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Successful Everolimus Treatment of Kaposiform
Hemangioendothelioma With Kasabach-Merritt
Phenomenon: Clinical Efficacy and Adverse Effects of mTOR
Inhibitor Therapy
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Summary: Kasabach-Merritt phenomenon (KMP) is a life-threat-
ening consumptive coagulopathy associated with underlying
kaposiform hemangioendothelioma (KHE) in infancy. We describe
the case of a 3-month-old girl with KHE complicated by KMP who
responded dramatically to treatment with everolimus, a mecha-
nistic target of rapamycin (mTOR) inhibitor. Immunohistochem-
ical expression of mTOR was found in the KHE biopsy specimens,
which may explain the improvement of KMP and reduction in
KHE tumor size with mTOR inhibitor treatment. This effective use
of everolimus may shed light on the emerging role of mTOR sig-
naling in the development and pathogenesis of KHE and KMP.
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Kasabach-Merritt phenomenon (KMP) is a life-threat-
ening, consumptive coagulopathy associated with
underlying kaposiform hemangioendothelioma (KHE) and
tufted angioma in infancy.! The mortality rate from hem-
orrhagic complications of KMP can be as high as 30% and
patients often require multidrug or multimodal regimens.>>
In 2010, Blatt and colleagues reported the first case of KMP
treated with a mechanistic target of rapamycin (mTOR)
inhibitor, sirolimus. There are several reports of KHE
patients treated with sirolimus; almost all had rapid

Received for publication July 28, 2015; accepted January 11, 2016.

From the *Department of Pediatrics, Gifu Prefectural General Medical
Center; Departments of fPediatrics; {Orthopedic Surgery; |[Path-
ology, Gifu University Graduate School of Medicine, Gifu Uni-
versity, Gifu; and §Department of Pediatrics and Cell Trans-
plantation, Mie University Graduate School of Medicine, Tsu,
Japan.

Supported in part by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science and Technology of
Japan (25461587); a Health and Labour Science Research Grant for
Research on Intractable Diseases from the Ministry of Health,
Labour and Welfare of Japan received by M.O.; and Practical
Research Project for Rare/Intractable Diseases from Japan’s
Agency for Medical Research and Development, AMED
(15A¢ek0109057h0102).

The authors declare no conflict of interest.

Reprints: Michio Ozeki, MD, PhD, Department of Pediatrics, Grad-
uate School of Medicine, Gifu University, Yanagido 1-1, Gifu 501-
1194, Japan (e-mail: michioo@gifu-u.ac.jp).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

| Pediatr Hematol Oncol e Volume 00, Number 00, BB 2016
Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

and Toshiyuki Fukao, MD, PhDt

improvement without severe side effects. mTORs are
promising agents in treating refractory KHE with KMP;
however, the mechanism by which mTOR inhibitors act in
KHE with KMP and whether mTOR inhibitor therapy is
safe in infants remain unclear. We report a case of suc-
cessful use of another mTOR inhibitor, everolimus, in an
infant with KHE with KMP. We also discuss the clinical
efficacy and adverse effects of mTOR inhibitors for KMP
with a review of the literature.

CASE REPORT

A 3-month-old female infant was admitted to our hospital
with an expanding, painful, infiltrative mass of the shoulder.
Physical examination revealed purpuric lesions on the infant’s legs
and a solid tumor (2x5cm) over the right scapula, without
inflammation (Fig. 1A). Laboratory testing revealed thrombocy-
topenia (12,000/mm?) and evidence of coagulopathy (decreased
fibrinogen at 105mg/dL, elevated D-dimer at 49.5pug/mL, and
fibrin/fibrinogen degradation products [FDP] at 85.9 pg/mL).
Contrast-enhanced computed tomography and gadolinium-
enhanced magnetic resonance imaging showed a heterogenous
mass without invasion in the region of the right shoulder (Figs. 1B,
C). On admission, the clinical diagnosis was KHE with KMP.
Because surgery was not optimal treatment, the patient was treated
with fresh-frozen plasma, thrombomodulin (380 U/kg/d), and
propranolol (3 mg/kg PO divided q 8h) for 1 week. However, these
treatments were not effective and the patient required frequent
platelet transfusions for persistent severe thrombocytopenia (pla-
telet counts < 10 x 10?/L) with generalized purpura and melena. On
the 10th day after admission, the patient developed severe gastro-
intestinal bleeding, with worsened thrombocytopenia (9000/mm?)
and hypofibrinogenemia (82mg/dL) and elevated D-dimer
(74.9 pg/mL) and FDP (137.7 ug/mL). We considered other treat-
ment options, including corticosteroids, vincristine, and radio-
therapy; however, these treatments can cause adverse effects in
infants. We decided instead to treat with an mTOR inhibitor.
Because sirolimus, which had been used in previous studies, was
not available in Japan at that time, we chose an alternate mTOR
inhibitor, everolimus, which was approved for immunosuppressive
therapy. The treatment was approved by the review board at our
hospital and a written informed consent was obtained from the
patient’s parents. Everolimus was started at 0.2mg/kg/d (week 0).
Dose adjustments were made to maintain the desired drug trough
level of 5 to 15ng/mL. One day after initiation of everolimus, D-
dimer and FDP levels decreased dramatically (D-dimer, 34.7 pg/
mL; FDP, 62.9pg/mL) (Fig. 2). The patient’s gastrointestinal
bleeding resolved immediately without platelet transfusion. D-
dimer and FDP normalized by 19 days after everolimus initiation.
After 4 weeks of everolimus treatment, the drug was discontinued
because of dyslipidemia (highest triglyceride level, 1843 mg/dL;
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FIGURE 1. Macroscopic, radiologic, and histologic findings. A, Macroscopic appearance of the noninflammatory solid tumor over the
right scapula at admission. B, Coronal section of gadolinium-enhanced T1-weighted magnetic resonance imaging (MRI) shows
a heterogenous mass without invasion in the right shoulder. C, Axial view of gadolinium-enhanced T1-weighted MRI of right shoulder.
D, Hematoxylin and eosin stain of biopsy specimen showing proliferation of tightly packed spindle-shaped endothelial cells ( x 400).
E, Mechanistic target of rapamycin immunostaining of biopsy specimen showing nuclear and cytoplasmic expression in the tumor
cells (x400). F, MRI 12 weeks after initiation of everolimus shows obvious tumor shrinkage.

highest total cholesterol level, 518 mg/dL; lowest high-density lip-
oprotein cholesterol level, 21 mg/dL), which required bezafibrate,
tocopherol, and ursodeoxycholic acid treatment. However, 2 weeks
later, FDP and D-dimer levels were elevated again, so everolimus was
restarted. FDP levels immediately normalized and the patient’s pla-
telet count gradually increased. Everolimus was discontinued after 5
weeks of treatment. The tumor continued to decrease in size until it
was no longer palpable. The patient’s platelet count returned to
normal, and her coagulopathy resolved. An open biopsy of the
patient’s shoulder region in week 14 resulted in a diagnosis of KHE
(Fig. 1D). The tumor cells showed strong nuclear and cytoplasmic
expression of mTOR on immunohistochemistry (Fig. 1E). We
observed no adverse drug reactions other than reversibie

dyslipidemia. The patient has had hematologic remission with
ongoing propranolol treatment in 8 months of follow-up; repeat
magnetic resonance imaging demonstrated dramatic tumor shrinkage
(Fig. 1F).

DISCUSSION
This is the second report of a patient with KHE suc-
cessfully treated with everolimus, an mTOR inhibitor.
Immunohistochemistry revealed that the KHE tissue had
enhanced expression of mTOR. This finding may explain
the clinical efficacy of mTOR inhibitors in patients with
KHE or KMP. The reported side effects of mTOR
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FIGURE 2. Changes in platelet count, fibrin degradation products (FDP), and D-dimer levels with everolimus treatment.
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Everolimus for Kaposiform Hemangioendothelioma

inhibitors are not severe; our patient experienced reversible
but severe dyslipidemia. Monitoring for side effects is very
important during mTOR inhibitor therapy.

We reviewed reports of 15 severe KMP cases with KHE
treated with mTOR inhibitors, including our patient
(Table 1).>-12 Almost all patients had been pretreated with
multiple agents without apparent response. In total, 13 were
treated with sirolimus and the other 2 (patient 12 and our
patient) with everolimus. All patients had a significant
response to mTOR inhibitor treatment. The average time to
response (platelet level stabilization or coagulopathy reso-
lution/lesions becoming pale, soft, or shrunken) was
13.1 &£ 17.3 days (range, 2 to 63d). The average time to
platelet stabilization (levels consistently above 100,000/mm?>)
and coagulopathy resolution (normalization of coagulation
tests) was 31.1 + 31.6 days (range, 5 to 112d). The average
duration of therapy was 8.5+ 6.8 months (range, 1 to

27mo). Five patients discontinued mTOR inhibitors. There
was no recurrence of symptoms in any of the patients.

There are few reports describing mTOR expression in
KHE lesions. Although Blatt et al* reported negative
mTOR expression in a tumor specimen, the authors indi-
cated that the biopsy specimen was too small to be con-
fident that this result was representative. This is the first
report of significant mTOR expression found in KHE tissue
on immunohistochemistry. This finding may partially
explain why mTOR inhibitor treatment improved KMP
and reduced KHE tumor size in our patient.

mTOR is a serine/threonine kinase regulated by
phosphoinositide-3-kinase. It acts as a master switch for
numerous cellular processes, including cellular catabolism
and anabolism, cell motility, angiogenesis, and cell
growth.!3 KMP is a locally aggressive lesion that can trigger
platelet trapping, resulting in profound thrombocytopenia,

TABLE 1. Reported Clinical Features and Outcomes of Treatment With mTOR Inhibitors in Patients With Refractory KHE With KMP

Age at Time Until Time Until
Patient Initial Response to Stabilization of
No. Diagnosis/ Affected Locations Previous mTOR Thrombocytopenia
(Ref) Sex and Complications Treatment(s) Inhibitor and Coagulopathy Side Effects
14 2mo/F  Right shoulder PSL, mPSL, VCR, 14d 42d None
serial embolization,
sclerotherapy, Prop,
Bev
2 (5 10mo/F  Abdomen, back, Steroids, VCR, CY, 4d 10d Mucositis (grade II),T
chest, left leg IFN, Bev, dyscholesterolemia
Embolization (grade Dyt
3(6) Sd/F Pelvis and PSL, Prop, VCR, CY Not described 4wk Not described
retroperitoneum
4(7) Smo/F  Neck and back Steroids, VCR, CY 4d 10d Mucositis (once)
50 Smo/M  Face, neck, mouth, Steroids, VCR, IFN 7d 20d Elevated platelets
retropharynx, (500-600 x 10°/1)
and paratrachea
(right)
6 (7 20d/F  Buttocks and Steroids, VCR 6d 5d Failure of BCG vaccination
perianal region
(left)
77 4mo/F  Face, neck, and Steroids, VCR 5d 14d None
parotid gland
(right)
8 (7) Imo/M  Left back Steroids, VCR 5d 28d None
9(7 3mo/M  Retroperitoneal, Steroids, VCR 5d 14d Increased ALT/AST
back (left)
10 (8) 11mo/M Axilla, chest wall ~ PSL, Prop, local 2d 13d None
(left) interstitial laser
application, VCR
11 (9) 3y/M  Neck and thoracic None A few days 28d None
inlet.
Laryngomalacia
12* (10) 8y/M  Retroperitoneal Prop, PSL, VCR 9wk Coagulopathy Stomatitis, erythematous
improved after skin rash, a sense of
previous treatments worthlessness, moderate
dyslipidemia
13 (11) 3mo/M  Right femur mPSL, VCR, 28d 4mo None
14 (12) 4mo/F  Lower left Prop, mPSL, VCR Not described 21d None
abdominal wall
This 3mo/F  Right shoulder Prop 14d 13wk Dyslipidemia
study*

*Treated with everolimus.
tCommon Terminology Criteria for Adverse Events (CTCAE) Ver.4.

ALT indicates alanine transaminase; AST, aspartate transaminase; Bev, bevacizumab; CY, cyclophosphamide; F, female; IFN, interferon; KHE,
Kaposiform Hemangioendothelioma; KMP, Kasabach-Merritt Phenomenon; M, male; mPSL, methylprednisolone; mTOR, mechanistic target of rapamycin;

Prop, propranolol; PSL, prednisolone; Ref, reference; VCR, vincristine.
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an enlarging lesion, and consumptive coagulopathy with
significant hypofibrinogenemia.'* KMP is refractory to
platelet transfusion, which often causes painful tumor
engorgement, indicating that the condition is not an
intrinsic platelet defect. Therefore, platelet transfusion is
contraindicated for KMP patients without severe bleeding.’
The phosphoinositide-3-kinase /Akt pathway is possibly
associated with the activation of tissue factor, which plays a
key role in clotting function.!> Twice, our patient experi-
enced rapidly decreasing D-dimer and FDP levels on the
day after initiation of everolimus treatment. One explan-
ation for this rapid improvement may be that mTOR
inhibitors have a direct impact on clotting abnormalities
and play a primary role in interactions between platelets
and endothelial cells.

Everolimus is a derivative of sirolimus and has a very
similar side-effect profile. It has a shorter elimination half-
life (about 30h) and greater relative bioavailability, com-
pared with sirolimus.!® Our patient needed to suspend
everolimus treatment because of severe dyslipidemia.
mTOR inhibitors can adversely affect renal function, bone
marrow, and cholesterol metabolism. Among the 15
reported cases (Table 1), 7 patients had mild or moderate
side effects, including oral lesions, stomatitis, increased
alanine transaminase/aspartate transaminase, eryth-
ematous skin rash, and dyslipidemia. In a study of ever-
olimus treatment for pediatric renal transplantation, dysli-
pidemia was detected in 10% to 60% of treated children.!”
In that report, most patients with dyslipidemia experienced
spontaneous improvement after treatment interruption.
The concentration of triglycerides and low-density lip-
oproteins increased in association with the mTOR inhibitor
dose. It is important to monitor the serum concentration of
mTOR inhibitor to recognize these toxicities promptly.

In conclusion, the clinical response to mTOR inhib-
itors, such as sirolimus and everolimus, may be related to
high mTOR expression in KHE lesions. mTOR inhibitors
may suppress tumor cell growth and modulate coagulo-
pathies. Further study is needed to elucidate whether his-
tologic mTOR expression in tumor tissue predicts the
therapeutic effects of mTOR inhibitors. Prospective studies
are needed to define the best systemic therapies for KHE
with KMP and the optimal duration of treatment.
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A review of the fetal ultrasonographic findings
in congenital cystic lung diseases
Noriaki Usui”, Kengo Nakahata” ', Masahiro Zénitm"j Keigo Nara® Takehzsa Ueno”
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Purpose: This study reevaluated the fetal ulirasonographic findings of prenatally diagnosed cases
of congenital cystic lung diseases (CLDs).

Materials & Msthods: We conducted a retrospective cohort study of CLDs diagnosed prenatally
in fetuses delivered from 1993 to 2013. Among the 36 cases of CLDs, 17 cases of bronchial atresia
(BA), 12 cases of congenital pulmonary airway malformation (CPAM) and 7 cases of pulmonary
sequestration (PS) were included in this study. The fetal ultrasonographic findings and the
contralateral lung to thorax transverse area ratio (L/T ratio) were compared among the CLDs.
Results: The BA patients demonstrated echogenicity with spontaneous reduction in 13 (76%)
cases. Although polyhydramnios or fetal ascites were recognized in seven (58%) in the CPAM
patients and in two (29%) in the PS patients, there were no BA cases with polyhydramnios or
fetal ascites. The early L/7T ratios were significantly lower than the late L/T ratio in all diseases.
The 1/T ratios of the BA patients were significantly higher than those of the CPAM patients.
Conclusions: The severity of the CLDs in the neonatal period depended on the early and late
L/T ratios. No sign of 4 mass effect of the lesion, such as polyhydramnios or fetal ascites, was
recognized in the BA patients.

Keywords ¢ Congenital cystic lung disease, Prenatal diaghosis, Bronchial stresia
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