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Introduction

Kaposiform hemangioendothelioma (KHE) is a rare, 
aggressive, and infiltrative vascular tumor that usually 
develops within the first year of life. Classically, KHE pre-
sents on the skin, affecting deeper tissues by infiltrative 
growth, including bone, mediastinum, and retroperito-
neum; very rarely, KHE develops at multiple sites.1

KHE may cause a coagulopathy, Kasabach–Merritt phe-
nomenon (KMP), which involves platelet trapping in KHE, 
resulting in thrombocytopenia and consumptive coagulopa-
thy. The mortality rate of KHE is high (20%–37%) and 
KMP is considered responsible for the significant morbid-
ity and mortality.1

Regarding therapies for KHE, arterial embolization or 
surgical therapy is suitable for some patients. Several 

pharmacotherapies, including prednisolone, interferon-α, 
vincristine, and propranolol, have been used; however, 
none has been uniformly effective and a promising therapy 
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has not yet been identified so far.2 Recently, sirolimus, a 
mammalian target of rapamycin (mTOR) inhibitor, usually 
used as an immunosuppressant after renal transplantation, 
has appeared effective even in patients refractory to con-
ventional therapies.3–8

Here, we describe the clinical course of a 12-year-old 
girl with KHE accompanied by KMP. Despite conventional 
therapies including corticosteroid, vincristine, and propran-
olol, 10 years after the initial diagnosis, she had exacerba-
tion of the disease with infiltration of subcutaneous tissues 

of the facial skin as well as deterioration of coagulopathy. 
We treated her with sirolimus and further discuss the clini-
cal significance of the use of mTOR inhibitors in the treat-
ment of KHE.

Case report

The initial diagnosis was made after the patient presented 
with an expanding mass in the right external auditory canal 
at 4 years of age. Computed tomography (CT) revealed that 
the tumor was located in the anterior wall of the right exter-
nal auditory canal and was associated with osteolysis. A 
whole body examination using systemic CT demonstrated 
multiple low-density lesions in the spleen and osteolysis in 
multiple sites, including the long bones of the extremities 
and the thoracic and lumbar vertebrae, suggesting 
Langerhans histiocytosis. However, examination of a punch 
biopsy sample of the right external auditory canal revealed 
a tumor nodule beneath the epidermis. Surgically resected 
tissues were fixed with 10% buffered formalin and embed-
ded in paraffin. Tissues were sliced in 4-μm sections and 
then stained with hematoxylin and eosin (Figure 1(a), ×7 
and (b), ×40). It comprised diffuse proliferation of spindle 
cells and hematovascular channels with finely granular 
hemosiderin deposition. Glomeruloid structures were  
seen sporadically merging with diffuse zones. Thin- 
walled lymphatic channels surrounded the tumor nodule. 
Immunohistochemical analysis revealed that the neoplastic 
cells were positive for CD31, CD34, and D2-40 (Figure 
1(c)). From these pathological findings, the patient was 
diagnosed with KHE. Moreover, the platelet count was 
33 × 103/mL and the serum levels of fibrinogen and fibrin-
degraded protein (FDP) were 76 mg/dL and 30.7 ng/mL, 
respectively, indicating that the patient had accompanying 
coagulopathy with the KHE (KMP). She received predni-
solone (initial dose, 2 mg/kg/day) to manage the coagulopa-
thy and the dose of prednisolone was tapered. Next, 
interferon-α therapy was started; however, this was ineffec-
tive, evidenced by no shrinkage of the KHE and no resolu-
tion of KMP. She continued to receive prednisolone to 
manage the coagulopathy. Five years after the initial diag-
nosis, the patient received vincristine therapy (1.5 mg/m2/
week) for 3 months and, eventually, prednisolone was dis-
continued; however, deterioration in KMP was observed 
and prednisolone was restarted. Because propranolol is 
reportedly efficacious in severe hemangioma in infancy,9 
the patient was administered propranolol (2 mg/kg) for 
6 months. Unfortunately, there were no effects on the KHE 
with KMP. Therefore, low-dose prednisolone administra-
tion (0.3 mg/kg/day) was necessary to manage the coagu-
lopathy due to KHE. Ten years after the initial diagnosis, 
the patient presented with painful facial ecchymosis with 
subcutaneous induration (Figure 2). Her blood tests showed 
that the red blood cell (RBC) count was 216 × 109/L, the 
level of hemoglobin was 6.8 g/dL, and the platelet count 
was 15 × 103/μL. Serum levels of fibrinogen and FDP were 

Figure 1. Pathologic findings and immunohistochemical staining 
for the mTOR pathway using paraffin embedded sections of 
the patient’s tumor tissue. (a) Diffusely proliferating spindle 
neoplastic cells are merging with sporadical glomeruloid 
structures. Dilated lymphatic channels are in the periphery 
of the tumor nodule beneath the epidermis. (b) Neoplastic 
cells are forming compressed vessels with brown stippled 
hemosiderin. (c) D2-40 is identified in the neoplastic cells 
sparing central area of a glomeruloid structure. D2-40 is densely 
expressed in the surrounding lymphatic channels. The sections 
have also been stained for primary antibodies to (d) mTOR, 
(e) phospho-mTOR, (f) AKT1, and (g) phospho-AKT. The 
endothelial cells of stromal vessels in the KHE tissue (black 
arrows) expressed AKT and mTOR proteins that are also 
positive when probed with anti-phosphoprotein AKT (p-AKT), 
and anti-phosphoprotein mTOR (p-mTOR) antibodies.
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78 mg/dL and 49.8 ng/mL, respectively. Magnetic reso-
nance imaging (MRI) revealed that the KHE infiltrated the 
subcutaneous tissue with deterioration of KMP (Figure 2). 
Therefore, she was treated with prednisolone (1.5 mg/kg/
day) in addition to propranolol (2 mg/kg/day) and weekly 
vincristine (1.5 mg/m2/week) therapy. However, even dur-
ing the combination therapy, the ecchymoses on her face 
expanded, and blood transfusion of RBCs and concentrated 
platelets was required to stop nasal bleeding caused by the 
deteriorated KMP. Finally, we decided to use sirolimus to 
rescue the patient from the life-threatening status. Pertaining 
to the use of sirolimus, informed consent was obtained. The 
initial dosage was 0.8 mg/m2 per dose administered twice 
daily (2 mg/body/day), approximately every 12 h, accord-
ing to the dosing schedule reported by Adams et al.10 The 
administration of vincristine and propranolol was ceased; 
however, prednisolone was continued with sirolimus. Two 
weeks after the patient was started on sirolimus, the hemo-
globin level had increased from 8.5 to 10.1 g/dL, and after 
3 weeks, the platelet count had increased from 24 × 103/μL 
to 44 × 103/μL (Figure 2). The platelet counts recovered up 
to 5 × 103/μL after 1 month, and the coagulopathy resolved. 
The patient was discharged from the hospital and continued 
to receive sirolimus as an outpatient. After 2 months, MRI 
showed marked shrinkage of the vertebral KHE lesions 
demonstrated as high-intensity areas on T2-weighted imag-
ing (Figure 2). In addition, the patient’s facial ecchymosis 
with subcutaneous induration shrank gradually. She had no 
adverse effects with use of sirolimus; therefore, we 
increased the dose of sirolimus to 3 mg/body/day (0.1 mg/
kg) at 6 months because of plateauing of the platelet counts 

at approximately 50 × 103/μL. Prednisolone was gradually 
reduced and finally discontinued 8 months after the initia-
tion of sirolimus. The patient was then treated with siroli-
mus alone for 23 months and further improvements were 
identified on blood tests, MRI (at 9 months), and physical 
examination (at 36 months) without side effects (Figure 2). 
No recurrence of the disease has occurred at 27 months 
after the cessation of sirolimus.

To examine whether the mTOR signaling pathway was 
actually activated in the KHE tissue, we performed immu-
nohistochemical staining for the mTOR pathway, including 
AKT and mTOR, using paraffin embedded sections of the 
patient’s tumor tissue. AKT and mTOR proteins were posi-
tive in the cytoplasm of endothelial cells that lined stromal 
vessels in KHE tumor tissue and these cells were also posi-
tive when probed with anti-phosphoprotein AKT (p-AKT) 
and mTOR (p-mTOR) antibodies (Figure 1(d)–(g)), indi-
cating constitutive activation of the AKT/mTOR signaling 
pathway in the KHE.

Discussion

We present an unusual case of KHE diagnosed at 4 years of 
age. KHE is typically seen in infancy; additionally, in this 
case, the disease had spread to multiple sites in the bone 
and spleen tissue other than the skin, suggesting that the 
disease in the presented case had similar clinical character-
istics to kaposiform lymphangiomatosis (KLA), a recently 
described entity.11 Because KHE and KLA have very simi-
lar histopathologic characteristics,11 we reviewed the path-
ologic findings of the biopsied specimens obtained at 

Figure 2. Clinical course.
VCR: vincristine; RCC: red cell concentrates; PC: platelet concentrates.
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diagnosis to confirm the pathologic diagnosis. As a result, 
histology of the present tumor was consistent with KHE. 
Furthermore, all patients with KLA had mediastinal 
involvement and the most common presentations were res-
piratory symptoms;11 however, our patient exhibited no res-
piratory symptoms during the clinical course. Taken 
together, we believed that the diagnosis of the case was 
KHE with a unique clinical picture and course, with the 
exacerbation despite conventional therapies 10 years after 
the initial diagnosis.

According to the summary of the National Institutes of 
Health (NIH) consensus working group,2 pharmacological 
treatment of KHE, although not always curative, aims to 
suppress tumor growth activity and control coagulopathy. 
Corticosteroids, considered first-line therapy, have never 
been prospectively investigated. Furthermore, a positive 
response may not be long-lasting. A promising therapy for 
infantile hemangioma, propranolol, has been reported to 
have limited efficacy in KHE.12 Interferon-α and vincris-
tine have also been widely used with some reported suc-
cess,13,14 but they caused unacceptable side effects in some 
patients. In our case, vincristine administration induced 
pancytopenia and resulted in the worsening of the KMP.

Interaction between vascular endothelial growth factor 
(VEGF) and VEGF receptors on the endothelial cells of 
hemangioma activates several signaling pathways essen-
tial for proliferation of hemangioma.15 Moreover, the 
major signaling pathway involved in hemangioma growth 
is the AKT/mTOR signaling pathway.16 We showed the 
constitutive activation of the AKT/mTOR signaling path-
way in the endothelial cells of vessel-like structures in the 
KHE tumor tissue. Although the precious mechanisms 
remain undermined, blocking of mTOR activity by siroli-
mus resulted in the rapid and dramatic improvement of 
coagulopathy and shrinkage of KHE without side effects. 
Furthermore, it is notable that the efficacy has been last-
ing for 27 months after the cessation of sirolimus. From 
these observations, sirolimus is considered a strong candi-
date for a molecular targeting of drug in the treatment of 
KHE.

This is the first case report of a girl with KHE with con-
stitutive activation of the AKT/mTOR signaling pathway in 
the tumor tissue. Our experience and findings described in 
this article lead us to believe that sirolimus is superior to 
conventional treatments and should be incorporated into 
the first therapeutic regimen in KHE with KMP. Clinical 
trials will be needed to clarify the promising efficacy of 
sirolimus in the treatment of KHE.
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