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Abstract

A prospective, randomised, controlled, parallel group, multi-centre clinical trial was
conducted at three sites to compare the healing effectiveness of treatment of chronic
lower extremity diabetic ulcers with either weekly applications of Apligraf® (Organo-
genesis, Inc., Canton, MA), EpiFix® (MiMedx Group, Inc., Marietta, GA), or standard
wound care with collagen-alginate dressing. The primary study outcome was the per-
cent change in complete wound healing after 4 and 6 weeks of treatment. Secondary
outcomes included percent change in wound area per week, velocity of wound closure
and a calculation of the amount and cost of Apligraf or EpiFix used. A total of 65 sub-
jects entered the 2-week run-in period and 60 were randomised (20 per group). The
proportion of patients in the EpiFix group achieving complete wound closure within
4 and 6 weeks was 85% and 95%, significantly higher (all adjusted P-values≤ 0⋅003)
than for patients receiving Apligraf (35% and 45%), or standard care (30% and 35%).
After 1 week, wounds treated with EpiFix had reduced in area by 83⋅5% compared with
53⋅1% for wounds treated with Apligraf. Median time to healing was significantly faster
(all adjusted P-values≤0⋅001) with EpiFix (13 days) compared to Apligraf (49 days) or
standard care (49 days). The mean number of grafts used and the graft cost per patient
were lower in the EpiFix group campared to the Apligraf group, at 2⋅15 grafts at a cost of
$1669 versus 6⋅2 grafts at a cost of $9216, respectively. The results of this study demon-
strate the clinical and resource utilisation superiority of EpiFix compared to Apligraf or
standard of care, for the treatment of diabetic ulcers of the lower extremities.

Introduction

Diabetes and its associated morbidities are a growing problem,
negatively impacting populations throughout the world and
imposing severe financial burdens on healthcare resources.

Worldwide, 285 million people or approximately 6⋅4% of the
world’s population is estimated to have diabetes and these
numbers are expected to increase to 7⋅7% and 439 million
adults by 2030 (1). In 2012, more than 22⋅3 million people in
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Key Messages

• the primary goal of treatment for chronic lower extremity
ulcers in patients with diabetes is rapid and complete
healing

• the purpose of this multi-centre randomised controlled
trial was to compare the healing characteristics of lower
extremity ulcers treated with weekly application of
Apligraf (n= 20) or EpiFix (n= 20), two commonly
used advanced wound care products

• wounds treated with EpiFix were more likely to heal
completely and reduced in size more rapidly with
less graft material used and at less cost compared to
wounds treated with Apligraf, indicating that dehydrated
amnion/chorion membrane allografts (EpiFix) are clini-
cally more cost effective than Apligraf for the treatment
of lower extremity ulcers in patients with diabetes

the USA had a diagnosis of diabetes, with an attendant cost
of approximately $245 billion, including $176 billion in direct
medical cost and $69 billion in lost productivity (2).

Approximately 25% of people with diabetes will develop a
lower extremity ulcer over their lifetime (3). These wounds are
often slow to heal and frequently reoccur. Contributing to the
slow healing rates and high rates of recidivism are concomitant
conditions associated with diabetes, such as peripheral vascu-
lar disease, neuropathy and poor blood glucose control. The
delayed healing of ulcers increases the risk for infection and
the need for amputation, which in turn increases morbidity and
healthcare costs while at the same time reducing an individual’s
productivity and quality of life. Diabetic ulcers precede 85% of
lower extremity amputations, and it is estimated that up to 85%
of these amputations may be preventable (4).

The desired goal of diabetic ulcer treatment is to promote
rapid and complete healing in order to reduce the risk for infec-
tion and its limb- or even life-threatening complications. Moist
dressings, debridement, wound offloading and infection control
are standard in the management of lower extremity ulcers, yet
even with the best conservative care, these wounds are often
notoriously slow to heal, requiring many months of treatment
(5). The Wound Healing Society guidelines recommend con-
sideration of advanced wound therapies if a diabetic ulcer does
not reduce in size by 40% or more after 4 weeks of standard
therapy (6). Therapies that promote rapid and complete heal-
ing, thus reducing the risk for infection and amputation, can
substantially improve quality of life while decreasing finan-
cial burdens to the individual and society overall (7). Advanced
therapies such as bioengineered skin grafts have been shown
to promote wound closure, resulting in a more consistent and
faster healing of diabetic ulcers compared with standard ther-
apy (8). Because these advanced therapies are expensive, in
clinical practice they are often reserved for use in patients with
the most recalcitrant wounds. This type of patient is also likely
to have multiple comorbidities that complicate medical man-
agement. Although the use of these advanced wound products
may increase short-term expenditures, net cost savings may be
achieved through increased healing rates, faster time to healing
and reduced incidence of infection and amputation.

Randomised controlled clinical trials have demonstrated that
both bioengineered skin substitutes and dehydrated human
amnion/chorion membrane (dHACM) promote wound closure,
resulting in a more consistent and faster healing of chronic dia-
betic ulcers when compared to standard therapy, yet there is
little data available with which to assess differences in clinical
usefulness and cost effectiveness among commercially avail-
able products (8–11). A retrospective analysis of data collected
in separate randomised trials suggests that dHACM may be
superior to several products in promoting rapid healing (12).
The objective of this randomised prospective study was to
directly compare rates of healing, time to wound closure, prod-
uct cost, and efficiency of product utilisation in the treatment of
chronic diabetic lower extremity wounds with either standard
wound care, dHACM, or a commonly used tissue-engineered
skin substitute.

Methods

We conducted a prospective, randomised, controlled, parallel
group, multi-centre clinical trial to examine healing outcomes
in diabetic patients with chronic lower extremity ulcers treated
with weekly application of a tissue-engineered skin substitute
(Apligraf®, Organogenesis, Canton, MA), weekly application
of dHACM (EpiFix®, MiMedx Group, Inc., Marietta, GA),
or standard wound care. The study population consisted of
patients with diabetes receiving care from clinicians special-
ising in wound care at three outpatient centres in the state of
Virginia (USA). The study was conducted under the direction
of a principal investigator. Consent was obtained prior to any
study-related procedures and all patients signed an Investiga-
tional Review Board (IRB)-approved informed consent form, in
compliance with applicable regulatory requirements and adher-
ing to Good Clinical Practice (GCP). This study was con-
ducted in accordance with the provisions of the Declaration of
Helsinki. In addition, all products used in this study were man-
ufactured, handled and stored in accordance with applicable
Good Manufacturing Practices (GMP) or Good Tissue Practices
(GTP) as appropriate. The study was reviewed and approved by
Western IRB (WIRB) and pre-registered in ClinicalTrials.gov
(NCT01921491). Confidentiality was maintained with respect
to all patient records. Records were retained in locked files at
each study site to which only study coordinators and investiga-
tors had access. Only minimally necessary data were collected
and subject identifiers were limited.

Product descriptions

Apligraf is classified as a Class III medical device supplied as
a living, allogeneic bi-layered cultured skin substitute derived
from donated human neonatal male foreskin tissue. The epi-
dermal layer is formed by human keratinocytes and has a
well-differentiated stratum corneum; the dermal layer is com-
posed of human fibroblasts in a bovine Type I collagen lattice
(13). Apligraf is supplied sealed in a heavy gauge polyethy-
lene bag with a 10% CO2/air atmosphere and in an agarose
nutrient medium. Apligraf must be ordered from the manufac-
turer at least 1–2 business days prior to the scheduled appli-
cation and it has an expiration date of 15 days after initial
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Table 1 Major inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• Age 18 or older
• Type 1 or Type 2 diabetes
• Able and willing to provide consent and agrees to comply with

study procedures and follow-up evaluations
• Ulcer size ≥1 and <25 cm2

• Ulcer duration of ≥4 weeks, unresponsive to standard wound care
• No clinical signs of infection
• Serum creatinine <3⋅0 mg/dl
• HgA1c <12%
• Adequate circulation to the affected extremity as demonstrated

by dorsum transcutaneous oxygen test (TcPO2)≥30 mmHg, or
ABI between 0⋅7 and 1⋅2, or triphasic or biphasic doppler arterial
waveforms at the ankle of the affected leg

• Current participation in another clinical trial
• Index wound duration of >52 weeks without intermittent healing
• Index ulcer probing to tendon, muscle, capsule or bone
• Currently receiving radiation or chemotherapy
• Known or suspected malignancy of current ulcer
• Diagnosis of autoimmune connective tissue disease
• Use of biomedical/topical growth factor within previous 30 days
• Pregnant or breast feeding
• Taking medications considered to be immune system modulators
• Allergy or known sensitivity to Gentamicin, Streptomycin, bovine

collagen or components of linear polysaccharide shipping medium
• Wounds improving more than 20% over the 2-week run-in period of

the trial using standard of care dressing and Camboot offloading.
• Patient taking Cox-2 inhibitors.
• Planned use of Dakin’s solution, mafenide acetate, scarlet red dress-

ing, tincoban, zinc sulphate, povidone-iodine solution, polymyxin/
nystatin or chlorhexidine during the trial.

packaging. The product is supplied ready for use and each
44 cm2 single-use disc is intended for one-time application on
a single patient. To maintain cell viability, Apligraf must be
kept in the shipping container and in the sealed poly bag at
68∘F–73∘F (20∘C–23∘C) until use (13). Apligraf cannot be
reused, frozen or sterilised and should be used within 15 min-
utes after opening the poly bag.

EpiFix is an allograft regulated by the FDA as a human cells,
tissues, and cellular and tissue-based product (HCT/P, 21CFR
1271) and by Section 361 of the Public Health Service Act, and
comprises dHACM. The allograft consists of layers of the amni-
otic sac, including an epithelial lining, amnion and chorion,
which contain important biological molecules including colla-
gen, connective tissue, cytokines and growth factors (14,15).
The EpiFix allografts do not require any special pre-ordering,
shipping or storage procedures as they are supplied ready for
use in a sterile package that is stored under ambient conditions
and has a 5-year shelf life. Allografts are available in multiple
sizes ranging from 1⋅5 to 49 cm2 and each graft is embossed to
aid in identification of proper orientation for placement on the
wound (11,16,17).

Patient screening and eligibility

The study population comprised Type 1 or Type 2 diabetic
patients presenting for treatment of a lower extremity ulcer.
Patients willing to participate in the clinical study and agreeing
to comply with the weekly visits and follow-up regimen were
eligible for study inclusion. Study inclusion and exclusion cri-
teria listed in Table 1 were used to determine patients eligible
to enter the 2-week study run-in period prior to study enrol-
ment and randomisation. The run-in period was designed to
determine whether the study ulcer was indolent to healing with
conservative wound care, and was used to identify subjects who
were eligible to proceed to the treatment phase of the study.
During the 2-week run-in period, patients were instructed
regarding the proper techniques for daily dressing changes
and offloading. They were provided with collagen-alginate

dressings, gauze and an offloading cast walker (Royce Medical
Active Offloading Walker, Royce Medical, Inc., Camarillo,
CA). During the run-in period, patients were seen every week
for sharp debridement and wound measurements. At the con-
clusion of the run-in period (week 2), those patients whose
wounds had reduced in size by more than 20% were excluded.

Treatment phase of study

Patients who showed a reduction in wound size of 20% or
less after the 2-week run-in period and who still met all study
inclusion/exclusion criteria were enrolled in the treatment
phase of the study, and were randomised to one of 3 study
groups (Apligraf, EpiFix, or Standard Care) in a 1:1:1: ratio. In
order to ensure allocation concealment, 60 opaque envelopes,
20 for EpiFix, 20 for Apligraf and 20 for standard care controls,
each containing a slip of paper designating the study group,
were used. The envelopes were randomly shuffled and labelled
01-60. When a patient was scheduled for randomisation, the
appropriate envelope was delivered to the study site and the
sequential envelope was opened in the presence of the patient,
who then signed the numerical envelope and paper slip inside
acknowledging his or her group assignment. Because of the
different handling requirements of the products used, blinding
the treating physician or patient to group assignment was not
possible, but the study adjudicators who examined photo-
graphic images for validation of healing at the completion of
the study were blinded as to group assignment.

Patients were seen by the investigator at the study site at least
once every 7 days (±3 days) for up to 12 weeks, or until 1 week
after complete healing, whichever occurred first. Patients whose
wounds failed to reduce by at least 50% after 6 weeks of
study enrolment were exited from the study to seek alternative
treatment. Procedures conducted at each study visit included
ulcer debridement if required and cleansing with a sterile
normal saline solution, ulcer measurement and photography,
assessment for adverse events and wound dressing. Wound
surface area was calculated by width× length, and depth, and
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an acetate tracing of the wound was also performed. All mea-
surements, tracings and photographic images were taken after
debridement. For subjects enrolled in the Apligraf or EpiFix
groups, grafts were applied every week after debridement. A
non-adherent dressing (Adaptic Touch, or an equivalent), a
moisture-retentive dressing (NuGel, or an equivalent) and a
compressive dressing were then applied. Patients randomised
to the standard care control group had their wounds debrided
weekly as necessary and were instructed to change their wound
dressing daily using the provided collagen-alginate and gauze
dressing supplies. All wounds were similarly offloaded during
both the run-in and study periods through the use of an offload-
ing diabetic cam walker.

Validation of healing

A healed wound was defined as the complete reepitheliali-
sation of the wound without drainage or need for dressing.
Wound healing was confirmed by the primary investigator at
a follow-up visit prior to study exit, 1 week after a 100% reep-
ithelialisation was determined by the site investigator. At the
completion of the study, photographic images, blinded to group
assignment, were reviewed by three independent physicians
specialising in wound care, including one vascular surgeon and
one plastic surgeon, who acted as adjudicators in validating that
wounds had achieved complete reepithelialisation.

Study outcomes

The primary objective of this study was to compare, across the
treatment arms, the percentage of wounds that had healed com-
pletely after 4 and 6 weeks of treatment with Apligraf, EpiFix
or standard care. Secondary objectives were to examine the per-
cent change in the size of the wound area per week, velocity
of wound closure and differences in amount and cost of the
advanced wound products used. As the actual costs of Apligraf
and EpiFix are variable because of contractual prices, we esti-
mated the differences in cost based on the allowable charges
for each product from the Centers of Medicare and Medicaid
Services (CMS) product reimbursement schedule (18).

Data analysis

The null hypothesis was that the proportion of wounds that
achieved complete healing within 6 weeks was the same for
EpiFix- and Apligraf-treated subjects. If this hypothesis was
rejected, then one product would be revealed as superior to the
other.

Sample size calculations (PASS 11) showed that group
sample sizes of 23 in group one and 23 in group two could
achieve 81% power to detect a difference of 0⋅4 between the
group proportions. The proportion in group one (EpiFix) was
assumed to be 0⋅3 under the null hypothesis and 0⋅7 under the
alternative hypothesis. The proportion in group two (Apligraf)
was 0⋅3. The test statistic used was the two-sided Z-test with
pooled variance. The significance level of the test was targeted
at 0⋅05; the significance level actually achieved by this design
was 0⋅0497. Twenty standard care patients were included as a
reference group.

An intent-to-treat analysis was used including all patients
as originally allocated after randomisation. For missing obser-
vations, the last known value was carried forward. Study
variables were summarised as means and standard deviations
(SDs) for continuous variables and proportions or percentages
for categorical variables. Parametric and non-parametric tests
were used as appropriate. Analysis of variance (ANOVA) or
the Kruskal–Wallis test was used to test for differences in
continuous variables. For categorical variables, χ2 or Fisher
exact tests were performed to test for statistical differences. A
Kaplan–Meier analysis was conducted to compare the healing
function of the three treatment groups statistically. To adjust
for family-wise error rate (FWER), P-values were reported
using the step-up Bonferroni method of Hochberg. Adjusted
two-sided P-values <0⋅05 were considered significant. SAS®

9⋅4 (SAS institute, Inc., Cary, NC) was used to perform the
statistical testing.

Results

A total of 65 subjects were screened and enrolled in the
study for the 2-week run-in period, between September 2013
and April 2014. At the conclusion of the run-in period, five
patients were no longer eligible for randomisation. Of these five
patients, two patients had achieved wound closure of >20%,
two patients no longer met the inclusion criteria because of
wound infection and one patient had achieved complete wound
closure during the run-in period. Ultimately, there were 60
patients eligible for randomisation and study inclusion. Of
the 60 patients enrolled in the treatment phase, 20 were ran-
domised to receive a weekly application of Apligraf, 20 were
randomised to receive a weekly application of EpiFix and 20
were randomised to receive a continuation of standard care.
At study enrolment, no statistically significant differences were
observed in patient characteristics, wound size or wound dura-
tion between the study groups. Patient characteristics for the
study groups are presented in Table 2.

Healing rates

The rates of healing at 4 and 6 weeks are presented in Figure 1.
Complete healing occurred by week 4 in 35⋅0% (7/20) of
patients receiving Apligraf, 85% (17/20) of patients receiv-
ing EpiFix, and 30% (6/20) of patients receiving standard
care. Lower extremity wounds treated with EpiFix had sig-
nificantly higher rates of complete healing within 4 weeks
compared to wounds treated with Apligraf (Hochberg-adjusted
P-value= 0⋅001) or standard care (Hochberg-adjusted
P-value= 0⋅001). After 6 weeks of treatment initiation,
patients treated with EpiFix continued to have the highest
rates of complete healing at 95% (19/20) versus 45⋅0% (9/20)
for patients receiving Apligraf, and 35% (7/20) for patients
receiving standard care (Hochberg-adjusted P-values= 0⋅0006
and 0⋅0001, respectively).

Wound size reduction

Mean wound size reductions overall and by patient within each
study group are presented in Figure 2. Overall, at each week
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Table 2 Clinical characteristics at study enrolment (all P >0⋅05)*

Apligraf® (n=20) EpiFix® (n=20) Standard care (n=20)

Mean age, in years (SD) 65⋅2 (11⋅7) 63⋅2 (13⋅0) 62⋅2 (12⋅8)
Age≥65 years (n, %) 11 (55⋅0%) 11 (55⋅0%) 9 (45⋅0%)

Male gender 9 (45⋅0%) 10 (50⋅0%) 9 (45%)
Race

Caucasian 18 (90⋅0%) 19 (95⋅0%) 17 (85⋅0%)
African American 2 (10⋅0%) 1 (5⋅0%) 3 (15⋅0%)

Ulcer location (n, %)
Forefoot 6 (30⋅0%) 7 (35⋅0%) 5 (25⋅0%)
Hind foot 5 (25⋅0%) 1 (5⋅0%) 3 (15⋅0%)
Mid-foot 4 (20⋅0%) 2 (10⋅0%) 3 (15⋅0%)
Toe 3 (15⋅0%) 4 (20⋅0%) 5 (25⋅0%)
Other 2 (10⋅0%) 6 (30⋅0%) 4 (20⋅0%)

Mean BMI (SD) 32⋅7 (8⋅56) 35⋅0 (7⋅5) 35⋅8 (9⋅7)
Obese BMI≥30 (n, %) 13 (65⋅0%) 14 (70⋅0%) 14 (70⋅0%)

Mean HbA1c (SD) 8⋅0 (1⋅9) 7⋅4 (1⋅5) 8⋅0 (1⋅8)
HbA1c≥9% (n, %) 6 (30⋅0%) 2 (10⋅0%) 5 (25⋅0%)

Smoker (n, %) 3 (15%) 5 (25%) 5 (25%)
Mean duration of index ulcer, in weeks (SD) 18⋅5 (13⋅8) 15⋅6 (12⋅7) 16⋅2 (13⋅5)
Median (Min, Max) 13 (6, 54) 11 (5, 54) 9 (6, 52)
Mean baseline wound size, in cm2 (SD) 2⋅6 (1⋅8) 2⋅7 (2⋅4) 3⋅3 (2⋅7)
Median (Min, Max) 2⋅1 (1⋅0, 6⋅8) 2⋅0 (1⋅0, 9⋅0) 2⋅0 (1⋅0, 9⋅0)

BMI, body mass index.
*Data presented as mean (SD), median (minimum, maximum), or number (percent) as indicated.

Figure 1 Rates of complete healing at 4 and 6 weeks for each study
group.

1 through 6, mean percent wound size reduction was greatest
for those in the group receiving EpiFix. Patients in the EpiFix
group showed a rapid and consistent percent reduction in wound
size with less inter-patient variation, while those in the Apligraf
and standard care groups exhibited the more typical pattern of
irregular wound size variation over time.

Time to healing

A Kaplan–Meier analysis was performed to compare the
time-to-healing performance of the three study groups.
(Figure 3) The Log-Rank test of equality of the healing
function over study groups produced a χ2 test statistic of
36⋅766, with a P-value of <0⋅0001. When adjusting for mul-
tiple comparisons of each treatment to the other using the
Hochberg method, the comparison of EpiFix to Apligraf and
standard care for healing rate was significantly in favour of

EpiFix (P-value ≤0⋅0001). Based on the Kaplan–Meier anal-
ysis for those patients that healed completely, the estimated
median healing time was 49 days (95% CI 28–63 days) for
the group treated with Apligraf, 13 days for those receiving
EpiFix (95% CI 7–21 days) and 49 days for patients receiving
standard care (95% CI 28–70 days).

Apligraf and EpiFix product usage

Over the study period, 124 Apligraf grafts (mean= 6⋅2 per
study patient) were used. As each graft was 44 cm2, a total
of 5456 cm2 of the product was used to cover the cumu-
lative wound area (sum of weekly wound measurements)
of 158⋅6 cm2 for all patients in the Apligraf group. By
photo-documentation and digital measurement, 97⋅1% of the
Apligraf product used in the study sample was discarded. Over
the course of the study period, the total number of applications
of the EpiFix allograft was 43 (mean 2⋅15 per study patient),
with a total of 154 cm2 of the product used to cover a cumu-
lative wound area of 68⋅2 cm2. As grafts were trimmed to
wound size, 55⋅8% of the EpiFix product was discarded. Based
on CMS average sales price data (18), the total cost of the
Apligraf product used in the study was $184 315 ($9216 per
study patient) compared with the total cost of $33 379 ($1669
per study patient) for EpiFix. This equates to an 81⋅9% lower
cost for graft material used in the EpiFix group compared with
the cost of graft material used in the Apligraf group.

Study completion

All 20 patients in the EpiFix group exited the study within
6 weeks. Nineteen (95%) had healed completely and one (5%)
was withdrawn from the study after 1 week because of an
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Figure 2 Mean percent healing overall and per patient per week.

Figure 3 The Kaplan–Meier analysis of the time to healing by study
group.

adverse event. Four of the 20 (20%) Apligraf patients exited the
12-week study unhealed. Of these, three (15%) were withdrawn
after 6 weeks with <50% healing and one (5%) exited the study
after 12 weeks unhealed. For those patients receiving standard
care, 11 were withdrawn after 6 weeks failing to heal by at
least 50%.

Safety evaluation

Five adverse events were documented. One patient in the Epi-
Fix group developed cellulitis and infection on the affected
foot. The patient was treated with sharp debridement, antibi-
otics and silver dressing. As other topical treatments were
used on the study ulcer, the patient was withdrawn from the
study. At the time of study withdrawal, the study wound had
reduced in size from 10⋅8 to 6⋅3 cm2 (41⋅7%). Two patients
in the Apligraf group were hospitalised for reasons unrelated
to the study wound, one with a urinary tract infection and the
other with wound infection on the non-study foot, resulting in
a trans-metatarsal amputation. Both patients remained in the
study. Two patients in the standard care group had adverse
events. One developed cellulitis on the left ankle unrelated to
the study wound, and was treated with antibiotics as an out-
patient. She ended the study unhealed after 6 weeks. Another
patient in the standard care group was hospitalised for treat-
ment of infection in the study wound and was treated with sharp
debridement and IV antibiotics. She also ended the study after
6 weeks because of incomplete wound closure. We believe that
a good aseptic technique, the 3-layered dressing and the offload-
ing boot, as well as extensive training on dressing changes for
the standard care group led to the overall small number of
adverse events in the study. No adverse events were believed
to be directly related to the treatments received.

Discussion

Previous studies have established that advanced wound ther-
apies such as bioengineered skin grafts and dHACM pro-
mote wound closure, resulting in a more consistent and rapid
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C. M. Zelen et al. Chronic diabetic ulcers, comparative effectiveness, treatment outcomes

complete healing of lower extremity diabetic ulcers (8–11).
Because of the complexity of chronic wounds, and the poten-
tial impact of concomitant comorbidities, there is no single
intervention that can be established as superior for all patients
in all clinical situations (19). Many factors contribute to fail-
ure of wound healing, and these must be taken into consid-
eration by clinicians in determining an individual’s treatment
plan. Comparative effectiveness research offers an opportunity
for improved clinical outcomes and quality by providing more
and better information on how a product(s) or treatment plan
performs, which in turn may reduce health care costs. This
study is the first multi-centre randomised comparative effective-
ness study examining, side by side, the performance, outcomes
and utilisation of two approved advanced wound care products
(Apligraf, EpiFix) as a treatment for chronic lower extremity
diabetic ulcers. In this study we have shown that lower extrem-
ity diabetic ulcers treated with EpiFix had significantly greater
rates of complete healing and more rapid time to healing than
wounds treated with Apligraf. In addition, EpiFix was found to
be more cost effective than Apligraf.

The results of this study are consistent with a retrospective
analysis that examined data on outcomes data from individual
randomised trials and pivotal trials of three advanced wound
care products: Apligraf, Dermagraft and EpiFix (12). In that
analysis, patients treated with a weekly or biweekly application
of EpiFix (n= 64) had complete healing rates of 81%, 91%, and
92% after 6, 9 and 12 weeks of treatment, compared to rates of
35%, 48% and 56% for patients treated with up to 5 weekly
applications of Apligraf (n= 112), or 15%, 26% and 30% for
patients treated with up to 8 weekly applications of Dermagraft
(n= 130), after 6, 9 and 12 weeks of treatment, respectively.
The healing rates at 6 weeks in the current prospective study
are slightly higher for EpiFix (95%) and Apligraf (45%) than
observed in the retrospective review. This difference may be
related to improvements in contemporary management of lower
extremity ulcers including more aggressive debridement and
offloading, as well as differences in frequency and quantity
of graft applications. The current results showing complete
healing within 6 weeks in 95% (19/20) of patients treated with
a weekly application of EpiFix is identical to the results of
a previously published randomised trial comparing weekly to
biweekly applications of the material, with 95% (19/20) of the
patients receiving a weekly application of EpiFix healing within
6 weeks while 70% (14/20) of the patients receiving a biweekly
application healed in the same 6-week period (17).

The mechanisms of action behind many advanced wound
care products are poorly understood. In general terms, they
address defects in the normally well-orchestrated and pre-
dictable sequence of events of wound healing that are impaired
in diabetes and other diseases. The requirement for a functional
reparative tissue microenvironment for successful healing
is characterised by high levels of growth factors and other
soluble mediators of cell signalling, functional fibroblasts,
keratinocytes and vascular endothelial cells, as well as con-
trolled levels of proteases and bacteria (20). Cell-mediated
regeneration of extracellular matrix and angiogenesis are
critical processes in wound repair (20,21). Because chronic
wounds are characterised by persistent inflammation, cell
senescence, growth factor deficiencies, bioburden, elevated

levels of destructive proteases and stem cell deficiencies, inter-
ventions that address these conditions represent an opportunity
for angiogenesis, granulation and epithelialisation (20).

Both the advanced wound care products examined in this
study have been shown to be more successful in promot-
ing wound healing than standard care alone (9,11). The pres-
ence of both fibroblasts and keratinocytes in Apligraf are
believed to result in a paracrine reaction, which contributes to
epithelial stratification, greater tensile strength, modulation of
cytokine and growth factor expression, and increased angio-
genic properties, which are important for tissue homeostasis
and wound healing (22). Although the presence of the live
cells is not durable, this bi-layered living cell therapy stimu-
lates the chronic wound by providing a physiologic combina-
tion of growth factors and cytokines that is lacking in chronic
wounds, particularly in those of diabetics (23). Furthermore,
both these products have been shown to contain tissue inhibitors
of metalloproteinases (TIMPs) although the levels have not
been directly compared (24). Therefore, both products have the
potential to modulate off-target destruction known to occur in
diabetic wounds because of excessive metalloproteinase activ-
ity. However, patients with lower extremity diabetic ulcers
treated with EpiFix had higher rates of wound closure and more
rapid healing than patients treated with Apligraf.

The use of natural human amniotic membrane as a wound
covering has been reported in the literature for over a cen-
tury (25). EpiFix is dHACM created through the propri-
etary PURION® process, a procedure that gently cleanses and
washes the membranes to reduce bioburden with minimal tis-
sue manipulation while maintaining structural integrity. ELISA
assays performed on samples of EpiFix have shown quan-
tifiable levels of vascular endothelial growth factor (VEGF),
platelet-derived growth factors AA and BB (PDGF-AA and
PDGF-BB), transforming growth factors alpha and beta (TGFα
and TGFβ1), basic fibroblast growth factor (bFGF), epidermal
growth factor (EGF) and granulocyte colony stimulating factor
(GCSF) (14). The ELISA assays (14) also identified the pres-
ence of Interleukins 4, 6, 8 and 10, which suppress inflammation
and may contribute to the allografts’ immune-privileged prop-
erties (26), and TIMPs 1, 2 and 4, that neutralise the destructive
biological effects of matrix metalloproteinases (MMP) 2 and 9,
which are often overexpressed in chronic wounds. The presence
and amount of signalling molecules, including 14 cytokines
and 10 chemokines known to regulate inflammation, and 12
cytokines known to regulate wound healing processes, have also
been identified in EpiFix (27).

Recently, stem cells have been identified as having a role
in wound healing. These mesenchymal or haematopoietic cells
are mobilised, recruited and homed to sites of injury by solu-
ble mediators generated by the wound repair process, raising
the possibility for bona fide wound regenerative interventions
(28,29). In vitro and in vivo studies have confirmed that the
dHACM allograft can act as a ‘stem cell magnet’ to stimu-
late the migration of mesenchymal stem cells, as well as bone
marrow-derived haematopoietic stem cells (15,27). Diabetic
wounds are known to be deficient in several factors that recruit
stem cells to the wound bed, particularly SDF-1 (30). Correc-
tion of this deficiency using lentiviral gene therapy for SDF-1
has been shown to improve healing of diabetic wounds through
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increased homing of stem cells to the wound bed (31). The Epi-
Fix allografts release factors such as SDF-1, VEGF and PDGF
that recruit endogeneous stem cells, suggesting a true regenera-
tive potential when used in wound management. EpiFix is addi-
tionally unique when compared with other amniotic membrane
products in that it comprises both amnion and chorion. A recent
study compared growth factor levels between single-layered
amnion products, without chorion, to multi-layered allografts
constituted of both amnion and chorion (EpiFix) (32). The total
cytokine content contributed by chorion was higher than that
contributed by amnion alone. Amniotic membrane allograft
containing both amnion and chorion had significantly more
growth factors than single-layered amnion grafts. These higher
levels of cytokines and growth factors in an amnion/chorion
allograft may contribute to the rapid and complete healing rates
seen with the use of EpiFix (11,16,17). Unlike living cellular
constructs, EpiFix does not rely on the preservation of live cells,
or on the rate of growth factor excretion by the cells placed
in the hostile environment of the chronic wound. The healing
outcomes achieved in this study are a consequence of the natu-
ral combination of growth factors, stem cell recruitment factors
and architectural elements present in EpiFix, in comparison to
Apligraf, which contains living cells manufactured into a bio-
engineered skin substitute.

Determining the cost effectiveness of any advanced ther-
apy or product in the area of wound medicine requires the
consideration of a number of variables including how many
wounds heal completely and how fast wound closure results.
Although advanced wound care products may be costly, the
expense may be mitigated through shortened treatment peri-
ods, reduced rates of complications, fewer hospitalisations and
lower rates of amputation (33). Additional factors to consider
when evaluating an advanced wound care product include the
ease of product storage and handling characteristics, as well
as the amount and cost of the product used and the amount
of unused and dispensed product discarded at each application
as wastage. EpiFix has a 5-year shelf life at ambient tempera-
tures, requires minimal storage space and is easy to apply to the
wound bed, while Apligraf must be stored sealed in a nutrient
medium at 68∘F–73∘F and has a shelf life of 15 days.

A unique aspect of this prospective randomised study is the
measurement of the actual amount of product used. Patients
treated with EpiFix had a superior rate of wound healing and
a more rapid rate of wound closure than patients treated with
Apligraf, while utilising 65% fewer grafts and 97⋅1% fewer
square centimetres of graft material. Although it is expected
that wastage will occur when grafts are trimmed to fit the
contours of a wound, the multiple sizes of EpiFix allow for the
requirement of smaller grafts as a wound decreases in size, and
less product wastage compared with Apligraf, where each week
a 44 cm2 graft is trimmed to fit the wound regardless of wound
size, resulting in the major part of the product being discarded.
For every square centimetre of EpiFix wasted, approximately
61⋅5 cm2 of Apligraf was wasted. This resulted in a savings of
81⋅9% for patients treated with EpiFix compared with Apligraf,
based on the average sales price of the products.

The strengths of our study include the randomised
multi-centre design, direct comparison between two advanced
wound care modalities and inclusion of a cost-effectiveness

analysis, yet there are limitations that must be addressed. While
the study was adequately powered to identify differences in
primary outcome between the EpiFix and Apligraf groups,
as well as the EpiFix and standard care groups, the study
was not adequately powered to achieve statistical significance
between the Apligraf group and standard care group at the
6-week time period. Patients were followed for only 1 week
after healing, and they were allowed to withdraw from the
study after 6 weeks if their wound had not reduced in size by
at least 50%. Therefore, we were unable to compare the rates
of healing at 12 weeks, or the rates of wound recidivism in
this study. In addition, this study includes a variety of lower
extremity diabetic ulcers, both plantar and dorsal. The sample
size was not sufficient to stratify by location, nor was it possible
to perform any meaningful sub-group analysis to determine
factors influencing outcomes or speed of healing. As product
cost data were obtained from a recent CMS reimbursement
schedule, they do not reflect the actual cost of material in all
clinical settings. We did not examine ancillary costs related
to differences in product handling, storage and application
procedures, which may have had a further impact on costs.

The choice of standard of care is often one of the most
difficult aspects of wound study design. Ideally, the control
should have been treated with identical topical therapy minus
the study agent. Because we were comparing advanced wound
therapies, we felt that it was important to utilise the wound
therapy that is currently considered standard of care for lower
extremity diabetic ulcers. Therefore, topical collagen-alginate
dressings were chosen over a hydrogel. The greater frequency
of dressing changes in the control group would be expected
to augment healing, so this was not felt to be a weakness.
Although patients in the control group managed wound care on
their own, they received instructions and oversight throughout
the study period. Patients in all groups received the same
type of offloading device and offloading instructions. Although
compliance of offloading was not measured, the results are
comparable to those of previous trials, suggesting that there was
no difference in offloading between the study groups.

In summary, patients treated with EpiFix exhibited the high-
est rates of complete healing and their wounds healed signifi-
cantly faster than those treated with Apligraf. EpiFix was more
cost effective than Apligraf in this study because of the fewer
number of grafts required to achieve complete healing, and the
ability to use a graft that was closer in size to the wound being
treated, leading to less wastage of graft material. The overall
results of this comparative effectiveness study may be useful
in guiding clinicians who are determining a treatment plan for
diabetic patients with non-healing lower extremity wounds, as
well as for technology assessment of advanced wound care
products.
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