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Abstract 

We present a rare case of KRAS keratinocytic epidermal nevus syndrome with lymphatic mal-

formation, responsive to treatment with sirolimus, an mTOR inhibitor. A brief review of the 

current literature regarding sirolimus use in vascular malformations, lymphatic malformations, 

regional overgrowth syndromes, and RASopathies is discussed. 

 © 2021 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Vascular malformations (VM), lymphatic malformations (LM), and regional overgrowth 
syndromes are rare conditions that result predominantly from somatic gene mutations [1]. 
Mosaicism and the timing of the mutation during development cause phenotypical variance, 
resulting in variable disease progression and overlapping features that make diagnosis 
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difficult [2, 3]. Genetic research has shown the PI3K/AKT/mTOR pathway, especially the 
PIK3CA gene, and to a lesser degree the RAS/MAPK/MEK pathway play key roles in the regu-
lation of angiogenesis, lymphangiogenesis, and cell growth [1, 3, 4]. Two overgrowth disor-
ders associated with these pathways are congenital lipomatous overgrowth, VM, epidermal 
nevi, and spinal/skeletal anomalies syndrome (CLOVES) and epidermal nevus syndrome 
(ENS). Only four cases of keratinocytic ENS (KEN) involving a KRAS mutation, and one case of 
melorheostosis with linear epidermal nevus of KRAS mutation, have been reported [5–9]. 

Treatment of overgrowth syndromes, LM, and VM is often difficult as few effective medi-
cal treatments exist and surgically removed growths can recur [10–13]. Gene elucidation has 
allowed for more targeted therapies, including novel medications and the repurposing of pre-
existing medications such as sirolimus, an mTOR inhibitor, to be used, particularly where 
PIK3CA mutations are present [4, 10–12]. However, little evidence currently exists as to the 
efficacy of sirolimus in non-malignant somatic RAS mutation conditions. We report such a 
case. 

Case 

A 21-year-old man with KEN presented with worsening lymphangiectasia of the right 
thigh. Diagnosed with KEN at age 4, he had aortic coarctation repair at the same age, bronchial 
artery haemorrhage and haemothorax with embolization repair at 16, hypertension, an ante-
rior mediastinal mass, a hypoplastic right lung, bronchiectasis, and a congenital underdevel-
oped right kidney. Right-sided fibrous dysplasia with decreased mineralisation resulted in 
multiple prior fractures that healed poorly and necessitated lower leg amputation at age 13. 

Clinical exam was significant for right-sided hypertrophy and multiple whorled, hyper-
pigmented and verrucous lesions in a Blaschkoid distribution to his torso and limbs, with right 
intra-knee amputation (Fig. 1). Persistent haemoserous ooze from the lymphangiectasia in the 
region of right hip, buttock, and thigh resulted in recurrent infections and severe anaemia re-
quiring blood transfusion. Pain and swelling, leading to inability to use his prosthesis, neces-
sitated the use of a wheelchair and significantly affected his quality of life. 

The worsening lymphangiectasia with this history suggested a PIK3CA-related over-
growth spectrum (PROS) disorder diagnosis such as CLOVES. Samples were taken from his 
right thigh for genetic testing to confirm the genetic mutation. As frequent wound dressings, 
bleach baths, emollients, antibiotics, lymphoedema physiotherapy, iron infusion, and blood 
transfusions were having limited benefit, sirolimus as a novel treatment for PROS was initi-
ated at a dose of 2 mg daily. Within 1 month, improvement was noted with a reduction in 
haemoserous ooze, malodour, reduced frequency of dressings, and a noticeable clearance of 
some sections of pre-existing lymphangiectasia (Fig. 2). Few, small and non-weeping new ar-
eas were noted. 

Genetic results received at this stage revealed a KRAS c35G>A, p.(Gly12Asp) mutation. 
Sirolimus was continued due to beneficial effect with the only adverse effect noted being ab-
dominal pain manageable with simple analgesia that self-resolved within days of commencing 
treatment or dose change. Clinical improvement has been stable for 6 months with sirolimus 
dose titrated to a trough level of 5–9 μg/L. Current dosing is 2 mg on weekdays and 1 mg on 
weekends. 
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Discussion 

Genetic research in recent years has begun to elucidate some of the genes involved in 
LM, VM, and overgrowth syndromes, enabling some diagnostic clarity. Considered a PROS 
disorder, a diagnosis of CLOVES is now more exclusive as it requires that a PIK3CA mutation 
be present in addition to a combination of the clinical features described in its name [13]. 
Conversely, ENS can involve different gene mutations despite it being considered a “mosaic 
RASopathy” due to a third of its cases reportedly involving a RAS mutation [5]. This differen-
tiates ENS from the traditional RASopathies that have germline mutations rather than so-
matic mutations, such as neurofibromatosis-1 and Noonan syndrome [5]. For an ENS diag-
nosis a hamartomatous epidermal nevus overgrowth and a systemic anomaly must be pre-
sent, such as ocular, skeletal, cardiovascular, or neural anomalies [2]. Whilst mutations in 
PIK3CA, FGFR3, HRAS, NRAS, and KRAS have all been reported in ENS, KRAS is predomi-
nantly found in sebaceous subtypes with only four cases of KRAS mutation KEN and one case 
of melorheostosis with KRAS linear epidermal nevus reported [2, 5–9]. 

At initial review of our patient, the combination of Blaschkoid epidermal nevus, LM with 
history of internal VM requiring embolization, hypoplastic right kidney, right sided skeletal 
asymmetry, and history of anterior mediastinal mass, possibly lipomatous, seemed to meet 
diagnostic criteria for CLOVES [13]. However, this was negated by the lack of PIK3CA gene 
mutation [13]. A rare diagnosis of KEN with KRAS mutation was instead established. 

In initially making a clinical CLOVES diagnosis for our patient, a trial of oral sirolimus 
treatment was undertaken. An mTOR inhibitor approved as an immunosuppressant in trans-
plant patients, discovery of the PI3K/AKT/mTOR pathway’s role in LM, VM, and associated 
overgrowth syndromes led to sirolimus being used as a palliative treatment for a severe vas-
cular anomaly in a child, with resultant decreased anomaly size [4]. Numerous studies but few 
trials have been reported since, and only one report of an NRAS mutation VM showing a re-
sponse to sirolimus exists [4, 14]. Recent reports note sirolimus is generally efficacious and 
safe in treating various VM, LM, and some overgrowth conditions, particularly where PIK3CA 
mutations are present, including in PROS [10–12]. 

With KRAS mutation found, the effect of sirolimus on our patient is not completely under-
stood. It may be explained by the interconnection between the RAS/MAPK/MEK and 
PIK/AKT/mTOR pathways that has been described in recent years, with RAS influencing both 
PI3K/AKT and its downstream substrates [3, 15]. Vascular endothelial growth factors (VEGF) 
that regulate angiogenesis and lymphangiogenesis are stimulated by the two paths activating 
mTOR signalling, with mutations producing enhanced signalling that results in overstimula-
tion and growth [3, 11, 14, 15]. Mutations of KRAS in particular have been associated with 
lymphangiectasia in developmental RASopathies such as Noonan syndrome [15]. Sirolimus 
has therefore been used in these RASopathies, with beneficial effect reported in a few case 
reports and series, with ongoing trials into their use occurring [14]. However, this is the first 
reported case of beneficial sirolimus effect in a KRAS mosaic RASopathy. 

Adverse effects of sirolimus reported in the literature include hypercholesterolaemia, de-
ranged liver function, thrombocytopenia, leukopenia, stomatitis and mucositis, abdominal 
pain, nausea, and infections including respiratory tract, sinusitis, cellulitis, and bacteraemia, 
but sirolimus is reported overall to be well tolerated without significant adverse effects [10–
12]. This is consistent with our patient’s report of tolerable and brief abdominal pain. With 
the potential blood dyscrasias and the need to titrate the dose to a trough of 5–9 μg/L, regular 
review and pathology are needed, including full blood count, biochemistry, liver function tests, 
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and lipids. The protocol we followed involved monthly blood tests for the first 3 months, with 
reduced frequency from then if stable. Sirolimus trough levels were taken 10–12 hours after 
dosing at days 5, 12, and 26, with dose titrated accordingly. Clinical review was conducted 
every 2–3 months with phone consults between visits as needed. Duration of treatment 
needed in these conditions is not clear from the literature and varies for each patient [4]. 

With current research into more targeted agents, it may be possible to offer our patient a 
novel medication in the future. For now, our patient is receiving definite benefit from siroli-
mus with minimal and transient adverse effects. Whilst sirolimus is not a direct treatment for 
KRAS mutation somatic syndromes, our case adds to the limited evidence that it can be a ben-
eficial and well-tolerated treatment in such cases. 
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Fig. 1. Right thigh pre-sirolimus initiation. 
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Fig. 2. Right thigh 10 weeks post sirolimus initiation. 
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