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Aim: Determine the effectiveness of hypothermically stored amniotic membrane (HSAM) versus standard
of care (SOC) in diabetic foot ulcers (DFUs). Methods: A randomized controlled trial was conducted on
76 DFUs analyzed digitally. Results: Cox wound closure for HSAM (38 wounds) was significantly greater
(p = 0.04) at weeks 12 (60 vs 38%), and 16 (63 vs 38%). The probability of wound closure increased by 75%
(Hazard Ratio = 1.75; 95% Cl: 1.16-2.70). HSAM showed >60% reductions in area (82 vs 58%; p = 0.02) and
depth (65 vs 39%; p = 0.04) versus SOC. Conclusion: HSAM increased frequency and probability of wound
closure in DFUs versus SOC.

First draft submitted: 23 September 2019; Accepted for publication: 21 October 2019; Published online:
6 November 2019

Keywords: clinical trials e diabetes ¢ HSAM e hypothermically stored amniotic membrane

Over a million individuals suffer from nonhealing diabetic foot ulcers (DFU) each year in the USA and it has
been estimated that 15% of diabetics will develop a chronic ulcer at some point in their lives [1,2]. Once a patient
develops a DFU and a wound care treatment is initiated, assessments of wound status at 4 weeks compared with
baseline have been shown to be indicators of long-term clinical outcomes. Reductions in wound size at 4 weeks
from baseline have been shown to be strong surrogates for DFU healing that may help guide clinicians’ plans for
DFU management. Using databases of over 40,000 DFUs, it has been demonstrated that size reductions of >50%
and >60% were highly sensitive and specific surrogate end points for long-term healing 3-5]. The average ulcer
can take 6 months to 1 year to heal completely and over 50% of subjects will have nonhealed ulcers that extend
beyond 1 year [¢-8]. It has been reported that within 5 years after achieving wound closure, between 70 and 100%
of these healed ulcers will re-open and require additional ulcer management treatments [9]. DFUs substantially
reduce patients’ quality of life, are often painful, and adversely affect mobility and sleep [10-13]. Furthermore, ulcers
are significantly correlated with time lost from work, job loss and high rates of adverse effects and serious adverse
events [14,15]. It has been estimated that nonhealing ulcers of various etiologies cause the loss of over 2 million
working days per year in the USA 116]. Costs to healthcare payers in the USA are estimated to exceed $20 billion
per year considering only direct costs associated with medical resource utilization and treatment costs [17-19].
Contamination of the ulcer bed, colonization with bacteria and infection are associated with a localized in-
flammatory response in the ulcer bed with high levels of proteolytic enzymes, matrix metalloproteases and specific
collagenases that degrade the extracellular matrix (ECM). These enzymes, if present in high concentrations in the
initial inflammatory stages of wound closure interrupt the normal sequence of events that result in wound closure.
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activity of proteolytic enzymes, it fails to proceed through the normal phases of wound closure. Chronic ulcers stall
in the inflammatory stage of wound healing and thereby fail to progress through the normal phases of the wound
closure cascade leading to full epithelialization. It has been reported that the incidence of developing a foot infection
in patients diagnosed with diabetes is 9% and the most common complication is osteomyelitis [20,21]. The overall
chance of a DFU becoming infected every 6 months was reported as 40% in a 2-year study of a representative
population of patients presenting with uninfected DFUs. A high proportion of these DFUs developed an infection
prior to healing, regardless of their ulcer type. DEUs that had healed in <3 months, between 3 and 12 months, and
not healed by 12 months demonstrated infection rates of 32, 59 and 40% respectively [20]. Further, DFU infections
have been shown to be a major cause of hospitalization and contribute to over 90% of nontraumatic lower limb
amputations [22]. It has consistently been demonstrated that early detection and intervention for ulcers that exhibit
delayed wound closure are essential to reduce the risk of serious, clinical outcomes [18,23].

Clinical studies have demonstrated the efficacy of cellular or tissue-based products such as placental-derived
allografts in accelerating healing of chronic wounds [24-28]. The proposed mechanism of action is the delivery
of growth factors and the reduction in proteases [29,30]. Novel processing technologies and hypothermic storage
conditions of amniotic membranes that more completely preserve amnion and/or chorion components maintain
viable differentiated cell populations, stem cells, growth factors, cytokines and ECM proteins. Preservation of
these components may improve chronic wound management outcomes. To date, clinical trials have evaluated only
dehydrated and cryopreserved grafts. This trial is the first to examine hypothermically stored amniotic membrane

(HSAM).

Materials & methods

Study design

A multicenter, prospective, randomized, controlled, clinical trial was conducted across 14 centers to assess clinical
outcomes associated with the use of HSAM plus standard of care (SOC) compared with SOC alone.

For HSAM, the investigational treatment, manufacturing, recovery and processing of donated tissues were
performed in accordance with all federal, state and local regulations, including the US FDA regulations 21 CFR
1270 and 1271. Serological testing for bacterial, viral and infectious diseases were performed on blood specimens
from each donor and exceeded the requirements of FDA and the American Association of Tissue Banks (AATB).
Viral testing included antibodies to HIV-1, HIV-2, HTLV-1, HTLV-2, Hepatitis B Core, Hepatitis C and CMV
total. Tests for HIV-1 nucleic acid, Hepatitis B Surface Antigen and other adventitious viruses and pathogens were
also conducted.

In this trial, HSAM plus SOC treatment was compared with SOC treatment alone. SOC consisted of debride-
ment, infection elimination, use of dressings and offloading by total contact casting (TCC). Study SOC followed
guideline treatment that addressed debridement/devitalized tissue, infection or inflammation, moisture balance
and wound edge preparation/wound depth (the DIME paradigm) (31. HSAM-treated ulcers were compared with
SOC-treated ulcers by analyses that determined frequency of wound closure. Also evaluated were time to wound
closure, the number of subjects showing >60% reduction in baseline ulcer area, the number of subjects showing
>60% reduction in baseline ulcer depth, the number of subjects showing >75% reduction in baseline ulcer vol-
ume. Measurements of ulcer area, depth and volume were obtained at each subject visit to determine mean percent
changes from baseline.

The purpose of this randomised control trial (RCT) was to investigate the comparative effectiveness of HSAM
and SOC versus SOC alone in the treatment of DFUs over a 16 week study period (12-week treatment phase
and a 4 week follow-up phase). A 2 week screening phase of the study was required to determine if patients met
all protocol inclusion and exclusion criteria. When all inclusion and exclusion criteria were met, and prior to
receiving study treatment, patients were randomized 1:1 to either the HSAM plus SOC group (HSAM group),
or the SOC alone (SOC) group. These analyses evaluated 76 randomized subjects. The primary analyses were
frequency of and time to wound closure by 16 weeks (12 weeks in the treatment phase of the study, 4 weeks in
the follow-up phase). Ulcer area (cm?), depth (mm) and volume (cm?) were measured using digital planimetry
(Silhouette®, Aranz Medical, Christchurch, New Zealand). The Aranz laser-assisted wound measurement device
has been demonstrated to provide accurate and valid measurements for wound area, depth and volume [32,33]. The
percentage difference in measurements of all three parameters were computed at each study visit from baseline
for each wound. The final visit denoting DFU wound closure was not always recorded; thus, wound closure was
defined as an ulcer achieving an area between 0 and 0.1 cm?. The wound closure end point used in this study was
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consistent with Aranz Silhouette® imaging validation data (32-34]. The length of time that subjects were followed in
the study was a maximum of 16 weeks. Treatment and evaluation visits occurred weekly. Assessments of frequency
of and median time to wound closure were determined by ulcer area measurements at weekly subject visits. The
incidence of ulcers that demonstrated >60% reduction in ulcer area and depth and the incidence of ulcers that
demonstrated >75% reduction in ulcer volume from baseline were evaluated for HSAM versus SOC treatment
groups. Mean percent changes from baseline in area, depth and volume were also calculated for HSAM and SOC
treatment groups.

Subjects

This study was conducted in accordance with the specifications of the protocol and in accordance with principles
consistent with Good Clinical Practice, 21 CFR 312, ICH E6, HIPAA regulations in 45 CFR Part 164. Western
Institutional Review Board (WIRB; WA, USA) acted as the central institutional review board for the study. Subjects
read and understood an institutional review board (IRB) approved informed consent prior to undergoing study
activities. Treatment records included subject ID (including ulcer care center of treatment) and study treatment;
subject baseline age and sex; and ulcer area, depth and volume at all study visits. The study population was comprised
of subjects with Type I or II diabetes with a DFU of greater than or equal to 4-weeks duration at presentation
that was unresponsive to SOC. All included subjects presented with a DFU located below the medial aspect of the
malleolus extending at least through the epidermis into dermis, subcutaneous tissue, muscle, or tendon but not
into bone. Subjects had well controlled glucose levels with HbAlc <12% and an ulcer between 1 and 25 cm?.
Other key inclusion criteria included: minimum age of 18 years, adequate lower extremity perfusion as evidenced
by transcutaneous oxygen measurement (TCOM) or a skin perfusion pressure (SPP) measurement of >30 mmHg,
or an ankle-brachial index (ABI) between 0.7 and <1.3 or toe-brachial index (TBI) of >0.6 within 3 months of the
first Screening Visit, no evidence of unresolved gross soft-tissue infection or osteomyelitis as ruled out by X-rays,
CAT scan or MRI, no evidence of underlying comorbid conditions that would adversely affect wound closure
(cancer, Raynaud’s Syndrome, severe venous insufficiency or uncorrected arterial insufficiency), and abstaining
from concomitant medications that would compromise wound closure (cytotoxic drugs or chemotherapeutics).
Exclusion criteria included: evidence of skin cancer within or adjacent to the ulcer site, symptoms of osteomyelitis,
ulcers of the calcaneus, renal impairment (creatinine >2.5 mg/dl), hepatic impairment (>2 x ULN), hematologic
disorders, cellulitis, ulcers with sinus tracts, active deep vein thrombosis, uncontrolled diabetes and severely immune
compromised subjects. During the 2-week run-in period, the ulcers were debrided and off-loaded using TCC.
During the 2-week run-in period, the ulcers were debrided and off-loaded using TCC. Ulcers that healed 20%
or more were excluded from the trial. In both study groups the ulcers were prepared using standard methods that
included sharp debridement (by curette or scalpel) to ensure that the ulcer area was free of debris and necrotic
tissue. Ulcer beds and peri-ulcer areas were cleansed with normal, sterile saline solution. HSAM was applied directly
with the stromal side in contact with the wound per manufacturer specifications on the open ulcer bed at weekly
intervals or until healed. This was followed by application of outer dressings. Off-loading was achieved by means
of TCC for plantar ulcers, and fixed ankle walker boots (in the case of infection), or other appropriate means at
the discretion of the investigator for nonplantar ulcers.

Data Collection

The data were collected via the Aranz digital data collection system and provided to the SerenaGroups® by
Investigators. Accurate records of the clinical data generated from this study were maintained according to Good
Clinical Practices requirements. Investigators were responsible for collecting and accurately recording the clinical
data generated for this study in a timely manner.

Statistical Methods

The study subjects who met protocol inclusion and exclusion were randomized 1:1 to either the HSAM or SOC
group. PASS 15 was used to generate the random allocation sequence for each site, which was composed of a
random sequence of block sizes of 4 interspersed with single asymmetric sequences, but still designed to achieve
a balanced design. The number of study subjects in each group was computed to show sufficient statistical power
for the primary end point. The sample size calculation was based on the assumption that there is a difference of
30% between the two treatment groups in the percentage of subjects who attain wound closure. The proportion in
group one (HSAM) was assumed to be 0.30 under the null hypothesis and 0.60 under the alternative hypothesis.
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The proportion in group two (SOC) was 0.30. The test statistic used was the two-sided Z test with pooled variance.
Under the above assumptions, 38 subjects per treatment group were required to meet the o level of statistical
significance (p-value) of 0.05 and 80% power for a total of 76 subjects in the study.

Descriptive statistical methods were used to summarize the data with hypothesis testing performed for the
primary and other selected efficacy end points. Statistical analyses were conducted using SAS 9.4 programs (SAS
Institute, NC, USA). All testing for end points was performed using two-sided methods with alpha set at a level of
<0.05 for significance. Baseline patient, wound and treatment characteristics were compared between treatment
groups in the following manner: normal theory variables used the two-sample t test, other continuous variables
used the Mann-Whitney-Wilcoxon test, and categorical variables used the x? test. All analyses were performed on
the intent to treat (ITT) population of subjects randomized in the trial. Frequency of wound closure and a series
of secondary analyses were also performed on data obtained by or on 16 weeks.

The frequency or proportions of wound closure (computed as number of wounds closed/number of wounds
treated) were compared for HSAM and SOC by 12 and 16 weeks. %? tests were performed to determine statistical
differences between all proportions. The incidence of ulcers achieving >60% reductions from baseline in ulcer
area and depth, and >75% reduction from baseline in ulcer volume were calculated as the number of ulcers
achieving the end point divided by the number of ulcers treated. These end points were summarized by counts and
proportions. Mean percent changes from baseline were summarized for ulcer areas, depths and volumes.

Wound closure rates as a function of time (weeks) were determined (SAS 9.4) and tested for significance by
log—rank tests, two-sided. The time to wound closure was evaluated using the Kaplan—Meier (K-M) method. The
total duration of the trial was 16 weeks (12 weeks in the treatment phase of the study, 4 weeks in the follow-up
phase). The median event time along with the percentage of subjects achieving wound closure at select time points
were computed along with log—rank tests, two-sided.

A forward selection Cox proportional hazards regression model that adjusted for treatment, age, sex, BMI, area,
depth, volume and age of the ulcer at baseline, was performed to compute the hazard ratio (HR; 95% CI) or
probability of attaining wound closure over the entire course of the study (day 0 through to study week 16). Cox
adjusted survival data for wound closure also was used to analyze the estimated frequency of wound closure at every
timepoint that subjects were evaluated. Statistical significance was tested using the log—rank test, two-sided.

Data from all subjects randomized in the study (n = 76) were included in the ITT analysis (Figures 1-3).

Results

Each subject had one ulcer identified as the index ulcer for treatment in the study (n = 76: 38 HSAM [14 Wagner
1, 24 Wagner 2]; 38 SOC [15 Wagner 1, 23 Wagner 2]). There were no significant differences in baseline patient
demographics or ulcer characteristics between the two treatment groups (Table 1). The majority of patients were
males (77.6%) and the median age was 59 years. At the first treatment application, the mean ulcer area was 3.12
cm? in the HSAM group and 3.33 cm? in the SOC group. Ulcers in the HSAM and SOC groups had mean ulcer
depths of 2.5 versus 3.0 mm and mean ulcer volumes of 0.33 versus 0.21 cm?® respectively (Table 1).

The primary unadjusted end point of wound closure for HSAM-treated ulcers was significantly greater than
SOC by 12 weeks (55 vs 29%; p = 0.02) and 16 weeks (58 vs 29%; p = 0.01) respectively (Figure 1). The K-M
median time to wound closure for HSAM-treated ulcers was 11 weeks. For SOC-treated ulcers, the K-M median
time to wound closure was not attained by 16 weeks (i.e., 50% of patients in the SOC group failed to demonstrate
wound closure by the end of study, 16 weeks). A forward selection Cox proportional hazards regression model
that adjusted for treatment, age, sex, BMI, area, depth, volume and age of the ulcer at baseline, was performed to
compute the hazard ratio (HR) or probability of attaining wound closure over the entire course of the study (study
day 0 through to study week 16). The Cox regression hazard ratio (HR = 1.75 [1.16-2.70]) showed a 75% greater
weekly probability of wound closure in favor of the HSAM group. Cox adjusted survival data for wound closure
showed that HSAM was superior to SOC at 4 weeks (11% vs 3%), 8 weeks (36% vs 23%), 12 weeks (60% vs
38%) and 16 weeks (63% vs 38%); p = 0.04.

DEFUs treated in the study showed an incidence of achieving greater than a 60% reduction in baseline area (82 vs
58%; p = 0.02) and depth (65 vs 39%; p = 0.04) for the HSAM-treated and the SOC-treated wounds respectively
(Figure 2). In addition, the incidence of ulcers demonstrating greater than a 75% reduction in baseline volume was
greater in the HSAM-treated subjects compared with the SOC-treated subjects (81 vs 58%; p = 0.06; Figure 2).
Group comparisons showed that the HSAM-treated group demonstrated greater mean percent decreases at the end
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70

B HSAM = SOC

Percent (%)

12 weeks 16 weeks

Figure 1. Incidence of wound closure by or on 12 weeks and 16 weeks.
*p-values at 12 and 16 weeks: x?2 Tests.
HSAM; Hypothermically stored amniotic membrane; SOC: Standard of care.

of study from baseline in ulcer area (78 vs 55%), depth (59 vs 39%) and volume (74 vs 67%) compared with the
SOC group (Figure 3).

Discussion

The data show that the use of HSAM plus SOC was effective in managing DFUs. Results demonstrated favorable
clinical outcomes in a diverse patient population with ulcers refractive to healing with routine wound care treatments.
HSAM-treated subjects in this trial showed statistically significant, greater frequencies of wound closure compared
with SOC-treated subjects. Improvement in the median time to wound closure was also shown for HSAM-treated
ulcers. Additionally, significant reductions in baseline ulcer area and depth compared with SOC were demonstrated.
Using one clinically meaningful example, when DFU improvement is defined as wound closure of >60%, 31 of 38
(82%) of HSAM-treated subjects improved compared with 22 of 38 (58%) of SOC-treated subjects (p = 0.02). The
literature strongly supports the use of surrogate end points in predicting long-term healing of DFUs. In particular,
robust surrogate end points for healing have been ulcer area reductions of >50% and >60% from baseline [3-5]. In
this trial, we used a strict cut-off of >60% area reduction as an end point for ulcer improvement and as a surrogate
for long-term healing. Greater than 70% sensitivity and specificity have been demonstrated when the >60% wound
closure surrogate was used to predict healing [4]. One retrospective cohort study (39,918 neuropathic wounds on
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100

B HSAM = SOC

Percent (%)

> 60% reduction in area > 60% reduction in depth > 75% reduction in volume

Figure 2. Incidence of reduction from baseline in ulcer area, depth, and volume.
*p-values: 2 tests.
HSAM: Hypothermically stored amniotic membrane; SOC: Standard of care.

20,213 individuals) showed correct classification of healed or not healed by 20 weeks of 70% (4]. The ulcer area
reduction data reported in this study are intended to provide clinically meaningful information that may help guide
treatment decisions for the management of DFUs. In addition, we showed reductions in ulcer depth and volume.
These end points demonstrated remarkable similarities to area reduction data and suggest general responsiveness
to HSAM treatment as well as overall clinical improvement. By all assessment metrics in this trial, HSAM wound
management resulted in improved clinical outcomes that would be associated with beneficial effects on patients’
quality of life, activities of daily living and ability to work.

It was notable in this study that the incidence of >60% reduction in ulcer area and depth, and the incidence
of >75% reduction in ulcer volume correlated well with the mean percent decreases from baseline in area, depth
and volume. On the one hand, for >60% reductions in area and depth, and >75% reduction in volume, only
individuals meeting or exceeding the established thresholds are counted and positively contribute to the reported
incidence. On the other hand, the entire population of HSAM-treated and SOC-treated subjects contribute data
to the mean percent changes in area, depth and volume where no thresholds apply, and any single ulcer may show
increases or decreases in the measured parameter. Concordance of the incidence data and the mean percent change
data show that consistent, favorable clinical outcomes extended to over 80% of the HSAM-treated group.

Both frequency of and time to wound closure in this trial compared favorably to other published data on
adjunctive ulcer care treatments categorized as skin substitutes by CMS (Centers for Medicare and Medicaid).
The pivotal study for FDA approval of a bilayered living cellular construct (BLCC; Apligraf®, Organogenesis
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90

* B HSAM = SOC

80— 78

Percent (%)

Area* Depth* Volume*

Figure 3. Treatment group mean percent reductions in ulcer area, depth, and volume.
HSAM: Hypothermically stored amniotic membrane; SOC: Standard of care.

Inc., MA, USA) for the treatment of DFUs showed a frequency of wound closure of 56% and a median time to
wound closure of 9 weeks [35]. HSAM showed similar results in this RCT with a frequency of wound closure of
55% at 12 weeks and a median time to wound closure of 11 weeks. In recent CERs of cell and tissue products
for the treatment of chronic ulcers, median times to wound closure have been variously reported as: 26 weeks for
dehydrated human amnion chorion membrane ({(HACM; Epiﬁx®, MiMedx, Integra LifeSciences, GA, USA), 30
weeks for fetal bovine collagen dressing (FBCD; PriMatrix®, Integra LifeSciences, MA, USA), and 43 weeks for
acellular porcine small intestinal submucosa collagen dressing (SIS; Oasis®, Smith & Nephew, FL, USA) [36-38].

In this DFU study, clinical outcomes showed generalized improvement with HSAM DFU management when
compared with SOC DFU management (sharp debridement, moist primary wound contact dressings, and aggressive
offloading using TCC). These clinical benefits are likely due to HSAM’s composition characterized by intact
amniotic membrane. The manufacturing of HSAM occurs without modification to the native amnion structure,
and refrigerator storage maintains membrane cell viability. This is in direct contrast to other human amniotic
membrane products that are variously manipulated in manufacturing, dehydrated, or cryopreserved. Preclinical
investigations have shown that HSAM preserves unmodified ECM, growth factors, viable differentiated cells and
nondifferentiated cells. HSAM-treated DFUs in this study overcame the significant barriers to wound closure that
exist in chronic ulcers treated with routine therapies, thus indicating that the HSAM applied positively supports
the wound healing process [39,40].

The rigorous standards of data collection employed in this study are fundamental to the strength of the results.
Many clinical trials report on subjective assessments of wound healing. In this study, we relied exclusively on wound
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Table 1. Baseline patient and ulcer characteristics.

Patient and ulcer characteristic HSAM (n = 38) SOC (n = 38) p-value*
Age (years)

Mean + SD 59.2 +7.61 59.6 + 10.72 0.801
Median 59.5 58.5

Sex, n (%) 38 38

Female 8(21.1) 9(23.7) 0.783
Male 30 (78.9) 29 (76.3)

Number of ulcers treated per patient 38 38

Mean + SD 1.0 £0.00 1.0+0.0 1
Median 1.0 1.0

Ulcer area (cm?) 38 38

Mean + SD 3.12+3.86 3.33+4.62 0.763
Median 1.65 1.7

Ulcer depth (mm) 34 28

Mean + SD 2.47 +£3.28 2.99 +2.59 0.345
Median 2 3

Ulcer volume (cm3) 31 26

Mean + SD 0.33 £0.61 0.21 +£0.33 0.242
Median 0.10 0.10

*For continuous variables, the p-value is from a two-sided, two sample t test, testing for a difference in means between treatments. For categorical variables,
the p-value is from a two-sided Fisher’s exact test testing for a difference in proportions between treatments.
HSAM: Hypothermically stored amniotic membrane; SOC: Standard of care.

measurements obtained from a validated wound imaging system used by all 14 participating sites. Determinations of
wound closure, areas, depths and volumes used in the assessments of primary and secondary efficacy outcomes were
consistently applied not only within and between treatment groups, but also within and between treatment centers.
Much of the variability in wound evaluations that commonly confound study results was minimized or eliminated
by the accurate data capture systems used in this trial. One uniformly applied measurement technique for index
ulcers as well as validated, standardized methods of statistical analyses lend to the integrity of the study. Additionally,
all measurements at all time points were used in a true ITT analysis where all randomized subjects contributed data
to the final results. Clinical outcomes were reliably reported (Figures 1-3), and clinically meaningful conclusions
were able to be drawn.

These HSAM effectiveness data are consistent with RCT data reviewed in meta-analyses that suggested poten-
tially favorable healthcare economic outcomes with the use of amniotic membrane allografts in chronic wound
management [26,41]. Positive healthcare economics associated with skin substitutes has been shown to be signifi-
cant (17,42]. Findings suggest that use of living cell-based skin substitutes for treatment of DFU may lower overall
medical costs through reduced utilization of costly healthcare services [43]. In recent analyses from large databases
(US Ulcer Registry) from electronic health records (EHR) of subjects that mirror the population of subjects in the
current HSAM study, over 7000 ulcers in more than 5000 subjects were tracked for clinical outcomes and costs
of ulcer care [43]. Of the total number of subjects with nonwound closure ulcers analyzed, subjects with pressure
ulcers made up 25% of the population, followed by 20% with surgical ulcers, 14% with DFUs, 13% with trauma
ulcers, radiation ulcers and ulcers of various etiologies combined, with the remainder classified as being of mixed
etiology. The subjects were followed for up to 5 years and were shown to accrue total direct costs to the medical
system of over US$29,249,500 for ulcer management alone. The costs of unhealed ulcers were reported to increase
substantially over time from US$4000 per patient at 6 months to US$18,000 at 2 years and beyond 43,441 All
subjects that entered this trial had longstanding, nonhealing ulcers that were refractive to routine treatments. It
would be consistent with previously published literature that a skin substitute that demonstrates higher wound
closure rates may offer a cost-effective DFU wound management approach. Importantly, HSAM-treated DFUs
closed at a median time of 11 weeks (2.8 months), and the median time to closure was not achieved in SOC-treated
DFUs by the end of the 4 month trial showing that the median time to wound closure for the SOC group was
greater than 4 months.
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Limitations of this trial included the lack of blinding in using a skin substitute compared with standard bandages
as the primary wound contact material. While both investigators and patients in the trial were aware of treatment
group assignment, digital imaging, transfer of de-identified patient wound measurement data generated by Aranz
computer algorithms, and analyses of all wound data by a blinded independent group of assessors mitigated many of
the potential biases associated with open-label trials. We also recognize that this study, like all RCTs, was intended to
demonstrate efficacy and as such was conducted under carefully controlled conditions. This trial had high ‘internal
validity’ because of randomization, careful selection of participants and standardized treatment protocols, and the
objective of the study was to maximize the possibility of observing a treatment effect, if it existed [38,45,46]. While
RCTs are considered level 1 evidence in determining if a product can actually work, there are limitations in the
generalizability or ‘external validity’ of the clinical data generated [47]. Because this RCT of HSAM versus SOC
required compliance to defined criteria for patient inclusion and exclusion, rigorous monitoring and adherence to
the treatment protocol, clinical evaluations in ordinary settings and in broader populations are recommended.

Better informed clinical practice decisions rely on evidence from additional RCTs and CERs. Comprehensive
data on clinically important DFU subgroups including patient demographics, wound characteristics and treatment
characteristics have yet to be generated. The current HSAM trial results, however, show valid information that
may help to further inform wound treatment algorithms regarding the use of skin substitutes. HSAM is currently
in use in the US (HSAM is marketed in the US as an HCT) not only for DFUs, but also for dehisced wounds,
pressure ulcers, venous leg ulcers and other wounds with exposed bone and tendon. What remains to be pursued
by clinicians and clinical researchers is the systematic collection of clinical data for various wounds types, patient
populations and clinical practice settings.

Though this was the first RCT of HSAM and the study was properly powered for expected treatment effect
size based on real-life use of the product, further prospective effectiveness and cost-effectiveness studies, including
studies analyzing patient reported outcomes and recurrence rates are warranted. Comparative effectiveness research
studies in a real-world setting that include larger numbers of patients and centers, as well as longer follow-up times
hold promise to better define the effectiveness of HSAM compared with other amniotic membrane allografts.

In conclusion, this RCT showed that HSAM significantly increased the frequency of wound closure compared
with SOC and showed a shorter time to wound closure in a population of subjects with nonhealing DFUs. When
used as an adjunct to SOC, HSAM significantly reduced baseline ulcer area, depth and volume.

Summary points

e This was the first prospective, comparative effectiveness research randomized control trial that compares efficacy
of a fresh hypothermically stored amniotic membrane (HSAM) to an active control standard of care (SOC) for the
treatment of diabetic foot ulcers (DFUs).

e Treatment with HSAM significantly improved the incidence and time to DFU wound closure.

e Cox adjusted survival data for wound closure showed that HSAM was superior to SOC at 4 weeks (11 vs 3%), 8
weeks (36 vs 23%), 12 weeks (60 vs 38%) and 16 weeks (63 vs 38%); p = 0.04.

e HSAM shows a 75% greater probability of wound closure on a weekly basis for the entire 16 week study period
compared with SOC-treated ulcers; Hazard ratio = 1.75 (95% Cl: 1.16-2.70).

e The unadjusted frequency of wound closure for HSAM-treated ulcers was significantly greater than SOC by 12
weeks (55 vs 29%; p = 0.02) and 16 weeks (58 vs 29%; p = 0.01).

e HSAM showed a higher incidence of >60 percent reductions in area (82 vs 58%; p = 0.02) and depth (65 vs 39%);
p = 0.04).

e Improvements in the probability, wound closure rate and frequency of wound closure support use of HSAM plus
SOC for DFU wound management.

e Comparative Effectiveness Research studies of real-world data comparing HSAM to other amniotic membrane
allografts for the management DFUs are warranted.
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