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Abstract Vascular anomalies include a heterogeneous group
of disorders that are categorized as vascular tumors or vascular
malformations. Treatment options include resection, emboli-
zation, laser therapy, and sclerotherapy or medical treatment
such as propranolol, steroids, interferon, and cytostatic che-
motherapy. Mammalian target of rapamycin seems to play a
key role in the signal pathway of angiogenesis and subse-
quently in the development of vascular anomalies. Recently,
the successful use of sirolimus has been reported in children
with lymphatic malformations and kaposiform
hemangioendotheliomas. We report on six patients with dif-
ferent vascular anomalies (kaposiform
hemangioendothelioma n=2, combined lymphatico-venous
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malformation n=2, pulmonary lymphangiectasia n=1, and
orbital lymphatic malformation »=1) who were treated with
peroral sirolimus. Three of the children initially presented
with a Kasabach-Merrit phenomenon. Median duration of
treatment was 10 months; two children are still on treatment.
Three children each achieved complete and partial remission.
Kasabach-Merrit phenomenon resolved within 1 month in all
patients. Treatment with sirolimus was tolerated well; only
mild reversible leukopenia was observed.

Conclusion: Sirolimus proved to be effective in children
with complicated lymphatic or lymphatico-venous
malformations and kaposiform hemangioendotheliomas.
Treatment was tolerated well with acceptable side effects.
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The optimum length of treatment and possible long-term side
effects have to be evaluated.

What is Known:

* Vascular anomalies including vascular tumors and vascular
malformations may lead to life-threatening conditions.

» Some patients are refractory to established treatment and/or are not
available for local invasive procedures.

What is New:

* We reviewed the literature focusing treatment of vascular anomalies in
children and adolescents.

* Our data support recent studies that sirolimus is an effective treatment
option in patients with complicated vascular tumors and
malformations.

Keywords Sirolimus - Vascular anomalies - Children -
Treatment

Abbreviations
CT Computed tomography

FDA Food and Drug Administration

IH Infantile hemangioma

ISSVA  International Society for the Study of Vascular
Anomalies

KHE  Kaposiform hemangioendothelioma

KMP  Kasabach-Merrit phenomenon

MRI Magnetic resonance imaging

mTOR Mammalian target of rapamycin

VEGF  Vascular endothelial growth factor

Introduction

Vascular anomalies are a heterogeneous group of disorders
originating from blood and/or lymphatic vessels. According
to the most recent classification adopted by the International
Society for the Study of Vascular Anomalies (ISSVA), these
lesions are divided into true vascular tumors resulting from
endothelial proliferation and vascular malformations resulting
from defective embryonic vasculogenesis [1, 9, 10, 25]. The
majority of vascular anomalies follow a benign clinical
course: For example, most children with infantile hemangio-
ma (IH) typically experience a phase of proliferation during
the first year of life followed by a phase of stabilization and
spontaneous involution with complete resolution over the next
years [10]. However, a small portion of children with IH may
develop overwhelming proliferation that may cause some-
times organ dysfunction with life-threatening clinical deterio-
ration. Other vascular tumors, such as kaposiform
hemangioendotheliomas (KHE), are infiltrative lesions that
are frequently associated with a coagulopathy called
Kasabach-Merrit phenomenon (KMP), thus resulting in
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significant morbidity and even mortality [3, 10]. Vascular
malformations, particularly lymphatic malformations, venous
malformations, or combined lesions, may also be associated
with significant morbidity caused by disfiguration such as soft
tissue hypertrophy, bony abnormalities, organ compromise, or
chylous pleural effusions [10].

The optimum care of children with vascular anomalies re-
quires close collaboration of different medical specialities in-
cluding surgery, conventional and interventional radiology,
hematology—oncology, and dermatology [10, 18]. Treatment
options include resection, embolization, laser therapy, and
sclerotherapy [10, 25]. Complicated vascular anomalies such
as proliferative vascular tumors or refractory vascular
malformations have been treated with different medical ther-
apies. Corticosteroids are frequently used as first-line therapy
with varying results [21]. Second-line therapy includes con-
ventional chemotherapy (e.g., vincristine or cyclophospha-
mide) [6, 16] or interferon [5]. However, these treatment ap-
proaches were associated with limited responses and with sig-
nificant side effects. Propranolol has emerged as a highly ef-
fective and well-tolerated therapy for IH [17]. Recent in vitro
studies demonstrated the antiangiogenic properties of pro-
pranolol via downregulation of vascular endothelial growth
factor (VEGF) pathways [19].

The mammalian target of rapamycin (mTOR) activates
protein synthesis, resulting in numerous cellular processes in-
cluding cell proliferation and increased angiogenesis, thus
playing a key role in the pathogenesis of various vascular
anomalies [10]. Sirolimus, also known as rapamycin, is a
US Food and Drug Administration (FDA)-approved mTOR
inhibitor used as immunosuppressive agent in pediatric renal
transplant recipients [7]. The first report on the successful use
of sirolimus as antiangiogenetic agent in a child with refrac-
tory KHE and KMP was published in 2010 [2]. Since clinical
data on the use of sirolimus in patients with vascular anoma-
lies are still rare [10, 13, 15, 28], we present our experience of
six children treated with sirolimus for various vascular
anomalies.

Patients and methods

A retrospective chart review was performed including six chil-
dren (four males, two females) treated with sirolimus for var-
ious vascular anomalies in our institution between 2010 and
2014. Two children were diagnosed with KHE (plus KMP),
two with combined lymphatico-venous malformations, one
with pulmonary lymphangiectasia with bilateral chylous pleu-
ral effusions, and one with orbital lymphatic malformation.
Diagnosis was made at birth in 4/6 children and at the age of
10 and 13 months, respectively (Table 1). Diagnosis was
established by clinical evaluation, routine laboratory parame-
ters (e.g., blood counts, serumparameters, and coagulation
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Table 1  Clinical characteristics and treatment course of six children with different vascular anomalies
Patient no. Age at diagnosis Gender Diagnosis (localization) Additional (pre)treatment Sirolimus duration Response
(months) (months)
10 m Lymphatic MF (left orbit) Sclerotherapy (OK - 432) 6 PR — resection
2 13 f Combined lymphatico- venous MF  IFN, propranolol PRED 53 (still treated) PR
(left orbit, pharynx, palatine) bevacizumab
3 0 at birth f KHE (+KMP) (back, neck) VCR (14 x) PRED CY (1x) 6 CR
4 0 at birth m Pulmonary lymphangiectasia, Octreotide MCT - diet 3 CR
bilateral chylous pleural effusions
5 0 at birth m Combined lymphatico-venous MF ~ — 19 CR
(+KMP) (cervical, left-sided)
6 0 at birth m KHE (+KMP) (left retroperitoneum) — 14 (still treated) PR

CR complete response, CY cyclophosphamide, ffemale, /FN interferon, KHE kaposiform hemangioendothelioma, KMP Kasabach-Merrit phenomenon,
m male, MF malformation, MCT medium-chain triglycerides, PR partial response, PRED prednisone

profile), and magnetic resonance imaging (MRI) in 4/6 pa-
tients; biopsy was done in 2/6 children (patients 3 and 4).

Sirolimus was given at 0.05 mg/kg twice daily perorally
and subsequently adjusted to achieve serum levels between 5
and 15 ng/ml. Serum levels of sirolimus were measured
monthly during treatment.

Informed consent was obtained from the parents or the
legal guardians.

Results

Treatment characteristics are summarized in Table 1. Median
duration of treatment was 10 months (range 3 to 53 months).
Four of six children had received unsuccessful pre-treatment
with different treatment modalities. All patients showed clin-
ical response to sirolimus. Complete remission was achieved
in three children after 6, 3, and 19 months of treatment respec-
tively. Three children showed partial response, and two of
them are still on treatment for 14 and 53 months respectively.
In the three children with KMP, platelet counts and coagula-
tion profiles normalized within 1 month.

Patient 1 presented with an unresectable lymphatic malfor-
mation of the left orbit at the age of 10 months. Sclerotherapy
with OK-432 (lyophilized incubation mixture of group A
Streptococcus pyogenes of human origin) was ineffective,

Fig. 1 a—c Serial sagittal T1-
weighted gadolinium-enhanced
MRI of patient 1 showing an
intraorbital lymphatic
malformation before initiation of
sirolimus (a), after 6 months of
sirolimus (b), and after complete
resection (c)

and the lesion remained stable for many years. At the age of
9 years, rapid progression of the lesion occurred, thus endan-
gering the vision of the left eye. After a 6-month treatment
with sirolimus, partial response was achieved and the lesion
could be resected completely (Fig. 1a—c). Patient 2 was diag-
nosed at the age of 13 months with a combined lymphatico-
venous malformation of the left orbit with extension into the
cheek, palatine, and pharynx. She was refractory to multimod-
al treatment including prednisone, interferon, propranolol, and
bevacizumab. Several life-threatening episodes with enlarge-
ment and bleeding of the lesion occurred. Sirolimus was in-
troduced at the age of 7 years leading to partial response and
clinical stabilization. The girl is still treated since 53 months.
Patient 3 was a newborn girl with KHE (plus KMP) originat-
ing from the neck and upper back that was refractory to pre-
treatment with prednisone, cyclophosphamide, and vincris-
tine. Diagnosis of KHE was confirmed by biopsy. Treatment
with sirolimus leads to normalization of KMP after 1 month
and complete disappearance of the KHE after 6 months. This
patient has been reported recently [13]. Patient 4 presented at
birth with bilateral chylous pleural effusions and trisomy 21
after preterm delivery at 34 weeks’ gestation. Treatment with
octreotide infusions, parenteral nutrition, and a medium-chain
triglyceride-rich diet was ineffective. Computed tomography
(CT) scan revealed suspicion of pulmonary lymphangiectasia
that was confirmed subsequently by lung biopsy. Treatment
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with sirolimus was introduced, pleural effusions disappeared
1 month later, and normal feeding could be started. Duration
of sirolimus treatment was 3 months. Patient 5 was diagnosed
at birth for combined lymphatico-venous malformation (plus
KMP) in the left cervical region. MRI revealed a solid and
cystic lesion between the left clavicle, larynge, and the cervi-
cal spine measuring 4.6 cm in diameter. Treatment with
sirolimus leads to normalization of KMP within 1 month
and shrinkage of the lesion to less than 1.3 cm within
8 months. Complete remission could be achieved after
19 months of treatment (Fig. 2a, b). Patient 6 presented at birth
with a KHE in the left-sided upper abdomen (plus KMP)
measuring 7.6x6x9.1 cm. Treatment with sirolimus was
started on the 6th day of life, leading to normalization of
KMP within 1 month and shrinkage of the lesion to 2.9 x
2.6x3.2 cm after 9 months (Fig. 3a, b). The patient is still
under treatment with sirolimus.

Treatment with sirolimus was tolerated very well, mild re-
versible leukopenia was seen in all patients, and no severe
infections occurred during treatment.

Discussion

For many decades, medical treatment of vascular anomalies
was focused on the treatment of vascular tumors, namely com-
plicated hemangiomas. The first reports on application of cor-
ticosteroids with a response rate of 30 % date back to the late
1960s. Despite controversial publications thereafter, a sub-
stantial number of patients did not seem to benefit from this
therapy with a suspected inhibitory effect on angiogenesis, but
yet not clarified mechanism of action and serious side effects
[8, 21, 30]. Treatment of life-threatening hemangiomas and
other vascular tumors with cytostatics, such as cyclophospha-
mide and vincristine, not only yields a variable response but
also significant short-term and long-term side effects, espe-
cially in children under 18 months of age [6, 16, 18].
Interferon-« is known to suppress angiogenic growth factors’

Fig. 2 a, b Serial axial T2-weighted MRI of patient 5 showing a cervical
combined lymphatico-venous malformation with displacement of the
larynx prior to starting sirolimus (a) and complete remission 19 months
later (b)
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Fig.3 a, b Serial coronal T2- weighted MRI of patient 6 showing a solid
and cystic mass (7.6x6x9.1 cm) in the left retroperitoneum at birth (a)
and a residual lesion (2.9%3.6%3.2 cm) after 9 months of treatment with
sirolimus (b)

activity and has been applied successfully in different vascular
anomalies, which failed to respond to other therapies [5, 24,
29]. A serious limitation is the danger of irreversible spastic
diplegia in infants [27]. A revolution in the conservative man-
agement of vascular anomalies was achieved with the appli-
cation of propranolol in complicated IH [17, 22]. The effec-
tiveness of this non-selective [3-blocker is attributed to its
complex mechanism of action—vasoconstriction, inhibition
of angiogenesis, and induction of apoptosis [17]. Satisfactory
therapeutic results along with the minimal side effects turned
propranolol into a first-line therapy for IH [11].

In 1996, a novel classification and nomenclature of vascu-
lar anomalies was introduced [1, 10, 12], proposing a differ-
entiation between vascular tumors subdivided with regard to
their degree of cellular proliferative activity and invasive po-
tential and vascular malformations. As these distinct entities
differ in their biologic behavior, different therapeutic ap-
proaches are also required. Therefore, accurate diagnosis of
vascular anomalies (tumors vs. malformations), often present-
ing with overlapping clinical features and imaging findings, is
essential to the choice of an appropriate therapeutic option
[18].

Since 2010, sporadic reports on the use of sirolimus in the
management of KHE, a vascular tumor of borderline malig-
nancy, confirm its effectiveness in this entity [2, 10, 14, 23]. In
2011, Hammill et al. reported on five patients with complicat-
ed lymphatic malformations and one patient with KHE who
were treated with sirolimus after failing multiple other thera-
pies [10]. There are only sporadic further case reports on the
use of sirolimus in children with different vascular anomalies,
namely KHE and/or lymphatic malformations [13, 15, 23,
28]. In accordance to these data, two patients with KHE and
KMP in our series (patients 3 and 6) improved dramatically
under sirolimus without experiencing any significant compli-
cations. Li Kai et al. reported another six cases with KHE and
KMP and refractory to at least two medical therapies, which
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responded to sirolimus with shrinkage of the tumor mass and
resolution of KMP [14]. Uno et al. applied another mTOR
inhibitor, everolimus, in a patient with KHE and KMP with
satisfactory result and minimal side effects, following unsuc-
cessful therapy with propranolol, prednisolone, and cyto-
statics [26].

In contrast to vascular tumors, vascular malformations are
mainly treated with various interventional procedures to
achieve local control, including a broad spectrum ranging
from surgical resection to embolization, sclerotherapy, and
laser therapy [1, 4, 18]. Nevertheless, some of these lesions
are refractory to these methods [18]. Presuming the non-
proliferative nature of abnormal growth in vascular
malformations, medical treatment with antiproliferative
agents is not expected to produce a significant response in
these lesions. Surprisingly, antiangiogenetic therapy with
sirolimus proved to be effective also in some children with
vascular malformations [10, 18, 20, 25] so that, for the first
time, a medical treatment of vascular malformations, particu-
larly lymphatic malformations, became available. Four of our
six patients were diagnosed with lymphatic malformations,
two of them with combined lymphatico-venous lesions. In
four of the cases, complete remission could be achieved.
The other two demonstrated significant improvement, current-
ly with ongoing therapy. Given that all patients reached serum
levels between 5 and 15 ng/ml, no association was seen be-
tween serum levels and grade of response. Three of six pa-
tients were treated >12 months, and one of them showed slight
growth retardation (decline of length from the 50th to the 10th
percentile) during treatment period. Although data are current-
ly limited to sporadic case reports and small case series, intro-
duction of mTOR inhibitors in the management of complicat-
ed vascular tumors and malformations provides promising
results, namely high response rate and a satisfactory safety
profile. Our experience supports these clinical data.

However, some questions regarding the preliminary results
for successful implementation of mTOR inhibitors in vascular
anomalies are a matter of discussion:

* The exact mechanism of action of mTOR inhibitors in
vascular anomalies is still poorly understood;
antiproliferative/antiangiogenetic agent is supposed to be
of limited value against lesions of low proliferative activ-
ity and mainly vascular malformations. It could be specu-
lated that abnormal growth in some malformations is also
attributed to angiogenetic factors, thus presenting with
features of both congenital malformation and proliferating
lesion, therefore a target for sirolimus.

* As complete remission in some cases has not been
achieved during the period of observation (see patients 2
and 6), the duration of sirolimus therapy and timing for
additional intervention in children with partial response
remain elusive.

Conclusion

Sirolimus emerges as a fascinating new medical treatment
option for patients with complicated vascular tumors (KHE)
and malformations, particularly of lymphatic origin. Due to
our experience with these six patients, we suggest to use
sirolimus as first-line treatment in similar cases. Nevertheless,
a multidisciplinary approach is still a conditio sine qua non for
the successful management of these patients. Further analysis
of mTOR inhibitors’ contribution to the therapy of vascular
anomalies would benefit from a larger body of systematized
scientific data.
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