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Background 

Despite significant progress in scaling up HIV services for children living with HIV, the treatment gap 
for children persists. In 2017, only 52% of children living with HIV received antiretroviral therapy, 
and of them, only half were receiving optimal treatment regimens. Children have consistently lower 
rates of viral suppression than adults. WHO guidelines have recently introduced more potent and 
tolerable regimens for treating infants and children, but pharmacokinetic data are limited and 
optimal formulations to deliver these regimens across the age spectrum are still lacking. In addition, 
there are significant gaps in the pharmacokinetics, safety and use of existing and novel antiretroviral 
drugs for treating pregnant and lactating women living with HIV while preventing the perinatal 
transmission of HIV. 

In the past few years, global stakeholders have come together to enable more focused and 
coordinated action to make age-appropriate optimal formulations more rapidly available to infants, 
children and adolescents living with HIV. New initiatives have been launched and several work 
streams have been gathered under the umbrella of the Global Accelerator for Paediatric 
Formulations (www.gap-f.org). These include the WHO-led Paediatric Antiretroviral Drug 
Optimization (PADO) group, which has established medium- and long-term priorities for drug 
development to accelerate access to optimal formulations in the context of fragmented markets for 
antiretroviral drugs in children. Since its first release in 2013, the PADO list has provided an 
evidence-informed priority list and a clear and consistent message to guide industry and interested 
stakeholders on the most needed antiretroviral formulations for children to be developed. This list 
has reduced the number of unnecessary formulations and has become a critical tool to focus 
research and development efforts and resources. 

WHO recently convened Paediatric Antiretroviral Drug Optimization (PADO) Meeting 4 to take stock 
of the progress made and further advance the agenda for optimizing antiretroviral therapy for 
children. This meeting aimed to review the medium- and long-term priorities for drug and 
formulation development and to identify additional research gaps in this area. The meeting brought 
together researchers, clinicians, programme managers and other stakeholders and provided the 
opportunity to foster coordination and further develop collaborations to take the required actions 
for scaling up treatment for children and adolescents living with HIV. Because of the important 
intersection between maternal and child health in the use of antiretroviral drugs by pregnant and 
lactating women living with HIV, the meeting also provided the opportunity to review gaps and 
challenges related to investigating antiretroviral drugs during pregnancy and breastfeeding. The goal 
of the meeting was to identify key principles to guide focused and accelerated generation of critical 
data to increase access to safe, more potent and better tolerated antiretroviral drugs for pregnant 
and lactating women, in alignment with the agenda on optimizing the research on antiretroviral 
therapy that has been established for adults. 
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Meeting objectives 

The meeting goals were: 

• to review medium- and long-term priorities for the development of new antiretroviral drugs 
and formulations for HIV treatment and prevention for children to guide industry and 
relevant stakeholders; 

• to identify key research priorities to be addressed and inform the optimal use of 
antiretroviral drugs for infants, children and adolescents to enable the future development 
and uptake of priority products; and 

• to identify evidence gaps and key principles to guide investigation of antiretroviral drugs for 
adolescents and pregnant and lactating women. 

Meeting summary 

 

Looking backward and moving forward 

After the 2016 WHO consolidated guidelines on the use of antiretroviral drugs for treating and 
preventing HIV infection were published, many countries have begun to transition their national 
antiretroviral therapy recommendations, but dosing and formulations required to fully implement 
the guidelines for children are still lacking, and system-level challenges remain. Plans to actively 
phase out prior generations of non-nucleoside reverse-transcriptase inhibitors (NNRTIs) are being 
developed, but for children these plans will need to take into account the availability of key 
formulations (such as lopinavir/ritonavir (LPV/r) oral pellets and granules and raltegravir (RAL) 
granules) and the introduction of new formulations such as LPV/r in combination with abacavir (ABC) 
and lamivudine (3TC) (four-in-one expected in 2020) and dolutegravir (DTG) 10-mg scored 
dispersible tablet (expected in 2020). 

A more holistic approach to HIV management and treatment will mean recognizing maternal health 
as a driver of child health and considering HIV-associated infections. Aligning the treatment of 
adolescents and pregnant or lactating women with adult treatment priorities will simplify 
implementation and facilitate the supply of key medications. The management of HIV in adolescents 
should take into account their transition to adult treatment regimens and potential contraceptive 
needs for women. 

In planning ahead, there is a need to focus on ongoing evolution in both the HIV epidemic and 
treatment approaches, such as reductions in the number of children living with HIV, earlier 
identification of infants acquiring HIV and broader use of triple antiretroviral drug regimens for 
prophylaxis or presumptive treatment of newborns. Early engagement in the product development 
cycle remains key to informing paediatric investigation and study plans. 
 
Long-acting and extended-release formulations 

The group considered recent developments in long-acting and extended-release products currently 
under development, which have the potential for use as both treatment and prevention of HIV. Such 
products include injectable nanosuspensions of antiretroviral drugs (such as cabotegravir (CAB) and 
rilpivirine (RPV)), injectable or intravenous modified monoclonal antibodies (such as VRC01 LS and 
VRC07-523LS) and long-acting oral formulations. Technologies involving alternative drug delivery 
systems (implants, microarray patches, ultra-long-acting capsules, etc.) are also under investigation, 
albeit at earlier stages of development in the HIV field. Long-acting and extended-release 



3 
 

formulations have multiple advantages over daily oral therapy, including promoting better 
adherence and avoiding pill fatigue and social stigma. A workshop organized by the Long-
Acting/Extended Release Antiretroviral Resource Program (LEAP) took place in November 2017, with 
the aims of defining the research agenda around the use of such formulations for infants, children, 
adolescents and pregnant and lactating women. As the development of these products continues, it 
will be important that development plans consider these critical populations. 

Broadly neutralizing antibodies 

An update was provided on recent developments in the investigation of broadly neutralizing 
antibodies for HIV treatment and prevention. Several broadly neutralizing antibody classes are 
currently being studied in humans, targeting different neutralization epitopes on the HIV envelope 
trimer. Broadly neutralizing antibodies have the potential to prevent HIV infection, and animal 
studies have suggested that they may have the ability to eradicate very early infection among 
newborns. The IMPAACT P1112 trial is currently investigating the safety and pharmacokinetics of the 
broadly neutralizing antibodies VRC01, VRC01-LS and VRC07-523LS when given to HIV-1 exposed 
infants alongside antiretroviral prophylaxis. To date, VRCO1 has been shown to have favourable 
pharmacokinetics, with no adverse events. Several unanswered research questions around broadly 
neutralizing antibodies remain, and additional safety and efficacy data for adults are needed before 
further study is warranted for children. 

Antiretroviral drug pipeline and intellectual property landscape 

Several new antiretroviral drugs are currently under investigation, mainly among adults, but with 
some studies of children and pregnant women also ongoing. Several tenofovir alafenamide (TAF)-
containing combination formulations have been approved for adolescents 12 years and older at 
adult doses and are now being investigated in Phase II and III studies among children. Doravirine, a 
novel NNRTI, has been approved for adults, and a trial among adolescents is underway. DTG has 
been approved for children 6 years and older (weighing at least 30 kg (United States Food and Drug 
Administration) or 15 kg (European Medicines Agency)) and is being studied in age groups as young 
as 4 weeks in the IMPAACT P1093 and ODYSSEY trials. Reduced-strength formulations exist even if 
not widely available (10-mg and 25-mg oral tablets), and the originator has developed a 5-mg 
dispersible tablet formulation for infants and younger children. CAB is under investigation for adults 
as a long-acting formulation (either as stand-alone for prevention among adults or in combination 
with long-acting RPV for treatment maintenance for adults and adolescents), with plans for dose 
finding, pharmacokinetics and safety down to two years old. 

The Medicines Patent Pool (MPP) has reported progress towards obtaining licences to allow the 
manufacturing of generic formulations, with four royalty-free licensing agreements having been 
signed specifically for medicines for treating children of different age groups (for ABC, DTG, LPV/r 
and RAL). All other MPP licences allow sublicences to manufacture products for use among children 
and waive royalties on such sales. These include atazanavir (ATV), bictegravir (BIC), cobicistat (COBI), 
elvitegravir (EVG), emtricitabine (FTC), tenofovir disoproxil fumarate (TDF) and TAF. Most of the 
formulations approved or close to approval and under development for children are covered by 
voluntary licences. There are as yet no licences with the MPP for newer antiretroviral drugs with 
potential for children (such as doravirine, which is on the MPP watch list) or for long-acting products 
and broadly neutralizing antibodies. The complexities around multi-layered intellectual property 
protection and licensing on some of the long-acting and extended-release products, notably device-
based combination products, will require special consideration. 

The transition plan: looking ahead 

WHO-recommended regimens for first-line treatment for children remained consistent between the 
2013 and 2016 guidelines, with the preferred first-line option being LPV/r-based regimens for 
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children younger than three years of age (but at least two weeks of age) and ABC or 3TC + efavirenz 
(EFV) for children older than three years. However, historically the transition to WHO-recommended 
regimens for children has been slow at the country level because of problems related to the 
availability of formulations and implementation challenges. 

Challenges occur on many levels (Fig. 1) and include the need to make dosing recommendations 
across a range of ages and weights using formulations that are not always readily available. 
Considerations for sequencing regimens over a lifetime and through periods of transition also 
complicate the development of simplified treatment recommendations. The lack of reliable age-
disaggregated data on the number of children receiving treatment poses a challenge in quantifying 
the diverse range of dosage forms that will be needed to meet the needs of children living with HIV 
of different ages, weights and developmental levels. In addition, the supply of newly approved 
antiretroviral products is often constrained, and timelines for registering and commercializing new 
pipeline products are not always known or predictable. Implementation challenges include the need 
to train health-care workers and caregivers to appropriately administer new formulations, managing 
administration challenges and the lack of access to reliable viral load monitoring to inform decision-
making. A sense of transition fatigue can further hinder the implementation of novel regimens and 
formulations. 

Fig. 1. Steps in antiretroviral therapy transition at the country level 

 

Although currently available formulations pose challenges (such as DTG dosing and formulations for 
younger children, access to chewable RAL tablets, access and administration of RAL granules and the 
supply security of LPV/r pellets and granules), several positive developments are expected over the 
next 1–2 years. WHO may soon support the use of adult 50-mg DTG tablets from 20 kg, which means 
they could be used for children as young as 6–7 years of age. Other key anticipated developments 
include a pilot study of RAL granules to be carried out in Eswatini; regulatory filing for a four-in-one 
ABC + 3TC + LPV/r (30 + 15 + 40 + 10 mg) granule formulation; and studies of the 5-mg dispersible 
DTG tablet for children four weeks and older (IMPAACT P1093 and ODYSSEY). Supply issues around 
LPV/r pellets and granules are also expected to improve following the expected increase in 
manufacturing capacity and improved coordination efforts between country programmes, 
procurers, donors and suppliers. 

Delivering medicines to children 

The group considered an overview of novel drug delivery systems for children, which highlighted 
some of the complexities involved in drug development. The selection of dosage forms for children 
depends on many factors and must balance acceptability, tolerability and safety and factors relating 
to manufacturing, supply chain and cost. Ideally, a formulation should be assessed against the needs 
of users and the target product profile and also meet WHO requirements for safety and efficacy. 

Several solid oral formulations for treating children are currently available, including multi-
particulates (granules, pellets and mini-tablets) and dispersible tablets. Most of these have benefits 
over liquid formulations, but disadvantages may include reduced dose flexibility, issues around 
texture and the possibility of aspiration when using particulates in young infants. The complexities 
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involved in selecting appropriate dosage forms highlight the need for acceptability studies and early 
engagement with potential end-users and their caregivers. 

Other emerging technologies for drug delivery include in situ assembly nanoparticles, KinetiSol® solid 
dispersions and printing (3D or onto films). 

Challenges and opportunities for optimal sequencing 

In the context of lifelong HIV treatment, antiretroviral drug regimens need to be carefully sequenced 
to protect future treatment options. Studies have shown that mutations selected by the use of RAL 
can compromise treatment with DTG, depending on the type and numbers of mutations that arise. 
The rate at which these mutations arise depends on several factors, including the duration of failure 
of viral suppression, levels of HIV RNA when experiencing failure and which nucleoside reverse-
transcriptase inhibitor (NRTI) drugs are co-administered. Efforts should be made to minimize these 
factors to ensure subsequent DTG utility. 

Innovative strategies for antiretroviral therapy reduction and simplification 

Several strategies for reducing and simplifying antiretroviral therapy are being investigated with the 
aim of improving the quality of life for people living with HIV by reducing toxicity, preserving future 
treatment options, improving adherence and decreasing costs. Such strategies may involve using 
fewer antiretroviral drugs (dual oral therapy or long-acting products), fewer days on treatment 
(short-cycle therapy such as weekends off) or lower doses of antiretroviral drugs. Dual therapy may 
be useful in specific scenarios: for example, when there is toxicity or intolerance to certain drugs, 
while dose reduction may be considered for drugs that show dose-toxicity response. Although these 
strategies show some potential for simplifying treatment, they are likely to be difficult to implement 
in low- and middle-income countries, where routine and frequent virological monitoring is less 
feasible. Questions also remain about their suitability for children and people with high viral loads 
and the impact of using regimens without tenofovir in populations with high rates of hepatitis B virus 
coinfection. BREATHER plus, a trial that will assess short-cycle DTG-based therapy among 
adolescents is planned, and the results are awaited. 

 

Adolescents 

Adolescents in the drug optimization agenda 

Adolescent-friendly services and peer-support groups have been shown to improve retention and 
viral suppression, but more research into the acceptability and feasibility of various drug 
formulations for adolescents is needed. In practical terms, transition to commonly used adult 
regimens reduces the risk associated with stock-outs, but questions remain around the optimal NRTI 
backbone for adolescents (ABC versus TDF) and how best to transition adolescents to adult clinics, 
where the extensive support services provided in paediatric clinics may not be available. 
Antiretroviral formulations can be aligned between adolescent and adult guidelines, but carefully 
planned studies to inform the process and considering the key differences between the populations 
are required. Other considerations include the adverse effects of antiretroviral drugs, potential 
subtherapeutic pharmacokinetic levels and poor adherence, all leading to suboptimal rates of viral 
suppression as a result among adolescents versus adults at all stages of the HIV treatment and care 
cascade. 

Treatment and care of adolescents living with HIV pose important challenges, including 
confidentiality and consent. The age of consent for sexual activity and for health care or access to 
reproductive health-care services differ from country to country, may not be aligned within a 
country and may depend on cultural acceptability, maturity or mental capacity. Specific laws may 
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also govern the age at which a person can consent without parental or guardian consent for 
participating in medical and health research. 

 

Pregnant and lactating women 

In 2017, there were 18.2 million women living with HIV worldwide, with 1000 women 15–24 years 
old acquiring HIV each day. An estimated 80% of pregnant women living with HIV received 
antiretroviral drugs in 2017. Despite the public health need for antiretroviral drugs that are safe and 
effective for women of childbearing age, including during pregnancy and lactation, pregnant or 
lactating women are generally excluded from clinical trials. This has resulted in a paucity of data on 
the use of these drugs during pregnancy and breastfeeding, putting women at risk of potentially 
harmful interventions or preventing them from accessing more efficacious drugs to remain healthy 
and prevent transmission to their child. 

There is now an emerging consensus that current approaches to studying drugs among pregnant 
women should be re-examined, with appropriate consideration of the risks of not including pregnant 
women in research. Considerations regarding involving pregnant women in research include the 
availability of preclinical data from reproductive and developmental toxicity studies, safety, 
pharmacokinetics among non-pregnant adults and whether the drug would offer direct benefit to 
the mother and/or fetus. 

Opportunistic infections 

WHO recently published evidence-informed guidelines on managing and treating advanced HIV 
disease, given the significant proportion of individuals presenting with advanced HIV disease and 
their high mortality, especially from tuberculosis (TB), severe bacterial infections and cryptococcal 
meningitis. Advanced HIV disease among children differs from that among adults, with a lower 
incidence of cryptococcal meningitis but more severe bacterial infections, HIV encephalopathy, 
severe malnutrition and cytomegalovirus pneumonia. WHO considers all children younger than five 
years presenting with HIV as having advanced HIV disease. In children older than five years, 
adolescents and adults, advanced HIV disease is defined as CD4 <200 cells/mm3 or WHO stage 3 or 4 
clinical event. The recommended package of care for people presenting with advanced HIV disease 
focuses on diagnosing, preventing and treating the most common infections, with presumptive 
treatment to be considered when diagnostic testing is not available. Questions remain about how to 
optimize this package of interventions for infants and children younger than five years and about 
how to treat specific infections. 

Community perspective 

Community representatives highlighted the need to consider the views of people living with HIV 
when designing clinical trials and making decisions about including and excluding population groups 
such as pregnant women. They thought that women should be engaged in the process, made aware 
of the risks and benefits and given the opportunity to decide whether they wanted to opt in or out. 
They thought that ethical review boards could be too conservative and too protective of people 
living with HIV; when a treatment is viewed as necessary in a community, women may be prepared 
to take the risks in enrolling in a trial. Examples were given of instances where community 
engagement had not happened, leading to poor uptake or adoption of the interventions under 
investigation. 

The need for ongoing community engagement as a study is designed and conducted was also 
highlighted; dialogue with patient and community representatives should happen not just before 
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clinical trials are initiated but throughout the research process to ensure appropriate knowledge, 
awareness and availability of updates. It was suggested that the broad definition of “community” 
should extend beyond community advisory boards and trial participants and consider the role of 
extended families and other caregivers in influencing the views and behaviour at home of people 
living with HIV. For example, to ensure that infant treatment plans can be followed, all caregivers 
need to be capable of administering prescribed antiretroviral drug formulations and not just the 
mother. 

While the existence of groups such as the Youth Trials Board (Odyssey trial) and the African 
Community Advisory Board (AfroCAB) were highlighted as excellent examples of community 
engagement in planning and operationalizing research, such initiatives unfortunately remain poorly 
resourced. 

Key outcomes 

 

Defining principles: optimizing the treatment of pregnant and lactating women 

The PADO group supported the premise that pregnant and lactating women should be included in 
clinical trials of antiretroviral drugs. 

The PADO group defined key elements to support an accelerated time scale for investigating 
antiretroviral drugs for use among pregnant women as including: 

• preclinical reproductive and developmental toxicity studies completed early in the drug 
development programme, such as before Phase IIb trials are initiated; 

• planning of the investigation of a new drug in pregnant women is warranted only after: 
➢ preclinical data supports investigation of the drug and safety data for non-pregnant 

adults support the exposure of pregnant women; 
➢ data from non-pregnant adults support the prospect of direct benefit to the 

pregnant women; 
➢ the pharmacokinetic profile of non-pregnant adults has been characterized; and 

• in addition, it would usually be desirable to have preliminary clinical efficacy data for non-
pregnant adults (Phase II data) before exposing large numbers of pregnant women to a 
novel drug. 

Thus, Phase I and usually Phase II studies among non-pregnant people should be completed before 
any investigations of pregnant women take place. The earliest that studies in pregnancy would 
generally start is during Phase III studies for non-pregnant adults. However, initial studies in 
pregnancy may be considered during Phase IIb development for promising drugs when the benefit–
risk ratio is favourable – for example, among pregnant women for whom current treatment 
regimens have failed and who have no alternative regimens from which effective therapy could be 
constructed. In such cases, initial Phase I studies could start in late pregnancy to minimize fetal risk 
and, once safety is shown, studies could move to earlier in pregnancy. Pharmacokinetic studies 
should take place during the second and third trimester of pregnancy and during breastfeeding (to 
evaluate drug penetration into breast-milk and drug levels among breastfeeding infants) and should 
include people from low- and middle-income countries. 

To move this agenda forward, regulatory authorities (strategic and local), industry and the 
community should all be involved. Regulatory bodies should clarify the requirements and influence 
industry and researchers; industry should share safety and toxicity data in a timely way to enable 
researchers to make more informed decisions on studies in pregnancy and should accelerate the 
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completion of preclinical reproductive and developmental toxicity studies; and community groups 
should be involved early on and should be sufficiently educated on research processes. 

These principles will be further explored with the WHO Paediatric Antiretroviral Working Group 
(PAWG) and in collaboration with other stakeholders. 

 

Defining principles: including adolescents in adult trials 

The group agreed that drugs for adolescents should be investigated earlier in the product 
development life cycle to accelerate the approval of drugs for this age group. In particular, 
pharmacokinetic studies among adolescents should be carried out as soon as a dose is established 
for adults and adolescents, and adolescents should be included in adult Phase III studies. All these 
studies should include adolescents as young as possible as long as their weight is above the limit for 
using adult dosing. 

It was acknowledged, however, that adult clinical trials have had trouble recruiting adolescents (such 
as the ADVANCE trial). Collaboration with paediatric research networks could facilitate this process, 
since adolescents have been very successfully recruited into clinical trials involving children (such as 
the ODYSSEY trial). Establishing youth trial boards early in trial development would also be 
beneficial. 

Strategies for simplifying treatment, including dual therapy, short-cycle therapy and long-acting 
regimens, have a potential role in treating adolescents living with HIV, given the particular difficulties 
with adherence in this age group. However, given the need for additional research into these 
strategies and questions around their suitability in low- and middle-income countries, there was no 
immediate recommendation for novel formulations to aid this approach. 

Setting priorities: the PADO list 

PADO 4 medium-term priority list 

The primary aim of the PADO priority list is to identify the antiretroviral drug formulations most 
needed for treating children living with HIV in low- and middle-income countries in a public health 
context. The priority formulations listed in Table 1 are broadly in accordance with those outlined at 
PADO Meeting 3. 

DTG + 3TC + ABC (5 + 30 + 60 mg dispersible) was thought to be the most needed fixed-dose 
combination formulation for children for the medium term, with darunavir/ritonavir (DRV/r, 120/20 
mg) identified as the most important boosted protease inhibitor formulation. The 10-mg scored 
dispersible DTG tablet replaces the 5-mg dispersible DTG tablet, which was previously on the PADO 3 
list. FTC + TAF and DTG + XTC (3TC or FTC) + TAF were also given priority. 

The zidovudine (AZT)  + nevirapine (NVP) fixed-dose combination for postnatal prophylaxis was 
removed from the PADO list. The development of a fixed-dose combination of AZT + NVP that can be 
used throughout the prophylaxis period is challenging because of the discordant dosing changes 
needed for rapidly growing neonates. In the absence of a combination product, providing both NVP 
and AZT using separate, currently available products has proved feasible, and drug manufacturers 
have had limited interest in developing this product to date. An anticipated move towards 
presumptive treatment for high-risk infants using a triple drug regimen will further obviate the need 
for co-formulated AZT + NVP in the longer term. 

RAL (50 mg scored tablet) was removed from the list because new treatment recommendations are 

now promoting using DTG across the age spectrum of children to be implemented as soon as dosing 
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and an appropriate formulation for children are available. DTG + DRV/r has also been removed given 

the challenges of developing this co-formulation. 

Table 1. PADO 4 medium-term priority list (3–5 years) 

DTG + 3TC + ABC (5 + 30 + 60 mg dispersible)a 

DTG (10 mg scored dispersible) 

DRV/r (120/20 mg)* 

DTG + XTC + TAF  

XTC + TAF 
aDosing and ratio are endorsed or recommended by PAWG; scored double strength with 
10 + 60 + 120 mg would also be appropriate if feasible. 

PADO 4 long-term priorities (5–10 years) 

The group discussed a number of potentially promising products and technologies that are currently 
in the early stages of development and identified those of most interest for treating children (Table 
2). These were not included in the medium-term priority list because their potential role in treating 
children is not yet fully understood or predictable based on the information currently available. The 
aim of this list is therefore to inform paediatric development plans and guide early formulation 
development. Of note, not all products falling within these categories will ultimately be suitable for 
treating children, and manufacturers are encouraged to consult with the PAWG and PADO for 
further guidance on specific products. 

Table 2. PADO 4 long-term watch list 

Doravirine 

MK-8591  

Broadly neutralizing antibodies 

Long-acting and extended-release parenteral 

Novel delivery technologies 

 

DTG + 3TC was previously listed as a long-term PADO priority because of its potential for use as dual 
therapy. It already exists as a fixed-dose formulation for adults from the innovator, and a 
formulation for children is currently being developed. For low- and middle-income countries, 
however, DTG + 3TC was removed from the priority list for both adults and children because data 
are lacking on treatment outcomes in settings with infrequent viral load monitoring and concern 
about the limited suitability of dual therapy in these settings. In addition, there are no data on dual 
therapy among pregnant women and people coinfected with HIV and TB, and TDF-containing fixed-
dose combinations provide added value for people coinfected with hepatitis B virus. There are also 
concerns about the potential for more frequent viral breakthrough associated with suboptimal 
adherence compared with triple antiretroviral therapy, which could be a problem for adolescents. 
These concerns warrant further studies in low- and middle-income countries. 

 

Target product profile considerations for long-term priority products 

1. Broadly neutralizing antibodies 

Broadly neutralizing antibodies were felt to have potential, especially for neonatal prophylaxis. 
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2. Long-acting products 

Treatment of neonates, infants and children with the long-acting products on the horizon is unlikely; 
however, some of these products could represent a suitable opportunity for prevention among 
neonates and treating adolescents, and future long-acting products with profiles that are more 
suitable for children would be of interest (see the target product profile considerations below). 
Examples of such technologies include long-acting injectables but also microneedle patches and 
gastric residence systems involving a drug–polymer matrix. Such technologies have the potential to 
be reversible, simplify administration and improve adherence. 

 

Target product profile considerations: broadly neutralizing antibodies 

Potential use: 

• Prophylaxis against perinatal and breast-milk transmission 

• Early treatment, with potential for enhancing HIV-specific immune response and reducing the viral reservoir 

Populations: neonates and breastfeeding infants 

Dosing interval: longest possible, at least 1 month 

Use: stand-alone with or without other non-oral therapy 

Outstanding questions: 

• Study of feasibility and acceptability 

o Potential for home administration? 

o Intramuscular or subcutaneous administration? Volume of injection? 

• Which combinations are best? 

• Combination with antiretroviral drugs or multiple broadly neutralizing antibodies, ideally single preparation 
that targets multiple epitopes. Potential for adverse interactions with the developing immune system, such as 
potential to affect essential vaccine immune response. Resistance if infected? 

Target product profile considerations: long-acting oral or injectable formulations 

Population: strongest potential for treatment and prevention among adolescents and prevention among neonates 

Frequency: longest possible: at least 2–3 months if injectable, implant or patch and weekly or biweekly if oral 

No requirement for initiation with or co-administration of oral agents 

Heat stable: no cold chain required 

High barrier to resistance (forgiveness of missed or delayed doses) 

Cost: ideally neutral cost compared with the oral product to be replaced 

Challenges 

• Dosing through a period in which infants rapidly gain weight  

• Risk of resistance in case of missed dosing and lack of reversibility in drug exposure 

• Generic manufacturers’ capacity 
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3. Novel delivery technologies 

The group discussed several novel delivery technologies at the early stages of development that 
could have potential future use for treating children. Example of such technologies include 
microneedle patches and ultra-long-acting oral formulations such as gastro-retentive dosage forms. 
Such technologies have the potential to be reversible, simplify administration and improve 
adherence. Novel delivery technologies encompass several treatment approaches, each needing 
more specific assessment for potential utility among children as further details become available. 

Target product profile considerations: novel delivery technologies 

Potential use: prophylaxis and treatment 

Applicable to all age groups and weight bands 

Frequency: depends on the platform, but ideally at least 1 month 

High barrier to resistance (forgiveness of missed doses) 

Outstanding questions 

Each technology will have specific feasibility and acceptability issues to evaluate 

Cost 

Generic manufacturers’ capacity 

 

4. Doravirine and MK-8591 

The potential role of doravirine in low- and middle-income countries is unclear. There are currently 
no data on its safety in pregnancy and its use in people co-treated for TB may be limited. However, 
its role in treating children should be reviewed as further data on its use in adults emerge. 

MK-8591, a nucleoside reverse-transcriptase translocation inhibitor, was thought promising because 
of its high potency, which provides the potential for lower or less frequent doses that could translate 
to lower costs and smaller tablet size. The potential for versatile formulations and frequencies of 
dosing could provide benefits across all age groups. Further development of this drug should ideally 
include consideration of infants, children and adolescents as well as pregnant and lactating women. 

The group considered other pipeline antiretroviral drugs such as the capsid inhibitor GS-CA2 (GS-

6207), maturation inhibitor GSK3640254 and the new NRTI GS-9131, but there are insufficient data 

to understand their roles in children, and thus, they were not given priority at this stage. 

Preventing and treating opportunistic infections 

It was acknowledged that limited information is available to inform the treatment and prevention of 
advanced HIV disease among children. The group identified priority formulations needed for treating 
and preventing advanced HIV disease and agreed that this agenda should be developed as a 
separate stream of work. 

Table 3. Medium-term priority drugs for treating and preventing HIV-associated opportunistic 
infections 

Rifapentine + isoniazid fixed-dose combination for children (150 + 150 mg)  

Co-trimoxazole + isoniazid + B6 fixed-dose combination for children 

Rifampicin + isoniazid + pyrazinamide + ethambutol (RHZE 75/50/150/100) fixed-dose 
combination for children (potential to add B6 into rifampicin + isoniazid + pyrazinamide (RHZ) or 
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RHZE fixed-dose combination) 

 

Table 4. Long-term priority drugs for treating and preventing HIV-associated opportunistic 
infections 

Valganciclovir dispersible tablets or other solid formulations 

Letermovir dispersible tablet 

Liposomal amphotericin B (L-AMB) 

Flucytosine (5FC)  

Nitazoxanide 100 mg dispersible tablet 

Fluconazole and/or terbinafine dispersible tablet 

 

 

Issues relating to prevention and treatment of TB were discussed further at a PADO TB meeting held 
in February 2019. Recommendations by the PADO TB group are available  at this link.  

 

Research gaps 

As a result of the rich discussion, the PADO 4 group identified several research questions 
instrumental to inform the development, use or introduction of priority products. These research 
gaps align and complement the research priorities identified by WHO and CIPHER in 2017 
(www.who.int/hiv/mediacentre/news/cipher-research-news/en). In the research priority-setting 
exercise, studies to investigate the safety, efficacy, acceptability, pharmacokinetics and optimal 
dosing of existing and new antiretroviral drugs and formulations, especially with novel drug delivery 
systems, were clearly given priority. 

A. Drugs and formulations 

 Long-acting products (such as oral, injectable and implants) 

 New delivery technologies (such as patches and oral films) 

 Adult doses for children (such as DTG 50 mg down to the lower weight band) 

 TB-HIV trials: nest pharmacokinetic studies in all ongoing trials to gather data in children 
who acquire TB while in studies 

 Malnutrition (pharmacokinetic and pharmacodynamic data) 

 Long-term safety and efficacy (TAF and DTG) 

 Coinfections (hepatitis B and C viruses) 

B. Sequencing strategies 

 Future third-line treatment: DTG + DRV ± NRTIs 

 Resistance surveillance 

C. Innovative strategies 

 Dual therapy (such as DTG + 3TC, DTG + TAF, DRV/r + 3TC, DRV/r + DTG) among 
antiretroviral therapy–naive and -experienced children 

 Simplification and drug holiday strategies (short-cycle therapy) 

http://www.stoptb.org/wg/dots_expansion/childhoodtb/assets/documents/PADO-TB1_Meeting_Report_FINAL_v8March2019.pdf
https://www.who.int/hiv/mediacentre/news/cipher-research-news/en/
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 Innovative formulations combining contraception with antiretroviral therapy  

D. Implementation and quality of life research 

E. High-quality service delivery for treating children and adolescents 

 

Research priorities for managing neonates 

A. Neonatal prophylaxis or presumptive treatment for high-risk infants 

1. High priority: evaluating four-in-one combinations for safety and pharmacokinetics among 
infants 0–4 weeks old (especially ABC, 3TC or FTC and LPV/r) 

2. Evaluating DTG for safety and pharmacokinetics among infants 0–4 weeks old 

3. Long-acting agents, including broadly neutralizing antibodies for neonatal prophylaxis 

4. Antiretroviral drug pharmacokinetics among low-birth-weight and/or premature infants 

5. Optimal regimens for enhanced infant prophylaxis in settings with extended breastfeeding 

6. Optimal ways to conduct pharmacovigilance for fetal and neonatal exposure to antiretroviral 
drugs through maternal treatment or infant prophylaxis 

7. Optimal infant diagnosis algorithms in the context of enhanced postnatal prophylaxis 

B. Neonatal treatment 

1. High priority: evaluating four-in-one combinations for safety and pharmacokinetics among 
infants 0–4 weeks old (especially ABC, 3TC or FTC and LPV/r) 

2. High priority: DTG among neonates 

3. Long-acting agents, including broadly neutralizing antibodies for neonatal prophylaxis 

4. Antiretroviral drug formulations for low-birth-weight infants 

 

 

Moving forward and next steps 

Industry engagement plan 

The outcomes of PADO Meeting 4 are being communicated to industry and other relevant 
stakeholders through several planned activities, including a webinar hosted by the Global 
Accelerator for Paediatric Formulations, held the week following the PADO 4 meeting, and during 
routine interactions with industry partners. Further dissemination occured at a buyers and suppliers 
CHAI/Unitaid meeting in India in February 2019. The International AIDS Society Industry Liaison 
Forum and Collaborative Initiative for Paediatric HIV Education and Research is also holding a forum 
on antiretroviral drugs for pregnant and lactating women in April 2019. 

Next steps 

Dosing and ratios for PADO priority products will be discussed with PAWG members in the first 
quarter of 2019. Potential alignment with PADO priorities will also be discussed at a meeting with 
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the United States Food and Drug Administration, European Medicines Agency and WHO 
Prequalification Team. 

Discussion and development of the principles for including adolescents and pregnant women in 
research will continue by engaging experts in adult HIV attending the WHO Think Tank meeting to be 
held alongside the Conference on Retroviruses and Opportunistic Infections on 4–7 March 2019. 
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Annex 1. Meeting agenda 

Day 1: Monday, 10 December 2018 
13:30–13:45 Registration 

13:45–14:15 Welcome and introductions Meg Doherty  

Overview of meeting objectives and agenda  

Co-chairs: Anton Pozniak (International AIDS Society) and Angela Mushavi (Ministry of Health, 
Zimbabwe) 

Session 1: Looking backward and moving forward  

14:15–14:45 “Enhanced PADO”: building bridges and increasing focus  Martina Penazzato  

14:45–15:00 LEAP for the life-course Mark Mirochnick 

15:00–15:15 Broadly neutralizing antibodies for HIV treatment and 
prevention in children 

Jintanat Ananworanich 

15:15–15:30 Antiretroviral pipeline for the life course Polly Clayden 

15:30–15:40 Intellectual property landscape Fernando Pascual 

15:40–16:15 Discussion and clarifications All 

16:15–16:30 Break 

Session 2: Pregnant and lactating women  
16:30–16:50 Pregnant and lactating women: a window of opportunity Elaine Abrams 

16:50–17:05 CADO3 vision and next steps Marco Vitoria 

17:05–17:20 Pharmacokinetics in pregnancy Saye Khoo  

17:20–17:35 Assessing safety for pregnant and lactating women Shahin Lockman 

17:35–18:15 Discussion and clarifications All 

18:15–18:30 Wrap-up Martina Penazzato 

 

Day 2: Tuesday, 11 December 2018 
Co-chairs: Elaine Abrams (ICAP) and Timothy R. Cressey (Program of HIV Prevention and Treatment) 

09:00–10:00 Community perspective: ensuring access to safe and 
effective drugs for the most vulnerable  

Jacquie Wambui 
Imelda Mahaka 

10:00–11:30 Facilitated group work 

• Defining principles to assess pharmacokinetics in 
pregnant and lactating women 

• Defining principles for including people living 
with HIV in clinical trial design 

• Defining an advocacy plan to address people 
living with HIV (regulatory, industry and 
research)  

 

11:30–12:30 Report back from group work All 

12:30–13:45 Lunch 

Session 3: Adolescents  

13:45–14:00 Adolescents in the drug optimization agenda: the two 
sides of the coin 

Mo Archary and Francois 
Venter 

14:00–14:15 Challenges and opportunities for optimal sequencing in 
children and adolescents in the INSTI era 

Jonathan Shapiro 

14:15–14:30 Innovative strategies for simplifying antiretroviral therapy  Anna Turkova 

14:30–14:45 Questions and clarifications All 

14:45–16:00 Plenary discussion 

• How do we ensure hat adolescents are included 
in adult clinical trials? 

• Strategies for simplifying antiretroviral therapy in 
adolescents 

• Remaining research questions 

All 
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16:00–16:20 Break  

16:20–16:35 Advance disease: opportunistic infection treatment and 
prevention package 

Marco Vitoria 

16:35–16:50 Optimizing opportunistic infection medicines: anything to 
do? 

Victor Musiime 

16:50 17:20 Discussion  All 

17:20–17:30 Wrap-up Martina Penazzato 

 
 

Day 3: Wednesday, 12 December 2018 
Co-chairs: George Siberry (United States Agency for International Development) and Elizabeth 

Obimbo (University of Nairobi) 

Session 4: Priority-setting: getting to a simpler but more granular PADO list 

9:00–9:20 Reality check: the transition plan …imagining the future 
now 

Nandita Sugandhi with 
Ministry of Health 
representatives 

9:20–9:40 Delivering medicines to children Jenny Walsh 

9:40–10:15 Questions and answers All 

10:15–10:30 Break 

10:30–13:00 Facilitated group work 

• Prevention and treatment of HIV in neonates 

• Review the medium-term PADO list 

• Review the long-term PADO list 

• Preventing and treating opportunistic 
infections 

 

13:00–14:00 Lunch 

14:00–14:30 Report back from groups and plenary discussion Rapporteurs 

14:30–15:45 Plenary discussion 

• Definition of the PADO list 

• Priority-setting of the PADO list with the 
Clinton Health Access Initiative tool 

• Considerations for the target product profiles 

• Industry engagement plan 

All 

15:45–16:00 Break 

Session 5: Where do we go from here? 

16:00–17:15 Bringing it all together 

• Principles for people living with HIV 

• Principles for including adolescents in adult 
trials 

• New PADO list 

• Research gaps 
Discussion 

• Endorsement 

• Dissemination 

• Follow-up 

Elaine Abrams 
Mutsa Bwakura-
Dangarembizi 
Ted Ruel 
Pablo Rojo 

17:15–17:30 Next steps and closing remarks Meg Doherty and 
Martina Penazzato  
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