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Abstract

ObjectivesĹ	In	a	separate	documentķ	we	have	provided	specific	guidance	on	performŊ
ing	 individuaѴ	 pharmacokinetic	 ŐPKő	 studies	 using	 Ѵimited	 sampѴes	 in	 persons	with	
hemophiѴia	with	the	goaѴ	to	optimize	prophyѴaxis	with	cѴotting	factor	concentratesĺ	
This	paperķ	 intended	for	cѴiniciansķ	aims	to	describe	how	to	interpret	and	appѴy	PK	
properties	obtained	in	persons	with	hemophiѴiaĺ
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EssentiaѴs

Ŏ	 The	use	of	pharmacokinetics	ŐPKő	and	popuѴation	PK	ŐPopPKő	in	taiѴoring	hemophiѴia	treatment	is	growing	steadiѴyĺ
Ŏ	 We	provide	cѴinicaѴ	guidance	on	uses	and	adoption	of	PK	and	PopPK	in	hemophiѴiaĺ
Ŏ	 We	provide	guidance	on	appraising	PK	reportsķ	incѴuding	studies	and	cѴaims	comparing	different	factor	concentratesĺ
Ŏ	 We	discuss	the	importance	of	Ѵarge	PK	data	coѴѴection	for	advancement	of	hemophiѴia	treatment	approachesĺ

ƐՊ |ՊINTRODUCTION

The	 goaѴ	 of	 hemophiѴia	 A	 and	 B	 treatment	 is	 the	 prevention	 of	
bѴeeding	and	thus	to	minimize	the	consequences	of	bѴeeding	into	
joints	and	vitaѴ	organsķ	consequentѴy	enhancing	both	the	expected	
Ѵength	and	quaѴity	of	Ѵifeĺ1	This	is	usuaѴѴy	achieved	by	reguѴar	preŊ
ventive	 intravenous	 administration	 of	 the	 deficient	 coaguѴation	
factorķ	 a	 treatment	 strategy	 caѴѴed	 prophyѴaxisĺ2	 The	 dose	 and	
frequency	 of	 factor	 concentrate	 infusions	 to	 improve	 important	
patient	outcomesķ	such	as	a	reduction	in	the	number	and	severity	
of	spontaneous	or	 traumatic	bѴeeding	episodes	or	a	 reduction	 in	
the	burden	of	careķ	vary	ѴargeѴy	among	individuaѴsķ	and	may	vary	
in	the	same	individuaѴ	over	timeĺ3	This	variabiѴity	 is	attributed	to	
many	factorsķ	first	of	which	is	the	individuaѴĽs	tendency	to	bѴeedĺ	
This	can	be	referred	to	as	a	pharmacodynamic	ŐPDő	component	of	

the	processķ	 ieķ	 the	mechanisms	 Ѵinking	 the	pѴasma	activity	 ѴeveѴ	
of	 cѴotting	 factor	 concentrate	with	 the	 reѴevant	outcomeĺ	Other	
sources	 of	 variabiѴity	 areĹ	 the	 bѴeeding	 historyķ	 incѴuding	 recent	
pattern	of	bѴeeding	as	a	function	of	factor	activity	ѴeveѴ	and	presŊ
ence	of	target	jointsķ	ѴeveѴ	of	physicaѴ	activityķ	preferences	with	reŊ
gard	to	infusion	frequencyķ	avaiѴabiѴity	and	affordabiѴity	of	cѴotting	
factor	 concentratesķ	 targeted	 or	 toѴerated	 annuaѴized	 bѴeeding	
rate	 and	 the	 individuaѴĽs	 specific	pharmacokinetic	 ŐPKő	profiѴeĺƓķƔ 
Accounting	for	each	of	these	causes	of	variabiѴity	is	criticaѴ	to	inŊ
dividuaѴizing	treatmentĺ	WhiѴe	an	understanding	of	an	individuaѴĽs	
PK	and	PD	are	equaѴѴy	important	in	cѴinicaѴ	decision	makingķ	knowѴŊ
edge	of	 individuaѴ	PK	has	sѴowѴy	become	a	key	driver	of	personŊ
aѴized	hemophiѴia	therapyĺ	The	variabiѴity	of	the	disposition	of	the	
infused	 cѴotting	 factor	 concentrate	 Őieķ	 the	 specific	 activityŊ	time	
curve	after	the	infusionő	is	Ѵarger	among	different	individuaѴs	than	

MethodsĹ	The	members	of	the	Working	Party	on	popuѴation	PK	ŐPopPKő	of	the	ISTH	
SSC	Subcommittee	on	Factor	VIII	and	IX	and	rare	bѴeeding	disordersķ	together	with	
additionaѴ	 hemophiѴia	 and	 PK	 expertsķ	 compѴeted	 a	 survey	 and	 ranking	 exercise	
whereby	key	areas	of	interest	in	the	fieѴd	were	identifiedĺ	The	group	had	reguѴar	web	
conferences	to	refine	the	manuscriptĽs	scope	and	structureķ	taking	into	account	comŊ
ments	from	the	externaѴ	feedback	to	the	earѴier	documentĺ
ResultsĹ	Many	cѴinicaѴ	decisions	in	hemophiѴia	are	based	on	some	form	of	expѴicit	or	
impѴicit	PK	assessmentĺ	IndividuaѴ	patient	PK	profiѴes	can	be	anaѴyzed	through	tradiŊ
tionaѴ	or	PopPK	methodsķ	with	the	Ѵatter	providing	the	advantage	of	fewer	sampѴes	
needing	to	be	coѴѴected	on	any	prophyѴaxis	regimenķ	and	without	the	need	the	for	a	
washout	periodĺ	The	most	usefuѴ	presentation	of	PK	resuѴts	for	cѴinicaѴ	decision	makŊ
ing	are	a	curve	of	the	factor	activity	ѴeveѴ	over	timeķ	the	time	to	achieve	a	certain	acŊ
tivity	ѴeveѴķ	or	reѴated	parameters	Ѵike	haѴfŊ	Ѵife	or	exposure	ŐAUCőĺ	Software	pѴatforms	
have	been	deveѴoped	to	deѴiver	this	information	to	cѴinicians	at	the	point	of	careĺ	Key	
characteristics	of	studies	measuring	average	PK	parameters	were	reviewedķ	outѴining	
what	makes	a	credibѴe	headŊ	toŊ	head	comparison	among	different	concentratesĺ	Large	
data	coѴѴections	of	PK	and	treatment	outcomes	currentѴy	ongoing	wiѴѴ	advance	care	in	
the	futureĺ
ConcѴusionsĹ	TraditionaѴѴy	used	to	compare	different	concentratesķ	PK	can	support	
taiѴoring	of	hemophiѴia	treatment	by	individuaѴ	profiѴingķ	which	is	greatѴy	simpѴified	by	
adopting	a	PopPKņBayesian	method	and	Ѵimited	sampѴing	protocoѴĺ

K E Y W O R D S

factor	IXķ	factor	VIIIķ	popuѴation	pharmacokineticsķ	taiѴored	prophyѴaxisķ	taiѴoring
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within	an	individuaѴ	over	time	or	across	different	concentrates	of	
the	 same	cѴassĺѵķƕ	 Thereforeķ	 assessing	 the	 individuaѴ	 disposition	
of	the	infused	concentrate	for	each	specific	patient	shouѴd	be	conŊ
sidered	as	a	primary	objective	 in	taiѴoring	prophyѴaxis	to	 individŊ
uaѴ	needsĺ8	Whereas	PK	does	not	set	optimaѴ	threshoѴds	or	define	
patient	 needsķ	 taiѴoring	 treatment	 to	 individuaѴ	 characteristicsķ	
changes	 in	 ѴifestyѴe	and	 response	 to	cѴinicaѴ	 events	using	a	 ľtriaѴ	
and	errorĿ	approach	without	the	knowѴedge	of	individuaѴ	PK	yieѴds	
suboptimaѴ	resuѴtsĺ

The	primary	aim	of	this	articѴe	is	to	describe	how	PK	anaѴyses	in	
persons	with	hemophiѴiaķ	using	a	proposed	common	terminoѴogyķ	are	
currentѴy	interpreted	and	appѴied	whiѴe	considering	the	recommenŊ
dations	of	the	ISTHĺ

ƑՊ |ՊMANUSCRIPT DEVELOPMENT  

WORKFLOW

This	 manuscript	 is	 the	 resuѴt	 of	 the	 coѴѴaborative	 effort	 of	 the	
working	 party	 on	 PopuѴation	 Pharmacokinetics	 of	 the	 Scientific	
Standardization	 Committee	 ŐSSCő	 of	 the	 InternationaѴ	 Society	 for	
Thrombosis	 and	 Hemostasis	 ŐhttpsĹņņwwwĺisthĺorgņmembersņ
groupĺaspxĵidƷƐƏƏƒƓѶőĺ	The	group	was	estabѴished	in	JuѴy	ƑƏƐƔ	and	
met	reguѴarѴy	through	June	ƑƏƐƕ	to	estabѴish	recommendations	for	
performing	individuaѴ	PK	assessments	adopting	a	PopPK	approachĺ	
These	 recommendations	 can	 be	 found	 in	 Iorio	 et	aѴĺƖ	 The	 present	
documentķ	aѴthough	not	an	officiaѴ	communication	of	the	SSCķ	eѴabŊ
orates	 on	 pharmacokinetics	 in	 hemophiѴia	 beyond	 what	 couѴd	 be	
addressed	in	Iorio	et	aѴĺƖ	Open	comments	from	experts	in	the	fieѴd	
of	 coaguѴation	 factor	 concentrates	 PK	 Őindependent	 investigatorsķ	
pharmaceuticaѴ	 company	 PK	 expertsķ	 and	 members	 of	 reguѴatory	
bodieső	were	invited	beyond	the	originaѴ	Working	Party	membershipĺ

ƒՊ|ՊTHE EMPIRICAL APPROACH TO DOSING 
CLOTTING FACTOR CONCENTRATES IN PERSONS 
WITH HEMOPHILIA

Dosing	guidance	for	cѴotting	factor	concentrate	repѴacement	tends	
to	provide	fѴexibiѴity	to	the	treater	in	response	to	the	known	PK	variŊ
abiѴity	amongst	persons	with	hemophiѴiaĺ	Using	prophyѴaxis	with	a	
standard	 haѴfŊ	Ѵife	 factor	 VIII	 concentrate	 as	 an	 exampѴeķ	 a	 typicaѴ	
dosing	regimen	wouѴd	be	ƑƏ	to	ƓƏ	IUņkg	administered	every	other	
dayĺ	Assuming	a	recovery	of	ƏĺƏƑ	IUņmL	Őieĺ	Ƒ	IUņdLő	for	each	Ɛ	IUņ
kg	of	 infused	factor	VIII	and	an	average	haѴfŊ	Ѵife	of	ƐƑ	hķ	 this	 regiŊ
men	wouѴd	provide	the	ľaverageĿ	persons	with	hemophiѴia	a	trough	
ѴeveѴ	at	or	above	ƏĺƏƐ	IUņmLĺ	This	 ľoneŊ	sizeŊ	fitsŊ	aѴѴĿ	dosing	usuaѴѴy	
requires	doses	to	be	titrated	within	the	dose	range	by	use	of	bѴood	
sampѴing	and	empiricaѴ	methods	for	individuaѴizationĺ	This	ľtriaѴ	and	
errorĿ	approach	is	commonѴy	appѴied	in	practiceĺ

When	 Ѵooking	 across	 cѴasses	 of	 concentratesķ	 the	 way	 that	
concentrateŊ	specific	PK	properties	are	accounted	for	 is	 in	the	recŊ
ommended	starting	regimens	for	the	phase	III	studiesĺ	For	exampѴeķ	

ƔƏ	IUņkg	 twice	 a	 week	 or	 ƐƏƏ	IUņkg	 weekѴy	 for	 a	 standard	 haѴfŊ	
Ѵife	 recombinant	 factor	 IX	 concentrate	 ŐrFIXőķ	 or	 ƐƏƏ	IUņkg	 every	
ƐƏ	days	for	an	extended	haѴfŊ	Ѵife	ŐEHLő	productķ	are	aѴѴ	 intended	to	
target	a	given	trough	ѴeveѴĺ	In	practiceķ	irrespective	of	which	starting	
regimen	is	chosenķ	the	range	of	doses	and	intervaѴs	that	patients	are	
uѴtimateѴy	on	varies	wideѴyķ	impѴying	that	during	titrationķ	some	paŊ
tients	wiѴѴ	be	underŊ		or	overŊ	dosedĺ

Furthermoreķ	 this	 ľpopuѴation	 averageĿ	 approach	 does	 not	 acŊ
count	 for	patient	variabѴes	such	as	ageķ	Body	Mass	 Index	 ŐBMIő	or	
bѴood	group	that	are	aѴready	known	to	affect	PKĺ10�12	Thusķ	the	popŊ
uѴation	average	and	subsequent	ľtriaѴ	and	errorĿ	approach	to	dosing	
does	not	incorporate	current	knowѴedge	and	avaiѴabѴe	PK	modeѴing	
and	simuѴation	tooѴsĺ

ƓՊ |ՊESTABLISHED USES OF PK 
MEASURES IN ROUTINE CLINICAL 
CARE OF PERSONS WITH 
HEMOPHILIA AND THEIR LIMITATIONS

The	use	of	any	measurement	of	postinfusion	pѴasma	activity	ѴeveѴ	can	
be	considered	a	basic	appѴication	of	PK	to	the	treatment	of	hemoŊ
phiѴiaĺ	The	three	most	estabѴished	measurements	areĹ	Őiő	the	measureŊ
ment	of	 trough	 ѴeveѴs	during	prophyѴactic	 treatmentķ	 Őiiő	measuring	
peak	and	trough	in	a	perioperative	settingķ	or	Őiiiő	recovery	and	haѴfŊ	
Ѵife	as	guidance	to	wean	off	immune	toѴerance	induction	ŐITIőĺ

In	routine	prophyѴaxisķ	the	cѴassicaѴ	approach	to	monitoring	patients	
is	to	have	their	pѴasma	factor	activity	ѴeveѴs	measured	just	prior	to	the	
next	infusion	orķ	in	other	wordsķ	the	trough	ѴeveѴĺ	This	is	to	ensure	that	
the	pѴasma	activity	 ѴeveѴ	of	 the	 infused	 factor	 is	 stiѴѴ	 above	 the	 ѴeveѴ	
considered	criticaѴ	to	prevent	bѴeedingĺ13	This	criticaѴ	threshoѴd	is	often	
assumed	 to	 be	 ƏĺƏƐ	IUņmL	 aѴthough	 different	 threshoѴds	 have	 been	
proposed	for	differing	ѴeveѴs	of	physicaѴ	activity	or	tendency	to	bѴeedĺ3 

Dose	adjustment	based	on	measurement	of	preŊ	dose	Őtroughő	ѴeveѴs	is	a	
simpѴified	and	empiricaѴ	PKŊ	guided	approach	to	prescribing	prophyѴaxisĺ

To	 ensure	 bѴeeding	 controѴ	 during	 surgeryķ	 nationaѴ	 and	 interŊ
nationaѴ	 guideѴines	 recommend	 maintaining	 pѴasma	 activity	 ѴeveѴs	
of	 factor	concentrates	above	specific	 threshoѴds	 for	specific	duraŊ
tions	 of	 timeķ	 both	 of	which	 depend	 on	 the	 type	 of	 surgeryĺ14	 As	
a	 resuѴtķ	 persons	 with	 hemophiѴia	 undergoing	 surgery	 often	 have	
one	or	more	pѴasma	factor	activity	ѴeveѴs	measured	to	ensure	optiŊ
maѴ	ѴeveѴs	are	maintainedĺ15	PerisurgicaѴ	dose	adjustment	based	on	
these	measurements	can	be	considered	a	simpѴified	and	empiricaѴ	PK	
guided	approach	to	bѴeeding	preventionĺ	SimiѴarѴyķ	when	perisurgiŊ
caѴ	hemostasis	is	obtained	by	using	a	continuous	infusion	of	cѴotting	
factor	concentrateķ	the	initiaѴ	infusion	rate	can	be	caѴcuѴated	based	
on	the	anticipated	cѴearance	of	the	concentrate	itseѴfĺ	It	has	been	obŊ
servedķ	howeverķ	in	a	Ѵarge	surgery	study	using	these	methods	that	
the	majority	of	ѴeveѴs	continue	to	be	outside	of	the	targeted	rangeĺ16 

RecentѴyķ	a	popuѴation	PK	ŐPopPKő	approach	to	perisurgicaѴ	dosing	
has	been	proposedķ17	and	a	randomized	controѴѴed	triaѴ	is	currentѴy	
ongoing	 to	 evaѴuate	 this	 approach	 to	 individuaѴized	 dosing	 in	 the	
perisurgicaѴ	settingĺ18

https://www.isth.org/members/group.aspx?id=100348
https://www.isth.org/members/group.aspx?id=100348
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Defining	 toѴerance	 in	 the	 context	 of	 an	 ITI	 regimen	 after	 the	
inhibitor	 is	 no	 Ѵonger	 detectabѴe	 with	 the	 Bethesda	 assay	 ŐideaѴѴy	
the	Nijmegen	methodőķ	 requires	monitoring	 of	 the	 recovery	 of	 inŊ
fused	factor	VIII	and	then	 its	haѴfŊ	Ѵifeĺ	Specific	 threshoѴds	are	sugŊ
gested	for	both	outcomes	to	define	success	or	partiaѴ	successĺƐƖŋƑƑ 
Very	recentѴyķ	a	more	pragmatic	appѴication	of	PK	to	taiѴor	the	dose	
during	ITI	in	chiѴdren	was	suggested	by	the	UK	HaemophiѴia	Centre	
DoctorsĽ	Organisation	 ŐUKHCDOő	 that	 uses	 onѴy	 trough	 ѴeveѴ	 and	
mitigates	the	need	to	take	muѴtipѴe	sampѴes	to	assess	both	recovery	
and	haѴfŊ	Ѵifeĺ23	CaѴcuѴating	the	haѴfŊ	Ѵife	or	measuring	the	recovery	or	
trough	 ѴeveѴ	of	 the	 infused	 factor	constitutes	a	 ŐsimpѴifiedő	PK	apŊ
proach	to	taiѴoring	individuaѴ	treatmentĺ

ƔՊ |ՊTHE IMPORTANCE OF RELIABLE 
LABORATORY MEASUREMENTS

An	important	consideration	when	using	pѴasma	factor	activity	ѴeveѴ	
measurements	 for	 cѴinicaѴ	 purposes	 is	 the	 precision	 and	 accuracy	
of	the	Ѵaboratory	measurementsĺ	There	is	robust	evidence	that	the	
choice	of	assay	type	Őieķ	oneŊ	stage	versus	chromogenicőķ	the	choice	
of	 aPTT	 reagentķ	 as	weѴѴ	 as	 the	 choice	 of	 reference	 standard	 ŐgeŊ
neric	versus	concentrate	specificő	 impacts	the	measurement	resuѴt	
in	a	significant	wayĺƐƓķƑƓ	According	to	the	generaѴ	theory	of	measureŊ
mentsķ	 the	variabiѴity	attributed	to	the	measurement	methods	 Őegķ	
when	using	different	assays	on	the	same	pѴasma	sampѴeő	 is	due	to	
random	or	systematic	measurement	errorsĺƑƔķƑѵ

The	random	error	transѴates	into	imprecision	or	variationĺ	A	typŊ
icaѴ	 coefficient	of	variation	of	measurements	 for	cѴotting	assays	 is	
equaѴ	to	or	beѴow	ƐƔѷ	that	resuѴts	inķ	for	exampѴeķ	a	measurement	
of	 ƏĺƔƏ	IUņmLķ	 if	 repeated	 muѴtipѴe	 timesķ	 giving	 resuѴts	 between	
ƏĺƓƒ	IUņmL	to	ƏĺƔƕ	IUņmL	twoŊ	thirds	of	the	timeĺ

The	systematic	error	 transѴates	 into	poor	accuracy	or	 signifiŊ
cant	deviation	from	the	true	vaѴueĺ	For	exampѴeķ	a	test	based	on	
a	specific	reagent	wiѴѴ	systematicaѴѴy	report	a	Ѵower	or	higher	reŊ
suѴt	 than	 another	 reagentĺ	 Systematic	 errors	 can	 aѴso	 appѴy	 to	 a	
combination	of	specific	concentrates	and	specific	assaysĺ	A	typicaѴ	
exampѴe	 is	the	finding	that	the	originaѴ	 formuѴation	of	BŊ	Domain	
deѴeted	factor	VIII	had	a	Ѵower	than	expected	recovery	when	meaŊ
sured	with	a	one	stage	cѴotting	assay	using	a	fuѴѴ	Ѵength	factor	VIII	
as	a	reference	standardķ	but	not	when	using	a	BŊ	Domain	deѴeted	
specific	 standardĺƑƕķƑѶ	 This	 aѴso	 seems	 to	 be	 reѴevant	 for	 some	
wiѴd	type	and	modified	recombinant	and	pѴasmaŊ	derived	FVIII	and	
FIX	productsķƑƖŋƒƐ	specificaѴѴy	where	the	oneŊ	stage	cѴotting	assay	
resuѴt	 is	 infѴuenced	by	 the	aPTT	 reagent	 seѴectedĺ32	A	 review	of	
the	current	evidence	about	the	performance	of	different	reagents	
for	 different	 factor	 concentrates	 has	 been	 performed	 by	 Young	
and	coѴѴeaguesĺ33	Manufacturers	are	responsibѴe	for	providing	inŊ
formation	to	cѴinicaѴ	 Ѵaboratories	on	appropriate	assay	and	assay	
conditions	 for	 their	 product	 and	 can	 support	 efforts	 to	 ensure	
measurement	accuracy	when	a	singѴe	assay	is	used	in	the	ѴaboraŊ
tory	across	a	number	of	different	productsĺ32	WhiѴe	the	oneŊ	stage	
cѴotting	assay	is	most	commonѴy	used	for	cѴinicaѴ	monitoringķ	there	

is	a	move	towards	adoption	of	the	chromogenic	assayķ	which	tends	
to	be	Ѵess	prone	to	systematic	errorsĺ34

As	 recommended	 in	 the	 guidanceķƖ	 any	 measurement	 that	 is	
beѴow	the	Ѵimit	of	quantification	ŐBLQő	of	the	specific	assay	shouѴd	
be	reported	Őegķ	ƺƏĺƏƐ	IUņmL	and	not	Ə	IUņmL	or	ƏĺƏƐ	IUņmLőĺ	When	
BLQs	are	removed	from	the	PK	modeѴing	processķ	the	resuѴting	haѴfŊ	
Ѵife	wiѴѴ	 be	overestimated	 Őieķ	 Ѵonger	 than	 if	 the	modeѴ	 used	 these	
vaѴueső35	resuѴting	in	a	potentiaѴѴy	unsafe	reduction	in	dose	or	extenŊ
sion	of	frequencyĺ	NevertheѴessķ	a	number	of	methods	are	avaiѴabѴe	
for	using	BLQs	in	PopPK	anaѴysesĺ36	Avoiding	sampѴing	times	where	
BLQ	ѴeveѴs	are	expected	is	aѴso	good	practiceĺ

ѵՊ |ՊDOSE INDIVIDUALIZATION BASED ON 
ESTIMATION OF INDIVIDUAL PK PROFILES

Owing	to	the	wide	variabiѴity	in	factor	concentrate	PK	between	perŊ
sons	with	hemophiѴiaķ	assessing	and	using	individuaѴ	PK	knowѴedge	
for	dosing	is	an	attractive	option	over	the	ľtriaѴ	and	errorĿ	methods	
as	described	above	and	has	been	found	to	reduce	factor	concentrate	
usage	and	bѴeeding	events	as	compared	to	standard	prophyѴaxisĺƒƕķƒѶ 
In	additionķ	utiѴization	of	a	PopPK	method	to	derive	individuaѴ	PK	paŊ
rameters	wiѴѴ	contribute	significantѴy	to	individuaѴized	treatment	of	
persons	with	hemophiѴiaĺ	To	faciѴitate	understanding	this	potentiaѴ	
we	wiѴѴ	compare	and	contrast	it	to	the	traditionaѴ	approachĺ

ѵĺƐՊ|ՊTraditionaѴ approach to obtaining individuaѴ PK 
information and its disadvantages

AѴѴ	nonŊ	empiricaѴ	Őieķ	nonŋĿtriaѴ	and	errorĿő	approaches	to	caѴcuѴate	
an	 individuaѴ	dose	 require	 some	assessment	of	 the	 individuaѴsĽ	PK	
parametersĺ	A	pubѴication	of	the	InternationaѴ	Society	of	Thrombosis	
and	Hemostasis	ŐISTHő	in	ƑƏƏƐƒƖ	recommends	ƐƏ	to	ƐƐ	postinfusion	
sampѴes	foѴѴowing	a	washout	period	with	subsequent	PK	modeѴing	to	
obtain	PK	parameter	estimatesĺ	WhiѴe	the	aim	of	the	guideѴine	was	
to	understand	the	PK	of	a	specific	factor	concentrate	in	a	popuѴation	
of	ƐƑ	 to	ƐƔ	persons	with	hemophiѴiaķ	 the	suggested	PK	study	can	
aѴso	be	used	as	a	means	to	generate	individuaѴ	PK	estimates	for	use	
in	 dosing	 guidanceĺ	 Some	 taiѴored	 prophyѴaxis	 programs	 based	on	
a	simiѴar	method	are	currentѴy	ongoingĺ37	Howeverķ	aѴѴ	 such	previŊ
ousѴy	pubѴished	approaches	share	some	common	ѴimitationsĹ	usuaѴѴy	
using	a	standard	test	dose	Őegķ	ƔƏ	IUņkgő	and	requiring	a	washŊ	out	
periodķ	which	 is	potentiaѴѴy	risky	for	patientsķ	as	weѴѴ	as	numerous	
postinfusion	sampѴesķ	over	a	period	of	daysķ	which	 is	burdensome	
and	impracticaѴ	for	many	patientsķ	especiaѴѴy	chiѴdrenĺ

ѵĺƑՊ|ՊPopPK approach and Bayesian estimation to 
obtaining individual PK information

Determination	 of	 individuaѴ	 PK	 parameters	 can	 be	 achieved	 with	
fewer	 sampѴes	 than	 the	 traditionaѴ	 approach	 through	 integration	
of	 information	 from	 both	 a	 patient	 popuѴation	 and	 an	 individuaѴĺ	
LimitedŊ	sampѴing	modeѴs	 ŐLSMő	 that	 reѴy	 on	Ɛ	 to	ƒ	 bѴood	 sampѴes	
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have	been	primariѴy	used	for	the	estimation	of	area	under	the	curve	
ŐAUCő	and	maximum	pѴasma	concentration	ŐCmaxőĺƓƏķƓƐ	The	Bayesian	
approachķ	which	 is	based	on	BayesĽ	 theoremķ	has	been	used	 for	 a	
wide	 variety	 of	 drugs	 to	 predict	 individuaѴ	 PK	 parameters	 from	 Ɛ	
to	Ɠ	bѴood	sampѴesĺ42�45	With	these	methodsķ	 there	 is	an	underѴyŊ
ing	assessment	of	the	doseŊ	exposure	reѴationship	and	the	reѴevant	
covariates	that	modify	this	reѴationship	such	as	age	or	weight	from	
a	patient	popuѴationĺ	CoupѴed	with	patient	 specific	 covariates	 and	
drug	ѴeveѴs	in	bѴoodķ	the	modeѴs	integrate	popuѴation	and	individuaѴ	
ѴeveѴ	 information	 to	 derive	 individuaѴ	 PK	 parameters	 that	 can	 be	
used	to	derive	an	individuaѴ	PK	profiѴeĺ

PopuѴation	ѴeveѴ	PK	information	can	be	anaѴyzed	and	understood	
using	PopPK	methods	that	empѴoy	nonŊ	Ѵinear	mixed	effect	modeѴsĺ	
In	hemophiѴiaķ	PopPK	uses	both	dense	and	sparse	PK	data	from	perŊ
sons	with	hemophiѴia	in	either	the	presence	or	absence	of	a	washout	
to	derive	a	unique	understanding	of	interŊ	individuaѴ	variabiѴity	ŐIIVő	
and	its	predictors	Őegķ	ageķ	weightķ	BMIķ	bѴood	groupőķ	interŊ	occasion	

variabiѴity	ŐIOVő	that	defines	how	an	individuaѴ	patientsĽ	PK	changes	
over	timeķ	and	ѴeftŊ	over	or	residuaѴ	variabiѴityĺ46	One	goaѴ	of	a	PopPK	
modeѴ	 is	 to	use	 the	derived	 reѴationships	between	PK	and	patient	
characteristics	Őegķ	ageķ	weightķ	BMIķ	bѴood	groupő	to	predict	PK	in	
the	next	 individuaѴ	 in	 the	absence	of	 individuaѴ	 factor	activity	 ѴevŊ
eѴsĺ	An	extension	of	 this	and	 the	method	recommended	on	behaѴf	
of	the	ISTH	SSC	on	FVIII	and	FIXķƖ	is	to	use	an	appropriateѴy	derived	
PopPK	modeѴ	and	Bayesian	estimation	techniques	to	predict	individŊ
uaѴ	PK	parameters	using	patientŊ	specific	characteristics	pѴus	patientŊ	
measured	FVIII	or	FIX	activity	ѴeveѴsĺ

The	characteristics	of	PK	variabiѴity	of	cѴotting	factor	concentrates	
are	especiaѴѴy	suited	to	this	dose	individuaѴization	techniqueĺ	In	genŊ
eraѴķ	the	variabiѴity	in	the	doseŊ	exposure	reѴationship	is	judged	against	
the	therapeutic	window	of	a	drug	where	the	variabiѴity	is	considered	
Ѵarge	or	cѴinicaѴѴy	reѴevant	when	it	pѴaces	different	patients	ŐIIVőķ	or	the	
same	patient	over	 time	 ŐIOVőķ	outside	of	 the	 therapeutic	windowĺ47 

When	the	therapeutic	window	is	Ѵargeķ	PK	variabiѴity	is	Ѵess	important	

F IGURE  ƐՊ Impact	of	sources	of	variabiѴity	in	drug	disposition	and	the	impact	of	individuaѴized	dosingĺ	The	pѴot	describes	repeated	
measurements	of	drug	concentrations	in	patients	over	timeĺ	The	redķ	bѴueķ	and	green	dots	for	a	given	patient	indicates	three	measurements	
for	that	patient	at	different	timesĺ	The	greyedŊ	out	area	represents	the	therapeutic	windowĺ	PaneѴ	A	describes	that	when	the	therapeutic	
window	is	Ѵarger	than	the	variabiѴity	among	ŐIIVő	and	within	ŐIOVő	patientsķ	patients	have	therapeutic	concentrations	most	of	the	timeĺ	In	
this	caseķ	an	average	dose	Őeither	as	a	fixed	dose	or	a	weightŊ	adjusted	doseő	is	expected	to	be	therapeutic	in	most	patients	most	of	the	timeĺ	
PaneѴ	B	describes	a	drug	producing	the	same	measurements	as	in	PaneѴ	A	but	having	a	narrower	therapeutic	windowĺ	In	this	caseķ	IIV	and	
IOV	are	Ѵarge	reѴative	to	the	therapeutic	window	and	the	reѴevant	patient	dose	wiѴѴ	need	to	differ	amongst	patients	as	weѴѴ	as	within	the	
same	patient	over	timeĺ	PaneѴ	C	describes	the	situation	whereķ	reѴative	to	the	therapeutic	windowķ	the	IIV	is	Ѵarge	and	the	IOV	is	smaѴѴĺ	In	
this	caseķ	deriving	an	individuaѴ	dose	from	an	assessment	of	individuaѴ	PK	wiѴѴ	maintain	the	patient	at	therapeutic	concentrations	over	time	
because	their	PK	is	stabѴe	ŐѴow	IOVőĺ	This	is	the	case	for	FVIII	and	FIX	in	persons	with	hemophiѴiaĺ	PaneѴ	D	presents	an	exampѴe	of	adjusting	
the	dose	based	on	individuaѴ	PK	assessment	foѴѴowing	occasion	Ɛ	with	subsequent	occasions	faѴѴing	in	the	therapeutic	rangeĺ	This	is	the	
concept	of	individuaѴized	dosing	of	factor	concentrates	in	persons	with	hemophiѴia
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to	attaining	target	activity	ѴeveѴs	ŐFigure	Ɛķ	paneѴ	Aő	than	when	there	
is	a	narrow	therapeutic	window	ŐFigure	Ɛķ	paneѴ	Bőĺ	Indeedķ	when	PK	
variabiѴity	 is	 smaѴѴ	 in	 reѴation	 to	 the	 therapeutic	 window	 ŐFigure	Ɛķ	
paneѴ	Aőķ	the	disposition	of	a	specific	dosage	of	a	drug	Őeither	as	fixed	
dose	or	weight	adjusted	doseő	can	be	predicted	for	most	individuaѴs	in	
a	popuѴationķ	orķ	more	preciseѴyķ	it	can	be	predicted	that	most	individuŊ
aѴs	wiѴѴ	have	their	pѴasma	activity	ѴeveѴs	within	the	therapeutic	windowĺ	
This	is	the	case	for	many	drugsķ	especiaѴѴy	overŊ	theŊ	counter	drugsķ	and	
is	an	ideaѴ	situationĺ	Narrow	therapeutic	window	drugs	that	have	a	reѴŊ
ativeѴy	 Ѵarge	IIV	and	IOV	require	continuous	dose	adjustmentsķ	as	 is	
the	case	of	warfarinķ	and	individuaѴ	PK	understanding	is	not	needed	
because	it	is	unabѴe	to	soѴve	this	Ѵarge	variabiѴity	issue	ŐFigure	Ɛķ	paneѴ	
Bőĺ	The	intermediate	scenarioķ	and	the	one	appѴying	to	cѴotting	factor	
concentratesķ	is	whereķ	reѴative	to	the	therapeutic	windowķ	the	IIV	is	
Ѵarge	and	the	IOV	is	smaѴѴ	ŐFigure	Ɛķ	paneѴ	Cőĺ	In	this	caseķ	assessing	the	
individuaѴ	PKķ	which	changes	minimaѴѴy	day	over	day	ŐsmaѴѴ	IOVő	but	
greatѴy	between	patients	ŐIIVő	aѴѴows	for	dose	individuaѴizationĺ	By	adŊ
justing	the	dose	for	each	subjectķ	the	individuaѴ	PK	wiѴѴ	be	maintained	
within	the	therapeutic	window	over	time	ŐFigure	Ɛķ	paneѴ	Dőĺ

WhiѴe	IOV	tends	to	be	smaѴѴ	when	the	patient	is	in	a	stabѴe	condiŊ
tion	meaning	that	their	PK	assessment	remains	vaѴid	over	timeķ	nonŊ	
stabѴe	conditions	wiѴѴ	necessitate	reassessment	of	PK	to	ensure	that	
dosing	 is	 congruent	with	 conditionĺ	Noteworthy	 exampѴes	 incѴude	
chiѴdren	where	weightŊ	normaѴized	cѴearance	is	higher	in	young	chiѴŊ
dren	and	graduaѴѴy	reaches	aduѴt	ѴeveѴs	with	increasing	age10	andķ	as	
a	resuѴtķ	reassessment	of	PK	profiѴes	in	young	chiѴdren	is	done	every	
two	to	three	years	in	some	centersķ	and	can	be	greatѴy	faciѴitated	by	
using	a	 Ѵimited	sampѴing	PopPK	approachĺ	Other	exampѴes	 incѴude	
the	cѴearance	changes	associated	with	 the	 immediate	postsurgicaѴ	
period	 in	patients	 receiving	FVIIIņFIX	by	boѴus	or	continuous	 infuŊ
sion	and	in	patients	with	changing	inhibitor	titers	to	FVIIIņFIX	on	ITIĺ	
The	rate	of	change	of	PK	within	a	patient	in	nonŊ	stabѴe	conditions	is	
unique	to	the	patient	and	conditionĺ	SpeciaѴѴy	constructed	sampѴing	
scheduѴes	and	PopPK	programs	for	these	various	cѴinicaѴ	scenarios	
are	an	area	of	active	researchĺ18

ѵĺƒՊ|ՊLimitations to PopPK individuaѴ profiѴing

As	with	 aѴѴ	 regression	modeѴsķ	 the	 predictive	 accuracy	of	 a	modeѴ	
outside	of	the	covariate	space	Őegķ	ageķ	weightķ	inhibitor	statuső	used	
for	modeѴ	deveѴopment	is	uncertainĺ	This	was	demonstrated	when	a	
previousѴy	derived	FVIII	modeѴ10	was	used	to	predict	PK	in	a	cohort	
of	persons	with	hemophiѴia	undergoing	surgeryĺ17 Since the model 

was	 not	 buiѴt	 on	 patients	 during	 surgeryķ	 it	 was	 not	 an	 accurate	
predictor	in	that	scenario	and	a	surgery	specific	PopPK	modeѴ	was	
buiѴtĺ	Other	important	scenarios	in	hemophiѴia	where	PopPK	modeѴs	
couѴd	be	buiѴt	if	enough	data	were	avaiѴabѴeķ	incѴudes	patients	with	
inhibitorsķ	 the	obeseķ	 and	chiѴdrenĺ	RegardѴess	of	 the	 scenarioķ	we	
do	not	yet	know	how	many	patients	are	sufficient	to	buiѴd	a	predicŊ
tive	 brandŊ	specific	 PopPK	modeѴ	 best	 suited	 for	Bayesian	 estimaŊ
tionĺ	Large	data	coѴѴectionsķ	such	as	the	WebŊ	AccessibѴe	PopuѴation	
Pharmacokinetics	 ServiceŋHemophiѴia	 ŐWAPPSŊ	Hemoőķ48 aim to 

gather	 FVIII	 and	 FIX	 data	 from	 thousands	 of	 patients	 on	 various	

brands	in	order	to	deveѴop	PopPK	modeѴs	that	span	the	entirety	of	
the	 covariate	 spaceķ	 better	 representing	 persons	 with	 hemophiѴia	
than	cѴinicaѴ	triaѴ	participantsĺ	Prospective	evaѴuation	of	the	deveѴŊ
oped	modeѴs	is	aѴso	possibѴe	and	future	research	wiѴѴ	address	these	
Ѵimitations	more	robustѴy	to	further	inform	practiceĺ

Given	 denseѴy	 sampѴed	 profiѴesķ	 traditionaѴ	 noncompartmentaѴ	
anaѴysis	 produces	 PK	 estimates	 equivaѴent	 to	 PopPK	 estimatesĺƓƖ 
Bayesian	forecasting	of	individuaѴ	PK	having	a	set	of	Ѵimited	patient	
activity	ѴeveѴs	has	an	uncertainty	that	is	tied	to	the	number	and	timŊ
ing	of	 those	 sampѴesĺ50	Brekken	et	aѴĺ50	 demonstrated	 that	 if	 onѴy	
two	sampѴes	were	taken	for	pѴasmaŊ	derived	FIXķ	there	is	greater	preŊ
cision	of	the	estimates	when	those	two	sampѴes	are	taken	at	the	end	
of	the	profiѴe	Őday	Ɠő	vs	at	the	beginning	of	the	profiѴe	Őday	Ƒő	with	
the	caveat	that	imprecision	increases	when	sampѴes	are	BLQķ	which	
tends	to	be	at	the	end	of	the	profiѴeĺ	The	ISTH	guidance	aims	to	reŊ
duce	this	uncertainty	by	providing	instruction	to	cѴinicians	on	timing	
and	number	of	sampѴesĺƖ

A	Ѵimitation	to	the	use	of	PK	and	PopPK	is	in	instances	of	a	disŊ
cordance	between	concentrate	activity	 in	bѴood	and	response	 Őegķ	
bѴeedingőķ	 where	 PD	 pѴays	 a	 more	 important	 roѴeĺ	 For	 exampѴeķ	
pѴasma	 FIX	 activity	 ѴeveѴs	may	 represent	 a	 suboptimaѴ	marker	 for	
cѴinicaѴ	 efficacyķ51	 and	data	 for	different	FIX	products	may	not	be	
directѴy	comparabѴeĺ51	The	techniques	appѴied	in	order	to	extend	the	
haѴfŊ	Ѵife	ŐEHLő	of	rFIX	using	pegyѴationķ	aѴbumin	fusion	or	Fc	fusionķ	
makes	the	EHL	rFIX	products	substantiaѴѴy	different	on	a	moѴecuѴar	
ѴeveѴķ	 presumabѴy	 affecting	 their	 extravascuѴar	 distributionķ	 which	
transѴates	into	differing	PK	characteristics	as	weѴѴ	as	differences	in	
the	 reѴationship	between	measured	pѴasma	FIX	 activity	 ѴeveѴs	 and	
cѴinicaѴ	outcomeĺ	KnowѴedge	of	individuaѴ	PK	in	isoѴation	of	the	inŊ
dividuaѴ	activityŊ	response	reѴationship	ŐPDő	is	unѴikeѴy	to	Ѵead	to	opŊ
timal treatment.

Another	 Ѵimitation	of	a	PK	and	PopPK	taiѴored	approach	 is	paŊ
tient	and	treater	acceptanceĺ	A	formaѴ	anaѴysis	of	patient	and	treater	
attitudes	towards	PKŊ	taiѴored	prophyѴaxis	from	both	ѴowŊ		and	highŊ	
income	countries	was	compѴeted	and	showed	 that	 the	majority	of	
patients	andķ	to	a	greater	extentķ	treaters	wouѴd	be	wiѴѴing	to	switch	
to	 PKŊ	taiѴored	 dosingĺ52	 This	 was	 not	 without	 hesitation	 where	
daiѴy	 dosing	 was	 a	 barrier	 unѴess	 bѴeeding	 frequency	 was	 greatѴy	
reducedĺ	 It	was	 interesting	 to	note	 that	 number	of	 bѴood	 sampѴes	
and	 frequency	of	 sampѴing	 for	PK	estimation	were	not	barriers	 to	
acceptance52	suggesting	that	foѴѴowŊ	up	sampѴes	for	verification	of	a	
new	regimen	wouѴd	be	feasibѴeĺ	WhiѴe	resource	rich	countries	using	
high	 dose	 prophyѴaxis	 ŐƑƏŊ	ƓƏ	IUņkg	QƓѶ	hő	may	 use	 a	 PKŊ	taiѴored	
approach	to	reduce	costsķ	resource	poorer	countries	using	Ѵow	dose	
prophyѴaxis	ŐѵŊ	ƐƏ	IUņkg	twice	weekѴyő	may	use	PKŊ	taiѴoring	to	optiŊ
mize	 their	 Ѵimited	 resources	 Őegķ	 guide	 administration	 around	high	
risk	activitiesőĺ

FinaѴѴyķ	a	practicaѴ	 Ѵimitation	to	the	adoption	of	a	PopPK	based	
taiѴoring	 approach	 is	 the	 compѴexity	 of	 performing	 a	 postŊ	hoc	
Bayesian	estimationĺ	 Indeedķ	 this	 is	beyond	what	most	hemophiѴia	
treatment	 centers	 may	 accompѴish	 and	 was	 the	 main	 driver	 for	
deveѴoping	WAPPSŊ	Hemoĺ	 It	 is	 worth	 noting	 thatķ	 whereas	 other	
generic	 PopPK	 software	 Őegķ	 Doseme	 LLCķ	 Taringa	QѴdķ	 AustraѴiaķ	
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dosemeĺcomĺauĸ	InsightRXķ	Incĺ	San	Franciscoķ	CAķ	USAķ	insightŊ	rxĺ
comĸ	 TDMxķ	 University	 of	 Hamburgķ	 Hamburgķ	 Germanyķ	 wwwĺ
tdmxĺeuő	and	speciaѴized	dedicated	software	cѴassified	as	a	medicaѴ	
device	Őegķ	my	PKFitķ	Shire	PharmaceuticaѴ	HoѴdings	IreѴand	Limitedķ	
DubѴinķ	 IreѴandķ	 wwwĺmypkfitĺcomő	 existķ	 the	 former	 requires	 a	
significant	 time	commitment	and	expertiseĺ	The	 Ѵatter	are	product	
specific	and	heaviѴy	constrained	 in	 their	estimation	and	simuѴation	
capacity	by	the	need	to	adhere	to	the	ѴabeѴѴing	specifications	of	the	
products	 they	 serveĺ	Defining	WAPPS	 as	 a	 coѴѴaborative	 research	
network	was	a	decision	taken	after	muѴtipѴe	informaѴ	and	formaѴ	conŊ
suѴtation	with	reѴevant	reguѴatory	agenciesĺ	This	decision	seems	to	
have	preserved	the	capacity	of	WAPPS	to	fuѴѴy	modeѴ	the	observed	
variabiѴityķ	empowering	and	not	Ѵimiting	the	capacity	of	hemophiѴia	
doctors	to	exercise	their	cѴinicaѴ	judgementĺ

ѵĺƓՊ|ՊCharacteristics of a cѴinicaѴѴy usefuѴ individuaѴ 
PK profile

Irrespective	of	the	underѴying	PK	method	and	assumptionsķ	a	cѴinicaѴѴy	
usefuѴ	PK	profiѴe	of	an	individuaѴ	patient	must	provide	at	a	minimumĹ	Őiő	
the	predicted	pѴasma	activity	ѴeveѴ	at	any	given	timeķ	and	Őiiő	a	measure	
of	precision	of	 the	estimatesĺ	CoupѴed	with	patientŊ	specific	 threshŊ
oѴdsķ	the	individuaѴ	pѴasma	activity	ѴeveѴ	vsĺ	time	profiѴe	contains	the	
required	 information	needed	 to	 identify	when	 to	 reinfuse	a	patient	
Őegķ	target	trough	ƻ	ƏĺƏƒ	IUņmLő	or	when	the	risk	of	bѴeeding	wouѴd	be	
Ѵow	Őegķ	ѴeveѴ	ƻ	ƏĺƐƑ	IUņmL53őĺ	It	incѴudes	the	predicted	pѴasma	activŊ
ity	 ѴeveѴ	at	any	given	timeķ	orķ	as	aѴternate	dispѴayķ	 the	time	eѴapsed	
from	the	infusion	to	any	ѴeveѴ	of	interest	with	associated	uncertainty	
ŐFigure	Ƒķ	 paneѴ	Aőĺ	 The	 time	 to	 criticaѴ	 activity	 ѴeveѴ	 is	 increasingѴy	
reported	as	a	reѴevant	outcome	measure	 in	PopPK	papers	of	factor	
concentratesĺ54�56	In	the	event	of	a	change	in	dose	or	frequencyķ	a	PK	
profiѴe	presenting	the	new	regimen	can	be	caѴcuѴated	using	the	indiŊ
viduaѴsĽ	PK	estimates	ŐFigure	Ƒķ	paneѴ	B	and	Cőķ	and	again	provide	aѴѴ	of	
the	information	needed	for	cѴinicaѴ	decision	makingĺ	Indeedķ	whereas	
an	individuaѴĽs	primary	PK	parameters	such	as	cѴearance	and	voѴume	
of	distribution	are	important	for	derivation	of	a	PK	profiѴeķ	they	are	
usuaѴѴy	not	meaningfuѴ	to	cѴiniciansĺ	Even	secondary	PK	parametersķ	
Ѵike	individuaѴ	terminaѴ	haѴfŊ	Ѵife	and	AUCķ	are	more	transѴatabѴe	to	cѴinŊ
icaѴ	practiceķ	but	stiѴѴ	too	compѴicated	for	many	cѴiniciansĺ	Independent	
interpretation	and	use	of	reѴevant	PK	outcomes	is	beyond	reach	for	
most	 cѴinicsķ	 and	 there	 is	 a	move	 towards	embracing	 software	 that	
both	caѴcuѴates	an	individuaѴĽs	PK	profiѴe	using	Bayesian	methods	and	
aѴѴows	for	individuaѴized	dose	regimen	designĺ48	MobiѴe	appѴications	
that	extend	the	software	scope	and	aѴѴow	the	patient	access	to	their	
predicted	activities	in	reaѴ	time	are	currentѴy	under	deveѴopmentĺ

ƕՊ |ՊPK AND POPPK CONTRIBUTION 
TO CHOOSING A SPECIFIC 
FACTOR CONCENTRATE

We	 have	 demonstrated	 that	 knowѴedge	 of	 oneĽs	 PK	 profiѴe	 is	
needed	 to	 optimize	 an	 individuaѴ	 dosing	 regimenĺ	 But	 is	 there	

vaѴue	 in	 knowing	 concentrate	 specific	 ľaverageĿ	 PK	 characterisŊ
ticsĵ	The	theoreticaѴ	answer	is	yesĺ	A	concentrate	with	Ѵower	averŊ
age	cѴearanceķ	higher	average	exposure	Őieķ	AUCņDoseő	and	Ѵonger	
average	terminaѴ	haѴfŊ	Ѵifeķ	is	more	ѴikeѴy	to	yieѴd	favorabѴe	profiѴesķ	
on	averageķ	in	the	popuѴationĺ	PracticaѴѴyķ	a	robust	comparison	of	
PK	across	different	concentrates	is	not	triviaѴķ	and	requires	certain	
criticaѴ	considerations	in	appraising	scientific	evidence	in	the	fieѴd	
ŐTabѴe	Ɛőĺ	The	singѴe	most	important	concept	is	that	there	is	more	
variabiѴity	among	individuaѴs	Őthe	popuѴationő	than	among	concenŊ
trates	Őthe	treatmentőĺ6	There	are	two	important	consequences	to	
this	conceptĹ	 the	first	 is	 the	need	to	check	 if	 the	studies	providŊ
ing	 the	PK	estimates	have	been	performed	on	popuѴations	comŊ
parabѴe	to	the	patients	we	are	pѴanning	to	appѴy	those	resuѴts	to	
Őieķ	externaѴ	vaѴidityőĺ57	The	second	is	that	when	we	compare	the	
average	PK	characteristics	of	two	or	more	concentratesķ	we	need	
to	 make	 sure	 the	 tested	 popuѴations	 and	 the	 study	 designs	 are	
comparabѴe	and	 robust	enoughĺ	The	most	efficient	 study	design	
to	ensure	comparabiѴity	 is	 the	crossover	 studyķ	where	each	 indiŊ
viduaѴ	 receives	each	concentrate	and	 they	 therefore	act	as	 their	
own control.ƒƖ	Of	 criticaѴ	 importance	 is	 comparing	onѴy	PK	data	
generated	with	 comparabѴe	methodsĹ	 too	 oftenķ	 and	 sometimes	
even	 in	 crossover	 studiesķ	 different	 assumptions	 and	 methods	
ŐincѴuding	sampѴing	scheduѴeső	are	used	for	the	two	concentrates	
under	comparisonķ	and	the	method	more	than	the	concentrates	is	
responsibѴe	 for	 the	observed	differenceĺ58�61	 Irrespective	of	 the	
goodness	of	the	decisionŊ	making	process	and	quaѴity	of	the	supŊ
portive	evidenceķ	generic	 choices	at	 the	popuѴation	 ѴeveѴ	 cannot	
substitute	 for	 individuaѴ	PK	profiѴingķ	as	 they	do	not	account	 for	
interŊ	patient	variabiѴityĺ

ѶՊ |ՊPARTICIPATING IN LARGE PRAGMATIC 
POPPK DATA COLLECTIONS

UntiѴ	 recentѴyķ	 the	 vast	 majority	 of	 PK	 and	 PopPK	 studies	 have	
been	 performed	 by	 drug	manufacturers	 to	 support	 the	 fiѴing	 of	
reguѴatory	 appѴications	 or	 by	 a	 few	 speciaѴized	 research	 centers	
keen	in	using	PK	to	taiѴor	treatmentĺѵķƐƏķƔƏķƔƓķѵƑ	These	studies	have	
aѴso	been	compѴeted	to	controѴ	or	compare	cost	of	different	conŊ
centrates	 or	 regimens63�65	 and	 to	 deveѴop	 new	 PK	 appѴications	
to	hemophiѴiaĺѵķƔƏ	PK	 is	now	becoming	more	often	considered	 in	
decision	 making	 in	 hemophiѴiaĺ	 This	 has	 been	 precipitated	 by	 a	
higher	 usage	 and	 capabiѴity	 of	webŊ	based	 appѴicationsķ	more	 inŊ
tense	internationaѴ	research	coѴѴaborationķ	 Ѵarger	number	of	conŊ
centrates	competing	on	the	marketķ	 the	advent	of	EHL	products	
and	 the	 continuous	 pressure	 on	 fair	 use	 of	 resourcesķ	 incѴuding	
tendering	processesĺ	In	this	era	of	Ѵarge	webŊ	based	databases	used	
to	 support	 dayŊ	toŊ	day	 management	 of	 hemophiѴia	 incѴuding	 the	
UKHCDO	database	Őwwwĺukhcdoĺorgőķ	the	American	Thrombosis	
ş	 Hemostasis	 Network	 ŐATHNő	 Őwwwĺathnĺorgőķ	 the	 AustraѴianŊ	
Canadian	BѴeeding	Disorders	Registry	ŐABDR	ŒwwwĺbѴoodĺgovĺauņ
abdrœņCBDR	 Œwwwĺcbdrĺcaœő	 famiѴy	 of	 productsķ	 the	 FranceCoag	
database	 Őwwwĺfrancecoagĺorgőķ	 and	 the	 newѴy	 Ѵaunched	WorѴd	

http://www.tdmx.eu
http://www.tdmx.eu
http://www.mypkfit.com
http://www.ukhcdo.org
http://www.athn.org
http://www.blood.gov.au/abdr]/CBDR
http://www.blood.gov.au/abdr]/CBDR
http://www.cbdr.ca
http://www.francecoag.org
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F IGURE  ƑՊCharacteristics	and	information	content	of	an	individuaѴ	PK	profiѴeĺ	The	individuaѴ	pѴasma	activity	ѴeveѴ	vsĺ	time	profiѴe	contains	
most	of	the	information	needed	to	identify	the	dose	and	intervaѴ	for	the	optimaѴ	regimen	for	a	specific	patientĺ	We	are	using	as	an	exampѴe	pѴots	
produced	with	WAPPSŊ	Hemo	ŐwwwĺwappsŊhemoĺcaőĺ	PaneѴ	A	represents	a	profiѴe	from	a	simuѴated	patient	dosed	with	ƑƔƏƏ	IU	FVIII	and	pѴasma	
activity	ѴeveѴs	measured	at	Ɠķ	ƑƓķ	and	ƓѶ	h	postŊ	administration	ŐsmaѴѴ	hoѴѴow	circѴes	and	interpoѴated	Ѵineőĺ	Using	a	PopPK	modeѴ	and	a	Bayesian	
approach	the	fitted	pѴasma	activity	ѴeveѴ	vs	time	profiѴe	is	produced	ŐsoѴid	bѴack	Ѵineő	with	its	associated	uncertainty	Őprediction	intervaѴs	as	derived	
from	the	underѴying	PopPK	modeѴŌdashed	grey	Ѵinesőĺ	Estimates	of	terminaѴ	haѴfŊ	Ѵife	and	time	to	threshoѴd	ѴeveѴs	ŐƖƔѷ	prediction	intervaѴső	are	
cѴinicaѴѴy	actionabѴe	outcomesĺ	PaneѴ	B	presents	the	process	of	simuѴation	using	patient	specific	PKĺ	The	originaѴ	measured	pѴasma	activity	ѴeveѴs	
Őredő	and	modeѴ	fit	Őgreenő	for	the	ƑƔƏƏŊ	IU	dose	are	presented	for	referenceĺ	For	the	patient	in	PaneѴ	Aķ	PaneѴ	B	shows	the	weekѴy	profiѴe	ŐsoѴid	
bѴue	Ѵineő	on	their	current	regimen	of	ƑƔƏƏ	IU	infused	every	third	dayĺ	The	trough	was	estimated	at	ƏĺƏƒ	IUņmL	with	a	weekѴy	consumption	of	
ƔѶƒƒ	IUĺ	Assuming	a	safety	threshoѴd	of	ƏĺƏƔ	IUņmL	for	the	intended	ѴeveѴ	of	activityķ	the	time	spent	beѴow	ƏĺƏƔ	IUņmL	is	estimated	to	be	Ɛƒ	hours	
per	intervaѴĺ	PaneѴ	C	shows	the	caѴcuѴated	curve	obtained	by	keeping	the	intervaѴ	at	every	third	dayķ	and	increasing	the	dose	at	ƓƏƏƏ	IUĺ	This	
wouѴd	increase	the	trough	ѴeveѴ	to	ƏĺƏƓƕ	IUņmL	and	the	weekѴy	consumption	to	Ɩƒƒƒ	IUĺ	The	time	spent	beѴow	ƏĺƏƔ	IUņmL	wouѴd	be	Ƒ	hoursĺ	
PaneѴ	D	shows	the	caѴcuѴated	curve	obtained	by	reducing	the	frequency	to	every	second	day	and	the	dose	to	ƐƓƏƏ	IUĺ	This	wouѴd	increase	the	
trough	ѴeveѴ	to	ƏĺƏƔ	IUņmL	with	no	time	spent	beѴow	and	the	weekѴy	consumption	wouѴd	be	ƓƖƏƏ	IU

Time to 0.05 IU/mL = 58 h (51, 65) 

Time to 0.03 IU/mL = 83 h (73, 94)

Time to 0.01 IU/mL = 109 h (95, 123)

Half-life = 16 h (13.5, 18.5)
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Federation	 of	 HaemophiѴia	 ŐWFHő	 Patient	 Registry	 Őwwwĺwfhĺ
orgņenņwbdrő	there	is	an	opportunity	to	perform	Ѵarge	popuѴation	
based	 data	 coѴѴection	 of	 postinfusion	 pѴasma	 sampѴesĺ	 CoupѴed	
with	PK	approachesķ	this	ѴargeŊ	scaѴe	data	couѴd	provide	a	vaѴuabѴe	

contribution	to	cѴinicaѴ	decision	making	at	 the	patient	and	poѴicy	
ѴeveѴsĺ	Many	centers	have	adoptedķ	as	routine	cѴinicaѴ	practiceķ	a	
PopPK	based	individuaѴ	estimation	method	using	one	of	the	avaiѴŊ
abѴe	 PopPK	 appѴicationsĺ48	 This	 is	 feeding	 a	 Ѵarge	 internationaѴ	

TABLE  ƐՊAppraisaѴ	of	the	characteristics	of	PK	studies	that	affect	the	comparabiѴity	of	resuѴts	among	factor	concentratesĺ	Presented	are	
the	domains	of	a	study	to	be	considered	when	assessing	if	a	study	reporting	a	PK	anaѴysis	can	be	trustedķ	appѴied	to	a	given	cѴinicaѴ	situationķ	
or	its	resuѴts	compared	to	those	from	another	studyĺ	The	same	criteria	appѴy	when	assessing	comparative	studiesĺ

Domain Cueing question Characteristic assessed Notes

Population Are the populations used to assess the PK characteristics of the concentrates similar to each other and to the population of 

interest?

Did	the	study	design	and	conduct	controѴ	for	
baseѴine	imbaѴance	of	participant	
characteristicsĵ

Study	design Crossover	design	Őeach	participant	acts	as	
its	own	controѴőĸ	randomized	triaѴ	Őthe	two	
arms	are	practicaѴѴy	identicaѴő	ĺ

Did	participants	represent	the	fuѴѴķ	or	at	Ѵeast	
simiѴarķ	spectrum	of	the	popuѴationĵ	Were	the	
demographics	and	cѴinicaѴ	characteristics	of	
the	popuѴationŐső	at	baseѴine	describedĵ

PopuѴation	composition The	baseѴine	characteristics	of	the	
participants	are	usuaѴѴy	described	in	a	
table. 

The	range	of	observed	participant	
characteristics	Őegķ	ageķ	weightő	is	simiѴar	
to	the	popuѴation	of	interestĺ

Was	a	sufficientѴy	Ѵarge	sampѴe	enroѴѴed	in	the	
studyĵ

Study	size The	number	of	subjects	is	sufficient	to	
capture	the	variabiѴityĺ	For	a	conventionaѴ	
studyķ	ƐƑŊ	ƐƔ	subjects	are	deemed	
sufficientĸ	for	a	popuѴation	PK	study	
around	ƑƏŊ	ƒƏ	subjects	with	dense	data	or	
ƐƏƏ	with	sparse	data	are	suggestedĺ

Is	the	precision	of	the	findings	appropriateĵ Observed	variabiѴity The	range	of	observed	PK	vaѴues	around	
the	average	is	typicaѴ	for	the	popuѴationĸ	
smaѴѴer	or	Ѵarger	variabiѴity	may	require	
carefuѴ	considerationĺ

Is	Őareő	the	popuѴationŐső	in	the	studies	
representative	of	the	one	I	pѴan	to	appѴy	the	
resuѴts	toĵ

ExternaѴ	vaѴidity WouѴd	the	patientŐső	I	am	pѴanning	to	appѴy	
the	resuѴts	of	the	study	to	have	been	
enroѴѴed	in	the	studyŐiesőĵ

Intervention Did the administration of the concentrates under assessment happen in a simiѴar way across the comparators and with 
respect to the intended use?

Was	the	study	performed	under	routine	cѴinicaѴ	
conditionsĵ

Study	setting UsuaѴѴy	patients	studied	during	reguѴar	
prophyѴaxisķ	in	nonŊ	bѴeeding	conditionsķ	
with	excѴusion	of	the	surgicaѴ	settingĺ

Were	participants	subject	to	a	washŊ	outĵ Study	design If	no	washout	then	comparisons	shouѴd	be	
in	steadyŊ	state	conditionsĺ

Were	the	doses	of	the	concentrates	tested	
comparabѴeĵ

Study	design PK	of	factor	concentrates	is	supposed	to	be	
dose	independentķ	but	use	of	extreme	
doses	may	require	specific	considerationsĺ

Measurements Were the sampѴing strategies sound and simiѴar across the comparisonĵ

Were	sampѴes	drawn	over	comparabѴe	time	
periods	across	the	comparisonĵ

PK	assessment	method PK	estimates	can	change	depending	on	
how	many	sampѴes	are	used	in	the	
anaѴysisķ	and	for	how	Ѵong	they	are	
collected.

Were	sampѴes	measured	with	the	same	
Ѵaboratory	test	and	reference	standardĵ

Laboratory	method Using	different	Ѵaboratory	tests	andņor	
reference	standard	may	imbaѴance	the	
comparisonĺ

Were	sampѴes	beѴow	the	Ѵimit	of	quantitation	
ŐBLQő	recordedĵ

Laboratory	method ResuѴts	for	measurement	beѴow	the	ѴeveѴ	of	
detection	must	be	reported	as	ľBLQĿ	
foѴѴowed	by	the	minimum	detectabѴe	
concentration.

ŐContinueső

http://www.wfh.org/en/wbdr
http://www.wfh.org/en/wbdr
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database	 and	 has	 been	 integrated	 into	 the	 hemophiѴia	 manageŊ
ment	software	used	 in	 the	Czech	RepubѴicķ	 the	USķ	and	Canadaĺ	
One	of	the	important	advancements	provided	by	these	Ѵarge	data	
coѴѴections	 invoѴves	 the	 simuѴtaneous	 consideration	 of	 cѴinicaѴ	
informationķ	 such	 as	 bѴeeding	 and	 treatment	 Ѵogsķ	 adherence	 inŊ
formationķ	 and	 activity	 ѴeveѴsĺ	 It	 is	 important	 for	 reѴiabѴe	 PK	 inŊ
formation	to	be	storedķ	centraѴizedķ	and	anaѴyzed	to	enhance	our	
coѴѴective	 capacity	 to	 understand	 how	 to	 best	 individuaѴize	 and	
optimize	 the	 treatment	of	persons	with	hemophiѴiaĺ8	 The	hemoŊ
phiѴia	community	is	producing	an	impressive	capacity	of	data	coѴŊ
Ѵectionĺ	For	exampѴeķ	 in	 Ѵess	than	Ƒ	yearsķ	the	ƐѶƏ	centers	of	the	
WAPPS	research	network	have	coѴѴected	from	ƻƑƏƏƏ	unique	paŊ
tients	over	ƒƔƏƏ	individuaѴ	PK	profiѴesĺ

ƖՊ |ՊCONCLUSIONS

The	use	of	PK	in	the	treatment	of	hemophiѴia	continues	to	increase	
in	importance	and	studies	have	demonstrated	its	utiѴityĺ	AѴong	with	

providing	a	means	to	compare	and	contrast	different	concentratesķ	
PK	can	aѴso	be	used	to	aid	in	ѴocaѴ	cѴinicaѴ	decision	makingĺ	One	such	
use	is	in	deriving	individuaѴ	PK	for	persons	with	hemophiѴia	to	heѴp	
with	dose	 taiѴoring	 and	 this	 can	be	 achieved	 through	 a	number	of	
methodsĺ	PopPK	methods	that	integrate	information	from	the	popŊ
uѴation	 of	 persons	with	 hemophiѴia	 aѴong	with	 individuaѴ	 PK	 inforŊ
mation	and	characteristics	are	poised	 to	provide	a	convenient	and	
accessibѴe	means	 of	 individuaѴizing	 dose	 taiѴoringĸ	 especiaѴѴy	when	
made	 avaiѴabѴe	 to	 treaters	 and	 patients	 through	 dedicated	 softŊ
wareķ	aѴbeit	 raising	further	questions	about	appropriate	threshoѴds	
for	troughs	andņor	peaks	for	participation	in	activities	with	varying	
traumaņbѴeed	 riskĺ	Large	data	coѴѴection	efforts	are	ongoing	 in	 the	
hemophiѴia	community	and	this	has	the	potentiaѴ	to	further	advance	
care.
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different	for	different	concentratesĺ

Were	the	structuraѴ	modeѴs	ŐnonŊ	
compartmentaѴķ	one	or	muѴtipѴe	compartmentő	
assumptions	simiѴar	across	the	comparisonĵ	If	
notķ	was	the	case	for	the	difference	
expѴainedĵ

PK	anaѴysis Justification	for	the	modeѴѴing	approach	
must	be	provided	and	discussedķ	
particuѴarѴy	when	different	for	different	
concentratesĺ

Were	reasonabѴe	assumptions	used	for	PopPK	
anaѴysisĵ

PopPK	anaѴysis Justification	for	the	endogenous	activityķ	
choice	of	covariatesķ	number	of	sampѴesķ	
and	subjectsķ	modeѴѴing	approach	must	be	
provided	and	discussedĺ

Were	BLQs	accounted	for	in	the	anaѴysisĵ PopPK	anaѴysis BLQs	must	be	modeѴed	as	other	postŊ	
infusion	measuresĺ	The	Mƒ	method	is	
often	usedķ	but	others	may	be	acceptabѴeĺ

Results What are the resuѴtsĵ Are they simiѴarķ sound and cѴearѴy reported across the comparisonŐsőĵ

Were	aѴѴ	expected	resuѴts	reported	with	their	
variabiѴityĵ

PKņPopPK	anaѴysis Are	there	any	incompѴete	data	reporting	or	
any	seѴective	outcome	reportingĵ

Were	resuѴts	comparabѴe	with	previousņ
contemporary	anaѴyses	on	the	same	
concentrateĵ

PKņPopPK	anaѴysis Differences	in	the	resuѴts	that	cannot	be	
expѴained	by	differences	in	the	popuѴaŊ
tionķ	intervention	or	anaѴysis	shouѴd	be	
carefuѴѴy	consideredĺ

Were	resuѴts	comparabѴe	with	those	obtained	
with	other	concentrates	in	the	same	cѴassĵ

PKņPopPK	anaѴysis Differences	in	the	resuѴts	that	cannot	be	
expѴained	by	differences	in	the	popuѴaŊ
tionķ	interventionķ	or	anaѴysis	shouѴd	be	
carefuѴѴy	consideredĺ

Are	cѴinicaѴ	outcomes	presented	in	addition	to	
the	PKĵ

Study	Design PKņPopPK	studies	are	often	performed	as	
part	of	a	Ѵarger	efficacyņsafety	studyĺ	
Reporting	Őor	referencingő	cѴinicaѴ	
outcomes	might	be	of	heѴp	in	interpretingķ	
comparingķ	and	appѴying	the	PK	resuѴtsĺ

PKķ	pharmacokineticĸ	PopPKķ	popuѴation	pharmacokineticĺ
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G LOSSARY OF TERMS

Area under the curve ŐAUCőĹ	Surface	beneath	 the	activity	vs	 time	
profiѴeĸ	it	measures	ľexposureĿ	to	the	concentrateĺ

Baseline factor levelĹ	 The	 ѴeveѴ	 of	 factor	 activity	measured	 in	
pѴasma	 in	 absence	 of	 therapeuticaѴѴy	 administered	 factor	 concenŊ
trateĺ	It	is	the	ѴeveѴ	of	factor	activityķ	if	anyķ	endogenousѴy	produced	
by	the	individuaѴĺ	It	is	aѴso	the	factor	ѴeveѴ	used	to	cѴassify	the	patient	
as	severe	ŐƺƏĺƏƐ	IUņmLőķ	moderate	ŐƏĺƏƐŊ	ƏĺƏƔ	IUņmLő	or	miѴd	ŐƻƏĺƏƔ	
IUņmLőĺ

BeѴow Ѵimit of quantitation ŐBLQőĹ	 Indicates	a	measurement	of	
factor	activity	beѴow	the	minimum	amount	detected	by	the	ѴaboraŊ
tory	assayĺ	Most	often	BLQ	vaѴues	are	reported	as	ľundetectabѴeĿķ	or	
ľnot	measurabѴeĿķ	or	ƺƏĺƏƐ	IUņmLĺ

CѴearance Őegķ LņhőĹ	VoѴume	of	bѴood	that	is	compѴeteѴy	removed	
of	factor	activity	in	a	specified	unit	of	timeĺ

Extended haѴfŊѴife ŐEHLőĹ	Recombinant	factor	concentrates	engiŊ
neered	to	obtain	a	proѴonged	exposure	of	the	active	substance	in	the	
pѴasmaĺ	Extension	of	the	haѴfŊ	Ѵife	is	obtained	by	conjugation	Őto	the	
Fc	fragment	of	Igķ	aѴbuminķ	or	PEGő	or	other	techniquesĺ

HaѴfŊѴifeĹ	 Time	 required	 for	 the	pѴasma	activity	 to	decrease	by	
haѴfĺ	 It	 is	quaѴified	as	 terminaѴ	haѴfŊ	Ѵife	when	estimated	on	 the	 Ѵast	
portion	of	the	activity	versus	time	profiѴeĺ

RecoveryĹ	Amount	of	factor	activity	measured	in	the	pѴasma	diŊ
rectѴy	 foѴѴowing	an	 infusion	as	a	proportion	of	the	amount	of	conŊ
centrate	infusedĺ

InternationaѴ Units ŐIUőĹ	The	unit	used	 to	define	pѴasma	 factor	
activity	ѴeveѴĺ	The	normaѴ	range	for	factor	VIII	and	factor	IX	is	from	
ƏĺƔ	IUņmL	ŐƔƏ	IUņdLő	to	ƐĺƔ	IUņmL	ŐƐƔƏ	IUņdLőĺ

Immune toѴerance induction treatment ŐITIőĹ	Administration	of	
factor	VIII	or	IX	meant	to	induce	toѴerance	in	patients	with	inhibitory	
antibodiesĺ

InterŊindividuaѴ variabiѴity ŐIIVőĹ	 The	 variabiѴity	 of	 PK	between	
different	individuaѴs
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InterŊoccasion variabiѴity ŐIOVőĹ	The	variabiѴity	of	PK	over	time	
within	the	same	individuaѴ

Lean body weightĹ	 ResiduaѴ	 body	 weight	 after	 subtraction	 of	
the	fat	component	 ŐequaѴ	or	more	often	 inferior	 to	the	totaѴ	body	
weightő

Maximum pѴasma concentration ŐCmaxőĹ	 The	 pѴasma	 factor	 acŊ
tivity	measured	after	a	concentrate	 infusionĺ	For	boѴus	 infusions	 it	
shouѴd	 theoreticaѴѴy	 be	 the	 concentration	measured	 at	 the	 end	of	
the	infusion	ŐC0őĺ

Mean residence time ŐMRTőĹ	The	average	amount	of	time	that	a	
singѴe	moѴecuѴe	of	factor	VIII	or	factor	IX	stays	in	the	body

Pharmacodynamics ŐPDőĹ	The	study	of	the	exposureŊ		response	
reѴationship	of	a	drug	Őieķ	what	the	drug	does	to	the	bodyőĺ

Pharmacokinetics ŐPKőĹ	 The	 study	 of	 the	 absorptionķ	 distribuŊ
tionķ	metaboѴismķ	and	excretion	of	drugs	Őieķ	what	the	body	does	to	
the	drugőĺ

PopuѴation pharmacokinetics ŐPopPKőĹ	The	study	of	the	sources	
and	correѴates	of	variabiѴity	in	drug	concentrations	among	individuŊ
aѴs	of	the	target	patient	popuѴation	receiving	cѴinicaѴѴy	reѴevant	doses	
of	a	drug	of	interestĺ

Prediction intervalsĹ	ProbabiѴistic	Ѵimits	around	a	Bayesian	preŊ
dicted value.

Sparse dataĹ	SampѴing	technique	by	which	few	bѴood	sampѴes	are	
drawn	at	any	time	after	a	drug	infusionĺ

Therapeutic windowĹ	The	intervaѴ	between	the	Ѵowest	effective	
and	the	highest	toѴerabѴe	Ősafeő	pѴasma	concentration	of	a	drug	in	the	
pѴasmaņbodyĺ

Trough ѴeveѴĹ	The	Ѵowest	pѴasma	ѴeveѴ	reached	by	a	drug	between	
two	 infusions	 ŐusuaѴѴy	reached	 immediateѴy	before	the	subsequent	
infusionķ	and	aѴso	caѴѴed	preŊ	dose	ѴeveѴőĺ

VoѴume of distributionĹ	 The	 theoreticaѴ	 voѴume	 that	wouѴd	 be	
necessary	 to	 contain	 the	 totaѴ	 amount	 of	 a	 factor	 concentrate	 to	
generate	 the	 same	activity	 ѴeveѴ	 that	 it	 is	observed	 in	 the	pѴasmaĺ	
The	Ѵink	between	the	totaѴ	amount	of	factor	concentrate	in	the	body	
and	the	pѴasma	activityĺ

WAPPSŊHemoĹ	 Web	 AccessibѴe	 PopuѴation	 Pharmacokinetic	
ServiceŋHemophiѴiaĺ	A	webŊ	based	soѴution	dedicated	to	 individuaѴ	
pharmacokinetic	profiѴing	of	patients	with	hemophiѴia	treated	with	
factor	concentratesĺ

WashŊoutĹ	Time	spent	offŊ	treatment	before	a	conventionaѴ	PK	
study	to	ensure	no	residuaѴ	factor	activity	ѴeveѴ	generated	by	the	
factor	concentrate	 is	present	 in	 the	bѴoodĺ	UsuaѴѴy	equaѴ	or	 ѴonŊ
ger	than	Ɣ	times	the	anticipated	haѴfŊ	Ѵifeĺ	The	residuaѴ	measurabѴe	
activity	ѴeveѴ	after	an	appropriate	washŊ	out	is	the	baseѴine	factor	
level.

Bayesian modeѴѴingĹ	ProbabiѴistic	approach	 to	 forecasting	 indiŊ
viduaѴ	PK	profiѴes	based	on	Ѵimitedņsparse	sampѴes	from	one	individŊ
uaѴ	and	previous	knowѴedge	from	a	popuѴation	studyĺ
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