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Effects of sirolimus in the treatment of unresectable infantile
hemangioma and vascular malformations in children: A
single-center experience
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Dae Yeon Kim, MD, PhD, and Jung-Man Namgoong, MD, PhD, Seoul, Korea

ABSTRACT

Objective: Recently, sirolimus has emerged as a safe and effective treatment modality for unresectable vascular lesions.
In the present study, we investigated the effectiveness and safety of sirolimus from our early experience with patients
with unresectable vascular anomalies.

Methods: The medical records and radiologic images of all patients with unresectable vascular anomalies treated with
sirolimus at our center from January 2018 to November 2019 were retrospectively reviewed. All patients were adminis-
tered oral doses of sirolimus 0.8 mg/m? every 12 hours as the initial dose, followed by maintenance of a target serum
concentration (5-10 ng/mL) with therapeutic drug monitoring.

Results: Six patients with unresectable vascular anomalies were treated with sirolimus for =10 months. Their median age
at the initiation of sirolimus treatment was 17 months (range, 8-67 months). The median duration of treatment was
13 months (range, 10-16 months). One patient had a good response, four had an intermediate response, and one had no
response to sirolimus therapy. None of the patients had discontinued sirolimus therapy because of adverse effects.

Conclusions: Sirolimus can be used effectively and safely for patients with unresectable vascular anomalies. However,
further prospective studies are warranted to evaluate the long-term effects of sirolimus and clarify the indications for

early intervention. (J Vasc Surg Venous Lymphat Disord 2021;9:1488-94.)
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Vascular anomalies are a heterogeneous group of
disorders caused by anomalies in the development and
anatomy of blood and/or lymphatic vessels. The Interna-
tional Society for the Study of Vascular Anomalies adop-
ted a state-of-the-art classification system for vascular
anomalies in 2014, with vascular tumors characterized
by a proliferative component and vascular malforma-
tions by structural anomalies and innate errors of
vascular morphogenesis. Vascular tumors are character-
ized by abnormal proliferation of endothelial cells and
aberrant blood vessel architecture and are divided into
three groups: benign, borderline, and malignant. The

From the Department of Pediatric Surgery, Asan Medical Center Children’s
Hospital, University of Ulsan College of Medicine.

Author conflict of interest: none.

Correspondence: Dae Yeon Kim, MD, PhD, Department of Pediatric Surgery,
Asan Medical Center Children’s Hospital, University of Ulsan College of Med-
icine, 88, Olympic-ro 43-gil. Songpa-gu, Seoul 05505, Korea (e-mail:
spdykim@hotmail.com).

The editors and reviewers of this article have no relevant financial relationships to
disclose per the Journal policy that requires reviewers to decline review of any
manuscript for which they may have a conflict of interest.

2213-333X

Copyright © 2021 The Authors. Published by Elsevier Inc. on behalf of the Soci-
ety for Vascular Surgery. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jvsv.2021.03.014

1488

benign vascular tumor, infantile hemangioma (IH), is
behaviorally and biologically distinct from other tumors
such as congenital hemangioma, pyogenic granuloma,
tufted angioma, and hemangioendothelioma. Vascular
malformations are classified as capillary, venous,
lymphatic, arteriovenous, or combined according to the
vascular channels involved.’

As vascular anomalies develop, they can lead to body
deformities and disfiguration, pain, recurrent bleeding,
infection, heart failure, and, even, death. Venous malfor-
mations are associated with venous stasis and localized
intravascular coagulopathy, increasing the likelihood of
thromboembolic events, such as pulmonary emboli
and localized or disseminated intravascular coagulation.?
Microcystic lymphatic malformation (LM) combined with
malformations of other vascular channels can cause
severe morbidity and/or mortality owing to soft tissue
disfigurement, bony abnormalities, and organ compro-
mise.” Depending on the location of the malformation
and the organs involved, the degree and symptoms of
LM can vary widely. In most cases, cosmetic concerns
for LMs will influence the treatment chosen. However,
when LM occurs in the upper aerodigestive tract, the
mass effect of the malformation can cause life-
threatening airway obstructions, impair oral feeding,
and lead to speech and communication difficulties.*®
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The type of vascular anomaly determines the choice of
treatment, which includes a wide variety of options,
including propranolol, embolization, laser therapy,
sclerotherapy, and surgical resection. However, these
treatments can result in substantial morbidity, especially
when addressing complicated vascular anomalies
such as extensive vascular tumors or vascular malforma-
tions in vital organs that cannot be cured using conven-
tional therapy or for which conventional therapies have
failed.

To address the challenges of conventional treatment
modalities for vascular malformations, less invasive ap-
proaches such as mammalian target of rapamycin
(MTOR) inhibitors are being investigated.? The phosphoi-
nositide 3-kinase/mTOR pathway is the basis of various
cellular processes, including cellular metabolism, cell
growth, and proliferation, and its pathway leads to the
expression of vascular endothelial growth factor, the
key regulator of angiogenesis and lymphangiogenesis.?”
Therefore, mTOR inhibitors such as sirolimus can block
downstream protein synthesis and have antitumor and
antiangiogenic effects.®

Sirolimus is the only mTOR inhibitor currently approved
by the US. Food and Drug Administration. Sirolimus is
generally used to prevent organ rejection after kidney
transplantation in patients aged >13 years” It is also
used for patients with coronary artery disease or
lymphangioleiomyomatosis-related lung disease. The
diverse effects can have therapeutic applications for
the treatment of other diseases, such as soft tissue and
bone sarcomas and advanced lymphoma.'® In 2010, siro-
limus was introduced as an antiangiogenetic treatment
in children with kaposiform hemangioendothelioma.”
Only a few clinical studies have since been reported on
the effects of sirolimus on vascular anomalies. These
studies found that sirolimus could be considered a part
of the safe management strategy in challenging patients
in whom traditional therapies have failed>”" In the
present report, we have described our early experience
using sirolimus to treat diffuse unresectable vascular
anomalies and vascular anomalies considered unresect-
able because of invasion of vital organs.

METHODS

The data from 18 patients with complicated vascular
anomalies who had been treated with sirolimus from
July 2018 to May 2019 at Asan Medical Center (Seoul,
South Korea) were retrospectively reviewed. Because
the present study was exploratory, statistical analyses
were not performed. Data on patient demographics,
type of vascular anomaly, location and range of the
effects of the vascular anomaly, age at the first adminis-
tration of sirolimus, self-reported (parent-reported) qual-
ity of life, the need for tracheostomy or gastrostomy,
complications, and outcomes were collected from the
medical records and documented until November
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center, retrospective
analysis of prospectively collected registry data

- Key Findings: Six patients with unresectable vascular
anomalies that did not respond to conventional ther-
apies were treated with sirolimus. A mass volume
decrease occurred in five of six patients, ranging
from 23% to 99.9%. No serious adverse effects associ-
ated with sirolimus were observed during treatment.

- Take Home Message: Sirolimus is a promising treat-
ment that can be applied to unresectable vascular
anomalies that are diffuse or that invade vital organs.
These findings could be useful for the treatment of
patients with refractory vascular anomalies by pro-
moting a reduction in the size of the lesion and as
a bridge to resection.

2019. The vascular anomalies were diagnosed from the
clinical findings and confirmed using magnetic
resonance imaging (MRI) and/or computed tomography,
which had been obtained for all patients.

Sirolimus therapy was administered to (1) patients with
vascular anomalies confirmed to be unresectable by the
imaging or histologic studies because of proximity to a
vital organ or interdigitating with contiguous structures;
(2) patients whose had symptoms worsened or failed to
improve on MRI and/or computed tomography studies
after treatment according to the vascular anomaly type;
and (3) patients with complications from vascular
anomalies, such as frequent respiratory infections, coa-
gulopathy, recurrent cellulitis (more than three episodes
annually), visceral involvement, and/or cardiac
dysfunction.

Sirolimus was administered orally using a liquid formu-
lation or as a tablet, depending on the patient’s age. The
initial dose was 0.8 mg/m? per dose, administered every
12 hours, and, subsequently, adjusted to maintain a
target 12-hour trough level of 5 to 10 ng/mL. We set a
slightly lower target trough level than that of other
studies (ie, 5-15 ng/mL) to decrease the risk of drug
toxicity that could occur from a higher dosage.”'"'

The primary outcome was the response to therapy,
which was defined as a reduction in the bulk of the LM
as determined by evaluating digital photographs and
radiologic imaging studies. A baseline evaluation was
conducted before initiating sirolimus therapy, and the
response was evaluated at 6- and 12-month intervals.
The lesion volume was calculated on MRI by measuring
the greatest dimensions in the transverse axis and ante-
roposterior views, which was 90° to the transverse axis on
the same slice and to the longitudinal axis. The formula
used for calculating ellipsoid volume was as follows: ellip-
soid volume = (transverse axis x anteroposterior
view x longitudinal axis)/2.'®'” This method of volume
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Table I. Evaluation of disease response

Good Improvement in radiologic imaging
findings of >70% or remnant lesion
in radiologic imaging but no gross
lesion identified

Intermediate Improvement in radiologic imaging
findings =70% and >30% or self-
reported improvement of gross

lesion

Poor Improvement in radiologic imaging
findings of <309%, stable disease
status, or self-reported worsening
of gross lesion

measurement correlates with that obtained by drawing
the outlines manually.'®?° The volume reduction rate
was calculated between the pre- and post-treatment
lesion volumes. The patient response was defined as
good, intermediate, and poor according to the findings
from the digital photographs and radiologic imaging
studies (Table ).

The severity of the complications was evaluated using
the Common Terminology Criteria for Adverse Events,
version 5.0.”' The parents of all the patients provided writ-
ten informed consent for participation in the present
study. All the procedures were performed in accordance
with the ethical standards of the ethics committee of the
Asan Medical Center (institutional review board approval
no. 2020-0190).

RESULTS

Eighteen patients were treated with sirolimus for
vascular anomalies from July 2018 to December 2019.
Of the 18 patients, 6 had been administered sirolimus
for ~1 year, allowing for sufficient time for the evaluation
of the effects of sirolimus (Table Il). The median age at
the initiation of sirolimus was 17 months (range, 8-
67 months). All six patients had been unsuccessfully
treated using different modalities such as propranolol,
sclerotherapy, and excision. The vascular anomaly had
been diagnosed before birth in five of the six children
by fetal ultrasonography. The patients with refractory
head and neck LM had not responded well to sclerother-
apy and resection. Of these six patients, one had a mixed
macrocystic-microcystic LM, two had a microcystic LM,
two had a lymphovenous malformation, and one had
IH. All the patients had required tracheostomy owing
to airway compression, and three patients had required
gastrostomy owing to difficulty in receiving oral nutrition.
One patient had had brain and systemic hemangiomas.
The median treatment duration was 13 months (range,
10-16 months), and all the patients had continued siroli-
mus therapy through the end of the study period. Five
patients had temporarily discontinued sirolimus during
the treatment period (median time without sirolimus,
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2 months; range, 1.4-3.5 months). Viral infection of the up-
per respiratory tract was the cause for all five patients,
with obvious symptoms of infection and accompanied
by fever. The interval to restarting sirolimus after stopping
ranged from 7 to 35 days.

The mass volume had decreased in five of the six
patients, with a volume reduction ranging from 23%
to 99.9%. The patient with brain and systemic heman-
giomas had experienced complete remission, and four
patients with cervicofacial LMs had had partial remis-
sion. For the sixth patient, no overall volume reduction
was seen on MRI. More dramatic imaging responses
were seen for the younger patients who had not un-
dergone previous procedures. The significant response
to sirolimus for patient 1 with IH is shown in Fig 1.
This patient had experienced anal bleeding from the
perianal lesion early during sirolimus treatment, and
the brain lesions had completely resolved after
6 months of sirolimus treatment. Patient 2 experienced
moderate improvements in facial asymmetry and a
decrease in lesion size (Fig 2). All five patients with cer-
vicofacial LMs were dependent on the tracheostomy at
sirolimus initiation. One experienced improved atelec-
tasis because the LM involving the chest had
decreased in size, and the patient’s concurrent depen-
dence on mechanical ventilation had resolved after
1 year of sirolimus treatment (Fig 3). Minor adverse ef-
fects, such as grade 1 stomatitis and dermatitis,®
were identified in two patients; however, the lesions
had healed without any intervention. One patient had
consumed a beverage containing grapefruit extract
and was required to discontinue sirolimus for 20 days
owing to elevated therapeutic drug levels. None of
the patients had developed systemic or opportunistic
bacterial infections during the study period.

DISCUSSION

Sirolimus, an inhibitor of the mTOR pathway, decreases
protein synthesis for cell proliferation and angiogenesis,
which can inhibit the growth of vascular tumors. In addi-
tion, Greenberger et al”®> demonstrated that sirolimus
diminishes the self-renewal capacity of IH-derived stem
cells, activates the differentiation toward a perivascular
cell phenotype, and inhibits angiogenesis from IH-
derived stem cells.?® Several recent studies have reported
the effectiveness of sirolimus for the treatment of
vascular malformations and vascular tumors, including
IH, without the development of severe adverse ef-
fects.”>'* Recently reported genetic studies have shown
that somatic mutations in PIK3CA and vascular endothe-
lial growth factor overexpression are found in syndromic
LMs.?*?® These studies found that sirolimus was effective
in treating vascular anomalies that were refractory to
standard care approaches, such as resection, sclerother-
apy, propranolol, and steroids. In Korea, sirolimus has
not yet been established as a treatment option for
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Table Il. Clinical characteristics and sirolimus treatment response for six patients

1 12 M IH Brain, shoul- No Propranolol, 16 Anal bleeding Stomatitis, 929 Good
der, chest, prednisone resolved diarrhea
both arms,
both legs,
anus
2 67 F LVM Cervicofacial Tracheostomy, Sclerotherapy 15 Oral feeding No Left, 32;  Left, interme-
gastrostomy (OK-432 1x, improved, gas- right, UC diate; right,
doxycycline 4x), trostomy poor
excision (3x) removal
3 20 M Mixed LM Cervicofacial, Tracheostomy, Sclerotherapy 13 Decreased in- Dermatitis 30 Intermediate
chest wall gastrostomy  (doxycycline 9x; fections,
bleomycin 1x), decreased oxy-
excision (1x) gen demand,
gastrostomy
removal
4 54 F Microcystic ~ Cervicofacial Tracheostomy  Sclerotherapy 13 Decreased No uc Poor
LM (doxycycline infection
13x), excision
(2x)
5 14 F Microcystic ~ Cervicofacial Tracheostomy Excision (1x) n Decreased No 39 Intermediate
LM infection
6 8 M LVM Cervicofacial Tracheostomy, Sclerotherapy 10 Oral feeding No Left, 79; Left, good;
gastrostomy  (doxycycline 3x), improved, gas- right, 23 right, poor
excision (1x) trostomy
removal

F, Female; GlI, gastrointestinal; /H, infantile hemangioma; LM, lymphatic malformation; LVM, lymphovenous malformation; M, male; Pt. No, patient
number; UC, unchanged.

vascular anomalies. We used this emerging treatment for We found that the use of sirolimus was low risk and
the first time in Korea and applied it to selected patients somewhat effective for patients who could not benefit
to evaluate its effectiveness. from existing treatment modalities. The therapeutic

Fig 1. Patient 1 with infantile hemangioma (IH) affecting the whole body at the beginning of therapy (A), after
3 months of sirolimus treatment (B), and after 1 year of sirolimus therapy (C). Axial T2-weighted magnetic reso-
nance imaging (MRI) of patient 1 showing intracranial hemangioma before the initiation of sirolimus (D) and after
6 months of sirolimus therapy (E).
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Fig 2. Clinical photographs of patient 2 showing a cervicofacial lymphovascular malformation before the initia-
tion of sirolimus (A) and the interval decrease in the lesion size, with a decreased mucosal lesion after adminis-
tration of sirolimus (B). Axial T2-weighted magnetic resonance imaging (MRI) of patient 2 at the beginning of
therapy (C) and at 10 months of sirolimus administration (D).

effect (ie, the volume change in the target lesion) in our
study was 20% to 99% and differed among the patients.
Most patients in the present study had undergone mul-
tiple sclerotherapy sessions and one or more resections.
Previous studies have shown that the older the patients
and the more treatments they have undergone previ-
ously, the less the therapeutic effect of sirolimus.'*'%%®
Adams et al'* suggested that the physiology of the
lymphatic system might change during development,
with the result that medical management becomes
less effective over time. In addition, sclerosing agents,
such as OK-432, doxycycline, and bleomycin used in our
patients, have different mechanisms of action but even-
tually result in dense adhesions and fibrosis that trans-
form cystic lesions into scar tissue, which could affect
their response to sirolimus.'®?”

The mucosal area and lesions close to vital organs were
more responsive to sirolimus therapy because of the
reduced likelihood of previous aggressive treatment
in these areas. All the patients who had undergone
gastrostomy because of the challenges in receiving
oral nutrition due to the LM in the oropharynx were
able to receive oral nutrition after removal of the
gastrostomy tube. Of these patients, one patient (pa-
tient 2), who had experienced only a minor change in
the lesion volume on radiologic evaluations, neverthe-
less demonstrated improved quality of life owing to
the increased dietary volume and removal of the
gastrostomy tube.

For cervicofacial lesions, surgery will usually be
preferred.*?82° |n the present study, as reported in other
studies, surgery was considered initially, if resection was
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Fig 3. Serial clinical photographs of patient 1 showing a cervicofacial lymphatic malformation (LM) at the initiation
of sirolimus (A), at 2 months of administration (B), and 6 months later (C). Coronal T2-weighted magnetic
resonance imaging (MRI) of patient 1 at the beginning of therapy (D) and at 1 year of sirolimus therapy (E).

possible. In patient 4, debulking was partially effective.
However, access was limited to the mediastinal lesion,
which caused respiratory distress, and mechanical
ventilation was continued after surgery. Sirolimus was
administered because further improvement in symp-
toms from conventional treatment was not expected.
Treatment with sirolimus, however, was effective in
reducing the extent of the mediastinal lesion, and atelec-
tasis had improved to the point that the patient could be
weaned from mechanical ventilation (Fig 3). The findings
from this patient have provided additional evidence for
the potential use of sirolimus on large vascular malfor-
mations, not only to promote reduction of the lesion
mass and improve symptoms, but also to act as a bridge
to resection.

The known adverse effects of sirolimus include mucosi-
tis, rash, anorexia, gastrointestinal effects (eg, diarrhea
and nausea), hematologic effects (eg, thrombocytopenia,
leukopenia, anemia), and metabolic effects (eg, hyperlip-
idemia, hyperglycemia, hypercholesterolemia)*°*' No
serious adverse effects associated with sirolimus were
observed during treatment. Some of the patients had
required a period of temporary suspension of sirolimus
owing to the development of upper respiratory infec-
tions. However, recurrent infections are common in pa-
tients with LMs. Hence, it would be difficult to attribute
these infections to sirolimus therapy. We also found
that the infections tended to be milder after sirolimus
treatment had been initiated. Close laboratory and clin-
ical monitoring showed that treatment with sirolimus
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was well tolerated by the patients, and the adverse ef-
fects could be controlled using conservative treatment
or by decreasing the sirolimus dosage.

CONCLUSIONS

Sirolimus is a promising treatment modality for unre-
sectable vascular anomalies refractory to conventional
therapy with low risk. Sirolimus is an innovative treat-
ment option and should be considered as a potential
alternative for the treatment of vascular anomalies.
Further studies are required to evaluate its effects on
long-term treatment outcomes, including the appro-
priate duration of sirolimus treatment, and to clarify the
indications for early intervention.
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