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INTRODUCTION	
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expressed	 in	 this	 poster	 do	 not	 reflect	 official	 policies	 of	 the	
Department	 of	 Health	 and	 Human	 Services;	 nor	 does	 any	
men1on	 of	 trade	 names,	 commercial	 prac1ces,	 or	 organiza1on	
imply	endorsement	by	the	United	States	Government.	

Study	Design	
IVPT	studies	were	performed	using	PermeGear	In-Line	flow-through	
diffusion	 cells.	 The	 in	 vitro	 study	 design	was	 harmonized	 to	match	
that	of	the	in	vivo	heat	effect	study	for	which	results	are	published	in	
the	buprenorphine	TDS	 (Butrans®)	product	 label.	Human	 skin	 from	
three	donors	with	four	replicates	per	donor	was	used	for	each	study	
arm;	 one	 performed	 at	 normal	 skin	 surface	 temperature,	 and	 the	
other	 with	 periods	 of	 transient	 elevated	 heat	 exposure.	 The	 heat	
arm	had	heat	applica1on	early	in	the	experiments	from	24	h	to	31	h	
and	later	in	the	experiments	from	72	h	to	79	h.	Heat	was	applied	for	
three	2	h	 intervals	over	each	7	h	period.	For	both	the	baseline	and	
heat	 arm,	 the	 transdermal	 system	 was	 removed	 at	 168	 h	 and	
sampling	was	con1nued	un1l	174	h.	A	0.97	cm2	circular	disc	of	 the	
buprenorphine	 TDS	 was	 applied	 upon	 the	 skin	 within	 the	
permea1on	 area	 of	 the	 diffusion	 cell.	 Skin	 temperature	 was	
maintained	 at	 either	 32	 ±	 2oC	 or	 42	 ±	 2oC	 to	 mimic	 normal	 and	
elevated	skin	temperature	condi1ons,	respec1vely.	Brij®	98	at	0.1%	
was	added	to	the	receptor	solu1on	to	ensure	sufficient	solubility	of	
buprenorphine	 in	 an	 aqueous	 media.	 Receptor	 solu1on	 was	
collected	 at	 predetermined	 1me	 intervals	 and	 analyzed	 using	 a	
validated	high	performance	 liquid	 chromatography	 (HPLC)	method.	
In	 vivo	 study	 design	 and	 data	 was	 obtained	 from	 the	 Clinical	
Pharmacology	and	Biopharmaceu7cs	Review	document	for	Butrans®	
available	at	Drugs@FDA.	
	

HPLC	method	
A	 HPLC	method	was	 developed	 to	 elute	 the	 drug	 followed	 by	 the	
surfactant	 	in	each	sample	injec1on	to	ensure	no	interference	from	
the	surfactant	with	the	subsequent	injec1ons.			
	

Data	Analysis	and	IVIVC 
Student’s	t-test	was	used	for	comparing	the	differences	in	the	means	
of	 flux	 and	 cumula1ve	 amount	 and	 significant	 differences	 were	
declared	at	p≤0.05.	Frac1on	permeated	(Fp)	was	calculated	from	the	
in	 vitro	 studies.	 The	 observed	 in	 vivo	 concentra1ons	 were	
deconvoluted	 to	 obtain	 the	 frac1on	 of	 drug	 absorbed	 (Fa).	 The	
correla1on	 between	 frac1on	 absorbed	 in	 vivo	 and	 frac1on	
permeated	 in	 vitro	 for	 the	 baseline	 study	 arm	was	 described	 by	 a	
polynomial	 equa1on.	 This	 equa1on	 was	 then	 used	 to	 obtain	
predicted	 concentra1ons	 for	 baseline	 arm.	 Two	 heat	 factor	 terms	
(Hv	 is	 heat	 factor	 obtained	 from	 in	 vivo	data	 and	Hr	 is	 heat	 factor	
obtained	from	in	vitro	data)	were	introduced	into	the	calcula1ons	to	
obtain	 predicted	 concentra1on	 following	 applica1on	 of	 transient	
heat.	The	following	rela1onships	were	used:	
Fp	=	Cumula1ve	amount	permeated	at	1me	t/Total	amount	of	drug			
permeated	in	vitro	
Fa	=	(AUC0-t	*CL)/F*D	
Hv	 =	 Mean	 heat	 arm	 concentra1on	 values/Mean	 baseline	 arm	
concentra1on	values		
Hr	=	Mean	heat	arm	flux	values/Mean	baseline	arm	flux	values		
	

RESULTS	

METHODS	

CONCLUSIONS	
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• When	 exposed	 to	 an	 elevated	 temperature	 in	 vitro,	 under	
condi1ons	 that	 closely	 matched	 in	 vivo	 study	 condi1ons,	
buprenorphine	TDS	(Butrans®)	exhibited	an	 increase	 in	the	rate	
and	extent	of	drug	delivery	rela1ve	to	its	baseline	drug	delivery	
at	normal	(ambient	and	skin)	temperature	condi1ons.	
• The	 elevated	 rate	 of	 buprenorphine	 delivery	 through	 the	 skin	
did	 not	 return	 to	 baseline	 levels	 un1l	 several	 hours	 aner	 the	
external	heat	source	was	removed.		
• The	ra1o	of	heat-induced	enhancement	over	baseline	observed	
for	 Jmax	 	 in	 our	 in	 vitro	 studies	 was	 consistent	 with	 the	
corresponding	 enhancement	 in	 Cmax	 	 reported	 in	 the	 in	 vivo	
study.	
• Accoun1ng	for	variability	between	the	in	vitro	and	in	vivo	study	
popula1ons,	 the	 in	 vivo	 plasma	 pharmacokine1c	 profile	 of	
buprenorphine	 predicted	 based	 upon	 our	 IVPT	 study	 results	
compares	well	with	the	observed	results	in	vivo.	
• Our	results	indicate	that	an	 in	vitro	-	 in	vivo	correla1on	(IVIVC)	
can	be	established	 for	buprenorphine	TDS,	both,	under	normal	
temperature	 condi1ons	 and	 when	 the	 TDS	 is	 exposed	 to	 an	
elevated	temperature.		
• Results	 also	 suggest	 that	 IVPT	 studies	 performed	 under	 the	
same	 condi1ons	 as	 those	 of	 interest	 in	 vivo	 may	 have	 the	
poten1al	 to	 correlate	with	 and	 be	 predic1ve	 of	 in	 vivo	 results,	
and	may	have	the	u1lity	to	evaluate	TDS	heat	effects	in	vitro.	

Figure	1.	Study	design	for	baseline	arm	(A)	and	heat	arm	(B).	

Figure	 2.	 In	 vivo	 concentra1on	 versus	 1me	 profile	 obtained	 from	
the	Clinical	Pharmacology	and	Biopharmaceu7cs	Review	document	
for	Butrans®	available	at	Drugs@FDA.		

Table	3.	Predicted	vs.	observed	pharmacokine1c	parameters	
(Cmax	and	AUC0-168h)	as	well	as	percent	predic1on	error	(%PE)	
for	the	baseline	arm		

Figure	 3.	 Flux	 profile	 for	 Butrans®	 from	human	 skin	 donor	 1	 (A),	2	
(B),	3	 (C)	and	mean	 of	 three	 donors	 (D).	 (mean	 ±	 SD)	 (n=3	 human	
skin	donor,	4	replicates/donor)	

Table	1.	Heat-induced	enhancement	in	Jmax	and	Cmax	

Figure	4.	Level	A	correla1on	plot	for	Fa	versus	Fp.	

Predicted	 Observed	 %PE	

Cmax	
(pg/mL)	

169.33	 164.50	 -2.94	

AUC0-168h	
(pg*h/mL)	

20930.36	 21088.25	 0.75	

Heat	sources	such	as	hea1ng	pads,	electric	blankets	and	saunas	can	
poten1ally	alter	 the	drug	delivery	profile	 from	formula1ons	applied	
to	 the	 skin.	 Buprenorphine	 is	 an	 opioid	 used	 for	 the	 treatment	 of	
moderate	 acute	 and	 chronic	 pain.	 Exposure	 of	 a	 buprenorphine	
transdermal	 delivery	 system	 (TDS)	 to	 a	 hea1ng	 pad	 or	 to	 other	
external	heat	sources	may	lead	to	an	increase	in	the	bioavailability	of	
buprenorphine	that	could	result	 in	a	possible	overdose	and	 	death,	
according	 to	 the	 product	 label	 for	 buprenorphine	 TDS	 (Butrans®).	
Similar	considera1ons	rela1ng	to	heat	exposure	may	apply	to	other	
TDS	 products,	 and	 it	would	 be	 of	 considerable	 value	 to	 be	 able	 to	
evaluate	such	heat	effects	 in	vitro.	The	purpose	of	this	study	was	to	
inves1gate	 the	 effect	 of	 heat	 on	 buprenorphine	 delivery	 (skin	
permea1on)	 in	 vitro	 by	using	buprenorphine	TDS	 (Butrans®)	and	 to	
evaluate	 the	 ability	 of	 in	 vitro	permea1on	 tests	 (IVPT)	 to	 correlate	
with	and	be	predic1ve	of	the	heat-enhanced	drug	delivery	in	vivo.		

#p	values	were	obtained	from	unpaired	t	test	

Figure	5.	Plot	for	observed	and	predicted	concentra1on	versus	1me	
profiles	for	baseline	arm	(A)	and	heat	arm	(B).	

Table	4.	Predicted	vs.	observed	pharmacokine1c	parameters	
(Cmax	–	early	heat,	Cmax	–	late	heat,	and	AUC0-168h)	as	well	as	
percent	predic1on	error	(%PE)	for	heat	arm	using	Hv		

Predicted	 Observed	 %PE	

Cmax-early	
heat	
(pg/mL)	

143.28	 164.00	 12.63	

Cmax-late	heat	
(pg/mL)	

235.67	 221.50	 -6.40	

AUC0-168h	
(pg*h/mL)	

18337.09	 16773.75	 -9.32	

Predicted	 Observed	 %PE	

Cmax-early	
heat	
(pg/mL)	

143.49	 164.00	 12.51	

Cmax-late	heat	
(pg/mL)	

192.63	 221.50	 13.03	

AUC0-168h	
(pg*h/mL)	

17309.23	 16773.75	 -3.19	
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Fp 

Jmax	or	
Cmax	

(µg/cm2	h	or		
pg/mL	)	

Baseline	Arm	
(x)	

Heat	Arm	
(y)	

Enhancemen
t	ra<o	(y/x)	

#p	value	

HS-1	

early	heat	
(at	31	h)	 0.14	±	0.01	 0.31	±	0.02	 2.21	 0.0003	

late	heat	
(at	78	h)	 0.29	±	0.02	 0.37	±	0.03	 1.27	 0.0572	

HS-2	

early	heat	
(at	31	h)	

0.52	±	0.39	
(aner	baseline	
correc1on	with	
J	at	24	hà	1.13	

±	0.17)	

0.63	±	0.30	
(aner	baseline	
correc1on	with	
J	at	24	hà	
2.02	±	0.70)	

(ra1o	
obtained	
using	

baseline	
corrected	
valuesà	
1.57)	

0.0483	

late	heat	
(at	79	h)	

0.38	±	0.05	
	

0.46	±	0.02	
	 1.21	 0.1922	

HS-3	

early	heat	
(at	33	h)	 0.16	±	0.04	 0.32	±	0.10	 2.00	 0.0215	

late	heat	
(at	81	h)	 0.26	±	0.00	 0.31	±	0.01	 1.19	 0.3242	

In	vivo	
	

early	heat	
(at	31.5	h)	 80.5	±	26.83	 164	±	39.23	 2.04	(±	0.83)*	 -	

late	heat	
(at	75.5	h)	 161.5	±	42.49	 221.5	±	80.64	 1.37	(±	0.61)*	 -	
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Table	 2.	 Heat	 factor	 obtained	 from	 in	 vitro	 (Hr)	 and	 in	 vivo	 (Hv)	
heat	arms	

Time (h)	 Hv	 Hr	
24.0	 0.93	 0.92	
24.5	 1.35	 1.02	
26.0	 1.51	 1.12	
27.5	 1.83	 1.22	
30.0	 1.87	 1.70	
31.0	 1.92	 1.88	
31.5	 2.04	 1.58	
36.0	 1.09	 1.33	
72.0	 0.86	 0.77	
72.5	 0.86	 0.67	
74.0	 1.08	 0.81	
75.5	 1.37	 0.88	
78.0	 1.42	 1.11	
79.0	 1.42	 1.16	
79.5	 1.35	 1.12	
84.0	 0.89	 1.18	
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Table	5.	Predicted	vs.	observed	pharmacokine1c	parameters	
(Cmax	–	early	heat,	Cmax	–	late	heat,	and	AUC0-168h)	as	well	as	
percent	predic1on	error	(%PE)	for	heat	arm	using	Hr		
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