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Abstract
Objective. Sirolimus mTOR inhibitor represents a major ad-

vance in the treatment of patients with complicated vascular ab-
normalities. The objective of this study was to present our series 
of pediatric patients with vascular abnormalities treated with oral 
sirolimus, and to conduct a review of the relevant literature.

Materials and methods. A retrospective analysis of patients 
with complicated vascular abnormalities treated with oral sirolimus 
in our healthcare facility from 2016 was carried out. Initial dosage 
was 0.8 mg/m2 every 12 hours, and therapeutic range was 5-15 ng/ml. 
All patients received trimethoprim-sulfamethoxazole prophylaxis.

Results. 6 children –3 boys and 3 girls– with a mean age of 9.5 
years at treatment initiation were included. 3 of them had head and 
neck lymphatic malformation, 2 had lower limb venous malforma-
tion, and 1 had combined lymphatic-venous malformation at the 
thoracoabdominal level. They all had received multiple previous 
treatments without improvement. Following sirolimus initiation, 5 
patients had clinical improvement (mean time: 3.6 months) and 4 
had radiological improvement (mean time: 6.6 months). Mild and 
transitory adverse effects were noted in the 3 cases. Today, 5 patients 
remain under treatment.

Conclusions. Oral sirolimus is an effective and safe treatment 
in patients with complicated vascular abnormalities. Our results 
support sirolimus use in lymphatic and venous malformations in 
which previous treatments have failed, with a good symptomatic 
and, to a lesser extent, radiological response.
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Rapamicina oral: una alternativa en niños  
con anomalías vasculares complicadas

Resumen
Objetivos. El uso del inhibidor mTOR sirolimus ha supuesto 

un avance en el tratamiento de pacientes con anomalías vasculares 
complicadas. El objetivo de este estudio es presentar nuestra serie de 
pacientes pediátricos con anomalías vasculares tratados con sirolimus 
oral y hacer una revisión de la literatura al respecto.

Material y métodos. Se realizó un análisis retrospectivo de 
los pacientes con anomalías vasculares complicadas tratados con 
sirolimus oral en nuestro centro desde el año 2016. La dosis inicial 
utilizada fue de 0,8 mg/m2 cada 12 horas y el rango terapéutico de 
5-15 ng/ml. Todos los pacientes recibieron profilaxis con trimeto-
prim-sulfametoxazol.

Resultados. Se incluyeron seis niños, tres varones y tres mu-
jeres, con una edad media al inicio del tratamiento de 9,5 años. 
Tres presentaban una malformación linfática en cabeza y cuello, 
dos una malformación venosa en miembro inferior y la última una 
malformación combinada linfática-venosa a nivel toracoabdominal. 
Todos habían recibido múltiples tratamientos previos sin mejoría. 
Tras el inicio de sirolimus, cinco pacientes mejoraron clínicamente 
(tiempo medio 3,6 meses) y cuatro radiológicamente (tiempo medio 
6,6 meses). Se registraron efectos adversos leves y transitorios en tres 
casos. Actualmente, cinco pacientes continúan con el tratamiento.

Conclusiones. El sirolimus oral es un tratamiento eficaz y se-
guro en pacientes con anomalías vasculares complicadas. Nuestros 
resultados apoyan su uso en malformaciones linfáticas y venosas 
en las que han fracasado otros tratamientos, presentando buenas 
respuestas sintomáticas y, en menor medida, radiológicas.
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INTRODUCTION

Vascular abnormalities cover a wide array of disorders 
stemming from abnormal blood and/or lymph vessel devel-
opment. Complicated vascular abnormalities can deteriorate 
patient quality of life, causing disfigurement, pain, coagu-
lopathies (bleeding or thrombosis), physical disability, or 
life-threating organ dysfunction. Historically, the manage-
ment of these complications has represented a true challenge, 
with limited and not always effective therapeutic options.

In the last decade, the introduction of sirolimus (rapa-
mycin) in vascular abnormality treatment has represented 
a significant advance for patients refractory to classic 
treatment alternatives. This drug inhibits mTOR mole-
cule, which is part of PI3K/Akt/mTOR pathway and reg-
ulates multiple cell processes, including angiogenesis and 
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lymphangiogenesis. mTOR inhibitors act on this molecule 
directly, which provides with anti-tumor and anti-angio-
genic effects(1-3).

Since Hammill et al.(2) published the first series of 
patients with complicated vascular abnormalities treated 
with oral rapamycin in 2011, multiple studies on the effec-
tiveness and safety of this indication have been carried out, 
with promising results(3-6). Therefore, in the last years, the 
use of this drug has become widespread as a compassionate 
treatment in patients with high morbidity and mortality in 
spite of previous therapeutic attempts.

The objective of this study was to present pediatric 
patients with complicated vascular abnormalities treated 
with oral sirolimus in our healthcare facility, and to conduct 
a review of the relevant literature.

MATERIALS AND METHODS

A retrospective review of pediatric patients with vas-
cular abnormalities treated with oral sirolimus at Madrid’s 
12 de Octubre Hospital was performed. 6 patients with 
life-threatening or physical-disability-associated vascular 
malformations in which previous treatments had failed 
were included.

All patients were treated with sirolimus liquid for-
mulation. Initial dosage was 0.8 mg/m2 every 12 hours. 
Subsequently, some patients required dose adjustments 
to maintain drug levels within the established 5-15 ng/
ml therapeutic range. In addition, all patients received tri-
methoprim-sulfamethoxazole prophylaxis against Pneu-
mocystis jiroveci 2 days a week.

Prior to treatment initiation, all patients underwent a 
complete blood count including blood chemistry, coag-
ulation, and serology, as well as a nuclear MRI to deter-
mine baseline lesion characteristics. During follow-up, 
periodic analyses of blood sirolimus levels and various 
imaging tests (nuclear MRI and/or Doppler ultrasound) 
were performed. These tests were not conducted following 
any protocol, with time between them varying according 
to patient needs.

RESULTS

Since rapamycin was first introduced in our healthcare 
facility in 2016, a total of 6 children with complicated 
vascular abnormalities have been treated. Our sample was 
made up of 3 boys and 3 girls, with a mean age of 9.5 years 
(range: 3-15 years) at treatment initiation.

Regarding the clinical characteristics of the lesions, 3 
patients (50%) had complex lymphatic malformation. In 
2 of them (66.7%), the lesion involved significant airway 
compromise, one of them associated with frequent sublin-
gual bleeding and oral lymph secretion. In the remaining 

case (33.3%), lymphatic malformation caused repeated 
otitis and compromised hearing as it obstructed the external 
auditory meatus. In 2 patients (33.3%), venous malforma-
tion was diagnosed. In both cases, the lesion was located 
in one of the lower limbs, causing functional limitation. 
Additionally, in one of them, malformation extended to 
the recto-sigmoid region, causing anemia as a result of 
frequent rectal bleeding. The remaining child (16.7%) had 
combined lymphatic-venous malformation with left tho-
racoabdominal extension (Fig. 1), which led to atypical 
pulmonary resection in the first year of age. Clinically 
speaking, the patient had persistent respiratory symptoms 
(dyspnea with physical activity and repeated infections) as 
part of a chronic restrictive pulmonary disease.

All patients had received at least one treatment prior to 
oral sirolimus (surgery, laser photoresection, and/or sclero-
therapy), with a variable but insufficient response, since 
disabling or potentially deadly clinical signs persisted in 
all of them. Clinical characteristics and previous treatments 
are featured in table 1.

In terms of rapamycin treatment clinical response, sig-
nificant improvement was observed in patients with pure 
lymphatic malformations, and one of the two patients 
undergoing tracheostomy could be decannulated (Fig. 2). 

Figure 1. MRI demonstrating combined lymphatic-venous mal-
formation with full occupation of the left hemithorax, middle me-
diastinum, and posterior mediastinum. Abdominal extension with 
spleen involvement.
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The other patient still has stoma, but does not present mal-
formation bleeding or oral lymph secretion any more (Fig. 
3). Regarding patients with pure venous malformations, 
pain fully disappeared in one of them. The other patient 
had irregular treatment compliance during follow-up, with 
sirolimus levels frequently below therapeutic range, so 
pharmacological treatment was discontinued for 3 years 

and subsequently resumed once symptoms re-occurred. The 
patient is currently under rapamycin treatment, with pain 
episodes and occasional rectal bleeding according to siro-
limus level fluctuations. The patient with lymphatic-venous 
malformation had no symptomatic improvement. In total, 
5 patients (83.3%) had clinical improvement, with a mean 
response time of 3.6 months (range: 20 days-9 months).

Table 1. Demographic and clinical characteristics of patients treated with oral sirolimus.

Sex
Age at treatment initiation 

(years)
Type of vascular 

abnormality Location Previous treatments

1 Male 9 LM Cervicofacial Surgery
Photoresection
Sclerotherapy

2 Male 3 LM Supraglottic and pharyngeal Photoresection
Sclerotherapy

3 Female 1st time: 15
2nd time: 18

VM Left lower limb, pelvis, rectosigmoid Surgery
Sclerotherapy
Endoscopy

4 Female 12 Combinada LM y VM Thoracoabdominal Surgery

5 Female 10 VM Right lower limb Surgery
Sclerotherapy

6 Male 8 LM Right parotid cell, EAM, and pinna Surgery
Sclerotherapy

*Clarification on patient no. 3: treatment discontinued for 3 years as the patient was asymptomatic, with sirolimus blood levels below therapeutic range.
LM: lymphatic malformation; VM: venous malformation; EAM: external auditory meatus.

Figure 2. Supraglottic and pharyngeal lymphatic malformation. A. MRI prior to oral sirolimus treatment initiation: airway compromise can 
be observed. B. MRI after 4 years of treatment: resolution of the cystic mass in the right mandibular angle. Small malformation remnants 
can be noted.

A B
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From a radiological standpoint, malformation volume 
reduction was noted in 4 patients (66.6%). Mean radiolog-
ical response time was 6.6 months (range: 3.5-10 months).

3 patients (50%) had oral rapamycin associated side 
effects. In 2 of them (66%), reactions were mild (slight 
increase in blood cholesterol levels and oral enanthema) 
and resolved spontaneously, with no specific treatment 
or drug discontinuation required. The patient with com-
bined thoracoabdominal malformation had lymphopenia 
(0.8-0.9 x 1,000/µl) following treatment initiation, with 
two respiratory infections requiring hospital admission. 
Even though respiratory infections could be explained by 
the baseline pulmonary condition, discontinuation of oral 
sirolimus was decided upon after 8 months of treatment as 

a result of clinical exacerbation and lack of radiological 
response.

Clinical and radiological results, as well as side effects, 
are demonstrated in table 2.

DISCUSSION

This study presents our series of 6 patients with compli-
cated vascular abnormalities treated with oral rapamycin. 
In our healthcare facility, oral sirolimus has been used as 
a compassionate treatment in patients with vascular abnor-
malities associated with high morbidity and mortality, in 
spite of previous therapeutic attempts, since 2016. Over 

Figure 3. Cervicofacial lymphatic malformation. A. Patient’s current clinical appearance. B. MRI prior to oral sirolimus treatment initiation. 
C. MRI after 4 years of treatment: reduction in cystic volume and face and neck fat infiltration. Tracheostomy patient in whom complete 
pharyngeal lumen stenosis persists.

A B C

Table 2. Oral sirolimus treatment results in 6 patients with complicated vascular abnormalities.

Initial 
dosage

Dose 
adjustment 

required

Clinical 
response 

time Clinical response
Radiological 

response time* Side effects
Treatment 
duration

1 0.8 mg/m2 
every 12 

hours

Yes 4 months Bleeding resolved
Reduction in lymph secretion

10 months No
Jan. 2016-present

2 Yes 9 months Decannulation
No respiratory symptome

8 months Slight cholesterol 
increase

March 
2016-present

3 Yes 20 days Pain and rectal bleeding 
disappeared

No No 1st time: 10 months
2nd time: Aug. 
2018-present

4 No No No No Lymphopenia 8 months

5 Yes 1 month Pain disappeared 5 months No May 2018-present

6 Yes 3.5 months Hearing recovery. No new otitis 3,5 months Oral enanthema Feb. 2019 -present

*Respuesta radiológica: en todos los casos en los que se produjo fue una respuesta parcial (disminución del tamaño de la malformación, sin desapa-
rición completa de la misma).
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the last decade, various healthcare facilities have published 
their experience in this respect(2-4,6), with Triana et al.(3) 
41-case series being the largest one. These studies have 
allowed oral sirolimus to be established as an effective and 
safe therapeutic option in the treatment of these malfor-
mations. However, the fact that the abnormalities included 
were heterogeneous and samples were quite small in most 
cases does not allow conclusions to be drawn as to which 
type of vascular abnormality oral rapamycin is best indi-
cated for, which dosage is the most adequate, or how long 
it should be maintained in each patient.

In October 2019, Freixo et al.(5) published the first 
meta-analysis on the use of oral sirolimus in the treatment 
of vascular abnormalities, with a total of 64 studies (1 
non-randomized prospective study, 19 retrospective case 
series, and 44 case reports) and 317 patients. As it was the 
case in our healthcare facility, initial dosage was 0.8 mg/
m2 every 12 hours in most patients. The most frequently 
established therapeutic blood range was 10-15 ng/ml for 
vascular tumors (38.4%) and 5-15 ng/ml for vascular 
malformations (43.8%). In our healthcare facility, the 6 
patients had vascular malformation, with the target range 
being established at 5-15 ng/ml.

Clinical response in our series was 83.3%, similar to 
that published by Triana et al.(3) (80.4%). The 3 patients 
with lymphatic malformation and the 2 patients with 
venous malformation had significant clinical improve-
ment following treatment initiation. In the literature, oral 
rapamycin has been associated with clinical benefits in 
88.9% of venous malformations and 94.9% of lymphatic 
malformations, and it has also proved effective in some 
vascular tumors, capillary malformations, and mixed vas-
cular malformations(5). Mean clinical response time was 3.6 
months, with high variability among patients (20 days-9 
months). This is considerably longer than the clinical 
response time reported by most studies. Freixo et al.(5) 
described a proportion of informed clinical responses in 
the first 21 days following treatment initiation of 75%. Be 
that as it may, it seems reasonable to maintain treatment 
over one year at least to assess clinical response, consider-
ing how infrequent –almost anecdotic– severe side effects 
associated with oral sirolimus are.

On the other hand, radiological response, defined as a 
decrease in lesion size at imaging tests, was 66.6%. As it 
was the case in Triana et al.’s series(3), none of our patients 
had full response – which means the lesion did not fully 
disappear. The relatively low frequency of radiological 
response is not taken into account when it comes to decid-
ing whether treatment should be maintained or not, since 
the main objective is to improve patient quality of life.

Studies do not agree on how long treatment should be. 
Freixo et al.(5) described a mean of 8.5 months, with high 
variability among the series published (0.23-216 months). 
In our healthcare facility, the 5 patients who had clinical 
improvement remain under rapamycin treatment, with 

treatment duration ranging from 10 months to 4 years. In 
these patients, treatment discontinuation has not been con-
sidered yet. Sirolimus was only discontinued in the patient 
with combined thoracoabdominal malformation, after 8 
months without clinical or radiological response. Rapamy-
cin levels in this girl were <8 ng/ml throughout treatment. 
In their review, Adams et al.(1) argue that low sirolimus 
dosage (<8 ng/ml) is useful for symptom relieve, whereas 
higher dosage (>8 ng/ml) should be reserved for aggressive 
or potentially deathly lesions. Today, the patient still has 
symptoms associated with her malformation. After ruling 
out the surgical approach, decision was made to resume oral 
sirolimus treatment, establishing a >8 ng/ml target range.

Only 2 patients had adverse effects clearly associated 
with oral sirolimus – a slight increase in blood cholesterol 
levels and oral enanthema. Both were mild and consistent 
with those most frequently published in the literature(5).

CONCLUSIONS

In the last decade, oral rapamycin has become an 
effective and safe therapeutic option in patients with 
complicated vascular abnormalities. Our results support 
oral rapamycin use particularly in lymphatic and venous 
malformations in which other treatments have failed. Cur-
rent scientific evidence is mostly based on retrospective 
reviews of specific healthcare facilities. Clinical trials will 
be required in the near future to consolidate treatment 
indication, dosage, and duration in patients with vascular 
abnormalities.
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