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Abstract

Background. A randomized controlled trial reported that bromelain-based enzymatic
debridement (BBD) more e ectively debrided and granulated venous leg ulcers
(VLUs) compared with placebo (gel vehicle, hydrogel) and nonsurgical standard of
care (including collagenase ointment [CO]). Objective. To assess the e icacy of BBD
vs CO-based enzymatic debridement in VLUs during the ChronEx trial. Materials and
Methods. The Wilcoxon exact test was used to compare the proportion of wounds in
each group that achieved complete debridement and granulation at 2 weeks. Kaplan-
Meier analysis was used to compare median times to complete debridement and
granulation between groups. Results. Forty-six patients with 46 wounds were treated
with BBD, and 8 were treated with CO. Twenty-nine wounds treated with BBD (63%;
95% CI, 48–77) were completely debrided within 2 weeks compared with none
treated with CO (P = .001). Twenty-three wounds treated with BBD (50%; 95% CI, 35–
65) achieved complete granulation by 2 weeks compared with none with CO (P =
.015). The estimated median time to complete debridement and complete granulation,
respectively, in the BBD group vs the CO group, respectively, were 9 days vs not
achieved (P = .023), and 11 days vs not achieved (P = .014). The groups had
comparable safety and pain profiles. Conclusion. BBD appears to be more e ective
and faster than CO in achieving complete debridement and granulation of VLUs as
part of wound bed preparation.

Abbreviations: AE, adverse event, BBD; bromelain-based enzymatic debridement;
CO, collagenase ointment; DFU, diabetic foot ulcer; GV, gel vehicle; ITT, intention-to-
treat; mITT, modified ITT; NERDS, nonhealing wound, exudative wound, red and
bleeding wound, debris in the wound, smell from the wound; NSSOC, nonsurgical
standard of care; RCT, randomized controlled trial; RMST, restricted mean survival
time; SD, standard deviation; SMG, saline-moistened gauze; STONES, size is bigger,
temperature increased, os (probes to or exposed bone), new areas of breakdown,
exudate, erythema or edema, smell; VLU, venous leg ulcer.

For more than 5 decades, CO derived from the Clostridium histolyticum bacteria (SANTYL,
Smith+Nephew) has been used as a topical, enzymatic debridement agent, mainly in
conjunction with sharp debridement. CO specifically degrades the triple helix of native type
1 collagen, which is abundant in wound eschar and slough. This targeted action facilitates
the removal of devitalized tissue from the wound bed. Furthermore, research suggests
that collagen cleavage by CO releases peptide fragments that may stimulate proliferation
and migration of keratinocytes and fibroblasts.  A systematic review and meta-analysis of
22 RCTs evaluating the e ect of CO on debridement concluded that CO appears to be
beneficial in the management of pressure injuries and DFUs; however, high-quality RCTs are
lacking, and data are insu icient to support the use of CO in chronic VLUs.

BBD (EscharEx, MediWound Ltd) is a new biological drug currently under development for
debridement of VLUs and DFUs. The active material in BBD is a complex mixture of
proteolytic enzymes enriched in bromelain extracted from the pineapple stem. The active
material in BBD is identical to anacaulase-bcdb, the active pharmaceutical ingredient in
NexoBrid (MediWound Ltd), an enzymatic agent for eschar removal, the latter of which is
approved in more than 40 countries, including the United States and the European Union,
for eschar removal (debridement) of deep partial- and/or full-thickness thermal burns.
However, the final formulation of the 2 products is substantially di erent. Anacaulase-bcdb
(a powder containing BBD mixed with a gel to form 10% BBD concentration) has been
shown to be faster than and similarly e ective as standard of care for eschar debridement.
Due to its strong a inity to denatured collagen, anacaulase-bcdb selectively debrides
injured dermis only, leaving healthy dermis undisturbed. Healthy dermis can thus heal
spontaneously by epithelialization with reduced need for autografting. The enzymatic
mixture composition of BBD is formulated to enable e ective debridement of denatured
proteins and nonvital tissues that are commonly found in VLUs, DFUs, and other hard-to-
heal wounds, including denatured collagen, elastin, and fibrin.

BBD e icacy was initially demonstrated in porcine ischemic wound models, followed by
3 phase II clinical trials that enrolled patients with VLUs, DFUs, and posttraumatic hard-to-
heal wounds.

In an RCT in which a powder containing BBD mixed with a gel to form 5% or 2.5% BBD
concentration was compared with the gel vehicle alone (GV, powder without the active
ingredient mixed with a gel) in 73 patients with chronic wounds, the proportion of wounds
with complete debridement was significantly higher in the BBD group compared with the
placebo gel vehicle group (55% and 29%, respectively; P = .047).  BBD was next
reformulated to optimize utility and increase treatment application time from 4 hours to 24
hours; a powder containing BBD and excipients was mixed with water for injection to form
5% BBD concentration. In a phase II study of the e ect of BBD on 12 patients with chronic
VLU or DFU, complete debridement occurred in 7 patients with up to 8 once-daily
treatments; punch biopsy and fluorescence imaging confirmed reduced biofilm and
bacterial load. The original article of the ChronEx RCT was published in September 2024
and reported the safety and e icacy of BBD compared with the placebo hydrogel, hereafter
referred to as the GV, and NSSOC debridement agents in 119 patients with chronic VLU.
With up to 8 daily treatments (over a period of up to 2 weeks), complete debridement was
achieved in 63% of wounds in the BBD group (29 of 46), compared with 30% (13 of 43) in
the GV group (P = .004) and 13% (4 of 30) in the NSSOC group (P < .001). Moreover, the
median time to complete debridement was 9 days with BBD treatment, 63 days with the GV,
and 59 days with NSSOC. The incidence of complete cover of the wound bed with healthy
granulation tissue during the daily treatment period was 50% (23 of 46) for BBD, compared
with 26% (11 of 43) for placebo (P = .01) and 10% (3 of 30) for NSSOC (P < .001). BBD shared
a similar safety profile with the other groups, in terms of AEs and pain levels. In the NSSOC
group, 27% of patients (8 of 30) received CO.

Because CO is the only commercially available enzymatic debridement agent for chronic
wounds, the authors of the present study wanted to further explore the comparative
e ectiveness of BBD and CO in their RCT population. Therefore, this post hoc analysis
evaluates the safety and e ectiveness of BBD compared with CO in the debridement of
chronic VLUs.

Materials and Methods

The detailed inclusion/exclusion criteria and study methodology of the ChronEx RCT has
been published previously. The trial was registered on ClinicalTrials.gov (no.
NCT03588130) and on EudraCT (no. 2020-00486-38). Twenty wound centers in the US,
Switzerland, and Israel participated in this study. The study adhered to the 1975 Declaration
of Helsinki, and the institutional review boards and ethics committees of all participating
institutions approved the study protocol. Patients aged 18 years to 90 years who presented
to the study centers with venous insu iciency (diagnosed by medical history, physical
examination, and an ultrasound) and a chronic VLU with a duration of 4 weeks to 2 years, a
wound area of 2 cm to 100 cm , and a wound bed having greater than 50% nonviable
tissue; who provided their written informed consent; and whose wounds did not decrease in
area by at least 20% during the 6- to 9-day run-in period were enrolled. Patients with arterial
insu iciency (ankle-brachial index 0.70, toe brachial index 0.50, skin perfusion pressure

40 mm Hg, or transcutaneous oximetry 40 mm Hg) were excluded, as were those
undergoing the following wound treatment modalities: surgical, mechanical, or biological
debridement; negative pressure wound therapy; or hyperbaric oxygen therapy. 

Subjects randomized to the BBD group (EscharEx EX-02 formulation, MediWound Ltd) were
treated daily with topical BBD. Additionally, zinc oxide ointment (Calmoseptine,
Calmoseptine Inc) was applied to protect the periwound skin and, together with an
occlusive dressing (3M Tegaderm, 3M), adhered the BBD to the treatment area. Daily
applications continued until complete debridement occurred (defined as achieving a viable
wound bed after removal of all nonviable tissue, suitable for initiation of the wound healing
stage) or the patient received up to 8 daily treatments within 2 weeks. After this initial 2-
week daily treatment period, BBD application was not allowed. Patients were followed up
twice weekly for 2 weeks, during which they received standardized nonactive dressings (eg,
foam, hydrogel, or hydrocolloid) and grafting (including autograft, allograft, and xenograft),
per investigator discretion. They were then followed up weekly for an additional 10 weeks.
At this time, wounds in the BBD group that did not achieve complete debridement during
the 2-week treatment period were allowed to undergo surgical debridement after the daily
treatment period; however, they were regarded as treatment failures.

Subjects randomized to the NSSOC group underwent autolytic and/or enzymatic
debridement (with CO). The CO group was treated with topical CO once daily for up to 2
weeks, until complete debridement occurred, followed by once-daily, twice-weekly, or once-
weekly applications per label indications or per the investigator’s discretion, for the duration
of the study period. Surgical debridement was prohibited in this group for the entire duration
of the study. 

Wound assessment was performed using a validated 3-dimensional wound measurement
imaging device with a planimetry system (eKare, eKare Inc). Wound culture was performed
at both the screening visit and the end-of-treatment visit, or as required by clinical
judgment. Assessment of superficial and deep wound infection was performed using the
mnemonic NERDS (for evaluating clinical signs of critical bacterial colonization) and
STONES (for evaluating clinical signs of deep wound infection) methods. Wound closure
was defined as complete epithelialization of the wound surface without drainage or need for
dressing; 2 weeks after wound closure was first observed, the subject had a healing
confirmation visit. 

All VLUs were additionally managed with a 2-layer compression system (Coban, 3M) that
was reapplied after every dressing change.

The sample size of this post hoc analysis was all randomized subjects (ITT population) in the
BBD group (n = 46) and the CO subset of the NSSOC group (n = 8). In the BBD group, a
mITT analysis was also performed, because 3 subjects in the BBD group underwent surgical
debridement following the 2-week daily treatment period. They were censored for time
points starting with the date of their surgical debridement. 

The post hoc analysis focused on outcomes related to complete wound bed preparation,
which was determined by achievement of the 2 essential wound bed states, that is, having a
completely debrided and a completely granulated wound with healthy tissue. Therefore,
the following e icacy end points were evaluated: proportion of wounds achieving complete
debridement at 2 weeks and at the end of the study (14 weeks), proportion of wounds
achieving complete granulation at 2 weeks and at 14 weeks, proportion of wounds achieving
complete wound bed preparation at 2 weeks and at 14 weeks, proportion of wounds
achieving complete closure at 14 weeks, as well as time to complete debridement, time to
complete granulation (which served as the surrogate for complete wound bed preparation
because granulation was the limiting rate factor), and time to complete closure in days.
Safety end points evaluated were the pain levels reported during the previous day’s
application (assessed using a score of 0 to 10, with 0 being “no pain” and 10 being “worst
possible pain”) during the initial 2-week daily treatment period and the incidence and
severity of AEs.

Descriptive statistics summarized continuous variables as mean (SD) because there was
normal distribution. Statistical tests were performed against a 2-sided alternative
hypothesis, using a significance level of .05. The Fisher exact test was used to compare
incidence rates between groups, and 95% CIs were calculated using the Clopper-Pearson
method. Log-rank and RMST tests were used to compare rates of time between the study
groups. To analyze group di erences for time to complete closure, the area under the curve
was analyzed. The Kaplan-Meier survival function curve plotted the time to complete
debridement, time to complete granulation, and time to complete closure. All statistical
analyses were performed using SAS software (version 9.4; SAS Institute Inc).

Results

Table 1 summarizes the patient and wound characteristics. Wound characteristics were
comparable between the 2 groups, with no statistically significant di erences.

Table 2 summarizes key e icacy outcomes comparing BBD with CO for the ITT population.
There were 29 wounds with complete debridement at 2 weeks in the BBD group (63%; 95%
CI, 48–77), compared with none in the CO group (P = .001). There were 37 wounds in the
BBD group with complete debridement at 14 weeks (80%; 95% CI, 66–91), compared with 4
(50%; 95% CI, 16–84) in the CO group. This di erence was not statistically significant.

Complete granulation and wound bed preparation had the same incidence in this study
because achieving wound bed preparation was dependent on complete granulation, the
slower, time-limiting variable. There were 23 wounds with complete granulation/wound bed
prepared at 2 weeks in the BBD group (50%; 95% CI, 35–65), compared with none in the CO
group (P = .015). There were 36 wounds in the BBD group with complete granulation/wound
bed prepared throughout the study (up to 14 weeks) (78%; 95% CI, 64–81), compared with 3
(38%; 95% CI, 9–76) in the CO group (P = .030).

A slightly higher percentage of wounds closed within 14 weeks in the BBD group compared
with the CO group (33% [n = 15] and 25% [n = 2], respectively). This di erence was not
statistically significant.

A mean (SD) of 5 (2.5) BBD applications was administered to the BBD group. Among the 29
wounds that were completely debrided at 2 weeks in the BBD group, the mean number of
BBD applications applied to each patient was only 3.6 (1.8). The mean number of CO
applications administered to the CO group was 19 (4; range, 15–23). 

Figure 1 depicts the Kaplan-Meier plot of time to complete debridement. Only the BBD
group had a median time to complete debridement (ITT and mITT, 9 days; 95% CI, 5–15)
because less than 50% of wounds achieved the event in the CO group and thus, medians
could not be calculated (ITT log-rank test, P = .023; mITT log-rank test, P = .019). The RMST
to complete debridement was 30.2 days (95% CI, 19.5–40.8) in the BBD group and 69.6 days
(95% CI, 46.5–92.7) in the CO group (P = .002). For the mITT analysis, the RMST to complete
debridement was 29.7 days (95% CI, 19.2–40.2) in the BBD group and 69.6 days (95% CI,
46.5–92.7) in the CO group (P = .002).

Data for the time to complete granulation and complete wound bed preparation were the
same. Figure 2 depicts the Kaplan-Meier plot of time to complete granulation. Median time
to complete granulation could only be calculated for the BBD group (ITT: 11 days, 95% CI, 7–
50; mITT: 10, 95% CI, 7–39) because less than 50% of wounds achieved the event in the CO
group (ITT log-rank test, P = .014; mITT log-rank test, P = .010). The RMST to complete
granulation was 35.2 days (95% CI, 24.4–46) in the BBD group and 78.6 days (95% CI, 57.7–
99.5) in the CO group (P < .001). For the mITT analysis, the RMST to complete granulation
was 33.7 days (95% CI, 23–44.4) in the BBD group and 78.6 days (95% CI, 57.7–99.5) in the
CO group (P < .001).

Figure 3 depicts the Kaplan-Meier plot of time to complete closure. The median time to
complete closure was not achieved in either group. The RMST to complete closure was 81.5
days (95% CI, 73.1–90) in the BBD group and 94.0 days (95% CI, 86.8–101.2) in the CO group
(P = .028). For the mITT analysis, the RMST to complete closure was 80.7 days (95% CI,
72.1–89.4) in the BBD group and 94.0 days (95% CI, 86.8–101.2) in the CO group (P = .021). In
patients who achieved wound closure, the average time to wound closure was 48.4 days
(95% CI, 35.3–61.4) with BBD vs 76.0 days (95% CI, 50.5–101) with CO (P = .05).

At any time during the study, increased superficial bacterial burden, as assessed using the
NERDS criteria, was reported in 67% of subjects in the BBD group (31 of 46) compared with
88% (7 of 8) in the CO group. Deep wound infection, as assessed anytime during the study
using the STONES criteria, was noted in 11% of subjects in the BBD group (5 of 46) and in
38% (3 of 8) in the CO group. The AE data in the BBD group have been previously reported
in detail. Twenty subjects (43%) experienced at least 1 wound-related AE. AEs 5%
included skin exfoliation (n = 4 [9%]), skin maceration (n = 4 [9%]), wound infection (n = 5
[11%]), and cellulitis (n = 3 [7%]). Similarly, 3 subjects in the CO group (38%) experienced at
least 1 wound-related AE, whether wound infection (n = 1 [12%]) or cellulitis (n = 2 [25%]). 

Pain levels related to treatment applications were quite similar between groups, with the CO
group reporting slightly higher pain levels (Figure 4). Among the 3 subjects with AEs in the
CO group, 1 (12%) also reported pain. One patient in the BBD group (2%) discontinued
treatment due to pain. During this study, 7 subjects in the BBD group (15%) underwent
grafting compared with 1 (12%) in the CO group. Five subjects in the BBD group (11%)
received autografts, compared with none in the CO group. Two subjects in the BBD group
(4%) received allografts/xenografts, compared with 1 (12%) in the CO group.

Figure 5 depicts 2 study wounds that at baseline were similar in severity, showing both
wounds through the end of the initial 2-week treatment period. One case was treated with
BBD, and the other was treated with CO.

Discussion

In this post hoc analysis of the ChronEx RCT, BBD treatment resulted in superior and
significantly faster incidence of complete debridement, complete granulation, complete
wound bed preparation, and complete closure compared with CO. The post hoc analysis did
not compare CO performance with GV, which was evaluated in 43 patients in the ChronEx
trial. The safety profiles, in terms of pain levels and AEs, of all 3 treatments were similar.
However, it is interesting to note that while 63% of BBD-treated wounds and 30% of GV-
treated wounds were completely debrided by 2 weeks,  none of the wounds in the CO
group achieved complete debridement at 2 weeks.

In this post hoc analysis, the RMST to complete debridement was just over 4 weeks in the
BBD group (30 days), while it was significantly longer (69.6 days) in the CO group (P = .002).
Similarly, the RMST to complete granulation/wound bed preparation was approximately 5
weeks in the BBD group (35.2 days) and nearly 10 weeks in the CO group (78.6 days; P <
.001). In this post hoc analysis, BBD monotherapy was more e ective than CO in preparing
the wound bed for healing, with daily treatment required for only 1 week to 2 weeks. Nearly 4
times as many applications were required for the CO group (19 for CO vs 5 for BBD), and the
speed at which wound bed preparation was achieved with CO was similar to data previously
reported in the literature; in fact, the daily treatment period of CO in clinical trials is usually 4
to 6 weeks, when done in conjunction with sharp debridement. In one study, CO was
mostly applied once daily during the initial 2-week daily treatment period and then per
investigator discretion.  A meta-analysis provided an in-depth look at the e ect of CO on
DFUs by analyzing 174 patients in 4 small RCTs. None of the 4 trials included debridement
rates as a primary end point, so it is di icult to compare those data with the data reported in
the present post hoc analysis. CO provided therapeutic benefit when applied after an initial
sharp debridement and was more e ective when applied in combination with weekly sharp
debridement. Individual clinical trials with CO were not designed to show statistically
significant superiority over a comparator. 

In the ChronEx trial, the median time to complete debridement for BBD was 9 days; for the
GV group, the median time was 63 days.  Because the CO group had so few wounds
achieving complete debridement, a median time could not be calculated. Thus, it would
appear that while BBD was the most e ective treatment in the ChronEx trial, the GV
appeared to have demonstrated better outcomes when compared with CO. In an
underpowered RCT evaluating CO compared with hydrogel in 215 DFUs, equivalent wound
bed preparation outcomes were achieved in both groups; 79% of DFUs in both groups were
well-granulated by 12 weeks, and both groups underwent 0.8 sharp debridements per
week.

In a small RCT comparing the e ect of 4 weeks of treatment with CO vs SMG on 48 DFUs,
both groups had significantly better wound assessment scores compared to baseline (which
evaluated debridement and granulation) after 4 weeks of treatment (CO: 2.5, P = .007;
SMG: 3.4, P = .006). However, there were no significant di erences between groups in any
wound assessment subscales, including debridement and granulation rates. Similar results
were obtained in a small, underpowered trial in which CO plus sharp debridement for 6
weeks was compared with sharp debridement alone for 6 weeks, with improved wound
status scores reported in both groups compared to baseline; however, there were no
statistically significant intergroup di erences.

Limitations

The ChronEx study limitations were previously reported in detail. The data reported herein
are based on a post hoc analysis of a prospective RCT, which compared the BBD group with
a subset of patients randomized to NSSOC and treated with CO. A specific limitation of the
present post hoc analysis is that the CO population sample was very small; however, the
group di erences were substantial enough to detect statistical significance. It is also notable
from the paucity of data in the literature that the use of collagenase in chronic VLUs has not
been frequently studied. As previously reported, the RCT was double-masked for both BBD
and GV groups. However, the NSSOC options clearly di ered in appearance and application
from the other treatments; therefore, CO and NSSOC treatments were not masked. This may
have created bias in the investigators’ assessments. Per protocol, BBD was allowed to be
used only during the daily treatment period (up to 8 applications within 2 weeks), while CO
could be used throughout the study (up to 14 weeks). 

Conclusion

Post hoc analysis from the ChronEx RCT demonstrates a clinically meaningful and
statistically significant reduction in time to debridement and a significant increase in
incidence of wound bed preparation, including complete debridement and complete
granulation, in chronic VLUs treated with BBD compared with those treated with CO.
Overall, 3 phase II trials have reported BBD to be safe, well-tolerated, e icacious, and
e icient in the debridement and promotion of granulation tissue in hard-to-heal wounds,
with only a few daily applications required. BBD appears to be more e ective than CO, with
a similar safety profile. Phase III evaluation of BBD in patients with VLUs is underway.
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