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Paediatric ARV Drug Optimization 3 Review
Summary report

The Paediatric ARV Drug Optimization (PADO) group re-convened at the end of 2017 to review the
implementation of the PADO3 list and discuss key technical elements to advance drug optimization
for infants, children and adolescents in the context of future antiretroviral (ARV) guidelines revision.
This is a summary of the outcomes of the discussion that took place via teleconference on December
12" 2017.

Background

The PADO3, held on 12 December 2016, issued a revised list of priority paediatric antiretroviral
products (http://www.who.int/hiv/pub/meetingreports/paediatric-arv-optimization-pado3/en/). A
number of important events have occurred since this meeting, including: 1) introduction of new
products in different countries; 2) new evidence to inform safe use of novel drugs in children; 3) new
information to assess feasibility and timing of paediatric formulations development and; 4) renewed
momentum to jointly address the challenges that prevent scale up of treatment for children and
adolescents. For these reasons the WHO convened a PADO virtual meeting to review the PADO3
priority list proposed in 2016 and reflect on its implementation through 2017.

This review was also held to consider alignment with the agenda of the drug optimization priority list
for adults following the outcomes of the Third Conference on Antiretroviral Drug Optimization
(CADO 3) meeting held in November 2017 in South Africa. In anticipation of the next WHO
Guidelines review process (planned for Q2 2018) this PADO meeting offered a strategic opportunity
to review how the “PADO vision” translates into potential changes to the WHO recommendations
for paediatric first and second line antiretroviral treatment (ART).

In this context, the overall objectives of the meeting were:
1. Review the PADO3 list and develop key considerations for its implementation
2. Identify remaining research gaps to inform implementation of the PADO 3 list

3. Provide formal advice to the 2018 WHO Guidelines review process on the use of ARVs in
paediatrics

See agenda and list of participants in Annexes.

PADO3 implementation: progress and remaining hurdles in a fast-changing
environment

Policies to start ART as early as possible are in place globally, but less than half of all children living
with HIV are receiving treatment (43% vs 54% adults). Despite major advances in antiretroviral drug
development for adults, paediatric treatment is often provided with suboptimal drug regimens and
formulations. More than 50% of the children globally on ART are still receiving nevirapine (NVP)-
based regimens despite the high level of HIV drug resistance (HIVDR) reported in many countries in
Sub-Saharan Africa, particularly among the youngest children’. Poor adherence, as a result of lack of
child-friendly formulations, and the continued use of NVP-based regimens in the face of high levels
of HIV resistance to non-nucleoside reverse transcriptase inhibitors (NNRTIs) are likely to be the
major contributors to the lower virologic suppression in children compared to adults, as recently
reported by the Population-Based HIV Impact Assessments (PHIAs) undertaken in several African
countries, which suggest that virologic suppression is lowest in children under 5 years of age". This
reminds us that better drugs in age appropriate formulations are urgently needed and that the



market for such drugs will continue to increase in the foreseeable future as a result of accelerated
efforts to scale-up diagnosis and treatment for children and adolescents.

Significant progress has been made by better coordinating and aligning different work streams from
prioritization of products all the way to product development, selection and introduction. However,
efforts to support paediatric drug optimization need to be faster, more efficient and more
sustainable. With this in mind, a new framework was developed over the past year: The Global
Accelerator for Paediatric Formulations (GAP-f). This framework has the objective of better
connecting and streamlining an array of existing efforts and actions to accelerate research,
development, introduction and procurement of new products. The GAP-f will rely on using
innovative financing mechanisms to ensure that each step in the cascade is adequately funded in a
timely manner™. As part of this, members of the PAWG have identified innovative approaches to
ensure that the research that is undertaken will inform a faster drug and formulation development".
Adoption of these innovative approaches will be increasingly facilitated by a closer interaction
between the Paediatric ARV Working Group (PAWG), industry and regulators. Over the past year,
the PAWG has initiated an active review of existing antiretroviral drug Paediatric Investigation Plans
(PIPs) with the goal of providing input to PIP development and revision at earlier stages.

Meanwhile, through coordinated partner work, progress was also made in the proportion of optimal
formulations being selected and procured by countries. However, more effective action is needed to
phase out the use of NVP based regimens such as zidovudine/lamivudine/NVP (AZT/3TC/NVP) in
favour of regimens containing lopinavir/ritonavir (LPVr) as a heat stable child-friendly oral solid
formulation is now available for children under 3 years. Unfortunately, limited manufacturing
capacity by the single generic drug supplier for LPVr pellets has resulted in delays in introduction and
procurement of LPVr pellets by countries. While, capacity is expected to improve in the next year
and other similar ARV products are anticipated to come to market, this need to be urgently
addressed.

Other key updates for 2017 include:

e Rapid introduction of dolutegravir (DTG) in a co-formulated fixed-dose combination (FDC)
tenofovir/lamivudine/DTG (TLD) product for adults and adolescents, which has been
accelerated by a reduced price agreement: TLD is now available at $6.25 for 30 day supply".

e CADO 3 clarified direction in adult treatment optimization (Nov 2017).

e Approval of DTG by the European Medicines Agency (EMA) for children >6 years and
weighing at least 15 kg (Dec 2016)".

e Raltegravir (RAL) granules approved in neonates >37 week of gestation and weighing > 2 kg
(Nov 2017)"".

® Emtricitabine/tenofovir alafenamide (F/TAF) and elvitegravir/cobicistat/F/TAF (E/C/F/TAF)
now approved for children 6-12y = 25 kg (U.S. Food and Drug Administration [FDA] & EMA).

® LIVING study results confirm the tolerability and efficacy LPVr oral pellets (by DNDi/Unitaid,
ICASA)""

® 4-in-1 co-formulation of Abacavir/3TC/LPVr (ABC/3TC/LPVr): The Pathfinder study showed
bioequivalence between the 4-in-1 FDC granules vs the AbbVie LPV/r tablets, and ViiV
ABC/3TC tablets (two additional pivotal bioequivalence studies in fed and fasted status will
be conducted in early 2018) (by DNDi/Unitaid).

e Paediatric ABC/3TC/efavirenz (ABC/3TC/EFV): two companies plan to submit regulatory files
in 2018 and a plan for country uptake being discussed with countries with high volume of
paediatric patients in need of ART (by MPP/Unitaid).

e A request for proposal to support development of DTG 10 mg dispersible scored tablet
launched (by CHAI/Unitaid) ™.

All this progress will benefit from a renewed political momentum which was catalysed by a high-
level consultation co-convened by PEPFAR, UNAIDS and the Holy See held in Rome on Nov 17, 2017.
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This consultation resulted in concrete commitments by UN agencies, regulators, industry,
implementing partners and donors to FOCUS, ACCELERATE and COLLABORATE to expedite
development and introduction of paediatric ARVs. An action plan® was launched on Dec 1, 2017 and
WHO and the Elizabeth Glazer Pediatric AIDS Foundation (EGPAF) will monitor its implementation
under the AIDS FREE initiative.

Key actions include:

- Focus development efforts on PADO priorities;

- Revise paediatric development plans to investigate WHO weight bands and enrol different
weight bands/age groups into PK studies simultaneously;

- Include adolescents in adult trials or investigate them separately but at the same time as
adults;

- Waive WHO prequalification fees for paediatric products and accelerate in country
registration via collaborative procedures or regional regulatory network;

- RAL and DTG to be provided by innovators at access price until generic production has been
initiated and generic drugs are available;

- Accelerate in-country introduction of new drugs and formulations by supporting uptake and
procurement.

CADO3 outcomes and key messages

CADO 3 was held in November 2017, with the objective to define the critical research necessary to
optimize second- and third-line treatment regimens for adults, the sequencing and recycling of key
drugs (e.g. tenofovir prodrugs, DTG, and ritonavir-boosted darunavir [DRVr]) in the context of a
public health approach. The discussion was undertaken in light of what will likely be the first-line
standard of care in five years’ time (i.e. transition to DTG and TAF). The workshop also addressed the
needs to ensure products that are safe and effective in some sub-populations (pregnant and
breastfeeding women, patients with comorbidities), patients infected with HIV drug-resistant strains,
and under conditions where disease monitoring is insufficient and/or contact with health services is
infrequent.

The growing evidence provided by programme data on safety of DTG in 1* line, particularly from
Botswana, Brazil and some small European cohorts was discussed and supports further expansion of
DTG as a preferred first-line ART option. This drug however should not be viewed as a “magic bullet”
to solve adherence problems, and its role in second-line ART and as a substitution in stable patients
on use of EFV-based ART regimens, is still debatable. Low-dose EFV was viewed as an alternative
first-line ART option for those who cannot tolerate DTG or where DTG cannot be accessed because
of cost/patent issues. There was insufficient evidence to fully support two drug combination
strategies for adults (e.g. DTG/rilpivirine (RIL), DTG/DRVr, DTG/3TC, DRVr/3TC) given current clinical
trial data, as the recent/ongoing simplification studies with this approach have not been designed
considering the low and middle-income country (LMIC) context, and are missing important
subpopulations (e.g. pregnant women, TB and HBV co-infections). Significant additional clinical
research with focus on LMIC reality would be needed if current studies of two-drug regimens in
adults prove to be promising.

A prioritized list of research questions was established (Fig. 1). Clinical studies, on sequencing and
recycling of tenofovir disoproxil fumarate (TDF) and TAF as well as on the role of DTG in patients
who previously failed NNRTI-based ART regimens, were defined as key priorities. The availability of
DRVr as a heat stable formulation and at a price similar to LPVr (expected by end of 2018), was
viewed as an opportunity to transition to this protease inhibitors (PI) as the preferred option for
second-line in the near future. Dose optimization studies on use of low dose DRVr in second-line
patients were also identified as a key priority. Use of orally and parenteral administered long-acting
drugs as well as nanoformulations and implantable devices were viewed as the optimal approach for
future treatment options, and the need to continue their development was considered a priority.



Furthermore, CADO3 recommended that all these studies should be designed to reflect the realities
of populations currently enrolled in treatment programs (including pregnant and breastfeeding
women, women of child-bearing age, patients with TB coinfection and with other co-morbidities).
These studies need to expand community participation and consider regulatory/intellectual property
incentives.

CADO 3: Remaining research questions

Clinical studies on sequencing and recycling of TDF and TAF
*  Switching from TDF to AZT (SoC) versus maintaining TDF in 2L after failing a TDF regimen in 1L
*  Retrospective resistance testing

Clinical studies on use of DTG in 2L patients who failed to EFV vs 2 NRTI + Pl (SoC)
*  Consider factorial on NRTIs use
* Clinical data to support whether DTG boosting is necessary for rifampicin containing co-
administration (in HIV/TB patients)
* If programmes implementation before RCT results : enhanced monitoring protocol and only
proceed if good access to VL monitoring; organize result monitoring to gather real data

Dose optimization study on use of low dose DRVr in 2L patients
*  DRV/r400/100mg OD versus DRV 800/100mg OD (SoC)
*  Consider factorial on NRTIs used

All studies should reflect real characteristics of people in treatment programs (eg: pregnant & women of
child-bearing age, TB co-infection and other co-morbidities)
*  Consider to include community participation and regulatory/IP incentives

Figure 1 Main recommendations of the CADO 3 meeting

Based on the trends in ARV optimization discussed at the meeting, a list of priority optimized
products and formulations to be developed by drug manufacturers were defined for the short-term,
medium term and long-term (Fig.2). Products listed as lower priority can be considered if new data
become available in the future.

Short-term Medium-term* Long-term
1-2 years 2-5 years +5 years

Long acting formulations
TAF/ XTC (entry inhibitors and INSTIs)

TDF/XTC/DTG

maturation & capsid
inhibitors

TDF/3TC/EFV 40

T C/DTG
new DRV/r
formulations §

DRV/r (400/50mg)

* Other lower priority products can be considerif new data become available in the future (bictegravir, doravirine, DTG/3TC, DRVr/3TC,
DTG/DRV/r)
§ Low dose standard formulation (400/100mg) or standard dose nanoformulation (800/100 mg)

Figure 2 Key priority products for use in adults living with HIV

PADO 3 Implementation: Internal prioritization to maximize impact
In order to further support suppliers and focus their resources in developing products that are most
needed and more age- and weight-appropriate, a small group of the PAWG convened to identify the
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best way to approach the PADO list of priority products, with the aim to provide manufacturers with
a clearer and more concise direction.

Based on a Pugh decision matrix which scores a list of options (in this case ARV products) according
to a set of weighted criteria, a technique was developed to further refine the prioritised list of PADO
products. This approach combines a critical set of draft criteria, defined by the group, integrating
additional time-based parameters that are constantly evolving (e.g. time for collecting clinical data
sufficient to launch at-risk product development with generic suppliers, product development and
regulatory reviews). Each product was then ranked against the criteria and the time-based
parameters were incorporated.

This algorithm was tested by comparing a real-time setting in which some products are far along the
development process (for example, 4-in-1 pellets) to a setting assuming no work has been done on
any product yet. This exercise provided useful information that might help manufacturers to further
focus their efforts in the product development process, staging the prioritised PADO3 list with a
more realistic timeframe and targeting products identified as higher priority according to their score
and level of importance.

The group believes that this structured approach would provide further level of clarity on priority
products and accelerate the time-to-market for all products by staging efforts across suppliers.
However, more work needs to be done with a larger group of stakeholders (e.g. Paediatric HIV
Treatment Initiative [PHTI], additional clinicians from PAWG, etc) in order to agree and finalise the
list of criteria and scoring system, at CROI or on future PAWG calls. The goal is to present the
finalised tool and staging of the PADO3 list at AIDS 2018 in July 2018.

PADO 3 key considerations for implementation

The group proceeded with reviewing the key principles for target product profile and
implementation of each mid-term product included in the PADO3 list. The product review was
undertaken to check on the status of development, review dosing and ratio recommendations and
provide prioritization level relative to other PADO3 priorities in light of current feasibility and
potential information gaps.

1. Target product profile

The group agreed to maintain the general principles defined in PADO 3: 1) triple FDC to be preferred
but not required, since such a requirement could prevent rapid introduction of new drugs while
waiting for the ideal triple FDC; 2) crushable, chewable or dispersible solid oral dosage forms to be
considered the most desirable (exceptions to be defined on a case by case basis).

Emphasis was placed on the first principle and the need to highlight the urgency for new drugs to
rapidly become accessible for children (even if not immediately in the ideal FDC). This is particularly
relevant for desired formulations that would combine drugs developed by different innovators,
which may not be possible in the short-term. This conversation highlighted also the importance of
discussing formulations on a case by case basis with the goal of maximizing the speed of introduction
of any new drug and potentially acknowledging the advantage of a staged approach (from using
single-drug products as developed by the innovator to single-drug generic products to the
development of the ideal generic FDC).



2. Review of mid-term priorities

Dolutegravir-containing formulations: DTG and DTG/ABC/3TC

DTG single strength and an FDC of DTG/ABC/3TC were reviewed in parallel to ensure alignment with
dosing assumptions. The group reviewed the dosing currently approved by US FDA and EMA, as well
as the dosing under investigation by two key paediatric clinical trials IMPAACT P1093 and
ODYSSEY/PENTA-20. Since some uncertainty about dosing still exists for children below 30 kg (and
particularly for children below 15 kg), the group discussed future options based on a hypothetical
scenario, which represents slightly revised dosing by WHO-weight bands compared to the one
identified by PAWG in 2016 (figure 3). This hypothetical scenario is supported by the well-
established notion that for many drugs a higher mg per body weight is required in small children to
reach same exposure levels as observed in adolescents and adults. Additional support for this
approach comes from increased confidence in the safety and tolerability of higher doses of DTG
based on adult twice daily dosing.

WHO Hypothetical | Branded Generic Generic | Branded (initially)
Weight (kg) | future scenario DTG ABC/3TC DTG and Generic Triple
120/60 mg FDCs

Neonates

3t0<6 10mg 2DT5*  1(120/60) 1DT10  2ALD (120/60/10)
610 <10 15 mg 30T 1.5(180/90) 1.5DT10 3ALD (180/90/15)
10to <14 20 mg 4DT5*  2(2401120) 2DT10 4 ALD (240/120/20)
140 <20 25mg 1FCT25 25(300/150) 0.5ST50 5ALD (300/150/25)
2010 <25 25mg 1FCT25 3(360/180) 0.5ST50 6ALD (360/180/30)
2510 <35 50 mg 1FCTS0  600/300mg  1ST50 TLD (TDF?)
>=35 50 mg 1FCTS0  TDF/XTC 18T50 TLD

>=40 50 mg 1FCT50  TDF/XTC 1ST50 TLD

5 mg dispersible tablets = DT5* (to be approved) 10 mg scored dispersible tablets = DT10
25 mg film coated tablets = FCT25 50 mg scored tablets = ST50

50 mg film coated tablets = FCT50 60/30/5 mg dispersible tablets = ALD
300/300/50 mg film coated tablets = TLD 300/300/50 mg film coated tablets = TLD

Figure 3 lllustration of dosing schedule using existing and future formulations based on hypothetical dosing
scenario to be confirmed by P1093 and ODYSSEY trial results. (ALD= Abacavir/lamivudine/dolutegravir).

The group agreed that, should the hypothetical dosing scenario be confirmed, DTG 10 mg scored
dispersible tablets would be the best dosage form to be developed, pending demonstration that
the scored tablets can adequately meet standard regulatory requirements (in terms of uniformity of
dosing and product stability). A minimum dose of 5 mg DTG could be considered for administration
of DTG in neonates; studies are currently being planned to investigate dosing in this difficult-to-dose
age group. The group noted that if WHO guidelines are revised in March 2018 to extend use of DTG
to children older than 6 years and weighting at least 15 kg this will initially require use of DTG 25 mg
film coated tablets which are currently produced by the innovator but that these should be
replaced by generic 50 mg scored tablets as soon as possible. Barriers to the existing regulatory
pathway for this product (scored generic 50 mg tablets) are expected to be rapidly resolved as soon
as a 25 mg dose is approved by the US FDA. It should be noted however that the WHO
prequalification programme has invited submission from generic companies for development of
DTG 50 mg scored tablet through inclusion of this product in their Expression of Interest (EOI) list,
therefore this alternative regulatory pathway could be already considered.

It was also agreed that the current recommendation for development of ABC/3TC/DTG 60/30/5 mg
fixed-dose dispersible tablets remain the most likely appropriate dosage form based on the best
available information; however, the group strongly emphasized the importance of validating this
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dosing and ratio as soon as final dosing for DTG is approved down to 4 weeks of age, and of the need
to communicate to generic manufacturers the need for this validation. Scored tablets with doubled-
strength of each component drug (ABC/3TC/DTG 120/60/10 mg) would enable reduction of the pill
burden for children, but difficulties with assuring accuracy of dosing when scoring a triple-drug FDC
will need to be addressed. Importantly, manufacturers interested in developing ABC/3TC/DTG
could start development of a prototype, but will need to delay advancing their development plans
until the dosing and the ratio are confirmed (expected in Q4 2018).

Members of the group discussed the possibility of extending the use of the currently available TLD
fixed-dose formulation down to 25 kg, in light of the dosing currently investigated in ODYSSEY, that
would support use of DTG 50 mg in children weighing down to 25 kg. However, the group felt there
is insufficient evidence to support the use of 300 mg TDF in children and adolescents weighting 25
to 30 kg, and recommended use of separate DTG 50 mg tablets plus ABC/3TC 600/300 mg FDC
tablets in these patients. Generation of safety data on the use of 300 mg TDF in this weight-band,
with a focus on renal toxicity, may in the future allow use of TLD at these lower weights.

Tenofovir Alafenamide -containing formulations: F/TAF and DTG/F/TAF

TAF paediatric development programme remains incomplete. TAF is only approved for children at
least 6 years old and weighing more than 25 kg (TAF 10mg is approved as part of Genvoya® for
children above 25 kg and TAF 2 5mg is approved as F/TAF as part of Descovy® for children above
35kg; Descovy® is also approved for 25-35 kg kids taking ARVs without boosted Pl), but approved
dosing for children under 6 years old is not available yet and investigation of a formulation for these
younger children has only recently been started due to delays resulting from the challenges with
taste—masking of the current formulation. While the originator has committed to completing their
studies by late 2018/early 2019, there are concerns that these timelines will need to be extended
further. The PADO group agreed on the urgent need to re-discuss this with the originator to
explore ways for accelerating the work. In the meantime, the group encouraged preliminary
feasibility work to be undertaken by generic manufacturers for paediatric DTG/XTC/TAF
development. This should happen in close communication with WHO, PAWG and other PHTI
partners.

Boosted Darunavir-containing formulations: DRVr 120/20 mg tablets and DRVr/DTG

Dosing and ratio recommendations for the development of a DRVr FDC have existed since 2015,
when the PAWG reviewed the modelling information shared by the innovators and confirmed
120/20 mg to be appropriate dosage form to be developed (a double-strength scored tablet was
expected to be unfeasible due to inability to score/cut tablets manufactured using hot melt
extrusion technology). Unfortunately, despite inclusion in the PADO and EOI lists, this formulation
has not generated any interest among manufacturers so CHAI is currently exploring options for
incentivizing this development as part of their Unitaid supported Optimal ARV project.

The DTG/DRVr formulation is a recent inclusion to the PADO 3 list that was justified by the potential
use of this regimen in third-line ART, based on current WHO guidelines, and possible future
indication for this regimen in second-line ART or simplification strategies (currently investigated in
the PENTA 17 trial). Recent preliminary interaction with manufacturers suggested that this FDC may
be difficult to develop. For this reason, the group agreed to de-prioritize for now the development
of DTG/DRVr and to gather more information in order to re-assess its inclusion in the PADO list in
2018. This may include exploring opportunities for co-packaging instead of co-formulation.



Raltegravir: 50 mg scored

Dispersible paediatric tablets of RAL are at very early stages of development by one generic
manufacturer. There is therefore the opportunity to re-evaluate whether the 50 mg scored dosage
form that PADO previously recommended is the appropriate form for the expected use of the drug
in the near future. With the introduction of DTG in older children, the most strategic use of RAL
moving forward is likely to be for treatment of neonates since studies with DTG in neonates have not
started yet and it may take 3-5 years before dosing for neonates is approved and an appropriate
formulation available. RAL could be used for treatment in this population but may also have use for
postnatal prophylaxis (PNP) as well. In this context of envisioned future use of RAL primarily in the
youngest age, the group agreed that development of a 5 mg scored dispersible/crushable tablet
formulation would be more appropriate.

Body Weight Volume (Dose) of Suspension
(kg) to be Administered

Birth to 1 Week - Once daily dosing*

2 to less than 3 0.4 mL (4 mg) once daily
3 to less than 4 0.5 mL (5 mg) once daily
4 to less than 5 0.7 mL (7 mg) once daily

1 to 4 Weeks - Twice daily dosing "

2 to less than 3 0.8 mL (8 mg) twice daily
3 to less than 4 1 mL (10 mg) twice daily
4 to less than 5 1.5 mL (15 mg) twice daily

*The dosing recommendations are based on approximately
1.5 mg/kg/dose.

The dosing recommendations are based on approximately
3 mg/kg/dose.

Figure 4 Approved and simplified RAL dosing schedule as considered by the group

The group discussed whether re-packaging of the existing granule formulation might be an interim
solution that could more rapidly enable the use of this drug for neonates, infants and young children
until DTG becomes available. This approach is currently being discussed with the innovator, who is
also willing to share additional information on the feasibility of mixing the drug with breastmilk and
to discuss a packaging that is more user-friendly. This information, together with more clarity on
timelines, market size and potential availability of incentives, will be critical to re-assess the
inclusion of the 5 mg scored RAL tablets formulation in the PADO list at the next revision.

Enhanced postnatal prophylaxis formulation: AZT/NVP (7.5mg/15mg)

This formulation is included in the PADO list to deliver enhanced PNP for high-risk HIV-exposed
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