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ABSTRACT 

This thesis wi ll focus on factors that would 

determine the market acceptability of a skin 

replacement therapy for the treatment of chronic 

wounds . 

Because chronic wounds will probably become much 

more prevalent as the popu lation ages , the best method 

to treat these wounds needs to be developed . In just 

the last couple of decades , the treatment of chronic 

wounds has been c h anging as new technologi es are 

introduced into the marketplace . 

The main purpose of this thesis is to evaluate 

some of the various therapies from traditional wound 

treatment to modern wound t herapy to the more advanced 

therapies that may show some promising results in the 

next several years . Two of the most promising skin 

tissue e n gineered products and their cost effectiveness 

compared to the gold standar d therapies readily 

available today are examined in detail . Specifically , 
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i t i s h ypothesized t ha t the cost/benefit ratio will not 

be great enough t o insure rapid adoption o f skin t issue 

enginee r ed products f o r the vas t populati on o f patien ts 

suffering from chronic wounds . 

After reviewing and c arefully analyzing t he most 

relevant clinical studies ava ilable to support the 

efficacy o f skin tissue engineered products and 

comparing t h ese results both c linically a nd 

economically to a maj o r clinical study con ducted 

utilizing current best availabl e p ract i ces in t rea t ing 

chronic wounds , e vidence suggests that the hypothes is 

is confirmed . Under the current managed care 

e nvironment , both payers and providers will be 

unwilling to pay more t han t hree times t he cost for 

skin t issue engineered products for insignificant 

imp rovements in heal ing ra t es . 
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The Aging Population 

Chapter I 

INTRODUCTI ON 

The American p op ulation is becoming 

demographically older . In t he United States, as well 

as the rest of t he world , individuals over 65 are t he 

most rapidly growing segment of the p opulat i on . Those 

over 85 compose t he largest portion of this group, and 

al so represent t he most frequent users of acute care 

beds (Wagner 5 ) . In part, this aging population i s t he 

r esul t of increased l i fe expectancies brought about b y 

improved heal t h care . By 2020 , t he "Baby Boom" 

generation, age 65 and o lder, i s expec ted t o grow t o 

about 52 million people, and account for 17 . 7 percent 

of t he p op ulation (Syzcher and Lee 142- 14 3) . 

With the aging of t h e population will come a 

proliferati on of diseases that are prone t o attack the 

geriatric population segment . One o f t h e more 

prevalent d i seases will b e t hat which affects the skin 

in t he form of chronic wounds , especially pressure 

1 



2 

sores . Pressure sores are a l eading cause of morbidity 

and mortality among older patients , especially bed­

bound elders (Rousseau 85) . Mortality increases in 

patients who develop pressure ulcers , with death rates 

being six t imes higher for those who do not or cannot 

heal an ulcer (Wagner 5) . The greatest wound care 

probl em faced in nur sing homes is pressure sores . 

Already more than one - third of a ll the money spent on 

wound care products in nursing homes is for use on 

pressure sores (Fr ost & Sul livan , U. S . Wound 

Management Markets 2-16) . 

Chronic Wounds 

Chronic wounds are those wounds that result from a 

combination of £actors that lead to a deLerioration of 

t h e skin rather than from a single , clearly defined 

incident that damages the skin . The single unifying 

factor in this class o f wounds is that t here is an 

underlying probl em or group of problems with t he 

patient that either cause these wounds to occur o r 

inhibit them from healing . Chronic dermal wounds heal 

very slowly and often linger on the patient for weeks, 

months , or even years . Patients afflicted by these 
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wo unds commonly experience secondary complications , 

incl uding infections, metabolic and nutritional 

d i sorders, and other factors that make wound management 

more challenging (S zycher and Lee 144) . 

Types of Chroni c Wounds 

There are three ma j or types of chronic wounds : 

pressure ulcers , diabetic ulcers, and venous stasis 

ulcers . 

Pressure ulcers usually affl i ct people whose 

general health has somehow been compromised. They are 

often found in people who are confined to bed or whee l 

chairs such as elderly stroke victims or paraplegics . 

Ninety to 96 percent of pressure sores occur over bony 

prominences on the lower half o f the body (Rousseau ) . 

Common sites include the sacrum o r tail b one area , 

heels , elbows , shoulder blade area , and back of t he 

head . Pressure ulcers can be caused by pressu re , 

shear , friction , or moisture . Shear is created, for 

instance , from the rai sing of t he head o f a patient ' s 

bed, causi ng t he sacral skin t o remain fixed while the 

subcutaneous t issue g lide downward . 

Diabet ic ulcers are unique t o diabetics . These 
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wounds most often afflict the feet of the pat ient . 

Though the wounds can usua lly be treated successfully, 

neglect may result in the need to ampu tate the lower 

limb(s) . 

Most of the venous and arter ial ulcers are the by­

product of peripheral vascular disease ; about 7 0 

percent come from insufficient blood supply coupl ed 

with high blood pressu re (Phillips 50 ) . 

Mar ket Potential 

The $ 1 . 57 b illion U. S . market for wound management 

products grew at a rate of 10 . 1 percent i n 1992 and is 

expected to nearl y doubl e i n size, t o $2 . 89 billion, by 

the end o f the decade (Frost & Sullivan, U. S . Wound 

Management Markets 3 . 1) . The reduction in healthcare 

dollars and a rrgraying America " require that nurse 

managers t ake serious action to redu ce the incidence of 

pressure ulcers (Hausman 88R) . 

The market is very large , around 3 . 5 million 

chronic dermal ulcers per annum in t h e U . S . a l one 

(Wilson 1) . Leg u l cers are estimated to be 900 , 000 , 

diabetic ulcers are estimated to be 600,000, and the 

l argest portion , pressure ulcers , are estimated to be 
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cwo million cases per annum, and their prevalence is 

likely to r ise as the population ages . They cause 

considerable disability, and the cost of treating these 

chronic wounds is enormous (Phillips 49) . This figure 

will only grow larger as the population ages because 

many of these chr onic wounds are directly r elated to 

being hospitalized or bedridden . 

Therapeutic Strategies 

Currently, a plethora of wound care pr oducts 

exists ranging from traditional therapies to advanced 

therapies . Traditional therapies focus on t he acut e 

issues of stopping blood loss , walling off and sealing 

che wound, and resisting infection . This would include 

natural products such as cotton and gauze for either 

packing the wound cavity or simply covering the wound 

itself . The advanced therapies try to fix the damaged 

tissue and return them to normal function and strength . 

It can be argued that the major differences between 

traditional wound care and advanced wound care is that 

traditional approaches focus on damage control and pay 

little attention to repair . Advanced approaches try to 

anticipate and manage repair without compromising the 
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process of damage control . 

Advanced wound therapies include synthetic dress­

ings such as hydrocolloids , th~n films , polyurethane 

foams , and hydrogels . These dressings reduce pain, 

accelerate repair, add to the strength of the healed 

tissue , and lessen the amount of residual scarring . 

Advanced dressings improve the body ' s ability to affect 

repair by sealing in wound flui ds and sealing out t he 

outside environment (Frost & Sullivan, U. S . Wound 

Management Markets 2-1 0) . 

Current standards of care involve use of products 

such as the ones described above with tissue 

debridement {surgical removal of necrotic tissue) and 

antibioti c usage . Even under such ideal standards of 

care (and it should be noted that these do not always 

exi st) , the closure rates of chronic dermal ulcers are 

low and many wounds never heal (Wilson 3) . 

In short , there is an obvious need for 

advancements in wound healing products that not only 

increase closure rates but also deal with the more 

recalcitrant (non-healing) ulcers . As with other areas 

in biotechnology, the principle involved is to try and 

develop wound healing agents based upon a thorough 



understanding of the molecular physiology of wound 

healing . 

Active Healing 
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Many older wound care products are considered 

''passive" in nat ure , meaning they do not interact with 

the wound at all . Gauze dressings are perhaps the most 

obvi ous example of a passive wound care product . Many 

of the newer products on the market , and especially 

those under development , offer the advantages of taking 

an active r ole in the healing process . The whole 

concept of moist environment wound dressings, for 

instance , is that keeping the body ' s nat ural fluids in 

contact with the wound assists and acceleraces the 

heali ng pr ocess . 

The next generation wound care products will take 

an even greater role in accelerating the healing 

process . Wound therapi es that can int ervene in various 

phases of wound repair in order to stimulate , enhance 

and induce cellul ar migration and proli feration are 

being developed . Some of these newer dressings may 

include various growth factors or other biotechnology­

derived substances . Others will use new designs or 
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blends o f materials to i mprove outcomes . 

There are three main approaches to a c tive wound 

healing : growth factors, matrix enhancers, and skin 

replacement t herapy . Growth factors are 

biopharmaceuticals that are naturally occurring or 

synthetically produced proteins or protein-like 

molecules t hat influence migration, division, and 

maturat ion of cells (Frost & Sullivan, World Growth 

Factor Markets 2-1) . Growth factors stimulate cell 

migration or pro l iferation or affect collagen 

o r ientat i on e nhancing the tensile strength of closed 

wounds (Turner 45) . Extracellular matrix (ECM) is a 

dynamic structure with the capacity to modu late tissue 

development and regulate t i ssue repair (Skover 425) . 

I t is like scaffolding for the growth of new skin over 

wounds . Matrix enhancers help fill the dead space over 

a chronic wound and assist in cellul ar migration . 

In t heory, skin replacement products not only 

provi de wound healing benefits but also immediate 

covering of t he opening of the wound. Biotech 

companies are trying to treat disease by transplanting 

specific cells and tissues that t hey have engineered in 

the lab . There are companies that are using cells from 



f 

sources s uch as newborns and patients to grow skin for 

repairing burn s and other wounds (Landeen et al 167) . 

Market Opportunity for Active Healing 

9 

The potential that active wound healing offers to 

companies t hat compete in the wound healing marketplace 

in a time of healthcare reform is the competitive 

advantage of being able to accelerate wound c l osure 

thus reducing t he major cost component--labor cost--of 

the caregiver and improving the overall quality of life 

of t h e patient . 

In the fu ture, skin replacement therapy is likely 

to achieve a significant share o f available procedures 

despite competition from available therap ies . 

Summary 

The closure rates of c hronic wounds are low and 

many wounds simply do not heal , even under the current 

standards o f care regimes of t issue debridement and 

antibiotic usage . The cost of this level of care is 

substantial . Estimates o f between $5 billion and $9 

billion is spent per annum in the U. S . treating 

pressure ulcers and over $1 billion in outpatient care 
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of venous stasis ulcers . The surgi cal costs of 

amputations resulting from d iabetic f oot ulcers cos t in 

excess of $1 billion (Wilson 3) . The healthcare costs 

of treating just one f oot ulcer is estimated t o be as 

high as $36,000 (Wilson 3) . 

Wound heal ing as an area for investment features 

one very substantial positive: the market is very 

large , a r ound 3 . 5 million chronic dermal ulcers per 

annum in the U. S . alone (Wilson 1) . 

Demographic trends combined wi t h the development 

and introduction of new products and technologies drive 

growth. Demographics show that chronic wound healing 

will be a greater problem rather t han a lesser problem 

as time goes on . 

Statement of Purpose 

It is incumbent up on any company that competes in 

the wound management f ield to investigate and study t he 

new techno l ogies t hat will have the greatest potential 

for t he next generation of wound healing ; therefore , 

this study will investigate the possibility t hat cell 

replacement offers t he greatest potential at t his t ime . 



Overview of Skin 

Chapter II 

LITERATURE REVIEW 

The skin is the body's largest organ and 

one of the most important . It may also be one o f t he 

most frequen tly abused, and is certainly one of the 

most commonly injured (Bark 2) . Roughly 12 percent of 

an aver age individual ' s body weight is skin . (The World 

Book Encycl opedia 488) . The skin plays a major r ole in 

temperature r e gulation and fluid balance. I t houses the 

sense of tou ch and acts as a trigger in an individual ' s 

development process (The World Book Encyclopedia 489) . 

The skin is comprised of thr ee principal layers : 

the epidermis , the dermis , and the s ubcuti s . Each of 

t hese in t u rn has a different structure , including 

different cells and intracellular matrix . Interlaced 

throughout are the specialized cell structures such as 

hair f ollicles, nerve endi ngs , sweat glands , and an 

infrastructure of blood vessels and muscles . The 

outermost layer of ski n, the epidermis , is constantly 
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renewi ng itself with cells t hat move upward from its 

basal l ayer which res t s on t he basal lamina lining t he 

dermal- epidermal junct i on . The tough dermis , which 

largely consists of connective tissue , gives the skin 

i t s strength and resi l i ency . Beneath the dermis , 

subcutaneous tissue stores fat to provide energy and 

insul ation (Gr ossbart and Sherman , 19 ) . 

Epidermis 

The epidermis is the outermost layer of skin . It 

is made up of t h ree types of cells : keratinocytes , 

melanocytes , and Langerhans cells . Keratinocytes are 

the most plentifu l and a r e the major cellular element 

in t h e epidermis , as well as t he hair and nails 

(Grossbart 19) . Langerhans cells play a key role in 

the c u taneou s immune responses , protectin g t he body 

from external invasion (Barbu! 282) . 

Dermis 

Th e dermis is the thickest part of t he skin and 

houses most of the specialized stru ctu res . Sebaceous 

glands , sweat glands and nerve end ings are a ll found in 

t hi s l aye r . Here lie t he free nerve endings and 

epidermal appendages which give rise to pain sensation 
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and the micro- vessels and the capillary junctions that 

feed the skin and carry away waste product s of cell 

metabolism . The dermis lies underneath the epidermis 

and consists of a complex meshwork of f i b r ous molecules 

(called t he extracellu l ar matrix , ECM) which acts as a 

support medium for speci a l connective tissue cell s 

cal led fibroblasts , the most common cell type in the 

human dermi s . The latter a r e responsible for p roducing 

certain growth f act ors (such as PDGF- platelet derived 

growth factor and FGF--fibroblast growth facto r ) , 

fibrous ECM protein mo l ecul es (such as f i b r onectin and 

coll agen) , and other molecules that provide ski n with 

its structura l integrit y (Erlich 359) . 

Subcut aneous Tissue 

The innermost l ayer of t h e skin is called t he 

subcut is . This l ayer is made up primarily of fats 

called lipids , which are made in the p r edominate cel l 

structure , the lipocyte (Clark 29) . The subcutis layer 

provi des c u shioning for the body ' s internal s t ructur es , 

serves as an insulator for t he regulation of body 

temperature , and stores energy in the form o f f ats . 
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Phases of Wound Healing 

The spectrum of dermal wound s runs a b r oad gamu t 

in terms of seve rity, c a use , and t h e kinds of p roblems 

involved i n t heir rep air . There a r e ongoing debates 

about t he p roper c l assification of wounds , p r otocols 

f o r treatment , and materi a l d iffer ences of o p inion 

about just what i s happening a s a wound heals . 

However , many sci enti s t s bel ieve t hat t h e repai r of all 

wounds involves cer t a in fundamental res p onses and 

common mech a n isms that vary in response t o t h e individ­

ual requirements o f t hat wound {Cooper 3) . In other 

wor ds , t h e b ody will a l ways t r y to stop fluid loss , 

wall off t h e s i te of t he damage , and addr ess 

cont aminat ion a nd infecti on . The body wi l l a l ways try 

to activate a cellular response to r epair t he damage 

and restor e t h e tissue to near its original s t a t e and 

f uncti on . 

The wound heal i n g process is init iated with 

hemostasis a nd i nflammation and passes through t he 

s t ages of proliferation, mat urat ion, a nd remodeli ng . 

Hemostasis s t ops b l ood loss with fibrin clots and 

constricted vessels and wall s off wounds . Local 

inflammatory mol ecules summon neut rophi l s a nd 

macrophages to e n gul f f o r e i gn matter . These 



inflammator y cells release enzymes (lysozymes) which 

lys e fibrin and p l atelets causing release of wound 

r epair factors to i n i tiate repai r (Clark 29) . 

Cl assification of Wounds 
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A Con sensus Development Confere nce sponsored by 

the Nation a l Pressure Ulcer Advisory Panel was held in 

Washington, DC , in March 1989 . As a r esult of t his 

conference , a univ e rsally accep ted staging system for 

use by all professional d isciplines was developed . If 

t h ese stat es are used by everyone , data about pressu re 

ulcer p r evalence , i nci den ce , cost of p reven t i on, and 

efficacy o f treatment wi l l be mo r e easily communicated 

(Maklebust 30) . 

There are four classifications o r stage s of 

p r essure ulcers . Stage I i s eryt hema or r edness of 

skin not going away wi t h i n 30 minut es of pressu re 

r e lief . The epid ermis in this stage remains intact . 

St age II is partial t hickness loss of skin layers 

invol ving epidermi s and possibly penetr ati ng into but 

not thr ough the dermi s . The wound base l ooks moist and 

pink, i s painful , and i s free of necrotic tissue 

(tough, d r y , dead ski n , like a scab ) . Stage III is 

full - thickness tissue loss extendin g through dermi s to 



involve subcutaneous tissue . Looks like a shallow 

crater unless covered by eschar (a scab-like covering 

over the wound) and may also include necrotic tissue . 

Stage IV is deep tissue destruction extending through 

subcutaneous tissue to fascia and may involve muscle 

layers , joint, and/or bone . The stage IV wound looks 

like a deep crater (Tudahl 158) . 

In 1993 , Marge Meehan conducted a survey of 

patients with pressure ulcers . The sacrum (the tail 

bone area) was the most common location for ulcers , 

with 36 percent of all ulcers reported; the heel was 

the second most common site with 30 percent (Meehan 

28) . 
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Stage I ulcers represented 46 . 95 percent making 

them the most frequently reported, with Stage II a 

close second at 32 . 66 percent . Stages III and IV were 

a much smaller percentage (Meehan 29) . 

The focus of this study is specifically leg ulcers 

and pressure ulcers . In these wounds , skin breaks down 

as a result of disruption of blood flow to the skin 

caused e i ther by prolonged pressure over a localized 

area or by chronic diseases which affect the 

circulatory or peripheral nervous systems . In many of 

these patients, skin ulcers are open, often painful 



wounds which are resistant to healing for many months 

or years . 

Demographics , Prevalence , and Incidence 

17 

It i s well a ccepted that the prevalence of chronic 

skin u l cers increase with age . Elderly patients a r e 

among those with the highest ris k of developing 

pressure ulcers , a n d the projection for t h e United 

States is f or a growing popul ation of elderly patients 

at high risk of developing pressure ulcers (Erwin- Toth 

12) . According to Heal thcare Financing Statist i cs , 120 

per 1 00 , 000 persons aged 45-64 , 150 per 100,000 persons 

aged 65-74 , a nd 800+ persons per 100, 000 aged 75 and 

older will have a chron ic skin ulcer (1992 HCFA 

Statistics 50) . 

Prevalence i s the number of patients wi th pressure 

u l cer s at a point in time and inci dence is the nUIDber 

of pat ients who acquire pressure u l cers in one year . 

I nci dence, not prevalence, will dri ve the continuing 

wound care market . 

There is no s i ngle source of reliabl e statistics 

about the inci dence of chroni c leg and pressure ulcers 

either worldwi de or in the Uni t ed States . Available 

statist ics are based on some regular reporting, ad h oc 
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research studies of par ticular industries or particular 

settings, and hospital settings rather than nursing 

homes where the majority of chronic wounds are treated 

(Erwin- Toth 12) . There is very litt le data on 

recurrence , the impact of deaths on the numbers , and 

t he number of patients versus number o f u l cers . There 

may be under-reporting of pressure ulcers because 

pressure ulcers are not usually the primary reason for 

admission to hospi tals , pressure ulcers are not 

separately reimbursed if acquired in the hospital , and 

there i s a stigma attached to a patient having a 

pressure ulcer because they are usually preventable by 

good nursing practice . 

The preval ence of pressure ulcers in United States 

hospitals is widely quoted as three to ten percent of 

one million patients at any one point in time (i . e ., 

30 , 000 to 110, 000 patients (Raney 46 ) . The incidence 

of new pressure ulcer patients is quoted at one to five 

percent of the 35 million admissions per year (i . e . , 

350 , 000 to 1 , 750 , 000 new patients) (Raney 46 ) . The 

incidence data for pressure ulcers i n nursing homes and 

the community generally are incomplete . 

Despite occasional r epor ts that most pressure 

ulcers occur in nursing homes , the incidence numbers 
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ind i cate t hat most pressure ulcers occur in hosp i tals 

a n d are treated t here . However, t here are patients 

admitted t o h ospi tals with pressure ulcers a nd i t is 

sometimes t he primary cau se for admi ssion; a l though 

more frequently is the secondary cause for admission 

due to reimbursemen t i ssues (Raney 47 ) . Wi th early 

discharge incenti ves at hospital s, n ursing h omes claim 

a high proportion o f patients from hospi tals who have 

pressu re u l cers on arri val . More p r essure ulcers are 

t reated in a nursing home setting t han originate there, 

p rimarily due to early hospital discharge . Leg u lcers 

usually originate at home bu t are t hen treated in the 

hospital, physician' s office and oth e r s pecialized 

outpati ent/clinic settings (Langemo 49) . 

Current Appr oaches to Wound Hea l ing 

Basica l l y a l l wound c are dressings are divided 

into two broad segments : d ry, trad i t ional products 

such as gauze and tape , a nd advanced mo i st- healing 

products such as hydrocolloids, transparent films , 

pol yurethane foams , an d cal cium a l ginates . 

Today, sales of advanced p r oducts represent about 

40 percent o f total sales of wound care products (Frost 

& Sullivan 3- 6) . I n t he next f ew years , t hat i s 



20 
expected t o grow at a rate of 10- 15 percent (Cassack 

28) . With the greater differentiation and 

techno logical innovation has come a dizzying 

complexity. Go to any advanced wound care meeting 

t oday and one gets some feel for the blu r t hat 

clinicians must be feeling . It is one product after 

another , with only the subtlest of differences between 

t hem. For any given wound , there are 25 or 30 

different products that could be used to achieve the 

same results (Cassack 29) . 

Evo l u t ion of Wound Healing Tec hno l ogy 

As previously discussed, the wound management 

indu stry has wit nessed an evolution in t he manner in 

which wounds have been treated over the past several 

decades . In t he 1960 ' s , t h e t raditiona l treatment was 

with cotton and gauze and basically maintaining a dry 

environment for healing t o take place (Roma 3) . In the 

early 1970 ' s , Smith & Nephew introduced a new 

technology c a lled " t hin film" dressings which f or t h e 

first t ime created a moist envi r onment for t he healing 

process to take p lace (Roma 6) . However, one major 

drawbac k with this technology was that i t could not 

deal with the amount of exudate or fluid t ha t the wound 
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was producing. In t he early 1980 ' s , a company called 

ConvaTec addressed this exudate problem by o ffering one 

product that would create a moist environment and 

manage moderate exudate in a single product called 

Duoderm (hydrocolloids) . In the 1990 ' s , a barrage of 

new products based upon a combination o f thin films , 

hydrocolloids, polyurethane foams , and calcium 

alginates make up t he advanced wound care market . The 

next evolu t i on in wound care will take place in the 

late 1990 ' s and it will be based upon active wound 

heal ing products that may have t he potential to 

acce l erate the healing process (Wysocki 166). 

Current l y , these active techno logies can be 

categorized into three areas : 1) growth factors, 2) 

matrix enhancers , and 3) skin tissue engineering . For 

the purposes of this thesis, the f ocus will be on skin 

tissue e n gineering, which appears at this t ime to have 

the best c l inical results and which, more than likel y , 

will be first to the market . 

Skin Tissue Engineering 

Skin tissue engineering is the ability t o creat e 

living tissue and collagen matrix structures capabl e of 

being remodeled into functional skin by the body' s own 
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cells (Wilson 3) . Skin tissue engineering encompasses 

a number of appr oaches to skin tissu e cultures and its 

use directly or i n combination wi t h other b i o l ogi cal or 

synthetic materia l s. Homologous skin covering products 

are prepared based mainl y on cells called fibroblasts 

taken from neonat al foreskins , which are discarded from 

circumcisions (Hamilton 77) . In contrast , autologous 

products are cul tured from a patient ' s own skin through 

a b i opsy procedure and grown in a specia l ski n culture 

engineer ing laboratory . One of the constraint s wi th 

autologous products is that they may take ten t o twenty 

days t o grow a significant amount o f skin to cover a 

chronic wound (Hamilton 77) . 

Because homologous products use human tissue 

derived from sources o t her than the pati ent himself or 

herself , there is a possibility that certain diseases 

(including AIDS and h epatiti s) could be transmitted to 

t h e pati e n t using them . There are millions of b l ood 

transfusions each year, hundreds of thousands of 

artificial inseminat ions , bone marrow t r ansplants , and 

thousands of burn skin grafts , cornea transpl ants , and 

heart valve replacements. Real or percei ved r isks o f 

disease transmission do not appear to be a significant 

factor in these procedures . The actu al record in the 
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United States has been excellent . These conditions , 

however, are very serious , life-threatening condition s . 

Chronic wounds are generally not viewed as life­

threatening and therefore, disease transmission may be 

more of an i ssue . This perception of disease 

transmission may be a threat t o the widespread adoption 

of homo l ogous skin tissue engineering . Due to this, 

many patients may p refer the autologous products 

because there is no threat of disease transmission 

since the skin cells are derived from the patient ' s own 

body . However, homologous products may have a better 

c hance of being commercially successful in t h e 

marketpl ace due to the convenience and reduced time 

required to deliver the product to the patient . "Skin 

tissue engineering will be here in five years , I ' m 

sure,ll said FDA b i otechnology chief Dr . Philip Noguchi 

in June 1996 (Bucks County Courier Times, 2A) . 

Recalcitrant Segment 

Recalcitrant segment wounds are defined as those 

patients whose wounds have not healed despite the 

repeated appl ications of existing products and/or 

current standards of care. If a market exists for skin 

tissue engineering, the writer believes it will start 
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in the recalcitrant segment . 

There are few reliable data sources for this 

segment . Quoted figures are that 30 percent of venous 

ulcers are severe and candidates for tissue engineering 

products . Twenty percent of leg ulcers remain unhealed 

for over two years and about ten percent o f pressure 

ulcers are recalcitrant . There are approximately 

50 , 000 amputations per year due to diabetes , and at 

least 10 percent of diabetic ulcers are severely 

recalcitrant . For leg ulcers , the recalcitrant segment 

is about 15 percent of the total leg ulcer numbers . 

For pressure ulcers , the recalcitrant segment is about 

10 percent of Stage III and Stage IV ulcers only 

(Bolton 33) . 

A clinical study was conducted by Bristol-Myers 

Squibb to test the efficacy and safety of an oral 

product (Ifetroban) versus a placebo in patients with 

recalcitrant venous leg ulcers . One of the results of 

this study was that managing r ecalcit rant wounds with 

the use of a moist wound environment using a 

hydrocolloid dressing and the use of compression was 

found to be efficacious and sets the standard of care 

(Bristol-Myers Squibb 5) . 
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Clinical Efficacy an d Patient Outcomes 

Clinical efficacy, cost effe cti veness, and 

improved pati ent out comes will b e the most significant 

hurdles for skin tissu e engin eer ing p roducts . The 

demonst r ation of unequivocal clinical eff icacy and 

statistical significance will be necessary to convince 

a very cautious Federal Drug Admini strati on (FDA) t o 

gran t approval fo r u se a result of the above , c l inicals 

will be larger, more e xpensive , and more difficul t to 

control . 

There are many problems in clinical compari sons . 

One probl em is t hat there are no established standards 

o f care f or use in wound care clini cal s . Many 

d i fferent control dressings are being used, from gau ze 

to hydrocol loids . Standards of car e a lso e n compass t h e 

patient turni ng regi men for pressure ulcers or 

appropriate compress i on for venous ulcers , wound 

debridemen t , use of t opical agents , etc . Anot her 

prob lem is that the conventional wisdom i s that a 

f ully-healed wound is the desi r ed and necessary end­

point . However, even t his causes debate as t o the 

underlying tissue condi t i on . Other suggested end- poi nts 

for clinicals include rate of healing , percentage 

healed, pain reduct ion, res t oration o f func t ion or 
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mobility , p r evention o f recurrence (Plackett 3) . 

Another problem is tha t l eg or foot ulcers and pressure 

ulcers have h i gh r ates of recurrence . Thi s has yet to 

b e fully expl ored in clinical trial s . 

At a more f undamen t al level , there is clearl y a 

l ack of scientific understanding of the complete wound 

heal i n g p r ocess . This will be of i n creasing 

signi f ican ce as more interactive products enter the 

market. Some clinicians suggest that any i mprovements 

would b e acceptable £or venous ulcers , wh ich a r e 

extremely difficult to heal; bu t clinical results will 

need to be significant to satisfy t he FDA . 

Int ernational Committee on Wound Management 

The Internati onal Committee on Wound Man agement 

( I CWM) was establis h ed i n 1 992 in resp onse to a growing 

confus i on s u rrounding wound ma nagement (Wound 

Management i n t he Elderly 130) . The ICWM is composed 

of wound healing e xperts from around t h e wo r ld . The 

Committee has addr essed the key issues and defined the 

responsibilit ies o f t h e heal t h care provider as they 

r elate to wound manageme n t . The subj ect of ICWM' s 

third meeting in 1995 was the measuring of the cost 

effectiveness of wound management (Pl ackett 1) . These 
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experts established that cost effective wound 

management should take into account t he cost of 

achieving wound care resul ts , such as healing, not just 

the cost of a single product use . 

Cost 

Cost e ffectiveness of wound management is an 

important issue because h eal t h care professionals and 

re i mbursement agencies around the world have a constan t 

struggle to provide high quality wound care while 

containing health costs . 

Over the past 15 years t here has been a general 

commoditizat i on of medical products . For instance , two 

decades ago, even products like surgeons ' gloves were 

considered appropriatel y a matter of surgeon preference 

(Cassak 26) . Today , g l oves , along with an increasing 

number of o t her products , are finding themselves 

covered under hospital group p urchasing agreements that 

all but ignore features and benefits in the name of 

securing lower prices . This trend has greatly affected 

the wound care market as well . Trad i tional wound care 

products--gauze and tape and bandages--have felt t he 

full force of such pressures . 

Many wound care companies h ave successfully 
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resisted such pricing and margin pressures by focusing 

on a key technological shift in the treatment of 

wounds-- the shift from dry to moist healing . Today, 

advanced wound care products such as hydrocolloids , 

foams , and calcium alginates are booming , taking more 

and more share from traditional dressings and doing so 

at prices and margins that have just begun to come 

under price scrutiny because of the evolution of 

managed healthcare . Money-saving measures in the 

treatment of chronic wounds may actually increase cost 

while reducing the quality of care (Bolton 32) . Cost­

effectiveness must be taken into account . 

Rapid technological innovation is inviting a host 

of new companies into the market , introducing fierce 

competition . The influence of a managed care 

environment will have dramatic effects on wound care 

companies to validate the cost effectiveness of not 

only new technologies but also existing therapies . 

Studies of cost to treat chroni c wounds have 

produced a wide range of results , typically ranging 

from $2 , 000 to $40 , 000 or even higher (NPUAP 24) . The 

cost to heal a complex, full - thickness pressure ulcer 

may run as high as $70 , 000 (Gallagher 28) . However , 

these estimates are not established as any basis for 
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comparison of skin tissue engineering . Clearly there 

is a major need for actual cost information and cost to 

heal wounds (cost effect i veness ) ; some of this 

i nformation will be developed in the near future with 

the assistance of software programs in tracking 

treatments and outcomes . Until now, the 

dressing/material cost has been a relat i vely small 

portion of t h e overall cost of treatme n t . With the 

p rojected cost of ski n tissue engineering products 

ranging from $500 to $2 , 000 per application, they will 

undoubtedly be perceived as very expensive . This , of 

course , will be another major hurdle for skin tissue 

engineering products, particular given the lack of a n 

established, accepted "real" cost of existing 

treatment . 

Re i mbursement 

Current reimbursement mechanisms are based on 

average per procedure, per d i em, or per visit costs ; 

they currently do not specifi cal ly reflect the 

expensive- to- treat recalcitrant segment . With this in 

mind, the current reimbursement mechanisms tend to work 

against t he adoption of skin t issue engineering . One 

recent exampl e is Procuren, a platelet derived wound 
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healing factor from Cur ative Technolo gies (Platel et 

28 ) . Procuren was initially rei mbursed by Medicare but 

subsequently overturned partly because of lack of 

demonstrated clini cal efficacy and outcome benefi ts 

(Platele t 28) . Another pro b l em with Medicare 

r e imbursement for Procuren was t hat it was a self 

administered product . 

It is the writer ' s belief t hat r eimbursement will 

be fundame n tal to the adoption o f any skin tissue 

engineering technologies . Pioneering companies will 

have a major task in educating t he reimbursement 

agencies on t he efficacy of t hese skin t issue 

enginee red products . 

Currently , Medicare , a n d to a lesser extent 

Medicai d , a re the most important programs in wound care 

reimbursement . Medicare is a Federal reimbursement 

program, and Medicaid is as 

ate-sponsored r e imbursement p rogram . Since non e of t he 

skin t i ssue engineering techno l ogies are yet cleared by 

t h e FDA, t h ey are therefore not candidates for 

reimbursement. 

Accessibility of Treatmen t Setting 

Limited market accessibility for the sale and 
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delivery of skin tissue engi neering technol ogi es will 

exist due to limited capabilities to deli~er and 

p reserve the actual skin tissue engineered products . 

Skin tissue engineered products require speci al 

packaging to ensure preservation if not used within 24 

hours . Currently they must be stored at - Boo C 

(Karlsson, 243 ) . Generally, only hospitals and large 

nursing home chains may be abl e to properly handle the 

advanced products , which means only patient s in these 

sett ings will have access to skin tissue engineered 

p r oducts . Overall , approximately 63 percent of 

pressure ulcer patients and approximately 75 percen t of 

l eg ulcer patients are access i ble f o r treatment wi t h 

skin tissue engineering (Sitt inger et a l , 237) . 

Patients u s ing home health agencies generall y would not 

be accessible to the skin tissu e engineering products 

because of t hese agencies ' l ack of facilities to store 

and preserve t h e products and because of the lack o f 

large purch asing volumes which woul d fac ilitate t h e 

necessary training a n d support funct i o n s required with 

these products . 

Skin Tissue Engineering Companies 

Currently there are t wo maj o r companies that are 



developing potential skin replacement products that 

will have application for wound healing . The two 

companies are Organogenesis, Inc . and Advanced Tissue 

Scientists (ATS) . Each of these two major 

biotechnology companies involved in the chronic wound 

healing market have somewhat different approaches to 

the healing of chronic wounds . 

Organogenesis , I nc . - Company Background 

Organogenesis Inc . (OI) is using its unique , 

proprietary technology to develop a variety of 

innovative medical devices that will serve as 

replacements for damaged tissues and organs . The 

Company, incorporated in 1985, is based in Canton , 

Massachusetts . 

Since its founding in 1985, Organogenesis has 

assembled an impressive team of scientists and 
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engineers with complementary skills in biotechnology . 

Thi s team has developed premier tissue engineering 

capabilities and a substantial body of knowledge rooted 

in strong skills in cell biology, immunology, and 

collagen matrix biochemistry (Organogenesis 4) . 

Organogenesis ' technology represents a significant 

development in the historical evolution of tissue 
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repair/engineering. Today , OI is a leader in the 

development of products based on tissue engineering 

products created for biologically derived materials 

rath e r than from synthetic materials that can 

substitute for damaged or diseased human tissues or 

organs in a way that allows the patient ' s own cells to 

remodel t he implant into new tissue . The Organogenesis 

product t hat may have an impact on chronic wounds i s 

called Graftskin. 

On January 17 , 1996, Sandoz Ltd . in Basel , 

Switzerland, and OI in Canton, Massachusetts jointly 

announced the execution of an agreement t hat gives 

Sandoz the licensing rights to Graftskin (PR Newswire 

1/17/96, 1 ) . Under the terms of the agreement , Sandoz 

will have exclusi ve worldwide marketing rights to 

Graftskin and OI wi ll suppl y Sandoz ' s global 

requir ements for t he product. Shortly after t his 

announcement , Sando z changed its name to Novartis . 

Graftskin 

Organogenesis ' Graftskin is a living, tissue­

engineered, homologous s k in substitute consi sti ng of 

two layers derived from circumsized skin of n ewborn 

males . The upper layer contains human keratinocytes 
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(the most common cell type in human epi dermis) which 

form a well differentiated epi dermal layer . The l ower 

dermal layer c ontains c ollagen with human fibroblasts 

(the most common structural protein and cell type , 

respectively, in the human dermis) (Graftskin 5 0) . 

Current ly, Graftskin is the only full- t hickness , 

living skin equivalent in human trials . In clinical 

applications , Graft skin has been s h own to cover and 

protect wounds, el i minate the need to create a second 

wound site on the patient , accelerate wound healing, 

and redu ce hospi tal stays . No immunological rejection 

has been observed with Graftskin . I t is not perceived 

to be "foreign" by the body because its basic structure 

is similar t o that of human skin . 

Graftskin offers some advantages to the chronic 

wound patient . First of all , Graftskin is designed for 

easy handling, which i s important in surgi cal 

procedures . Secondl y , i n c l inical applications , where 

skin grafting or replacement is required, Graftskin can 

prov i de coverage and protection of wounds, eliminating 

the need to create a second patient wound site because 

it is a homologous product . Since the body' s immune 

system does n o t reject Graftskin, t h e patient ' s s kin 

should gradu a lly repl ace the graft with its own skin 
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t i ssue . 

Clinical Evi den ce - Gr a f tskin 

In a controlled study, Graftskin dressing under 

foa m a nd compression was compared to foam and 

compress ion alone on venous ulcers . This study 

continued at least six months with 61 percent o f t he 

venou s ulcers healed in a median h ealing t ime of 57 

days f or Graftskin versus 44 percent h eal ed in 80 days 

for the control (Sabolinski et a l , 31 1 ) . 

Advanced Tissue Sciences (ATS) - Company Background 

ATS i s also a leading t issue engineering company 

engaged i n t he development o f living human tissue 

products f o r therapeutic app licati on . The company has 

successfully replicated a variety o f human t issues 

including skin . 

Leading ATS ' product development effor ts are 

t herapeutic skin p r oducts that address the diabet i c 

foot ulcer market . The products , b ased on Dermagraft, 

were developed to t r eat condit ions where the der mis has 

been injured or destroyed such as in c h r onic s kin 

ulcers . 
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Derma graft 

On April 29 , 1996, ATS signed an agreement with 

Smith & Nephew to form a fifty-fifty joint venture for 

the worldwide commercialization of Dermagraft for t he 

t r eatment o f diabetic foot u l cers . With sales and 

marketing capabilities in over 90 countries , Smith & 

Nephew is a major force in the global wound care marke t 

(PR Newswire 8/7/96 , 1) . 

Currently in pivotal clinical trials on diabet i c 

foot ulcers , Dermagraft is being used to provide a 

healthy, metabolically active dermal t i ssue replacement 

to promote healin g and closure . Advance Tissue 

Scientists utilizes a one- layer approach . Although 

literature reports have i ndicated recurrence rates 

ranging from 20 to 50 percent within the firs t year 

following heal ing, Dermagraft-treat ed pat i ents who 

healed during t h e p ilot study had no recurrence of 

t h e ir ulcers after being fol l owed for an average of 14 

months (Advanced 8) . 

Clinical Evidence - Dermagraft 

A pilot study was conducted to determine t he 

effectiveness of Dermagraft f o r the healing of diabet i c 

foot u l cers . Three dosage regimens o f Dermagraft were 



37 

compared to standard therapy in a contro lled multi -

center, randomized trial . After 12 weeks, 30 percent 

of the Dermagraft treated and 8 percent of the control 

ulcers healed completely (Gentzkow et al , 330 ) . 

Hypothesis 

The cost/benefit ratio will not be great enough to 

insure rapid adoption of skin tissue engineered 

products for the vast population of patients suffering 

from chronic wounds . 



Chapter III 

SELECTIVE REVIEW AND EVALUATION OF RESEARCH 

Studi es 

Three studies will be evaluated in this chapter . 

The first study is "Cul tured Skin as a ' Smart Material ' 

for Healing Wounds : Experience in Venous Ul cers u by M. 

L . Sabolinski , 0 . Alvar ez , M. Auletta , G. Mulder, and 

N. L . Parenteau as presented in Biornaterials 1996 , Vo l . 

17 , No . 3 , pages 311- 320 . The second study is "Use of 

Dermagraft , a Cultured Human Dermis , to Treat Diabetic 

Foot Ul cers u by Gary D. Gentzkow , Scott D. Iwas a ki , 

Kenneth Hershon, Marvin Mengel, Joseph J . Pendergast , 

John Ricotta, Davi d Steed, and Scott Lipkin, which was 

p ublished in Diabeti c Care i n April 1996 . The t hird 

study i s "A Multi- Ce n ter , Double-Blind , Paral lel Group 

Efficacy and Safety Comparison o f Ifetroban and Placebo 

in Venous Leg Ulcers ,n conducted by Bristol -Myers 

Squ ibb . 
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Research Methods - Sabolinski Study 

In the Sabolinski article , the resear chers are 

testing the hypothes i s t hat liv i ng tissue can act as a 

"sma r t materi al " to heal wounds . By " smart material" 

the authors mean a wound covering that responds to its 

environment to bring about healing . Graftskin from 

Organogenesis was the "sma r t material" used i n this 

control l ed study . The 233 patients wi th venous ulcers 

were treated and evaluated in a prospective , 

controlled, parallel group , c linical trial at 15 

centers . Patients with signifi cant arterial 

d isease were excluded from the study (see Table 1 ) . 

All patient s had f ailed on previous venous ulcer 

t r eatments in the community and had open ulcers for at 

least one month . The median duration of u lcers of 

pati ents who were enr o lled into the trial was 

approximately one year . The median size of the ulcers 

treated out of 233 patients in the study was 

approximately 400 mm2
• All patients were treated for 

their u l cers at weekly v i s i ts for eight weeks . 

Graftskin was compared to multilayered compress i on 

therapy control in a randomized trial . Demographic 

data of the two treatment groups i s shows in Table 2 . 

Statistical comparisons between groups showed that the 



TABLE 1 

PAT I ENT POPULATION 

Inclusion 

Ulcer s secondary to CVI 
Venous fill ing time <20s 
Clinical c r i teria 
charac t eristic of 
venous disease 

> 1 mont h Hx of non- healing 
IRB approved informed consent 
Expected availability 

1 year follow- up 
18-85 years 

Exclusion 

Ulcers< ½ll x ½N or >4 N x an 
Arteri a l disease (ABI <0 . 65) 
Vasculitis , RA, other colagen 

vascular diseases 
Pregnancy or lactation 
Medical conditions that would 

impair wound healing 
Cellulitis 
Osteomyel i tis 
Nec r otic or avascular wound bed 
Ulcer with exposed bone, tendon 

or fascia 
Uncontr olled diabetics 
Corticostero i ds , immuno­

suppressive agents, radiati on, 
or chemotherapy 

Enrolled in other studies within 
3 months 

~ 
0 



TABLE 2 

COMPARISON OF THE TWO TREATMENT GROUPS ' DEMOGRAPHIC INFORMATION (n = 233) 

Control Grafts ki n 

GENDER Female 50 . 5% 4 6 . 8% 

Male 49 . 5% 53 . 2% 

RACE Asi an 0 . 9% 0 . 0% 

Bl ack 17 . 8% 15 . 1% 

Caucas i an 74 . 8% 80 . 2% 

AGE (years) Median 62 . 0 62 . 0 

ULCER AREA (mm2
) Median 339 . 1 515 . 1 

,I» .... 



42 

pat ien t popul ati ons were comparable in every respect . 

Patients randomized into t he Graftskin group 

recei ved up t o five applic a t i on s of Graftskin during 

t he fi r st three weeks of treatment . Approximat ely 70 

percen t of the Graftskin treated patients received one, 

two or t hree appli cations . Application o f Graftskin 

was determined on the basis o f c l inical observat ion at 

each study visit . If less t han 50 percent of the wound 

area remained covered with Graftskin, another piece was 

applied ; if mor e t han 50 percent persisted, no fresh 

p iece of Graft skin was applied . A non- adherent primary 

dressi ng was p laced over t h e Graftskin , followed by a 

secondary, n on-occlusive dressing (cotton gauze) folded 

as a bolster, and a self adherent elastic wrap . No 

Graftskin application was made subsequent t o week 3 . 

After eight weeks , healed patien ts were placed in 

elastic stockings . Patients who were not h eal ed 

continued with the t hree- layer dressing regimen for up 

to six months . After eight weeks, al l patients were 

followed for one year with visi t s scheduled at t h ree­

month i ntervals . The t hree-layer dressing regimen 

provided a sustained pre ssure o f between 10 and 20 mmHg 

pressure at t h e ankle . 

Patients randomized into the active con trol group 
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received a multilayered compression wrap , overlying 

bolster, zinc oxide impregnated paste bandage, and were 

treated at identical time intervals as for the 

Graftskin group . The purpose of t he mul tilayered 

compression regimen was to p r ovide sustained 

t herapeut ic compression between 30 and 40 mm.Hg at the 

ankle , more than twice t he compression of the Graftskin 

group . As with the Graftskin group, healed patients 

were placed in elastic stockings after eight weeks . If 

not healed, patients were continued with multi l ayered 

compression for up to eight months and followed for one 

year . 

The primary endpoints of t he study were the 

frequency of and time to complete (100%) wound closure 

as assessed by clinical observation and wound tracings . 

Secondary endpo ints included assessmen ts of relief of 

pain and i t ching , reduced drainage , and progressi ve 

wound healing measured as a percentage of the original 

ulcer area . 

Researchers ' Conclusions as Supported by Data -
Sabolinski Study 

Analysis of 233 patients followed over six months 

shows median times to 1 00 percent wound closure o f 57 

days for Graftskin versus 181 days for standard care . 
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Of t he 127 Graft skin treated patients, 7 8 or 64 . 1 

percent achieved complete wound closure , while only 47 

0£ 109 or 44. 3 percent of the control pati e n ts achieved 

100 percent c l osure . In addition, comparison of healed 

wo unds in the contro l and treatment groups showed 

dist inct differences in the quality o f repair . It is 

clear from t he study results t hat the healing in 

control patients was d ifferent from t hat of the 

patients in the Graftskin group . 

Limitations - Sabolinski Study 

Table 4 is misl eadi n g . While ulcer size in 

patient A is the sum of t he areas of four wounds (the 

study wound being about 82 cm2
) , the ulcer size in 

patients Band C represents single wounds . The unit 

for ulcer size is not consis tent t hroughout t he paper 

and is confusing to the reader . Secondly, t he authors 

do not report percentage "take" of Graftskin in the 

study gr oup . It appears that in chronic wounds , 

a l l ogenic grafts would " take" only in small wounds such 

as in pati ent C. 

Research Methods - Gentzkow Study 

I n the Gentzkow study , a randomized, control led , 
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prospective , 20-center, single blinded study treating 

patients with full thickness neuropathic foo t ulcers 

was performed using Derrnagraft to assess t he safet y and 

effectiveness of Dermagraft in t he healing of plantar 

diabetic foot ulcers . The study enrolled 235 diabetic 

p atients with neuropathic , full thickness , plantar 

sur£ace foot ulcers of the forefoot or heel greater 

t han or equal to 1. 0 cm~ i n size a nd eliminat ed ulcers 

that showed initial rapid h eal ing in response to 

standar d care during a screening period . The 126 

patien ts selected randomly f or control t reatment 

received conventional t herapy with s harp debridemen t, 

infection control, saline moistened gauze dressing , and 

standardized o f f weighting (including special s hoes and 

custom inserts) . The patien t s selected for Dermagraft 

treatment received i den tical conventional therapy plu s 

a n application o f Dermagraft on Day O and at Weeks 1, 

2 , 3 , 4 , 5 , 6 , and 7 for a total of up to eight 

applications or unti l wound c l osur e . The two groups o f 

pati ents were demographically similar (See Table 3) . 

The primary objective of the study was to show a 

difference in the proportion of patien ts reaching 

complete c l osure by week 12 compared to patients 

receiving conven t i ona l t herapy . In addit i on, t he time 



TABLE 3 

Dermagraft Diabet i c Ulcer Pivotal Trial Demographics 

Control 
Dermagraf t 

Dermagraft 

All Ther apeutic 
Range 

N 128 109 61 

Age 55 . 5 55 . 3 57 . 1 

Gender (male/female %) 72/28 73/27 71/29 

Ulcer Size ( cm1. ) 2 . 8 2 . 9 2 . 9 

Ulcer Duration (weeks) 4 6 . 5 44 . 4 56 . 6 

.i,.. 
O'\ 



to h ealing and status of the wound at 32 weeks were 

assessed . 

Researchers ' Con c lusions as Supported by Data -
Gent zkow Study 
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The primary effi cacy end point of the study was to 

comp let e heal ing of t he ulcer by 1 2 weeks, and 31 . 7 

percent o f the pati e n ts in the conventi onal care group , 

compared t o 50 . 8 percen t in t he group receiving the 

Dermagraft healed completely . In addi t i on, when 

patients were followed ou t to 32 weeks , s i x mont h s 

after the last application o f the product , healing 

rates o f 42 .4 percen t in the conventional care and 57 . 7 

percent o f t h e Dermagraft t reated pati ents were seen . 

Limitations - Gentzkow Study 

Initially , 109 patients were treated with 

Dermagraft and t he imp rovement in healin g at 12 weeks 

(38 . 5 versus 31 . 7 percent) was not stati stically 

significant because 48 o f t hese patients received 

tissue t hat did not h ave t he requi red me t abolic 

activity at t h e t ime of imp lantation . No o t her 

limitations were noted in the study . 
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Research Methods - Bristol - Myers Study 

A total of 203 patients with one or more venous 

leg ulcers was enrolled in a multi- center , randomized, 

double-blind paral l e l s t udy in 48 cen ters across the 

United States to study t he efficacy a n d safety o f oral 

Ifetroban against a placebo . One hundred s i x ty-four 

patients were subsequent ly r andomi zed to either the 

placebo o r the Ifetroban . One hundred fifty subjects 

completed t he study . 

The study was divided int o two treatment periods 

(A and B) ; period A was a two t o f our week single- bli nd 

p l acebo lead - in, during which ulcers were comp letely 

debrided and any clinical infec t i on was t reated and 

controlled with appropriate antibiotics . Ulcers 

greater than o r equal to 1 cm2 in surface area were 

selected . Pati ents were stratified into two groups 

based on u l cer s urface a rea sizes greater or less t han 

10 cm2
• 

During Period B, patients received daily t reatment 

with 250 mg I f etr oban or mat ching placebo for 12 weeks . 

In addi t i on , all randomized patients received the same 

l ocal man agement of a ll u l cers with a hydrocollo i d 

dressing and graduated compression of t he l ower l imb (s) 

using a zinc oxide past bandage and a cohesive bandage . 
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The reference ulcer was measured weekly . Treatment 

with compression only was continued for 12 weeks if t he 

reference ulcer healed (100 percen t re­

epithelialization) earlier . 

The primary objective of the study was to 

determine whet her Ifetroban would increase the 

proportion of patients who experienced complete hea l ing 

of t he reference venous l eg ulcer compared to p l acebo 

following 12 weeks o f active t r eatment . Secondary 

objectives considered 50 percent healing of the 

reference ulcer , total healing o f all ulcers , t ime to 

total healing of the reference ulcer , change in area of 

reference ulcer, and change in total ulcer area . 

Researchers ' Conclusions as Supported by Data -
Bristol-Myers Study 

For t h e primary efficacy variable, 54. 32 percent 

of t he ulcers in the placebo group achieved healing 

(100 percent re-epithelialization) of the reference 

ulcer prior to the end of the study, compared t o 55 . 42 

percent in t he Ifetroban group. A combined total of 

137 pati ents (83 . 5 percent) achieved a reduction of 

greater than 50 percent of reference ulcer size during 

the study . The researchers concluded that Ifetroban 

had no significan t statisti cal difference in the 



healing rates of recalci trant venous l eg ulcers . 

Limitations - Bristol-Myers Study 

No limitations were acknowledged in the Bristol­

Myers study . 
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Chapter IV 

RESULTS 

Results of Sabolinski study 

Based upon the hypothesis that living tissue 

(Graftski n) can act as a "smart material " to heal 

wounds , the researchers reported on three patients 

(Patient A, B, and C) out of the 233 patients in the 

study (See Table 4) . Patient A had a 14 . 3 x 5 . 7 cm 

ulcer having a depth of 5 mm on the leg . It should be 

noted that this patient also had three non- study 

ulcers , which comprised a total ulcer area of 400 mm' . 

Patient A had Graftskin applied four times , at study 

days 1 , 5 , 14 and 21 respectively . The patient 

responded immediately with relief o f pain and marked 

reduction in wound exudate . Fifty percent of wound 

c l osure was achieved by study week 2 , and 75 percent 

closure by week 12 . Complete wound healing was 

r eported at study week 25 . Graftskin in this case of a 

large , highly exuding ulcer functioned as a skin graft 

whi ch promoted the migr ation of the patient ' s own 
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Pat i ents Ulcer Wound 
Healing 

A 
intenti on 

B 
c l osure 

C 

Size 
( cm7

) 

400 . 0 

11. 0 

3 . 2 

depth 
(mm) 

5 

3 . 5 

0 . 5 

TABLE 4 

PATIENT SUMMARY 

Duration 

of ulcer(s) 

> 30 years 

5 months 

3 months 

Number of 

Graftskin 
applications 

4 

2 

2 

Ti me 

reported 
hea l ed 
(100%) 

Week 25 

(1 ulcer) 
Week 24 

(3 ulcers) 

Week 12 

Week 2 

Type of 

Secondary 

Persistent 

Appearance 
frank take 

lJ1 
N 
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keratinocytes over the open wound bed . 

Pat ient B had a leg ulcer that measured 4 . 4 x 2 . 5 

cc with a depth of 3 . 5 mm . On Pat ient B, Graf tskin was 

applied on stu dy days 1 and 14 . By week 2 , greater 

than 50 percent wound closure was observed . Graftskin 

was again appl ied in study week 2 . This dressing was 

left on f o r an a ddi t ional six weeks , t hrough study week 

8 . At t he next clinic vis i t at study week 12, complete 

c linical heal ing was repor ted . Gr a f tskin tre atment was 

shown to promote healthy, granulating tissue within t wo 

weeks so t hat t he second application of Graftskin 

adhered to t he wound bed . 

Pat ient Chad a leg ulcer measuring 2 . 5 x 1 . 3 cm 

with a depth of 0 . 5 mm . Graftskin was applied on days 

1 and 7 . The depth of the ulcer had improved by day 

71 , when greater t h a n 75 percent wound closure was 

reported . The ulcer was observed t o be compl etel y 

healed by study day 14 with the clinical assessment of 

100 percent gr a ft take . 

The mult i - layered compression t herapy used on the 

control group represents t he standard of care in the 

medi cal communit y and is generally able to heal 

approximatel y 20 to 40 percent of venous ulcers . 

Two patients (D and E) were t he contro l pat i ents 
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discussed in the study . Patient D received Graftskin 

and was assessed as heal ed at study week 7 . Patient E 

received the compression t herapy and was only assessed 

as completely healed at study month 6 . Patient D' s 

t i ssue appeared resilient and p liable from t ime of 

healing t hrough t he course of the study (one year) . 

The healed skin achieved in patient E appeared fragile . 

Patient E' s ulcer reopened within two weeks following 

the six month check- up . 

Tables 5 and 6 show the resul ts for frequency of 

and median time to complete wound closure . Analysis of 

233 patient s followed over 6 mont hs shows median t imes 

to 100 percent closure of 57 days f or Graft skin versus 

181 days for standard care . Of the 127 Graftski n 

t r eated patients, 78 or 64 .1 percent achieved complete 

wound c l osure, while only 47 of 109 o r 44 . 3 percent of 

the control patients achieved 100 percent c l osure . 

Results - Gentzkow Study 

Figures 2 and 3 summarize t he healing data 

obtai ned at 12 and 32 weeks . By week 12 , 31 . 75 percent 

of the patients in the conventional care group healed 

completely compared to 50 . 8 percent of the group 

receiving the Dermagraft . When patients were followed 



Treatment 
atta i ned 

Graftskin 

Contr ol 

TABLE 5 

FREQUENCY OF COMPLETE WOUND CLOSURE BY 6 MONTHS 

n 

127 

106 

Number attained 

TABLE 6 

78 

47 

MEDIAN TIME TO COMPLETE WOUND CLOSURE BY 6 MONTHS 

Grafts kin 

All patients (n 233) 57 days 

% 

Control 

181 days 

51. 4 

44 . 3 

Ul 
Ul 
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out to 32 weeks, six months after the last application 

of the product, healing rates were 42.4 percent f or the 

conventional care and 57 . 7 percent for the Dermagraft 

pati e n ts . 

This clinical study confirms t he importance of 

Dermagraft as a living , human, metabolically active 

tissue , which is a key determinant of wound healing . 

In addition, the clinical study confirmed t hat 

Dermagraft within therapeutic range healed more ulcers 

faster than traditional t herapy ; i . e ., cotton/gauze . 

De£ining this therapeut ic range of optimal metabolic 

activity was an important outcome to support t he 

science of tissue engi neering . 

Results - Bristol-Myers Study 

There was no statistical significance betwen the 

placebo and the Ifet r oban group for any o f t he ou tcomes 

listed i n the primary o r secondar y objectives , 

including total healing of reference ulcer, 50 percent 

healing o f reference ulcer , time to total healing of 

reference u l cer and change of area o f reference ulcer 

from baseline . For the primary efficacy variabl e , 

54 . 32 percent o f t he ulcers in the placebo group 

achieved healing (1 00 percen t r e-epit hel ialization) of 



the reference ulcer prio r to t he e nd of t he study, 

c ompared t o 55 . 42 percent i n t h e Ifet roban group (see 

Table 7 ) . 

57 



TABLE 7 

ANALYSIS OF PATIENTS ACHIEVING 100% HEALING OF REFERENCE ULCER 

Ifetroban Placebo 

Healed 55 .42 % 54 . 32% 

Not Healed 44 . 58%- 45. 68% 

Ul 
(X) 



Summary 

CHAPTER V 

DISCUSSION 

There are several important f actors that must be 

considered when dealing with o r t r eati ng chronic 

wounds . First a nd possibl y most important is that of 

treating the underlying pathology as the very firs t 

step in any treatment plan. For example , in pressure 

ulcers , proper nutrition along with pressure relief 

from t he prominent sties most susceptible t o breakdown 

is a key f actor . This may be accomplished with a 

vari ety o f practices including nutritional evaluations , 

turning regimens, therapeutic support surfaces (i .e., 

specialty beds) , and pressure reducing pads . In leg 

ulcers , the arteria l disease t hat is compromising the 

patient ' s lower extremity blood flow must be corrected . 

One should a l so be awar e o f t he well documented 

benefits of graduated comp r ession t herapy in treat ing 

venous leg ulcers . In d iabeti c f oot ulcers , as a final 

example , the underlying pathology involves the 
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multi-organ disease diabetes . Particular attention 

must be given t o t he metabolic con t r ol of high blood 

glucose . If a diabetic patient develops a foot ulcer 

due to neuropath y or arteriopathy, then proper off­

loading of the pressure in the neuropathi c foot is 

essential to achieve hea ling . Wi t hout fir st treating 

the underlying d isease , t h e type of topical therapy 

(whether traditional , modern, or tissue engineered 

products) , will have little success in heal ing the 

chroni c wound . 

As the cost/benefit of t issue engineered products 

versus modern/moist p r oducts is investigated , one must 

understand that this c hall enge will be far gr eater than 

t hat of proving the cost/benefi t evolution from 

t r aditional (gauze) products to modern/moist products . 

The market t ransformation over t he past twenty years 

from traditional gauze products t o moist wound healing 

has been slow . Over 50 percent of chronic wounds a r e 

still treated with t r adition a l gauze-type p r oducts , 

despi te modern/moist p r oducts ' accel e r a t ed healing 

c l a ims and labor savings . This statement is based upon 

the labor savings of treating a part icular wound 

several times a day with traditional gauze- type 

products versus t r eating a wound only several times a 
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week with modern/moi st wound healing products . Even 

though t he modern/moist wound dressing is more 

expens i ve per dressing unit , the material cost i s an 

insignificant factor to the total cost of treating a 

wound . As mentioned, in addition to t he labor savings , 

it is also well documented that modern/moist products 

a chieve faster healing than that of tradit ion a l gauze 

products . The cost of an extra day in the hospital 

easily o ffsets t hat of more costly dressings . 

Therefore , any hopes for tissue engineered 

products to achieve a p ositive cost/benefi t ratio , 

companies will n eed to conduct significan t clinical 

tri a l s that drastically improve heal ing rates over 

current best treatment standards to justify t he 

increased unit p r o duct cost (see Table 8) . 

For e x ample, if one looks c l osely a t t he Bristo l­

Myers Squibb Ifetroban study , the heal ing results wit h 

a modern/moist product a l ong wit h good compression 

therapy showed healing rates of appr oximately 55 

percent in both the study group and the control group . 

If the costs o f the individual products used in t he 

Ife t roban data to achieve t h ese hea ling rat es are 

compared to t he Sabolinski study , which u til ized tissue 

engineered products (Graft s kin ) and comp ression 



BRISTOL-MYERS SQUIBB 
I FETROBAN STUDY 

Treatment Period= 12 weeks 

Products used and unit cost 

Modern/moist product@ $4/unit 

TABLE: 8 

Graduated compression System@ $11/unit 

Total cost per unit of product= $15.00 

No. of treatments/treatment period= 24 
(2 times per week X 12 weeks ) 

Estimated labor cost/treatment= $30 . 00 

Total Direc t Treatment Cost 

Total Product Cost ($15 x 24) 

Total Labor Cost ($30 x 24) 

Total Direct Cost 

$360 

$720 

$1,080 

$1,080 for 55 percent healed in 12 weeks 

SABOLINSKI STUDY 

Treatment period= 28 weeks 

Products used and unit cost 

Graftskin = $400 per Llnit 

Compression = $11 per unit 

Total cost per unit o f product= $411 

No . of treatments/treatment period= 3 
(based on study average ) 

Estimated labor cost/treatment= $30 

Total Direct Treatment Cost 

Graftskin product cost 
(3 X $ 400) 

# of traditional /compression 
(28 wks . X 2 X $11) 

Estimated labor cost 
(28 wks. X 2 x $30) 

Total Direct Cost 

= $1, 200 
treatments 

= $ 616 
= $1 ,68 0 

= $3,496 

$3 ,4 96 for 60 percent healed in 28 weeks 

O'\ 
N 
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therapy, one can easily conclude that the additional 

expense of the tissue engineered products does not 

just ify the expense . 

At t his time , with the increasing downward 

pressure of managed care in the United States and 

stricter reimbursement guidelines , both inside the 

United States and internationally, t h e commercial 

viability o f an advanced product such as tissue 

engineering will have no c h ance of being adopted as a 

standard of care for chroni c wounds unless the h i gh e r 

product unit cost is justified by significantly shorter 

healing t imes . 

Today the most significant barrier to getting a 

new product or technol ogy approved for reimbursement is 

providing enhanced outcomes over existing products and 

technol ogies . In the pertinent studies relating to 

t his t hesis , there was no mention of the economic 

d ifference behind the results . As discussed in Chapter 

II , cost effectiveness must be taken into account . 

Companies developing advanced technologies that will 

have better outcomes for wound healing must very 

clearly prove to be cost effective over current best 

healing practices . 

Based upon the hypothesis , the cost/benefit ratio 
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will n o t be great enough t o insure rapid adoption of 

skin tissue e ngineered products for t he vast population 

of pati e n ts s uffering from chronic wounds . Wi t h 

careful examinati on of Table 8 as well as a r evi ew of 

the pertinent s t udi es presented in t hi s t hesis , the 

init ial hypothesis is wel l supported a n d documented. 

Limitations 

I t is t he writer ' s opinion that in both o f the 

most pertinent studi es currently availabl e on tissue 

engineered products (Sabo l inski and Gent zkow) , t h e 

authors chose to use a regimen of standard care of 

ulcer heali ng that is clearly s ub optima l as compared to 

cur rent wi dely accept ed standard clinical practice . 

I n the Sabol inski study, concl usions are based on 

r esults that are presen ted at six months , not eight 

weeks . Proporti ons of subject s who heal ed should have 

been present ed at e i ght weeks and each three month 

f o llow-up visi t . This is i mp o r tant because the 

subjects go f o r t hree f ull months wi t hout invest igat or 

interaction o r standardized a ssessment . How compliant 

t hey were with t h e protocol is unclear . The a u t ho rs 

a l s o cla im the g r a f t acts as a "smart" material a nd 

responds to its environment . Thi s too may be an 
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exaggeration . In small wounds that are normally easier 

to heal there is evidence of successful graft take . 

However , i n larger wounds , which are normally much more 

difficult t o heal, the grafts tend not to take . Yet 

the a uthor point s out that the results are better than 

the control, which may be simply due to changes in 

wound conditions caused by physical o r chemical 

properties of t he by growth factors, matrix proteins, 

and so on . There is no evidence that these products 

add value beyond that of moisture- retentive 

hydrocolloid dressings . Based on the above comments 

one would have t o question if t hese con c lus i ons/results 

are repeatable and valid as compared to t he best 

available clinical care . 

Also in the Sabolinski study, statistical 

compa risons at baseline indicated comparable treatment 

groups . However , due to lack o f informat ion in t he 

study, procedures were not identified t o validate that 

there were comparable treatment groups . However, the 

issue regarding the potential center by center 

treatment interaction was not addressed . This leads to 

t he question of whether or not the data was poolable. 

For example , does t h e information differ from center to 

center? Only three case studies were presented in the 



66 

stu dy , which i s unusual and possibly i r relevant in a 

compar ative s t udy o f this size . One would t hink t hat 

out of 233 subjects , regardless of what is be ing 

stud ied , on e could find some good and some bad cases to 

highlight o r elect not to discus s . Finally , t h e 

Sabolinski study is unclear regarding the accounting o f 

the subject s ; i . e . , withdrawals, l ost t o follow- up, 

adverse events, etc . No adver se eve n ts a re reported . 

Wit h a stud y of t his size , one wou ld h ave t o b e lieve 

t hat t he possibility of some adverse events would be 

h ighl y probable . 

Th e Gen tzkow study r epor ted on the e ffect o f 

cult u red de rmal fib r obl asts (Derma graft ) in t he healing 

of d i abetic f oot u lcers . Onl y 7 . 7 percent of t he 

pat i e nts receiving " s t andard car e " ach ieved wound 

c l osure by 12 weeks , and even t he " treatment" gr oup 

t hat a c hieve d the b est r esu lts only demonst r ated full 

c l o sure in 50 p e r cent of the lesions by 12 weeks . 

These r e sul t s a r e in stark contrast t o documented 

higher healing r ates of s imi l ar ulcer s o f patients 

using t o t al con tact cast ther apy, which once again 

a ddr e sses the i ssu e that , in t h e Gentz kow study, the 

b e st standa rd of c are was not utilized . In addition, 

the cont rol group was treated with sal ine and moist 
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gauze {traditional therapy) along with therapeutic 

shoes. Based upon current clinical evidence, one of 

the major problems in the Gentzkow study was i nadequate 

pressure relief of the ulcer site . The standard of 

care that t he authors elected to utilize in t he 

Gentzkow study was based on t he premise that it s hou l d 

be one that is widely used by expert prac t i t ioners , 

does not exclude a substant ial segment of the 

population of interest , and allows for uniformity o f 

care across multiple treatment centers . Elimination of 

variables that can confound the results is t he 

challenge facing all studies, bu t especially wound 

healing studies . When doing a comparative clinical 

study, the best treatment available should be utilized 

for the control group i£ the results are to have any 

validity at all. One should not be biased by 

suboptimal standards o f care that are supported only on 

the basis that they are widely used . In the Gentzkow 

study, it is well doc umented t hat pat ients utilizing 

total contact casts without bioengineer ed skin 

replacements heal in 4 .4 to 6 . 3 weeks. Therapeut ic 

shoes were used in the Gentzkow study . Even though the 

patients were told not to put any pressure on their 

feet, when a patient is gi ven a shoe , he or she is 
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likely to wal k in it . With the t o tal contact cast , the 

patient cannot put any pressure on his o r her foot , 

which eliminates this problem. 

Suggesti ons for Future Research 

Cont inued research is clearly needed to develop 

more innovative and effective met hods t o treat chronic 

wounds . I t h as been shown that with u se o f tissue 

engineered products , there is obviously some type of 

b i ological effect . However, t he results do not c l early 

substantiate their efficacy over the current best 

standard of care . Now that the Ifetroban data is being 

published, at l east as t hey relate to managing venous 

leg ulcers, fut ure studies should be designed in 

accor dance with the highest clinical trial standards in 

order to unequivocally validate the efficacy o f tissue 

engineered products . This undoubtedly leaves t h e door 

open for additional studies in t his area . Recommended 

studies comparing new technology effects to best 

standard of care would include epide mio l ogy, h ealing, 

reoccurrence, cost effectiveness , and quality of life 

of patient , stratified f o r risk levels . 
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