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ABSTRACT

Introduction: Patients with congenital vascular
malformations often suffer from an impaired
quality of life (QoL) because of pain and func-
tional disabilities. Previous studies have shown

that the mTOR inhibitor sirolimus can reduce
complaints and improve QoL in some patients.
High target levels of sirolimus of 10–15 ng/ml
were well tolerated; however, in a relative high
percentage of patients sirolimus caused serious
adverse events (AEs).
Methods: A case series of 12 patients with
therapy-resistant low-flow vascular malforma-
tions was treated with sirolimus, using low tar-
get levels of 4–10 ng/ml. Efficacy of sirolimus
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was evaluated in regard to pain symptoms using
the visual analogue scale/numeric rating scale
and patients reported QoL. To rule out a pla-
cebo effect of sirolimus, sirolimus was stopped
after a certain time point and reintroduced as
soon as complaints returned. Adverse events
were closely monitored and graded using the
Common Terminology Criteria for Adverse
Events (CTCAE) grading.
Results: An improvement in symptoms was
seen in 92% (n = 11/12) of patients. In nine
patients pain complaints returned. Seven out of
nine of them (78%) again experienced a reduc-
tion of symptoms after restarting sirolimus
treatment. Despite low target levels, these
response rates are comparable to those found in
the literature using higher target levels of sir-
olimus. However, significantly less serious AEs
were observed with low dose sirolimus, sug-
gesting low dose sirolimus might be safer.
Unfortunately, young adolescent female
patients developed serious menstrual distur-
bances during treatment with low dose sir-
olimus. We describe this adverse event for the
first time in patients with congenital vascular
malformations and this might be specifically
related to low dose sirolimus.
Conclusions: Low dose sirolimus showed a
high efficacy in patients with therapy-resistant
and low-flow malformation, with a lower inci-
dence of serious adverse events. At the same
time a new adverse event, namely menstrual
cycle disturbance, was observed in young ado-
lescents, indicating the need for caution when
sirolimus is given. This is extremely relevant to
patients with low-flow vascular malformation,
who are likely to require lifelong treatment for
their condition.

Keywords: Low dose sirolimus; Lymphatic
malformation; mTOR inhibitor; Pain;
Sirolimus; Vascular malformation; Venous
malformation

Key Summary Points

Patients with congenital vascular
malformations often suffer from an
impaired quality of life because of pain
and functional disabilities. Sirolimus is an
effective treatment; however, it can lead
to serious adverse events.

This case series aims to address whether
low target sirolimus levels will result in a
high efficacy in patients with therapy-
resistant low-flow malformations and will
lead to a low incidence of serious adverse
events?

An improvement in symptoms was seen in
85% of patients, a rate which is
comparable to those found in the
literature, and related to less serious
adverse events. However, menstrual cycle
disturbances were seen as a new observed
adverse event.

This case series suggests that low dose
sirolimus is a high efficacy and safe
treatment of patients with vascular
malformation. Future research is
necessary to confirm this result, since
lifelong treatment is likely required for
patients with low-flow vascular
malformation.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14464956.

INTRODUCTION

Vascular malformations include a heterogenous
group of developmental anomalies of the vas-
cular system: capillaries, veins, arteries,
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lymphatics, or any combination of these vessels
may be involved. The International Society for
the Study of Vascular Anomalies (ISSVA) classi-
fied vascular malformations into the following
categories [1]: simple low-flow vascular malfor-
mation, i.e., capillary (CM), lymphatic (LM),
venous (VM), and high flow vascular malfor-
mations, i.e., arteriovenous (AVM). Addition-
ally, Klippel–Trénaunay syndrome (KTS) or
CLOVES (congenital lipomatous overgrowth
with vascular malformations, epidermal nevi,
and scoliosis) syndrome are examples of com-
bined, vascular malformation of major named
vessels, and vascular malformation associated
with other anomalies.

Vascular malformations are congenital but
can be discovered at any life stage, depending
on their size and associated symptoms. Unfor-
tunately, treatment is challenging and because
of the complexity of the vascular malformation
it is not always successful, leaving patients with
a high clinical burden and subsequently a
reduced quality of life (QoL) [2]. Clinical
symptoms that reduce the QoL in patients with
low-flow vascular malformations include pain,
functional impairment, bleeding, throm-
bophlebitis, ulceration, infections, and leakage
(in LM) [3].

Current treatment options for low-flow vas-
cular malformation are still generally conserva-
tive, with compression bandages, analgesics,
anti-inflammatory, or anticoagulation drugs.
The gold standard for treatment is invasive
treatment with intralesional sclerotherapy or
embolization sometimes in combination with
surgery [4]. Interestingly, in the past 10 years
there has been a clear shift due to increased
availability of target molecular drug therapy.
This target drug therapy is based on the genetic
mutations which can be found in the vascular
malformations. The majority of the somatic
mutations found in low-flow vascular malfor-
mations are in genes present in the mTOR
pathway, such as PIK3CA, and TEK/TIE-2 lead-
ing to a gain of function and increased activity
of mTOR [5–9]. To date, the most frequently
found genetic mutations are located in the
phosphoinositide 3 kinase (PI3K)–protein
kinase B (AKT)–mammalian target of rapamycin
(mTOR) signaling pathway [5]. The activation

of mTOR leads to regulation of angiogenesis,
cell proliferation, and glucose metabolism.
Therefore, the inhibition of this pathway in
these patients seems a logical approach to
treatment.

In cells, sirolimus binds to the immunophi-
lin FK binding protein 12 (FKBP-12), which in
turn inhibits the activation of mTOR. This
inhibition results in the obstruction of several
signal transduction pathways, thereby inhibit-
ing downstream protein biosynthesis, cell pro-
liferation, and angiogenesis [10, 11]. In theory,
this should decrease the size of the low-flow
vascular malformation or at least inhibit activ-
ity and stop further growth. However, the
mTOR inhibition also leads to inhibition of
lymphocyte activation which results in
immunosuppression and might therefore be
associated with an increased susceptibility to
infections [12].

Several studies have been performed to
explore the use of sirolimus as a treatment
option in low-flow vascular malformations
[13–16]. In these trials and case series, sirolimus
was administered to patients with low-flow
vascular malformations who were refractory to
standard treatments and experienced a reduced
QoL due to pain and/or functional limitations.
Patients were treated with rather high target
sirolimus levels of 10–15 ng/ml leading to a
partial response in 85–100% of patients [13–16].
Although these open-label trials have shown a
significant reduction of pain in patients with
venous and lymphatic malformations, many of
these patients developed adverse events such as
bone marrow toxicity and liver disturbances.
Questions remain as to what the optimum dose
of sirolimus might be and which blood levels of
sirolimus correspond to the best therapeutic
effect without causing serious adverse events.
While there are studies in patients with vascular
malformations describing that adverse events
using sirolimus as a single agent are moderate
and manageable, there are also case reports
presented with fatal outcome or development
of grade III and IV toxicities due to sirolimus
[12, 17–20]. As it is unknown which duration of
treatment will be necessary, it might be pro-
longed for a longer time period. Immediately
another question arises: what are the long-term
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effects of sirolimus treatment and will they
disappear if sirolimus is discontinued?

In this case series, lower target levels
(4–10 ng/ml) than previously described were
retained on the basis of laboratory and clinical
studies [21–23]. The main reason to prescribe
low dosage of sirolimus was to prevent serious
adverse events as described in previous studies,
without hampering therapeutic efficacy
[12, 14, 16, 19, 24–27]. Furthermore, patients
presented here had a long follow-up time, giv-
ing the unique opportunity to evaluate long-
term adverse events. In all patients sirolimus
was withdrawn at a certain time point, offering
the possibility to gain insight into the time
window in which complaints might return and
to evaluate whether adverse events observed
were truly caused by sirolimus and reoccurred
when sirolimus was restarted.

THERAPEUTIC INTERVENTION
WITH SIROLIMUS

In total 12 patients were treated with low dose
sirolimus between 2015 and 2021. All patients
included in the case series had a severe form of
therapeutic-resistant congenital vascular mal-
formation, experiencing severe pain and/or
impairments. The main goal of treatment was to
reduce pain symptoms and functional impair-
ments and in this way improve QoL. The results
of the treatment were analyzed in a retrospec-
tive way.

The case series was approved as an nWMO
study, i.e., not falling under the Medical
Research Involving Human Subjects Act, by the
research ethics committee (CMO Regio Arn-
hem–Nijmegen—institutional review board) in
the Netherlands. The case series was performed
in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. Informed
consent was obtained in all patients before start.
The illustrated patients and their parents gave
their consent for publication and image use.

All patients were treated with low dose sir-
olimus with target levels ranging between 4 and
10 ng/ml. Pharmacodynamics of low dose sir-
olimus in respect of efficacy and adverse events
were noted during this case series.

Patients received sirolimus for 3–6 months
depending on their response, after which sir-
olimus treatment stopped. If complaints (e.g.,
pain) did not reoccur, patients were followed for
at least 1 year, during which time the duration
of the pain/symptom-free period and any seri-
ous adverse events were measured. If pain or
other symptoms related to the vascular malfor-
mation [e.g., increase of the size of vascular
malformation, lymph leakages (lymphatic mal-
formations)] returned, sirolimus treatment was
restarted in case there was a good treatment
response during the first treatment period.

Since sirolimus has immunosuppressive
properties, co-trimoxazole was prescribed as a
prophylaxis for Pneumocystis jiroveci pneumonia
[28]. Recent guidelines suggest that this pro-
phylaxis is not necessary, citing no clear evi-
dence of increased infection; however, these
guidelines were not available when treatment
with sirolimus was started in these cases. Addi-
tionally, using low dose sirolimus may lead to a
lower incidence of infections compared to
higher doses. For this reason it is possibly not
necessary to prescribe co-trimoxazole as pro-
phylaxis. Adverse events were assessed accord-
ing to the Common Terminology Criteria for
Adverse Events (CTCAE version 4.03).

As patients were treated on the basis of
intention to treat and no other treatment
options were available; magnetic resonance
imaging (MRI) was not compulsory before
starting sirolimus. However, in some patients
MRIs were obtained as part of the learning curve
of the first patients treated with sirolimus.
Evaluation of the effect of sirolimus on the size
of the vascular malformation was therefore only
possible in these patients.

Pain reduction was evaluated using the
visual analogue scale (VAS score) in children
and the numeric rating scale (NRS score) in
adults in the whole time period (the first period,
after stopping sirolimus and subsequently after
restarting it). QoL was assessed on the basis of
patient-reported outcomes.

3468 Adv Ther (2021) 38:3465–3482



RESULTS

The study population consisted of 12 patients
(aged between 1 and 50 years; eight male, four
female). The clinical characteristics of the
patients are shown in Table S1 in the supple-
mentary material. All patients had an untreat-
able form of low-flow vascular malformation.
The initial treatment duration with sirolimus
was at least 3 months and 6 months maximum.
Target plasma levels of sirolimus were between
4.0 and 10.0 ng/ml (mean target levels
5.8 ± 2.21 ng/ml). In total 11 patients experi-
enced pain reduction of whom five became
entirely pain free (pretreatment pain scores
6–10); only one patient (patient 4) experienced
no change in symptoms. Pain reduction was
achieved rapidly in most patients with a mean
of 7 weeks’ treatment. Table 1 summarizes the
results per patient.

After the first treatment period, sirolimus
was stopped to evaluate how long patients
would be free of pain. Unfortunately, all
patients developed pain/symptoms within
10 days to 4 months after stopping sirolimus.
Nine of these patients restarted sirolimus treat-
ment shortly after return of complaints (see
Table S2 in the supplementary material).

Three patients did not restart sirolimus
despite the positive response primarily
observed. Reasons were a loss of energy (pa-
tient 6), prostatitis and logistic reasons (pa-
tient 12), or the initiation of a different mTOR
inhibitor (everolimus) (patient 7). The last
mentioned patient showed a significant reduc-
tion in complaints again, illustrating that inhi-
bition of the mTOR pathway was effective. A
substantial relationship between sirolimus and
the amelioration of symptoms was confirmed
during reinduction of sirolimus in seven
patients. This indicates the efficacy of sirolimus
in respect to pain reduction even when target
levels of sirolimus are low. In eight out of 12
patients an MRI of the vascular malformation
was performed after the first treatment period
with sirolimus. In four of these eight patients, a
size reduction of the low-flow vascular malfor-
mation was found. Stable disease was observed
in the remaining four patients.

MRIs were also performed in six of the nine
patients who restarted with sirolimus and were
treated for an additional period of 1 year with
sirolimus. One patient had stable disease and
one patient had an increase of the size of the
abdominal cysts present. Four patients showed
a further decrease in size of the vascular mal-
formations. In two of them, reduction of size of
vascular malformation offered the opportunity
to perform surgery and further reduce the size of
the vascular malformation. Both cases (pa-
tients 5 and 10) are described in more detail
below.

CASE PRESENTATION

Case 1

A young girl presented at the age of 9 years with
complaints of severe pain of the left calf in the
hospital (patient 5). It became clear that the
pain was caused by a vascular malformation and
the girl was referred to an expert center for
vascular anomalies (HECOVAN, Nijmegen, the
Netherlands). Biopsy showed a venous malfor-
mation. Sclerotherapy combined with surgery
led first to a good effect; however, pain com-
plaints returned quickly and the interventions
thereafter did not have the desired effect. The
girl was treated with supportive analgesic
treatment by a specialized pain team; however,
despite all medicines given, severe pain (VAS
scores 6–8) remained. There was a significant
reduction in QoL as reported by the patient; she
could not walk for more than 5 min and was
unable to cycle or do activities with her friends.
At the age of 13, sirolimus (target levels
3.5–4.5 ng/ml) was started. Within 2 weeks the
girl was pain free (VAS score 0). Main adverse
events were aphthous lesions. At that time
point no menstrual problems were noticed.
After 6 months of treatment, sirolimus was
interrupted and an MRI was performed, show-
ing a significant reduction of the vascular mal-
formation (Fig. 1).

Unfortunately, within 2 weeks after stopping
sirolimus, pain complaints returned. This time
sirolimus was restarted for a longer time period
and the patient was very quickly pain free again.
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Table 1 Summary of clinical and MRI responses in the first and second (rechallenge) periods

Vascular

malformation type

Period 1 (n = 12) Period 2 (n = 9)

Response after 6 months of

sirolimus

Vascular

malformation

size as assessed

using MRI

Response after 12 months of

sirolimus

Vascular

malformation

size as assessed

using MRI

VM (n = 2) Improvement of symptoms (pain,

QoL) (2)

Decrease (1)

No MRI (1)

Pain free (1)

Not restarted (1)

Decrease (1)

Not restarted (1)

LM (n = 5) Improvement of symptoms (pain,

QoL, leakage, infections,

decrease of clinical size of LM,

etc.) (5)

No change (2)

Decrease (2)

No MRI (1)

Improvement of symptoms

(pain, QoL, leakage, decrease

of clinical size of LM, etc.) (2)

No change (1)

Not restarted (1)

Restarted with mTOR inhibitor

(1)

No change (1)

Decrease (1)

Not restarted (1)

Restarted with

mTOR

inhibitor (1)

Unknown (1)

Lymphangiomatosis

(n = 1)

No change (1) Decrease (1) No change in symptoms (1) Increase (1)

LVM (n = 2) Improvement of symptoms (pain,

clinical size of LVM) (2)

No change (1)

No MRI (1)

Pain reduction (2)

Clinical size reduction LVM (1)

No change (1)

Unknown (1)

KTS (n = 2) Improvement of symptoms (pain,

QoL) (2)

No change (1)

No MRI (1)

Improvement of symptoms

(pain, clinical size reduction)

(2)

No change (1)

Unknown (1)

Total Improvement of symptoms (11;

92%)

No change (1; 8%)

No change (4;

33%)

Decrease (4; 33%)

No MRI (4; 33%)

Improvement of symptoms

(pain, QoL, leakage, decrease

of clinical size of LM, etc.) (7;

78%)

No change (2; 122%)

Not restarted (2; 22%)

Restarted with mTOR inhibitor

(1; 11%)

No change (3;

33%)

Decrease (2; 22%)

Increase (1; 11%)

Not restarted (2;

22%)

Restarted with

mTOR

inhibitor (1;

11%)

Unknown (3;

33%)

VM venous malformation, LM lymphatic malformation, LVM lymphatico-venous malformation, KTS Klippel–Trénaunay–Weber

syndrome
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During this phase generalized grade I–II skin
lesions developed, which were treated with
antibiotics and disappeared again. The QoL
improved significantly and the girl was able
again to do everything her peers were doing,
too. After a few months, however, pain
increased during menstrual periods. For that
reason, sirolimus dosage was increased (target
levels 6 ng/ml). During the period that fol-
lowed, the patient was pain free, though the
menstrual cycles became irregular. For sev-
eral months the girl did not have her menses
and it was decided to stop sirolimus. Next,
hypermenorrhea followed that proceeded for
5 weeks. In this period the pain of the calf
returned, which disabled her again. Sirolimus
was restarted and a new MRI was planned. This
MRI showed a further reduction of the vascular
malformation which made surgery possible.
During surgery, more than 80% of the vascular
malformation could be removed. Genetic anal-
ysis of the removed tissue revealed a PIK3CA
genetic alteration. After surgery the girl was
pain free for almost 5 months, but unfortu-
nately the pain slowly returned. Eight months
after surgery, pain symptoms were so severe that

the patient was compelled to restart sirolimus.
Interestingly, higher dosages were necessary to
get her pain free than in the past. At this time
point, she is 19 years old and still using sir-
olimus with no long-term adverse events. The
menstrual cycles are regular. Sometimes the girl
has an aphthous lesion but this is the only
adverse event she suffers from.

Case 2

The girl presented here was right after birth
diagnosed with a lymphatic malformation of
the tongue and mouth, and suffered severe
macroglossia (Fig. 2). A life-threatening situa-
tion in the first months after birth led to the
need for a tracheostomy to guarantee an open
airway for a longer time period. Before starting
sirolimus, the patient had a substantially
reduced QoL, experiencing repeated periods of
hospitalization and no normal development of
speech or possibilities for normal feeding. In the
first weeks after the start of the sirolimus treat-
ment, a rapid decrease in the size of the low-
flow vascular malformation was observed. The
sirolimus target levels ranged between 4.4 and
6.0 ng/ml during this period. After 6 months of
treatment, an MRI was performed to quantify
the response to sirolimus, which showed a clear
reduction in the lymphatic malformation
(Fig. 3). After 6 months it was decided to stop
sirolimus. However, within 6 weeks after inter-
ruption of treatment, her tongue volume
increased, noduli and nodus were present on
the tongue, and the girl complained of pain.
After restarting sirolimus, complaints disap-
peared again and the vascular malformation
further reduced in size. At the age of 3 years,
after using sirolimus for 21 months, a surgical
intervention was possible. The tongue was
reduced significantly and the tracheostomy was
removed. Histological review revealed a PIK3CA
genetic mutation.

During treatment with sirolimus, the girl
experienced some adverse events like intermit-
tent aphthous stomatitis, upper airway infec-
tions, tonsillitis, and elevation of triglycerides
all grade I or II according the CTCAE criteria.
After surgical intervention, she remained free of

Fig. 1 Coronal and sagittal T2-weighted MRI images
obtained from patient 5, showing changes in the venous
malformation located in her left lower extremity
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complaints for a period of 19 months. After
19 months there was new swelling of the ton-
gue, pain returned, and she developed blisters
on the tongue. Sirolimus was restarted. Now she
is 6 years old and has developed as a normal

child. She did have some viral infectious dis-
eases like other children have at this age. There
were no opportunistic infections or other
problems so far.

Fig. 2 Photographs obtained from patient 10, showing
the changes in the submandibular- and neck-localized
lymphatic malformation. a Five months before starting

sirolimus, b after 5 months of sirolimus, c after 11 months
of sirolimus, d current clinical situation: after partial
tongue resection and bleomycin sclerotherapy

Fig. 3 T2-weighted MRI images obtained from
patient 10, showing changes in the submandibular- and
neck-localized lymphatic malformation. The white boxes
indicate the location of the lymphatic malformation.
a Before starting sirolimus treatment, b after 6 months of

sirolimus treatment, c before restarting sirolimus treatment
after a partial tongue resection and bleomycin sclerother-
apy, d after 12 months of sirolimus during the restart of
sirolimus

3472 Adv Ther (2021) 38:3465–3482



Adverse and Unanticipated Events

All patients experienced adverse events when
taking sirolimus either during the first phase of
treatment or during rechallenge. The most fre-
quent adverse events that were likely related to
sirolimus treatment were aphthous stomatitis
grade I (50% of patients) and menstrual disorder
grades I–II. Menstrual disturbances were
observed in all three female patients older than
11 years (patients 1, 3, and 5). Even though the
menstrual cycles were regular in all three
patients without sirolimus, the cycles became
very irregular with periods of 3–4 months
without menstruation. This was followed by a
period of intense blood loss after sirolimus was
stopped. These problems were mainly observed
after a longer exposure time of sirolimus. Two
patients (16.7%) experienced grades I–II bone
marrow toxicity. Reasons for a temporary stop
(several days) of sirolimus were vaccination
(n = 1), interventional radiology (bleomycin
sclerotherapy n = 2), decannulation (n = 1), and
adverse events: infections (n = 13) of which
sepsis (n = 1), menstrual disorder (n = 2), apht-
hous stomatitis (n = 1), general malaise (n = 1),
and elevated liver enzymes (n = 1). Therapy-
limiting adverse events were seen in two
patients: one patient had a grade II increase of
liver enzymes after 5 months of sirolimus
treatment, leading to interruption of treatment
and one patient had a grade II menorrhagia
after 36 months of sirolimus treatment. All
adverse events were resolved by interrupting
treatment.

Long-Term Follow-up and Outcomes

Median follow-up time of the nine patients that
continued treatment with sirolimus was
4.8 years (range 3.3–6 years) (Table 2). In two of
the nine patients reinduction of sirolimus did
not give the desired result and sirolimus was
discontinued after 1 year. Patients were fol-
lowed over the years to evaluate whether there
were long-term adverse events caused by sir-
olimus. Up to now, no adverse events have been
reported. The other seven patients continued
sirolimus, with interruptions of sirolimus in

case of infections or irregular menstruations. In
two patients, sirolimus was interrupted for a
longer time period because of surgical inter-
vention. In none of the patients that are still
using sirolimus have long-term adverse events
been observed. However, they all sometimes
have aphthous lesions in the mouth which do
not require treatment. While the female
patients had irregular menstruations in the first
year, it seems that longer use of sirolimus leads
to stabilization of the cycle. To date, none of
these patients developed other adverse events
such as diabetes, interstitial pneumonitis, life-
threatening infections, or severe bone marrow
toxicity. All seven patients have a significant
improvement of QoL as reported by themselves.

DISCUSSION

We present the results of a case series for
determination of the efficacy and safety of low
dose sirolimus on low-flow vascular malforma-
tions. A positive response of 92% (n = 11/12) in
the first treatment period was seen, and after
sirolimus was restarted a response of 78%
(n = 7/9) was achieved. Two patients did not
experience a reduction in symptoms after
restarting the treatment. In one patient, a pos-
itive response was seen in the first treatment
period but not during the restart period. This
could be attributed to resistance in the restart
period or to a placebo effect during the first
phase; however, DNA diagnostics were not
performed in this patient, so the genetic basis
and resulting sensitivity of the vascular mal-
formation could not be explored. In the other
patient lacking a positive response in the sec-
ond phase, DNA diagnostics revealed no
mutations.

Genetic testing of the vascular malformation
was not performed routinely; however, in three
out of four patients, DNA diagnostics on tissue
revealed a PIK3CA mutation. In the other
patient, no genetic aberrations could be found
using our vascular anomalies panel [5]. One
hypothesis relating to these non-responders
may be a mutation in a different pathway, e.g.,
the RAS/BRAF/MAPK/ERK pathway which also
stimulates angiogenesis [29]. However, clinical
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Table 2 Long-term follow-up efficacy and safety

Patient
no.

Follow-
up
period
(months)

Duration of
return of pain/
symptoms after
stopping sirolimus

Total
duration of
sirolimus
intake

Recurrent related
adverse events
(grade; relation to
sirolimus)

Overall
therapeutic
response

Duration of stop
since last sirolimus
use until last
follow-up;
complaints after
last stoppage

1 58 After the second

period of

sirolimus, patient

is not restarted

36 months Recurrent

aphthous

stomatitis and

menorrhagia

during use of

sirolimus. No

long-term

adverse events

observed

Pain free during

sirolimus use

10 months; pain

symptoms are

tolerable, no use

of pain

medication

2 72 During stoppage of

several weeks

patient

experienced

reoccurrence of

his pain and

lymph leakage

33 months

and

ongoing

No long-term

adverse events

observed

Pain free during

sirolimus use,

improvement of

QoL

Recently restarted

because of

recurrence of

symptoms

3 62 After the second

period of

sirolimus, patient

is not restarted

23 months No long-term

adverse events

observed

Reduction of

complaints but

not completely

free of pain

25 months; after

treatment of

sirolimus

bleomycin

sclerotherapy;

however, pain

complaints

continued

4 46 After the second

period of

sirolimus, patient

is not restarted

10 months No long-term

adverse events

observed

No remission 32 months; status

quo ante
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Table 2 continued

Patient
no.

Follow-
up
period
(months)

Duration of
return of pain/
symptoms after
stopping sirolimus

Total
duration of
sirolimus
intake

Recurrent related
adverse events
(grade; relation to
sirolimus)

Overall
therapeutic
response

Duration of stop
since last sirolimus
use until last
follow-up;
complaints after
last stoppage

5 63 After each

(temporary)

stoppage patient

experienced

reoccurrence of

pain symptoms

3.5 years

and

ongoing

Repeated

menstrual

disturbances

during sirolimus

use and

intermittent

atopic dermatitis.

No long-term

adverse events

observed

Pain free

several weeks

after each start

during sirolimus

use, partial

resection possible

after sirolimus

use

Currently ongoing

6 13 Not restarted Not

restarted

7 54 Restarted with

mTOR inhibitor

41 months

and

ongoing

No long-term

adverse events

observed

Partial remission:

less pain, fewer

infections

Currently ongoing

8 40 After the second

period of

sirolimus, patient

is not restarted

8 months No long-term

adverse events

observed

Pain free during

sirolimus use

Lost to follow-up

probable restarted

with sirolimus—

patient was

referred to local

hospital for

continuing

sirolimus therapy

9 58 After each

(temporary)

stoppage patient

experience

reoccurrence of

pain symptoms,

and reduction of

pain after restart

sirolimus

Ongoing Intermittent

neutropenia and

intercurrent

infections

No long-term

adverse events

observed

Pain reduction Currently ongoing
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Table 2 continued

Patient
no.

Follow-
up
period
(months)

Duration of
return of pain/
symptoms after
stopping sirolimus

Total
duration of
sirolimus
intake

Recurrent related
adverse events
(grade; relation to
sirolimus)

Overall
therapeutic
response

Duration of stop
since last sirolimus
use until last
follow-up;
complaints after
last stoppage

10 57 During each

stoppage of

sirolimus increase

of tongue volume

41 months

and

ongoing

Intermittent

aphthous

mucositis and

several viral

infections. No

long-term

adverse events

observed

Decrease of volume

of low-flow

vascular

malformation in

the neck, tongue,

and

submandibular;

partial

submandibular

resection was

possible. Further

size reduction

following

submandibular

bleomycin

sclerosis,

decannulation,

and tongue

bleomycin

sclerosis because

of increased

tongue volume

Currently ongoing

11 55 After the second

period of

sirolimus, patient

is not restarted

10 months,

stopped

after

4 months

of

sirolimus

use due to

inefficacy

No long-term

adverse events

observed

Pain only reduced

during challenge

phase, not

rechallenge phase

36 months,

anticoagulation

therapy was

started,

nevertheless pain

symptoms

continues

12 8 Not restarted Not

restarted

Outcomes of the case series study for 12 patients treated with sirolimus at Radboud University Medical Center, Nijmegen,
the Netherlands
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Table 3 Adverse events observed in our case series compared to other studies

Adverse events
attributable to sirolimus

Grade of
toxicity

Pilot
study,
n = 12

Adams et al.a,
n = 57

Hammer
et al.b,
n = 19

Nguyen et al.c review

Blood/bone marrow toxicity Grade I and

II

2 (17%) Grade II or higher:

30 (49%)

1(5%) 11–76%

Grade C III 0 (0%) 16 (27%) 1 (5%)

Gastrointestinal toxicity (e.g.,

mucositis)

Grade I and

II

9 (75%) Grade II or higher:

33 (55%)

19 (100%) 3–19%

Grade C III 0 (0%) 2 (3%) 2 (11%)

Metabolic/laboratory toxicity Grade I and

II

4 (33%) Grade II or higher:

12 (20%)

0 (0%) 20–64%

Grade C III 0 (0%) 2 (3%) 0 (0%)

Infection Grade I and

II

6 (50%) Grade II or higher:

9 (15%)

6 (32%) Unknown

Grade C III 0 (0%) 1 (2%) 0 (0%)

Endocrine toxicity Grade I and

II

3 (25%) Unknown Unknown 20–27% (diabetes

mellitus)

Grade C III 0 (0%) Unknown Unknown

Dermatology toxicity Grade I and

II

3 (25%) 5 (8%) 7 (36.9%) Unknown

Grade C III 0 (0%) Unknown 1 (5.3%)

Neurologic toxicity Grade I and

II

4 (33%) Unknown 12 (63%) Unknown

Grade C III 0 (0%) Unknown 0 (0%)

Pulmonary/upper respiratory

toxicity

Grade I and

II

7 (58%) Grade II or higher:

1 (2%)

1 (5%) Unknown

Grade C III 0 (0%) 1 (2%) 0 (0%)

Interstitial lung disease Grade I and

II

0 (0%) Unknown Unknown 4–17%

Grade C III 0 (0%) Unknown Unknown

Musculoskeletal/soft tissue Grade I and

II

1 (8%) 0 (0%) 0 (0%) Unknown

Grade C III 0 (0%) 0 (0%) 0 (0%)
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appearance did not correspond to a mutation in
this pathway. Another possible theory is that
the duration of 6 or 12 months is not long
enough for those patients who are potential late
responders.

The results of this case series are comparable
to those reported in the literature despite the
lower target level of sirolimus used (response
rates, respectively, 85% Adams et al., 20–80%
Nadal et al. versus 78–92% in the present case
series [14, 30]).

At the same time less serious adverse events
were seen in this case series compared to other
high dose clinical studies. For example bone
marrow toxicity was not observed in the present
case series, whereas in the phase II trial by
Adams et al. 27% of the patients developed a
bone marrow toxicity of grade III or higher. In
addition, Schena et al. reported a bone marrow
toxicity in 13.4–36.3% of renal allograft recipi-
ents using target trough levels of 8–20 ng/ml
[25] and Nguyen et al. described in their review
that bone marrow toxicity can be observed in

11–76% of the patients [12] (see Table 3). As in
most drugs observed, one can imagine that
higher levels of a drug increase the risk of
developing adverse events of which the most
serious and sometimes even fatal complication
is sirolimus-associated interstitial pneumonitis
[17–19, 27].

Bee et al. showed that low sirolimus serum
levels (less than 3 and 6.9 ng/ml) are related to
less side effects without compromising efficacy
of treatment in patients with diffuse lymphan-
gioleiomyomatosis [31]. Additionally, Kahan
et al. showed a significant relation between the
occurrence of adverse events (hypertriglyc-
eridemia, hypercholesterolemia, leukopenia,
and thrombocytopenia) and the steady state
concentration value of sirolimus [21]. A Css

below 10 ng/L showed no toxic values.
Taken together, the observation and that of

our case series support our hypothesis that
reduction of the sirolimus target trough con-
centration range from high target level
10–15 ng/ml to low target level 4–10 ng/ml does

Table 3 continued

Adverse events
attributable to sirolimus

Grade of
toxicity

Pilot
study,
n = 12

Adams et al.a,
n = 57

Hammer
et al.b,
n = 19

Nguyen et al.c review

General symptoms (e.g.,

hypertension/wound

healing)

Grade I and

II

1 (8%) Cardiac general: 0

(0%)

20 (105%) Angioedema

(2.2–15%), urologic

(12%)Grade C III 0 (0%) Cardiac general: 0

(0%)

Constitutional

symptoms: 0

(0%)

0 (0%)

Lymphedema Grade I and

II

0 (0%) Grade II or higher:

4 (7%)

Unknown 6.4–12%

Grade C III 0 (0%) 1 (2%) Unknown

Adverse events observed in our pilot study and those reported in the studies performed by Adams et al. and Hammer et al.
and Nguyen et al.’s review
a Adams et al.: patients with various complex vascular anomalies (including vascular tumors), target levels 10–15 ng/ml [14]
b Hammer et al.: patients with a vascular malformation using target levels 10–15 ng/ml [16]. The table shows a 105%
percentage due to categorizing and summarizing patients with general symptoms
c Nguyen et al.’s review of sirolimus in solid organ transplantation identified a wide array of adverse effects [12]
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not decrease efficacy but improves tolerance.
Parker et al. used even lower target level of sir-
olimus (2–6 ng/ml) in 39 patients with PIK3CA-
related overgrowth spectrum (PROS) [32]. The
results showed that with these low levels of
sirolimus, overgrowth was reduced; a significant
reduction of 7.2% was seen in the volume of
affected tissues.

None of the studies published regarding the
use of sirolimus in vascular malformations
describes problems in the menstrual cycles
which were found in all three female adolescent
cases of our case series. All three suffered from
irregular menstrual cycles with a long-term
period without menstruations followed by a
long period (5 weeks–2 months) of bleeding. In
clinical studies using sirolimus for a different
patient category, however, it is described that
low dose orally administered sirolimus increases
the risk of menstrual cycle disturbances as
found in three of the female adolescents of our
case series. Furthermore, in patients with auto-
somal dominant polycystic kidney disease it is
described that ovarian cysts might develop
during treatment with sirolimus [33]. Of course,
this is a different disease entity; however, at the
same time there is still a lot to learn about
adverse events that may occur in patients with
sirolimus and adverse events observed in dif-
ferent diseases have to be monitored closely.
There is a tendency to start treatment of
patients with congenital vascular malforma-
tions at pediatric age, whereas at the same time
we still do not know what long-terms sequelae
might develop. Although the present case series
is still small, they were followed over a longer
time period and with the low target levels of
sirolimus no serious long-term adverse events
were observed, not even in the three female
patients that had menstrual cycle disturbances.
They all recovered and currently have a normal
menstrual cycle, although we can only specu-
late whether there are consequences regarding
fertility.

Our knowledge regarding long-term toxici-
ties of sirolimus is still expanding. For example,
it has been observed that in patients with long-
term sirolimus impaired insulin receptor sub-
strate signaling and Akt activation can be
found, indicating a deterioration of glucose

metabolism leading to an increase of develop-
ment of diabetes [34]. It is essential for the
future application of sirolimus that one gain
more insight into these aspects. Currently sev-
eral studies are ongoing to study efficacy and
safety of sirolimus in more detail. As congenital
vascular malformations belong to the group of
rare diseases it is essential to combine the results
of these different studies. The long-term follow-
up of patients that are now in the pediatric age
and will use sirolimus for a long-term period is
vital; sirolimus will not cure them, but only
control the vascular malformation and in this
way reduce their complaints. Patients have the
right to be well informed on potential adverse
events, and such events can occur even if sir-
olimus is applied in low dose. The results of case
series have led to the development of a
nationwide clinical trial (EUDRACT number
2016-002157-38; www.clinicaltrials.gov, identi-
fier NCT03987152) to gain more insight into
efficacy and adverse events if low dose sirolimus
is used. All patients will be followed over a long
time period to obtain more data regarding long-
term sequelae and gaining more insight into the
consequence of menstrual disturbances in
young female patients.

CONCLUSION

This case series demonstrates that low dose sir-
olimus is as effective as high dose sirolimus in
patients with congenital vascular malforma-
tions. At the same time less serious adverse
events are observed than those previously
described. At the same time a new adverse
event, namely menstrual cycle disturbance, was
observed in young adolescents, indicating the
need for caution when sirolimus is given. This is
extremely relevant to patients with low-flow
vascular malformation, who are likely to require
lifelong treatment for their condition.
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