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Abstract
Islatravir	(MK-	8591)	is	a	nucleoside	analogue	in	development	for	the	treatment	
and	prevention	of	HIV-	1.	Two	phase	1	trials	were	conducted	during	initial	evalu-
ation	of	islatravir:	rising	single	doses	(Study	1)	and	rising	multiple	doses	(Study	2)	
of	oral	islatravir	in	male	and	female	participants	without	HIV	(aged	18–	60 years).	
Safety,	 tolerability,	 and	 pharmacokinetics	 of	 islatravir	 (plasma)	 and	 islatravir-	
triphosphate	(peripheral	blood	mononuclear	cells)	were	assessed.	In	Study	1,	24	
participants,	assigned	to	1	of	3	panels,	received	alternating	single	doses	of	 isla-
travir	in	a	fasted	state	from	5 mg	to	400 mg,	or	placebo,	over	3	dosing	periods;	a	
30 mg	dose	was	additionally	assessed	following	a	high-	fat	meal.	In	Study	2,	8	par-
ticipants	per	dose	received	3	once-	weekly	doses	of	10,	30,	or	100 mg	islatravir	or	
placebo	in	a	fasted	state.	For	each	panel	in	both	trials,	6	participants	received	ac-
tive	drug	and	2	received	placebo.	Islatravir	was	generally	well-	tolerated,	with	no	
serious	adverse	events	or	discontinuations	due	to	adverse	events.	Islatravir	was	
rapidly	 absorbed	 (median	 time	 to	 maximum	 plasma	 concentration	 0.5	 hours);	
plasma	 half-	life	 was	 49–	61	 h;	 intracellular	 islatravir-	triphosphate	 half-	life	 was	
118–	171	 h.	 Plasma	 exposure	 increased	 in	 an	 approximately	 dose-	proportional	
manner;	there	was	no	meaningful	food	effect.	There	was	a	modest	degree	of	intra-
cellular	islatravir-	triphosphate	accumulation	after	multiple	weekly	dosing.	After	
single	oral	doses	of	islatravir	greater	than	or	equal	to	5 mg,	intracellular	islatravir-	
triphosphate	levels	were	comparable	to	levels	associated	with	efficacy	in	preclini-
cal	studies.	These	results	warrant	continued	clinical	investigation	of	islatravir.
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INTRODUCTION

Advances	 in	 antiretroviral	 therapy	 (ART)	 have	 contrib-
uted	significantly	to	the	reduction	in	morbidity,	mortality,	
and	transmission	of	HIV-	1.1	However,	the	global	burden	
of	HIV-	1	infection	remains	substantial,	with	an	estimated	
38	million	people	living	with	HIV-	1	in	2019	and	~1.7	mil-
lion	new	infections	and	690,000	HIV-	related	deaths	in	the	
same	year.2	US	and	European	guidelines	recommend	ART	
regimens	that	generally	consist	of	3	drugs	from	at	least	2	
drug	classes	 for	 the	 treatment	of	HIV-	1	 infection	and	2-	
drug	regimens	as	pre-	exposure	prophylaxis	(PrEP)	for	pre-
vention	of	HIV-	1.	However,	the	advent	of	new	agents	with	
improved	 effectiveness	 against	 HIV-	1	 is	 resulting	 in	 the	
emergence	of	more	compact	regimens	for	both	the	treat-
ment	and	prevention	of	HIV-	1,	including	2-	drug	regimens	
for	 treatment	 and	 single	 agents	 for	 prophylaxis.1,3,4	 The	
recommended	 HIV-	1	 treatment	 and	 prevention	 strate-
gies	rely	on	good	adherence	to	daily	administration;	thus,	
agents	 with	 more	 favorable	 and	 extended	 dosing	 sched-
ules	 would	 be	 of	 benefit.	 Novel	 agents	 with	 improved	
safety	and	tolerability	profiles	and	a	high	barrier	to	the	se-
lection	of	resistance	are	needed,	as	existing	agents	can	be	
associated	with	long-	term	toxicities,	as	well	as	a	potential	
for	selection	of	drug-	resistant	HIV-	1	variants.1,3,5

Islatravir	(MK-	8591)	is	a	nucleoside	analogue	in	devel-
opment	for	the	treatment	and	prevention	of	HIV-	1	infec-
tion.6	Due	to	its	novel	structure,	islatravir	inhibits	reverse	
transcriptase	(RT)	by	multiple	mechanisms,	contributing	
to	its	high	affinity	for	RT	and	high	barrier	to	resistance.7–	11	

In	 vitro,	 islatravir	 inhibits	 multiple	 strains	 of	 HIV-	1,	 in-
cluding	common	nucleoside	reverse	transcriptase	inhibi-
tor	(NRTI)-	resistant	variants,	and	has	a	high	barrier	to	the	
development	of	resistance.7,12–	14	In	addition,	islatravir	has	
demonstrated	robust	antiviral	efficacy	 in	preclinical	ani-
mal	 models	 of	 HIV-	1	 infection,	 including	 HIV	 infection	
in	humanized	mice15	and	simian	immunodeficiency	virus	
(SIV)	infection	in	rhesus	macaques.16,17

When	 administered	 enterally	 in	 a	 rhesus	 macaque	
model,	 islatravir	was	rapidly	absorbed,	and	peak	plasma	
concentrations	occurred	~90	min	postdose.15	Islatravir	is	
rapidly	 cleared	 from	 plasma,	 and	 adenosine	 deaminase	
appears	 to	 be	 an	 important	 contributor	 to	 islatravir	 me-
tabolism.18	 Islatravir	 is	 taken	 up	 into	 cells,	 where	 it	 is	
converted	 to	 islatravir-	triphosphate	 (TP)	 by	 endogenous	
intracellular	kinases;12	preclinically,	 islatravir-	TP	persists	
for	 long	 periods	 intracellularly	 (>72	 h).15	 Given	 the	 in-
tracellular	 persistence	 of	 islatravir-	TP,	 once-	weekly	 oral	
islatravir	was	tested	in	SIV-	infected	rhesus	macaques.	An	
intracellular	islatravir-	TP	trough	concentration	(C168 h)	of	
0.53 pmol/106	cells	was	shown	to	result	 in	rapid	and	ro-
bust	declines	in	SIV	RNA	for	at	least	7 days.17	In	a	model	
of	HIV	prophylaxis,	weekly	oral	islatravir	protected	rhesus	
macaques	from	infection	via	an	intrarectal	SIV	challenge.19

The	 high	 antiviral	 potency	 of	 islatravir	 and	 favorable	
profiles	 for	 toxicity	 and	 pharmacokinetics	 in	 preclinical	
studies	 supported	 further	 evaluation	 of	 islatravir	 in	 hu-
mans.	Here,	we	report	the	results	of	2	phase	I	clinical	trials	
in	participants	without	HIV	designed	to	assess	the	initial	
safety	and	pharmacokinetic	profile	of	oral	islatravir	after	

Study Highlights
WHAT	IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Current	 HIV	 treatment	 and	 prevention	 strategies	 have	 limitations,	 and	 novel	
agents	 that	offer	 improved	safety	and	 tolerability,	a	high	barrier	 to	HIV	resist-
ance,	and	more	convenient	dosing	regimens	are	required.
WHAT	QUESTION DID THIS STUDY ADDRESS?
Two	phase	1	studies	in	participants	without	HIV	assessed	safety	and	pharmacoki-
netics	of	rising	single	and	multiple	doses	of	oral	islatravir,	a	nucleoside	analogue,	
to	 support	 continued	 development	 for	 the	 treatment	 and	 prevention	 of	 HIV-	1	
infection.
WHAT	DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Islatravir	was	generally	well-	tolerated	at	single	doses	up	to	400 mg.	Oral	doses	of	
islatravir	greater	than	or	equal	to	10 mg	resulted	in	intracellular	peripheral	blood	
mononuclear	cell	levels	of	the	active	form,	islatravir-	triphosphate,	comparable	to	
those	associated	with	antiviral	efficacy	in	preclinical	studies.
HOW	 MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
These	studies	provide	important	safety	and	pharmacokinetic	information	about	
islatravir	 in	adults	without	HIV,	which	will	be	used	to	support	 further	clinical	
investigation	of	islatravir	for	the	treatment	and	prevention	of	HIV-	1	infection.



   | 1937FIRST-IN-HUMANSTUDIESOFISLATRAVIR

rising	single	and	multiple	doses	 in	humans,	which	were	
used	to	inform	selection	of	doses	in	clinical	trials	enrolling	
participants	living	with	HIV-	1.

METHODS

Study design

Study	1	(protocol	MK-	8591–	001)	was	a	double-	blind,	ran-
domized,	 placebo-	controlled,	 3-	period,	 3-	panel,	 alternat-
ing	panel,	rising	single-	dose	study	in	participants	without	
HIV	(Figure 1a).	The	study	included	a	washout	interval	of	
at	least	27	days	between	periods	for	any	given	participant,	
and	there	was	a	minimum	of	10 days	preceding	dose	esca-
lation	between	panels	to	fully	assess	safety.	Islatravir	was	
dosed	as	an	oral	suspension.	The	suspension	vehicle	alone	
served	as	the	placebo.

Study	2	(protocol	MK-	8591–	002)	was	a	double-	blind,	ran-
domized,	placebo-	controlled,	serial	panel,	rising	multiple-	
dose	 study	 in	 participants	 without	 HIV	 (Figure  1b).	
Islatravir	or	placebo	were	administered	as	a	capsule	once	
weekly	for	3 weeks.	Following	administration	of	the	final	
multiple	 dose	 of	 islatravir	 or	 placebo	 at	 each	 dose	 level,	

there	was	a	minimum	of	10 days	preceding	administration	
of	the	next	higher	dose	in	the	subsequent	panel.

In	both	studies,	safety	and	pharmacokinetic	data	were	
reviewed	 on	 an	 ongoing	 basis	 and	 informed	 escalation	
to	 the	 next	 highest	 dose	 level.	 Individuals	 participated	
in	 only	 one	 panel.	 In	 all	 panels	 and	 throughout	 treat-
ment	periods,	the	participants	and	the	investigator	were	
blinded	to	 the	allocation	of	active	 treatment	 (islatravir)	
or	 placebo.	 Islatravir	 and	 matching	 placebo	 were	 pre-
pared	 by	 an	 unblinded	 pharmacist	 and	 then	 dispensed	
in	 a	 blinded	 fashion	 by	 qualified	 trial	 site	 personnel.	
Participants	 were	 randomly	 assigned	 according	 to	 a	
computer-	generated	allocation	schedule.	The	number	of	
participants	in	each	panel	(n = 8,	allocated	n = 6	to	isla-
travir,	and	n = 2	to	placebo)	was	chosen	for	these	early	
phase	I	studies	to	balance	scientific	requirements	for	sta-
tistical	 significance	 with	 the	 trials’	 objectives	 regarding	
the	ethical	use	of	human	participants	in	a	clinical	study.	
For	 safety	 and	 tolerability	 analyses,	 data	 were	 pooled	
from	participants	in	the	placebo	groups	of	each	panel	for	
both	studies.

Both	 trials	 were	 conducted	 at	 the	 SGS	 Clinical	
Pharmacology	 Unit,	 Antwerp,	 Belgium,	 in	 conformance	
with	 applicable	 local	 requirements	 regarding	 ethical	

F I G U R E  1  Study	designs.	(a)	Study	1	design.	The	participants	receiving	placebo	or	active	treatment	varied	by	period,	except	for	the	
30 mg	dose	in	which	the	same	participants	received	placebo	in	periods	1	and	3	to	allow	for	food	effect	assessment.	High-	fat	breakfast	
included	55.6 g	total	fat,	55 g	total	carbohydrate	and	31.1 g	total	protein;	total	calories:	500.4	in	fat,	220	in	carbohydrates;	and	124.4	in	
protein.	R,	randomization.	(b)	Study	2	design.	D,	day

Enrolment 
(~3 weeks 
prior to R)

N = 24

PANEL A
n = 8

PANEL 
B†

n = 8

PANEL 
C†

n = 8

R

R‡

R

PERIOD 1
Fasted state*

PERIOD 2
Fasted state*

PERIOD 3
High-fat meal

—
—

—

—

*Minimum of 8 hours prior to study drug administration; †minimum of 10 days preceding dose escalation between panels;
‡randomization to islatravir or placebo was identical in Periods 1 and 3  

≥2
7-

da
y 

w
as

ho
ut

Islatravir 
(15 mg oral dose) 

n = 6
Placebo, n = 2

≥2
7-

da
y 

w
as

ho
ut

Islatravir 
(30 mg oral dose) 

n = 6
Placebo, n = 2

Islatravir 
(100 mg oral dose) 

n = 6
Placebo, n = 2

R

R

R

Islatravir 
(200 mg oral dose) 

n = 6
Placebo, n = 2

Islatravir 
(400 mg oral dose) 

n = 6
Placebo, n = 2

Islatravir 
(5 mg oral dose) 

n = 6
Placebo, n = 2

Islatravir 
(30 mg oral dose) 

n = 6
Placebo, n = 2

R‡

≥10 daysPANEL A
Treatment period

Panel A cohort 
enrolment and 
randomization

(n = 8)

Islatravir (n = 6)
10 mg single oral dose

3 x once weekly 
D1, D8, D15

Placebo (n = 2)
3 x once-weekly

D1, D8, D15

≥10 daysPANEL B
Treatment period

PANEL C
Treatment period

Islatravir (n = 6)
30 mg single oral dose

3 x once weekly
D1, D8, D15

Placebo (n = 2)
3 x once-weekly

D1, D8, D15

Islatravir (n = 6) 
100 mg single oral dose

3 x once weekly
D1, D8, D15

Placebo (n = 2)
3 x once-weekly

D1, D8, D15

Panel B cohort 
enrolment and 
randomization

(n = 8)

Panel C cohort 
enrolment and 
randomization

(n = 8)

(a)

(b)



1938 |   MATTHEWS et al.

committee	review,	informed	consent,	and	other	statutes	or	
regulations	regarding	the	protection	of	the	rights	and	wel-
fare	of	humans	participating	in	biomedical	research.	The	
Independent	 Ethics	 Committee	 for	 both	 studies	 was	 de	
Commissie	 voor	 Medische	 Ethiek	 –		 Ziekenhuisnetwerk	
Antwerpen	(The	Committee	for	Medical	Ethics	–		Hospital	
Network	Antwerp).

Participants

Eligible	 participants	 were	 men	 or	 women	 of	 nonchild-
bearing	potential	without	HIV,	18	to	60 years	of	age,	and	
with	a	body	mass	index	less	than	or	equal	to	32 kg/m2	at	
the	screening	visit.	Key	exclusion	criteria	included	creati-
nine	clearance	less	than	or	equal	to	90 ml/min	(Study	1)	
or	less	than	or	equal	to	80 ml/min	(Study	2),	a	history	of	
current	significant	abnormalities	or	diseases,	history	of	to-
bacco	use,	and	an	inability	to	refrain	from	the	use	of	any	
medication,	 including	 prescription	 and	 nonprescription,	
and	herbal	remedies.

Assessments

Safety	and	tolerability

Safety	and	tolerability	were	assessed	by	clinical	evaluation,	
including	vital	signs,	12-	lead	electrocardiograms	(ECGs),	
and	laboratory	safety	tests	(hematology	and	blood	chem-
istry)	 obtained	 at	 prespecified	 time	 points.	 Participants	
were	also	monitored	for	adverse	events	from	the	time	the	
consent	form	was	signed	through	21 days	following	cessa-
tion	of	treatment.

Pharmacokinetics

Blood	samples	for	the	determination	of	plasma	islatravir	
concentrations	were	collected	predose	and	at	specific	time	
points	up	to	~96	h	post	dose	in	study	1	and	up	to	~168	h	
postdose	(following	dosing	on	days	7,	14,	and	21)	in	study	
2.	Peripheral	blood	mononuclear	cells	(PBMCs)	were	col-
lected	for	the	assessment	of	pharmacokinetics	for	islatra-
vir-	TP	at	specific	time	points	up	to	~336	h	(~14 days)	after	
the	last	dose	of	islatravir	in	both	studies.

Islatravir	was	extracted	from	plasma	by	protein	precip-
itation	and	analyzed	by	reversed	phase	chromatographic	
separation	 coupled	 with	 tandem	 mass	 spectrometric	 de-
tection.	 The	 liquid	 chromatography-	tandem	 mass	 spec-
trometry	 system	 consisted	 of	 a	 Waters	 ACQUITY	 Ultra	
Performance	 Liquid	 Chromatography	 system	 (Waters	
Corporation,	 Milford,	 MA,	 USA)	 coupled	 with	 an	 AB	

Sciex	 API	 5500	 triple	 quadrupole	 mass	 spectrometer	
(AB	Sciex,	Framingham,	MA,	USA)	with	an	electrospray	
ionization	 source.	 The	 lower	 limit	 of	 quantitation	 was	
1.00  ng/ml	 (0.00341  µmol/L)	 with	 a	 linear	 calibration	
range	from	1.00 ng/ml	to	1000.00 ng/ml	(0.00341 µmol/L	
to	3.41 µmol/L),	using	50	μl	of	plasma.	Assay	intra-	run	ac-
curacy	was	between	97.5%	and	112.0%,	and	precision	was	
between	1.0%	and	12.9%	(n = 5).

Islatravir	 and	 islatravir-	TP	 from	 PBMC	 lysates	 were	
extracted	 using	 protein	 precipitation	 and	 analyzed	 by	
reversed	phase	chromatography	for	islatravir	and	ion	ex-
change	 chromatography	 for	 TPs,	 coupled	 with	 tandem	
mass	spectrometry.20	Methanol	was	included	in	the	lysis	
solvent	to	efficiently	lyse	all	PBMCs	and	to	stabilize	anab-
olites	from	degradation.20	The	lower	limit	of	quantitation	
was	0.25 ng/ml	(0.000852 µmol/L)	for	islatravir	in	PBMCs,	
with	a	 linear	curve	range	from	0.25 ng/ml	to	250.00 ng/
ml	 (0.000852  µmol/L	 to	 0.852  µmol/L).	 Assay	 accuracy	
was	between	95.4%	and	96.8%,	and	precision	was	between	
1.5%	and	3.5%	(n = 3).	The	lower	limit	of	quantitation	was	
0.50 ng/ml	(0.000938 µmol/L)	for	islatravir-	TP	in	PBMCs,	
with	a	 linear	curve	range	from	0.50 ng/ml	to	200.00 ng/
ml	(0.000938 µmol/L	to	0.375 µmol/L).	Assay	accuracy	for	
islatravir-	TP	was	between	94.0%	and	99.3%,	and	precision	
was	between	2.7%	and	7.7%	(n = 3).

Statistical analyses

Pharmacokinetics

Pharmacokinetic	parameter	values	were	calculated	using	
Phoenix	 WinNonlin	 (Certara,	 Princeton,	 NJ,	 USA).	 The	
maximum	 concentration	 (Cmax),	 time	 to	 maximum	 con-
centration	 (Tmax),	 and	 trough	 concentration	 at	 day	 7	
(C168 h)	were	obtained	from	the	observed	concentration–	
time	data.	The	area	under	the	concentration–	time	curve	
from	0	to	168 h	(AUC0–	168)	and	from	0	to	infinity	(AUC0–∞)	
were	 estimated	 using	 the	 linear	 trapezoidal	 method	 for	
ascending	concentrations	and	the	log	trapezoidal	method	
for	descending	concentrations.	The	slope	of	the	terminal	
phase	 λz	 was	 calculated	 by	 regression	 of	 the	 terminal	
log-	linear	portion	of	 the	concentration–	time	profile;	 this	
was	 used	 to	 extrapolate	 beyond	 the	 last	 measured	 con-
centration	to	estimate	AUC0–	168 h	(Study	1)	and	AUC0–∞.	
The	 apparent	 terminal	 half-	life	 (t½)	 was	 calculated	 as	
the	quotient	of	natural	 log	of	 two	and	λz.	The	following	
pharmacokinetic	parameters	were	calculated	for	islatravir	
plasma	concentrations	and	intracellular	islatravir-	TP	con-
centrations:	AUC0–∞,	AUC0–	168 h,	Cmax,	Tmax,	and	apparent	
t½.	In	addition,	C168 h	for	islatravir-	TP	was	calculated.	In	
Study	1,	doses	for	which	there	was	carryover	in	islatravir-
	TP	from	the	previous	dosing	period	(defined	as	a	predose	
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concentration	(C0)	>5%	of	Cmax	of	the	current	dose),	the	
concentration	of	the	current	dose	was	modified	using	the	
equation:	

where	Ct	was	the	concentration	at	time	t	due	to	the	current	
dose,	Cobserved	was	the	measured	concentration	at	time	t,	
and	k	was	the	slope	of	the	terminal	phase	from	the	preced-
ing	 dose.	This	 effectively	 removes	 the	 contribution	 of	 the	
previous	dose.

Plasma	islatravir	and	intracellular	islatravir-	TP	AUC0–∞,	
AUC0–	168 h,	Cmax,	and	C168 h	(islatravir-	TP	only),	were	nat-
ural	 log-	transformed	 and	 evaluated	 with	 a	 linear	 mixed	
effects	model	containing	a	fixed	effect	for	treatment	and	
random	effect	for	subject.	In	study	2,	the	linear	mixed	ef-
fects	model	also	contained	a	fixed	effect	for	day	(day	1,	day	
8,	and	day	15	for	C168 h	and	day	1	and	day	15	for	AUC0–	168 h	
and	Cmax)	and	treatment	by	day	interaction.	Least	squares	
means	and	95%	confidence	intervals	(CIs)	were	obtained	
from	the	model	and	back-	transformed	to	obtain	geometric	
means	and	95%	CIs	for	each	treatment;	and	for	C168 h,	90%	
CIs	were	also	obtained	from	the	model.

The	same	model	was	used	to	estimate	the	effect	of	food	
on	 plasma	 islatravir	 and	 intracellular	 islatravir-	TP	 phar-
macokinetics;	 the	geometric	mean	ratio	 (fed/fasted)	and	
90%	CI	at	the	30 mg	dose	level	were	obtained	for	AUC0–∞,	
Cmax,	AUC0–	168 h,	and	C168 h	(islatravir-	TP	only).

The	 posterior	 probability	 that	 the	 true	 islatravir-	TP	
C168 h	exceeded	the	concentration	target	of	0.53 pmol/106	
cells	 associated	 with	 efficacy	 in	 SIV-	infected	 rhesus	 ma-
caques	was	calculated	at	each	dose	 level,	using	the	 least	
squares	estimates	and	total	variance	from	the	above	mod-
els,	 assuming	 a	 noninformative	 prior	 and	 normality	 on	
the	log	scale.

RESULTS

Participants

A	total	of	24	participants	were	enrolled	in	and	completed	
each	study	between	January	29,	2014,	and	May	27,	2014	
(Study	1)	and	May	15,	2014,	and	January	12,	2015	(Study	
2).	Participant	demographics	for	both	studies	are	summa-
rized	in	Table	S1.

Safety and tolerability

Single	 and	 multiple	 oral	 dose	 administration	 of	 islatravir	
were	generally	well-	tolerated.	There	were	no	serious	adverse	
events	and	no	participants	discontinued	due	to	an	adverse	

experience	in	either	study.	In	Study	1,	16	participants	(66.7%)	
reported	a	total	of	30	nonserious	adverse	events;	none	were	
considered	related	to	islatravir.	All	adverse	events	were	mild	
to	moderate	in	intensity.	The	most	commonly	reported	ad-
verse	events	(>2	participants)	were	headache	(n = 9)	and	
nasopharyngitis	(n = 4).	In	Study	2,	9	participants	(37.5%)	
reported	 a	 total	 of	 12	 nonserious	 adverse	 events;	 all	 were	
mild	to	moderate	in	intensity.	The	most	commonly	reported	
adverse	event	(>2	participants)	was	headache	(n = 3).

No	clinically	meaningful	 relationships	were	observed	
for	 changes	 in	 clinical	 laboratory	 values,	 vital	 signs,	 or	
ECG	safety	parameter	values	following	treatment	with	is-
latravir	in	either	study.

Pharmacokinetics

Rising	single-	dose	clinical	trial	(Study	1)

Pharmacokinetic	parameter	values	of	plasma	islatravir	fol-
lowing	administration	of	single	oral	doses	of	5	to	400 mg	
islatravir	in	the	fasted	state	and	30 mg	in	the	fed	state	are	
summarized	in	Table 1.	In	the	fasted	state,	islatravir	was	
rapidly	absorbed,	with	a	median	Tmax	of	0.5	h	(Figure 2a)	
and	plasma	exposure	appeared	to	increase	in	an	approxi-
mately	dose-	proportional	manner	between	5	and	400 mg.	
Plasma	 concentrations	 decreased	 in	 a	 biphasic	 manner,	
with	a	rapid	initial	phase	(within	the	first	6–	12	h)	and	a	
slow	terminal	phase	with	an	apparent	t½	of	49–	61	h.

Pharmacokinetic	 parameter	 values	 of	 islatravir-	TP	
in	 the	 fasted	 and	 fed	 state	 are	 summarized	 in	 Table  1.	
Doses	 of	 15  mg	 and	 above	 achieved	 a	 greater	 than	 99%	
posterior	 probability	 that	 the	 true	 mean	 intracellular	 is-
latravir-	TP	C168 h	is	greater	than	0.53 pmol/106	cells	(from	
1.24  pmol/106	 cells	 at	 15  mg	 to	 18.3  pmol/106	 cells	 at	
400  mg).	 In	 the	 fasted	 state,	 islatravir-	TP	 reached	 intra-
cellular	Cmax	at	a	median	Tmax	of	6–	24	h	 (range	6–	48	h)	
and	 the	 concentrations	 declined	 with	 an	 apparent	 t½	 of	
118–	171	 h	 (Figure  2b).	 The	 reported	 concentrations	 of	
islatravir-	TP	were	potentially	underestimated	due	to	pre-	
analytical	sample	handling	issues.

Following	 administration	 of	 30  mg	 islatravir	 with	 a	
high-	fat	meal,	islatravir	had	a	slightly	delayed	absorption	
with	 a	 median	 plasma	 Tmax	 of	 1.75	 h.	 There	 was	 a	 49%	
decrease	 in	plasma	islatravir	Cmax	and	a	10%	increase	 in	
AUC0–∞.	Despite	the	decrease	in	plasma	islatravir	Cmax,	is-
latravir-	TP	AUC,	Cmax,	and	C168	were	largely	unchanged.

Rising	multiple-	dose	clinical	trial	(Study	2)

Pharmacokinetic	 parameter	 values	 of	 plasma	 islatravir	
following	 administration	 of	 once-	weekly	 oral	 doses	 of	

Ct = Cobserved − C0 ∗ exp( − k ∗ t),
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islatravir	 for	3 weeks	are	 summarized	 in	Table 2.	There	
was	 little	 to	no	accumulation	of	 islatravir	 in	plasma.	All	
participants	 who	 received	 10  mg	 islatravir	 had	 plasma	
concentrations	 below	 the	 lower	 limit	 of	 quantitation	 of	
1.00 ng/ml	(0.00341 µmol/L)	at	48	h	postdose	in	week	1	
and	at	96	h	postdose	in	week	3.

Pharmacokinetic	parameter	values	of	 intracellular	 is-
latravir-	TP	are	summarized	in	Table 2.	Based	on	posterior	
probability	calculation,	the	islatravir-	TP	pharmacokinetic	
target	of	0.53 pmol/106	cells	was	exceeded	after	 the	 first	
weekly	dose	at	all	dose	levels.	Following	multiple	doses	of	
30	and	100 mg	islatravir,	there	appeared	to	be	a	modest	de-
gree	of	accumulation	of	islatravir-	TP.	Accumulation	ratios	
for	the	10 mg	dose	could	not	be	calculated	due	to	loss	of	
the	week	3	PBMC	samples.

Pharmacokinetic	 parameters	 for	 both	 islatravir-	TP	 in	
PBMCs	and	plasma	islatravir	were	comparable	following	

administration	of	islatravir	as	an	oral	suspension	or	a	cap-
sule	(Tables 1	and	2).

DISCUSSION

Islatravir	is	a	nucleoside	analogue	with	potential	to	be	an	
effective	agent	for	the	treatment	and	prevention	of	HIV-	1	
infection.	 Preclinical	 studies	 demonstrated	 its	 high	 po-
tency	and	potential	for	extended	duration	efficacy.21	The	
safety	and	pharmacokinetic	profiles	of	islatravir	were	as-
sessed	following	single-		and	multiple-	dose	administration	
over	a	dose	range	of	5	to	400 mg	in	participants	without	
HIV.	The	dose	range	was	selected	to	cover	exposures	pro-
jected	 to	be	efficacious	based	on	preclinical	 in	vitro	and	
in	vivo	data,	while	maintaining	adequate	safety	margins	
from	 preclinical	 toxicology	 assessments.	 Islatravir	 was	

F I G U R E  2  Concentration-	time	
profiles.	(a)	Arithmetic	mean	(±SD)	
plasma	concentration	versus	time	
profiles	of	plasma	islatravir	following	
administration	of	single	oral	doses	of	
5–	400 mg	islatravir	in	the	fasted	state	to	
participants	without	HIV	(n = 6/panel);	
inset:	semi-	log	plot.	(b)	Arithmetic	mean	
(±SD)	PBMC	concentration	versus	
time	profiles	of	islatravir-	TP	following	
administration	of	single	oral	doses	of	
5–	400 mg	islatravir	in	the	fasted	state	to	
participants	without	HIV	(n = 6/panel);	
inset:	semi-	log	plot.	PBMC,	peripheral	
blood	mononuclear	cell;	SD,	standard	
deviation;	TP,	triphosphate
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generally	 well-	tolerated,	 with	 no	 serious	 adverse	 events	
experienced	at	single	doses	up	to	400 mg	or	following	mul-
tiple	dosing	up	to	100 mg	once	weekly	for	3 weeks.	There	
was	no	apparent	association	between	dose	and	frequency	
or	severity	of	adverse	effects.

Pharmacokinetic	analysis	of	 single	oral	doses	of	 isla-
travir	of	5	to	400 mg	demonstrated	that	islatravir	and	is-
latravir-	TP	exhibit	approximately	linear	pharmacokinetic	
behavior	in	plasma	and	PBMCs,	respectively.	As	suggested	
by	preclinical	data,	islatravir	has	a	long	intracellular	half-	
life,	supportive	of	extended	dosing	schedules.	Preclinical	
studies	 in	 rhesus	 macaques	 showed	 that	 the	 antiviral	
efficacy	 of	 islatravir	 is	 related	 to	 the	 trough	 concentra-
tion	 of	 islatravir-	TP	 in	 PBMCs,	 rather	 than	 to	 trough	
concentrations	 in	plasma,	which	 is	 the	pharmacokinetic	

parameter	of	 interest	 for	a	number	of	HIV-	1	antiretrovi-
rals.15	 Pharmacokinetic/pharmacodynamic	 modeling	 of	
SIV-	infected	 rhesus	 macaques	 treated	 with	 once-	weekly	
islatravir	showed	an	intracellular	C168 h	of	greater	than	or	
equal	to	0.53 pmol/106	cells,17,22	which	was	used	as	the	in-
tracellular	pharmacokinetic	threshold	in	these	trials.	This	
was	successfully	achieved	at	doses	of	10 mg	and	higher.	
The	results	support	the	further	exploration	of	islatravir	for	
extended	duration	dosing.

PBMC	 stabilization	 procedures	 were	 updated	 for	
Study	2	based	on	learnings	from	Study	1,	which	resulted	
in	Study	2	 islatravir-	TP	concentrations	being	more	accu-
rate.	 Extremely	 precise	 sampling	 handling	 and	 addition	
of	the	appropriate	amount	of	stabilizing	agent	is	required	
to	 prevent	 islatravir-	TP	 from	 rapidly	 converting	 to	 the	

T A B L E  2 	 Summary	of	pharmacokinetic	parameter	values	of	plasma	islatravir	and	intracellular	islatravir-	TP	following	administration	of	
once-	weekly	oral	doses	of	islatravir	for	3 weeks	to	participants	without	HIV

Pharmacokinetic parameters 10 mg (n = 6) 30 mg (n = 6) 100 mg (n = 6)

Week	1

Plasma	islatravir AUC0–	168 h
a	(h*µmol/L) 0.713	(0.606,	0.840) 3.26	(2.77,	3.84) 9.62	(8.17,	11.3)

Cmax
a		(nmol/L) 193	(133,	280) 647	(445,	940) 1470	(1010,	2140)

Tmax
b		(h) 1.00	(0.50,	2.00) 1.00	(0.50,	1.00) 2.00	(1.00,	6.00)

Islatravir-	TP AUC0–	168 h
a	(h*pmol/106	cells) 341	(256,	454) 1160	(872,	1550) 3150	(2370,	4200)

Cmax
a		(pmol/106	cells) 3.79	(2.68,	5.34) 13.2	(9.34,	18.6) 31.3	(22.2,	44.2)

C168
a		(pmol/106	cells) 0.988	(0.761,	1.28) 3.67	(2.83,	4.76) 13.5	(10.4,	17.6)

Tmax
b		(h) 48.00	(24.00,	96.03) 9.00	(6.00,	24.13) 18.00	(6.00,	48.00)

Week	3e	

Plasma	islatravir AUC0–	168 h
a	(h*µmol/L) 0.867	(0.736,	1.02) 3.98	(3.38,	4.68) 12.0	(10.2,	14.1)

Cmax
a		(nmol/L) 241	(166,	350) 637	(439,	926) 1850	(1270,	2680)

Tmax
b		(h) 1.00	(0.50,	1.00) 1.00	(0.50,	1.12) 1.00	(1.00,	6.00)

Apparent	t1/2
c		(h) 16.48	(157.32) 74.21	(14.20) 87.14	(9.61)

Islatravir-	TP AUC0–	168 h
a	(h*pmol/106	cells) 476	(357,	634) 1570	(1180,	2100) 4740	(3560,	6320)

Cmax
a		(pmol/106	cells) 6.38	(4.52,	9.00) 19.6	(13.9,	27.7) 46.7	(33.1,	65.9)

C168
a		(pmol/106	cells) 1.30	(0.740,	2.29) 5.36	(4.13,	6.96) 14.3	(11.0,	18.6)

Tmax
b		(h) 18.00	(6.00,	48.00) 15.00	(6.00,	24.00) 24.00	(12.00,	48.00)

Apparent	t1/2
c		(h) 91.71	(17.76) 136.72	(25.38) 153.14	(20.37)

Accumulation	ratio:	week	3	/	week	1

Plasma	islatravir AUC0–	168 h
d	(h*µmol/L) 1.22	(1.08,	1.36) 1.22	(1.09,	1.37) 1.25	(1.11,	1.40)

Cmax
d		(nmol/L) 1.25	(0.82,	1.92) 0.99	(0.64,	1.51) 1.26	(0.82,	1.93)

Islatravir-	TP AUC0–	168 h
d	(h*pmol/106	cells) 1.40	(1.04,	1.87) 1.36	(1.01,	1.82) 1.50	(1.12,	2.02)

Cmax
d		(pmol/106	cells) 1.68	(1.17,	2.43) 1.49	(1.03,	2.14) 1.49	(1.03,	2.15)

C168
d		(pmol/106	cells) 1.32	(0.82,	2.12) 1.46	(1.17,	1.83) 1.06	(0.85,	1.33)

AUC0–	168 h,	area	under	the	concentration–	time	curve	from	0	to	168 h;	Cmax,	maximum	concentration;	GCV,	geometric	coefficient	of	variation;	CV,	coefficient	of	
variation;	t½,	half-	life;	Tmax,	time	to	maximum	concentration;	TP,	triphosphate.
aBack-	transformed	least	squares	mean	and	95%	confidence	interval	from	linear	mixed	effects	model	performed	on	natural	log-	transformed	values.
bMedian	(min,	max).
cGeometric	mean	(%GCV).
dBack-	transformed	least	squares	mean	difference	and	90%	confidence	interval	from	mixed	effects	model	performed	on	natural	log-	transformed	values.
eN = 1	for	C168 h;	N = 3	for	apparent	t1/2.
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diphosphate	 (DP),	 monophosphate,	 and	 islatravir	 forms	
upon	 cell	 lysis.20	 Comparison	 of	 the	 ratios	 of	 DP	 to	 TP	
in	Study	1	to	those	in	Study	2	(data	not	shown)	indicated	
that	improvements	to	sample	handling	procedures	imple-
mented	between	studies	resulted	in	better	stabilization	of	
islatravir-	TP.	Therefore,	the	islatravir-	TP	pharmacokinetic	
results	from	Study	2	are	considered	more	accurate.

Consistent	 with	 the	 half-	life	 of	 islatravir	 in	 plasma,	
minimal	accumulation	was	observed	with	weekly	admin-
istration.	There	was	evidence	of	modest	accumulation	of	
intracellular	islatravir-	TP	on	the	order	of	1.5-	fold,	which	is	
consistent	with	the	extended	half-	life.	Despite	leading	to	a	
reduction	in	plasma	islatravir	Cmax,	food	did	not	affect	in-
tracellular	islatravir-	TP	levels.	Accordingly,	in	the	absence	
of	a	clinically	meaningful	effect	of	a	high-	fat	meal	on	the	
pharmacokinetics	 of	 islatravir,	 the	 impact	 of	 a	 high-	fat	
meal	was	not	investigated	further	in	Study	2.

Study	1	had	limitations	in	the	pharmacokinetic	assess-
ment	of	islatravir	t½	due	to	plasma	sampling	to	96	h,	which	
did	not	sufficiently	span	an	adequate	timespan	(>2.5-	times	
the	actual	half-	life).	Based	on	data	from	Study	1,	plasma	
pharmacokinetic	sampling	was	extended	to	168	h	in	Study	
2	to	ensure	that	measurements	were	made	across	an	ade-
quate	timeframe	to	sufficiently	assess	islatravir	t½.

The	studies	described	demonstrate	that	the	safety	and	
pharmacokinetic	profile	of	islatravir	are	sufficient	to	con-
tinue	 clinical	 investigation.	The	 potency	 of	 islatravir-	TP,	
coupled	with	its	long	intracellular	half-	life,	suggest	poten-
tial	for	a	variety	of	dosing	regimens	and	formulations,	in-
cluding	longer-	acting	formulations	for	both	the	treatment	
and	prevention	of	HIV-	1	infection.21	Based	on	the	favor-
able	safety	and	pharmacokinetic	profile	described	in	the	
single-	dose	 and	 multiple	 rising-	dose	 studies,	 additional	
clinical	investigation	has	progressed,	including	a	phase	1b	
monotherapy	 trial	 in	 treatment-	naïve	 adults	 living	 with	
HIV-	1,23	 a	 phase	 2	 HIV-	1	 prevention	 trial	 with	 monthly	
dosing	 (ClinicalTrials.gov	 ID:	 NCT04003103),	 a	 phase	 2	
HIV-	1	treatment	trial	with	weekly	dosing	in	combination	
with	the	long-	acting	oral	NNRTI	MK-	8507	(ClinicalTrials.
gov	 ID:	 NCT04564547),	 and	 phase	 224	 (ClinicalTrials.
gov	 ID:	 NCT03272347,	 NCT04295772),	 and	 phase	 3	
HIV-	1	 treatment	 trials	with	daily	dosing	 in	combination	
with	 doravirine	 (ClinicalTrials.gov	 ID:	 NCT04223778,	
NCT04223791,	NCT04233879,	and	NCT04233216).	In	the	
phase	1b	trial	in	treatment-	naïve	adults	living	with	HIV-	
1,	single	oral	doses	of	islatravir	as	low	as	0.5 mg	resulted	
in	significant	suppression	of	HIV-	1	RNA	by	greater	than	
1.0	log	at	day	7.	Islatravir	was	generally	well-	tolerated.	Of	
note,	 the	 pharmacokinetic	 profile	 in	 adults	 living	 with	
HIV-	123	 was	 similar	 to	 the	 pharmacokinetic	 profile	 ob-
served	in	study	participants	without	HIV-	1	in	the	2	stud-
ies	 described	 here.	 Results	 from	 a	 phase	 2	 dose-	ranging	
trial	 in	treatment-	naïve	adults	living	with	HIV-	1	showed	

that	 once	 daily	 dosing	 of	 islatravir	 in	 combination	 with	
doravirine	maintained	HIV-	1	viral	 suppression	 for	up	 to	
96 weeks.25	The	islatravir	+ doravirine	combination	was	
generally	 well-	tolerated	 and	 the	 rate	 of	 drug-	related	 ad-
verse	events	was	lower	than	the	control	treatment	arm	of	
doravirine/lamivudine/tenofovir	 disoproxil	 fumarate.24	
Additional	dosing	regimens	and	programs	are	being	con-
sidered	to	meet	the	diverse	needs	of	populations	of	people	
living	with	HIV-	1.
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