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Abstract

Background: Hirudin is the most potent direct thrombin inhibitor, and recombinant
forms are routinely used in anticoagulation therapy. Recombinant hirudin gels are
commercially available for the treatment of hematomas and associated symptoms.
Objectives: To assess the efficacy and safety of a topically administered recombinant
hirudin gel in patients with hematomas.

Patients/Methods: This double-blind, placebo-controlled, phase IV investigation
recruited patients presenting with at least one hematoma. Subjects were randomly
assigned (1:1) recombinant hirudin gel (1120 IU/100 g) or a placebo, administered 2-3
times daily for 16 days. Changes in hematoma size, flare, and the proportion of patients
achieving complete resolution of hematomas and associated edemas were investigated.
Results: By study end, a greater proportion of subjects in the treatment group achieved a
complete resolution of hematomas versus placebo (98.0% vs 71.9%; P < .001) and edemas
(99% vs 50%; P < .001). Patients in the recombinant hirudin group exhibited a marginally
larger, yet significant, reduction in mean hematoma size versus placebo (99.9% vs 96.6%;
P < .001) and flare (93.6% vs 78.6%; P < .001). Median time to hematoma resolution for
the recombinant hirudin and placebo administered cohorts was 8 and 16 days, respec-
tively (P < .001). No adverse events were reported for the recombinant hirudin cohort.
Conclusions: Topical recombinant hirudin is an effective, safe, and well tolerated inter-
vention for the symptomatic treatment of hematomas. This trial was registered at
www.clinicaltrials.gov as NCT01960569.
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o Efficacy and safety data on recombinant hirudin gels for the treatment of hematomas is limited.

o We assessed the clinical efficacy of a topical r-hirudin gel in 199 patients with hematomas.

o Treated patients exhibited significant reductions in hematoma size and flare within 16 days.

e r-hirudin gel treatment induces a complete resolution of hematomas and associated edema in 98%, and 99% of patients, respectively.
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1 | INTRODUCTION

Hirudin is the most potent naturally-occurring direct thrombin inhib-
itor (DTI), and the first parenteral anticoagulant used on humans.!
Originally derived from the medicinal leech (Hirudo medicinalis), it
consists of a 65 amino acids polypeptide chain, forming non-covalent,
equimolar, non-reversible 1:1 complexes with o thrombin.! When
hirudin-bound, thrombin-catalyzed reactions and fibrinogen clotting
are blocked, and coagulation is subsequently inhibited.? Hirudin was
previously produced in limited amounts, however, recombinant DNA
technology allowed its mass production.® These recombinant forms
bind bivalent to thrombin with pharmacokinetic and anticoagulant
profile similar to that of the native form.#

Hematoma, a localized mass of extravagated blood that is rela-
tively or completely confined within an organ or tissue, is a common
result of physical trauma.’ Topical applications are frequently used
to treat subdermal hematomas and accompanying symptoms, and
include anti-inflammatory and antioedematous treatments like hepa-
rin and heparinoid gels and creams.

Heparins have proven to be an effective topical treatment for
patients with hematomas due to blunt injuries.6 However, r-hirudin
proved to be more effective than heparin in percutaneous penetra-
tion following topical application due to its relatively small size.”®
Percutaneous penetration of hirudin was demonstrated in pigs and
guinea pigs.c”’10 Furthermore, the thrombolytic effect of topically
administered r-hirudin was shown in a rabbit model for thrombosis.*
There are several other benefits to the alternative use of hirudin; it
does not require a cofactor to produce a coagulant effect, and it does
not induce platelet activation. Unlike heparin, hirudin cannot be bound
and inactivated by platelet factors and other substances, and its small
size also allows it to block thrombus-bound thrombin which is inacces-
sible to heparin-antithrombin complexes.2

Studies assessing the clinical effectiveness of topical r-hirudin in
treatment of hematomas are scarce. The extent to which r-hirudin
facilitates the resolution of hematomas and alleviates hematoma-
associated clinical symptoms requires further investigation. This ran-
domized, double-blind, placebo-controlled investigation was carried
out to assess the efficacy and safety of topical yeast-derived r-hirudin
in the treatment of all types of superficial hematomas and associated
symptoms.

2 | MATERIALS AND METHODS

2.1 | Study design

This single-center, randomized, double-blind, placebo-controlled phase
IV investigation (www.clinicaltrials.gov identifier: NCT01960569) was
scheduled to recruit patients presenting to the Mansoura University
Orthopedic Surgery Department with any type of hematoma. In order
to detect a reduction in hematoma size with a two-sided 5% signif-
icance level and a power of 80%, an estimated sample size of 100
patients per group (200 total) was necessary, considering an antici-

pated dropout rate of 10%. Enrollment was open for 1 month, and the

first and last patients were recruited on December 2014 and January
2015. The experimental protocol was approved by the local ethics
committee/institutional review board-based on all applicable local
laws and regulations and the principles established by the 18th World
Medical Assembly (Helsinki, 1964)-prior to study commencement. All
patients gave written informed consent.

The study consisted of a total of four visits. The primary and
co-investigators determined subject eligibility during the screening
visit (defined as day 1). Eligible patients were randomized, using
a simple randomization scheme (1:1), to receive either hirudin gel
(Hirudo medicinalis extract 1120 1U/100 g, Thrombexx, Minapharm
Pharmaceutical, Heliopolis, CAl, Egypt) or placebo. All randomization
procedures were conducted by the study monitors. Our investiga-
tion adopted a double-blind design to limit bias; only the study moni-
tors and statistician were aware of treatment allocation. During visits
2-4 (days 4, 8, and 16) patients were provided with their respective
intervention in the dose prescribed, and target parameters were
assessed.

2.2 | Inclusion and exclusion criteria

The study population comprised male and female adult patients
(20-60 years of age) presenting with any type of superficial hema-
toma. Patients were excluded if they presented with an infection or
wound requiring hospitalization or a surgical procedure, had a history
of allergy towards r-hirudin or any component of the r-hirudin gel,
had coagulation disorders (e.g, hemophilia), or were receiving addi-
tional anticoagulants (warfarin and/or acetylsalicylic acid) or digestive
enzymes such as « chemotrypsin, during the study period.

2.3 | Treatments

Study medications and the placebo were packaged in tubes of identi-
cal appearance. These tubes were subsequently numbered for each
patient according to the randomization schedule. Patients were
instructed to apply 2-3 cm of r-hirudin gel 2-3 times daily, for a total
of 32-48 administrations throughout the 16-day study period. Due
to ethical considerations, treatment with concomitant analgesics/
NSAIDs was permitted, when required. Diclofenac sodium and par-

acetamol were prescribed for patients needing additional treatment.

2.4 | Study outcomes

The primary endpoints were assessed during each study visit, and
included: change in hematoma size (cm?), calculated utilizing the
longest two intersecting lines, measured using a ruler; The color of
hematomas (the following color grades were utilized: A = Bluish red,
B = Blue, and C = Faint); the number of patients achieving a com-
plete resolution of hematomas (hematoma status); time taken for
patients to achieve a complete resolution of hematomas (days); the
change in flare (pain intensity), assessed by means of a 10 cm visual
assessment scale (VAS), where O represented a complete absence
of pain, and 10 signified the worst possible pain; and the number of
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patients achieving a complete resolution of hematoma associated
edemas (edema status).

The secondary endpoint was to assess the safety of topical r-hiru-
din gel. Safety analysis included assessing the incidence and frequency
of adverse and serious adverse events (AE and SAE, respectively). Any
abnormal reaction, side effect, intercurrent disease or unexpected
event or abnormal laboratory finding that occurred during the course
of the clinical trial, whether or not considered therapy medication
related, was defined as an AE. These fell into one of several categories,
including mild, moderate, or severe, and their relationship to the trial
medications was determined by the investigator. Any untoward med-
ical occurrence that, following the administration of any dose of the
drug, resulted in death, was life threatening, required inpatient hospi-
talization or caused a prolongation of an existing hospitalization was
defined as a SAE.

2.5 | Statistical analysis

The safety population included all randomized patients who had
signed an informed consent form. The intent to treat (ITT) population
consisted of all patients who had met the study’s eligibility criteria,
and received one or more dose/s of the study medication. The per-
protocol (PP) or modified intent to treat (mltt) population comprised
all treated patients who had completed all study visits without major
protocol violations and was used only in the analysis of the end of the
study visit results as five patients in the placebo group were lost to fol-
low up at this visit (visit 4) (Figure 1). Descriptive analysis was carried

out for the ITT population.

Ineligible
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Descriptive summary statistics were provided for quantitative
data, and were summarized using count, mean with 95% confidence
interval (Cl), standard deviation (SD), median, minimum, and maximum.
The frequency, percentage and 95% Cl were applied for qualitative
categorical variables. The Mann-Whitney test was used to compare
changes in quantitative variables between the two arms. Wilcoxin
signed-rank and Friedman tests were employed to estimate the paired
changes in quantitative variables throughout the study. Chi-square and
Fisher’s exact tests were utilized to compare the independent change
in qualitative variables between the two arms. McNemar-Bowker and
Cochran’s Q tests were used to estimate the paired changes in qual-
itative variables throughout the study. Any relative difference in the
time to complete resolution was assessed using the Kaplan-Meier esti-
mator. All statistical tests were performed at a two tailed 5% level of
significance, using SPSS version 18 (IBM, Chicago, IL, USA).

3 | RESULTS

3.1 | Patient status and characteristics

A flow diagram of the current study is shown in Figure 1. The study
population comprised 200 patients, diagnosed with at least one sub-
dermal hematoma. One patient committed a major protocol violation
(patient was below the specified inclusion age range; 20-60 years).
The remaining 199 patients, presenting with 200 hematomas (one
patient had two hematomas) were subsequently randomized; 49.5%
of cases (n = 99) were allocated to the r-hirudin treatment group (arm
1), and 50.5% of cases (n = 101) in the placebo group (arm 2). Both
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sets of patients encompass the ITT population, and were included in
the demographics and efficacy analysis. Five patients from the pla-
cebo arm were lost to follow-up at visit 4 (day 16). The remaining 195
patients comprised the PP study population (Figure 1).

Patient characteristics of the ITT population are summarized in
Table 1. For the treatment arm of the study, 48.5% of subjects were
female (n = 48) and the mean age of patients was 35.7 + 12.3 years.
As for the placebo arm, 32.7% of patients were female (n = 33), and

the mean age of constituents was 34.1 + 11.9 years. While there were

no significant age differences between the two arms of the study, a
significant gender difference was observed (p < 0.05). No significant
differences in the position of musculoskeletal injuries were observed,
with the majority of participants presenting with lower limb trauma
(r-hirudin arm: n = 78, 78.8% vs. placebo arm: n = 87, 86.1%; Table 1).
Moreover, no significant inter-arm differences, in regards to the color
of hematomas and the concomitantly prescribed analgesic, were
noted. However, significant differences in mean hematoma size and

mean pain intensity were observed at baseline; the r-hirudin treated

TABLE 1 Baseline characteristics of

r-Hirudin Placebo study participants
Comparative Factors Mean/Count +SD/% Mean/Count +SD/% P-value
Patient demographics
Age (years) 35.7 +12.3 34.1 +11.9 376
Gender
Male 51 51.5% 68 67.3% .023
Female 48 48.5% 33 32.7%
Position of trauma
Longitudinal plane
Upper limb 21 21.2% 14 13.9% 171
Lower limb 78 78.8% 87 86.1%
Horizontal plane
Right side 50 50.5% 49 48.5% .888
Left side 49 49.5% 52 51.5%
Anatomical location
Ankle 43 43.4% 52 51.5% .750
Foot 24 24.2% 24 23.8%
Hand 11 11.1% 8 7.9%
Knee 9 9.1% 7 6.9%
Forearm 4 4% 1 1%
Shoulder 3 3% 1 1%
Elbow 2 2% 3 3%
Leg 2 2% 4 4%
Arm 1 1% 1 1%
Concomitant analgesic prescribed
Paracetamol 5 5.1% 3 3% 551
Diclofenac sodium 80 80.8% 79 78.2%
None prescribed 14 14.1% 19 18.8%
Hematoma characteristics (Baseline)
Size (cm?) 31.82 +38.55 20.32 +12.39 .019
Edema status
Present 99 100% 101 100% -
Absent 0 0% 0 0%
Pain intensity (VAS) 6.88 +1.59 7.43 +1.47 .008
Color grade
Bluish red 23 23.2% 16 15.8% 292
Blue 5 5.1% & 3%
Faint 71 71.7% 82 81.2%

P, probability; r, recombinant; SD, standard deviation; VAS, visual assessment scale.
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cohort presented with significantly larger hematomas (r-hirudin:
31.82 +38.55 cm? vs placebo: 20.32 + 12.39 cm?; P <.05), whilst
the placebo group reported a higher mean pain intensity (r-hirudin:
6.88 £ 0.16 cm vs placebo: 7.43 + 0.15 cm; P < .01; Table 1). Although
there was a statistical significant difference in pain intensity between
the two groups, it was of no clinical significance. For the aforemen-
tioned variables, the change from baseline values was used to deter-

mine efficacy.

3.2 | Change in hematoma size

A significant baseline-to-end of study reduction in mean hematoma
size was observed in the r-hirudin cohort (P <.001). While a signifi-
cant decrease was also observed in the placebo group (P <.001), it
was less pronounced; significant inter-group differences were noted.
Reductions in hematoma size were initially observed on day 4, with
r-hirudin administered patients exhibiting a significantly larger
reduction in mean hematoma size (r-hirudin: 87.0 £ 20.9% vs pla-
cebo: 52.8 £ 52.0%; P <.001; Figure 2A). r-hirudin treated patients
continued to exhibit significantly larger declines in hematoma size
at day 8 (r-hirudin: 99.0 £ 4.5% vs placebo: 82.9 + 30.8%; P < .001;
Figure 2A), and at the end of study (r-hirudin: 99.9 + 0.6% vs. placebo:
96.6 +7.3%, P <.001; Figure 2A).

3.3 | Change in hematoma color

Inter-arm differences in hematoma color were initially observed at
day 4, and a statistically higher number of patients receiving r-hirudin
presented with faint hematomas (r-hirudin: n =76, 76.8% vs. pla-
cebo: n =61, 60.4%; P < .05; Figure 2B). These inter-group differ-
ences remained significant at day 8, with 96% (n = 95) and 62.4%
(n = 63) of r-hirudin and placebo administered patients exhibiting
faint hematomas, respectively (P < .001; Figure 2B). By study end, a
significantly higher number of r-hirudin administered patients pre-
sented with faint hematomas, when compared to control (r-hirudin:
n =98, 99% vs placebo: n = 69, 71.9%; P < .001; Figure 2B). Overall,
significant baseline-to-end of study changes in hematoma color were
observed for r-hirudin (P < .001) as well as placebo administered sub-
jects (P <.001).

3.4 | Resolution of hematomas

Significant inter-group differences in the number of subjects who had
achieved complete hematoma resolution were observed throughout
the treatment period, with a statistically higher number of patients
in the r-hirudin arm reaching this therapeutic target. This difference
favoring the treatment arm was initially observed at day 4, with a
higher proportion of r-hirudin administered with resolved hemato-
mas (r-hirudin: n =42, 42.4% vs placebo: n =13, 12.9%; P <.001;
Figure 2C). By day 8, the majority of patients in the r-hirudin arm
achieved resolution (r-hirudin: n = 93, 93.9%, placebo: n = 39, 38.6%;
P < 0.001; Figure 2C), and Inter-group differences remained signifi-
cant until the final visit (r-hirudin: n =97, 98% vs placebo: n = 69,
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FIGURE 2 The effect of topical r-hirudin on hematomas: (A)
mean hematoma size. (B) hematoma color. (C) proportion of patients
without complete resolution of hematoma. Arrows show the percent
decrease relative to baseline. *P < .05; **P < .001; NS, P > .05

71.9%; P < .001; Figure 2C). While the number of patients achieving
this therapeutic target was distinctly higher for the treatment arm,
significant baseline-to-end of study changes in hematoma status were
observed in both groups (r-hirudin: P < .001 vs placebo: P <.001).

3.5 | Time to complete resolution of hematomas

Median time to resolution for r-hirudin administered patients was
significantly lower in the treatment arm (r-hirudin: 8 days vs placebo:
16 days; P < .001). At day 4, 42.4% (n = 42) of r-hirudin administered
patients achieved their target, whilst only 12.9% (n = 13) did so in
the placebo arm. By day 8, 93.9% (n = 93) of r-hirudin administered
patients achieved complete resolution, compared to 38.6% (n = 39)
for the placebo arm. At the end of study (day 16), 98% (n = 97) and
71.9% (n = 69) of r-hirudin and placebo administered patients, respec-
tively, achieved complete hematoma resolution.
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3.6 | Change in pain intensity (improvement of flare)

r-hirudin administered patients exhibited a significant baseline-to-
end of study reduction in mean VAS scores (P <.001). While pla-
cebo administered patients also displayed significant reductions
(P <.001), the decline observed in the treatment group was signifi-
cantly larger throughout the study. Reductions in VAS scores were
initially observed at day 4 with r-hirudin administered patients exhib-
iting significantly higher reductions (r-hirudin: 43.5 £ 16.9% vs. pla-
cebo: 30.4 +17.3%; P <.001; Figure 3A). Further decline in mean
VAS scores was observed during day 8 (r-hirudin: 70.9 £ 16.3% vs.
placebo: 54.7 + 21.5%; Figure 3A) and at the end of study (r-hirudin:
93.6 +12.4% vs placebo: 78.6 + 21.6%; Figure 3A). The difference
favoring the r-hirudin cohort of patients was statistically significant
during both visits (day 8: P < .001; day 16: P < .001).

3.7 | Resolution of hematoma-associated edemas

A statistically significant number of r-hirudin administered patients
achieved complete resolution of edemas by study end (P < .001). While
a significant change in edema status was also observed in the control
group, the proportion of patients with resolved hematomas was signifi-
cantly larger in the r-hirudin cohort. Resolution of edemas was initially
observed at day 4, with a significantly larger number of patients in the
r-hirudin arm achieving this therapeutic goal (r-hirudin: n = 30, 30.3%
vsplacebo: n = 11, 10.9%,; P < .01; Figure 3B). This trend was consistent
throughout the study, with a statistically higher number of treatment

administered subjects achieving edema resolution at day 8 (r-hirudin:

n =92, 92.9% vs placebo: n = 34, 33.7%; P < .001; Figure 3B) and 16
(r-hirudin: n = 98, 99% vs. placebo: n = 48, 50%; P < .001; Figure 3B).

3.8 | Safety and tolerability

Data from safety population (n = 200) was included in this analysis.
The overall treatment exposure was 16 days. None of the patients in
either arm exhibited any AEs, including allergic cutaneous reactions
or local skin events. Furthermore, no SAEs occurred during the study
and/or follow-up period. Hirudin gel (1120 1U/100 g), applied 2-3
times daily, was well tolerated.

4 | DISCUSSION

Treatments of hematomas include the use of analgesics, anti-
inflammatory, and in some cases, anticoagulants. The use of topical
anticoagulants such as heparin gels has been comprehensively inves-
tigated, and the safety, tolerability, as well as the symptom reducing
effects for superficial vein thrombosis.’?"* However, some studies
have demonstrated a limited systemic anticoagulant effect of topically
administrated heparin, which is due to the large molecular weight of
heparin, its negative charge, and hydrophilic nature.'?

In contrast, hirudin binds directly to thrombin without a co-factor

t.15 Moreover, hirudin is highly spe-

to exert its anticoagulant effec
cific, and acts on both soluble and fibrin-bound thrombin to produce
a sustained thrombolytic effect that lasts beyond its plasma clear-

ance'16718 7.8

r-hirudin is relatively small when compared to heparin,
and thus has the ability to percutaneous penetration following top-
ical application. The antithrombotic effect of topically administered
r-hirudin has been clinically assessed in patients with extravasations
caused by internal fistula during maintaining-blood purification
treatment, a curative effect was observed following a 7-day hiru-
din cream treatment, with or without ultrashort wave therapy and
low-frequency magnetic therapy.?” Moreover, in an investigation
by Stamenova et al. (2001), local application of a Hirudo medicinalis
extract-containing cream produced a significant and rapid alleviation
of pain in patients affected with bruises, with or without hematomas.”

The aim of our study was to assess the efficacy and safety of
r-hirudin gel in patients with hematomas. r-hirudin administered-
patients demonstrated significantly larger reductions in mean hema-
toma size when compared to their placebo administered counterparts
at the study end. Moreover, topical treatment with r-hirudin resulted
in a more pronounced improvement in flare, a finding that is consis-
tent with previous reports.9 A significantly higher number of subjects
in the r-hirudin cohort exhibited faint bruises following allocation of
treatment, and a larger proportion of these patients achieved com-
plete resolution of hematomas and edemas by end of study. These
improvements were observed as early as day 4 with r-hirudin. r-hirudin
gel showed a faster resolution of hematomas, with inter-arm compari-
sons revealing a statistically shorter median time in the treatment arm.

The study duration (16 days) was sufficient to evaluate the safety
of topically applied r-hirudin. r-hirudin gel was well tolerated, and no
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local skin reactions or mild irritations were reported. Our findings are
consistent with safety reports from previous investigations,9 including
one study where a hirudin-containing ointment was administered for
4.5 months.?° One disadvantage of hirudin is that it is highly immu-
nogenic when taken intravenously,?* thus topical administration limits
systemic exposure of r-hirudin. However, some studies showed that
r-hirudin has weak immunogenicity.*>?2%

There are several limitations faced our current investigation.
Although the study was a double-blind, there was a baseline disparity
between the two arms. In addition to the significant differences in gen-
der composition for the two arms, r-hirudin administered patients also
had, on average, larger hematomas when compared to placebo. These
initial dissimilarities may play a role in the observed inter-arm differ-
ences for these variables. Furthermore, due to ethical concerns, the
use of a concomitant analgesic was permitted, if needed by patients.
The effect of topical hirudin administration on pain intensity is likely to
have been confounded by the use of these analgesics.

In our study the majority of patients presented with hematomas
caused by musculoskeletal injuries. The effect of topically applied
r-hirudin in the treatment of other types of hematomas requires fur-
ther investigation. For instance, patients undergoing plastic surgery
may develop secondary complications requiring surgical interven-
tion.2* Furthermore, topical anticoagulants can be used to treat burn
injuries. While some studies have demonstrated the efficacy of topi-
cally applied heparin for the treatment of such injuries,?>2° the effect
of topical r-hirudin for the treatment of burn injuries is less under-
stood. Moreover, prosthetic devices or non-biological surfaces com-
ing into contact with blood are subject to thrombosis.?” For instance,
patients with vein catheters can develop superficial venous thrombo-
sis (SVT).28 Studies have shown that the prophylactic administration
of topical low-molecular-weight heparin may reduce the prevalence of
SVT.?? Furthermore, Minar et al. have demonstrated that the prophy-
lactic administration of an r-hirudin ointment was effective in prevent-
ing a shunt thrombosis in patients undergoing a shunt thrombectomy
while on maintenance hemodialysis.?°

While the use of parenteral r-hirudin has been extensively investi-
gated, the number of studies assessing the efficacy and safety of top-
ical r-hirudin are limited. Findings from the current study suggest that
topical 1120 1U/100 g r-hirudin gel is an effective approach for the
symptomatic treatment of hematomas.
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