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Abstract

Purpose This PRISMA-compliant systematic review aimed to assess risks and benefits of sirolimus treatment for paediatric
lymphatic malformations by focusing not only on treatment efficacy but also on possible treatment-related adverse events,
and treatment combinations with other techniques.

Methods Search criteria were applied to MEDLINE, Embase, Web of Science, Scopus, Cochrane Library, and Clinical Tri-
als.gov databases and included all studies published up to March 2022 reporting paediatric lymphatic malformations treated
with sirolimus. We selected all original studies that included treatment outcomes. After the removal of duplicates, selection
of abstracts and full-text articles, and quality assessment, we reviewed eligible articles for patient demographics, lymphatic
malformation type, size or stage, site, clinical response rates, sirolimus administration route and dose, related adverse events,
follow-up time, and concurrent treatments.

Results Among 153 unique citations, 19 studies were considered eligible, with reported treatment data for 97 paediatric
patients. Most studies (n=9) were case reports. Clinical response was described for 89 patients, in whom 94 mild-to-moderate
adverse events were reported. The most frequently administered treatment regimen was oral sirolimus 0.8 mg/m? twice a
day, with the aim of achieving a blood concentration of 10-15 ng/mL.

Conclusion Despite promising results for sirolimus treatment in lymphatic malformation, the efficacy and safety profile of
remains unclear due to the lack of high-quality studies. Systematic reporting of known side effects, especially in younger
children, should assist clinicians in minimising treatment-associated risks. At the same time, we advocate for prospective
multicentre studies with minimum reporting standards to facilitate improved candidate selection.
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Introduction

The International Society for the Study of Vascular Anoma-
lies (ISSVA) classifies lymphatic malformations (LM) as
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referred to with a misnomer such as lymphangiomas of
cystic hygromas [1]. The incidence of LM is estimated to be
1.2-2.8 per 1000 births [2]. Around 50-60% of LM cases are
present at birth, while approximately 80-90% will become
evident by two years of age.

The pathogenetic mechanisms of LM are currently under
debate [3]. However, recent findings of somatic genetic
mutations in PIK3CA point to a developmental impair-
ment of lymphatic channels due to improperly functioning
endothelial cells [4]. The size of an LM usually increases
proportionally in relation to the patient’s body growth. How-
ever, abrupt spurs are frequently observed, particularly fol-
lowing infection in drained tissues, trauma, and hormonal
changes. Intracystic haemorrhages caused by lacerations
of the septae where vessels run are another frequent cause
of volume accretion. Frequently, all these occurrences are
accompanied by acute symptoms such as pain, tenderness,
and other signs of inflammation.

The most recent classification subdivides simple LM
into macrocystic, microcystic, and combined LM [5]. Typi-
cal locations are the head and neck (approximately 60% of
cases), proximal extremities, and trunk [6].

LMs may appear as part of a syndrome, including gen-
eralised lymphatic anomaly, central conducting lymphatic
anomaly, Gorham-Stout syndrome, kaposiform lymphangi-
omatosis, and other diseases associated with PIK3CA muta-
tion, such as PIK3CA-related overgrowth syndrome (PROS).

Clinical presentation depends on the site and size of the
malformation. Involvement of the respiratory tract is of spe-
cial concern, since such LMs can cause tongue extrusion,
jaw deformity, swallowing issues, and speech difficulties,
and even lead to life-threatening conditions that obstruct the
upper airways [5].

Treatment options for lymphatic malformations are het-
erogeneous and include observation, sclerotherapy, radiofre-
quency ablation, laser treatment, and surgical excision. The
overall aim of treatment is functional and cosmetic and is
focused on reducing the psychosocial burden of patients and
families [7, 8].

A personalised therapeutic approach is typically provided
and depends on LM size, position, growth rate, and type, as
spontaneous regressions have not been verified in the litera-
ture [9, 10]. Surgeries and sclerotherapy are usually effective
for macrocystic LM, though size and position may reduce
their feasibility and effectiveness. Conversely, surgery for
microcystic LMs remains challenging due to their infiltra-
tive nature [11]. Interstitial sclerotherapy has demonstrated
encouraging microcystic LM results, with an approximate
50% reduction in volume [12, 13].

If more common options, such as surgery and sclero-
therapy for LM, result in only modest efficacy or cannot be
employed, rapamycin, also known as sirolimus, represents
the current standard care for medical treatment.
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Rapamycin is formally classed as a macrolide antibiotic
drug. It owes its name to Rapa Nui (Easter Island) where it
was first discovered from a soil sample containing Strepto-
myces hygroscopicus. The initial observed effect of rapa-
mycin was modest antifungal activity. The drug was later
adopted as part of a combination regimen for reducing the
rejection of kidney transplants due to its immunosuppressant
effects. It was subsequently studied as a potential drug for
cancer since it demonstrated (weak) antiangiogenic effects.
Sirolimus is active against the mammalian target of rapamy-
cin (mTOR), a serine/threonine protein kinase considered a
potential pathway of vascular malformation pathogenesis.
The specific role of sirolimus in treating vascular malforma-
tions is linked to its ability to block the PIK/AKT/mTOR
pathway [14].

The first case of LM treated with sirolimus was reported
in 2011 [15]. Since then, many reports and case series have
demonstrated the efficacy of sirolimus in reducing the size
of LMs [16]. However, objective data on the effectiveness
of this therapy are not currently available, particularly with
regard to the paediatric population.

The present systematic review aimed to analyse current
knowledge on the use of sirolimus as a treatment for LM in
paediatric patients, not only in terms of its efficacy but also
in terms of drug regimens and adverse events.

Methods
Search strategy

After registering with the PROSPERO database (ID
CRD42022314066), we conducted a systematic review
between March 3, 2022, and February 10, 2023, according
to PRISMA reporting guidelines [17]. We carried out sys-
tematic electronic searches for studies in English, Italian,
German, French, and Spanish that reported original data on
sirolimus treatment for paediatric head and neck lymphatic
malformations.

On March 3, 2022, we searched the MEDLINE, Embase,
Web of Science, Cochrane Library, Scopus, and ClinicalTri-
als.gov databases for sirolimus and rapamycin in association
with lymphovascular, cervicofacial, and paediatric search
terms. Complete search strategies and the number of items
retrieved from each database are provided in Table 1.

We included studies in which sirolimus was used to treat
LM that involved at a minimum the head and neck region
of paediatric patients with reported treatment outcomes.
We excluded meta-analyses and systematic and narrative
reviews, which were nevertheless hand-checked for addi-
tional potentially relevant studies. No minimum study popu-
lation was required. Mixed venolymphatic malformations
were excluded from the review.
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Table 1 Search strategy details and items retrieved from each consulted database

Database

Search date

Query Items
retrieved

(n)

Medline

Embase

Cochrane library

Web Of Science

Clinicaltrials.gov

Scopus

Total non-unique hits

March, the 3rd, 2022

March, the 3rd, 2022

March, the 3rd, 2022

March, the 3rd, 2022

March, the 3rd, 2022

March, the 3rd, 2022

("sirolimus"[MeSH Terms] OR "sirolimus"[All Fields] OR ("rapamycin s"[All 45
Fields] OR "rapamycine"[All Fields] OR "rapamycins"[All Fields] OR
"sirolimus"[MeSH Terms] OR "sirolimus"[All Fields] OR "rapamycin"[All
Fields])) AND ("lymphatic vessels"[MeSH Terms] OR ("lymphatic"[All
Fields] AND "vessels"[All Fields]) OR "lymphatic vessels"[All Fields] OR
"lymphatic"[All Fields] OR "lymphatic system"[MeSH Terms] OR ("lymphatic"[All
Fields] AND "system"[All Fields]) OR "lymphatic system"[All Fields] OR
"lymphatics"[All Fields] OR ("blood vessels"[MeSH Terms] OR ("blood"[All
Fields] AND "vessels"[All Fields]) OR "blood vessels"[All Fields] OR
"vascular"[All Fields] OR "neovascularization, pathologic"[MeSH Terms] OR
("neovascularization"[All Fields] AND "pathologic"[All Fields]) OR "patho-
logic neovascularization"[All Fields] OR "vascularisation"[All Fields] OR
"vascularization"[ All Fields] OR "vascularisations"[All Fields] OR "vascularise"[All
Fields] OR "vascularised"[All Fields] OR "vascularities"[All Fields] OR
"vascularitis"[All Fields] OR "vascularity"[All Fields] OR "vascularizations"[All
Fields] OR "vascularize"[All Fields] OR "vascularized"[All Fields] OR
"vascularizes"[All Fields] OR "vascularizing"[All Fields] OR "vasculars"[All
Fields]) OR ("lymphangioma"[MeSH Terms] OR "lymphangioma"[All Fields] OR
"lymphangiomas"[All Fields])) AND ("neck"[MeSH Terms] OR "neck"[All Fields]

OR ("cervic"[All Fields] OR "cervicals"[All Fields] OR "cervices"[All Fields] OR
"neck"[MeSH Terms] OR "neck"[All Fields] OR "cervical"[All Fields] OR "uterine
cervicitis"[MeSH Terms] OR ("uterine"[All Fields] AND "cervicitis"[All Fields])
OR "uterine cervicitis"[All Fields] OR "cervicitis"[All Fields]) OR ("head"[MeSH
Terms] OR "head"[All Fields])) AND ("child"[MeSH Terms] OR "child"[All Fields]
OR "children"[All Fields] OR "child s"[All Fields] OR "children s"[All Fields] OR
"childrens"[All Fields] OR "childs"[All Fields] OR ("paediatrics"[All Fields] OR
"paediatrics"[MeSH Terms] OR "pediatrics"[All Fields] OR "pediatric"[All Fields]
OR "paediatric"[All Fields]) OR ("infant"[MeSH Terms] OR "infant"[All Fields]
OR "infants"[All Fields] OR "infant s"[All Fields]) OR ("infant, newborn"[MeSH
Terms] OR ("infant"[All Fields] AND "newborn"[All Fields]) OR "newborn
infant"[All Fields] OR "newborn"[All Fields] OR "newborns"[All Fields] OR "new-
born s"[All Fields]) OR ("adolescences"[All Fields] OR "adolescency"[All Fields]
OR "adolescent"[MeSH Terms] OR "adolescent"[All Fields] OR "adolescence"[All
Fields] OR "adolescents"[All Fields] OR "adolescent s"[All Fields]))

(‘sirolimus'/exp OR sirolimus OR 'rapamycin'/exp OR rapamycin) AND ('lymphatic'/ 104
exp OR lymphatic OR vascular OR 'lymphangioma’/exp OR lymphangioma) AND
('neck'/exp OR neck OR cervical OR 'head'/exp OR head) AND ('child'/exp OR child
OR 'paediatric'/exp OR paediatric OR 'infant'/exp OR infant OR 'newborn'/exp OR
newborn OR 'adolescent'/exp OR adolescent)

(sirolimus OR rapamycin) AND (lymphatic OR vascular OR lymphangioma) AND 1
(neck OR cervical OR head) AND (child OR paediatric OR infant OR newborn OR
adolescent) in Title Abstract Keyword—(Word variations have been searched)

(sirolimus OR rapamycin) AND (lymphatic OR vascular OR lymphangioma) AND 48
(neck OR cervical OR head) AND (child OR paediatric OR infant OR newborn OR
adolescent) (all fields)

((sirolimus OR rapamycin) AND ( lymphatic OR vascular OR lymphangioma) AND ( 8
neck OR cervical OR head) AND ( child OR paediatric OR infant OR newborn OR
adolescent))

TITLE-ABS-KEY ( ( sirolimus OR rapamycin) AND ( lymphatic OR vascular OR 59
lymphangioma) AND ( neck OR cervical OR head) AND ( child OR paediatric OR
infant OR newborn OR adolescent))

265

Abstracts and full texts by different authors were reviewed  the full-text review stage, disagreements were resolved by
in duplicate. At the abstract review stage, we included all ~ achieving consensus among raters.
studies that were deemed eligible by at least one rater. At
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PICOS criteria

The Population, Intervention, Comparison, Outcomes, and
Study (PICOS) framework for the review was defined as
follows:

P: any paediatric patient with a simple lymphatic mal-
formation involving the head and neck region.

I: treatment with sirolimus, regardless of the admin-
istration route, dosage, and combination with other
treatment(s).

C: no comparator available.

O: effectiveness of sirolimus treatment and adverse
effects.

S: all original study types, including case reports.

Study assessment and data extraction

For each study included, we recorded the following: study
type, number of sirolimus-treated LMs, female to male
ratio, patients’ age, type of LM (i.e. micro-, macrocystic,
or mixed), clinical response rate, LM volume reduc-
tion (rate and assessment type), LM size or De Serres
stage [18], LM site, sirolimus administration route and
dose, sirolimus-related adverse events, follow-up time,
and other prior, concurrent, or further treatments (the lat-
est along with their timing). Two authors extracted data
and rated studies in duplicate, and disagreements were
resolved by consensus. A clinical response was defined
either as a significant LM reduction after sirolimus treat-
ment and/or as an improvement in signs and symptoms
caused by the LM after sirolimus treatment.

Studies were assessed for both quality and methodo-
logical bias according to the Joanna Briggs Institute Criti-
cal Appraisal tools (JBI-CAT) (for case reports) [19], the
National Heart, Lung, and Blood Institute Study Quality
Assessment Tools (NHI-SQAT) [20] (for case series and
cohort studies), and the revised Cochrane risk-of-bias tool
(for randomised clinical trials) [21]. Items were rated as
‘good’ if they fulfilled at least 80% of the items reported in
the JBI-CAT or NHI-SQAT, ‘fair’ if they fulfilled between
50 and 80% of the items, and ‘poor’ if they fulfilled less
than 50% of the items, respectively.

The level of evidence for clinical studies was scored
according to the Oxford Centre for Evidence-based Medi-
cine (OCEBM) level of evidence guide [9, 22].

Due to the considerable heterogeneity of study popu-
lations, study methods, and the predominantly qualita-
tive nature of collected data, no initial meta-analysis was
planned or performed a posteriori.

@ Springer

Results

Among the 153 unique research items initially identified,
133 published reports were selected for full-text evaluation.
No further report was identified for full-text evaluation after
reference checking. Overall, 19 studies published between
2015 and 2021 were retained for analysis (see Fig. 1) [15,
23-40].

Nine articles were case reports, seven were case series,
and three were prospective cohort studies. Their level of
evidence according to the OCEBM scale was IV (n=16)
and II (rn=3). Clinical articles were rated as good (n=7)
or fair (n=12) according to NHI-SQAT tools, with no arti-
cle receiving a rating of low quality. No significant biases
towards the objectives of our systematic review were iden-
tified. Table 2 shows the study type, evidence, and qual-
ity rating for all studies included. Reported evidence was
available for sirolimus treatment in 97 patients with LM and
without a clear gender prevalence (34 females, 32 males, and
31 patients with gender not reported). The age range was
broad, from intrauterine to 192 months. There was no evi-
dent prevalence for macro- or microcystic LM, and the size
or stage was unevenly reported. More, specifically, LM type
was reported in 66 patients, among whom 24 had macro-
cystic lesions, 17 microcystic lesions and 25 mixed lesions.
Most patients had LM extending from the neck to at least
one other region, with the mediastinum and tongue being
the most frequent. Clinical response to sirolimus treatment
was reported in 89 cases, although volume reductions were
reported inconsistently. The clinical response rate was 23
out 24 cases for macrocystic lesions, 14 out 17 for micro-
cystic lesions, and 21 out of 25 for mixed lesions. The route
of administration was oral in all reported cases. The most
frequent dose was 0.8 mg/m?, with the aim of achieving
a therapeutic blood concentration of 10-15 ng/mL. Upper
respiratory tract infections and mouth sores were the most
frequently reported sirolimus-related adverse events. Sclero-
therapy was the most frequent treatment preceding, follow-
ing, or coinciding with sirolimus. Surgery was the second
most employed associated treatment modality. Follow-up
was extremely variable, ranging from 6 months to 5 years.
Table 3 shows the demographic and clinical information for
the treated patients, and Table 4 shows the data on treat-
ment regimens, adverse events, concurrent treatments, and
follow-up.

Discussion

Our systematic review, the first to focus on the role of siroli-
mus treatment for paediatric head and neck LM, confirms
a growing interest in this therapeutic approach and mirrors
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on March 3, 2022

265 items identified through computerized and manual search

153 Abstracts screened after duplicates removed

A 4

100 Abstracts excluded:

- 31 non original articles

- 65 studies not focused on lymphatic malformations

- 1 study in language other than English, Italian, French,
German or Spanish

- 3 cadaveric studies

53 Full texts screened

34 articles excluded

- 2 studies in adult patients

- 11 non original studies

- 15 studies not focused on lymphatic malformations

- 6 studies not reporting any treatment results evaluation

19 Studies included in systematic review

Fig.1 PRISMA-style flow diagram of study selection during the systematic review process

Table2 Type of study, and evidence and quality rating of reviewed
articles

References Study type OCEBM Quality rating
rating
Alemi et al. [23] CR 4 F
Cheng and Yoo [25] CR 4 F
Cheng et al. [24] CR 4 G
Francis et al. [26] CR 4 F
Gaffuri et al. [27] CS 4 F
Gomez Sanchez et al. [28] CS 4 F
Gonzalez-Hermosa et al. [29] CR 4 F
Hammer et al. [30] PCS 2 G
Holm et al. [31] CS 4 F
Laforgia et al. [32] CR 4 F
Livingston et al. [33] CR 4 F
Meurisse et al. [34] CR 4 F
Ozeki et al. [35] PCS 2 G
Reinglas et al. [15] CR 4 G
Strychowsky et al. [36] CS 4 G
Triana et al. [37] CS 4 G
Wau et al. [38] CS 4 F
Zhang et al. [39] PCS 2 G
Zobel et al. [40] CS 4 F

CR case report, CS case series, PCS prospective cohort study,
OCEBM Oxford centre for evidence-based medicine, F fair, G good

the encouraging results obtained with sirolimus alone or in
combination with surgery and sclerotherapy.

Starting with, the pioneering work of Reinglas [15], case
reports progressively gave way to more complex studies,
culminating in a prospective study by Zhang et al., published
in 2021 [39], thereby highlighting the interesting role for
sirolimus in treating this challenging condition.

On one hand, the encouraging results provided by our
systematic review (i.e. 89 out of 97 cases reported satis-
factory treatment response) support the role of sirolimus in
treating LM in children. Indeed, most studies included were
of good or fair methodological quality. On the other hand,
the lack of data from randomised controlled trials and the
small size of the included case series underscores significant
grey areas in the use of sirolimus for paediatric LM.

First and foremost, there is a general lack of aware-
ness in reporting patient data. Published studies lacking
basic demographic information—or not allowing for the
extraction of the data for subpopulations such as gender
and age—were far too common in our review. It is clear
from a medical standpoint that an infant a few months old
might differ from a teenager, not only in terms of disease
history but also from a more general perspective, and this
difference plays a substantial role in planning complex
treatment strategies. Even worse, the cystic type of the

@ Springer



European Archives of Oto-Rhino-Laryngology (2023) 280:3529-3540

3534

(uonenyeaa
[eo130[01peI YN 10

syder3ojoyd [eoruro (g1 =u) yoou (6=u)
U0 ABWNSI) %97 AV (%001) 91 pue 298] (] =u) 908 IN POXIINL “(L=1) TIN S'0L PN AN 91 [9¢] e 10 Aysmoydhng
AN (%001) 1 WNUNSBIPIW pue 3oaN IN IN 14 10 1 [S1] 'Te 10 seSurey
(1=u
K)1ARD TRUTWOPQER pUR
1S9O oAU ‘(g =1u)
WNUISBIPIW pue
(TIND %ST €T oau (T =u) Yosu
‘T'ST %V €T %6'LT (%08) ¥ pue a0e] (] =u) 908 AN AN CTET 9¢ 21 01 S0 (433 S [c€] Te 1 PPZO
(o1RWITISd
[BOIUI) %08:%0L (%001) T (z=u) ¥ooN IN BN STTSLO 1 4 [€] 'Te 19 assLmaly
wnurnse
AN (%001) T -IpSW pUE Yo3U 93 guo 9 BN (18190)) S99M (¢ AN I [¢€] "Te 10 uoIs3uIALg
sauoq pue
‘(uowr3as pary)) JOAT]
(TIND %001 (%000 1 ‘WNUNSBIPIW YOIN AN AN €0 01 I [zel e 1o eiSiopey
(1 =u) an3uo)
(11 =U) JUSWIDA[OAUT
AN (%€°€8) O1  TRIOBJOIIAIID SAISUAXH AN AN €P1-1Bd *69¢ 9N LS Cl [1€] e 10 wioy
UoI3alI [B}1I0-01)a1
‘uorgar prjored pue
(TN %L°9 AN ‘%T (%001) € 99U :XUAIE] pue YOON AN AN T61 “TET *9¢ 1-C € [0€] 'Te 10 Jowwrey
Jyoou pue
uor3ar [eafukreydor
-ja1 ‘xukreydoio pue
suoigax pnored yloq [6T] e 10
AN (%00D) 1 ‘gInou 9y Jo 10014 AN POXIN 90 1:0 I BSOULIOH-Za[gZUoD)
(T=u) Yoau (1 =u) [8z]
AN (%001) € Tea/uoI5ax pnored AN AN 96 9¢ 801 €0 € ‘[& 19 ZaypuEs ZouWon
IN (%0) 0 wnunSeIPaw YN Tw00¢ BN IN 01 I [£2] ‘T8 10 LnjeD
AN (%00D) 1 AN AN BN 90 AN I [92] 'Te 10 stouelg
(uoniod
AN (%001) 1 1S9Y0 PUB JOON  JIOBIOYY) WO 9X X T AN I 1-0 I [¥2] 'Te 32 Suey)
(RN won
-njosar ae[duwod reoN (%001) 1 99N AN e € 01 I [6z] 0ox pue Suay)
(=w
[[esm J1oBIOU) IOLIdJUR
‘(7 =u) wnurnserpaw
IN (%001) T pUE Yoau ‘208q (=) Assa G=uwenN (1= N Il AN C (2] T8 10 TworY
(poypow [(%) ul (u)
uonen[eAd) 9 uon  sased Jurpuodsar a3ess (u:u) oner  syuoned
-ONpaI JWNJOA InownJ, A[reowur) AUS T SALIdS 9 10 9zZ1s N'T adfyonsk)  (ow) ae sjuoned O[EULIBWS  PojeRI], SOUQIJY

SaIpmys papnout [[e 10§ sjuaryed pajea ay) Uo UOT)BULIOFUT [eITUI[d pue dryderSows(q € 3jqel

pringer

Qs



European Archives of Oto-Rhino-Laryngology (2023) 280:3529-3540 3535

. %0 malformation, as well as its size, stage, and symptoms
2 E were often inconsistently reported, making it difficult to
3 y rep g
O o [} . . . .
S = 2 obtain a better understanding of which patients are more
= ~ < . . .
E E & % g suitable for this type of treatment. While Zhang et al. [39]
e % 2 N 8 reported a significantly better response for macrocystic
I = N = P g y P y
é ® 2 ) 5 g LM, good clinical response rates were also reported across
= = . . . . .
e .§ g QZ‘ Z Z °Z‘ £ microcystic and mixed LM studies. These findings are con-
E sistent with our extrapolated data, which did not show an
5 & p
g = obvious higher clinical response rate in any single type of
Q 3 . ..
.- = = = & LM. Furthermore, this lack of definition makes the assess-
SEx %Q § = S| @ ment of the treatment results more intricate, and much
= S o) o ] . . . .
é %% Z Z - ® :g;: is left to the authors’ interpretation. Also detrimental to
R B = “ T e the understanding of
g of the results was a lack of use of the
\ L g
-8 3 - a Cologne Score [41], an assessment that was developed to
g T E o ! B a s ] quantify the functional burden of LM in terms of disfigure-
FaE S g . . .
SETN OSSN BmS x| ment, dysphagia, dysphonia, and dyspnoea.
splsgez s Q| E . ) :
222 S8 ¢e % . = %‘ This present systematic review also explores the role
B o = . . . .
£ E S 25,2 2¢8 5 E 3} of sirolimus in broader treatment protocols for LM. Given
< O
@ HMBEE o9F% o5 o & . . . p"
= 35238 8848 38¢ g E the relatively recent introduction of sirolimus as a thera,
- z & = £ s y Py
; for LM, it is not surprising that in about half the studies
8 s g included, sirolimus was introduced only after treatment
3 . =% LZ; failure or symptom recurrence with other more frequently
— = .
A 2 § > é’ employed treatment options, such as sclerotherapy [42, 43].
E ;f G S e S Even more interesting, albeit only occasionally reported [25,
2, % : =2 g 26], was the concurrent use of sirolimus and sclerotherapy
E & X % < > % 5 without related adverse events. Given the ethical concerns
“ = . . . " . .
. N in treating such a rare and serious condition in children,
T = the sclerotherapy/sirolimus combination could represent
1 s Py P
E z %" a starting point for a well-designed randomised trial that
‘g Ea s would shed some light on the specific role of sirolimus in
© ! =l & g P
N ?.l\ll\ - ;:/ o the course of LM. Further treatments following sirolimus
= Ne) < . . . .y
L S O 5 therapy typically fall into two groups, ablation/demolition,
= - sl =2 3 py typically group
o s s s B % E for which sirolimus acts as a neoadjuvant therapy, or fur-
= ther sclerotherapy, with sirolimus acting to stabilise the LM
- ¥ Py g
=] — ~
g — g growth or reduce the overall treatment volume.
= [<a} = . . . . .
2 H = The data emerging from the systematic analysis of siroli-
j A [ § mus-related adverse events are far more complex. For a
2 0 = ! . . . .
3 o — Q o g simple analysis, as shown in Table 4, it is apparent that the
= ) ) = .
£ = = z Z ‘é frequency of reported adverse events was proportional to the
< 8 size of the patient population in each study, with case reports
=B s mentioning few to no complications, and larger case series
5 = = g P g
g o o Q o 2 such as that by Strychowsky et al. and Zhang et al. report-
= = . . . .
LA Z - = z | & ing 2.13 and 0.93 events, respectively, per treated paediatric
E atient [36, 39]. The reduced incidence of adverse events in
= 4 p
£ % f:_f case reports seemed to point towards a degree of reporting
SEE|e bl 5 v | 8 bias. Consequently, even if most events were mild, primarily
3 with mucosa- or skin involvement, we advocate for proac-
g P
S = tive surveillance, particularly in the paediatric population.
Q ~ . . .. . .
= = = 5|3 Such surveillance is even more critical, and inextricably con-
= —_ o« - . . .
£ = % = = 5 nected to treatment efficacy evaluation, if we consider that
] < — = . . .
= g = = g S| e wider reports suggest a lower incidence of adverse events
m b . . . .
|5 g T 2 5| 2 with lower target plasma concentrations of sirolimus [44].
3|3 & S B 2| x e
Sl = = N NI =ZE

@ Springer



European Archives of Oto-Rhino-Laryngology (2023) 280:3529-3540

3536

(1=u) [yeuapyrs
{(z=u) AderoyjoIa[os
‘(1 =u) uonendse

(aseo 1) Twy3u 71—
‘(aseo ) Tw/3u 9-G'¢

K¢ ‘owgg QUON QUON UOISI O1SAI0IORIN QUON D491 ‘Pb 33/3w 800 AN [#€] ‘Te 10 9sSLINAA
a3uer poo[q
Jwy/Su G[—G QAL
0 9sop pajrodar (A1
jou :oLeIpoe "W -Al[op
/Bugr-¢ gL pb  [munqeu
(snwrjoxrs jsod Sw ¢ uayy ‘peoy -Ioyeur)
ow gl syoom ¢) Aderoyjors[os QUON QUON QUON 3w GT [eI0 JRUIRIA [®I10 [¢€] ‘Te 10 uoIs3uIAT]
Tw/3u G1-01
our G| QuoN QUON [ojoueidoig QUON D4l ‘PIq ;w/3w 8°0 [e10 [z€] ‘Te 1o eiSioge]
(1 =u) erwojeyd
(1 =u) uon -soydodAy ‘(g =u)
-e[qe Aouanbayjorper eruadoydwA ‘(L =u)
(g =u) uone[qe Iose| SUONJAJUI Pl
(snurpoars jsod owr 20D ‘(L =u) A1a31ms {(1 =u) 9IS 19)ay)ed Tw/3u G101
K9'g—ow gajuey § ‘]=1u) qRUNZIOBAIQ auoN ‘(01 =u) Aderayjoro[os [re1did 1e uoneradn 4L ‘PIq ;w/3uw §°Q AN [1€] ‘1B 30 wjoyg
(snuwrpoars jsod owr (1 =u) Adexo Twy/3u G101
ow g7 ‘ow ¢ ‘oW ¢ ¢ ‘1 =u) AderayioIs[og QUON  -0I9[08 ‘(¢ =u) K193Ing SIIISOONJA] 4L ‘P1q w/Sw g0 AN [o¢€] ‘Te 10 Jowwrey
(snwrjoxs [6c] T80
ow 9] 3sod owr 91) A1931ng QUON QUON QUON pb jw/sur g0 [e10 BSOWLIOH-ZJ[BZUOD)
(g =1u) 19s¥]
70D ‘(1 =u) K1931ns YSel [RIO ‘BIWI[O Twy/3u G101 [82]
our g] ‘ow g ‘oW ¢ K QUON quoN ‘(¢ =u) Aderoyjoe[og -1318910y010d LY PIIA 4L ‘P1q ,w/Sw g0 [BI0 [ 30 Zoyoups Zowon
(snwrpoIrs Asted aaTou Tuy/3u G107
AN 3sod owr 1) A1931Ing QUON QUON JUQLINOAI JUSISURI], D4l ‘PIq Wy3w 80 AN [£Z] ‘Te 10 umpen
(e3reyosip
rendsoy 210§2q) A193
-Ins ‘(snwrjoxs jsod
AN sAep 1) Aderoyjors[ds KdeioyjoIa[os QUON AN AN AN [92] ‘Te 10 s1oueIg
uoniod
JS19BIOY) JO Uon
ow 7] QUON -09sa1 o1doosooeIoy, Kderoyjoepog QUON AN AN [#2] 'Te 10 Suay)
Tw/Su G101
ow 7| QUON KdeioyjoIa[ds Aderayyoo[og AN 4L ‘PIq wy3w 80 [®I10 [cz] oox pue Suey)
(snwirjons (1 =u ‘jojoueid
1sod owt [Z ‘T=N) -o1d pue [yeuap[Is)
‘ow | £ ¢ ‘owr ] uone[qe 19se] 70D QuoN  ‘(z=u) Aderoyjoe[og QUON AN AN [€2] ‘Te 30 oy
Qmnox
(91qeqreae uonenst
J1 Sutwm ym) syuow sjuow SJUQAD ISIOAPE -urwpe
uoneInp dn-mof[o] -JeoI) IOYMNJ ISYIQ  -JB9I) JUSIINOUOD Y0 sjuaunean Jord 10yi0 PAJB[OI-SNWI[OIS 9SOp SNWI[OIIS  SNWI[OIS SOOUAIJIY

SOIPN)S PAPN[OUI [[& JOJ SJUSLIIEAI) JUSLINOUOD PUE ‘SJUSAD ISIOAPE ‘SUWITOI JUSW)BAI],  d|qel

pringer

Qs



3537

European Archives of Oto-Rhino-Laryngology (2023) 280:3529-3540

(g=u) 93ey1io

-wory oNsAd (T =u)
ssouIzzIp ‘(9=1u)
uonounysAp oneday
(L, =u) uonodyur K10y
-endsar oddn (¢ =u)
BIuI9[0I9)sa[oyd1ad Ay

Tw/su g1

our /z—9 d3uey QUON QUON QUON ‘(¢ =u) snisoony 4L ‘Piq Jw/3w g0 [®I0 [6€] e 10 Sueyz
(1 =u) eruadonnau
(1 =u) uonour K10}
-exidsar soddn (] =u)
erwoepidisAp ‘(g =u)
UOTOLAI [BUN)SAIUIOT)
K1331ms -se3 (] =u) ewazod Twy/3u G101
ow g QUON QUON Jo/pue Ade1ayjoro[og ‘(9 =u) S2I0S YINOJN 4L ‘PIq ;w/3uw §°Q ®I10 [8€] Te 10 npap
(z=u) aseidjsuen
[AwreinS-ewres
ouw { ‘oW } ‘ow N JO uoneAdd (] =u) Twy3u g1+
€ ‘oW gf ‘owl [ ‘owr o¢  Jurwn ‘g =1u) K193 QUON QUON BIRPLIROA[SInIadAH D4l ‘PIq ;w/3w §°( N [£€] ‘Te 30 BURLLY,
(1=u) on3ney ‘(] =u)
ured yurof ‘(7 =u)
Surpos[q [enmsuawx
Ten3ona (] =u) yser
(¢ =u) snrurwesuer)
‘(¢ =u) SOPLIAdAISLN
PUE [019)S3[0YD
PARAJ (T =Uu) STOAQ[
BIOULIRID ‘(6 =1U) 19y31Yy JB SaNIdIX0)
$3I0S yInowr (¢ =1u) P[IW Uo paseq Jw
eruadonnau ‘(g =u) /3u €1 03 £ 0} paIyYs
(YN Surwm pue u) BISNeU/SISOW ‘(Q=u)  Joyyny “Juy/3u G pue
Ky—ow ] a3uey  A193Ins ‘Aderayjors[ds QUON Ade1ayyoro[og BWAZOD ‘SHIMN[[RD) O] D9l ‘Pb 83/3w g AN [9€] e 10 Asmoyokns
/31 01-¢
ow 8] QUON QUON QUON uorsualtadAy priA 4L ‘PIq W/3wW ®I1I0 [S1] Te 10 se[Suroy
(1=u) 101 Tw/Su g1-¢
-oueidoid pue spro1e)s a3uer onnaderay)
(1 =u) uorsnysuern 19518} WO 1<vsd
poo[q ‘(g =u) sqioy (1=u) wim sjuened ur pb
ow g ‘ow [BUISTPIU 3S3UTYT) LLYN ‘(1 =u) snpew Sw [ w(IIvsd
9 ‘ouwl QT ‘oW g ‘ou 4| QUON QUON pue Aderoyjoro[og -01s ‘(T =u) smnRe) Y sjuaned ur pb Sw ¢ [®I10 [s€] TR 10 DZO
qInox
(91qerreae uonenst
J1 Sutwn [Im) syusw syuaw SJUQAD 9SISAPE -urwpe
uoneinp dn-mo[[og -JBon) IOUMNY OYIQ  -1BAI) JUSLINOUOD Y30 siuaunedn Joud 10y10 PaIR[QI-SNWI[OIIS 9SOp SNWII[OIIS  SNWI[OIIS SOUQIJY

(ponunuoo) ¢ sjqey

pringer

a's



European Archives of Oto-Rhino-Laryngology (2023) 280:3529-3540

3538
=
9]
B
—
=
=)
o
?
z
S
=
o
[t
S
L=
Lo
52
£E
=
2=
= 2
-
ERCC)
EZ=z
ﬁog
O E =
&
<
[0}
=]
=
=
[0}
-
=
=]
Q
<]
5)
Q
— A
ER-
= O
O E
2}
a
=
Q
g
]
]
&
-
3]
2
-
a
bt
5}
<
=
)
=
8
5 £
;e
Z o
£z
=
[
g5
R~
n &
5]
72}
o
3
W
=
g
5
£
N
172
= =
Es8
= .53
g EE
a0 2
©n 3.2
-
Ee)
Q
=
=
g
=
813
S8
< |5
(] e
2|3
Bl
@Springer

route

NR

Mean 27.5 mo

=2,

Sclerotherapy (n

None

NR

Nausea (n=1)

0.8 mg/m2 qd, titrated

Zobel et al. [40]

timing NR)

to goal trough level

between 10 and 15 ng/

NR not reported (at least for the lymphatic malformation population), TBC target blood concentration, bid bis in die, gd quaque die, y years, mo months

Preliminary data from our review show that such lower
plasma concentrations also retain their effect for LM.

In the context of this systematic review, we strived to
minimise bias in the selection of articles and extraction of
the data. With this in mind, we did not choose time limits
for our searches and included all article types to maximise
the knowledge base. Nevertheless, we are indeed aware that
the inclusion of case reports introduces a significant publica-
tion bias towards good results (or as a general rule, based on
this review), extremely dire adverse events [45]. We believe
that allowing for such bias was a fair compromise due to
the lack of literature focusing on this rare disease. Another
limitation of our study was the impossibility of assessing
therapeutic success objectively, as neither volume reductions
nor other specific metrics were consistently reported across
articles. Instead, we chose to report the clinical response
rate, adhering to each article authors’ view on what could
be considered as such. This need for consistent reporting
(which should start with using De Serres stages [18] and
the Cologne Score System) is a major feature upon which
future studies should focus. Last, but not least, to minimise
heterogeneity, we excluded from this review venolymphatic
malformations and complex LM, which are addressed even
more sparsely in the literature but remain a potential tar-
get for sirolimus therapy. In addition, a few crucial aspects
were missing from the data reviewed. First, the nature and
degree of sirolimus-related infections, which are feared and
frequently discussed complications. Even more importantly,
there were no data on the long-term risks of treatment with
sirolimus in the paediatric population. In fact, there no data
were reported on the ideal duration of treatment, with some
authors advocating for a ‘short course’ of 6-12 months and
others suggesting the need for a treatment duration of indefi-
nite length. This discrepancy raises potential concerns that
are implicit based on the biological action of the drug.

Conclusion

Our findings confirm that sirolimus is a potential treatment
for simple LM, with encouraging clinical response rates and
manageable side effects. Further characterisation of affected
patients and LM, including an improved definition of ther-
apeutic ranges and a systematic evaluation of treatment
results would allow for a more targeted selection of candi-
dates, with improved overall results. We advocate further for
multicentre and ultimately randomised, studies on sirolimus
treatment for LM, and for improved care and effective treat-
ment options for this vulnerable paediatric population.
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