&® frontiers | Frontiers in Pediatrics

ORIGINAL RESEARCH
published: 23 May 2022
doi: 10.3389/fped.2022.857436

OPEN ACCESS

Edited by:

Chi-kong Li,

The Chinese University of Hong
Kong, China

Reviewed by:

Pablo Andrés Lobos,

Italian Hospital of Buenos
Aires, Argentina

Yi Ji,

Sichuan University, China
Moritz Wildgruber,

Ludwig Maximilian University of
Munich, Germany

*Correspondence:
Paolo Gasparella
paolo.gasparella@medunigraz.at

Specialty section:

This article was submitted to
Pediatric Oncology,

a section of the journal
Frontiers in Pediatrics

Received: 18 January 2022
Accepted: 07 April 2022
Published: 23 May 2022

Citation:

Karastaneva A, Gasparella R
Tschauner S, Crazzolara R,
Kropshofer G, Modl M, Pfleger A,
Burmas A, Pocivalnik M, Ulreich R,
Zenz W, Schwinger W, Beqgo BP,
Urban C, Haxhija EQ, Lackner H and
Benesch M (2022) Indications and
Limitations of Sirolimus in the
Treatment of Vascular

Anomalies —Insights From a
Retrospective Case Series.

Front. Pediatr. 10:857436.

doi: 10.3389/fped.2022.857436

Check for
updates

Indications and Limitations of
Sirolimus in the Treatment of
Vascular Anomalies—Insights From a
Retrospective Case Series

Anna Karastaneva', Paolo Gasparella®*, Sebastian Tschauner®, Roman Crazzolara®*,
Gabriele Kropshofer*, Manfred Modl®, Andreas Pfleger®, Ante Burmas?®,

Mirjam Pocivalnik’”, Raphael Ulreich”, Werner Zenz?®, Wolfgang Schwinger’,
Besiana P. Beqo?°, Christian Urban’, Emir Q. Haxhija?, Herwig Lackner’ and
Martin Benesch'’

" Division of Pediatric Hematology and Oncology, Department of Pediatric and Adolescent Medicine, Medical University of
Graz, Graz, Austria, 2 Department of Pediatric and Adolescent Surgery, Medical University of Graz, Graz, Austria,

3 Department of Radiology, Medical University of Graz, Graz, Austria, * Department of Pediatrics, Medical University of
Innsbruck, Innsbruck, Austria, ° Division of Pediatric Pulmonology and Allergology, Department of Pediatric and Adolescent
Medicine, Medical University of Graz, Graz, Austria, ° Division of Pediatric Cardiology, Department of Pediatric and
Adolescent Medicine, Medical University of Graz, Graz, Austria, ” Pediatric Intensive Care Unit, Department of Pediatric and
Adolescent Medicine, Medical University of Graz, Graz, Austria, ® Division of General Pediatrics, Department of Pediatric and
Adolescent Medicine, Medical University of Graz, Graz, Austria, ° Global Clinical Scholars Research Training, Department of
Postgraduate Medical Education, Harvard Medical School, Boston, MA, United States

Background: Despite recent developments, the role of sirolimus in the heterogeneous
spectrum of vascular anomalies is yet to be defined, in terms of indication, dosage, and
therapy duration, recognizing both its potential and limitations.

Methods: We retrospectively analyzed 16 children with vascular anomalies treated with
sirolimus in two pediatric centers between 2014 and 2020 [male: n = 7, the median age
at diagnosis: 4.6 months (range, 0-281.4)]. In addition, repetitive volumetric analyses of
the vascular anomalies were performed when possible (11 cases).

Results: Ten patients were diagnosed with vascular malformations and 6 with
vascular tumors. The mean therapy duration was 27.2 months (range, 3.5-65). The
mean sirolimus level was 8.52ng/ml (range, 5.38-12.88). All patients except one
with central conducting lymphatic anomaly responded to sirolimus, with the most
noticeable volume reduction in the first 4-6 months. Additional administration of
vincristine was needed in five patients with kaposiform hemangioendothelioma and
yielded a response, even in cases, refractory to sirolimus monotherapy. As a single
agent, sirolimus led to impressive improvement in a patient with another vascular tumor—
advanced epithelioid hemangioendothelioma. Complicated vascular malformations
required long-term sirolimus therapy. Side effects of sirolimus included mucositis and
laboratory abnormalities. No major infectious episodes were recorded. An infant with
COVID-19, diagnosed while on sirolimus therapy, presented with a mild course.
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Conclusion: In the current series, we reported limitations of sirolimus as monotherapy,
addressing the need to redefine its indications, and explore combination regimens and
multimodal treatment strategies. Tools for objective evaluation of response trends over
time could serve as a basis for the establishment of future therapeutic algorithms.

Keywords: sirolimus, vascular anomalies, vincristine, Kasabach-Merritt phenomenon, central conducting
lymphatic anomaly (CCLA), epithelioid hemangioendothelioma (EHE), COVID-19

INTRODUCTION

The rarity and highly variable clinical features of vascular
anomalies (VAs) pose a great challenge regarding diagnostic and
therapeutic management. The individualized multidisciplinary
approach required for optimal management of VA complicates
the systematic data collection and the development of
standardized treatment recommendations. Since the first
reports on the successful use of mammalian target of
rapamycin (mTOR) inhibition for the treatment of kaposiform
hemangioendothelioma (KHE), sirolimus rapidly evolved from
a compassionate use agent to an established therapeutic option
for this entity (1, 2). Rapid resolution of Kasabach-Merritt
phenomenon (KMP), a cause of significant morbidity and
mortality in KHE, along with reduction of the mass effect
and complete remissions even in cases refractory to other
therapies was observed (1, 3-6). Furthermore, sirolimus seems
to have a stabilizing effect on malignant vascular tumors
such as advanced epithelioid hemangioendothelioma (EHE),
but consistent data are still lacking (7, 8). In addition, mTOR
inhibition was introduced in the treatment algorithm for vascular
malformations with response rates ranging between 80 and 100%
in patients with simple lymphatic malformations (LMs) (9, 10).
Impressive clinical and radiological improvements were also
observed in patients with generalized lymphatic anomaly (GLA),
kaposiform lymphangiomatosis (KLA), and Gorham-Stout
disease (GSD) (10-13). Treatment responses were also described
in complex low flow malformations such as capillary-lymphatic-
and capillary-lymphatic-venous malformations (CLM and
CLVM) (2, 11, 14-16). In these entities, sirolimus is often
applied as a tool to further facilitate sclerotherapy or resection
(10, 11, 14). Data on the use of sirolimus in high flow vascular
malformations are still scarce and not convincing (17). Recent
reports suggest partial responses and potential benefits from
mTOR inhibition as an adjuvant therapy before and following
endovascular embolization for arteriovenous malformations
(AVMs) (11, 18). It is hypothesized that heterogeneous responses
of high flow malformations to sirolimus might be related to their
molecular background (19). The scarcity of molecular substrate
in AVM as a target for mTOR inhibitors would result in poor
response and vice versa (20). The efficacy of sirolimus in AVM is
being investigated in a prospective phase II study (21).

Despite these recent encouraging developments, the
role of sirolimus in the heterogeneous spectrum of VA
is yet to be defined, recognizing both its potential and
limitations, and place as a part of a combination and/or
multimodal therapy. In this retrospective series, we reviewed

pediatric patients with various VA, treated with the mTOR
inhibitor sirolimus.

PATIENTS AND METHODS

The subject of this retrospective analysis is patients diagnosed
with VA from November 2014 to December 2020 who received
systemic therapy with sirolimus in two pediatric centers. The VAs
in our case series were categorized according to the classification
of the International Society for the Study of Vascular Anomalies
(ISSVA, 2018) (22).

The indications for treatment with sirolimus, applied in these
case series, included: KHE with or without KMP; EHE; LM
and combined vascular malformations with a distinct lymphatic
and/or venous component and overt or imminent organ
dysfunction/disfigurement unlikely to be sufficiently reduced by
upfront local/surgical treatment. Initially, all children received
sirolimus at a dose of 0.1 mg/kg/d orally, divided into two
daily doses, which was subsequently adjusted to target trough
levels within the range of 5-15 ng/ml. Treatment intensification
with vincristine was considered in patients with KHE and
KMP and/or other aggravating symptoms or those refractory
to sirolimus monotherapy. Interventional therapeutic options
were considered in patients with vascular malformations at any
point upon re-evaluation of response to sirolimus. The treatment
schedules, we applied in our institutions, including targeted
response-evaluation intervals, are described in Figures 1A,B.

Relevant previous or concomitant therapies
documented. In addition, all patients received oral Pneumocystis
jirovecii  prophylaxis with trimethoprim/sulfamethoxazole
during treatment with sirolimus.

The response evaluation was performed by clinical
examination, volumetric comparison of the VA, monitoring of
laboratory parameters (blood counts and coagulation status), and
reflecting the dynamics of pre-existing KMP or coagulopathy.
The volumetric comparison was assessed by imaging studies
[magnetic resonance tomography (MRT) and CT]. The Digital
Imaging and Communications in Medicine (DICOM) images
of the CT and MRT studies were loaded to a workstation
running the 3D slicer open-source software (https://www.
slicer.org/), version 4.7.0-2016-11-04r25501 (23). The tumor
lesions were manually segmented by a pediatric radiologist in
all relevant slices. After the procedure, volumes could be read
out automatically with the “label statistics” module. Then, the
volume of the VA was set in relation to the current body surface
area (BSA) of the patient at each time point (VA volume/BSA,
normalized VA volume). This parameter was used to assess

were
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FIGURE 1 | (A) Treatment approach for patients with kaposiform hemangioendothelioma. KHE, kaposiform hemangioendothelioma; KMP, Kasabach-Merritt
phenomenon; SIR, sirolimus; VCR, vincristine. (B) Treatment approach for patients with complicated vascular malformations. *Steady state is defined as a stable
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the dynamics of VA over time in each case. For VA of the
head and neck, the respective circumference was used instead
of BSA due to the limited contribution of these regions to
the BSA.

The time to response was defined clinically by the first
documented reduction of symptoms or volume reduction
on imaging. The outcome was classified into 4 categories—
complete response (CR): the disappearance of the lesion and
the symptoms; partial response (PR): improvement of the
symptoms and volume reduction of the VA; stable disease
(SD): no further progression; and progressive disease (PD):
progression of the size of the VA or related symptoms while
on sirolimus.

This retrospective analysis was approved by the institutional
review boards of the two participating centers.

RESULTS

A total of 16 pediatric patients (9 girls and 7 boys) were
available for evaluation. Baseline characteristics are summarized

in Table 1. The spectrum of VA consisted of 10 patients with
vascular malformations [simple LM, n = 6, combined lymphatic-
venous malformation (LVM), n = 1 and arteriolymphatic-
venous malformation (ALVM), n = 1, CLAPO-syndrome (lower
lip capillary malformation/face and neck LM asymmetry and
partial overgrowth), n = 1 and CLOVE-syndrome (congenital
lipomatous overgrowth, vascular malformations, epidermal nevi,
skeletal, and spinal abnormalities), n = 1] and six patients
with vascular tumors (KHE, n = 5; advanced EHE, n =
1). Three out of 5 cases with KHE had KMP at diagnosis
(Table 1). Biopsies were performed at diagnosis in 8 of 16
children (50%); in the remaining 8, the diagnosis was based
on characteristic clinical and imaging features of VA. In
patients #1-#5, #9, and #14 the diagnosis was based on clinical
features, a biopsy was performed in patients #6-#8, #10, #12,
#13, #15, and #16. One patient (#11) presented with a non-
chylous pericardial effusion and an extensive mediastinal mass
of vascular origin on imaging, exhibiting features of KHE
with a mild transient coagulopathy and no signs of KMP.
Unfortunately, the biopsy had to be interrupted before a tissue
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TABLE 1 | Patient characteristics and clinical course.

No. Age (months) 2o Diagnosis Site Biopsy SIR duration SIR mean VCR duration Time to Other Outcome Follow-up
(months) trough level (months) response interventions* (months)
(ng/ml) (months)

1 0 Q LM Cervicofacial - 33 5.78 0.75 - PR Ongoing

2 2.5 I8 LM Cervicofacial - 11 5.53 0.5 - PR Ongoing

3 0.75 Q CCLA Lung - 3.5 12.01 n/a Multiple PD n/a

4 0 Q CLAPO Cervicofacial, - 14 7.53 1 OK432, PR 18
skull base tracheostomy

5 0 Q CLOVES Thorax - 9 12.88 0.25 - PR Ongoing

4.2 J GSD Skull base + 58 8.60 0.5 Pamidronate PR Ongoing

7 127.2 I8 GLA Lung, + 50 9.63 2 Steroids PR Ongoing
pericardium

8 179 Q GLA Lung, spleen, + 9 5.38 2 - PR Ongoing
retroperit.

9 37.2 d LvM Orbita - 36 8.00 1 - PR 10

10 218.4 Q ALVM Cervicofacial, + 30 9.44 1.5 2x Surgery PR Ongoing
skull base

11 5 d KHE Neck, 27 9.03 9 4.5 Pericardial PR 5
mediastinum fenestration

12 14 d KHE+KMP Thigh + 16 9.81 3 0.75 Embolization ~ CR 64

13 5 Q KHE Liver + 24 9.82 3 0.5 Multiple PR 51

14 3 Q KHE4+KMP Cervical - 16 6.42 6 1 - CR 8

15 2 Q KHE +KMP  Thigh + 33 9.05 6 1.5 - CR 15

16 134.4 I8 EHE Liver, lung + 65 7.48 3 - PR Ongoing

Median 4.6 6 1

Mean** 27.2 8.52

N (%) 8/16 (50%) 8/16 (560%)

Age, age at the beginning of sirolimus therapy; SIR, sirolimus therapy; VVCR, vincristine intensification; LM, lymphatic malformation; CCLA, central conducting lymphatic anomaly; CLAPO, lower lip capillary malformation/face and neck LM
asymmetry and partial overgrowth-syndrome; CLOVES, congenital lipomatous overgrowth, vascular malformations, epidermal nevi, skeletal and spinal abnormalities-syndrome; GSD, Gorham-Stout disease; GLA, generalized lymphatic
anomaly; LVM, lymphatic-venous malformation; ALVM, arterio-lymphatic-venous malformation; KHE, kaposiform hemangioendothelioma; KMF, Kasabach-Merritt phenomenon; EHE, epithelioid hemangioendothelioma.

“Interventions performed prior to or during the course of sirolimus therapy.
“Mean was calculated for the parameters with normal distribution.
"' Biopsy attempted but failed to deliver a tissue sample due to a severe life-threatening intraoperative bleeding.
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sample could be obtained because of life-threatening bleeding
(Figure 2).

At the start of sirolimus therapy, the median age was 4.6
months (range, 0-218.4 months). Ten patients (62.5%) received
upfront sirolimus therapy, and 6 patients (37.5%) had already
undergone previous treatments. The mean trough level of
sirolimus was 8.52ng/ml (5.38-12.88) (Table1). All patients
except one responded to sirolimus; three (18.75%) achieved
CR and 12 (75%) PR. One patient (#3) developed PD of a
giant bilateral intrathoracic cystic lesion/chylous effusion in the
context of a central conducting lymphatic anomaly (CCLA)
during treatment with sirolimus. Following the failure of multiple
interventions, namely, cyst drainage, sclerotherapy, and an
attempt to shunting into the abdominal cavity, a thoracotomy
with surgical resection and tapering of the bilateral cysts led to
the resolution of the disease, and no further therapy was required
(Figure 3).

The median time of response in patients with PR and CR was
1 month (0.5-4.5). Patients with KHE (n=5) received treatment
intensification with weekly vincristine (0.05 mg/kg/week)
concurrently to sirolimus. Due to the bulky disease, the severe
KMP, and the critical location in 3 patients (#12, #13, and #14),
the intensification therapy was started at diagnosis. Whereas,
in patients #11 and #15 the intensification therapy was started
after initial refractoriness to sirolimus and PD (Figures 2, 4).
The latter two children had monotherapy with sirolimus for 3.8
and 1 month, respectively, before vincristine was added. The
response was observed <1 month later. KMP in patients with
KHE resolved in all cases within the first few days after initiation
of therapy (sirolimus or combination). Once KMP disappeared,
and the tumor mass was observed to reduce in a steady-state
mode, vincristine could be tapered and discontinued. We did
not observe a rebound phenomenon following the usage of
this protocol. Apart from the requirement for a central venous
line, vincristine at this dosage level was tolerated without any
side effects.

The mean duration of sirolimus therapy was 27.2 months
(3.5-65). Eight patients are still under care, and 8 others
are already off treatment (follow-up periods are presented in
Table 1). Tapering was started after the best response was
achieved and confirmed in 2 consecutive imaging studies. In one
case (#15), sirolimus was discontinued and had to be restarted
after 12 months because of a relapse, resulting in a second CR.
The patient with CLAPO-syndrome, who initially responded well
to sirolimus, experienced PD after discontinuation of sirolimus
upon parents’ wish. She is still on observation due to her parents’
concerns regarding potential infectious complications in the
setting of her tracheostomy.

The patient with EHE (#16) has the most prolonged therapy
duration after an excellent initial response and continues to
receive sirolimus to maintain PR without any treatment-related
complications (Figure 5).

In 11 of 16 cases, the response to therapy could be
demonstrated through serial imaging-based volumetric studies
of the VA, considering the change of the BSA of the patient (or
circumference of the affected region for VA of the head and neck)
between the examinations (normalized VA volume, Figure 6).

Initial examination: Patient 11

Volume: 47 ml (100%)
Volume / BSA : 184 ml (100%)

T2W FS
corml-xgl

Follow-up examination (977 days after initial)

Volume: 7 ml (15%)
Volume / BSA : 14 ml (8%)

oW F” ’
coronal ™, . b

FIGURE 2 | Patient #11. T2-weighted images with fat saturation in the coronal
plane on the left side for both examinations. The kaposiform
hemangioendothelioma demonstrated a high signal intensity (arrows) on both
examinations, with substantial volume reduction over time. Corresponding 3D
reconstructions in anteroposterior and mediolateral views are displayed in the
middle and right columns.

The most remarkable volume reductions were observed within
the first 4-6 months of therapy in all entities. Yet, primarily
non-resectable vascular malformations prove to require long-
term therapy to sustain PR (Table 1 and Figure 6). In diffuse or
destructive lesions (GSD, GLA, and CLOVES-syndrome), exact
volumetry of the VA was not possible. The patient with CCLA
was not included as the volume of the VA did not change. The
EHE patient from our series showed a response trend similar to
vascular malformations.

Both sirolimus monotherapy and the combination with
vincristine were generally well-tolerated. Recurrent mucositis
in 2 cases was resolved with improved oral hygiene and dose
adjustment. In 4 children, mild infections affecting the airways
and gastrointestinal tract were observed. However, no tendency
was noticed toward an increased susceptibility to infections or
major infectious complications. One patient (#2) was diagnosed
with COVID-19, but as the clinical course was uncomplicated,
sirolimus could be restarted within 2 weeks. Generally, sirolimus
was temporarily discontinued or continued in reduced dosage
during infectious episodes.

In 4 cases, transient hypertriglyceridemia was detected at
the beginning of the treatment. One patient manifested an
unexplained asymptomatic creatine kinase-myocardial band
elevation, which normalized spontaneously within 2 months.
Interestingly, 8 of our 16 patients developed striking microcytosis
without iron deficiency, mostly with normal hemoglobin levels
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FIGURE 3 | Patient #3. Contrast filling of the intrathoracic central conducting
lymphatic anomaly (CCLA) through the pigtail catheter to depict the anatomic
relationship (A) thoracoscopic placement of the Denver drain—pigtail drain is
seen (B) chest X-ray with multiple drains (C) and chest X-ray 1-year after
sternotomy and surgical resection of CCLA (D).

during sirolimus therapy (similar to that observed in the f3-
thalassemia trait). To this end, some of the young children who
had not had blood counts analyzed before starting sirolimus
therapy underwent hemoglobin electrophoresis and genetic
testing to rule out the f3-thalassemia trait.

DISCUSSION

Sirolimus proved to be an effective therapeutic option, especially
in life-threatening vascular tumors, and it alleviates the disease
burden in patients with vascular malformations, corroborating
previous results reported by our group (3, 15, 16). However, in
the current case series, treatment intensification with vincristine
was required in 5 patients, indicating limitations of sirolimus as a
single therapeutic agent.

Vincristine, in combination with steroids, has historically
been a first-line pharmacologic therapy for KHE with KMP.
Steroid alone was indicated for KHE without KMP but requiring
intervention (24). The first reports on sirolimus in VA are derived
from experience in critical clinical situations of vincristine-
refractory VA with KMP, where the mTOR inhibitor seemed
to yield a rapid response within the first week of treatment
(1-3, 25). Similarly, Tribolet et al. added sirolimus to the
treatment regimen of a patient with KHE and severe KMP
not responding to an 8-day course of propranolol, steroid, and
vincristine and observed rapid resolution of the lesion (26). A
similar experience was reported by Cashell et al., where the initial
regimen did not include propranolol (5). A recent comprehensive
literature review compared vincristine to sirolimus in KHE
management with or without KMP, proving sirolimus superiority
over vincristine (27). In another retrospective analysis of 30

FIGURE 4 | Patient #15. Kaposiform hemangioendothelioma of the left thigh
before therapy (A) on day 20 of sirolimus monotherapy —after 1st biopsy (B)
on day 14 of sirolimus/vincristine combination therapy —after the 2nd biopsy
(C) and after 1 year of therapy-—6 months of sirolimus/vincristine, and 6
months of consecutive sirolimus monotherapy (D).

patients with KHE, ~50% presenting with KMP, sirolimus
yielded better results than monotherapy with steroid, vincristine,
or propranolol (28). Due to the favorable response rates obtained
by sirolimus as a single agent, its safety profile, and the oral
formulation, we applied sirolimus upfront in 2 cases. We
added vincristine after monotherapy failed to induce a proper
response in KHE. The indication for intensification for patient
#11 was a pericardial effusion that repeatedly evolved into
a clinical emergency. Following the biopsy, patient #15 also
experienced an increase in tumor volume while on sirolimus
monotherapy. In all cases, a response was obtained by adding
vincristine, which could be withdrawn as soon as a stable decline
in tumor/effusion volume was notable. We used vincristine
and sirolimus concurrently upfront in another KHE patient
with an imminent airway compression and KMP (#14) and
another 2 children with multiple previous treatments (#12 and
#13). Treatment intensification—in our series—with vincristine,
might be indicated in cases refractory to single-agent sirolimus.
In our patients, a beneficial effect on the tumor mass was
observed. As we included only 3 cases with KMP and in
all of them the thrombocytopenia resolved rapidly under or
before intensification, it is difficult to hypothesize any additional
impact of vincristine, regarding KMP. Brill et al. suggest
embolization of KHE before sirolimus might induce a more rapid
resolution of KMP—within a median of 7 days, compared to 3
months for sirolimus alone (29). We observed a similar course
(Table 1, Patient #12) after 2 embolizations, however, followed
by sirolimus and concomitant vincristine. Another combination
regimen—sirolimus and prednisolone, demonstrated benefits
for patients with KHE and KMP compared to sirolimus alone
in a recent randomized clinical trial, confirming data from a
previous retrospective study (30, 31). We applied prednisolone
successfully in addition to sirolimus just in one case with
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Apr. 2016 Jan. 2015

Oct. 2020

FIGURE 5 | Patient #16. Exemplary chest (left and middle row) and abdomen
(right row) CT slices in patient #16. A decrease in the amount and size of the
numerous nodular lung lesions is noted over time. The initially hypodense liver
lesions were involuted over the course of the examinations.

GLA (#7), already in PR, to accelerate the resolution of the
pericardial effusion.

Our observations of initial PD under sirolimus monotherapy
in 3 cases (#3, #11, and #15) might be attributed to disease-related
factors (effusions, abnormal wound healing due to abnormal
vascularization), overlapping with those of sirolimus’ well-known
side effects—susceptibility to effusions/peripheral edema and
compromised wound healing. Patient #15 had initial progression
as mTOR inhibition was introduced soon after biopsy, probably
compromising the wound healing process (Figure4). Data
regarding the development of effusions during sirolimus therapy
are controversial. Ricci et al. report the favorable response of
effusions to sirolimus monotherapy in patients with GLA (32).
In contrast, all patients in our series, presenting with effusions
(n = 3), required additional intervention—vincristine (#11 for
PD), surgery (#3 for PD), or a short course of steroid (#7
already in PR with sirolimus). Subsequently, 2 of them could
be successfully managed with sirolimus alone; the third one,
diagnosed with CCLA (#3), required no further therapy after
surgery. The treatment of choice for this entity is still surgical, but
partial responses to sirolimus are reported in very few cases (32).
Stacchiotti et al. also observed a more unsatisfactory outcome in a
subset of patients with advanced EHE and effusions on sirolimus
monotherapy. However, sirolimus appeared to generally stabilize
the advanced/progressive disease within this cohort (7). Even
o0, our patient with advanced EHE (#16) achieved a sustained
PR. Still receiving sirolimus, his quality of life is excellent,
including intensive sports activities in everyday life. Despite
therapy duration of more than 5 years (patient #16), no relevant
side effects have occurred so far. Yet, the mean trough level, in
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FIGURE 6 | The volume of vascular anomalies during therapy and early
follow-up. The normalized volume of vascular anomalies was calculated
considering the factor of patients’ growth when assessing the response to
therapy. The most remarkable volume reductions are to be detected within the
first 4-6 months of therapy.

this case, is lower (7.48 ng/ml) than the target levels suggested
by Stacchiotti et al. (15-20 ng/ml), perhaps explaining the better
tolerability without therapy interruptions (7).

Similarly, all our patients with complicated vascular
malformations, who responded well to sirolimus monotherapy,
need timely undefined, but presumably much longer treatment
with sirolimus than those with KHE. It is still unclear if targeting
lower trough levels of sirolimus to reduce possible long-term
side effects would suffice to sustain the achieved PR. We reduced
the dose when no further change in the volume of the lesion
occurred within 1 year under steady therapeutic trough levels.
The same was applied to patients with complete resolution of
the lesions. However, sufficient evidence for the safety of this
approach cannot be derived from our data due to the limited
number of cases in our series.

The tolerability of sirolimus compared to other treatment
modalities for VA seems to be excellent. However,
immunosuppression and possible long-term consequences,
especially in young children, where fatalities due to infections
have already been reported, require considerations about
the appropriate duration of therapy and the need for
dose adjustments when continuous treatment is indicated
(33). Regarding infectious complications, our series shows
contradictory yet allegeable observations. Four patients in our
cohort (#4, #9, #11, and #15) had frequent mild infections,
presumably due to the immunosuppressive effect of mTOR
inhibition. In another 2 cases (#6 and #7), after therapy with
sirolimus was initiated, mTOR inhibition resulted in complete
resolution of chronic infections (Streptococcus pneumoniae—
meningitis and Campylobacter—pericarditis). Ying et al
reported two cases of fatal respiratory infections in young infants
under sirolimus for VA, pointing to this age as potentially
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more vulnerable to the immunosuppressive properties of this
drug (33).

In the setting of the COVID-19 pandemic, additional
attention toward chronically immunocompromised patients was
raised. One of the patients from our series (#2) was diagnosed
with COVID-19 at the age of 4 months. The clinical course, in
this case, was mild compared to the infants mentioned with fatal
respiratory infections under sirolimus therapy. A comparably
benign course of COVID-19 was also reported in a 13-year-
old patient receiving mycophenolate mofetil and sirolimus after
kidney transplantation (34). Omarjee et al. recently discussed
the immunomodulatory properties of sirolimus on T-cells,
responsible for the hyperinflammatory state in patients with the
severe clinical course of COVID-19, as a possible explanation
(35). On the other hand, a report by Meziyerh et al. describes
severe COVID-19 complications in an adult kidney transplant
recipient, receiving everolimus, speculating on impaired mucosal
function under mTOR inhibition and drug interactions as
possible triggers (36).

The issues regarding possible therapy complications and
effects of dose adjustments seem particularly relevant in
situations with long-term therapy and SD where the further
benefit of continuous sirolimus administration is not expected
or difficult to assess (patients #6 and #16). Yet, a progression
after discontinuation could have life-threatening consequences.
Therefore, further studies on the objective dynamics of treatment
response by repetitive volumetry of the VA could facilitate clinical
decision-making. We utilized BSA-adapted volumetry, reflecting
the patients’ growth, which might be a more reliable method
for volumetric assessment than the simple comparison of the
absolute volumes of the VAs, especially in young children and
long-term therapies. The potential of this method needs to be
explored in larger patient collectives.

Encouraging data for a successful restart of sirolimus from
Chelliah et al., Stacchiotti et al., and Adams et al. supports our
observation of patient #15, who responded well to the second
course of sirolimus for re-activation of her KHE (7, 11, 18).
Failure to achieve response by re-challenge with sirolimus in
relapsed VA after successful initial therapy has not been reported
so far. Time to initial clinical and/or radiological response, effects
of tapering, treatment intervals, and treatment restarting in the
disease course are parameters that may be used to adapt the
current treatment recommendations.

CONCLUSION

After implementing sirolimus for the treatment of KHE in
2010, the dynamic development in this field resulted in
an increasing number of indications for mTOR inhibition
within the heterogeneous group of VA. Along with the
indisputable benefits, the expanding experience raises awareness
of possible risks and limitations as well. The analysis of
treatment results in our case series, and, in particular—those
of therapeutic failures to sirolimus monotherapy provided
insights on a potentially effective combination regimen with
vincristine. The increasing options for beneficial combinations
with other second agents such as steroids or interventional

modalities require further specifying the indications for these
and the role of sirolimus in the multimodal therapeutic
approach for VA. We also addressed questions concerning
supportive care and management strategies, especially in cases
requiring long-term therapy with sirolimus. The volumetric
studies, reflecting response trends over time, might facilitate
future recommendations for dosage and therapy duration. The
implementation of such tools could serve as a basis for future
treatment algorithms.
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