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and 79 other wounds) was conducted. Results: Cox wound closure for PCMP was 73% at week 32. The
median time to wound closure was 17 weeks (Kaplan–Meier). The incidence of PCMP-treated wounds
showing >60% reductions in areas, depths and volumes were 81, 71 and 85%, respectively. Conclusion:
PCMP demonstrated clinically meaningful benefits to patients with various types of cutaneous wounds.
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This is the first prospective, noninterventional, multicenter study to examine the ‘real-world’ effectiveness of
purified native cross-linked extracellular matrix (ECM) plus polyhexamethylene biguanide (PHMB) antimicrobial
(PCMP) barrier on cutaneous wounds including acute and chronic wounds. Effectiveness results demonstrated at
28 US wound care facilities and in 307 PCMP (PuraPly AM R©; Organogenesis Inc., MA, USA) patients treated in
the PCMP registry (Real-World Effectiveness Study of PuraPly AM on Wounds) are reported. The PCMP registry
was a postmarketing, prospective, cohort study (ClinicalTrials.gov; registration no. NCT03286452) conducted
from 2017 to 2019. PCMP wounds were assessed for: frequency of wound closure, time to wound closure and
reductions from baseline in wound measurements. Retrospective analyses of chronic wound care costs are taken
under consideration and discussed. Though anecdotal, observational and interim data have supported the use of
PCMP as a useful adjunct in the management of various cutaneous wounds, collection of additional real-world
data from a larger patient population with several types of wounds treated in multiple clinical practice settings was
warranted [1–3]. The results of the PCMP registry cohort study are presented in this report.

PCMP is a US FDA class II medical device, 510(k)-cleared #K051647 [4]. In the USA, PCMP is marketed
and classified as for reimbursement by the Centers for Medicare and Medicaid Services as a skin substitute [5,6].
PCMP is intended for the management of wounds, acts as an effective barrier to resist microbial colonization and
reduces the number of microbes penetrating to the wound bed. PCMP may be used for the management of: partial
and full-thickness wounds, pressure ulcers (PRUs), venous leg ulcers (VLUs), diabetic foot ulcers (DFUs), chronic
vascular ulcers, tunneled/undermined wounds, post-surgical wounds (PSWs; e.g., donor sites/grafts, post-Moh’s
surgery, postlaser surgery and wound dehiscence), trauma wounds (abrasions, lacerations, second-degree bums and
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skin tears) and draining wounds [7]. PCMP consists of a collagen sheet coated with 0.1% PHMB. It is supplied in
the form of dry sheets and packaged in sterile, sealed single pouches.

Even with good wound care practiced according to recognized guideline therapy recommendations, high pro-
portions of chronic wounds fail to heal by 6 months postinitiation of wound care therapy [8–10]. For example, in
VLUs, up to 75% of patients fail to achieve healing with the use of standard compression therapy [11]. Longer term
follow-up of VLU patients showed that up to 50% of ulcers remain unhealed at 6 months, 20% at 2 years, and
approximately 8% at 5 years [12]. In DFUs, up to 70% of ulcers have been reported as nonhealed by 6 months [13].
All chronic wounds are associated with greater risks of infections, osteomyelitis, amputations and death [9,14,15].
There is a 150-fold greater risk of amputation in patients with foot infections [16]. The 5-year mortality rate for
amputated patients has been reported as up to 50%. Postamputation, the 50%, 5-year mortality rate is higher than
the most commonly occurring cancers [17]. Chronic wounds of all types result in serious clinical consequences, poor
quality of life for patients and impose burdensome healthcare costs that affect society as a whole [17–21]. Claims
data show that 15% of Medicare beneficiaries are affected by chronic wounds with an estimated annual cost of over
US$30 billion [17,19,22,23].

Key considerations regarding the activity of PCMP (purified native type I collagen matrix plus PHMB antimi-
crobial) at the site of the wound bed are: collagen and ECM proteins, biofilms and bioburden, and PHMB as a
broad spectrum antimicrobial that disrupts the formation of biofilm. First, the effects of collagen on the wound
environment are critical to the process of wound repair. Although collagen was originally believed to simply provide
structural support for the wound healing process, collagen and collagen-derived fragments have been shown to
control a variety of cellular functions, including cell shape and differentiation, cell migration, and the synthesis of a
number of proteins. Collagen-based wound dressings have also been reported to have the ability to absorb wound
exudates and maintain a moist wound environment [24]. Second, the pathogenesis of chronic nonhealing wounds
involves multiple and interrelated variables including increased bioburden and the formation of biofilm [25,26].
Biofilm occurs when bacteria adhere to tissue, proliferate and extrude ECM proteins to form a polymer matrix
enclosing the bacteria themselves [27,28]. The prevalence of biofilms in chronic wounds has been reported to be 78%
in in a meta-analysis of nine studies and 185 chronic wounds [29]. There is considerable evidence that shows that
biofilm impairs wound healing [25,30]. Living bacteria encased within biofilm are difficult to eliminate using topical
or systemic antibiotics alone [28,31,32]. Biofilm can impair wound healing by prolonging the inflammatory phase
of the wound healing cascade thereby stalling the wound healing process. The normal progression of the phases
of wound healing becomes disrupted, and a chronic inflammatory state follows. The persistence of an ineffective
inflammatory state is a defining characteristic of chronic wounds. Third, PHMB is a cationic topical antimicro-
bial that strongly binds to bacterial cell walls and membranes. PHMB has demonstrated broad spectrum, potent
antimicrobial activity against both Gram-positive and Gram-negative bacteria, and in particular against bacteria
that form biofilm [33]. Studies have shown high binding of PHMB to biofilm matrix and a strong dose–response
effect [34]. PHMB has not been demonstrated to be systemically absorbed when applied topically on intact skin or
cutaneous wounds [33,35]. Importantly, PHMB has been used for the treatment of infections of chronic wounds
including localized infections associated with VLUs [36].

Analysis of Medicare beneficiaries in calendar year 2018 showed that approximately 8.2 million people had
wounds with or without infections [37,38]. With rates as high as 50–75% of chronic wounds remaining unhealed
after 6 months of using existing therapies, new chronic wound treatment regimens are needed to improve heal rates
and decrease wound-related complications [11–13,39]. The authors hypothesized that PCMP may affect fundamental
wound repair processes in ways that may benefit patients with chronic wounds.

Materials & methods
Study design
This was a postapproval, open-label, prospective, multisite registry examining the real-world effectiveness of PCMP
on various types of wounds. The purpose of this prospective, cohort study was to investigate the effectiveness of
PCMP in the treatment of skin wounds over a 32-week study period. The primary analyses were frequency of and
time to wound closure by 32 weeks. The key secondary analyses were determination of the incidence of wounds
that demonstrated >60% reduction in wound area and depth from baseline, and the incidence of wounds that
demonstrated >75% reduction in wound volume from baseline. Male and female patients, 18 years or older, with
target wounds suitable for the use of PCMP as defined by inclusion/exclusion criteria were eligible for participation
in the PCMP registry. Approximately 300 patients from approximately 30 US sites were to be enrolled. The choice
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to initiate treatment of PCMP was made by the treating physicians independent of and prior to any decision to
participate in the PCMP registry. Since the PCMP registry employed a prospective, noninterventional study design
to collect information regarding the use of PCMP, no experimental intervention control group was involved.

Registry plan
Patients’ wounds were assessed and received standard of care therapies as determined by the physician investigators.
Standard of care treatments administered were defined as wound therapy regimens consistent with recognized
wound care guidance documents and investigators’ institutional treatment algorithms [40–42]. One wound treatment
regimen practiced at many participating clinical sites follows: wounds were cleansed and debrided at the initial visit.
After wound bed preparation, PCMP was applied, wetted with normal saline and immobilized using steri-strips.
Next, a moist dressing (e.g., hydrogels, hydrocolloids and alginates) and a nonstick layer were applied. Each PCMP
sheet remained on the study wound for 1 week. Low evaporative dressings (e.g., adaptic or xeroform) were used
as secondary dressings. The greatest proportion of patients participating in the registry suffered from one of three
types of chronic wounds. VLU patients were placed in compression wraps, DFU patients used fixed ankle walker
boots for off-loading and PRU patients used alternating pressure surfaces/low-air-loss beds. PCMP would then be
applied weekly or until wound closure. Wound dressings were applied at the clinical sites through week to the end
of study (EOS; week 32).

Patients
Sterling Institutional Review Board (registration no. IRB00001790) reviewed and approved the registry protocol,
and the study complied with current International Council for Harmonization Good Clinical Practice guidelines
and 21 CFR parts 11, 50, 56 and applicable regulations. Written informed consent to participate in the registry was
obtained for all patients prior to any study procedures being performed. One target wound per patient was identified
for study inclusion and was followed for up to 32 weeks. Patients were at least 18 years of age with a cutaneous
wound appropriate for receiving PCMP as defined by registry entry criteria and who had not had PCMP applied
previously to the target wound. The PCMP registry was designed to assess the effectiveness of PCMP across a wide
range of wound types in a real-world clinical setting. Physician investigators were not limited by the type of wound
to include in the study. The study population included patients ≥18 years of age having a partial or full-thickness
wounds appropriate for receiving PCMP. Appropriate wounds included: pressure ulcers, venous ulcers, diabetic
ulcers, chronic vascular ulcers, tunneled/undermined wounds, surgical wounds (e.g., donor site/grafts, post-Mohs’
surgery, postlaser surgery, podiatric surgery wound and wound dehiscence), trauma wounds with tissue damage
(e.g., abrasion, laceration, second-degree burn and skin tear) and draining wounds. Key exclusion criteria included
patients with: third-degree burns, known sensitivity to PHMB, known sensitivity to porcine materials and whose
target wound was previously treated with PCMP.

The criteria used to categorize ulcers and PSWs into different categories relied upon clinical assessments of
patients’ signs and symptoms. Diagnostic testing was used to supplement clinical evaluations of patient histories
and physical examinations. VLUs were defined by: presence of clinical signs and symptoms of venous ulceration, such
as hyperpigmentation of the surrounding skin, edema, varicosities, lipodermatosclerosis and dermatitis; absence of
significant arterial insufficiency as determined by ankle-brachial index (e.g., ABI >0.65); and evidence of venous
insufficiency by venous duplex assessment, air plethysmography or photoplethysmography with venous refilling
time being less than 20 s. The key criteria for DFUs were patients with type 1 or 2 diabetes with partial or full-
thickness neuropathic ulcers as determined by physical examination (e.g., monofilament test to assess peripheral
neuropathy). Dorsalis pedis and posterior tibial pulses as assessed by palpation or audible by doppler were required
to establish a pathophysiology consistent with DFUs and not ischemic ulcers or an ulcers of mixed etiology. The
main DFU exclusion criteria was the presence of an infection at the ulcer site. PRUs were defined as localized
injury to the skin and/or underlying tissue usually over a bony prominence, as a result of pressure, or pressure in
combination with shear [43]. Categorization of an ulcer as a PRU was based on staging on type of tissue visualized or
palpated. PRUs over anatomical locations including sacrum, coccyx, greater trochanter, ischial tuberosity, calcaneus
and lateral malleolus were included. PRU stages II–IV were included that were defined by involvement of skin layers
extending from the papillary and reticular dermis (partial and full-thickness), subcutaneous fat (full thickness),
to exposed tendon, muscle or bone (full thickness). PSWs were categorized as surgical incisions sutured together
by a margin approximation dressing or device after an operative procedure that fail to heal. PSWs that failed to
heal primarily due to dehiscence were defined by the separation of the incision line prior to complete healing
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resulting in an open wound. Partial dehiscence of a surgical wounds presented as superficial layers of tissue being
reopened. Complete dehiscence presented as all tissue layers being separated with underlying tissue and organs
being exposed and sometimes protruding through the wound opening. Other symptoms that characterized PSW
dehiscence included broken sutures before the wound had healed, renewed pain, bleeding and drainage from the
surgical wound site. Wounds types assessed as being of mixed etiologies (e.g., both venous and atrial insufficiency;
diabetes and pressure characteristics), or wound types present in a few patients carrying diagnoses other than VLU,
DFU, PRU or PSW were categorized as, ‘other’.

Data collection
Physician investigators were responsible for collecting and recording the data for the registry in standardized
electronic case report forms. The data collection system, MedNet R© (NJ, USA) was the interface that allowed
sites to enter data electronically and was built with data quality checks and prompts programmed into respective
electronic case report forms to ensure data quality. Periodic data cleaning, data reviews and data reconciliation
were performed by Worldwide Clinical Trials, Inc. (NC, USA). Data queries were issued for site clarification for
any discrepancies noted during data review. Accurate records of the clinical data generated from this study were
maintained according to Good Clinical Practices requirements. No interim analyses were completed during the
course of the registry.

Digital photography was used to image index wounds both pre- and post-PCMP treatment at each study visit.
Wound measurements were also collected for all patients at each study visit in the PCMP registry. The maximum
length, maximum width and maximum depth of the index wound was measured before use of PCMP at each
study visit through to the EOS. Investigators were instructed to measure the greatest length of the open wound
end-to-end perpendicular (90◦ angle) to width. The width was measured at the widest width of the open wound
side to side perpendicular to the length. Maximum depth was measured by moistening a cotton-tipped applicator
with normal saline. The applicator tip was placed in the deepest aspect of the wound and the distance to the skin
level was measured. Cross-sectional area (cm2) was electronic data collection calculated by computerized algorithms
if length and width were entered. Wound volume: (cm3) was electronic data collection calculated by computerized
algorithms if length, width and depth were entered.

Statistical analysis
All statistical analyses were performed with the understanding that the PCMP registry was a prospective, cohort,
noninterventional study design, where no treatment randomization was involved. Continuous data were summa-
rized using descriptive statistics: count (n), mean, standard deviation and median. Categorical data were described
using frequencies and percentages. All statistical analyses were performed using SAS R© 9.4 (SAS Institute, NC,
USA).

To assess the effectiveness of PuraPly AM in real-world clinical settings, the following were measured: actual and
percent change in wound area from baseline through the EOS using wound details (wound length [cm], wound
width [cm], maximum wound depth [mm], cross-sectional area [cm2] and wound volume [cm3]), and time to
wound closure for each individual patient, if wound closure occurred, using dates and wound variables (baseline
wound dates, wound characteristics, follow-up dates and/or EOS date).

The primary efficacy end point of the study was defined as: time to and frequency of complete wound closure
(i.e., 100% wound closure) by or on 32 weeks. Complete wound closure (referred to as wound closure in this article)
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.

Secondary efficacy end points were defined as: the proportion of subjects achieving >60% reduction in wound
area from baseline (i.e., >60% epithelialization defined as a layer of epithelium visible on the wound surface); the
proportion of subjects achieving >60% reduction in wound depth from baseline; and the proportion of subjects
achieving >75% reduction in wound volume from baseline.

Frequency of wound closure (i.e., wound closure rates) as a function of time (weeks) was determined using the
Kaplan–Meier (K–M) time to event analysis (SAS 9.4) through week 32 for: all wounds, and subgroups of wounds
treated such as VLUs, DFUs, PRUs, PSWs and other (wounds not meeting the diagnostic criteria for any of the
identified wound types occurring in fewer than five patients). K–M time to event analysis was used to determine
the median time to wound closure.
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Figure 2. Incidence of reduction from baseline ulcer
area, depth and volume; all wounds (n = 307).

A forward selection Cox proportional hazards regression model that adjusted for patient demographics (i.e., age,
race, sex and BMI) and wound characteristics (i.e., area, depth, volume and age of the ulcer at baseline) was
performed to compute the adjusted wound closure rates for all wounds, VLUs, DFUs, PRUs, PSWs and other
wounds from PCMP treatment application day 0 through to week 32. The Cox analyses were used to estimate the
frequency of wound closure at every time point that patients were evaluated.

All analyses were intent to treat and included data from all patients who received PCMP in the registry
(Figures 1–4).

Results
Each subject had one ulcer identified as the index ulcer for treatment with PCMP. There was a total of 307 PCMP-
treated wounds (all wounds [n = 307]). Of these 307 wounds: 67 were VLUs; 62 were DFUs; 45 were PRUs;
54 were PSWs and 79 were other wounds. Baseline patient demographics, wound characteristics and treatment
characteristics are shown for all patients in the PCMP registry (Table 1). The majority of patients were males
(53.1%) and the median age was 70 years. Seventy-two percent of the PCMP-treated patients were ≥65 years of
age. At the first treatment application, the mean wound area was 12.9 cm2, the mean wound depth was 5.2 mm
and the mean wound volume was 11.2 cm3 (Table 1).
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The average number of treatment applications used in the PCMP wounds was 5.2 (Table 1). A total of 21.8%
of PCMP patients received one or two applications, and less than 2% received more than ten applications. For
patients receiving multiple applications, the median interval between PCMP applications was 9.7 days (Table 1).
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Table 1. Baseline patient, wound and treatment characteristics.
Patient, wound and treatment characteristics PCMP (n = 307)

Age (years)
Mean ± SD
Median

70.3 ± 14.2
70.0

Age group (years), n (%)
�65
≥65

86 (28.0)
221 (72.0)

Sex, n (%)
Female
Male

144 (46.9)
163 (53.1)

Number of ulcers treated per patient
Mean ± SD
Median

1.0 ± 0
1.0

Wound duration (days)
Mean ± SD
Median

96.2 ± 192.0
60.0

Wound area (cm2)
Mean ± SD
Median

12.9 ± 21.3
5.0

Wound depth (mm)
Mean ± SD
Median

5.2 ± 9.7
2.0

Wound volume (cm3)
Mean ± SD
Median

11.2 ± 36.2
1.7

Number of applications
Mean ± SD
Median

5.2 ± 3.1
5.0

Days between applications
Mean ± SD
Median

9.7 ± 5.1
7.7

PCMP: Type I collagen matrix plus polyhexamethylene biguanide antimicrobial; SD: Standard deviation.

The primary end point (Cox) of wound closure for all wounds (n = 307) was 52, 62 and 73% at week 20,
26 and 32, respectively (Figure 1). For all 307 of these PCMP wounds, the incidence of achieving greater than a
60% reduction in baseline area and depth was 81 and 71%, respectively (Figure 2). In addition, the incidence of
wounds demonstrating greater than a 75% reduction in baseline volume was 85% (Figure 2).

Cox adjusted estimates of frequencies of wound closure at week 32 demonstrated not only the frequency (%) of
wound closure for all wounds (73%), but also the frequencies of wound closure for VLUs (73%), DFUs (51%),
PRUs (62%), PSWs (96%) and other wounds (67%) (Figure 3). Cox wound closure frequencies at week 26 were
also computed for all wounds (62%), VLUs (64%), DFUs (50%), PRUs (51%), PSWs (67%) and other wounds
(67%) (Figure 3).

The K–M median time to wound closure for all 307 enrolled in the registry was 17 weeks. Using the same K–M
method of analysis, the times to wound closure for VLUs, DFUs, PRUs, PSWs and other wounds were 22, 31, 32,
12 and 14 weeks, respectively (Figure 4).

Safety data were actively collected throughout the 32-week registry study. PCMP appeared to be well tolerated,
and there were no adverse events (AEs) or serious AEs that were attributed or related to PCMP.

Discussion
The data show that the use of PCMP demonstrated clinically meaningful benefits to patients with skin wounds.
The PCMP registry included all wounds (n = 307) that was comprised of 67 (22%) VLUs; 62 (20%) DFUs;
45 (15%) PRUs; 54 (18%) PSWs; and 79 (26%) other wounds. Given the intended uses for PCMP (wounds
with the exception of third-degree burns) defined by FDA’s 510(k) marketing clearance, the wounds analyzed
in this cohort study proved to be reflective of a postmarketing patient population and are best examined as an
aggregate, single wound population. K–M time to event analysis showed that for all wounds (n = 307), the
median time to wound closure was 17 weeks, and the Cox-derived frequency of wound closure was 73%. In
addition, a more subjective end point of ‘achieving treatment goals’ was also prospectively identified in the registry
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protocol. Achieving treatment goals was defined as demonstrating improvements in the wound bed condition
such as increased, healthy granulation tissue, reduced exudate and readiness for grafting or treatment with other
advanced skin substitutes. Using these criteria, 86% of all PCMP patients met clinicians’ treatment goals. Overall
clinical improvements to patients treated with PCMP were demonstrated by the more subjective determination
of ‘achieving treatment goals’. Consistent with clinical assessments of ‘achieving treatment goals’, objective wound
measurements showed reductions in wound dimensions from baseline. The percentages of PCMP wounds that
demonstrated >60% reductions in wound area (cm2) and depth (mm) were 81% (250 of 307) and 71% (221
of 307), respectively. Wound area reductions of >50 and >60% from baseline have previously been proven to
be highly predictive surrogate end points for healing [44–46]. In this trial, we used a strict cutoff of >60% partial
wound closure and >60% wound depth reduction as surrogates for longer term healing. Large, pooled randomized
controlled trial (RCT) databases of over 35 thousand wounds have shown rates of 70% or higher in sensitivity
and specificity of predicting wound healing when >40% wound area reductions from baseline were observed at
4 weeks [45]. One retrospective cohort study (39,918 neuropathic wounds on 20,213 individuals) showed correct
classification of healed or not healed by 20 weeks of 70% [45]. The wound area reduction data reported in this
study are intended to provide clinically meaningful information that may help guide treatment decisions for the
management of the most common chronic wounds seen in the community. In addition, we showed reductions in
wound volumes consistent with the reductions in area and depth. Objective assessment metrics used in the PCMP
registry, support the conduct of formal RCTs to assess beneficial effects on patients’ quality of life, activities of daily
living and ability to work.

PCMP registry clinical outcomes were in a primarily elderly population with large, deep wounds, of long
durations (age of the wounds prior to treatment with PCMP) (Table 1). Of the general population studied in the
registry, 72% (221 of 307 patients) were ≥65 years of age. US Medicare is available for patients age 65 or older, and
approximately 15% of the US population (45 million people) were enrolled in medicare as their primary health
insurance at the time of initiation of the PCMP registry [47]. Baseline characteristics of wounds treated included
those that were of long duration (96 days), large size (12.9 cm2), deep (5.2 mm) and high volume (11.2 cm3).
These wound measurement parameters at the first day of treatment application have previously been shown to be
negative risk factors for healing (Table 1) [48–50]. It appears that PCMP successfully resulted in wound closure in a
patient population who most often present with difficult-to-heal wounds refractory to previous treatments.

A comparison between the results of three previous PCMP observational studies, one interim analysis of the
PCMP registry (n = 63), and the completed RESPOND registry (n = 307) shows comparable clinical outcomes. In
one prospective case series of 41 patients treated for various types of wounds (VLUs, DFUs, PRUs and PSWs), heal
rates, mean percent wound closure from baseline and time to healing were reported. At 12 weeks, most (73.2%)
wounds reduced in area from baseline and many (63.4%) had reached a ≥70% reduction in area. Complete wound
closure was reported in 37% of wounds by or on 12 weeks. The duration of study in this 41 patient case series
was 20 weeks shorter the PCMP registry here reported. Complete closure was achieved in many types of wounds,
including surgical and trauma wounds, PRUs, DFUs and VLUs. The time to complete wound closure was 6.7 weeks
whereas the duration of the wounds treated was 103 weeks [2]. A small case series (n = 5) with PCMP demonstrated
an average time to complete wound closure of 6.8 weeks [51]. PCMP was reported to be well tolerated with no
related systemic or localized AEs. Nine wounds treated with PCMP in another observational case series showed
that six (66.7%) of treated wounds healed in an average of ten weeks. The three wounds that failed to heal showed
improvements in granulation tissue and reductions in wound area [1]. In an interim analysis of 63 wounds treated
in the PCMP registry, the median baseline wound area was 6.5 cm2, and the mean wound duration at baseline
was 4 months. Of the 63 wounds, 43 (68.3%) achieved complete wound closure. Mean time to closure for PCMP
wounds that healed was 5 weeks [3]. Comparing the heal rates from other PCMP studies with the heal rates here
reported shows comparability regardless of the clinical setting and the wound type when duration of the various
studies are taken into consideration. It is notable that because of a robust number of patients (n = 307) participating
in the RESPOND, the median time to healing for All patients (rather than mean times to healing for only those
patients who healed) was able to be computed using intent to treat principles and accepted, recognized K–M
methodology. The median time to healing in the completed RESPOND registry of 17 weeks has been shown to
compare favorably with other skin substitutes also reporting K–M median times to healing (time in weeks ranging
from 20 to 43) [52–55]. The results of these PCMP reports of healing in smaller, observational case series or interim
reports are generally consistent with the findings of the completed (n = 307) PCMP noninterventional, prospective
registry study.
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Regardless of wound type, general local wound management principles exist. The Wound Healing Society has put
forth the ‘TIME’ paradigm to address key elements associated with impaired wound healing [56]. Wound treatments
administered in the PCMP registry adhered to all elements of TIME. The acronym refers to four considerations in
treating cutaneous wounds. ‘T’ refers to recognizing specific tissue deficits as well and using debridement methods to
address the presence of devitalized or necrotic tissue. ‘I’ describes management of inflammation or infection within
and surrounding the wound site. ‘M’ refers to assessment and management of moisture balance from maceration
to desiccation to achieve a moist wound environment. ‘E’ defines evaluations of wound edge quality, observations
of undermining of epidermis, identification of devitalized and hyperkeratotic periwound tissue, and assessments of
the extent of re-epithelialization [56].

Treating the sequala of nonhealing chronic wounds such as infection, tissue necrosis, gangrene, edema, os-
teomyelitis and amputation result not only in direct costs that can be quantitated, but also indirect costs that
are more difficult to analyze [16,57–59]. In a retrospective analysis of only the direct costs related to wound care,
US Medicare data showed that total Medicare spending estimates for all wound types ranged from US$28 to
US$97 billion [37]. Using a healthcare economics model for one chronic wound type (VLUs), the potential cost
savings of using therapies more effective (demonstrating shorter times to healing) than standard dressings may be
addressed. The treatment costs of VLUs alone on the healthcare system was analyzed for 81,000 patients, and
the direct costs were calculated as US$18 billion annually [60]. VLU-related costs for nonhealed wounds were over
US$500 per patient per week higher when compared with healed VLUs. Of this amount, approximately US$400
per week per patient was for selected services considered directly related to VLU treatment [60]. Applying the figure
of US$400 in cost savings per patient per week that a wound is healed, the total cost savings of using a wound care
treatment that results in faster healing may be estimated. Using the median time to healing data determined in the
PCMP registry (17 weeks) and previously published median times to healing data, the differences in direct wound
care treatment costs per patient per week were able to be calculated between PCMP and four other skin substitutes.
Estimated times to healing (K–M) in recent comparative effectiveness research studies (CERs) have been reported
in weeks as: 20, 26, 30 and 43 for viable cryopreserved placental membrane (vCPM), dehydrated human amniotic
membrane, fetal bovine collagen dressing and small intestinal submucosa (SIS), respectively [52–55]. Using the cost
model referenced above, a 3 week difference in median time to wound closure (17 weeks for PCMP vs 20 weeks for
vCPM) could result in estimated cost savings per patient of US$1200. At the upper range of cost savings (17 weeks
for PCMP vs 43 weeks for SIS), a potential cost savings per patient of US$10,400 is calculated. It should also be
noted that direct costs of chronic wound treatment shown are indirectly proportional to the frequency of healing
with the lowest heal rates associated with the highest costs. Using the skin substitutes listed above, frequencies of
wound closure were 46% (vCPM), 47% (dehydrated human amniotic membrane), 46% (fetal bovine collagen
dressing) and 46% (SIS) [52–55]. Large sample sizes and direct head-to-head comparisons between the various skin
substitutes are needed for accurate healthcare economic analyses.

The PCMP registry shares limitations in common with all postmarketing registry studies. The PCMP cohort
registry (RESPOND) was of an open-label, noninterventional design with no comparator treatment group. The
main strength of the study is the large group of patients that were enrolled (n = 307), while the main limitation
is the lack of control group. Without a comparator, there is no way of being completely certain that treated
wounds would not have had similar healing with other skin substitutes or standard of care therapies. Additionally,
comparisons of findings with retrospective, nonconcurrent controls or between studies should be interpreted with
caution. However, In this PCMP registry there existed practical and other reasons not to include a placebo group.
The use of a placebo in clinical research continues to be a topic of debate. Some argue that the use of placebos is
often unethical because alternative study designs would produce similar results with less risk to individual research
participants [61]. Patients with nonhealing wounds are at risk for infection, cellulitis, osteomyelitis, sepsis and even
death if left untreated or poorly treated. Critics of placebo-controlled trials cite article 11.3 of the Declaration of
Helsinki: “In any medical study, every patient including those of control group, if any should be assured of the
best proven diagnostic and therapeutic methods and no patient should suffer from unnecessary pain” [62]. Given
the circumstances that PCMP has been subjected to US FDA premarket evaluation, available by prescription only
(i.e., restricted to use by order of a physician or properly licensed practitioner), and marketed in USA for use in the
management of cutaneous wounds (with the exception of third-degree burns), comparisons with other wound care
products that are not currently approved or cleared for marketing for use in similar wounds proves challenging.
Practical reasons for a noninterventional study design included potential, prolonged times to enrollment. While
RCTs represent the gold standard in evaluating healthcare interventions, it is common that <40% and as few as
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10% of patients screened for a RCT are randomized to receive study treatment [63]. The PCMP registry was intended
to provide physicians with real-world clinical outcomes data prospectively collected in a systematic way on a variety
of wounds and also to inform future RCTs for the study of specific wound types. By determining heal rates in this
single arm study, the treatment effect size between PCMP and comparators may be used more precisely estimate
sample sizes in future studies limiting patient exposure to placebo and other controls. Practical considerations of
collecting PCMP data on larger numbers of patients with different patient characteristics (age, race and sex), wound
types (VLU, DFU, PRU and PSW), and wound characteristics (area, depth and volume) are advantages of using a
noninterventional study design. Interventional studies with one or more control arms often necessitate stratification
and/or more narrow inclusion/exclusion criteria. The PCMP registry was on open label study that carries risk of
investigator bias. We attempted to address potential bias by only relying on wound measurements for our primary
and all secondary analyses. Cox modeling that adjusted for multiple common risk factors was used to determine
wound closure for all patients as well as chronic wound subgroups. Additional data and more detailed analyses
would be needed for valid subgroup comparisons. Notably, the registry included 28 treatment facilities that were
evenly distributed geographically across the USA. Treatment center as a variable was not found to be predictive of
PCMP effectiveness. It should be noted that PCMP was used as an adjunct to standard of care therapy. Wounds
included in this cohort study were unlikely to be considered for surgical interventions. Further specifics on PCMP
relative costs would require a dedicated study targeted to healthcare economic outcomes. More cost–effectiveness
information is needed than was available from this Registry. Moving forward, both RCTs and CER studies in a
real-world setting would greatly contribute to our understanding of PCMP.

Conclusion
The PCMP registry of over 300 patients showed a 73% frequency of wound closure with a median time of 17 weeks.
PCMP appears to be a useful adjunct in the treatment of various types of wounds. Subgroup analyses of wound
types and CER studies are warranted.

Summary points

• This was the first prospective, large (307 patients), multicenter (28 sites), cohort study to assess the effectiveness
of purified native type I collagen matrix plus PHMB, a broad spectrum antimicrobial (PCMP), for use on various
types of nonhealing wounds.

• PCMP was used on 307 wounds.
• The number and percent in each wound type were: 67 (22%) venous leg ulcers (VLUs), 62 (20%) diabetic foot

ulcers (DFUs), 45 (15%) pressure ulcers (PRUs), 54 (18%) post-surgical wounds (PSWs) and 79 (26%) other wounds.
• Treatment with PCMP showed favorable wound closure rates for all wounds and all subgroups of wounds treated.
• Wound closure rates (Cox analyses) for All, VLUs, DFUs, PRUs, PSWs and other wounds were computed as 73, 73,

51, 62, 96 and 67%, respectively.
• Median time to healing (Kaplan–Meier survival analysis) for All, VLUs, DFUs, PRUs, PSWs and other wounds were

demonstrated to be 17, 22, 31, 32, 12 and 14 weeks, respectively.
• PCMP was associated with substantial reductions in wound areas, depths and volumes. PCMP showed a high

incidence of >60% reductions in area (81%) and depth (71%), and >75% reductions in volume (85%).
• PCMP may result in improved rates and times to wound closure than either of its primary components (type I

collagen and PHMB) could achieve individually.
• The RESPOND registry showed that the use of PCMP was associated with substantial reductions in wound area

and notable rates of wound closure. PCMP use should be considered when managing chronic or acute wounds of
various etiologies.

• Randomized controlled studies (RCTs) and comparative effectiveness research (CER) studies of real-world data
comparing PCMP with other skin substitute products for the management multiple chronic wound types are
warranted.
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