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Objective: There are no safety or absorption studies to guide topical timolol
therapy for treatment of chronic wounds. This study was undertaken to address
this gap.

Approach: A prospective, observational, cross-sectional comparative study of
timolol plasma levels in patients after topical administration to a chronic
wound, compared with levels in patients after timolol ocular administration for
the indication of glaucoma.

Results: There was no statistically significant difference in the average plasma
level of timolol in wound as compared with glaucoma patients. No bradycardia
or wheezing was observed after administration.

Innovation: We determined the single time point concentration of timolol in
plasma 1h after application of timolol 0.5% gel-forming solution to debrided
chronic wounds, providing insight as to the safety of this emerging off-label
treatment.

Conclusion: The topical application of timolol for chronic wounds shares the
same safety profile as the widely used application of ocular administration for
glaucoma.
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INTRODUCTION

TIMOLOL IS A NONSELECTIVE, betal/
beta2 adrenergic receptor antagonist
that has been widely used for many
years as an ocular topical formulation
for the treatment of elevated intra-
ocular pressure in patients with ocular
hypertension or open-angle glaucoma.
Recent clinical experience has broad-
ened its off-label use for a number
of dermatologic indications, including
infantile hemangiomas, and most re-
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cently, chronic wounds. While exten-
sive systemic absorption studies have
been performed for the ocular admin-
istration of the drug to assure safety,
to date no studies have documented
absorption of timolol postapplication
to chronic wounds, where the absence
of an intact epidermis would facilitate
dermal or subcutaneous penetration
and the potential for systemic cardiac
effects. To address this information
gap, a single-center, open-label, pro-
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spective, observational, cross-sectional comparative
study was undertaken to determine the plasma levels
of timolol in patients after topical administration to a
chronic wound, and compare these levels with those
of patients after ocular administration of the same
drug formulation for the indication of glaucoma.

CLINICAL PROBLEM ADDRESSED

Chronic wounds have been estimated to affect 8.2
million patients in the United States,! and in many
cases these wounds do not heal when treated with
the current standard of care alone. Application of
timolol 0.5% gel-forming solution to the wound bed
is being increasingly done as an off-label treatment
to improve the healing of chronic wounds®™*; how-
ever, no studies have been performed to examine the
safety of this route of administration of timolol in
adults to date. The aim of this study is to address
this current lack of safety information.

MATERIALS AND METHODS

Clinical study

This study was approved by the Institutional
Review Board of the VA Northern California Health
Care System. The primary purpose of this study was
the determination and comparison of plasma con-
centrations of timolol in two patient groups: those
given topical timolol for the treatment of recalcitrant
wounds (the wound group) and those taking timolol
by ocular instillation for the treatment of elevated
intraocular pressure in patients with ocular hyper-
tension or open-angle glaucoma (the glaucoma
group). For the wound group, patients who were
documented to have any type of chronic wound
(persistence >30 days with minimal improvement),
and were identified from clinic appointment lists
using a Health Insurance Portability and Account-
ability Act (HIPAA) authorization waiver, were in-
vited to participate in this study during their
normally scheduled return visit to the wound clinic.
Patients who met inclusion and exclusion criteria
and gave informed consent were enrolled.

For the glaucoma group, an electronic medical
records pharmacy data pull identified patients with
a diagnosis of glaucoma with active prescriptions for
timolol maleate 0.5% gel-forming solution. Patients
who met the inclusion and exclusion criteria were
contacted by telephone to confirm their interest and
were enrolled after providing informed consent at
their next appointment in the eye clinic. For both
groups, inclusion criteria included the following:
age >18 years; using physician-prescribed timolol
as directed; and the ability to read, understand, and
sign informed consent for blood draw and release

of medical information forms. Exclusion criteria
included the following: patient not currently pre-
scribed timolol or currently taking oral metoprolol
(excluded as this is used as an internal standard for
chromatographic analysis); history of any type of
heart block; history of bradycardia (heart rate <60
beats per minute [bpm]); history of documented
hypotension; and history of asthma or chronic ob-
structive pulmonary disease.

In patients with wounds, baseline vital signs were
measured, and lungs auscultated before application
of topical timolol to the wound bed. If a heart rate
<60 bpm or wheezing on auscultation was noted be-
fore application, subjects were excluded. If no bra-
dycardia or wheezing was observed, clinicians then
debrided and measured each wound, and applied the
number of drops of timolol as calculated based on
the wound area (cm?). Once the gel spread over the
wound bed, the wound was covered with a non-
adherent dressing. The patient’s vital signs were
monitored and lungs auscultated again 20 min after
application of timolol, a time point chosen to coincide
with the onset of action.® This was to ensure no drop
in pulse >3bpm and to monitor for development of
wheezing after application of timolol. A single vial
blood draw was performed 1h after application of
the prescribed dose of timolol, a single, time point
chosen to coincide with the peak concentration in
plasma after ocular application of the solution.®

In glaucoma patients routinely using timolol, vital
signs were not measured before administration of
the drug. Timolol application was performed per
existing physician prescription (one or two drops)
under direct observation of study personnel. For both
groups, one 6 mL dipotassium edetate (Ky-EDTA)
vacutainer of blood was drawn 1h after drug ad-
ministration. After centrifugation, the plasma from
both groups was frozen at —80°C until assay.

Chromatographic analysis of timolol in plasma
Timolol in patient plasma was measured with
reverse-phase high-performance liquid chromatog-
raphy with ultraviolet absorbance detection using a
modification of our published procedure.” Samples
were spiked with metoprolol (used as an internal
standard) and then purified using cation-exchange
cartridges as previously described, modified with use
of alarger cartridge (Supelclean LC-WCX cartridges,
3 mL tube volume, 500 mg sorbent), and setting the
mean value of three drug-free plasma samples as the
analytical baseline. The limit of detection was cal-
culated as three standard deviations of the assay
results from the drug-free plasma and was, on aver-
age, 50 pg/mL timolol in plasma. The limit of quan-
tification was 165 pg/mL timolol in plasma. More
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details regarding instrumentation and sample prep-
aration are provided in the Supplementary Data.

RESULTS

A total of 40 patients who had been prescribed
topical timolol were recruited for the study: 20 in each
group, diagnosed with either a chronic wound or
glaucoma. Of the 20 wound patients, 6 patients had
an additional wound that was also treated with to-
pically applied timolol. Any wound type was included;
however, most wounds were venous ulcers (46.2%).
Wounds were located in the following primary loca-
tions: foot, ankle, leg, and scalp. All patients were
male, with an average age of 70 years in the wound
group, and 76 years of age in the glaucoma group. The
ages for both groups ranged between 55 and 85 years.
Other patient demographics and baseline wound
characteristics are described in Table 1.

Vital signs were monitored immediately before
and 20 min after administration of timolol in all the
patients in the wound group, and were found to be
within normal limits. There was no drop of heart

Table 1. Patient demographics and baseline wound
characteristics

Chronic Wound Glaucoma
h=20° h=20]
Patient Demographics Mean (SD) Mean (SD) p-Value
Age in years 69.6 (11.27) 76.1 (12.98) 0.65
Body mass index 26.9 (5.98) 25.57 (5.11) 0.37
HgbA1c® 6.9 (1.37) 6.1 (0.96) 0.47
Percentage of smokers 6% 2% 0.69
Gender (male/female ratio) 20/0 20/0 —
Body surface area (BSA) 1.80 1.76
Wound Characteristics n %
Wound location
Foot 5 19.2
Ankle 2 7.7
Leg 17 65.4
Scalp 2 7.7
Wound etiology
Venous 12 46.2
Diabetic 5 19.2
Pressure 3 115
Trauma 4 15.3
Arterial 1 39
Mixed (venous/arterial) 1 39
Wound size at baseline Mean, cm? SD
Foot 1.53 1.60
Ankle 1.35 0.21
Leg 6.50 10.03
Scalp 135 14.93

Demographics of patients enrolled in the study.

#Within the chronic wound group, there were 20 patients with a total of
26 wounds, while there were 20 patients in the glaucoma group.

®Ten of the patients in the chronic wound group had diabetes, and six in
the glaucoma group had diabetes.

HgbA1lc, hemoglobin Alc; SD, standard deviation.

rate >3 bpm noted after administration of timolol.
No patient developed wheezing after administra-
tion of the drug. As in clinical practice, vital signs
were not measured before treatment for those re-
ceiving timolol for glaucoma.

Timolol dosage for the wound group was deter-
mined based on the wound size after debridement
as described in a published protocol and summa-
rized in Table 2.8 Each milliliter of 0.5% solution
contains an amount of timolol maleate equivalent
to 5mg timolol. The volume of a drop from the ti-
molol dispenser varies from 30 to 50 uL.° We used
the average value of 40 uL. per drop; thus one drop
of a 0.5% timolol solution contains 200 ug of timolol.
For any wounds >3 cm?, the maximum dose applied
was three drops. In the cases where patients had
multiple wounds, the wound areas were combined
to determine the total timolol dose. For the glau-
coma group, one drop was applied to either one, or
both eyes, with an average dose of 1.42 drops/pa-
tient. The average number of drops used for the
wound and glaucoma groups is outlined in Table 2.

Plasma concentrations of timolol did not differ
significantly between the glaucoma (mean=0.43+
0.07ng/mL; median=0.43ng/mL, IQR=0.38ng/
mL) and wound (mean=0.29+0.10 ng/mL; medi-
an=0.10ng/mL, IQR=0.36ng/mL) patients re-
ceiving the drug topically (Fig. 1). Pearson’s
correlation coefficient (PCC) was calculated from a
linear regression of dose versus plasma timolol
concentration for both the wound and glaucoma
groups (Fig. 2A). In the wound group, systemic
levels were found to be correlated with timolol dose/
kg body weight (PCC =0.69). Interestingly, no such
correlation was observed for the glaucoma group
(PCC=0.12), likely because the average dose was
lower, and doses did not vary as widely as in the

Table 2. Timolol dosing

Wound Size Number Timolol Dosage Timolol Dosage (uL/day)

(cn?) of Drops (ng/day) One Drop ~ 40l
<05 1 200 40
>05-0.9 1 200 40
>1.0-19 1 200 40
>2.0-29 2 400 80
>3.0 3 600 120
Average Number Average Dose
Groups Number of Drops (SD) Delivered fug)
Chronic Wound 26 1.95 (0.999) 390
Glaucoma 20 1.42 (0.643) 284

Protocol for determination of topical timolol dosing per unit area of wound.
The average dose of timolol applied to each wound or to each eye is expressed
as a drop, or as ug drug. Based on the calculation of an average of 40 uL per
drop of solution, with each milliliter of a 0.5% solution containing 5mg of timolol,
one drop of the 0.5% timolol solution contains an average of 200 ug of timolol.
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Figure 1. Systemic levels of timolol in the glaucoma and chronic wound
groups. Plasma was collected from the patients in the glaucoma group and the
chronic wound group 1h after administration of topical timolol 0.5% gel-
forming solution to the eye or wound surface. Plasma levels were determined
as outlined in the Materials and Methods section. Nonparametric analysis was
used to report findings. Kolmogorov—Smirnov normal test showed that eye
group data were normally distributed (0.200); however, the wound group data
were not normally distributed (0.001). The means plasma levels of both groups
were not significantly different ( p=0.26).

wound group. There was no statistically significant
difference in the mean plasma levels of the drug in
the different wound categories (e.g., venous, dia-
betic, pressure ulcer) (Fig. 2B). In both groups,
there was no correlation between drug plasma level
and body mass index (PCC=0.24, data not shown).

DISCUSSION

The topical application of timolol for dermato-
logic therapeutic use began in 2010 when first
reported for the treatment of infantile hemangio-
mas.'® More recently, the off-label use of topically
applied timolol has been extended to the treat-
ment of chronic cutaneous ulcers. The rationale
underpinning this approach derives from preclini-
cal studies that have documented multiple pro-
reparative functional outcomes of blockade of the
beta adrenergic receptor in wound cells.!! Beta
adrenergic receptor antagonists prevent receptor
activation by the endogenous catecholamine ago-
nists, epinephrine and norepinephrine, that are
present in the wound and generated by keratino-
cytes upon injury.'?!® Binding of the agonists to
the keratinocyte receptor results in impaired epi-
thelial migration, which translates to delayed re-
epithelialization in both in vitro and in vivo wound
models.'*!7 Receptor activation in dermal fibro-
blasts delays wound contraction.'® In a murine

wound model, elevation of systemic epinephrine
levels results in increased neutrophil trafficking to
the wound, increased neutrophil dwell time, and
maintenance of a proinflammatory cytokine wound
milieu.'® All of these outcomes are reversed by beta
adrenergic receptor blockade.'®1%1%20  Since
chronic wounds are characterized by persistent
inflammation and impairment of keratinocyte mi-
gration at the wound edge,?! the logical next step
was the translation of the preclinical findings to a
clinical therapeutic to improve healing.

Timolol, a nonspecific betal/beta2 adrenergic re-
ceptor antagonist, is readily available as an FDA-
approved drug for topical administration for the
treatment of elevated intraocular pressure in pa-
tients with ocular hypertension or open-angle
glaucoma, and has been increasingly used as an off-
label therapy for nonhealing wounds. A number of
cases of chronic ulcers of diverse etiology, including
venous ulcers, trauma, surgery, and inflammatory
conditions, that have responded to this topical
treatment have been reported.?*?2725 A prospective
observational study of 60 patients with venous leg
ulcers, 30 treated with topical timolol and 30 with
standard of care, demonstrated efficacy of topical
timolol for improving healing.* A randomized clini-
cal trial to determine efficacy in diabetic foot ulcers
is currently underway.?® The increasing use of top-
ical timolol for the indication of chronic ulcers and
the lack of safety studies make a formal study of the
safety of this treatment all the more valuable.

There are an increasing number of case reports
documenting the use of topically applied timolol as
a treatment for various other dermatologic dis-
eases or dermatoses. Most reports are limited to
single or few cases, but point to the potential of this
therapy across multiple etiologies. The early re-
ports of use to improve hemangiomas have pro-
pelled application to other entities with a vascular
proliferative component, such as angiofibromas,
angiosarcoma, lymphatic malformations, Kaposi’s
sarcoma, and pyogenic granuloma.?’~2° The tissue
reparative functions noted in the preclinical stud-
ies have prompted use in chronic wounds of mul-
tiple etiologies, including venous and diabetic
ulcers and pyoderma gangrenosum (reviewed in
Chen and Tsai?’). Indeed, currently there are five
clinical trials examining the efficacy of topical ti-
molol in nonglaucoma, nonhemangioma, dermato-
logic conditions.?® The increasing use of timolol for
multiple dermatologic conditions propels the need
for cutaneous absorption and safety studies.

Timolol has been used for topical glaucoma
therapy for decades. Absorption and safety studies
have been performed for this indication for use of
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Figure 2. Systemic levels of timolol by dose/body weight and by wound type.
systemic plasma timolol level. Linear regression analysis of the data: R-squared,

(A) The administered timolol dose per kg body weight plotted against the
fitness of the data to the regression line is 0.47 in the chronic wound group

and 0.01 in the glaucoma group. (B) The mean plasma level of timolol in patients in each category of wound was tallied. The difference in group means is not

statistically significant.

timolol.3! It is extremely well tolerated in the eye,
but may have systemic side effects despite ocular
administration.?? Orally administered timolol must
first be detoxified in the liver, resulting in <50% of
the drug available for absorption into the systemic
circulation.?® However, when applied to the eye,
80% of the drop enters the nasolacrimal passages
and can be systemically absorbed. Plasma timolol
concentrations after ophthalmic timolol 0.5% solu-
tion application are reported to range from 0.87 to
2.45 ng/mL, with a mean value of 1.39ng/mL at 1h
and of 1.03ng/mL at 3h after administration.?* In-
terestingly, ophthalmic timolol gel has been shown
to have lower systemic bioavailability than timolol
ophthalmic solution. In adults, peak plasma con-
centrations after timolol gel instillation averaged

<0.3ng/mL,% far below the systemic therapeutic
range for cardiac effect (10-40ng/mL).3

Safety studies and contraindications are well
documented for topical use of timolol for glaucoma.
Contraindications include overt heart failure, sec-
ond- or third-degree atrioventricular block, and sinus
bradycardia. Bronchial asthma is a contraindication
as well. Ocular beta blockers must be used with care
in poorly controlled diabetics, patients taking beta
agonists or xanthines for bronchodilation, or in pa-
tients taking beta agonists for inotropic support in
early heart failure. Many of these interactions occur
infrequently but are important to consider.*®

Safety guidelines and contraindications are being
developed for the cutaneous indication of topical ti-
molol for pediatric hemangiomas. Two clinical trials
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in children with infantile hemangiomas concluded
that topical timolol was a safe and effective thera-
peutic option for small superficial hemangiomas,
although no systemic drug levels were measured.?”
There is, however, one study that reported mild
adverse events (AEs) for bradycardia and hypoten-
sion, detected in 6% of a total of 36 pediatric patients
who received ocularly applied timolol 0.5% solu-
tion.?® A more recent prospective trial measured
plasma timolol levels in infants receiving topical ti-
molol for hemangiomas, finding levels ranging from
0.3 to 1.6ng/mL and no AEs.*® However, plasma
samples in this study were taken at 3—4.5h post-
timolol administration, when values are decreased
relative to peak absorption time of 1-2h.% A current
clinical trial is underway to evaluate the efficacy,
safety, and pharmacokinetics of topical timolol
treatment of hemangiomas in infants.*°

While topical usage has been evaluated for safety
in the infant population, pharmacokinetics and
drug responses differ considerably between infants
and adults.*! In adults, pharmacokinetics for ocu-
larly administered timolol have demonstrated that
timolol is subject to a moderate first pass effect.*?
Eighty percent of the oral dose is metabolized in the
liver by hydrolytic cleavage of the morpholine ring
with subsequent oxidation, whereas 20% is elimi-
nated unchanged in urine.® Cytochrome P450 en-
zyme CYP2D6 is extensively involved in its hepatic
metabolism. Topical timolol for ocular use half-life
varies from 2.0 to 5h according to the polymor-
phism exhibited by CYP2D6.5*? Half-lives of 3.7
and 7.5h were reported in extensive and poor me-
tabolizers, respectively.*® Timolol bioavailability is
~60%.3 Its apparent volume of distribution is 1.3—
1.7 L/kg,*® and the total body clearance is 463 mL/
kg/h®. Plasma protein binding is ~ 10%. Timolol
crosses the placenta.

This study addresses the gap in knowledge as to
the safety of topically applied timolol in the adult
population for the indication of chronic wounds,
where the absence of an intact epidermis would be
expected to facilitate systemic absorption. For
comparison, we considered ocular instillation of ti-
molol for the indication of glaucoma due to its long
history of safe usage and minimal risk of systemic
effects. We found that plasma levels were equiva-
lent in the wound and glaucoma treatment groups;
the mean concentrations were 0.29+0.10ng/mL
and 0.43+0.07ng/mL, respectively (Fig. 1). Al-
though the likelihood of cardiac adverse effects in-
creases with plasma levels >0.7 ng/mL, such events
are rare in the absence of predisposing factors.’
Only three patients (15% of the wound cohort) had
plasma timolol levels >0.7 ng/mL after receiving ei-

ther three or four drops (where one patient received
four drops) of timolol gel-forming solution on their
wounds, as did three patients (15%) in the eye co-
hort after ocular instillation of timolol. In addition,
all values were well below the therapeutic range for
systemic beta blockade to achieve cardiac effects
(1040 ng/mL), for orally administered timolol in
normal adults.?® This implies that the safety profile
for topical application of timolol on chronic wounds
is similar to that of ocular instillation of timolol for
glaucoma, which is established as a safe treatment.
There are, however, some limitations to this
study. Potential differences in drop size of the ap-
plied drug were not taken into consideration. A
recent study has shown that drop size, and thus
dose of drug delivered, can vary significantly with
formulation, brand, and the individual user.**
However, all of the patients in this study received
the identical formulation (0.5% timolol gel-forming
solution) from the same supplier, as sourced by the
Veterans Administration pharmacy, thus limiting
variability based on those factors. Other factors
may influence absorption rate, including location of
the lesion and the vascularity of the underlying
tissue, as has been demonstrated for timolol ab-
sorption from scalp and facial hemangiomas.>®
Ophthalmologic literature reports that the total
tear volume is ~ 30 uL, thus, increasing drop size
does not increase dose delivered to the cornea.*’
There are a number of limitations to this study. It
was not powered for stratification by wound location
or type, and larger series will be needed to deter-
mine if these factors impact absorption and systemic
levels of the drug. In addition, due to the patient
population at clinical site (VA), no female patients
were examined. Another limitation of this study was
the selection of a single time point for determination
of the peak plasma timolol concentration after ap-
plication to chronic wounds. While the peak plasma
concentration of timolol after ocular instillation is
1h post-treatment,® and thus was chosen for this
study, selection of multiple time points may be ideal
for determination of peak plasma concentrations
after application on wounds. Another limitation of
our study is potential patient selection bias during
screening phase. It is possible that some patients
who were “less tolerant” to timolol may have been
screened out since only patients in whom timolol
was already prescribed were enrolled in this study.
Those with any prior AE in response to a beta
blocker were excluded as all patients who were en-
rolled were receiving ongoing treatment with timo-
lol. Another safety measure limitation was that
baseline and postapplication vital signs were not
obtained for the glaucoma group, per their ongoing
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clinical practice. Additional studies will be
needed to address these questions.

CONCLUSION

The study findings support the conclu-
sion that topical application of timolol to
chronic wounds has the same safety profile
as its use in glaucoma, and may be used in
patients following the same precautions as
noted for ocular use. In addition, no pa-
tient experienced bradycardia or hypoten-

KEY FINDINGS

e The mean single point plasma concentration of timolol 1 h after topical
application to chronic wounds was 0.29+0.10 ng/mL, well below the
margin of systemic therapeutic action.

e No patients developed wheezing or bradycardia after receiving 0.5%
timolol solution on their chronic wounds.

e The measured plasma concentrations of timolol were not different after
topical application to chronic wounds and ocular instillation for treatment
of elevated intraocular pressure in patients with ocular hypertension or
open-angle glaucoma ( p=0.27), used here as a benchmark for its long
history of safe usage.

sion postadministration of the drug.
Together, these findings suggest that top-
ical timolol, in the doses used in this study
(one to two drops/day), may be safely applied in pa-
tients who have no contraindications, as an adjunc-
tive therapy for chronic wounds with little potential
for cardiac effects of systemic beta adrenergic re-
ceptor blockade.

INNOVATION

Chronic wounds are difficult to treat and pose a
significant economic burden for patients. Applica-
tion of timolol 0.5% gel-forming solution to the
wound bed is increasingly being done to improve
healing of chronic wounds, but safety information
for this application is currently limited. Our study
provides evidence that the application of timolol
0.5% gel-forming solution to chronic wounds is safe
for most patients in the absence of predisposing
factors, and that the safety profile for this appli-
cation is similar to that of the widely used ocular
instillation of timolol for treatment of elevated in-
traocular pressure in patients with ocular hyper-
tension or open-angle glaucoma.
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Abbreviations and Acronyms

AE = adverse event
bpm = beats per minute
HgbA1c = hemoglobin Alc
HPLC = high-performance liquid
chromatography
PCC = Pearson’s correlation coefficient
QC = quality control
SD = standard deviation
SPE = solid phase extraction
TEA = triethylamine
VA = Veteran's Affairs
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