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Summary

Antiretroviral	agents	with	long-acting	properties	have	potential	to	improve	treatment	outcomes
substantially	for	people	living	with	HIV.	In	November	2017,	the	Long	acting/Extended	Release
Antiretroviral	Resource	Program	(LEAP)	convened	a	workshop	with	the	aim	of	shaping	the	research
agenda	and	promoting	early	development	of	long-acting	or	extended	release	products	for	key
populations:	pregnant	and	lactating	women,	children	aged	up	to	10	years,	and	adolescents	aged	10–
19	years.	Goals	included	strategies	and	principles	to	ensure	that	the	needs	of	children,	adolescents,
and	pregnant	and	lactating	women	are	considered	when	developing	long-acting	formulations.
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Research	should	focus	not	only	on	how	best	to	transition	long-acting	products	to	these	populations,
but	also	on	early	engagement	across	sectors	and	among	stakeholders.	A	parallel	rather	than
sequential	approach	is	needed	when	establishing	adult,	adolescent,	and	paediatric	clinical	trials	and
seeking	regulatory	approval.	Pregnant	and	lactating	women	should	be	included	in	adult	clinical
trials.	Adolescent-friendly	trial	design	is	needed	to	improve	recruitment	and	retention	of	young
people.

Introduction

In	2017,	an	estimated	10·1	million	women	and	1·8	million	children	younger	than	15	years
worldwide	were	living	with	HIV. 	Women	continue	to	account	for	a	disproportionate	percentage	of
new	HIV	infections	among	adults	(aged	15	years	and	older)	in	sub-Saharan	Africa:	this	population
represented	59%	of	the	18	million	new	adult	HIV	infections	in	2017.	Meanwhile,	the	number	of
adolescents	(aged	10–19	as	deXined	by	WHO)	living	with	HIV	has	increased. 	Daily	oral
antiretroviral	therapy	(ART)	has	had	a	substantial	impact	on	treatment	and	prevention	of	HIV,	but
inadequate	or	incomplete	adherence,	leading	to	treatment	failure	and	drug	resistance,	are	major
obstacles.	In	the	USA,	only	54%	of	young	people	who	begin	ART	achieve	viral	suppression,	and	only
6%	of	young	people	maintain	suppression	in	the	long	term. 	Adolescents	often	have	adherence
challenges,	which	puts	both	their	health	and	the	health	of	their	sexual	partners	at	risk.

Long-acting	or	extended-release	(herein	referred	to	as	long-acting)	nanoproducts	of	antiretroviral
therapies	and	other	HIV	related	treatments	(such	as	monoclonal	antibodies)	are	given	on	a	monthly
or	less	frequent	basis	and	have	the	potential	to	play	a	key	part	in	HIV	treatment	and	prevention,
particularly	in	populations	where	poor	adherence	hinders	successful	treatment. 	As	with	any	novel
drug,	long-acting	antiretroviral	agents	must	undergo	rigorous	assessment	of	safety	and	efXicacy.
Some	products	might	have	additional	safety	considerations	compared	with	their	oral	counterparts.
	Several	long-acting	products	are	in	phase	1–3	trials	for	either	treatment	(NCT02951052)	or

prevention	(HTPN084)	of	HIV-1	infection,	including	cabotegravir	and	rilpivirine,	and	other
treatments	such	as	broadly	neutralising	anti-HIV-1	monoclonal	antibodies.

Historically,	new	HIV	drugs	and	products	have	taken	time	to	become	available	for	children	and
pregnant	and	breastfeeding	women.	Concerns	about	teratogenicity	of	dolutegravir	highlight	the
importance	of	increasing	participation	of	pregnant	woman	in	clinical	research. 	Pregnant	and
lactating	women	are	often	excluded	from	clinical	trials,	and	studies	in	children	are	typically	delayed
until	phase	3	trials	in	adults	have	been	completed. 	Mechanisms	to	include	these	populations
earlier	in	the	drug	development	process	and	in	parallel	with	studies	in	non-pregnant	adults	are
urgently	needed	to	achieve	concurrent	development	of	paediatric	and	adult	products. 	With
clinical	investigations	of	long-acting	antiretroviral	products	in	adults	now	proceeding,	plans	for
including	paediatric,	adolescent,	and	pregnant	and	breastfeeding	populations	in	clinical	research
into	these	agents	should	proceed	without	delay.

The	Long	Acting/Extended	Release	Antiretroviral	Resource	Program	(LEAP)	convened	a	workshop
in	Rockville,	MD,	USA,	in	November	2017,	to	generate	discussion	among	key	experts	and
stakeholders	around	long-acting	products	for	pregnant	and	lactating	women,	infants,	children,	and
adolescents. 	A	complete	description	of	the	workshop	and	list	of	participants	is	provided	in	the
appendix	(p	1).	Key	questions	that	provided	focus	for	presentations	and	discussion	are	presented	in
panel	1.	This	paper	summarises	the	key	principles	discussed	at	the	workshop	and	presents	several
research	priorities	identiXied	and	agreed	upon	by	workshop	participants	to	facilitate	the
development	of	long-acting	products	for	both	treatment	and	prevention	in	infants,	children,
adolescents,	and	pregnant	and	lactating	women.
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Panel	1

Workshop	discussion	questions

Topic	1

•	Should	long-acting,	extended	release	formulations	for	children:	should	they	be	the	same
as	for	adults?

•	Discuss	the	advantages	and	disadvantages	of	trying	to	develop	unique	formulations	for
paediatric	applications	(eg,	subcutaneous	dosing	rather	than	intramuscular)

•	Can	and	should	implants	and	alternative	drug	delivery	technologies	be	developed	for
children?

Topic	2

•	What	to	do	when	a	woman	becomes	pregnant?
•	How	would	recommendations	differ	for	a	woman	who	becomes	pregnant	while	on	long-

acting,	extended	release	drugs	for	treatment	or	prevention,	versus	managing	a	pregnant
woman	who	asks	to	initiate	a	long-acting,	extended	release	regimen?

Topic	3

•	What	are	the	main	challenges	in	enrolling	and	retaining	adolescents	in	clinical	trials	for
HIV	treatment	and	prevention?

•	What	are	the	possible	solutions	to	improve	retention?

Topic	4

•	What	are	the	major	regulatory	and	formulation	approval	challenges	related	to	these	three
key	populations?

•	Are	there	easy-to-implement,	innovative	approaches	to	speed	approval?

Discussions

Products	for	pregnant	and	breastfeeding	women

Long-acting	products	could	provide	substantial	beneXits	over	the	standard	of	care	for	women	in	the
ante-partum,	pregnancy,	and	post-partum	periods	(including	while	breastfeeding	or	at	risk	for	new
pregnancies),	including	improved	adherence	and	viral	suppression	during	times	when	adherence
might	be	reduced. 	Such	products	have	been	widely	used	for	contraception	and	their
acceptance	is	well	documented. 	Long-acting	products	might	also	be	beneXicial	for	prevention	of
HIV	at	these	times	when	women	are	at	increased	risk	of	HIV	acquisition	and,	if	they	seroconvert,	at
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increased	risk	of	vertical	transmission. 	It	is	also	important	to	consider	that	many	women	of
childbearing	potential	might	become	pregnant	while	taking	long-acting	products	(for	treatment	or
prevention),	which	necessitates	a	thorough	understanding	of	safety	and	efXicacy	of	these	drugs
during	pregnancy.

Pregnant	and	lactating	women	are	excluded	from	many	clinical	trials	of	novel	antiretroviral	agents
and	other	therapies,	leading	to	a	paucity	of	data	to	support	or	discourage	the	use	of	these	drugs
throughout	pregnancy	and	lactation. 	At	all	study	phases,	clinical	trials	of	antiretroviral	drugs	have
reported	high	pregnancy	rates	among	enrolled	women,	despite	inclusion	criteria	specifying	use	of
contraception.	Fetal	exposure	is	evidently	unavoidable	during	clinical	trials	that	include	women	of
childbearing	potential. 	Structures	are	needed	to	collect	post-marketing	safety	and	efXicacy	data
of	sufXicient	quality	and	quantity	to	assess	outcomes	from	exposures	in	pregnancy.

In	the	absence	of	speciXic	studies	to	obtain	pregnancy	safety	data	before	drug	licensure,	such	data
could	be	obtained	from	registries	and	observational	studies	after	a	drug	is	marketed.	However,
detection	of	safety	issues	associated	with	drug	exposure	during	pregnancy	or	lactation	are	thereby
delayed	while	these	populations	are	exposed	to	potentially	inadequate	or	harmful	treatments.

In	addition	to	the	possible	risks	of	fetal	exposure	to	new	drugs,	we	must	consider	the	risks	of
withholding	potentially	more	convenient	or	efXicacious	drugs,	or	newer	therapies	with	less	toxicity
from	pregnant	and	lactating	women	with	relevant	conditions,	because	of	paucity	of	data.
Exclusion	of	this	population	from	clinical	trials	could	also	delay	country-level	introduction	of	drugs,
as	new	treatments	cannot	and	should	not	be	recommended	for	the	general	population	until	safety
concerns	and	dosing	in	pregnant	women	are	established.	Therefore,	inclusion	of	pregnant	and
lactating	women	in	clinical	trials	of	new	therapies	should	occur	when	preliminary	safety	data	are
available,	and	early	in	phase	2	and	3	drug	development	programmes,	provided	that	the	prerequisite
non-clinical	data	are	complete	and	acceptable.

Reproductive	toxicity	studies	should	be	done	early	on,	to	provide	the	risk	data	required	for	the
design	of	clinical	studies.	Ex	vivo	placental	perfusion	models	can	be	helpful	in	providing	a
preliminary	understanding	of	the	kinetics	of	placental	transfer	of	novel	long-acting	agents,	but	data
from	humans	are	necessary	to	accurately	describe	placental	transfer	kinetics.

Two	main	scenarios	exist	in	which	long-acting	products	could	be	studied	in	pregnant	and	lactating
women:	when	unintended	or	unplanned	pregnancies	occur	in	women	participating	in	clinical	trials,
and	active	prospective	enrolment	in	clinical	trials.	Eventually,	high-quality	postmarketing
surveillance	studies	could	also	provide	important	data.	Ongoing	and	future	studies	of
investigational	agents	in	non-pregnant	women	should	allow	those	becoming	pregnant	during	the
trial	to	remain	in	the	study	and	on	their	assigned	study	drug,	with	collection	of	key	safety	and
efXicacy	data	(for	mothers	and	infants)	in	a	systematic	and	structured	manner,	following	additional
informed	consent.	This	approach	should	be	the	norm,	unless	there	are	speciXic	reasons	against
inclusion	of	pregnant	women,	such	as	preclinical	data	indicating	a	safety	concern	for	mothers	or
fetuses	or	pharmacokinetic	modelling	showing	inadequate	exposures	in	pregnant	women.
Therefore,	pregnant	women	could	feasibly	be	involved	in	clinical	trials,	providing	speciXic	criteria
are	met; 	provisions	should	be	made	for	additional	safety	monitoring,	and	data	on	fetal	exposure
and	pregnancy	outcome	should	be	collected.	Similar	to	US	Department	of	Health	and	Health
Services	guidance,	standardised	monitoring	is	also	recommended	by	the	WHO	Paediatric
Antiretroviral	Working	Group	and	other	international	groups. 	This	position	is	particularly
important	for	therapies	likely	to	be	used	by	many	women	of	childbearing	potential	and	is	supported
by	federal	regulations,	which	allow	inclusion	of	pregnant	women	and	fetuses	in	research	as	long	as
various	criteria	are	met. 	Pharmacokinetic	studies	in	pregnant	and	lactating	women	are	needed	to
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measure	effects	of	physiological	changes	associated	with	pregnancy	on	drug	absorption,
distribution,	biotransformation,	and	elimination; 	to	inform	the	need	for	dose	adjustments;	and	to
understand	in-utero	exposure.

Consideration	should	be	given	to	dedicated	pharmacokinetic	and	phase	2	studies	during	pregnancy,
once	phase	1	and	2	data	from	non-pregnant	adults	are	available.	Consideration	should	also	be	given
to	phase	3	studies	in	pregnant	women	if	the	likelihood	of	safety	concerns	is	low	on	the	basis	of
preclinical	or	pharmacokinetic	modelling	data.	For	initial	pharmacokinetic	studies	of	long-acting
products	in	pregnancy,	these	drugs	could	be	added	to	a	suppressive	regimen	to	provide	added
protection	from	transmission	during	delivery	and	breastfeeding.	Conversely,	if	enough	women	in
the	phase	3	trial	became	pregnant	and	remained	on	study	drug,	and	if	the	data	collected	could	help
establish	pharmacokinetics	and	dosing	in	pregnancy,	then	an	additional	study	might	not	be	needed.
However,	to	rule	out	less	frequent	safety	issues	in	pregnancy	(which	would	require	larger	sample
sizes),	an	observational	study	after	licensure	would	be	needed.

A	standardised	protocol	for	women	who	become	pregnant	during	a	trial	should	also	be	developed
and	made	available,	in	an	open	forum,	for	use	by	all.	This	protocol	could	be	adapted	for	different
therapeutic	agents	and	would	outline	the	minimum	pharmacokinetic,	pregnancy	outcome,	and
maternal	and	infant	safety	and	toxicity	monitoring	required	for	all	women	who	become	pregnant
during	a	study.	In	addition,	infant	follow-up	data,	up	to	at	least	1	year	of	age,	or	through	cessation	of
breastfeeding	would	be	collected.	Similarly,	standard	protocols	for	establishing	postmarketing
surveillance	of	pregnancy	outcomes	and	safety	and	efXicacy	in	the	context	of	the	roll-out	of	new
products	should	be	created	and	implemented.

An	online	database	could	be	established	or	an	existing	pregnancy	database	used	to	capture	data
across	different	studies	and	data	on	inclusion	of	pregnant	and	lactating	women	in	research	into
long-acting	products.	This	database	could	include	a	summary	of	preclinical	reproductive	toxicity	of
investigational	agents;	a	record	of	the	number	of	pregnant	and	lactating	women	being	actively
enrolled	in	trials	and	number	becoming	pregnant	during	a	trial;	details	of	cessation	or	continuation
of	study	drugs;	and	a	protocol	for	infant	follow-up.

Although	some	medical	care	providers	and	pregnant	and	lactating	women	might	be	more	cautious
in	accepting	a	new	treatment,	these	therapies	are	often	used	in	clinical	practice,	once	licensed	and
available	in-country.	Acceptability	studies	in	people	living	with	HIV	for	novel	drug-device
combinations	are	suggested	but	not	required	and	could	be	nested	within	clinical	trials.

In-utero	exposure

Establishing	the	fetal	safety	proXile	of	a	product	is	difXicult	before	marketing,	as	sufXicient	exposure
data	across	trimesters	are	needed.	Women	becoming	pregnant	on	long-acting	products	during
clinical	trials	are	advised	to	stop	the	drugs	early	in	pregnancy,	limiting	the	extent	of	fetal	exposure.
However,	with	potentially	longer	drug	half-life,	more	inclusive	trial	designs,	and	more	widespread
use	of	long-acting	products	in	late	pregnancy,	newborn	exposure	data	collection	will	be	possible.
Products	given	to	pregnant	women	might	cross	the	placenta	into	the	fetal	compartment;	thus
neonatal	washout	studies	describing	elimination	from	the	newborn	after	in-utero	exposure	can
provide	valuable	information	on	drug	elimination	in	the	Xirst	week	of	life.	Such	data	can	then	be
used	in	modelling	studies	to	inform	selection	of	initial	doses	in	newborn	prevention	and	treatment
studies.	Protocols	should	be	developed	that	collect	data	on	newborn	exposure	to	long-acting
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products	used	for	prevention	of	HIV	transmission	during	pregnancy,	at	delivery,	and	post	partum	at
the	earliest	opportunity,	to	support	the	continued	use	of	these	products	in	pregnant	and	lactating
women,	and	ultimately	their	use	in	newborns.

Neonatal	prophylaxis	and	treatment

The	risk	of	perinatal	HIV	acquisition	in	infants	born	to	women	with	HIV	can	be	substantially
reduced	with	administration	of	antiretroviral	prophylaxis	to	these	infants. 	Timing	of	length	of
therapy	and	treatments	used	is	dependent	on	maternal	risk	factors	and	length	of	breastfeeding.
Similarly,	human	studies	in	lactating	women	and	their	infants	are	needed	to	describe	the	kinetics	of
breastmilk	transfer	of	long-acting	agents,	even	if	an	oral	counterpart	is	already	approved.
Establishment	of	safety	and	efXicacy	via	administration	of	a	single	injection	or	microneedle	patch	to
newborn	babies	has	the	potential	to	simplify	neonatal	prophylaxis	greatly	and	to	act	as	a	bridge	to
neonatal	treatment.	Safety	of	long-acting	products	passing	through	breastmilk	must	also	be
investigated.

Treatment	of	children	across	age	and	weight	bands

Accelerating	the	development	of	paediatric	(outside	of	the	neonatal	period)	antiretroviral	drug
products	has	been	the	focus	of	various	international	initiatives, 	and	this	need	for	acceleration
was	reXlected	in	the	views	of	workshop	participants	in	relation	to	long-acting	products.	Providing
there	was	a	prospect	of	beneXit	and	no	known	safety	concerns,	products	should	be	developed	with
the	whole	age	spectrum	in	mind	and	with	the	aim	of	achieving	concurrent	licensure	for	adults,
adolescents,	and	children.	To	accomplish	this	goal,	protocols	for	trials	of	long-acting	products	in
children	should	be	developed	by	experts	in	the	Xield,	alongside	development	of	studies	in	adults,
with	paediatric	studies	initiated	as	soon	as	both	early	safety	data	and	prospect	of	beneXit	from	adult
trials	are	available.	As	has	been	recommended	for	studies	of	oral	antiretroviral	drugs,
harmonisation	of	long-acting	products	across	weight	bands	is	crucial,	with	paediatric	clinical	trials
designed	to	align	with	WHO	weight	bands	when	possible. 	Furthermore,	in	the	absence	of	known
safety	concerns	that	could	affect	willingness	to	give	the	drug	to	younger	children,	paediatric	clinical
trials	should	simultaneously	enrol	all	paediatric	age	and	weight	cohorts	rather	than	sequentially
enrolling	cohorts	of	decreasing	age.	One	of	the	major	discussion	points	at	the	workshop	was	the
issue	of	dosing	during	rapid	growth	periods.	Plans	for	dose	adjustment	during	rapid	growth	periods
must	be	developed.

For	long-acting	products	to	be	effective	in	the	paediatric	population,	qualitative	studies	should	be
done	early	in	development	to	understand	the	attitudes	of	parents,	care	providers,	and	children	of
different	ages	and	across	different	cultures	to	gauge	interest	in	novel	delivery	systems.	The
inclusion	of	such	studies	within	the	paediatric	clinical	development	plan	will	ensure	that	data	are
available	to	inform	formulation	development,	help	identify	priorities	and	understand	the	likely
market	demand,	and	support	more	effective	implementation	within	each	target	population.

Treatment	and	prevention	in	adolescents

Research	into	the	safety,	efXicacy,	and	acceptability	of	novel	drug	delivery	systems	has	been
suggested	as	one	of	the	top	Xive	priorities	relating	to	the	treatment	of	adolescents	living	with	HIV.
However,	despite	changes	in	the	regulatory	environment	that	have	facilitated	clinical	trials	in
children	and	adolescents,	inequities	continue	to	exist	and	trials	in	adolescents	living	with	HIV
remain	few. 	Although	additional	considerations	might	be	required	when	doing	research	in
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adolescents,	to	ensure	that	trial	sites	are	adolescent-friendly,	a	balance	is	needed	between
protecting	patients	from	harm	and	ensuring	adequate	representation	of	adolescents	in	research,
leading	to	better	access	to	much-needed	drugs. 	Research	is	also	needed	into	the	acceptability	of
injectable	products	for	adolescents. 	Long-acting	products	might	provide	substantial	beneXits
during	adolescence	(a	period	when	adherence	is	often	problematic)	particularly	as	simpliXied
regimens	with	reduced	frequency	of	dosing	are	developed.

Adolescent-speciXic	dosing	should	also	consider	weight	and	not	just	age	for	enrolment.
Pharmacokinetics	in	adolescents	can	be	evaluated	in	adult	phase	3	clinical	trials,	rather	than	in
concurrent	adolescent	trials.	Workshop	participants	suggested	that	if	safety	concerns	are	unlikely,
the	upper	limit	of	target	drug	concentrations	(area	under	curve	and	trough	concentrations)	could
be	widened	for	adolescents	weighing	25–35	kg.	Typically,	adult	doses	and	formulations	are	used	in
adolescent	trials.	Workshop	participants	agreed	that	adolescents	must	be	included	in	adult	phase	3
clinical	trials	of	novel	products	to	inform	future	use	in	this	age	group.

Workshop	participants	identiXied	strategies	to	facilitate	recruitment	and	retention	of	adolescents	in
clinical	trials	(panel	2),	and	proposed	that	internationally	agreed	standards	for	adolescent	clinical
trials	should	be	developed,	drawing	on	existing	ethical	benchmarks	for	adolescent	research.

Panel	2

Suggested	approaches	for	facilitating	recruitment	and	retention	of	adolescents	in	clinical	trials

Recruitment

•	Recruit	youth-friendly	and	peer	staff.
•	Identify	locations	where	adolescents	can	be	approached.
•	Tap	into	social	network	and	opinion	leaders.

Retention

•	Ensure	regular	contact	with	participants.
•	Take	the	intervention	to	the	participant	if	possible.
•	Provide	youth-friendly	space	and	hours.
•	Develop	an	outreach	package	speciXic	to	the	trial	and	population.

General	considerations

•	Ensure	good	links	to	other	services,	such	as	sexual	health	and	HIV	treatment	services.
•	Ensure	that	providers	(adult	and	paediatric)	are	educated	about	long-acting,	extended

release	formulations	and	comfortable	with	the	trial	intervention.
•	Provide	funding	incentives	for	trial	sites	that	adhere	to	youth-friendly	practices.
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The	future	of	long-acting	products

Ideal	requirements	of	long-acting	products	would	include	low	volume	and	number	of	injections,
high	barrier	to	resistance,	and	product	transport	and	storage	conditions	compatible	with	use	in
low-income	and	middle-income	settings	(ie,	avoiding	the	need	for	refrigeration	or	freezing).
Products	and	delivery	systems	that	are	feasible,	acceptable,	and	affordable	in	such	settings	are	key,
given	the	location	and	size	of	the	market	for	paediatric	HIV	treatment.	Given	the	limited	availability
of	oral	antiretroviral	products	for	children	(few	Xixed-dose	combinations,	paucity	of	chewable	or
dispersible	products,	need	for	refrigeration	or	other	supply	chain	issues),	availability	of	long-acting
products	for	all	paediatric	weight	bands	is	crucial.	The	need	for	an	oral	lead-in	for	long-acting
antiretrovirals	could	delay	the	introduction	of	injectable	long-acting	products	for	paediatric	use;
products	that	do	not	require	an	oral	lead-in	are	therefore	desirable.

Novel	drugs	with	their	associated	delivery	systems	might	improve	treatment	options	for	all,
particularly	if	frequency	of	dosing	could	be	further	reduced,	active	pharmaceutical	ingredients	were
combined	into	a	single	formulation,	or	injections	were	replaced	with	alternative	delivery	systems
such	as	transdermal	microneedle	patches	or	implants. 	Although	research	into	such	products
continues,	the	development	of	paediatric	Xixed-dose,	once-daily	oral	products	remains	a	priority	for
paediatric	HIV	treatment.

Early	engagement	between	drug	manufacturers	and	other	stakeholders	is	important	for	the
successful	development	of	long-acting	products	for	use	across	different	population	groups.
Discussions	with	regulatory	agencies	will	clarify	the	data	required	for	licensing,	and	early
engagement	with	communities	will	ensure	that	the	needs	of	children,	adolescents,	and	pregnant
and	lactating	women	are	better	understood	and	considered	early	in	the	development	process.

Given	the	differences	between	oral	antiretrovirals	and	long-acting	products	in	terms	of	both
administration	route	and	dose	frequency,	the	introduction	of	these	products	into	national	treatment
programmes	must	be	carefully	planned,	with	consistent	messages	across	partners.	Effective,
centrally-led	strategies	must	be	in	place	before	such	products	are	launched,	particularly	in	low-
income	and	middle-income	countries.	This	will	require	collaboration	and	coordination	across
sectors,	from	suppliers	and	international	bodies	to	in-country	health	services,	with	appropriate
training	for	clinic	and	community	staff.

Collection	and	dissemination	of	lessons	learned	from	long-acting	products	developed	for	other
diseases	such	as	antipsychotics	(ie,	aripiprazole,	olanzapine,	paliperidone),	particularly	on	the
practicalities	of	launching	a	new	treatment	approach	and	its	uptake	by	clinicians,	could	help
facilitate	the	introduction	of	long-acting	antiretroviral	products.	Monitoring	of	uptake	and
adherence	will	be	needed	to	learn	from	early	adopters,	to	inform	the	introduction	of	these	products
in	other	settings,	and	to	plan	at	a	global	level	to	avoid	stockouts	or	wastage.	Additional
considerations	will	be	required	if	long-acting	products	are	used	for	HIV	prevention,	particularly	in
understanding	people's	motivations	in	seeking	prevention	and	how	this	drives	demand.

A	harmonised	approach	would	encourage	engagement	of	innovator	and	generic	companies	by
creating	a	more	viable	market,	simplifying	development	in	the	long	term	and	facilitating	the
introduction	of	long-acting	antiretroviral	treatment	at	the	country	level.	These	goals	can	only	be
achieved	through	coordinated	action,	with	involvement	of	all	key	stakeholders	from	the	start,	and
with	alignment	of	donors	to	maximise	support	in	the	development	and	implementation	phases.
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Good	communication	is	needed	across	sectors	to	ensure	that	manufacturers	are	aware	of	the
requirements	for	regulatory	approval	and	to	meet	the	needs	of	patients	and	providers	regarding
products	and	delivery	systems.

Post-meeting	events

Experience	with	daily	dolutegravir	and	its	possible	link	to	neural-tube	defects	in	infants	born	to
women	taking	it	as	part	of	standard	of	care,	including	at	the	time	of	conception 	has
highlighted	the	need	to	enrol	pregnant	women	in	studies	of	novel	products. 	The	study	is
ongoing, 	and	data	from	this	and	other	investigations	should	provide	more	information	to	assess
this	therapy's	use.	The	existence	of	this	birth	outcome	surveillance	project	before	and	after	the
Botswana	guidelines	changed	in	2016 	permitted	this	analysis	to	occur	in	a	timely	manner,
allowing	for	recognition	of	a	possible	signal	regarding	a	new	agent.

Conclusions

The	research	agenda	can	be	tailored	in	various	ways	to	generate	data	needed	for	regulatory
approval	of	long-acting	products	for	pregnant	and	lactating	women,	children	of	all	ages,	and
adolescents	(panel	3).

Panel	3

Key	recommendations	for	the	development	of	long-acting	or	extended	release	formulations	for

neonates,	children,	adolescents,	and	pregnant	and	breastfeeding	women

Pregnant	and	breastfeeding	women

•	Studies	of	investigational	agents	in	non-pregnant	women	should	allow	those	becoming
pregnant	during	the	trial	to	remain	in	the	study	and	on	their	assigned	study	drug,	with
additional	informed	consent,	unless	there	is	clear	justiXication	for	exclusion.

•	Pregnant	and	breastfeeding	women	should	be	considered	eligible	for	active	enrolment	in
clinical	trials	unless	clear	justiXication	for	exclusion	exists.

•	Additional	monitoring	of	maternal,	pregnancy,	and	infant	outcomes	should	be	undertaken
for	all	women	who	become	pregnant	during	a	clinical	trial	and	all	pregnant	and
breastfeeding	women	actively	enrolled	in	trials	with	a	standard	protocol.

Neonates	(birth	to	4	weeks)

•	Neonatal	washout	studies	are	needed	that	describe	the	disappearance	of	drug	present	at
birth	after	in-utero	exposure,	followed	by	dosing	studies	to	describe	safety	and
pharmacology	in	neonates	and	young	infants	to	allow	use	of	novel	formulations	for
neonatal	and	young	infant	prophylaxis	and	early	treatment.

Children	(4	weeks	to	10	years)
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•	Protocols	for	trials	of	long-acting,	extended	release	formulations	in	children	should	be
developed	alongside	adult	trials,	and	paediatric	studies	should	be	initiated	as	soon	as
early	safety	data	from	adult	trials	is	released.

•	Paediatric	clinical	trials	should	simultaneously	enrol	all	paediatric	age	and	weight	cohorts
rather	than	sequentially	enrolling	cohorts	of	decreasing	age	or	size.

•	Long-acting	formulations	for	children	should	be	harmonised	across	weight	bands.

Adolescents	(10–19	years)

•	Adolescents	should	be	included	in	adult	clinical	trials	of	long-acting	antiretroviral	agents,
or	in	separate	trials	proceeding	nearby.

•	Strategies	to	maximise	recruitment	and	retention	of	adolescents	in	clinical	trials	should
be	employed.

General	recommendations

•	Acceptability	studies	should	be	done	early	in	the	development	of	long-acting	formulations
to	understand	the	attitudes	of	care	providers,	children	of	different	ages	and	their
parents,	and	pregnant	and	breastfeeding	women.

•	Coordinated	action	involving	all	key	stakeholders	is	required	from	the	early	stages	of
development	to	maximise	the	chances	of	success.

Pregnancy	intentions	should	not	be	a	barrier	to	enrolment	of	women	of	childbearing	potential,	and
we	encourage	inclusion	of	pregnant	and	lactating	women	in	all	appropriate	phase	3	clinical	trials.
Paediatric	studies	inclusive	of	all	age	groups	should	be	planned	early	in	development,	and	if
possible	should	be	carried	out	as	soon	as	preliminary	adult	safety	and	efXicacy	data	are	available
from	phase	1	and	2	trials.	Products	should	be	applicable	across	all	weight	bands,	including	adults,	to
facilitate	implementation,	ensure	market	viability,	and	maximise	the	chance	of	success	of	long-
acting	therapeutic	strategies.	Efforts	should	be	made	to	include	adolescents	in	adult	clinical	trials	or
to	establish	adolescent-speciXic	trials	in	parallel	where	appropriate.	These	studies	should	use	a
range	of	methods	to	maximise	recruitment	and	retention	of	patients,	including	good	community
engagement	and	adolescent-friendly	approaches.	Studies	are	also	needed	to	understand	the
acceptability	and	feasibility	of	long-acting	products	in	all	populations,	particularly	in	settings	with
high	HIV	burden.

As	we	assess	how	best	to	study	the	use	of	long-acting	products	in	children,	adolescents,	and
pregnant	and	lactating	women,	and	ultimately	transition	these	new	drug	delivery	products	and
systems	into	these	populations,	it	is	also	worth	considering	which	products	would	be	best	suited
and	of	most	beneXit	to	speciXic	populations.	Although	injectable	products	have	the	potential	to
improve	treatment	outcomes,	particularly	in	groups	with	poor	adherence,	frequent	injections	could
be	a	barrier	in	children.	Delivery	systems	for	long-acting	products	are	needed	that	are	less	painful
or	require	less	frequent	dosing—and	are	therefore	more	acceptable	to	children,	adolescents,	and
their	parents	and	care	providers—such	as	implants	and	transdermal	patches.	New	drugs	and
technological	platforms	are	essential	to	support	the	development	of	long-acting	treatment	for
infants,	children,	and	adolescents.	Removable	microneedle	patches	have	the	potential	to	deliver
long-acting	antiretroviral	agents	without	the	pain	associated	with	injections	and	could	be	applied	at



home	or	during	a	routine	clinic	visit.	Long-acting	oral	preparations	would	also	have	potential,	but
systems	developed	to	date	are	only	in	the	preclinical	phases.	Research	into	alternative	delivery
mechanisms	should	therefore	be	encouraged.

Planning	for	novel	treatment	approaches	involves	actively	engaging	with	patients	and	communities
from	an	early	stage	to	understand	patient	desires	and	motivations,	and	with	donors,	regulatory
agencies,	and	pharmaceutical	companies	to	ensure	alignment	and	commitment	of	key	stakeholders
from	the	outset	to	maximise	success.	By	working	toward	a	research	agenda	that	includes,	from	an
early	stage,	infants,	children,	adolescents,	and	pregnant	and	lactating	women,	we	can	ensure	that
beneXits	of	long-acting	antiretroviral	agents	extend	to	these	key	populations	without	the	delays	that
have	occurred	in	the	past.
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