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ABSTRACT

BACKGROUND: In the United States, venous leg ulcers (VLUs) are commonly 
associated with substantial disability, impaired quality of life, and high 
economic costs. Compression therapy, which has remained the standard 
care for VLUs over several decades, is often insufficient to heal VLUs in a 
timely manner. VLU-related treatment costs are directly related to time to 
achieve complete wound closure. Advanced wound care matrices (AWCMs) 
developed to stimulate wound healing may reduce VLU-related costs 
associated with delayed healing. Randomized controlled trials (RCTs) have 
evaluated the wound-healing efficacy of several AWCMs in patients with 
VLUs. However, comparisons of products’ clinical and cost efficacy, which 
may guide clinical and formulary determinations, are lacking.

OBJECTIVE: To evaluate, in terms of number needed to treat (NNT), the 
comparative clinical and cost efficacy of targeted AWCMs as adjuncts to 
compression therapy for the treatment of chronic VLUs from the U.S. health 
care system (payer) perspective.

METHODS: A review of published articles (from the earliest available 
Medline publication date to June 1, 2011) identified RCTs evaluating com-
plete wound closure rates for up to 24 weeks in patients with VLUs treated 
with targeted AWCMs (Apligraf, Oasis, or Talymed) plus compression 
therapy compared with compression therapy alone. The most favorable 
estimates of product efficacy (i.e., those that were statistically significant 
compared with compression therapy) were used. These included statisti-
cally adjusted results for Apligraf as reported in the product insert and 
the biweekly application for Talymed. Based on the reported efficacy of 
targeted AWCMs, we calculated the NNT to achieve 1 additional treatment 
success (i.e., complete wound closure) over that which was achieved with 
standard therapy alone; 95% CIs were estimated using the Wilson score 
method proposed by Newcombe. Cost efficacy, defined as the incremental 
cost per additional successfully treated patient, was then calculated by 
multiplying the NNT associated with each treatment by the product acquisi-
tion cost per treated VLU episode. 

RESULTS: One study for each of 3 targeted AWCMs (Apligraf [n = 130 
treatment, n = 110 control]; Oasis Wound Matrix [n = 62 treatment, n = 58 
control]; and Talymed [n = 22 treatment, n = 20 control]) met inclusion cri-
teria. Study designs and wound characteristics varied. Average VLU sizes 
were 1 cm2, 10-12 cm2, and 10-13 cm2 in the studies of Apligraf, Oasis, 
and Talymed, respectively. Ulcer duration exceeded 12 months for 50% of 
patients in the Apligraf study and was at least 7 months for 47% of patients 
in the Oasis study; patients with ulcers exceeding 6 months were excluded 
from the study of Talymed. Length of follow-up was 24 weeks for Apligraf, 
12 weeks for Oasis, and 20 weeks for Talymed. NNT point estimates of 
clinical efficacy were 2 for Talymed, 5 for Oasis, and 6 for Apligraf; 95% CIs 
ranged from 2 to 8 for Talymed, 3 to 24 for Apligraf, and 3 to 39 for Oasis. 
Incremental costs (95% CIs) per additional successfully treated patient 
were $1,600 ($1,600-$6,400) for Talymed, $3,150 ($1,890-$24,570) for 
Oasis, and $29,952 ($14,976-$119,808) for Apligraf.

CONCLUSIONS: The most expensive AWCM for the treatment of VLUs did 
not appear to provide the greatest comparative clinical or cost efficacy. 
Conclusions must be tempered by the small number of available stud-

RESEARCH

ies (n = 3), variability in trial duration (from 12 to 24 weeks) and baseline 
wound characteristics, and limitations in study quality. Given the high 
prevalence, economic burden, and substantial disability of VLUs, and the 
wide variation in costs for AWCMs, payers need more high-quality head-to-
head comparisons to guide coverage and reimbursement determinations 
for these products.
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•	An	 estimated	 600,000	 Americans	 are	 affected	 by	 venous	 leg	
ulcers	 (VLUs)	 each	 year	 at	 a	 cost	 of	 $1.5	 to	 $3.5	 billion	 to	 the	
health	care	system.

•	Compression	therapy,	which	has	long	been	the	standard	of	care	
for	VLUs,	has	inadequate	success	rates,	with	35%-50%	of	ulcers	
remaining	unhealed	after	6	months.

•	Treatment	 costs	 for	VLUs,	which	are	directly	 related	 to	 time	 to	
achieve	complete	closure,	average	approximately	$4,000	per	
month	and	$16,000	per	treatment	episode.

•	Randomized	 controlled	 trials	 (RCTs)	 have	 demonstrated	 the	
promising	 efficacy	 of	 several	 advanced	 wound	 care	 matrices	
(AWCMs)	for	the	treatment	of	VLUs	as	adjuncts	to	compression	
therapy.	Given	the	absence	of	head-to-head	studies,	other	means	
of	comparing	the	clinical	and	cost	efficacy	of	AWCMs	for	VLUs	
are	needed	to	inform	clinical	practice	and	payer	determinations.	

What is already known about this subject

•	In	 calculations	 based	 on	 RCTs	 of	 small	 patient	 samples	 with	
varying	 inclusion/exclusion	 criteria	 and	 baseline	 wound	 char-
acteristics,	 the	 clinical	 efficacy	 of	 targeted	 AWCMs,	 defined	 as	
number	needed	 to	 treat	 (NNT;	95%	CI)	 to	achieve	1	additional	
successfully	treated	patient	using	targeted	AWCMs	as	adjuncts	to	
compression	therapy	compared	with	compression	therapy	alone,	
was	2	(2	to	8)	for	Talymed,	5	(3	to	39)	for	Oasis,	and	6	(3	to	24)	
for	Apligraf.

•	The	 cost	 efficacy	 (95%	CI)	 of	 targeted	 AWCMs,	 defined	 as	 the	
incremental	 cost	 to	 achieve	 1	 additional	 successfully	 treated	
patient	 as	 an	 adjunct	 to	 compression	 therapy,	 was	 $1,600	
($1,600-$6,400)	for	Talymed,	$3,150	($1,890-$24,570)	for	Oasis,	
and	$29,952	($14,976-$119,808)	for	Apligraf.

•	Given	the	wide	variation	in	costs	of	AWCMs,	payers	must	care-
fully	compare	cost	efficacy	when	determining	the	relative	value	
of	these	products.	

What this study adds
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USD	using	 the	CPI-MC),	 costs	 approached	 $30,765	 (updated	
from	1987	to	2011	CPI-MC-adjusted	USD)	for	ulcers	requiring	
more	than	12	weeks	of	care.3 

Guidance	provided	by	the	U.S.	Food	and	Drug	Administration	
(FDA)	notes	 that	 the	most	clinically	meaningful	endpoint	 for	
Phase	 3	 clinical	 trials	 of	 wound	 healing	 treatments	 is	 the	
percentage	 of	 patients	who	 achieve	 complete	wound	 closure,	
defined	as	skin	re-epithelialization	without	drainage	or	dress-
ing	 requirements	 confirmed	 at	 2	 consecutive	 study	 visits	 2	
weeks	 apart,	 within	 a	 specified	 period	 of	 time.19	 Whereas	
measures	of	partial	wound	healing	may	suggest	early	treatment	
response,20	FDA	guidance	suggests	that	these	measures	should	
not	 be	 used	 as	 primary	 endpoints	 in	 Phase	 3	 clinical	 trials	
because	the	clinical	benefit	of	incremental	wound	size	changes	
has	not	been	established.19

Research	 has	 demonstrated	 the	 promising	 efficacy	 of	 sev-
eral	 advanced	 wound	 care	 matrices	 (AWCMs)	 for	 the	 treat-
ment	 of	 VLUs	 as	 adjuncts	 to	 compression	 therapy.12,21,22	 The	
term	 “advanced	 wound	 care	 matrix”	 is	 used	 to	 characterize	
a	 heterogeneous	 group	 of	 cellular	 (living	 cells)	 or	 acellular	
(biologically	 inert)	 products	 derived	 from	 biological	 (animal,	
human,	or	plant),	synthetic,	or	composite	(combined)	sources.	
Although	 their	modes	of	 action	are	not	 fully	understood	and	
appear	 to	 vary	 by	 product,	 healing	 effects	 of	 AWCMs	 may	
include	 increased	 cell	 proliferation	 and	 migration,	 acceler-
ated	angiogenesis,	augmented	pro-inflammatory	cytokine	and	
growth	factor	production,	inactivation	of	damaging	proteases,	
and	reduced	bacterial	burden.23-30

The	 conditions	 for	 initiating	 adjunctive	 treatment	 with	
AWCMs	have	not	been	definitively	established.	Margolis	et	al.	
(2004)	 suggested	 that	 such	 advanced	 therapies	 are	 appropri-
ate	 as	 part	 of	 the	 initial	 treatment	 regimen	 in	 VLU	 patients	
with	 poor	 prognostic	 indicators	 (those	 with	 VLUs	 of	 10	 or	
more	 squared	 centimeters	 [cm2],	 VLU	 duration	 of	 1	 year	 or	
more,	peripheral	artery	disease,	or	more	than	50%	of	the	ulcer	
consisting	of	fibrous	connective	tissue).31	Warriner	(2010)	pro-
posed	the	use	of	AWCMs	as	a	subsequent	add-on	to	compres-
sion	therapy	in	patients	whose	VLU	size	has	not	been	reduced	
by	at	least	30%	over	the	first	4	weeks	of	compression	therapy.32 

In	 general,	 commercial	 plans	 provide	 coverage	 and	 reim-
bursement	for	AWCMs	in	patients	with	VLUs	that	have	failed	
to	 adequately	 respond	 to	 at	 least	 1	month	 of	 treatment	with	
compression	 therapy	 alone.33,34	 Medicare	 does	 not	 provide	
a	 national	 coverage	 determination	 for	 the	 use	 of	 AWCMs.	
Examples	of	criteria	for	local	coverage	determinations	(LCDs)	
include	venous	ulcers	of	greater	than	3	months’	duration	that	
have	 failed	 to	 respond	 to	documented	conservative	measures	
for	 more	 than	 2	 months	 (Wisconsin	 Physicians	 2012)35	 and	
venous	ulcers	that	have	failed	to	respond,	defined	as	ulcers	that	
have	increased	in	size	or	depth	or	for	which	there	has	been	less	
than	30%	closure	from	baseline	(TrailBlazer	Health	Enterprises	
2012),	 after	 4	weeks	of	 conservative	 treatment.36	 Some	LCDs	

The	term	“skin	ulcers”	refers	to	a	heterogeneous	group	of	
wound	types	that	includes	diabetic	foot	ulcers,	pressure	
ulcers,	 acute	 surgical	 wounds,	 and	 venous	 leg	 ulcers	

(VLUs).	 VLUs,	 also	 known	 as	 varicose	 or	 stasis	 ulcers,	 are	
defined	by	a	loss	of	skin	below	the	knee	in	response	to	venous	
insufficiency	and	account	for	the	majority	(70%-90%)	of	lower-
extremity	ulcers.1,2	An	estimated	1%	of	adults	of	all	 ages	will	
develop	a	VLU	at	some	point	in	their	lives,3	and	approximately	
600,000	 Americans	 suffer	 from	 VLUs	 each	 year.4	 Although	
VLUs	 can	 occur	 at	 any	 age,5	 the	 elderly	 are	 at	 greatest	 risk.3	

Each	year,	VLUs	are	estimated	to	cost	the	U.S.	health	care	sys-
tem	$1.5	to	$3.0	billion,6	with	the	greatest	cost	burden	borne	
by	Medicare.7	These	costs	do	not	include	the	financial	toll	(as	
yet	 not	 estimated)	 imposed	 by	 VLU-related	 decrements	 in	
mobility	and	work	capacity,	patient	out-of-pocket	expenses	for	
VLU	care,	and	the	adverse	psychological	toll	of	VLUs.8	Given	
the	 increasingly	 aging	U.S.	 population,9	 VLU	 rates	 and	 costs	
are	likely	to	escalate	over	the	next	several	decades.	

Compression	therapy	has	remained	the	standard	VLU	treat-
ment	 for	more	 than	30	 years.10,11	Unfortunately,	 compression	
therapy	 confers	 only	 a	 moderate	 benefit:	 50%-65%	 of	 VLUs	
are	completely	healed	at	6	months;12-14	20%	remain	unhealed	
at	2	years;5	and	approximately	8%	remain	unhealed	at	5	years.5 
These	poor	healing	rates	may	be	due	to	the	inadequacy	of	com-
pression	 therapy	 to	 address	 the	 complex	 pathophysiological	
mechanisms	 responsible	 for	 the	 development	 and	 chronicity	
of	VLUs,	which	include	valvular	insufficiency	with	subsequent	
venous	 hypertension,	 multiple	 changes	 occurring	 at	 the	 cel-
lular	 and	 capillary	 level,	 and	 an	 insufficient	 wound	 matrix	
that	does	not	allow	for	normal	migration	and	proliferation	of	
regenerating	cells.15-17	

VLU-related	 treatment	 costs	 are	 directly	 related	 to	 time	
to	 achieve	 complete	 wound	 closure.	 A	 retrospective	 analysis	
of	 the	medical	 records	 of	 78	patients	 (mean	 age	 of	 67	 years)	
who	 were	 treated	 in	 1995	 for	 VLUs	 followed	 patients	 until	
they	achieved	complete	wound	closure	or	to	1	year,	whichever	
occurred	 first.7	 The	 mean	 cost	 per	 VLU	 treatment	 episode	
was	$9,685	in	1997	U.S.	dollars	(USD;	 inflated	to	$16,524	 in	
2011	USD	using	 the	Consumer	Price	 Index	 for	Medical	Care	
[CPI-MC])18	with	an	average	monthly	cost	of	$2,400	($4,095	in	
2011	USD).	Although	most	patients	with	VLUs	 received	only	
outpatient	care,	the	minority	who	required	hospitalization	and	
home	health	visits	 accounted	 for	25%	and	48%,	 respectively,	
of	 VLU-related	 direct	 costs.7	 Average	 total	 direct	 costs	 (2011	
USD)	incurred	during	3-month	follow-up	intervals	were	simi-
lar	over	the	first	9	months	of	treatment	($5,736	during	months	
0-3;	 $5,088	 during	 months	 4-6;	 and	 $5,108	 during	 months	
7-9),	 suggesting	 that	 reductions	 in	 ulcer	 closure	 time	 could	
substantially	decrease	VLU-related	costs.	In	a	review	of	VLU-
related	cost	studies	conducted	by	Kurz	et	al.	(1999),	investiga-
tors	noted	that	although	the	cost	to	achieve	VLU	closure	at	12	
weeks	was	approximately	$1,357	(updated	from	1991	to	2011	

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071324.pdf
http://www.nature.com/jid/journal/v119/n6/pdf/5603355a.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071324.pdf
http://download.journals.elsevierhealth.com/pdfs/journals/0741-5214/PIIS0741521405001813.pdf
http://www.o-wm.com/files/Covidien_CVR1_lr.pdf
http://www.aetna.com/cpb/medical/data/200_299/0244.html
http://medpolicy.ibx.com/policies/mpi.nsf/0/85256AA800623D7A85257968004F7400?OpenDocument
http://www.wpsmedicare.com/part_b/policy/active/local/l30135_gsurg052.shtml
http://www.trailblazerhealth.com/Tools/LCDs.aspx?ID=3332
http://circ.ahajournals.org/content/48/4/839.long
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1246555/pdf/bmjcred00022-0025.pdf
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http://www.census.gov/prod/2010pubs/p25-1138.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1246555/pdf/bmjcred00022-0025.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1246555/pdf/bmjcred00022-0025.pdf
http://vmj.sagepub.com/content/4/1/1.full.pdf
http://data.bls.gov/cgi-bin/surveymost?cu
http://vmj.sagepub.com/content/4/1/1.full.pdf
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limit	Medicare	payment	to	5	applications	per	ulcer	episode	for	
Apligraf	and	to	12	applications	per	ulcer	episode	for	Oasis.36,37 

Given	the	anticipated	increase	in	rates	of	VLUs	and	the	high	
costs	 of	VLU-related	 care,	 health	 plans	must	 carefully	 assess	
the	comparative	value	of	adjuncts	 to	compression	 therapy	 for	
the	treatment	of	chronic	VLUs.	We	present	one	such	method	
that	 calculates	 the	 number	 needed	 to	 treat	 (NNT)	 to	 model	
the	comparative	clinical	and	cost	efficacy	of	AWCMs	currently	
available	as	adjuncts	to	compression	therapy	for	the	treatment	
of	 VLUs	 in	 the	 United	 States	 from	 the	 health	 care	 system	
(payer)	perspective.

■■  Methods
Model Overview
The	target	population	for	the	NNT	calculation	was	community-
dwelling	 patients	with	VLUs	 of	more	 than	 4	weeks	 duration	
treated	in	an	outpatient	setting	over	a	treatment	period	of	up	
to	24	weeks.	Given	the	short	time	horizon,	costs	were	not	dis-
counted.	For	each	targeted	AWCM	used	adjunctively	with	com-
pression	therapy,	the	model	addressed	the	following	questions:	
(a)	How	 many	 additional	 patients	 must	 receive	 the	 targeted	

therapy	 for	up	to	24	weeks	 to	achieve	1	additional	patient	
“success”	(i.e.,	complete	wound	closure)	over	that	which	is	
achieved	with	compression	therapy	alone?

(b)	What	 is	 the	 incremental	 cost	 to	 achieve	 this	 additional	
patient	success?

Model Parameters
Clinical	parameters	and	related	sources	of	information	for	the	
model	are	described	below.	
1.	 Efficacy,	 defined	 as	 the	 percentage	 of	 patients	 achieving	

complete	 wound	 closure	 (i.e.,	 full	 epithelialization	 of	 the	
wound	 and	 the	 complete	 absence	 of	 drainage	 from	 the	
wound	site)	within	24	weeks	of	treatment	initiation	among	
intent-to-treat	 study	 populations,	 was	 obtained	 from	 a	
review	of	published	randomized	controlled	trials	(RCTs).

2.	 The	average	number	of	applications	of	each	AWCM	to	achieve	
complete	wound	closure	within	24	weeks	was	obtained	from	
the	published	articles	of	Apligraf12	and	Oasis20	and	from	the	
principal	investigator	of	the	Talymed	study.

3.	 Sheet	size	of	each	targeted	AWCM	was	obtained	from	manu-
facturers’	websites.

4.	 Average	wound	sizes	(cm2)	at	baseline	were	assumed	to	equal	
those	measured	 in	 the	 source	RCTs—1	cm2	 for	Apligraf,12 
10-12	cm2	for	Oasis,20	and	10-13	cm2	for	Talymed.21 

5.	 Based	on	the	sheet	size	of	each	targeted	AWCM,	the	average	
wound	sizes	reported	in	the	source	RCTs,	and	the	require-
ment	 that	 a	new	AWCM	sheet	 be	used	 at	 every	 treatment	
application	 visit,	 1	 entire	 sheet	would	 be	 required	 to	 suf-
ficiently	cover	and	treat	each	VLU.

The	 costs	 per	 sheet	 of	 Apligraf	 and	 Oasis	 were	 based	 on	
wholesale	 acquisition	 costs	 (WAC)	 obtained	 from	 published	

September	2011	drug	pricing	according	to	Red Book.38	Because	
Red Book	 did	 not	 provide	 the	 WAC	 price	 for	 Talymed,	 this	
information	was	obtained	from	the	manufacturer.

Literature Review
A	review	of	the	literature	was	conducted	to	identify	RCTs	that	
evaluated	 the	 efficacy	of	AWCMs	approved	or	 cleared	by	 the	
FDA	 for	 the	 treatment	 of	VLUs	 as	 of	 September	 2011.	These	
products	 included	Apligraf	 (previously	Graftskin),	EndoForm	
Dermal	 Template,	 Hyalomatrix,	 Integra	 Matrix	 Wound	
Dressing,	 Jaloskin,	 MatriStem	 Wound	 Matrix,	 Oasis	Wound	
Matrix,	PriMatrix,	Promogran,	Talymed,	and	Theraskin.	 (We	
note	that	Shire,	PLC,	discontinued	pursuit	of	a	VLU	indication	
for	Dermagraft,	 a	 fibroblast-derived	 skin	 substitute	 indicated	
for	diabetic	ulcers,	following	preliminary	analyses	of	the	data	
from	a	pivotal	Phase	3	trial.)39	Therefore,	studies	of	this	product	
(and	others	not	cleared	or	approved	for	the	treatment	of	VLUs)	
were	 excluded	 from	 our	 analyses.	 Based	 on	 FDA	 guidance	
previously	noted,	only	studies	that	reported	the	percentage	of	
patients	 achieving	complete	wound	closure	within	24	weeks,	
or	 studies	 from	 which	 this	 information	 could	 be	 calculated,	
were	included.	

Figure	 1	 summarizes	 the	 methods	 to	 identify	 studies	 for	
inclusion	in	our	analysis.	We	first	conducted	a	Medline	search	
using	 the	 following	MeSH	 terms:	 “Leg	Ulcer/therapy”	and 
(“Skin,	 Artificial”	 or	 “Biological	 Dressings”	 or	 “Collagen”	 or 
“Keratinocytes”).	This	search,	which	was	limited	to	RCTs	and	
English-language	articles	published	from	the	earliest	available	
publication	dates	 to	 June	 1,	 2011,	 identified	 38	publications.	
Next,	 to	 ensure	 that	 we	 did	 not	 omit	 eligible	 studies	 that	
were	 not	 indexed	 in	 Medline,	 we	 examined	 citations	 listed	
in	 the	 reimbursement	 policy	 reviews	 for	 bioengineered	 skin	
substitutes	 published	 online	 by	 2	 large	 representative	 health	
plans33,34	and	conducted	a	manual	search	of	references	cited	in	
relevant	identified	publications.	The	health	plan	policies	were	
reviewed	because	there	were	no	recently	published	systematic	
literature	 reviews	 of	AWCMs	 for	 the	 treatment	 of	VLUs.	The	
search	 of	 the	 2	 health	 plan	 policies	 identified	 77	 additional	
references,	17	of	which	were	cited	by	both	 sources,	 resulting	
in	a	total	of	60	additional	unique	references.	The	hand	search	
identified	6	more	relevant	publications.	

These	3	search	methods	resulted	in	the	identification	of	104	
unique	 references,	 which	 were	 examined	 to	 determine	 their	
eligibility	for	 inclusion	in	the	analysis.	Of	the	104	references,	
100	were	excluded	for	the	following	reasons:
•	 24	were	not	RCTs.

o	 21	were	review	articles.
o	 1	was	a	case	study.
o	 1	was	a	retrospective,	uncontrolled	study	of	Theraskin.
o	 1	 study	of	 Promogran	 allowed	patients	 to	 cross	 over	 to	

the	 active	 or	 control	 group	 prior	 to	 assessing	 complete	
wound	closure.
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•	 51	 examined	 the	 treatment	 of	 wounds	 other	 than	 VLUs	
(diabetic	ulcers,	burns,	mixed	etiology	ulcers,	and	surgical	
wounds).

•	 21	did	not	pertain	 to	AWCMs	approved	or	 cleared	by	 the	
FDA	for	the	treatment	of	VLUs.

•	 4	reported	redundant	data	from	other	studies.

Four	 references	 (reporting	 data	 from	 3	 studies)	 initially	
met	 all	 criteria	 for	 inclusion	 in	 the	 analysis:	 2	 pertained	 to	
Apligraf	 (Oganogenesis,	 Inc;	 Canton,	 MA);12,40	 1	 pertained	
to	 Oasis	 Wound	 Matrix	 (Healthpoint	 Biotherapeutics;	 San	
Antonio,	TX);21,41	and	1	pertained	to	Talymed	(Marine	Polymer	
Technologies,	 Inc.;	 Danvers,	 MA).42	 Because	 different	 sample	
sizes	were	used	 for	 the	 same	 study	described	 in	 the	Apligraf	
product	 insert40	 and	 a	 published	 article,12	 and	we	 could	 find	
no	 means	 of	 reconciling	 this	 discrepancy,	 we	 excluded	 the	
Apligraf	 article12	 and	 relied	 exclusively	 upon	 study	 methods	
and	outcomes	 reported	 in	 the	 product	 insert.40	We	note	 that	
this	 information	 is	 identical	 to	 that	 reported	 in	 the	 Apligraf	
FDA	Summary	of	Safety	and	Effectiveness.43 

Selection of Analyses for NNT Calculations.	 The	 Apligraf	
product	 insert	 analyzed	 and	 reported	 results	 from	 a	 

single	study	comparing	24-week	wound	closure	rates	between	
Apligraf	plus	compression	therapy	versus	compression	therapy	
alone	 using	 2	 analyses.40	 The	 first	 was	 an	 unadjusted	 com-
parison	 of	 the	 percentages	 of	 patients	 who	 achieved	 com-
plete	wound	closure	 at	24	weeks	 (55.4%	 in	 the	Apligraf	plus	
compression	 therapy	 group	versus	49.1%	 in	 the	 compression	
therapy	group;	P =	0.365).	The	second	analysis,	which	adjusted	
for	treatment	center,	baseline	ulcer	duration,	and	wound	size,	
found	a	significant	effect	for	Apligraf	(complete	wound	closure	
at	 24	 weeks:	 Apligraf	 plus	 compression	 therapy	 56.8%	 vs.	
compression	therapy	alone	39.8%,	P =	0.022).	Because	only	the	
adjusted	analysis	resulted	in	a	significant	effect	for	Apligraf,	we	
calculated	the	NNT	estimate	based	on	these	adjusted	complete	
wound	closure	rates.

The	 Talymed	 study	 compared	 3	 active	 treatment	 regi-
mens	 (applied	only	once,	applied	every	3	weeks,	and	applied	
biweekly)	with	adjunctive	compression	therapy	to	an	arm	that	
received	compression	therapy	alone.22	The	group	that	received	
biweekly	Talymed	had	the	highest	wound	closure	rate,	which	
was	statistically	significant	compared	with	 the	control	group;	
closure	rates	 in	the	other	active	treatment	arms	were	not	sta-
tistically	significantly	different	from	that	of	the	control	group.	
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FIGURE 1 Identification of Studies for Inclusion in NNT Calculation
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aMedline was searched from the earliest available publication dates to June 1, 2011.
FDA = U.S. Food and Drug Administration; NNT = number needed to treat; RCT = randomized controlled trial; VLU = venous leg ulcer.
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Because	this	dose-ranging	study	was	conducted	to	establish	the	
most	efficacious	treatment	regimen	for	Talymed	in	patients	with	
VLUs,	we	calculated	the	NNT	estimate	based	on	the	complete	
wound	closure	rate	reported	for	the	biweekly	treatment	arm.

Product Descriptions
Apligraf,	approved	 in	1998	for	use	with	compression	therapy	
for	 the	 treatment	 of	 noninfected	 partial-	 and	 full-thickness	
VLUs	 of	 greater	 than	 1	 month	 duration	 that	 have	 not	 ade-
quately	 responded	 to	 conventional	 ulcer	 therapy,	 is	 a	 living,	
bi-layered	 skin	 substitute	 consisting	 of	 a	 dermal	 layer	 of	
human	foreskin-derived	neonatal	 fibroblasts	 in	a	bovine	type	
1	collagen	matrix	and	an	epidermal	 layer	of	human	foreskin-
derived	 neonatal	 keratinocytes.40	 Oasis,	 cleared	 in	 2006	 for	
the	management	of	wounds	(including	partial-	and	full-thick-
ness	wounds;	 pressure	 ulcers;	 venous	 ulcers;	 diabetic	 ulcers;	
chronic	vascular	ulcers;	tunneled/undermined	wounds;	surgi-
cal	wounds	 [donor	 sites/grafts,	 post-Moh’s	 surgery,	post-laser	
surgery,	 podiatric,	 and	 wound	 dehiscence];	 trauma	 wounds	
[abrasions,	 lacerations,	 second-degree	 burns,	 and	 skin	 tears];	
and	draining	wounds)41	 is	 an	 acellular	 collagen-based	matrix	
derived	 from	porcine	 small	 intestinal	 submucosa.21	 Talymed,	
a	biodegradable,	wafer-thin	wound	matrix	composed	of	short-
ened	fibers	of	poly-N-acetyl	glucosamine	isolated	from	micro-
algae,22	was	cleared	in	2010	for	management	of	diabetic	ulcers;	
venous	ulcers;	pressure	wounds;	ulcers	caused	by	mixed	vas-
cular	 etiologies;	 full-thickness	 and	 partial-thickness	wounds;	
second-degree	burns;	surgical	wounds-donor	sites/grafts,	post-
Moh’s	 surgery,	 post-laser	 surgery,	 and	 other	 bleeding	 surface	
wounds;	abrasions	and	lacerations;	traumatic	wounds	healing	
by	secondary	intention;	chronic	vascular	ulcers;	and	dehisced	
surgical	wounds.42 

Calculation of NNT 
The	NNT	is	a	single,	treatment-specific	metric	that	character-
izes	 relative	 efficacy	 in	 terms	 of	 the	 number	 of	 patients	 that	
must	 receive	 one	 treatment	 (Treatment	 A)	 over	 a	 specific	
period	to	achieve	clinical	benefit,	compared	with	the	number	
of	patients	that	must	receive	another	treatment	(Treatment	B)	
over	the	same	time	period.	Patients	receiving	Treatment	A	are	
often	presented	as	the	active	treatment	group	and	those	receiv-
ing	 Treatment	 B	 as	 the	 control	 or	 placebo	 group.44	 An	NNT	
of	1	represents	a	“perfect”	outcome,	in	which	all	patients	who	
receive	 the	active	 treatment	will	achieve	clinical	benefit	com-
pared	with	the	control.	NNT	is	especially	useful	when	compar-
ing	 an	 outcome	 across	 a	 range	 of	 treatments	 among	 patients	
with	 similar	 conditions,	 as	 a	 treatment	 with	 a	 smaller	 NNT	
(i.e.,	closest	to	1)	is	considered	more	efficacious	than	one	with	
a	 larger	NNT.44	 The	NNT	point	 estimate	 is	 calculated	 as	 the	
inverse	of	the	event	rate	(number	of	patients	achieving	benefit	
with	 treatment	divided	by	 total	number	of	patients	 receiving	
treatment)	for	the	active	treatment	group	minus	the	event	rate	

for	the	control	group.44	We	applied	methods	provided	by	Cook	
and	Sackett	(1995)45	to	calculate	NNT	point	estimates	and	the	
Wilson	 score	 method,	 as	 described	 by	 Bender	 (2001)46	 and	
Newcombe	(1998),47	to	calculate	95%	confidence	intervals	(CIs)	
for	each	of	the	targeted	AWCMs.

Calculation of Incremental Cost Per Additional Successfully 
Treated Patient
The	following	describes	our	methods	for	calculating	the	incre-
mental	cost	per	additional	successfully	treated	patient.	
•	 Based	on	the	assumed	wound	sizes	of	1	cm2,	10-12	cm2,	and	

10-13	cm2	and	sheet	sizes	of	44	cm2, 25 cm2,	and	21	cm2	for	
Apligraf,	Oasis,	 and	Talymed,	 respectively,	we	determined	
that	a	single	sheet	was	sufficient	to	cover	each	VLU.

•	 Because	 any	 unused	 portion	 (“wastage”)	 of	 these	ACWMs	
cannot	be	reused,	a	new	sheet	was	required	for	each	reap-
plication	of	each	product.

•	 We	determined	the	WAC	price	per	sheet/application	of	each	
product.

•	 We	 assumed	 that	 each	 VLU	 treatment	 episode	 would	
require	the	average	number	of	applications	received	in	each	
study:	 3	 applications	 for	 Apligraf,	 8	 for	 Oasis,	 and	 8	 for	
Talymed.

•	 To	 calculate	 the	 cost	 per	 VLU	 treatment	 episode	 for	 each	
product,	 we	multiplied	 the	 number	 of	 sheets	 required	 for	
each	application	(1	for	each	product)	by	the	WAC	price	per	
sheet	and	the	average	number	of	applications.

•	 To	 calculate	 incremental	 cost	 per	 additional	 successfully	
treated	patient,	we	multiplied	the	point	estimate	NNT	associ-
ated	with	each	AWCM	by	the	cost	per	VLU	treatment	episode.	

•	 Similar	 calculations	 using	 the	 lower	 and	upper	NNT	 esti-
mates	were	made	to	derive	the	95%	CIs	for	the	incremental	
cost	per	additional	successfully	treated	patient.

•	 In	all	3	 studies,	 the	 incidence	of	 treatment-related	adverse	
effects	 was	 similar	 in	 the	 active	 treatment	 and	 control	
groups.	 Therefore,	 the	 cost	 of	 adverse	 events	 was	 not	
included	in	the	cost-efficacy	analyses.

■■  Results
Description of Studies
In	all	3	studies,	investigators	reported	the	percentage	of	patients	
achieving	complete	wound	closure	within	a	specific	duration	of	
12	to	24	weeks	and	defined	“complete	wound	closure”	as	the	
full	 epithelialization	 of	 the	wound	 and	 the	 complete	 absence	
of	drainage	from	the	wound	site.	Table	1	provides	an	overview	
of	 the	 3	 studies,	 which	 includes	 study	 design,	 comparators,	
number	 of	 subjects	 in	 each	 arm,	 active	 treatment	 regimen,	
maximum	 number	 of	 active	 treatment	 applications	 allowed	
per	the	study	protocol,	wound	inclusion	criteria,	and	excluded	
medical	conditions.	

Table	2	summarizes	the	baseline	characteristics	of	patients	
in	 the	 3	 studies.12,21,22,40,43	 Studies	 were	 not	 comparable	 with	
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Apligraf;	95%	CIs	ranged	from	2	to	8	for	Talymed,	3	to	24	for	
Apligraf,	and	3	to	39	for	Oasis.	

Cost Efficacy
Table	4	presents	the	efficacy	and	cost	variables	used	to	deter-
mine	the	incremental	cost	to	achieve	1	additional	successfully	
treated	patient	associated	with	each	targeted	AWCM.	Estimated	
costs	per	VLU	patient	 treated	were	$4,992	 for	Apligraf,	$800	
for	 Talymed,	 and	 $630	 for	 Oasis.	We	multiplied	 the	 cost	 of	
an	episode	of	therapy	with	each	treatment	by	the	NNT	point	
estimate	to	derive	the	incremental	cost	to	achieve	an	additional	
successfully	 treated	patient	over	 that	achieved	with	compres-
sion	 therapy	 alone.	The	point	 estimate	 (95%	CI)	 incremental	
costs	to	achieve	an	additional	successfully	treated	patient	were	
$1,600	($1,600-$6,400)	for	Talymed,	$3,150	($1,890-$24,570)	
for	Oasis,	and	$29,952	($14,976-$119,808)	for	Apligraf.

respect	 to	 baseline	 wound	 characteristics.	 The	 average	 ulcer	
size	 at	 baseline	 was	 1	 cm2	 in	 the	 Apligraf	 study12	 compared	
with	10-12	cm2	 and	10-13	cm2	 in	 the	Oasis21	 and	Talymed22 
studies,	respectively.	In	the	Apligraf	study,	50%	of	patients	had	
ulcer	durations	of	1	year	or	more,	and	69%	had	ulcer	durations	
of	6	months	or	more.12	In	the	Oasis	study,	37%	of	patients	had	
ulcer	durations	exceeding	1	year;	47%	had	ulcer	durations	of	
7	months	or	more;	and	63%	had	ulcer	durations	of	4	months	
or more.21	 In	 contrast,	 the	 Talymed	 study	 protocol	 excluded	
patients	 with	 ulcer	 durations	 exceeding	 6	 months,	 and	 the	
average	ulcer	duration	in	the	Talymed	study	was	3.2	months.22

Clinical Efficacy and Safety
Table	3	presents	the	complete	wound	closure	rates,	NNT	point	
estimates,	and	95%	CIs	for	each	comparison	of	active	treatment	
plus	 compression	 therapy	 versus	 compression	 therapy	 alone.	
NNT	point	estimates	were	2	for	Talymed,	5	for	Oasis,	and	6	for	
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Apligraf40 Oasis21 Talymed22

Interventions Active Control Active Control Active Control
Design Randomized,	controlled,	multicenter,	

assessor	nonblinded
Randomized,	controlled,	multicenter,	

assessor	nonblinded
Randomized,	controlled,	multicenter,	

assessor-blinded
Comparators Apligraf	+	CTa CTa Oasis	+	CTa CTa Talymed	+	CTa CTa

Number	of	subjects	per	arm 130 110 62 58 22 20

Active	treatment	regimen Visit	days	0,	3-5,	7,	14,	and	21b Weekly	from	day	0	through	week	12 Biweekly	from	day	0	through	week	20

Maximum	number	of	active	 
treatment	applications

5 12 10

Inclusion criteria
Venous	ulcer/insufficiency All	subjects All	subjects All	subjects
Ulcer	duration	 >	4	weeks >	4	weeks >	4	weeks	and	<	6	months
Ulcer	size	(cm2) Not	specified 1-64 2-20
No	cellulitis/necrosis/exposed	
bone	or	fascia

All	subjects All	subjects All	subjects

Viable	wound	bed	with	 
granulation	tissue

Not	specified All	subjects All	subjects

Exclusion criteria
Peripheral	artery	disease Stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Collagen	vascular	disease Stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Active	wound/systemic	infection Stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Previous	radiation	therapy	 Stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Hemodialysis	or	renal	disease Stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Uncontrolled	diabetes Stated	as	exclusion	criterion Stated	as	exclusion	criterion Not	stated	as	exclusion	criterion
Rheumatoid	arthritis Stated	as	exclusion	criterion Stated	as	exclusion	criterion Not	stated	as	exclusion	criterion
Corticosteroids/ 
immunosuppressants

Stated	as	exclusion	criterion Stated	as	exclusion	criterion Not	stated	as	exclusion	criterion

Organ	transplantation Not	stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Active	sickle	cell	disease Not	stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Congestive	heart	failure Not	stated	as	exclusion	criterion Stated	as	exclusion	criterion Not	stated	as	exclusion	criterion
Malnutrition Not	stated	as	exclusion	criterion Stated	as	exclusion	criterion Stated	as	exclusion	criterion
Charcot’s	disease Not	stated	as	exclusion	criterion Not	stated	as	exclusion	criterion Stated	as	exclusion	criterion

aCompression therapy (CT) is the application of a nonadherent primary dressing using either a multilayer compression bandaging system (Oasis and Talymed) or Unna’s 
boot (Apligraf).
bAt each visit, Apligraf was reapplied if less than 50% of the matrix was visible. Patients with 50% or more of visible Apligraf were not permitted another application.
cm2 = squared centimeters; NNT = number needed to treat; RCT = randomized controlled trial.

TABLE 1 Overview of RCTs Used in NNT Calculations
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to	 evaluate	 whether	 identifying	 such	 high-risk	 patients,	 and	
providing	them	with	early	adjunctive	treatment	with	AWCMs,	
is	a	cost-effective	strategy.

Limitations
Several	 limitations	 to	 this	 study	 are	 noted.	 First,	 treatment	
outcomes	 were	 assessed	 across	 different	 periods:	 12	 weeks	
for	Oasis,	 20	weeks	 for	 Talymed,	 and	24	weeks	 for	Apligraf.	
Comparison	 of	 NNTs	 across	 clinical	 trials	 of	 different	 dura-
tions	is	generally	not	advised:	NNT	may	decrease	with	longer	
study	 durations	 as	 events	 accrue	 and	 the	 absolute	 event	 rate	
increases.49	 This	 suggests	 the	 possibility	 that	 Oasis,	 which	
had	 the	 shortest	 trial	 duration	 (12	 weeks),	 may	 have	 been	
disadvantaged	relative	to	Talymed	(duration	of	20	weeks)	and	
Apligraf	(duration	of	24	weeks).	Unfortunately,	it	is	not	known	
if	improved	outcomes	(i.e.,	higher	wound	closure	rates)	would	
be	 achievable	with	 a	 longer	 duration	 of	 treatment	 for	 any	 of	
these	products.	

Second,	 baseline	 wound	 characteristics	 were	 not	 compa-
rable	across	the	3	RCTs.	One	notable	difference	was	the	mean	
baseline	size	of	ulcers;	the	average	ulcer	size	was	1	cm2	in	the	
Apligraf	study	compared	with	10-12	cm2	and	10-13	cm2	for	the	
Oasis	and	Talymed	studies,	respectively.	In	addition,	the	dura-
tion	of	ulcers	differed	markedly	across	studies.	Ulcer	durations	
exceeded	12	months	for	50%	of	patients	in	the	Apligraf	study	
and	were	7	months	or	more	 for	47%	of	patients	 in	 the	Oasis	
study.	 In	 contrast,	 patients	with	 ulcer	 durations	 exceeding	 6	
months	were	 excluded	 from	 the	 study	 of	 Talymed.	 Research	

■■  Discussion
Compared	with	 the	use	of	 compression	alone,	 the	adjunctive	
use	 of	 AWCMs	 promotes	 the	 healing	 of	 chronic	 VLUs.12,21,22 
Unfortunately,	 direct	 comparisons	 of	 the	 efficacy	 of	 these	
advanced	technologies	are	lacking.	Given	the	absence	of	head-
to-head	 studies,	 other	 means	 of	 comparing	 the	 clinical	 and	
cost	efficacy	of	AWCMs	are	needed	to	inform	clinical	practice	
and	payer	determinations.	The	present	study	was	designed	to	
compare	AWCMs	indicated	for	the	treatment	of	VLUs	in	terms	
of	NNT	to	achieve	complete	wound	closure,	a	single	metric	that	
compares	 the	 incremental	benefit	of	 adjunctive	AWCMs	with	
standard	of	care	alone.	

Although	 the	 NNT	 point	 estimates	 are	 widely	 divergent,	
there	was	 overlap	 in	 the	 95%	CIs	 of	NNTs	 for	 Talymed	 and	
Oasis	and	for	Oasis	and	Apligraf.	However,	 the	narrower	CIs	
associated	 with	 Talymed,	 despite	 the	 study’s	 smaller	 sample	
size,	may	 reflect	 a	 smaller	 standard	 of	 error	 and	 therefore	 a	
more	accurate	point	estimate.	The	incremental	cost	to	achieve	
complete	 wound	 closure	 within	 24	 weeks	 in	 1	 additional	
patient	 varied	 almost	 20-fold,	 from	 $1,600	 (Talymed)	 to	
$29,952	(Apligraf).

Currently,	health	plans	generally	restrict	coverage	and	reim-
bursement	of	AWCMs	to	patients	who	have	failed	compression	
therapy.	However,	earlier	treatment	with	these	adjunctive	ther-
apies	in	patients	with	hard-to-heal	ulcers,	even	though	initially	
more	expensive,	may	be	more	efficacious	and	less	costly	in	the	
long	term.48	Prognostic	models	have	been	developed	to	identify	
patients	with	hard-to-heal	ulcers	who	are	less	likely	to	respond	
to	compression	therapy	alone.31	Prospective	studies	are	needed	
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Characteristic

Apligraf40 Oasis21 Talymed22

Active 
(n = 130)

Control 
(n = 110)

Active 
(n = 62)

Control 
(n = 58)

Active 
(n = 22)

Control 
(n = 20)

Age	(years),	
mean	[SD]

Not	provided 63	 
[2]b

65	 
[2]b

63	 
[15]

63	 
[15]

Female,	 
%	(n)

46.2	 
(60)

52.7	 
(58)

53.2	 
(33)

63.8	 
(37)

40.9	 
(9)

50.0  
(10)

Ulcer	size	(cm2),	
mean	[SD]	

1.33	 
[2.69]c

1.05 
[1.61]c

10.2  
[1.5]

12.1  
[2.0]

9.8	 
[7.3]

12.8 
[12.0]

Ulcer	duration	
more	than	1	
year,	%	(n)

55.4	 
(72)

43.6	 
(48)

33.9	 
(21)

39.7	 
(23)

0.0  
(0)d

0.0  
(0)d 

aIn all 3 studies, there were no statistically significant between-group differences in 
measured baseline characteristics.
bMean age reported with standard error of the mean rather than SD.
cAverage ulcer sizes for Apligraf groups were not provided in the product insert; 
these were obtained from the Apligraf article, which used a somewhat different 
sample derived from the same study.12

dPatients with VLU duration of more than 6 months were excluded. Mean [SD] 
ulcer duration: 3.6 [1.8] months in active treatment, 2.7 [1.6] months in control 
group, and 3.2 [1.8] months overall.
cm2 = squared centimeters; SD = standard deviation; VLU = venous leg ulcers.

TABLE 2 Patient Characteristics at Baselinea 

N  
Per Arm

Complete 
Wound 
Closure, 

% (n) NNT
95%  
CI

P  
Value

Apligraf	@	24	weeks	 
(adjusteda)40

130 56.8%	 
(74)

6 3	to	24 0.022

Compression	therapy	@	 
24	weeks	(adjusteda)40 

110 39.8%	 
(44)

Oasis	@	12	weeks21 62 54.8%	 
(34)

5 3	to	39 0.020

Compression	therapy	@	 
12	weeks21

58 34.5%	 
(20)

Talymed	@	20	weeks22 22 86.4%	 
(19)

2 2	to	8 0.005

Compression	therapy	@	 
20	weeks22 

20 45.0%	 
(9)

aAdjusted for study center, baseline ulcer duration, and baseline wound size.
CI = confidence interval; NNT = number needed to treat.

TABLE 3 NNT to Achieve 1 Additional Patient 
with Complete Wound Closure 
in Patients Receiving Advanced 
Wound Care Matrix Therapy Plus 
Compression Therapy Versus 
Compression Therapy Alone
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has	shown	that	smaller	ulcer	size	 (less	 than	5	squared	centi-
meters,50,51	 less	 than	10	 squared	centimeters,31,52	 less	 than	20	
squared	centimeters53)	and	shorter	ulcer	duration	(less	than	3	
months,52	less	than	6	months,50	less	than	1	year 31,51,53)	predict	
increased	likelihood	of	complete	wound	closure.	In	a	multina-
tional	survey	of	more	than	1,000	physicians,	67.9%	and	72.5%,	
respectively,	 considered	 a	 VLU	 exceeding	 5	 cm2	 in	 size	 and	
duration	of	more	than	3	months	as	strong	indicators	of	hard-to-
heal	VLUs.54	Therefore,	our	NNT	calculations	for	Apligraf	may	
only	apply	 to	smaller	but	more	 long-standing	VLUs,	and	 it	 is	
unknown	whether	the	efficacy	and	NNT	results	for	these	prod-
ucts	would	 change	 if	 calculated	 from	 samples	 of	 comparable	
wound	severity.	In	addition,	studies	varied	by	baseline	rates	of	
comorbid	illnesses,	although	all	studies	excluded	patients	with	
conditions	that	would	be	likely	to	impede	wound	healing.	

Third,	 only	 3	 studies	 met	 criteria	 for	 inclusion	 in	 the	
analyses,	and	concerns	about	the	quality	of	these	studies	have	
been	 noted.51	 The	Apligraf	 and	Oasis	 studies	were	 judged	 to	
have	a	high	degree	of	bias	per	the	quality	assessment	criteria	
applied	in	a	2011	technology	assessment	of	skin	substitutes	for	
chronic	 wounds	 by	 the	 Agency	 for	 Healthcare	 Research	 and	
Quality	 (AHRQ),55	mainly	 due	 to	 the	 lack	 of	 blinding	 of	 the	
wound	assessor.55	Had	the	Apligraf	and	Oasis	studies	included	
a	 blinded	 assessor,	 the	 studies	 would	 have	 been	 considered	

to	have	 a	moderate	 and	 low	degree	of	 bias,	 respectively.	The	
Talymed	study,	which	was	not	 included	 in	 the	AHRQ	review	
due	to	its	later	publication	date,	was	the	only	one	included	in	
the	 present	 analysis	 to	 use	 blinded	 assessment	 of	 complete	
wound	 closure.22	 However,	 because	 of	 its	 small	 sample	 size,	
the	Talymed	study	was	described	by	its	authors	as	a	pilot	study	
that	“should	be	replicated	in	a	larger	trial.”22	The	AHRQ	review	
mentioned	 additional	 quality	 limitations	 of	 skin	 substitute	
studies,	 including	 poor	 reporting	 of	 prior	 wound	 treatments	
and	comorbidities.55	In	addition	for	calling	for	a	greater	number	
of	high-quality	RCTs	of	skin	substitutes,	AHRQ	also	noted	the	
need	 for	 head-to-head	 comparisons	 of	 treatments	 and	 stud-
ies	 that	 include	 patients	 with	medical	 conditions	 that	might	
impede	wound	healing	(e.g.,	uncontrolled	diabetes	and	periph-
eral	vascular	disease).55

Fourth,	 we	 were	 unable	 to	 estimate	 total	 direct	 costs	 for	
the	 treatment	 of	 VLUs	 because	 these	 studies	 did	 not	 report	
health	utilization	outcomes.	Although	most	patients	with	VLUs	
receive	only	outpatient	 care,	 the	minority	 that	 require	hospi-
talization	 and	 home	 health	 visits	 account	 for	 25%	 and	 48%,	
respectively,	 of	 VLU-related	 direct	 costs.7	 In	 general,	 speed	
of	VLU	healing	 is	 inversely	associated	with	health	care	costs.	
Therefore,	when	 all	 direct	 costs	 are	 considered,	 it	 is	 possible	
that	some	highly	efficacious	but	expensive	therapies	could	be	
more	cost-effective	in	routine	clinical	practice	than	moderately	
efficacious	but	less	expensive	treatments.	Prospective	RCTs	of	
VLU	treatments	 that	assess	both	efficacy	and	direct	costs	are	
needed	to	more	 fully	define	 the	potential	benefits	of	AWCMs	
to	payers.

Fifth,	although	the	present	study	focuses	on	cost	outcomes,	
it	 is	 important	 to	 consider	 the	benefits	of	 faster	wound	heal-
ing	 from	 the	 patient’s	 perspective.	 Treatment	 with	 AWCMs	
may	 positively	 affect	 the	 quality	 of	 life	 of	 patients	 suffering	
from	 VLUs	 by	 expediting	 closure	 of	 the	 ulcers,56	 preventing	
complications	 (e.g.,	 cellulitis	 and	 osteomyelitis)	 associated	
with	delayed	ulcer	healing,57	and	decreasing	the	frequency	of	
dressing	changes.

■■  Conclusions
This	study	constitutes	the	first	comparison	of	clinical	and	cost	
efficacy	of	AWCMs	among	patients	with	VLUs.	Analyses	were	
based	on	the	proportion	of	patients	achieving	complete	wound	
closure,	identified	by	the	FDA	as	the	most	objective	and	clini-
cally	meaningful	wound-healing	endpoint,19	reported	in	RCTs	
based	on	intent-to-treat	populations.	Given	escalating	clinical	
demand	and	high	cost	of	care	 for	VLUs,	as	well	as	mounting	
economic	 constraints,	 there	 is	 a	 great	 need	 for	 more	 high-
quality	clinical	 trials,	 including	head-to-head	comparisons	of	
AWCMs	to	assist	payers	in	evaluating	the	relative	value	of	these	
treatments	 in	 terms	of	both	 clinical	 efficacy	 and	 incremental	
cost	per	successful	wound	closure.	In	addition,	studies	of	the	
effectiveness	 of	 these	 treatments	 in	 clinical	 practice	 settings	
would	also	contribute	to	our	understanding	of	the	benefits	of	
the	treatments	in	“real-world”	settings.
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Apligraf 
(adjusteda) Oasis Talymed

24 weeks 12 weeks 20 weeks

A NNT	point	estimate 6 5 2
B NNT	lower	95%	CI	limit 3 3 2
C NNT	upper	95%	CI	limit 24 39 8
D Average	wound	size	(cm2)	 1 10-12 10-13
E Sheet	size	(cm2)b 44	 21 25
F Number	of	sheets	required	per	

applicationc
1 1 1

G Cost	per	sheet	(WAC)d $1,664.00 $78.75 $100.00
H Average	number	of	sheets	used	 

per	VLU	episodee
3 8 8

I Cost	per	patient	VLU	 
episode	(F	×	G	×	H)

$4,992 $630 $800

J Cost	per	NNT	point	estimate	(A	×	I) $29,952 $3,150 $1,600
K Cost	per	95%	CI	lower	limit	(B	×	I) $14,976 $1,890 $1,600
L Cost	per	95%	CI	upper	limit	(C	×	I) $119,808 $24,570 $6,400

aAdjusted for study center, baseline ulcer duration, and baseline wound size.
bSheet sizes for each product were obtained from manufacturer websites. 
cBased on the sheet size of each product, a single sheet of each product was judged 
sufficient to cover the average wound size.
dCosts (WAC) per sheet for Apligraf and Oasis were obtained from published 
September 2011 drug pricing according to Red Book38 and from the manufacturer 
of Talymed. 
eWe assumed that each VLU episode would require the average number of sheets/
applications used as specified in each study.
CI = confidence interval; cm2 = squared centimeters; NNT = number needed to treat; 
VLU = venous leg ulcer; WAC = wholesale acquisition cost.

TABLE 4 Model Parameters and Outcomes
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