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BACKGROUND: There has been a dramatic increase in the off-label use of ophthalmic timolol
maleate, a f-blocker used for infantile hemangioma (IH) treatment as a topical counterpart
to oral propranolol. Its safety and efficacy in a pediatric population with I[H have not been
evaluated in a large cohort. Our goal was to retrospectively assess timolol’s effectiveness,
discern characteristics associated with response, and document reported adverse events.

METHODS: A multicenter retrospective cohort study of 731 patients treated with topical
timolol was completed at 9 centers. Inclusion required an IH suitable for timolol in the
treating physician’s judgment and access to clinical details including photographs. Logistic
regression analysis and descriptive statistics were performed. Primary outcome measures
were efficacy assessed by using visual analog scales for color and for size, extent, and
volume from review of digital photographs taken as standard of care.

RESULTS: Most IHs were localized (80.1%) and superficial (55.3%). Risk of disfigurement was
the most common indication for therapy (74.3%). Duration of therapy (P <.0001), initial
thinness (P =.008), and subtype (P =.031) were significant predictors of response. Best
response occurred in superficial [Hs <1 mm thick. Fifty-three (7.3%) required subsequent
therapy with systemic p-blocker. Adverse events were mild, occurring in 25 (3.4%) patients.
No cardiovascular side effects were documented.

concLusions: Timolol seems to be a well-tolerated, safe treatment option with moderate

to good effectiveness, demonstrating best response in thin, superficial IHs regardless of
pretreatment size. Timolol can be recommended as an alternative to systemic -blockers
and watchful waiting for many patients.
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most effective for thin, superficial hemangiomas
regardless of size. Greater improvement occurs in
colorthan size. Longer treatment results in better
response.
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The majority of infantile
hemangiomas (IHs) proliferate,
stabilize, and regress without

the need for intervention beyond
anticipatory guidance. However, in a
significant minority, size or location
may necessitate intervention to
treat or prevent local disfigurement,
functional impairment, or systemic
complications. Oral propranolol is
now approved by the US Food and
Drug Administration for treating IHs
that require intervention. Topical
B-blockers, most commonly timolol
maleate, are also reportedly effective
for the treatment of less aggressive
[Hs, but many questions remain
about their effectiveness and possible
adverse effects.

The use of topical timolol maleate
(TTM) for IH was first reported in
2010.! Since then, numerous case
reports, case series, and 1 small
randomized trial have reported
largely encouraging results
regarding its efficacy.?~7 Timolol
maleate is a nonselective p-blocker
readily available as an ophthalmic
preparation as both a solution and
gel-forming solution (GFS). It has
been used for >3 decades in pediatric
patients and is approved by the US
Food and Drug Administration for
the treatment of elevated intraocular
pressure in children aged <6
years.8-10 In the 0.5% strength, 1
drop of medication contains 0.25
mg of timolol maleate. The systemic
bioavailability of 1 intraocular drop
(0.05 mL) of timolol maleate 0.5%
solution is variable but may be as
high as 80%.1! There is very limited
information regarding off-label
safety and pharmacokinetic data
when used on hemangioma-affected
skin.1?13 The 8- to 10-fold increased
potency of timolol maleate compared
with that of propranolol*1> raises
concern for potential systemic
toxicity from topical therapy.

To address knowledge gaps,
particularly in better understanding
the efficacy, clinical predictors of
response, and tolerability of TTM

in treating IHs, we conducted a
multicenter retrospective cohort
study at 9 pediatric dermatology and
vascular anomalies referral centers.

METHODS

This study was a retrospective
multicenter cohort study conducted
by the Hemangioma Investigator
Group at 9 pediatric dermatology
and vascular anomalies centers in
the United States, Canada, and Spain
from January to November 2014. The
research was approved by the Johns
Hopkins University Institutional
Review Board, the study site of the
principal investigator, and by the
local institutional review boards at
each participating site. Inclusion
criteria required that a patient have
an IH deemed a candidate for TTM by
a physician with expertise in vascular
anomalies, along with de-identified
demographic information, details

of the IH, and treatment course.
Minimum treatment duration

for study inclusion was 30 days.
Exclusion criteria included lack of a
baseline photograph and/or lack of
at least 1 follow-up visit with clinical
data and photograph. Study data
were de-identified and collected

and managed by using the Research
Electronic Data Capture tools hosted
at Johns Hopkins University.16

Demographic information, details
on TTM formulation and dosing, IH
characteristics, details on treatment
course, and adverse events (AEs)
were recorded. Vital signs (including
heart rate and blood pressure)
were obtained at the discretion

of the treating physician but were
not routinely performed at each
follow-up visit. Primary outcome
measures were treatment response
as assessed by using visual analog
scales for color (VAS-C) and visual
analog scales for size, extent, and
volume (VAS-SEV), with scores
ranging from -100 to 100.

Each site investigator reviewed all
available digital photographs of the

[Hs obtained as standard of care
comparing the IH at time of initiation
(baseline assessment) versus

the IH at time of each follow-up
evaluation. Two VAS measurements
were recorded for each patient at
each time point compared with
baseline photographs. The VAS-

SEV was designed to encompass
overall change in size, extent, and
volume of the IH such that -100
corresponded to a doubling in size
and 100 to complete resolution. The
VAS-C captured change in intensity
of [H color in which -100 signified
doubling in intensity of color and
100 to complete lack of discoloration
compared with the surrounding skin.
A change >10% in VAS-C or VAS-SEV
score from baseline was deemed the
minimum threshold of meaningful
response.

Statistical Analysis

Descriptive statistics were used to
detail baseline characteristics of
patients and IHs and are presented
as percentages and means. The
time of follow-up visits among

the cohort was not uniform, and
follow-up time points were grouped
as occurring between 1 and 3 months
after initiation of timolol (mean,
2-month follow-up), between 3

and 6 months (mean, 4.5-month
follow-up), between 6 and 9 months
(mean, 7.5-month follow-up),

and >9 months since initiation of
TTM. A mixed effects model with
autoregressive structure, to allow
for unequally spaced time points,
was used to test the relationship
between the treatment response,
measured as VAS-SEV and VAS-C
over time. The model was selected
by using the likelihood ratio test.
The within-subject error term was
modeled by using an exponential
correlation model. In evaluating the
effect of baseline IH parameters on
treatment response over time, each
independent variable was tested by
using univariate and multivariate
mixed effects models. Post hoc
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comparisons were used to test if
there were significant differences
between groups of the independent
variables at each time interval.

AEs were analyzed with univariate
logistic regressions to estimate the
odds ratios. SEs were adjusted for
nonindependence. Fisher’s exact
test with 2-tailed P values were
used to analyze categorical data.
The significance level was set at 5%.
Analysis was performed by using
Stata version 12.1 (StataCorp LP,
College Station, TX).

RESULTS

There were 731 subjects, with a
female predominance (2.65:1 ratio.)
The majority (n = 284 [41.2%]) were
<3 months old at the initiation of
treatment. Most (n = 598 [86.3%])
were treatment naive before
initiation of TTM. The vast majority of
[Hs (n =582 [80.1%]) were located on
the head and neck. Localized IHs were
present in 572 (80.1%); 80 (11.2%)
were segmental, and 62 (8.7%)

were of indeterminate morphology.
Most [Hs were superficial (n = 405
[56.1%])!7 (Table 1). The most
common indication for TTM was
perceived risk of disfigurement by the
treating physician (n = 544 [73.3%]),
followed by risk of ulceration
(n=138[18.9%]) and risk to vision
and/or periocular location (n =92
[12.6%]). Forty-one (5.6%) patients
had ulceration present before

starting TTM; 4 patients developed
ulceration while using TTM (Table 2).
Nearly one-half (n = 362 [49.5%])
had completed TTM therapy at the
time of inclusion in the study. Mean
treatment duration at the time of
study inclusion was 9.47 months.
Most patients received timolol
maleate 0.5% GFS (n =615 [85.1%])
with instructions to apply 1 drop
twice daily to the IH surface (n =591
[83.5%]). A daily total of >4 drops of
timolol maleate were prescribed in
106 (15.0%) patients of the group.

TABLE 1 Patient and IH Characteristics

Characteristic Value
Patients, N= 731
Sex
Female 530 (72.6)
Male 200 (27.4)
Age at TTM initiation, mo
0-3 284 (41.2)
3-6 199 (28.8)
6-9 80 (11.6)
9-12 37 (5.4)
>12 90 (13.0)
Previous therapy
Yes 95 (13.7)
No 598 (86.3)
Mean treatment duration, mo 9.47
IHs
Location (no. of patients = 727)
Head and neck 582 (80.1)
Body 145 (19.9)
Morphology (no. of patients = 714)
Localized 572 (80.1)
Segmental? 80 (11.2) [2 PHACEP, 1 LUMBAR®]
Indeterminated 62 (8.7)
IH subtype (no. of patients = 722)
Superficial 405 (56.1)
<1 mm thick 139 (34.8)
1-3 mm thick 171 (42.9)
>3 mm thick 89 (22.3)
Deep 28 (3.9)
Combined/mixed 289 (40.0)
Mainly superficial 96 (33.6)
Equally superficial and deep 85 (29.7)
Mainly deep 105 (36.7)

Unless otherwise indicated, values are given as n (%).

a Segmental IHs are those that encompass a patterned, geographic, and often broad territory of skin involvement and are
more likely to be associated with systemic abnormalities and complications.

b Posterior fossa malformation, hemangioma, arterial anomolies, coarctation of aorta, and eye abnormalities.

¢ Lower body hemangioma and other cutaneous defects, urogenital anomalies, ulceration, myelopathy, bony deformities,
anorectal malformations, arterial anomalies, and renal anomalies.

dIndeterminate IHs are those thought to represent a small portion of a defined segmental pattern.

TABLE 2 Adverse Events

AEs

No. of Patients With AEs (n = 25 [3.4%])?

Local irritation from medication (eg, scaling)
Developed ulcer
Bronchospasm

Dermatitis at application site
Ocular

Asymmetric pupil size
Possible heterochromia

Tan macule in iris

Eye infection/drainage

Other

Frequent URTI

Maceration

12
4
3
1

URTI, upper respiratory tract infection.
326 AEs occurred in 25 patients.

Clinical Response to TTM

Responses to TTM are summarized
in Table 3 and Figs 1 and 2. At all

ages and durations of treatment,
greater responses were seen in
VAS-C than in VAS-SEV. With the
mixed effects model, at leasta 13.3%
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greater degree of improvement

in VAS-C compared with VAS-SEV
occurred at each time point (Fig 1).
The proportion of [Hs that achieved
a meaningful response to timolol
maleate (defined asa >10%
change in VAS from baseline) at
each follow-up interval is detailed
in Table 3. After 1 to 3 months of
TTM therapy, 69.6% of patients
experienced >10% improvement
from baseline in VAS-C with a
mean improvement score of 31.2;
24.0% had no meaningful change
from baseline and 6.4% worsened.
Improvement in VAS-SEV occurred
in 38.8% of patients, 48.0% had no
meaningful change from baseline,
and 13.2% worsened during this
period. After 6 to 9 months of
therapy, VAS-C demonstrated
meaningful improvement from
baseline in 92.3% of patients, 6.0%
had no meaningful change, and 1.7%
worsened, compared with VAS-SEV
improvement in 76.6%, no change
in 18.1%, and worsening in 5.4%.
In patients aged <3 months at the
start of TTM therapy (ie, during
the rapid proliferative phase of [H
growth), a similar but less dramatic
response was noted. Among the 210
infants aged <3 months at the start
of treatment who had follow-up
data after a mean of 2 months of
treatment, VAS-C improved from
baseline in 133 (63.3%), was
unchanged in 57 (27.1%), and
worsened in 20 (9.5%), compared
with VAS-SEV improvement in 71
(33.8%), no change in 96 (45.7%),
and worsening in 43 (20.5%).

The mixed effects model also
demonstrated a significant linear
relationship between both VAS-C
and time (95% confidence interval
[CI], 3.45-4.28; P <.0001) and VAS-
SEV and time (95% CI, 3.11-4.46;
P <.0001), illustrating that longer
duration of TTM use significantly
improved treatment response. An
increase in treatment duration by
1 month improved the VAS-C by
3.9% and VAS-SEV by 3.8%. When

VAS Score
8
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Time (mo)
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FIGURE 1
VAS scores for size and color over time.
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FIGURE 2

(A) Clinical response to timolol maleate in infantile hemangioma color (VAS-C score) over time and
(B) clinical response to TTM in infantile hemangioma size, extent, and volume (VAS-SEV score) over
time.
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evaluating the entire cohort for the
extent of response to timolol maleate
for VAS-C, the mean VAS-C responses
for the group were 25.1, 34.8, 46.4,
and 71.5 at months 1 to 3,3 to 6,

6 to 9, and >9 months of therapy,
respectively. Similarly, the mean
response for VAS-SEV was 11.7, 21.1,
32.4,and 57 at months 1 to 3, 3 to 6,
6 to 9, and >9 months of therapy.

Univariate and multivariate mixed
effects models showed that initial [H
thinness was a significant predictor
of response to TTM for both VAS-C
(P =.008) and VAS-SEV (P =.008) (Figs
2A and 2B, respectively). After 1 to 3
months of TTM treatment, response
was significantly better for VAS-SEV
in IHs <1 mm thick compared with IHs
1 to 3 mm thick (P =.005) and

[Hs >3 mm thick (P =.005). Although
[Hs <1 mm thick demonstrated the
bestresponse at 1 to 3, 3 to 6, and 6
to 9 months, response according to
thickness was no longer significant
beyond 9 months of therapy, and
thicker IHs (1-3 mm and >3 mm)
began to show response rates that
were not significantly different

from those of the thinnest lesions.
Outcomes for both VAS-C and VAS-
SEV were significantly affected by

[H subtype (P =.03 and P = .04,
respectively), with better responses
seen in superficial IHs compared
with mixed and deep IHs. VAS-C

and VAS-SEV responses were not
affected by initial IH size (in square
centimeters); localized, segmental,
or indeterminate morphology;

the presence of ulceration before
treatment; location; or pedunculated
versus sessile appearance.

Additional therapy with an oral
B-blocker (ie, propranolol [n = 50] or
nadolol [n = 3]) was initiated after
TTM treatment in 7.3% of the cohort.
Age <3 months at the start of TTM

(P <.0001), deep IHs (P =.0005), and
mixed [Hs (P =.03) were strongly
associated with an increased need for
systemic B-blocker therapy. Surgery,
pulsed dye laser, and/or wound care
for ulceration was given after TTM
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in 46 (6.3%) patients. Reasons cited
for use of additional therapy included
continued growth (34 patients),
persistent volume (n = 41), persistent
color (n = 34), and ulceration (n = 13.)

AEs were noted in 25 (3.4%) patients,
with local irritation (eg, scaling)
accounting for nearly one-half of

AEs (Table 2). No cardiovascular

AEs were recorded. Three patients
experienced bronchospasm. No
patient or [H characteristics were
found to be associated with increased
risk of AEs. The odds of experiencing
an AE were 0.036 (P <.0001). No AEs
were significant enough to require
drug discontinuation.

DISCUSSION

This study is the largest to date
examining efficacy and AEs with

TTM in the treatment of IHs. The
response in this retrospective cohort
confirms much of the information in
previous small studies and provides

a more detailed understanding of

the effectiveness of this agent in
routine clinical practice. All children
were prescribed TTM by physicians
experienced in [H management;

as such, the results detail a cohort
preselected to have a greater likelihood
of response to topical therapy, most
typically younger patients with more
superficial [Hs. The onset of TTM'’s
effect was more gradual and modest
than that typically seen with systemic
B-blockers. Nonetheless, these positive
responses were likely medication-
related rather than due to the IH
natural history of slow spontaneous
involution, because the largest group
of treated infants were young at
initiation of treatment (<3 months

of age), a time when [H involution
would not be expected.'®1° Timing of
intervention is particularly important
for those IHs requiring treatment, a
point emphasized in recently published
guidelines by a European consensus
group.!® They stressed that frequency
of reevaluations should be dictated by
the age of the infant, as often as 1 to 2

weeks for the very youngest infants.
Because most I[Hs were localized and
superficial, investigators used topical
therapy as an initial alternative to
systemic therapy or watchful waiting.
Seventy percent of patients were

<6 months of age at the initiation

of therapy, with 41.2% in the early
proliferative phase, between 0 and 3
months of age. These factors strongly
support the effectiveness of TTM,
especially at the first 2 follow-up time
points, in halting [H proliferation

and inducing involution earlier than
would be expected based on natural
history (ie, when improvement
would not typically occur before

12 months of age).1820.21

Because most growth observed in
[Hs is in tumor thickness rather than
width, assessment of IH progression
or regression has proven difficult with
standard methods of measurement.
This scenario is especially true

for small and uncomplicated IHs.
Therefore, investigators have
developed several scales to assess
IH growth and efficacy of treatment.
All available scales are based on a
shared concept of visual changes
(progression or regression) at the
determined end point compared
with baseline or time zero and aim to
convert subjective improvement or
worsening into quantitative measures.
Although the VAS is not a validated
measure of [H response, it has been
used in multiple IH studies322-26 and
can be viewed as corresponding to a
percent change from baseline (0 on
the VAS.) VAS-SEV was chosen over
lesion size measurement or other
metrics because, as shown in other
studies, size per se is not an accurate
measurement of [H response to
therapy.?” Based on the VAS-C and
VAS-SEV responses in this cohort,
the anticipated decrease in color in
patients with localized, superficial,
relatively thin IHs treated with TTM
after 2 months was ~25% improved
from baseline. A similar degree of
improvement in size, extent, and
volume would be anticipated in

~30% of similar IH types after 6 and 9
months (Fig 1). Although this degree
of improvement is modest compared
with the dramatic responses often
seen with propranolol,27-28 it
nonetheless represents an amount of
improvement sufficient to constitute
a treatment success in many patients,
particularly in young infants when IHs
are in the rapid proliferative phase.
Our results clearly show a greater
effectiveness in the diminution of
color over size, extent, and volume,
although with duration of therapy
beyond 9 months, 2 overlapping
phenomena likely occur: TTM slowly
improves thicker IHs with prolonged
use and improvement from natural
involution begins to occur.

Although our study provides
convincing data regarding the
effectiveness and overall safety of
timolol for IH therapy, the strength
of its conclusions is limited by its
retrospective design, lack of regular
follow-up intervals, pharmacokinetic
data, and standardized AE
surveillance, including rigorous
monitoring for heart rate and

blood pressure. Our study lacks a
control group, but extensive data
are available in the literature that
characterize the timing of IH growth
and involution. Eighty percent of
final IH size is reached in the early
proliferative phase (3.2 + 1.7 months
of age).1” Involution is generally
anticipated to begin after 1 year of
age and is typically completed by
3.5 to 4 years of age.!® Our results
showing improvements in color and
size at a much younger age diverge
from this known natural history,
strongly supporting the efficacy of
timolol in preselected patients.

The present study was performed
without funding support for regular
office visits, and follow-up intervals
for each patient were determined
by the treating physician. Although a
large prospective study would have
been preferable, it is unlikely to
occur in the near future for use of
an inexpensive medication readily
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available in generic form, which is
already being used widely for this
condition. In the absence of such data,
our results offer important information
for practicing clinicians to offer
guidance regarding appropriate patient
selection and expected response to
TTM therapy. As with all studies on [Hs,
it suffers from the lack of a validated
measure of treatment response.

No patients were discontinued due to
AEs. No pretreatment characteristics
of patients or their IHs were associated
with AEs. The risks of ulceration,
existing ulceration, or threat to vision
were indications for treatment in nearly
one-third of this cohort. Given the
greater absorption of timolol maleate
across nasolacrimal mucosa,>29 there
is a legitimate concern for potential
greater absorption and bioavailability
in IHs located on mucosal, ulcerated,
or in occluded sites. Timolol maleate
is metabolized by cytochrome P450
2D6, and poor metabolizers have been
shown to have higher peak plasma
concentrations and a longer elimination
half-life with intraocular administration
of timolol maleate.3%31 These findings
suggest that children with low
cytochrome P450 2D6 activity may

be at greater risk for cardiovascular
effects and may also represent some
of the best responders because of
greater sensitivity to the therapeutic
effects of the drug. Although we found
no evidence of systemic toxicity in the
setting of ulcerated IHs in this study,
the number of such patients in our
report was low. Therefore, it cannot be
concluded that TTM use in the setting
of ulceration is uniformly safe. In the
absence of further pharmacokinetic

or controlled clinical trials, we favor
caution in using TTM on ulcerated IHs,
in mucosal sites, in the diaper area,

in very young infants (ie, those <4
weeks corrected gestational age), or
in those with other serious medical
comorbidities, including ongoing or
recent history of apnea and bradycardia
who may have more potential for AEs.

We favor generally limiting therapy
to 1 drop at each application no more

than 2 to 3 times a day, regardless

of IH size, instructing caregivers to
massage the medication into the

[H. In larger IHs, rotational therapy
(varying the site of TTM application
within the IH) might be considered,
but as size increases beyond that
which would reasonably be covered
by 1 drop, systemic therapy should
be increasingly considered. Most of
the investigators favor use of GFS
because its more viscous texture
allows increased ease of application
at the desired site and possible lower
systemic absorption relative to the
solution; it must be noted, however,
that the pharmacokinetic properties
of the TTM GFS and solution on
hemangioma-affected skin remain
unknown. The 3 patients who
experienced bronchospasm are too
small a group to comment with any
statistical validity on predictive factors
for bronchospasm. All were >3 months
of age; had small, localized IHs on the
face; and were instructed to apply 1
drop twice daily of timolol 0.5% GFS
(n = 2) or solution (n = 1) and were
not receiving systemic p-blockers at
the time of timolol therapy.

As experience with the use of
p-blockers for IH treatment progresses
and the options for systemic or local
drug delivery expand, the management
of children requiring therapy becomes
more nuanced and individualized.
TTM is a useful treatment option for
many infants who might benefit from
therapy but for whom oral p-blockers
are not deemed appropriate. This
retrospective study of >700 patients
provides pragmatic data for patient
selection, identifying which IHs can
be managed with topical therapy

and which are more likely to require
systemic therapy. Superficial, relatively
thin IHs, regardless of pretreatment
surface area or body site, are likely to
respond reasonably well to several
months of treatment with modest,
but definite, improvements in color
and size. Thicker, superficial, mixed,
and deep IHs may respond3? but

are less likely to do so. There is a

window of opportunity for IHs during
a critical period of early rapid growth
to intervene and prevent potential
permanent disfigurement (eg,
atrophy, scarring, textural changes)
and, particularly on the face,
distortion of anatomic structures
such as the nose and lips.

CONCLUSIONS

Primary care physicians and specialists
caring for infants with IHs must be
mindful of the nonlinear IH growth
trajectory?%33 to determine whether
watchful waiting, TTM, or systemic
therapy is indicated. Young infants
with I[Hs, particularly infants aged

<3 months, have a high risk of
accelerated hemangioma growth that
can potentially result in permanent and
disfiguring scarring.1%33 In preselected
patients with smaller and relatively
superficial IHs, TTM seems to be a safe
and effective therapy to help control
[H growth and accelerate involution.
Parents should be advised to contact
their physician if rapid growth occurs
despite topical treatment because
transition to systemic therapy may be
more appropriate in some cases. TTM
can be recommended as an initial,
and often sole, treatment modality
for many relatively superficial IHs
without aggressive growth or threat
of functional impairment.
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