Research Article

For reprint orders, please contact: reprints@futuremedicine.com

Comparative effectiveness of a human

fibroblast-derived dermal substitute and a
viable cryopreserved placental membrane Journalof Comparative
for the treatment of diabetic foot ulcers  Flectiveness Research

Michael L Sabolinski*' & John V Capotorto?
'Sabolinski LLC, 55 Jefferson Road, Franklin, MA 02038, USA
2Restorix Health, White Plains, NY, USA

*Author for correspondence: sabolinski@gmail.com

Objective: To compare a human fibroblast-derived dermal substitute (HFDS) to a viable cryopreserved pla-
cental membrane (vCPM) for use in diabetic foot ulcers (DFUs). Methods: An electronic medical record
database of 1622 refractory DFUs with areas 1-40 cm? was analyzed. Results: Cox estimates of wound
closure for HFDS (1444 wounds) were significantly greater (p = 0.0002) by weeks 12 (31 vs 21%), 24
(55 vs 39%) and 36 (68 vs 51%) compared with vCPM (178 wounds). HFDS reduced the median time to
wound closure by 55% compared with vCPM, (20 vs 36 weeks, p = 0.0002). HFDS also increased the prob-
ability of wound closure by 60% (hazard ratio = 1.60 [95% confidence interval, (1.25, 2.06)], p = 0.0002).
Conclusion: HFDS improved time and frequency of wound closure in DFUs versus vCPM.
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Twenty million patients have been diagnosed with diabetes in the USA, and approximately 25% of these patients
develop a diabetic foot ulcer (DFU) [1,21. The incidence of DFUs has been reported to be up to 8% of diabetes
patients annually [3,4]. DFUs are associated with prolonged hospitalizations, increased risk of infections, cellulitis,
osteomyelitis, sepsis and amputations [5-7]. The risk of amputation for patients with foot infections has been shown
to be over 150-times greater than for those without foot infections (8]. The 5-year mortality rate for amputated
patients is approximately 50%. Patients that have undergone an amputation have a greater 5-year mortality rate
than those patients diagnosed with the most commonly occurring cancers (9. DFUs impose a significant financial
burden on US payers at an estimated annual direct medical cost of up to $13 billion [91.
Standard wound management for DEUs consists of debridement, infection control, use of dressings and offload-
ing. However, up to 70% of DFUs do not respond to standard care [10]. The Wound Healing Society guidelines
recommend the use of standard care therapy for an initial period of 4 weeks, at which time, if a wound size
reduction of at least 50% is not observed, then intervention with advanced therapies, including skin substitutes, is
recommended to achieve complete wound closure (CWC) and reduce the risk of complications [11].
More than 50 skin substitute products are available for treating wounds. They have been categorized based on
whether they are acellular or cellular, derived from human or animal tissue and the methods/extent of processing.
Human fibroblast-derived dermal substitute (HFDS; Dermagraft; Organogenesis Inc., MA, USA) and viable
cryopreserved placental membrane (vCPM; Grafix; Osiris Therapeutics Inc., MD, USA) have been used for the
treatment of DFUs. HFDS was approved by the US FDA as a wound treatment for DFUs via the premarket
approval process. Pivotal randomized controlled trials (RCTs) were required to demonstrate efficacy and safety to
support the indication for use [12]. Additional RCTs have been conducted with HFDS both prior to and after the
FDA approval [13-18]. Manufacturing of HFDS is compliant with the American Association of Tissue Banking _
standards, Good Tissue Practice and Good Manufacturing Practice requirements. vCPM is classified as a human Future '.
cells, tissues and cellular, and tissue-based product (HCT/P). vCPM is considered by FDA guidelines as a wound ~ Medicine ™
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covering. Prospective RCTs have been performed with vCPM without a requirement for FDA premarket review of
clinical outcomes. FDA regulates the manufacturing process for vCPM for compliance with Good Tissue Practice
and Good Manufacturing Practice. While no FDA premarket evaluation was required for vCPM as an HCT/P,
vCPM has been evaluated in clinical studies for publication [19-22].

Many skin substitute products are available for the treatment of chronic wounds, yet real-world comparative
effectiveness research CER studies that involve large numbers of wound care facilities and large numbers of
patients are relatively lacking for this treatment class. However, information regarding clinical outcomes in real-
world, physician practice settings is required to determine the concordance between RCT data collected under
rigorous, more restrictive conditions required by protocols and data from CER studies that reflect current practice
conditions. Such data are becoming increasingly important in the US healthcare environment, which today is
driven by outcomes and cost efficiencies.

HEFDS is a wound treatment that was FDA-approved for the treatment of DFUs in 2001. It is a bioengineered
living cellular construct containing metabolically active fibroblasts obtained from human newborn foreskin tissue.
The fibroblasts are seeded on a bioabsorbable polyglactin mesh scaffold, and are known to produce human collagen,
extracellular matrix (ECM) proteins, cytokines and growth factors [23]. The efficacy of HFDS is supported by a
large scale, multicenter RCT which showed that treatment with HFDS resulted in a significantly greater percentage
of healed ulcers compared with standard care therapy [121. HFDS is cryopreserved and thawed prior to use. vCPM
is a HCT/D, a placental tissue allograft having endogenous growth factors in a native amniotic matrix containing
collagen, and various cell types including epithelial cells, fibroblasts and mesenchymal stem cells [24,25). HFDS and
vCPM are different in composition and cell populations; however, both products are cryopreserved and are stored
at -80°C [26,27].

HEFDS has not been compared with vCPM in CER studies. Effective treatment, established in CER studies,
is the extent to which a treatment intervention produces its intended effect in real-world care conditions. RCTs
with positive results, on the other hand, provide evidence of efficacious treatment in controlled, highly constrained
conditions that are optimal for obtaining favorable results [28,29]. Assessing if efficacy reported from the results of
RCTs can be translated to everyday, clinical wound care settings (effectiveness) will provide additional evidence to
examine existing treatment algorithms.

The objective of this study was to evaluate the comparative effectiveness of HFDS compared with vCPM for the
treatment of DFUs in real-world settings using data over a 5-year period from a large wound care specific electronic
medical record (EMR) database (WoundExpert, Net Health, PA, USA) that is utilized by approximately 20,000
physicians in over 1000 wound care facilities across the USA.

Methods

Study design

This study is a retrospective analysis to compare the effectiveness of HFDS and vCPM for the treatment of DFUs
using de-identified EMRs from wound care facilities across the USA in a 5-year period. The primary analyses were
frequency of CWC evaluated up to 36 months and median time to CWC. Wound areas (cm?) were calculated
from wound measurements of length and width. CWC was defined as full epithelialization of the wound with the
absence of drainage. Epithelialization was defined as a layer of epithelium visible on the wound surface.

Patients

Patients eligible for inclusion were those documented as receiving at least one treatment of either HFDS or
vCPM on a DFU located on the foot, heel, toes, metatarsal heads or other anatomical structures below the ankle
determined to be of diabetic wound etiology. Included baseline wound areas were 1-40 cm? with an ulcer duration
of at least 1 month prior to first treatment with HFDS or vCPM. To assure analyses were restricted to refractory
DFUs, wounds needed to have closed no more than 50% within the 4 weeks prior to first treatment with HFDS
or vCPM. Wounds without baseline or follow-up area measurements were excluded as well as those where the
date of HFDS or vCPM treatment was unknown. Wounds were also excluded if they received either HEDS or
vCPM within 28 days of the first treatment with HFDS or, alternatively, if they received HFDS or vCPM within
28 days of the first treatment with vCPM. Censoring occurred for nonhealed wounds at their last visit with an
area measurement. Patients were also censored at the visit where an alternate skin substitute product was applied
(Apligraf, Oasis, Epifix, Primatrix, Theraskin, Graftjacket). Other adjunctive treatments such as hyperbaric oxygen
(HBO;) or negative pressure wound therapy (NPWT) were allowed.
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Table 1. Baseline patient characteristics.

Patient characteristic HFDS (n = 1321) VvCPM (n = 177) p-value
Age (years), n 1317 177 0.915
—Mean + SD 62.0 + 124 62.0 +£12.0

- Median 62.0 62.0

Sex, n (%) 1305 176 0.056
- Female 427 (32.7) 45 (25.6)

- Male 878 (67.3) 131 (74.4)

Body mass index (kg/m?), n 923 159 0.189
—Mean + SD 33.22 £8.11 32.27 £7.49

- Median 32.06 31.71

Number of wounds per patient, n 1321 177 <0.001
- Mean = SD 1.49 + 1.01 1.24 £ 0.89

- Median 1.0 1.0

Single/multiple wounds per patient, n (%) 1321 177 <0.001
- Single wound 946 (71.6) 151 (85.3)

- Multiple wounds 375 (28.4) 026 (14.7)

HFDS: Human fibroblast-derived dermal substitute; SD: Standard deviation; vCPM: Viable cryopreserved placental membrane.

Data collection

Data were obtained from the WoundExpert EMR, which was de-identified consistent with the terms and conditions
of the Health Insurance Portability and Accountability Act of 1996. Net Health (PA, USA) provided all treatment
records for any patient receiving at least one application of HFDS or vCPM in a 5-year period between July 2013
and July 2018 from 242 centers with contracted agreements for the transfer of de-identified data for research
purposes. Treatment records included patient baseline demographics, baseline wound characteristics such as age
(years, <89 per HIPAA), sex, race, wound location, wound size and duration, and other wound-specific information
recorded at each visit including area measurements and treatments.

Statistical analyses

Descriptive data were expressed as mean (standard deviation [SD]) and median for continuous variables and n (%)
for categorical variables. The level of p < 0.05 was established for the purpose of defining statistical 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 Chi-square test. The primary analysis comparing incidence of and
median time to CWC were determined by Kaplan-Meier analysis with a two-tailed log—rank test. Averages for
the treatment group were applied for missing data. The hazard ratio (HR) along with its 95% confidence interval
(CI) and p-value were based on a Cox proportional hazards regression model with terms for treatment group and
baseline wound area as a continuous variable.

Results

In 242 wound care facilities across the USA over a 5-year period, a total of 1498 patients with 1622 refractory
DEFUs, as defined by failure to have >50% reduction in size in the 4 weeks prior to treatment with surface areas
between 1 and 40 cm?, were analyzed for CWC. Cox model-derived estimates of CWC for HFDS (1321 patients
having 1444 wounds) were compared with vCPM (177 patients having 178 wounds).

There were no significant differences in baseline patient demographics and wound characteristics between the
two treatment groups, except for number of wounds per patient and baseline ulcer duration (Tables 1 & 2). The
majority of patients was male (68.1%) and Caucasian (75.8%) The median BMI was 32 (body mass index in
kg/m?), and the median age was 62 years. At the first treatment application, the median wound area was 7.23 cm?
in the HFDS group and 6.43 cm? in the vCPM group with the majority of ulcers being located at the foot. The
median wound duration was 4.63 months in the HFDS group and 6.13 months in the vCPM groups.

The average number of treatment applications used in the HFDS-treated wounds was 4.91 versus 4.63 for
vCPM-treated wounds (Table 3). A total of 17.2% of HEDS patients received a single application, and 82.8%
received multiple applications. 24.2% of vCPM patients received a single application and 75.8% received multiple
applications. For patients receiving multiple applications, the median interval between applications was 9.0 days for
both groups. Treatment with HBO; or NPWT in both the pretreatment phase (28 days prior to initial treatment)
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Table 2. Baseline wound characteristics.

Wound characteristic HFDS (n = 1444) VvCPM (n = 178) p-value
Wound area (cm?), n 1444 178 0.557
—Mean £+ SD 7.23+7.74 6.43 +£6.73

— Median 4.00 3.60

Wound duration (months), n 1153 124 0.011
—Mean £+ SD 8.97 + 14.96 11.54 + 19.30

— Median 4.63 6.13

Wound depth (mm), n 1424 178 0.892
—Mean £+ SD 4.0+5.9 4.5+ 4.59

— Median 2.0 3.0

Wound location, n (%) 1444 178 0.970
- Foot 785 (54.4) 93 (52.2)

— Heel 367 (25.4) 49 (25.7)

— Toes 179 (12.4) 21(11.8)

- Metatarsal heads 97 (6.7) 13(7.3)

— Other 16 (1.1) 2(1.1)

HFDS: Human fibroblast-derived dermal substitute; SD: Standard deviation; vCPM: Viable cryopreserved placental membrane.

Table 3. Treatment characteristics.

Treatment Characteristic HFDS (n = 1444) VvCPM (n = 178) p-value
Number of treatment applications 1444 178 0.015
—Mean + SD 4.91+3.33 4.63 +3.87
— Median 4.0 3.50
Interval between application (days), n 1196 135 0.791
—Mean £+ SD 13.8 £ 154 14.0 £17.9
- Median 9.0 9.0
Single/multiple applications, n (% patients) 1444 178 0.053
—Single 248 (17.2%) 43 (24.2%)
— Multiple 1196 (82.8%) 135 (75.8%)
Other treatments, n (% patients) 1321 177
HBO;
— Day -28 to day 0 269 (20.4) 21(11.9) 0.007
— Day 0 to last follow-up visit 320 (24.2) 25 (14.1) 0.003
NPWT
- Day -28 to day 0 45 (3.4) 0(0.0) 0.013
— Day 0 to last follow-up visit 39 (3.0) 0 (0.0) 0.021

HBO;: Hyperbaric oxygen; HFDS: Human fibroblast-derived dermal substitute; NPWT: Negative pressure wound therapy; SD: Standard deviation; vCPM:
Viable cryopreserved placental membrane.

and treatment phase (day 0 to last follow-up visit) of the study occurred at rates of <24% for HBO and <4% for
NPWT (Table 3).

Cox Proportional Hazards Regression adjusted data calculating time to CWC and frequency of CWC was
performed using all available data up to 36 months. The Cox regression model included terms for treatment, and
baseline wound area as covariates. The analysis showed HFDS treatment significantly accelerated the median time
to CWC by 55%, achieving the end point 16 weeks sooner when compared with the vCPM-treated patients (20
weeks for HEDS vs 36 weeks for vCPM, p = 0.0002; Figure 1). The estimated frequency of CWC for HFDS
compared with vCPM was significantly improved at every timepoint throughout the study. HFDS demonstrated
superiority in achieving CWC compared with vCPM at weeks 12 (31 vs 26%), 24 (50 vs 41%) and 36 (61 vs 46%),
respectively (p = 0.0002; Figure 2). HFDS treatment significantly increased the probability of wound healing by
60% compared with vCPM treatment showing an HR = 1.60 (95% CI: 1.25, 2.06; p = 0.0002).

There were no significant differences between treatment groups in wound related adverse events (AEs) or serious
adverse events (SAEs). All AEs were spontaneously reported by the wound care facility.

Discussion

To our knowledge, this is the first comparative effectiveness study to evaluate HFDS and vCPM for the treatment
of DFUs. We found that use of HFDS closed significantly more DFUs and in less time compared with vCPM.
Opverall, HFDS increased the probability of healing by 60% compared with vCPM.
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Figure 1. Median time to complete wound closure.
HFDS: Human fibroblast-derived dermal substitute; vCPM: Viable cryopreserved placental membrane.
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Figure 2. Frequency of complete wound closure.
HFDS: Human fibroblast-derived dermal substitute; vCPM: Viable cryopreserved placental membrane.

CERis defined by the practical goal of informing healthcare decisions through comparisons of credible, alternative
interventions in a representative study population. The Institute of Medicine (2009) issued findings to set priorities
for national CER standards that would support better decision making about interventions in healthcare 30. The
report highlighted the need to perform comparisons of interventions among patients in typical patient care settings
and to focus resources on promising approaches [31]. Nevertheless, there are relatively few CER studies and fewer
CER studies in the field of wound care to provide real-word data to help guide wound care clinicians.

CER studies differ from traditional efficacy trials. Efficacy trials are typically RCTs designed to prove that a
product works. They are designed to operate under a highly controlled environment to optimize the probability of
showing a difference between the investigational treatment and a comparator [29]. Inclusion and exclusion criteria
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are developed to select for homogenous populations that may not represent the entire patient population that
suffers from the medical disorder under study. Protocol restrictions in RCTs which may maximize the likelihood
of demonstrating study efficacy may also make trial results less than optimal for predicting real-world effectiveness.
Products that demonstrate efficacy in RCTs may perform differently in routine clinical practice where variations
in patient comorbidities, concomitant medications, compliance with treatment regimens, adjunctive therapies and
other unexpected factors can significantly impact the net benefits of a chosen therapy [52,33]. In contrast, CER
studies are designed to evaluate the real-world applicability of a product and a comparator that reflect a much
more generalizable and diverse range of patients. When results are consistent between RCTs and CER studies, the
evidence is generally considered strong [34,35].

The effectiveness results for HFDS in the current EMR analysis demonstrated superiority and supported the
efficacy results from its pivotal RCT in DFUs [12]. In the pivotal trial, Marston et 4/. reported that 30% of ulcers
treated with HFDS plus standard care healed at the end of 12 weeks. In the current analysis, 31% of ulcers healed
at 12 weeks with HFDS treatment. In contrast, the effectiveness results for vVCPM were somewhat different from
its published prospective clinical study [19,21,22]. In the reported RCT multicenter study to treat DEUs, vCPM plus
standard care therapy was found to heal 62% of wounds by 12 weeks. This is much higher than that reported in
the current CER analysis, which found a healing rate of 21% at 12 weeks with vCPM.

For the primary effectiveness end points, HFDS was found to be more effective and accelerated CWC when
compared with vCPM. Possible explanations include differences in the manufacturing processes, cell populations
present in the two products, chemokine profiles/concentrations and percentage recovery of viable cells delivered to
the site of the wound. HFDS is a bioengineered dermal substitute containing high concentrations of living human
fibroblasts whereas vCPM contains collagen, ECM proteins, trophoblasts and other mesenchymal stem cells.
Fibroblasts play a critically important role in the wound healing process, being present from the late inflammatory
phase through full epithelialization and remodeling [23,36-38]. Within several days of injury, fibroblasts migrate
into wound sites to synthesize and deposit collagen and ECM proteins which ultimately serve as the scaffold and
provide the tensile strength for angiogenesis. Fibroblasts also secrete a variety of cytokines and growth factors in the
normal wound healing process. However, the fibroblasts of patients with diabetes may be phenotypically altered
and impaired [23]. Evidence suggests that fibroblasts isolated from DFUs are senescent, having been shown to have
a decreased proliferative response to growth factors (39). The fibroblasts in HFDS have been shown to produce
human collagen, various ECM proteins and a wide variety of cytokines and growth factors, including PDGE-A,
KGF and VEGEF [16]. Thus, whereas vCPM may provide extracellular collagen-rich matrix proteins, a unique profile
of cytokines, a scaffold to support the healing process and a complex array of cellular components, it may be that
in addition to providing structure and mechanical support HFDS improves and accelerates healing by delivering
healthy living fibroblasts in high concentrations that actively produce and elaborate essential bioactive proteins to
the wound bed.

This study is among a series of retrospective analyses [40,41] that assessed comparative effectiveness between skin
substitutes using the WoundExpert EMR database. One study involved the treatment of DFUs and compared
another living cellular versus a nonviable skin substitute (42]. The other study was specific to the treatment of
venous leg ulcers [41). In Kirsner ez al., the effectiveness of a bioengineered living cellular construct (BLCC;
Apligraf; Organogenesis Inc., MA, USA) was compared with dehydrated human amniotic allograft ({HACM;
Epifix; MiMedx Group Inc., GA, USA) 40). Like HFDS, BLCC is approved as a wound treatment. It is comprised
of living human neonatal keratinocytes and fibroblasts in an ECM. dHACM is a collagenous covering with no
living cells and is derived from donated human placenta. The analysis found that the skin substitute containing
living human cells was more effective in healing DFUs than the nonviable comparator. At 12 weeks, the frequency
of wound closure with BLCC was 48 versus 28% with dHACM. At 24 weeks, the proportions of wound closure
were 72 versus 47%, respectively. In addition, BLCC treatment significantly improved the median time to DFU
wound closure by 49% (13.3 weeks vs 26 weeks). These results are comparable to the results reported in this current
study with HFDS. Notably, the analysis done in this study included more HFDS-treated patients (n = 1321) and
vCPM-treated patients (n = 177) than the number of BLCC-treated patients (n = 155) and dHACM-treated
patients (n = 63) in the Kirsner ez al. study [40].

Healing of DFUs is impacted by patients’ comorbidities. Peripheral neuropathy and/or peripheral arterial disease
act as risk factors associated with nonhealing. DFUs can be categorized as purely neuropathic, purely ischemic, or a
combination of the two, neuroischemic [43,44]. The estimated prevalence of each is 35, 15 and 50%, respectively [45].
In this study, multiple ulcers per patient were reported at a greater rate in the HFDS group (28.4%) compared with
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the vCPM group (14.7%); p < 0.001. Using national databases (2006-2012); 443 HFDS-treated DFU patients
showed a prevalence of peripheral arterial disease of 64.8% [9,46]. Using real-world data from a recent CER study,
360 vCPM-treated DFU patients showed a prevalence of peripheral artery disease of 11.4% [47). These data are
consistent with the demonstrated effectiveness of HFDS on hard to heal DFUs.

While the EMR database in this study did not capture costs related to wound care and outcomes, the significant
differences in incidence and time to healing in this study suggest potential cost savings with HFDS. DFUs comprise
a costly burden to the medical health system, owing to the substantial costs and resource use related to care, including
home health, prescription drugs, physician office visits, emergency department visits and hospitalizations. Compared
with non-DFU controls, the average annual incremental cost of treating a patient with DFU is approximately
$14,000 USD [91. The potential cost savings may be even greater if one were to compare against standard care
therapy alone. In a recent economic outcome analysis which evaluated Medicare administrative claims data, patients
with DFUs who received HEDS had fewer lower limb amputations (-22%), fewer emergency department visits
(-25%) and fewer days hospitalized when compared with matched conventional care counterparts (-42%) [48].
Consequently, this translated to a nearly $7000 USD lower per-patient average healthcare costs during the 18-
month follow-up. Although patients treated with HFDS incurred greater costs of direct treatment and greater
intensity of physician office services, these costs were offset by reductions in lower-limb amputations and other
resource use, especially inpatient services. In a post-hoc analysis of the pivotal trial AE data, the incidence of ulcer-
related amputation or bone resection was significantly lower in patients who received HFDS versus conventional
care (5.5 vs 12.6%, respectively; p = 0.031) [14].

The limitations of this study include those inherent to retrospective data collection and analyses. The Net
Health database was not designed specifically for research purposes, and as such, there may be missing data. The
database provides consistent and reliably filled out data on patient characteristics, wound areas over time, other
clinically meaningful wound and treatment characteristics making this database ideal for assessing CWC outcomes.
However, completion of patient-level medical history data such as comorbidities, prior surgeries or concomitant
medications varied across centers making analyses of certain subgroups difficult. Specifics regarding the off-loading
techniques, methods of debridement, or use of other standard care therapies may not have been completely captured.
Safety-related outcomes or AEs were captured by spontaneous AE reporting and not by active data collection. All
safety-related outcomes (AEs, SAEs), ulcer recurrence and amputations were difficult to be coded and analyzed.
This is a limitation of this study and study design. Emergency room visits, hospitalizations and patient-reported
outcomes were not able to be reported given the coded data available. Lastly, given the lack of randomization,
there is a possibility of bias in selection of patients for HFDS or vCPM at participating centers. However, given
the number of wounds and centers providing information for the analysis, it is less likely that a uniform bias was
present affecting study results.

It should be noted that the purpose of this CER did not include drawing any clinically meaningful conclusions
regarding any individual patient subgroup. Such analyses would have required larger patient numbers in the
subgroup of interest. It is important to draw attention to the fact that the use of adjunctive therapies was permitted
in this CER study, and that the study was designed with the objective of capturing real-world treatment practices
and long-term clinical outcomes. Because the purpose of the study was not to examine the effectiveness of HBO,
or NPWT for example, the study was not properly powered to examine effects of these adjunctive therapies.
Nevertheless, given clinical thinking that HBO, and NPWT may improve healing outcomes, exploratory Cox
analyses were performed that adjusted for HBO, and NPWT as covariates. These adjusted analyses showed
that neither HBO; nor NPWT had significant effects on CWC end points reported in this CER study. Future
prospective RCTs are recommended to provide more systematic opportunities to perform subgroup analyses and
specific analyses of the effectiveness of various adjunctive therapies to treat DEUs.

Conclusion

These real-world data showed that HFDS compared with vCPM significantly improved the probability, speed and
the incidence of complete wound closure in DFUs. These results are comparable to and further support the efficacy
data from the pivotal RCT for HEDS. These data provide additional information to inform treatment algorithms
for the management of DFUs.
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Summary points

e This was the first comparative effectiveness research study that compares the clinical outcomes of a human
fibroblast-derived dermal substitute (HFDS) and a viable cryopreserved placental membrane (vCPM) for the
treatment of diabetic foot ulcers (DFUs) in a real-world setting.

e Treatment with HFDS significantly improved the incidence and speed of DFU wound closure compared with vCPM.

e The incidence of wound closure was superior with HFDS versus vCPM at weeks 12 (31 vs 26%), 24 (50 vs 41%) and
36 (61 vs 46%), respectively (p = 0.0002).

e HFDS demonstrated accelerated time to wound closure of 55%, a 16-week improvement compared with vCPM.

e HFDS showed a 60% greater probability of wound closure when compared with vCPM.

e Improvements in the probability, speed and the incidence of wound closure in DFUs treated with HFDS confirm
clinical effectiveness and support potential cost saving benefits.

e Comparative effectiveness research is defined by the practical goal of informing healthcare decisions through
comparisons of credible, alternative interventions in a representative study population.

e Comparative effectiveness research studies of real-world data provide meaningful information to inform
treatment algorithms for the management DFUs.

Financial & competing interests disclosure
This study was funded by Organogenesis, Inc. ML Sabolinski, serves as managing member of Sabolinski LLC., MA, USA. ML
Sabolinski serves as a consultant for Organogenesis Inc. JV Capotuto is a pediatric endocrinologist and co-founder of RestorixHealth.
The authors have no other relevant affiliations or financial involvement with any organization or entity with a financial interest in
or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

De-identified patient data released to Organogenesis, Inc. were consistent with the terms and conditions of Net Health’s client
contracts and the requirements of the Health Insurance Portability and Accountability Act of 1996 (HIPAA). Net Health was not
involved in the analysis, interpretation or reporting of the data.

Open access
This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,
visit http://creativecommons.org/licenses/by-nc-nd/4.0/

References
Papers of special note have been highlighted as: e of considerable interest

1. American Diabetes Association AD. Economic costs of diabetes in the U.S. in 2012. Diabetes Care 36(4), 1033-1046 (2013).
2. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in patients with diabetes. JAMA 293(2), 217-228 (2005).

3. Margolis DJ, Malay DS, Hoffstad O] ¢ a/. Incidence of diabetic foot ulcer and lower extremity amputation among Medicare
beneficiaries, 2006 to 2008: Data Points #2 (2011). http://www.ncbi.nlm.nih.gov/pubmed/22049565

4. Margolis DJ, Malay DS, Hoffstad OJ ez a/. Prevalence of diabetes, diabetic foot ulcer, and lower extremity amputation among Medicare
beneficiaries, 2006 to 2008: Data Points #1 (2011). http://www.ncbi.nlm.nih.gov/pubmed/22049561

5. Frykberg RG, Zgonis T, Armstrong DG ez al. Diabetic Foot Disorders: A Clinical Practice Guideline (2006 revision) (2006). https:
/Iwww.acfas.org/uploadedFiles/Healthcare_Community/Education_and _Publications/Clinical _Practice_Guidelines/Introduction.pdf

6. Gordois A, Scuftham P, Shearer A, Oglesby A, Tobian JA. The health care costs of diabetic peripheral neuropathy in the US. Diabetes
Care 26(6), 1790-1795 (2003).

7. Armstrong DG, Wrobel ], Robbins JM. Guest Editorial: are diabetes-related wounds and amputations worse than cancer? Int. Wound J.
4(4), 286-287 (2007).

8.  Lavery LA, Armstrong DG, Wunderlich RP, Mohler MJ, Wendel CS, Lipsky BA. Risk factors for foot infections in individuals with
diabetes. Diabetes Care 29(6), 1288-1293 (2006).

9. Rice B, Desai U, Cummings AKG, Birnbaum HG, Skornicki M, Parsons NB. Burden of diabetic foot ulcers for medicare and private
insurers. Diabetes Care 37(3), 651-658 (2014).

10.  Margolis DJ, Kantor J, Berlin JA. Healing of diabetic neuropathic foot ulcers receiving standard treatment. A meta-analysis. Diabetes
Care 22(5), 692-695 (1999).

11. Lavery LA, Davis KE, Berriman SJ ez a/. WHS guidelines update: diabetic foot ulcer treatment guidelines. Wound Repair Regen. 24(1),
112-26 (2016).

1236

J. Comp. Eff. Res. (2019) 8(14) future science group


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/22049565
http://www.ncbi.nlm.nih.gov/pubmed/22049561
https://www.acfas.org/uploadedFiles/Healthcare_Community/Education_and_Publications/Clinical_Practice_Guidelines/Introduction.pdf

15.

16.

18.

19.

20.

21.

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.
38.

Human dermal substitute vs placental allograft in DFU

Marston WA, Hanft ], Norwood P, Pollak R, Dermagraft Diabetic Foot Ulcer Study Group. The efficacy and safety of Dermagraft in
improving the healing of chronic diabetic foot ulcers: results of a prospective randomized trial. Diabetes Care 26(6), 1701-1705 (2003).

Landmark study of the treatment of diabetic foot ulcers (DFUs) with a bioengineered living human fibroblast derived substitute
(HFDS) versus Standard of Care (SOC).

Gentzkow GD, Iwasaki SD, Hershon KS ez a/. Use of dermagraft, a cultured human dermis, to treat diabetic foot ulcers. Diabetes Care
19(4), 350-354 (1996).

Frykberg RG, Marston WA, Cardinal M. The incidence of lower-extremity amputation and bone resection in diabetic foot ulcer patients
treated with a human fibroblast-derived dermal substitute. Adv. Skin Wound Care 28(1), 17-20 (2015).

Genzkow GD, Jensen JL, Pollak RA ez a/. Improved healing of diabetic foot ulcers after grafting with a living human dermal
replacement. Wounds 11, 77-84 (1999).

Roberts C, Mansbridge J. The scientific basis and differentiating features of Dermagraft. Can. J. Plast. Surg. 10(Suppl. A), 6A-13A
(2002).

Naughton G, Mansbridge J, Gentzkow G. A metabolically active human dermal replacement for the treatment of diabetic foot ulcers.
Artif: Organs 21(11), 12031210 (2008).

Harding K, Sumner M, Cardinal M. A prospective, multicentre, randomised controlled study of human fibroblast-derived dermal
substitute (Dermagraft) in patients with venous leg ulcers. Int. Wound J. 10(2), 132-137 (2013).

Raspovic KM, Wukich DK, Naiman DQ ¢ a/. Effectiveness of viable cryopreserved placental membranes for management of diabetic
foot ulcers in a real world setting. Wound Repair Regen. 26(2), 213-220 (2018).

Johnson EL, Marshall JT, Michael GM. A comparative outcomes analysis evaluating clinical effectiveness in two different human
placental membrane products for wound management. Wound Repair Regen. 25(1), 145-149 (2017).

Ananian CE, Dhillon YS, Van Gils CC et 4/. A multicenter, randomized, single-blind trial comparing the efficacy of viable cryopreserved
placental membrane to human fibroblast-derived dermal substitute for the treatment of chronic diabetic foot ulcers. Wound Repair Regen.

26(3), 274-283 (2018).

Lavery LA, Fulmer J, Shebetka KA ez al. The efficacy and safety of Grafix® for the treatment of chronic diabetic foot ulcers: results of a
multi-centre, controlled, randomised, blinded, clinical trial. /2. Wound J. 11(5), 554-560 (2014).

Falanga V. Wound healing and its impairment in the diabetic foot. Lancet (London, England) 366(9498), 1736-1743 (2005).

Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi J, Seifalian AM. Properties of the amniotic membrane for potential use in
tissue engineering. Eur. Cell. Mater. 15, 88-99 (2008).

Maxson S, Lopez EA, Yoo D, Danilkovitch-Miagkova A, Leroux MA. Concise review: role of mesenchymal stem cells in wound repair.
Stem Cells Transl. Med. 1(2), 142—149 (2012).

Dermagraft® Directions For Use. http://www.dermagraft.com/home/wp-content/uploads/sites/1/Dermagraft_Directions_for_Use.pdf

Gibbons GW. Grafix®, a cryopreserved placental membrane, for the treatment of chronic/stalled wounds. Adv. Wound Care 4(9),
534-544 (2015).

Berger ML, Mamdani M, Atkins D, Johnson ML. Good research practices for comparative effectiveness research: defining, reporting and
interpreting nonrandomized studies of treatment effects using secondary data sources: the ISPOR Good Research Practices for
Retrospective Database Analysis Task Force Report—Part 1. Value Health 12(8), 1044-1052 (2009).

Eaglstein WH, Kirsner RS. Expectations for comparative effectiveness and efficacy research. JAMA Dermatol. 149(1), 18 (2013).

Institute of Medicine. Initial National Priorities for Comparative Effectiveness Research. National Academies Press, DC, USA.
http://www.nap.edu/catalog/12648

Sox HC, Greenfield S. Comparative effectiveness research: a report from the Institute of Medicine. Ann. Intern. Med. 151(3), 203-205
(2009).

Berger ML, Mamdani M, Atkins D, Johnson ML. Good research practices for comparative effectiveness research: defining, reporting and
interpreting nonrandomized studies of treatment effects using secondary data sources: the ISPOR Good Research Practices for

Retrospective Database Analysis Task Force Report—Part 1. Value Health 12(8), 1044-1052 (2009).

Velentgas P, Dreyer NA, Nourjah P, Smith SR, Torchia MM. Developing a Protocol for Observational Comparative Effectiveness Research: A
User’s Guide. Agency for Healthcare Research and Quality, USA. http://www.ncbi.nlm.nih.gov/pubmed/23469377

Wound Care HER, Net Health (2018). https://www.nethealth.com/products/wound-care/woundexpert-software-wound-care-chr/

Velentgas P, Dreyer NA, Nourjah P, Smith SR, Torchia MM. Developing a Protocol for Observational Comparative Effectiveness Research: A
User’s Guide. Agency for Healthcare Research and Quality, USA. http://www.ncbi.nlm.nih.gov/pubmed/23469377

Hunt TK, Hopf H, Hussain Z. Physiology of wound healing. Adv. Skin Wound Care 13(2 Suppl.), 6-11 (2000).
Bainbridge P. Wound healing and the role of fibroblasts. /. Wound Care 22(8), 407-412 (2013).
Broughton G, Janis JE, Attinger CE. The basic science of wound healing. Plast. Reconstr. Surg. 117(7 Suppl.), 125-34S (2000).

Research Article

future science group www.futuremedicine.com

1237


http://www.dermagraft.com/home/wp-content/uploads/sites/1/Dermagraft_Directions_for_Use.pdf
http://www.nap.edu/catalog/12648
http://www.ncbi.nlm.nih.gov/pubmed/23469377
https://www.nethealth.com/products/wound-care/woundexpert-software-wound-care-ehr/
http://www.ncbi.nlm.nih.gov/pubmed/23469377

Research Article

Sabolinski & Capotorto

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Loots MA, Lamme EN, Zeegelaar J, Mekkes JR, Bos JD, Middelkoop E. Differences in cellular infiltrate and extracellular matrix of
chronic diabetic and venous ulcers versus acute wounds. /. [nvest. Dermatol. 111(5), 850—-857 (1998).

Kirsner RS, Sabolinski ML, Parsons NB, Skornicki M, Marston WA. Comparative effectiveness of a bioengineered living cellular
construct vs. a dehydrated human amniotic membrane allograft for the treatment of diabetic foot ulcers in a real world setting. Wound
Repair Regen. 23(5), 737744 (2015).

Marston WA, Sabolinski ML, Parsons NB, Kirsner RS. Comparative effectiveness of a bilayered living cellular construct and a porcine
collagen wound dressing in the treatment of venous leg ulcers. Wound Repair Regen. 22(3), 334-340 (2014).

Kirsner RS, Sabolinski ML, Parsons NB, Skornicki M, Marston WA. Comparative effectiveness of a bioengineered living cellular
construct vs. a dehydrated human amniotic membrane allograft for the treatment of diabetic foot ulcers in a real world setting. Wound
Repair Regen. 23(5), 737744 (2015).

Provides Comparative Effectiveness Research study data for the treatment of DFUs with a bioengineered living cellular

technology versus Standard of Care (SOC).

Armstrong DG, Lavery LA, Harkless LB. Validation of a diabetic wound classification system: the contribution of depth, infection, and

ischemia to risk of amputation. Diabetes Care 21(5), 855-859 (1998).

Amin N, Doupis J. Diabetic foot disease: from the evaluation of the “foot at risk” to the novel diabetic ulcer treatment modalities. World

J. Diabetes. 7(7), 153-164 (2016).

Armstrong DG, Cohen K, Courric S, Bharara M, Marston W. Diabetic foot ulcers and vascular insufficiency: our population has
changed, but our methods have not. /. Diabetes Sci. Technol. 5(6), 1591-1595 (2011).

Rice JB, Desai U, Ristovska L ez /. Economic outcomes among Medicare patients receiving bioengineered cellular technologies for
treatment of diabetic foot ulcers. /. Med. Econ. 18(8), 586595 (2015).

Provides a detailed analysis of the costs of treating nonhealed diabetic foot ulcers.

Raspovic KM, Wukich DK, Naiman DQ ¢ a/. Effectiveness of viable cryopreserved placental membranes for management of diabetic
foot ulcers in a real world setting. Wound Repair Regen. 26(2), 213-220 (2018).

Rice JB, Desai U, Ristovska L ez al. Economic outcomes among Medicare patients receiving bioengineered cellular technologies for
treatment of diabetic foot ulcers. /. Med. Econ. 18(8), 586-595 (2015).

1238

J. Comp. Eff. Res. (2019) 8(14) future science group




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


