Assess pill-swallowing capacity and offer pill-swallowing training.
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Table 12. Strategies to Improve Adherence to Antiretroviral Medications (page 2 of 2)

Follow-Up Intervention Strategies

* Monitor adherence at each visit and in between visits by telephone, email, text, and social media, as needed.

* Provide ongoing support, encouragement, and understanding of the difficulties associated with demands to attain 95% adherence
with medication doses.

* Use patient education aids including pictures, calendars, and stickers.
 Encourage use of pill boxes, reminders, alarms, pagers, and timers.
* Provide follow-up clinic visits, telephone calls, and text messages to support and assess adherence.

* Provide access to support groups, peer groups, or one-on-one counseling for caregivers and patients, especially for those with
known depression or drug use issues that are known to decrease adherence.

* Provide pharmacist-based adherence support, such as medication education and counseling, blister packs, refill reminders,
automatic refills, and home delivery of medications.

« Consider directly observed therapy at home, in the clinic, or in selected circumstances, during a brief inpatient hospitalization.
* Consider gastrostomy tube use in selected circumstances.
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Management of Medication Toxicity or Intolerance (Last updated
March 5, 2015; last reviewed March 5, 2015)

Panel’s Recommendations

¢ In children who have severe or life-threatening toxicity, all antiretroviral drugs should be stopped immediately (Alll). Once
symptoms of toxicity have resolved, antiretroviral therapy should be resumed with substitution of a different antiretroviral drug
or drugs for the offending agent(s) (All*).

* When modifying therapy because of toxicity or intolerance to a specific drug in children with virologic suppression, changing
one drug in a multidrug regimen is permissible; if possible, an agent with a different toxicity and side-effect profile should be
chosen (AI*).

¢ The toxicity and the medication presumed responsible should be documented in the medical record and the caregiver and patient
advised of the drug-related toxicity (Alll).

* Dose reduction is not a recommended option for management of ARV toxicity, except for those few antiretroviral drugs for which
a therapeutic range of plasma concentrations detected by therapeutic drug monitoring correlates with toxicity (All*).

Rating of Recommendations: A = Strong; B = Moderate, C = Optional

Rating of Evidence: | = One or more randomized trials in children® with clinical outcomes and/or validated endpoints; I* = One or
more randomized trials in adults with clinical outcomes andyor validated laboratory endpoints with accompanying data in children’
from one or more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; Il = One
or more well-designed, nonrandomized trials or observational cohort studies in childrent with long-term outcomes; II* = One or
more well-designed, nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying
data in children® from one or more similar nonrandomized trials or cohort studies with clinical outcome data; /1l = Expert opinion

1 Studies that include children or children/adolescents, but not studies limited to post-pubertal adolescents

Medication Toxicity or Intolerance

The goals of combination antiretroviral therapy (cART) include achieving and maintaining viral suppression
and improving immune function, with a regimen that is not only effective but also as tolerable and safe as
possible. This requires consideration of the toxicity potential of a cART regimen, as well as the individual
child’s underlying conditions, concomitant medications, and prior history of drug intolerances or viral
resistance.

Adverse effects have been reported with use of all antiretroviral (ARV) drugs, and are among the most common
reasons for switching or discontinuing therapy, and for medication nonadherence. However, rates of treatment-
limiting adverse events in ARV-naive patients enrolled in randomized trials or large observational cohorts
appear to be declining with increased availability of better-tolerated and less toxic cART regimens and are
generally less than 10%.!12 In general, the overall benefits of cART outweigh its risks, and the risk of some
abnormal laboratory findings (e.g., anemia, renal impairment) may be lower with cART than in its absence.

ARV drug-related adverse events can vary in severity from mild to severe and life-threatening. Drug-related
toxicity can be acute (occurring soon after a drug has been administered), subacute (occurring within 1 to 2
days of administration), or late (occurring after prolonged drug administration). For some ARV medications,
pharmacogenetic markers associated with risk of early toxicity have been identified, but the only such screen
in routine clinical use is HLA B*5701 as a marker for abacavir hypersensitivity.'* For selected children aged
<3 years who require treatment with efavirenz, an additional pharmacogentic marker, CYP2B6 genotype,
should be assessed (see Efavirenz in Appendix A: Pediatric Antiretroviral Drug Information).'* For a few
other ARV drugs, known therapeutic ranges for plasma concentrations as determined by therapeutic drug
monitoring (TDM) may indicate the need for dose reduction or modification of cART in patients
experiencing adverse effects (see below and Role of Therapeutic Drug Monitoring in Management of
Pediatric HIV Infection).
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The most common acute and chronic adverse effects associated with ARV drugs or drug classes are presented
in the Management of Medication Toxicity or Intolerance tables. The tables include information on common
causative drugs, estimated frequency of occurrence, timing of symptoms, risk factors, potential preventive
measures, and suggested clinical management strategies and provide selected references regarding these
toxicities in pediatric patients.

Management

Management of medication-related toxicity should take into account its severity, the relative need for viral
suppression, and the available ARV options. In general, mild and moderate toxicities do not require
discontinuation of therapy or drug substitution. However, even mild adverse effects may have a negative
impact on medication adherence and should be discussed before therapy is initiated, at regular provider
visits, and at onset of any adverse effects. Common, self-limited adverse effects should be anticipated, and
reassurance provided that many adverse effects will resolve after the first few weeks of cART. For example,
when initiating therapy with boosted protease inhibitors (PIs), many patients experience gastrointestinal
adverse effects such as nausea, vomiting, diarrhea, and abdominal pain. Instructing patients to take PIs with
food may help minimize these side effects. Some patients may require antiemetics and antidiarrheal agents
for symptom management. Central nervous system (CNS) adverse effects are commonly encountered when
initiating therapy with efavirenz. Symptoms can include dizziness, drowsiness, vivid dreams, or insomnia.
Patients should be instructed to take efavirenz-containing regimens at bedtime, on an empty stomach, to help
minimize these adverse effects. They should be advised that these adverse effects usually diminish in general
within 2 to 4 weeks of initiating therapy in most people, but may persist for months in some, and may require
a medication change.'>!” In addition, mild rash can be ameliorated with drugs such as antihistamines. For
some moderate toxicities, using a drug in the same class as the one causing toxicity but with a different
toxicity profile may be sufficient and discontinuation of all therapy may not be required.

In patients who experience an unacceptable adverse effect from cART, every attempt should be made to
identify the offending agent and replace the drug with another effective agent as soon as possible.!!® Many
experts will stagger a planned interruption of a non-nucleoside reverse transcriptase inhibitor (NNRTT)-based
regimen, stopping the NNRTI first and the dual nucleoside analogue reverse transcriptase backbone 7 to 14
days later because of the long half-life of NNRTTI drugs. For patients who have a severe or life-threatening
toxicity, however, all components of the drug regimen should be stopped simultaneously, regardless of drug
half-life. Once the offending drug or alternative cause for the adverse event has been determined, planning
can begin for resumption of therapy with a new ARV regimen that does not contain the offending drug or
with the original regimen, if the event is attributable to another cause. All drugs in the ARV regimen should
then be started simultaneously, rather than one at a time with observation for adverse effects.

When therapy is changed because of toxicity or intolerance in a patient with virologic suppression, agents
with different toxicity and side-effect profiles should be chosen, when possible.!? Clinicians should have
comprehensive knowledge of the toxicity profile of each agent before selecting a new regimen. In the event
of drug intolerance, changing a single drug in a multidrug regimen is permissible for patients whose viral
loads are undetectable. However, substitution of a single active agent for a single drug in a failing multidrug
regimen (e.g., a patient with virologic failure) is generally not recommended because of concern for
development of resistance (see Recognizing and Managing Antiretroviral Treatment Failure in Management
of Children Receiving Antiretroviral Therapy).

TDM may be used in the management of the child with mild or moderate toxicity if the toxicity is thought to
be the result of a drug concentration exceeding the normal therapeutic range?** (see Role of Therapeutic
Drug Monitoring). This is the only setting in which dose reduction would be considered appropriate
management of drug toxicity, and even then, it should be used with caution; an expert in the management of
pediatric HIV infection should be consulted.
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To summarize, management strategies for drug intolerance include:

Symptomatic treatment of mild-to-moderate transient side effects.

If necessary, change from one drug to another drug to which a patient’s virus is sensitive (such as
changing to abacavir for zidovudine-related anemia or to nevirapine for efavirenz-related CNS
symptoms).

Change drug class, if necessary (such as from a PI to a NNRTT or vice versa) and if a patient’s virus is
sensitive to a drug in that class.

Dose reduction only when drug levels are determined excessive.
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Table 13a. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Central Nervous
System Toxicity (Last updated March 5, 2015; last reviewed March 5, 2015) (page 1 of 3)

Adverse Associated Onset/Clinical . . Prevention/

Effects ARVS Manifestations Estimated Frequency Risk Factors Monitoring Management
Global CNS LPV/r oral Onset: Exact frequency Prematurity Avoid use of LPV/r untila | Discontinue LPV/r; symptoms
Depeson ol s torstatng L OB oy PSS ALOISE | sl ovein -5

both ethanol | Presentation toxicity at therapeutic Age <14 days =14 days. EPn\'/alidceadr{ ingtgggi‘é‘gigg SI]ce
and Neonates/Preterm Infants: LPV/r dose reported in

(whether premature

outside the vulnerable period

ropylene remature neonates. !
S|yfg| as * Global CNS depression (&.g., P or term) (i.e., postmenstrual age of 42
excipients) abnormal EEG, altered state weeks and a postnatal age
of consciousness, =14 days).
somnolence)
« Cardiac toxicity
* Respiratory complications
Neuropsychiatric | EFV Onset: Variable, depending on Insomnia associated | Administer EFV on an Discontinue EFV if suitable

Symptoms and
Other CNS

» 1-2 days after initiating
treatment

age, symptom,
assessment method

with elevated EFV
trough concentration

empty stomach, preferably

at bedtime.

alternative exists

Manifestations =4 mcg/mL Consider EFV trough level if
* Many symptoms subside or | Children: Use with caution in the symptoms excessive or
diminish by 2—4 weeks, but Presence of CYP450 | presence of psychiatric persistent. If EFV trough level

may persist in a significant
proportion of patients. In
one report, 37% experienced
persistent symptoms at 12
months and in another, half
of discontinuations occurred

* 24% for any EFV-related
CNS manifestations in
one case series with
18% requiring drug
discontinuation

* 9% (4/44) incidence of

polymorphisms that
decrease EFV
metabolism (CYP2B6
516 TT genotype)

Prior history of

illness including
depression or suicidal
thoughts or with
concomitant use of
psychoactive drugs.

>4 mcg/mL, consider dose
reduction, preferably with
expert pharmacologist input
or drug substitution.

In a small study,

TDM can be considered in
the context of a child with

new-onset seizures
reported in 1 study in

psychiatric illness or
use of psychoactive

cyproheptadine was shown to

after 12 months. >
reduce short-term incidence

Presentation children aged <36 drugs mild or moderate toxicity | of neuropsychiatric effects in
months, in two of the possibly attributable to a adults receiving EFV, but data
%gng}g%Sg?ne or More of children the seizures particular ARV agent (see | are lacking in children and no
. had alternative causes. Role of Therapeutic Drug | recommendation can be
* Dizziness Monitoring in Management | made for its use at this time.
« Somnolence Adults: of Treatment Failure).
« Insomnia *>50% for any CNS
manifestations of any
¢ Abnormal dreams severity.
* Impaired concentration « 29 for EFV-related
* Psychosis severe CNS

manifestations

* Suicidal ideation @ including suicidality.
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Table 13a. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Central Nervous
System (CNS) Toxicity (Last updated March 5, 2015; last reviewed March 5, 2015) (page 2 of 3)

Other CNS
Manifestations,
continued

* Seizures (including absence
seizures) or decreased
seizure threshold.

Note: Some CNS side effects
(e.g., impaired concentration,
abnormal dreams, or sleep
disturbances) may be more
difficult to assess in children.

EFV use increases the
incidence of suicidality.

Adverse Associated Onset/Clinical . . Prevention/

Effects ARVs Manifestations Estimated Frequency Risk Factors Monitoring Management
Neuropsychiatric | EFV, attempted/completed suicide | However, evidence is
Symptoms and | continued conflicting about whether

discontinuation in only 1
case, both significantly
lower than EFV)

RAL Presentation: Children: Elevated RAL Prescreen for psychiatric Consider drug sypstitution
« Increased psychomotor « Increased psychomotor | concentrations symptoms. ((jRAL or co-adn;mlstered
. - : rug) in case of severe
activity aﬁt,:‘é'ty reported in 0né | Go-treatment with Monitor carefully for CNS insc?%mia or other
« Headaches chi TDF or PPI symptoms. neuropsychiatric symptoms.
* Insomnia Adults: Prior history of Use with caution in the
* Depression * Headache insomnia or presence of drugs that
« Insomnia (<5% in adult depression increase RAL
trials) concentration.
RPV Presentation: In Adults: Prior history of Monitor carefully for CNS | Consider drug substitution in
« Dizziness « 43% all grade neuropsychiaric symptoms. case of severe symptoms.
P illness
« Abnormal dreams/nightmare | Neuropsychiatric AE at 96
) weeks (mostly Grade 1,
* Insomnia causing RPV
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Table 13a. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Central Nervous
System (CNS) Toxicity (Last updated March 5, 2015; last reviewed March 5, 2015) (page 3 of 3)

* As early as 3 days after
starting RAL

Presentation:

* Tremor

 Dysmetria

* Ataxia

marketing period.

mechanism may
include recent
treatment with ATV
with residual UGT1A1
enzyme inhibition and
increased RAL serum
concentration.

strong inhibition of
UGT1A1 enzyme.

Adverse Associated Onset/Clinical . . Prevention/

Effects ARVs Manifestations Estimated Frequency Risk Factors Monitoring Management
Intracranial TPV Onset: Children: Unknown; prior Administer TPV with Discontinue TPV if ICH is
Hemorrhage * 7-513 days after starting « No cases of ICH reported history of bleeding caution in patients with suspected or confirmed.

TPV in children. disorder or risk bleeding disorder, known
factors for bleeding intracranial lesions, or
Adults: present in most recent neurosurgery.
« In premarket approval patients in case series
data in adults, 0.23/100 | "eported.
patient-years or 0.04-
0.22/100 patient years in
a retrospective review of
2 large patient databases.
Cerebellar RAL Onset: Two cases reported in Unknown; a Use with caution with ATV | Consider drug
Ataxia adults during post- speculated or other drugs that cause | discontinuation. RAL

reintroduction can be
considered if predisposing
factor (e.g., drug-drug
interaction) identified and
removed.

Key to Acronyms: AE = adverse effect; ARV = antiretroviral; ATV = atazanavir; CNS = central nervous system; CYP = cytochrome P; EEG = electroencephalogram; EFV = efavirenz; ICH
= intracranial hemorrhage; LPV/r = ritonavir-boosted lopinavir; PPI = proton pump inhibitor; RAL = raltegravir; RPV = rilpivirine; TDF = tenofovir disoproxyl fumarate; TDM =
therapeutic drug monitoring; TPV = tipranavir; UGT = uridine diphosphate-glucurononyl transferase
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Table 13h. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Dyslipidemia
(Last updated March 5, 2015; last reviewed March 5, 2015) (page 1 of 2)

Adverse Associated Onset/Clinical Estimated . Prevention/
Effects ARVs Manifestations Frequency el Monitoring TR
Dyslipidemia | PlIs: Onset: 10% to 20% in young | Advanced-stage HIV Prevention: Assessment of additional C\(D
« All Pls, especially | « As early as 2 weeks to children receiving disease « Low-fat diet risk factors should be done in
RTV-boosted Pls; | months after beginning LPV/RTV High-fat, high- « Exercise al pat|ents. HIV-mfected
lower incidence | therapy 20% to 50% of cholesterol diet - | D e o ored fo be at
reported with bresentation: children receiving . g(r)r&(r)]lélagr;preventlon moderate risk of CVD.
DRV/rand ATV - CART will have Lack of exercise g Counsel lifestyle modification,
with or without | Pls: lipoprotein Obesity Monitoring?: dietary interventions (e.g., low-
ritonavir. o tLDL-C, TC, and TG abnormalities. . fat diet, low simple
Adolescents and Adults
NRTIs: Hypertension , L carbohydrate diet in case of
* Especially d4T 4 ¢ pL-¢, TC, and HDL-C Smoking includes TC, HDL-C, non- | cessation) for adequate trial
NNRTIs: . HDL-C, LDL-G, and TG, period (3-6 months).
NNRTIS: NRTIs: Family history of every 6-12 months. Obtain

* EFV > NVP, RPV,
and ETR

e TLDL-C, TC, and TG

dyslipidemia or
premature GVD

Metabolic syndrome

Fat maldistribution

FLPs twice (>2 weeks but
<3 months apart, average
results) before initiating or
changing lipid-lowering
therapy.

Children (Aged =2 Years)
Without Lipid Abnormalities
or Additional Risk Factors:

* Obtain non-fasting
screening lipid profiles
before initiating or changing
therapy and then, if levels
are stable, every 6-12
months. If TG or LDL-C is
elevated, obtain fasting
blood tests.

Children with Lipid
Abnormalities and/or
Additional Risk Factors:

* Obtain 12-hour FLP before
initiating or changing
therapy and every 6 months
thereafter (more often if
indicated).

If receiving d4T, it should be
discontinued. If receiving PI-
based ART, consider switching
to a new Pl-sparing ART
regimen or Pl-based regimen
containing boosted ATV or
DRV, which are less likely to
cause lipid abnormalities.

Consider lipid-lowering therapy
in consultation with a lipid
specialist if =6-month trial of
lifestyle modification fails.

Some experts suggest
treatment in children receiving
ARV drugs at cut points
recommended by NHLBI
cardiovascular risk reduction
guidelines for children aged
=10 years: LDL-C =190 mg/dL,
regardless of additional risk
factors; LDL-C =160 mg/dL or
LDL-C =130 mg/dL based on
presence of additional risk
factors and risk conditions.b
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Table 13b. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Dyslipidemia
(Last updated March 5, 2015; last reviewed March 5, 2015) (page 2 of 2)

Adverse Associated Onset/Clinical Estimated Prevention/

Effects ARVs Manifestations Frequency SRR Monitoring Managemant
Children Receiving Lipid- The minimal goal of therapy
Lowering Therapy with should be to achieve and
Statins or Fibrates: maintain a LDL-C value below
« Obtain 12-hour FLP, LFTs, | 130 mg/dL.
and CK at 4 and 8 weeks, Initiate Drug Therapy Promptly
and 3 months after starting | i, patients with Fasting TG
|Ip|d therapy. =500 mg/dL:

* If minimal alterations in AST, | gtating such as pravastatin
ALT, and CK, monitor every | aioryastatin, or rosuvastatin.c
34 months in the first year | pzetimibe can be considered in

and every 6 month addition to statins.¢ Statin-
thereafter (or as clinically | gjated toxicities include liver
indicated). enzyme elevation and

* Repeat FLPs 4 weeks after myopathy, and risk may be
increasing doses of increased by drug interactions

antihyperlipidemic agents. with cART, particularly Pls.c
Risks must be weighed against
potential benefits.

Fibrates (gemfibrozil and
fenofibrate) and N-3 PUFAs
derived from fish oils may be
used as alternative agents for
adults with TTG but are not
approved for use in children.
The long-term risks of lipid
abnormalities in children
receiving cART are unclear.
However, persistent
dyslipidemia in children may
lead to premature CVD.

4 Given the burden of collecting fasting blood samples, some practitioners routinely measure cholesterol and triglycerides from non-fasting blood samples and follow up abnormal
values with a test done in the fasted state.

b Refer to NHLBI guidelines at http://www.nhlbi.nih.gov/guidelines/cvd_ped/summary.htm#chap9.

¢ The risks of new treatment-related toxicities and virologic failure that could occur with changes in therapy must be weighed against the potential risk of drug interactions and
toxicities associated with the use of lipid-lowering agents.

d Statins (HMG-CoA reductase inhibitors) are contraindicated in pregnancy (potentially teratogenic) and should not be used in patients who may become pregnant. Multiple drug
interactions exist between ARV drugs and statins (exception pravastatin, which is not dependent on CYP3A4 for metabolism). Pravastatin, atorvastatin, rosuvastatin (Crestor®),
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fluvastatin, and ezetimibe (Zetia®) are approved for use in children aged =10 years.

Key to Acronyms: ALT = alanine aminotransferase; ART = antiretroviral therapy; ARV = antiretroviral; AST = aspartate aminotransferase; ATV = atazanavir; CART = combination
antiretroviral therapy; CK = creatine kinase; CVD = cardiovascular disease; CYP3A4 = cytochrome P450 3A4; d4T = stavudine; DRV = darunavir; DRV/r = ritonavir-boosted darunavir;
EFV = efavirenz; ETR = etravirine; FLP = fasting lipid profile; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; LFT = liver function test; LPV =
lopinavir; NHLBI = National Heart, Lung, and Blood Institute; NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; NVP =
nevirapine; Pl = protease inhibitor; PUFA = polyunsaturated fatty acid; RPV = rilpivirine; RTV = ritonavir; TC = total cholesterol; TG = triglyceride
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Table 13c. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Gastrointestinal
Effects (Last updated March 5, 2015; last reviewed March 5, 2015)

Reported, albeit
rarely, with most
ARVs

* Emesis, abdominal pain,
elevated amylase and
lipase (Asymptomatic
hyperamylasemia or
elevated lipase do not in
and of themselves
indicate pancreatitis.)

with higher dosing
of ddl.

pentamidine, ribavirin)
Hypertriglyceridemia
Advanced disease

Previous episode of
pancreatitis

Adverse Associated Onset/Clinical Estimated . Prevention/
Effects ARVs Manifestations Frequency EENE Monitoring ST
Nausea/ Principally ZDV Onset: Varies with ARV Unknown Instruct patient to take Pls | Reassure patient/caretaker that nausea
Vomiting and Pls (e.g., « Early agent; 10% to with food. and vomiting will likely decrease over
LPV/r, RTV), but 30% in some ) , time.
can occur with all | Presentation: series Generally improves with . , N
ARVs - time; monitor for weight Provide supportive care, including
* Nausea, emesis—may be loss, ARV adherence. instruction on dietary modification.
associated with anorexia
and/or abdominal pain. Although antiemetics are not generally
indicated, they may be useful in
extreme or persistent cases.
Diarrhea Pls (particularly | Onset: Varies with ARV Unknown Generally improves with Exclude infectious causes of diarrhea.
NFV, LPV/r, « Early agent; 10% to time (usually over 6-8 N
FPV/r), buffered 30% in some weeks); monitor for weight | Although data in children on treatment
ddl, INSTI Presentation: series loss, dehydration. of ARV-associated diarrhea are
- lacking, dietary modification, use of
* Generally soft, more calcium carbonate (should not be
frequent stools used with DTG), bulk-forming agents
(psyllium), or antimotility agents
(loperamide) may be helpful.
While there are few published data on
its use, crofelemer is FDA-approved
for treatment of ART-associated
diarrhea in adults but net in children.
Pancreatitis | ddl, d4T Onset: <2% in recent Concomitant treatment | Avoid use of ddl in Discontinue offending agent—avoid
(especially « Any time, usually after series. with other medications | patients with a history of reintroduction.
concurrently or months 61‘ therapy associated with pancreatitis. i
with TDF), F_requer_lcy was pancreatitis (e.g., Manage symptoms of acute episode.
hoosted Pls Presentation: higher in the past | T\p-gMX,

If associated with
hypertriglyceridemia, consider
interventions to lower TG levels.

Key to Acronyms: ART = antiretroviral therapy; ARV = antiretroviral; d4T = stavudine; ddl = didanosine; DTG = dolutegravir; FDA = Food and Drug Administration; FPV/r =
fosamprenavir/ritonavir; LPV/r = ritonavir-boosted lopinavir; NFV = nelfinavir; Pl = protease inhibitor; RTV = ritonavir; TDF = tenofovir disoproxil fumarate; TG = triglyceride; TMP-SMX
= trimethoprim sulfamethoxazole; ZDV = zidovudine
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Table 13d. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Hematologic
Effects (Last updated March 5, 2015; last reviewed March 5, 2015) (page 1 of 2)

¢ Asymptomatic or mild
fatigue

* Pallor
* Tachypnea

Rarely:
« Congestive heart failure

HIV-Infected Children on
ARVs:

¢ 2-3 times more
common with ZDV-
containing regimens;
less frequent with
currently recommended
dosing of ZDV

HIV
* Neonatal blood loss

e Concurrent ZDV plus
3TC neonatal
prophylaxis

HIV-Infected Children on

ARVs:

* Underlying
hemoglobinopathy
(e.g., sickle cell
disease, G6PD
deficiency)

* Myelosuppressive
drugs (e.g., TMP-SMX,
rifabutin)

* [ron deficiency

* Advanced or poorly
controlled HIV disease

e Malnutrition

or known to have low
birth Hgb).

HIV-Infected Children on

ARVs:

¢ Avoid ZDV in children
with moderate to severe
anemia when alternative
agents are available.

* Obtain CBC as part of
routine care.

‘I\;fl;':;f: Ass:::,zted ﬂ::fftéﬂ::z:'s Estimated Frequency Risk Factors mz:ft':)tr';::;/ Management
Anemia? Principally ZDV | Onset: HIV-Exposed Newborns: | HIV-Exposed Newborns: | HIV-Exposed Newborns: HIV-Exposed Newborns:
* Variable, weeks to * Severe anemia is * Premature birth * Obtain CBC at birth. * Rarely require intervention
months uncommon, but may be | 4 1y yerg exposure to |  Consider repeat CBC at 4 | unless Hgbis <7.0 g/dL or
P ion: seen coincident with ARVs weeks for neonates who | anemia is associated with
Presentation: physiologic Hgb nadir. | - are at higher risk (e.g., symptoms.
Most Commonly: yanced materna those born prematurely | « Consider discontinuing ZDV if

4 weeks or more of a 6-week
ZDV prophylaxis regimen are
already completed (see the
Perinatal Guidelines®).

HIV-Infected Children on ARVSs:

¢ Discontinue non-ARV, marrow-
toxic drugs, if feasible.

* Treat coexisting iron deficiency,
Ols, malignancies.

« For persistent severe anemia
thought to be associated with
ARVs, change to a non-ZDV-
containing regimen; consider a
trial of erythropoietin if
essential to continue ZDV.

Macrocytosis

Principally
ZDV; also d4T

Onset:

* Within days to weeks of
starting therapy

* MCV often >100 fL

Presentation:
 Most often asymptomatic

* Sometimes associated
with anemia (occurs
more often with ZDV
than with d4T)

>90% to 95%, all ages

None

Obtain CBC as part of
routine care.

None required unless associated
with anemia
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Table 13d. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Hematologic
Effects (Last updated March 5, 2015; last reviewed March 5, 2015) (page 2 of 2)

Complications appear to
be less than with
neutropenias associated
with cancer
chemotherapy.

children on ARVs,
depending upon the
ARV regimen. 2.2% for
ZDV/3TC

* Highest rates with ZDV-
containing regimens

HIV-Infected Children on

ARVs:

* Advanced or poorly
controlled HIV
infection

* Myelosuppressive
drugs (e.g., TMP-SMX,
ganciclovir,
hydroxyurea, rifabutin)

Adverse Associated Onset/Clinical . . Prevention/
Effects ARVs Manifestations Estimated Frequency Risk Factors Monitoring Management
Neutropenia? | Principally ZDV | Onset: HIV-Exposed Newborns: | HIV-Exposed Newborns: | HIV-Infected Children on HIV-Exposed Newborns:
* Variable * Rare * In utero exposure to ARVs: * No established threshold for
- ) ARVs  Obtain CBC as part of intervention; some experts
Presentation: HIV-Ipfected Children on « Concurrent ZDV plus routine care. would consider using an
* Most commonly ARVs: 3TC neonatal alternative NRTI for
asymptomatic. ®2.2% t0 26.8% of prophylaxis prophylaxis if ANC <500

cells/mm?3, or discontinue ARV
prophylaxis entirely if =4
weeks of 6-week ZDV
prophylaxis have been
completed (see the Perinatal
Guidelines").

HIV-Infected Children on ARVSs:

¢ Discontinue non-ARV marrow-
toxic drugs, if feasible.

« Treat coexisting Ols and
malignancies.

* For persistent severe
neutropenia thought to be
associated with ARVs, change
to a non-ZDV-containing
regimen. Consider a trial of G-
CSF if essential to continue
ZDV.

4 HIV infection itself, Ols, and medications used to prevent Ols, such as TMP-SMX, may all contribute to anemia, neutropenia, and thrombocytopenia.

> Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-1-Infected Women for Maternal Health and Interventions to Reduce Perinatal HIV Transmission in the United

States

Key to Acronyms: 3TC = lamivudine; ANC = absolute neutrophil count; ARV = antiretroviral; CBC = complete blood count; d4t = stavudine; fL = femtoliter; GBPD = glucose-6-
phosphate dehydrogenase; G-CSF = granulocyte colony-stimulating factor; Hgb = hemoglobin; NRTI = nucleoside reverse transcriptase inhibitor; Ol = opportunistic infection;

TMP-SMX = trimethoprim-sulfamethoxazole; ZDV = zidovudine
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Table 13e. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Hepatic Events

(Last updated March 5, 2015; last reviewed March 5, 2015) (page 1 of 2)

clinical hepatitis

hepatitis. NVP and
TPV are of particular
concern.

NVP, EFV, ABC, RAL,
and MVC have been
associated with
hypersensitivity
reactions.

NRTIs (especially
ZDV, ddl, and d4T)
are associated with
lactic acidosis and
hepatic steatosis.

* Hepatitis generally
occurs within first few
months of therapy, but
can occur later.

« Steatosis presents after
months to years of
therapy.

* HBV-coinfected patients
may develop severe
hepatic flare with the
initiation, withdrawal, or
development of
resistance to 3TC, FTC,
or TDF (especially in
patients receiving only
one anti-HBV agent).

* Hepatitis may also
represent IRIS early in
therapy, especially in
HBV- and HCV-infected
patients.

Presentation:

* Asymptomatic elevation
of AST and ALT

* Symptomatic hepatitis
with nausea, fatigue,
and jaundice

* Hepatitis may be
component of
hypersensitivity
reaction with rash,
lactic acidosis, and
hepatic steatosis.

Frequency varies with
different agents and
drug combinations.

Elevated baseline ALT and
AST

Other hepatotoxic
medications (including
herbal preparations such
as St. John's wort
[Hypericum perforatum],
Chaparral [Larrea
tridentate], Germander

[ Teucrium chamaedrys])

Alcohol use
Underlying liver disease
Pregnancy

For NVP-Associated
Hepatic Events in Adults:

* Female with pre-NVP
CD4 count >250
cells/mm?

 Male with pre-NVP CD4
count >400 cells/mm?

* Certain HLA types are
also associated with
NVP-associated hepatic
events but are
population-specific.?
Higher drug
concentrations for Pls,
particularly TPV.

« Avoid concomitant use
of hepatotoxic
medications.

* |f hepatic enzymes are
elevated >5 to 10 times
ULN or chronic liver
disease, most clinicians
would avoid NVP.

Monitoring:

For ARVs Other Than
NVP:

e Obtain AST and ALT at
baseline and thereafter at
least every 3—4 months,
or more frequently in at-
risk patients (e.g., HBV-
or HCV-coinfected or
elevated baseline AST
and ALT).

For NVP:

e Obtain AST and ALT at
baseline, at 2 and 4
weeks, then every 3
months.

. Onset/Clinical Estimated . Prevention/
Adverse Effects | Associated ARVs Manifestations Frequency Risk Factors Monitoring Management
Hepatic Toxicity | All ARVs may be Onset: Uncommon in HBV or HCV coinfection Prevention: Asymptomatic patients
Elevated AST, ALT, | associated with children with elevated ALT or AST

should be evaluated for
other causes and
monitored closely. If ALT or
AST is more than 5-10
times ULN, some would
consider discontinuing
ARVs.

In symptomatic patients,
discontinue all ARVs and
other potential hepatotoxic
agents and avoid restarting
the offending agent.

If a symptomatic hepatic
event occurs on NVP,
permanently discontinue
drug (see also NVP
Hypersensitivity).

When clinical hepatitis is
associated with lactic
acidosis, avoid restarting
the most likely agent,
including ZDV, d4T, and ddl
in particular (see also
Lactic Acidosis).

Consider viral causes of
hepatitis: HAV, HBV, HCV,
EBV, and CMV.
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Table 13e. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Hepatic Events
(Last updated March 5, 2015; last reviewed March 5, 2015) (page 2 of 2)

* Gl bleeding, esophageal
varices, hypersplenism

¢ Mild elevations in AST
and ALT, moderate
increases in ALP, and
pancytopenia (because
of hypersplenism)

e Liver biopsy may reveal
a variety of findings,
most commonly
nodular regenerative
hyperplasia or
hepatoportal sclerosis.

Associated Onset/Clinical Estimated . Prevention/

T A ARVs Manifestations Frequency Rl Monitoring IR
Indirect IDV, ATV Onset: HIV-Infected Children Monitoring: Not necessary to
Hyperbilirubinemia « First months of therapy Receiving ATV: « No specific monitoring. discontinue the offending

« 49% developed agent except for cosmetic
Presentation: increased total reasons.
* Jaundice; otherwise bilirubin levels After an initial rise over the
asymptomatic elevation | (=3.2 mg/dL); 13% ior aft A 1158 0V
A e : ) first few months of therapy,
of |nd|re.ct bilirubin _had jaundice/scleral unconjugated bilirubin
levels with normal icterus. levels generally stabilize; in
direct bilirubin, AST, some patients, levels
and ALT. improve over time.

Non-Cirrhotic ARVs, Onset: Rare: Prolonged exposure to Monitoring: Manage complications of
Portal especially ddl, | g IIv aft i | o Probably less th ARV therapy, especially | 4 ifi itori Gl bleeding and esophageal
Hypertension d4T, and th%r;g{)e; y alfer years 0 15/(: ably fess than ddl and the combination 0 Specitic montforing varices.

combination of of ddl and d4T ) .
ddl and d4T Presentation: Discontinue/replace d4T or

ddl, if patient is receiving
either.

4 For example, HLA-DRB1*0101 in whites, HLA-DRB1*0102 in South Africans, and HLA-B35 in Thai and whites.

Key to Acronyms: 3TC = lamivudine; ABC = abacavir; ALP = alkaline phosphatase; ALT = alanine transaminase; ARV = antiretroviral; AST = aspartate aminotransferase; ATV =

atazanavir; CD4 = CD4 T lymphocyte; CMV = cytomegalovirus; d4T = stavudine; ddl = didanosine; EBV = Epstein-Barr virus; EFV = efavirenz; FTC = emtricitabine; Gl = gastrointestinal;
HAV = hepatitis A virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HLA = human leukocyte antigen; IDV = indinavir; IRIS = immune reconstitution inflammatory syndrome; MVC
= maraviroc; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine; Pl = protease inhibitor; RAL = raltegravir; TDF = tenofovir disoproxil fumarate; TPV = tipranavir; ULN

= upper limit of normal; ZDV = zidovudine
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Table 13f. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Insulin Resistance,

Asymptomatic Hyperglycemia, Diabetes Mellitus (Last updated March 5, 2015; last reviewed March 5, 2015)

Onset/Clinical

Prevention/

¢ 0.6-4.7 per 100 person-
years (2- to 4-fold greater
than that for HIV-
uninfected adults)

ARV-Treated Children:

 Rare in HIV-infected
children

after 8-hour fast and
consider referral to
endocrinologist.

Adverse Effects | Associated ARVs Manifestations Estimated Frequency Risk Factors Monitoring Management
Insu_lin Several NRTIs (i.e., Onset: Insulin Resistance: Risk Factors For Prevention: Coungel on Iifgstyle
R:srllft?grﬁleétic ddT, ZDV, ddl) * Weeks to months after | ARV-Treated Adults and T .e 2 DM: « Lifestyle modification Egtdlgfgﬂ;?sne(lhed,sl%ﬁﬁ )
Hv‘,’,e,';,ycemia, Several Pls (i.e., beg&!‘"'”% Ehgaapy: Children: * Lipodystrophy |« Afthough uncertain, ’ ’ o
DM? LPV/r; less often ATV, | Median o ays * 6% t0 33% * Metabolic avoiding the use of d4T | Change NRTI (e.g., from
ATV/r, DRV/r, NFV, (adult data). , , . syndrome may reduce risk. d4T, ZDV, or ddI to TDF or
TPV/r) Presentation: Impaired Fasting Glucose: * Family history of | pmonitorina: ABC).
e ARV-Treated Adults: DM Monftoring. .
Most Commonly: « 3% 10 25Y% . « Monitor for polydipsia For Either RPG =200 mg/dL
« Asymptomatic fasting ° ° * High BMI polyuria, polyphagia, Plus Symptoms 9f DM or
hyperglycemia ARV-Treated Children: * Obesity change in body habitus, FPG =126 ma/dL:
(possibly in the setting | 4 go; 1o 79 and acanthosis * Patient meets diagnostic
of lipodystrophy), nigricans. criteria for DM; consult
metabolic syndrome, o i : endocrinologist.
growth (Ijela{/ e ot ;n;p; |;e: lezoj eltT 9Ierance Obtain RPG Levels at: rinolog!
. reated AGUIS. « Initiation of ARV therapy | FPG100-125 mg/dL:
Also Possible: *16% to 35%  Impaired FPG is
) , « 3-6 months after paired Fia IS
* Frank DM (i.e., polyuria, | Apy. reated Children: therapy initiation suggestive of insulin
polydipsia, polyphagia, . . resistance; consult
fatlgue’ hyperg'ycem|a) * 3% t0 4% *0Once a year thereafter endocrmologlst
m: For RPG =140 mg/dL.' EPG <100 mg/dL:
ARV-Treated Adults: * Obtain FPG performed Normal FPG, but Does Not

Exclude Insulin Resistance:

¢ Recheck FPG in 6-12
months.

 Insulin resistance, asymptomatic hyperglycemia, and DM form a spectrum of increasing severity. Insulin resistance is often defined as elevated insulin levels for the level of glucose
observed; impaired FPG as an FPG of 100-125 mg/dL; impaired glucose tolerance as an elevated 2-hour PG of 140-199 mg/dL in a standard OGTT; and diabetes mellitus as either
an FPG =126 mg/dL, a random PG =200 mg/dL in a patient with hyperglycemia symptoms, an HgbA1C of =6.5%, or a 2-hour PG after OGTT =200 mg/dL. However, the Panel does
not recommend routine determinations of insulin levels, HgbA1GC, or glucose tolerance without consultation with an endocrinologist; these guidelines are instead based on the readily
available random and fasting plasma glucose levels.

Key to Acronyms: ABC = abacavir; ARV = antiretroviral; ATV = atazanavir; ATV/r = ritonavir-boosted atazanavir; BMI = body mass index; d4T = stavudine; ddl = didanosine; DM =

diabetes mellitus; DRV/r = ritonavir-boosted darunavir; FPG = fasting plasma glucose; HgbA1c = glycosylated hemoglobin; LPV/r = ritonavir-boosted lopinavir; NFV = nelfinavir; NRTI =
nucleoside reverse transcriptase inhibitor; OGTT = oral glucose tolerance test; PG = plasma glucose; Pl = protease inhibitor; RPG = random plasma glucose; TDF = tenofovir disoproxil
fumarate; TPV/r = ritonavir-boosted tipranavir; ZDV = zidovudine
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Table 13g. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Lactic Acidosis
(Last updated March 5, 2015; last reviewed March 5, 2015)

(highest risk in
combination)

(median onset 4
months in 1 case
series)

Presentation:

Usually Insidious
Onset of a
Combination of Signs
and Symptoms:

* Generalized fatigue,
weakness, and
myalgias

* Vague abdominal
pain, weight loss,
unexplained nausea
or vomiting

* Dyspnea
* Peripheral neuropathy

Note: Patients may
present with acute
multi-organ failure
(such as fulminant
hepatic, pancreatic,
and respiratory failure).

Adults:

* 15% to 35% of adults
receiving NRTI
therapy for longer
than 6 months

Children:
*29% t0 32%

Symptomatic Severe
Hyperlactatemia (>5.0
mmol/L):

Adults:

*0.2% 10 5.7%

Symptomatic Lactic

Acidosis/Hepatic
Steatosis:

* Rare in all age groups
(1.3-11 episodes per
1,000 person-years;
increased incidence
with the use of
d4T/ddl in
combination), but
associated with a
high fatality rate
(33% to 58%)

e Chronic HCV infection

* African-American race

* Prolonged NRTI use
(particularly d4T and
ddl)

» Co-administration of ddl
with other agents (e.g.,

d4T, TDF, RBV,
tetracycline)

 Co-administration of
TDF with metformin

* Overdose of propylene
glycol

* CD4 count <350 cells/
mm3

* Acquired riboflavin or
thiamine deficiency

* Possibly pregnancy

Preterm Infants:

* Exposure to propylene
glycol (e.g., present as a
diluent in LPV/r oral
solution)

especially in combination
in an ARV regimen.

* Monitor for clinical
manifestations of lactic
acidosis and promptly
adjust therapy.

Monitoring:
Asymptomatic:

¢ Measurement of serum
lactate is not
recommended.

Clinical Signs or
Symptoms Consistent with
Lactic Acidosis:

* Obtain blood lactate
level;? additional
diagnostic evaluations
should include serum
bicarbonate and anion
gap and/or arterial blood
gas, amylase and lipase,
serum albumin, and
hepatic transaminases.

Adverse | Associated Onset/Clinical Estimated . Prevention/
Effects ARVs Manifestations Frequency s Monitoring RN
Lactic NRTIs, in Onset: Chronic, Asymptomatic | Adults: Prevention: Lactate 2.1-5.0 mmol/L (Confirmed with
Acidosis | particular, d4T |, 1_oq0 months after Mild Hyperlactatemia « Female gender « Avoid d4T and ddl Second Test):
and dd| starting therapy 2.1-5.0 mmol/L): « High BMI individually and « Consider replacing ddl and d4T with

other ARVs.

* As an alternative, temporarily discontinue
all ARVs while conducting additional
diagnostic workup.

Lactate >5.0 mmol/L (Confirmed with
Second Test)2 or >10.0 mmol/L (Any 1 Test):

¢ Discontinue all ARVs.

* Provide supportive therapy (IV fluids;
some patients may require sedation and
respiratory support to reduce oxygen
demand and ensure adequate
oxygenation of tissues).

Anecdotal (Unproven) Supportive

Therapies:

* Bicarbonate infusions, THAM, high-dose
thiamine and riboflavin, oral antioxidants
(e.g., L-carnitine, co-enzyme Q10,
vitamin C)

Following resolution of clinical and
laboratory abnormalities, resume therapy,
either with an NRTI-sparing regimen or a
revised NRTI-containing regimen instituted
with caution, using NRTIs less likely to
inhibit mitochondria (ABC or TDF preferred;
possibly FTC or 3TC), and monthly
monitoring of lactate for at least 3 months.

4 Blood for lactate determination should be collected without prolonged tourniquet application or fist clenching into a pre-chilled, gray-top, fluoride-oxalate-containing tube and

transported on ice to the laboratory to be processed within 4 hours of collection.

® Management can be initiated before the results of the confirmatory test.

Key to Acronyms: 3TC = lamivudine; ABC = abacavir; ARV = antiretroviral; BMI = body mass index; CD4 = CD4 T lymphocyte; d4T = stavudine; ddl = didanosine; FTC = emtricitabine;
HCV = hepatitis C virus; IV = intravenous; LPV/r = ritonavir-boosted lopinavir; NRTI = nucleoside reverse transcriptase inhibitor; RBV = ribavirin; TDF = tenofovir disoproxil fumarate;
THAM = tris (hydroxymethyl) aminomethane
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Table 13h. Antiretroviral Therapy-Associated Adverse Effects and Management Recommendations—Lipodystrophy,
Lipohypertrophy, Lipoatrophy (Last updated March 5, 2015; last reviewed March 5, 2015)

Associated Onset/Clinical . . Prevention/
Adverse Effects ARVs Manifestations Estimated Frequency Risk Factors Monitoring Management
Lipodystrophy (Fat | See below for | Onset: Highly Variable in Adults: | Genetic predisposition | See below. Variability depends to some degree
Maldistribution) specn‘yc _ « Trunk and limb fat initially | « 2% to 93% Puberty upon measures used to define
General associations. increase within a few _ . HIV-associated lipodystrophy.
Information months of start of cART; | Children: inflammation
peripheral fat wasting * 1% to 34%, perhaps
may not appear for 12to | more common in Older age
24 months after cART adolescents than pre- Longer duration of CART
initiation. pubertal children Body habitus
c_entral Can occur in | Presentation: Adults: Obesity before initiation | Prevention: Caloripally apprppriate low-fat d.ie.t and
Lipohypertrophy gxzﬂgrb%%r;ce of | « Central fat accumulation | Up to 93% of therapy « Calorically exercise, especially strength training
' with increased abdominal ) ; appropriate ; o (i ;
or A - h . Sedentary lifestyle 4 Smoking cessation (if applicable) to
most girth, which may include | Children: Y ESTY low-fat diet and decreasge future CVD( risﬁp )
Lipoaccumulation assr?%?ted dorsocervical fat pad * Up to 27% exercise
with PIs and (buffalo hump) and/or L Data are Insufficient to Allow the Panel
EFV,EFValso | gvnecomastia in males or Monitoring: to Safely Recommend Use of Any of the
Sﬁfﬁc'ated breast hypertrophy in * Measure BMI | Following Modalities in Children:
gynecomastia Lﬂgﬁ;ﬂ?e&ppﬂ?gcﬁ * Body * Recombinant human growth hormone
and breast ( ponypertropily circumference | * Growth hormone-releasing hormone
is accentuated in the and waist-hi « Metformi
presence of peripheral fat ratio « Thiazolidinediones
wasting (lipoatrophy). * Anabolic steroids
* Liposuction.
Facial/ Peripheral | Most Presentation: Adults: d4T and ZDV Prevention: Switch from d4T or ZDV to other NRTIs
Lipoatroph associated o Thinni o ) o AUni if possible without loss of virologic
poatrophy o Thinning of subcutaneous | *13% t059% Underweight before Avoid use of coeltrol. g
thymidine fat in face, buttocks, and (particularly in patients | ART d4T and ZDV.
extremities, measured as on d4T-containing N Data are Insufficient to Allow the Panel
analogues decrease in trunk/limb fat | regimens) Monitoring: to Safely Regorlnlmend Use \(I)Vf Any of the
NRTI (d4T > by DXA or triceps skinfold ) ) * Patient self- Following Modalities in Children:
ZDV) thickness. Preservation of Children: report and - L
lean body mass « Up to 47% (particularly physical exam | * Injections of poly-L-lactic acid
distinguishes lipoatrophy | in patients on d4T- are the most | * Recombinant human leptin
from HIV-associated containing regimens) sensitive : %lljitgzlgﬁg#]z;eilértéasnsplantatlon
wasting. « Risk lower (up to 15%) methods of '
in patients not treated monitoring
with d4T or ZDV lipoatrophy.

Key to Acronyms: ARV = antiretroviral; BMI = body mass index; cART = combination antiretroviral therapy; CVD = cardiovascular disease; d4T = stavudine; DXA = dual energy x-ray
absorptiometry; EFV = efavirenz; NRTI = nucleoside reverse transcriptase inhibitor; Pl = protease inhibitor; ZDV = zidovudine
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