FUNATO ET AL.

TABLE 1. Clinical summary of intracranial or skull base KHE in the literature.

Age/Sex Symptom Tumor location KMS Metastasis Treatment 0utcome/Foilow-up Reference
1 1y/F Soft mass Temporal bone and scalp Yes N/A S/ST/CT N/A Lalaji”
2 27 y/M Mass External auditory canal No No S/RT Alive (>5) Hardisson8
3 21 mo/M N/A Temporal bone and neck No No S Alive (>4 y) Lyons®
4 8 y/IF Epistaxis Ethmoid sinus No No E/S Alive (>18 mo) Birchler®
5  6mo/M Facial palsy Internal auditory canal No No E/S/ST/IFN N/A Chang'®
6  13yM Abducens palsy  Tentorium cerebelli No No S/IFN/ST Dead (15 mo) Cho"!
7 4AmofF Swelling Maxillary sinus Yes No N/A N/A Lee'
8 11 y/M Facial palsy Temporomastoid region No Yes ST/ML-2/CT Dead (11 mo) This case

Abbreviations: F, female; M, male; S, surgery; ST, steroid; CT, chemotherapy; RT, radiation; E, embolization; IFN, interferon; riL-2, recombinant interleukin-2.

DISCUSSION

KHE, particularly in the head and neck, is rare, but it
should be considered as one of the tumor types. Previ-
ously, about 60 cases of KHE in the head and neck have
been reported in the English-language literature.'°
Among them, intracranial or skull base KHE is extremely
rare, and, to the best of our knowledge, only 7 cases of
intracranial or skull base KHE have been reported.>’™'>
The summary is shown in Table 1. Herein, we have also
presented a case of aggressive KHE of the left temporo-
mastoid region in an 11-year-old boy.

Clinically, KHE presents in various ways. The usual
presenting symptom of KHE is often known to be a local
mass or swelling of lesions involving skin or soft tissue.’
However, 2 of 7 cases exhibited the chief complaint of
cranial nerve palsy in previous reports on intracranial or
skull base KHE, as in our patient. His facial palsy pre-
ceded local swelling of the retroauricular region, therefore
cranial nerve palsy may aid prompt recognition of intra-
cranial or skull base KHE, as other tumors. In addition,
46% of the patients with KHE whe tend to be younger
than the overall group, have been reported to be associ-
ated with KMS, particularly in the extremities and retro-
peritoneum.'”* In previous reports on intracranial or
skull base KHE, only 2 infant cases of a 1-year-old girl
and a 4-month-old girl were associated with KMS. The
incidences of associated KMS in intracranial or skull base
KHE may be rare owing to its location, size, and its onset
in adolescents and adults.

The mainstay of treatment for KHE is surgical resec-
tion, but the modalities of treatment, including surgery,
vascular embolization, chemotherapy, radiotherapy, and
immunotherapy, are variable, depending on resectability,
disease extent, and disease location."®"" When complete
surgical resection is very difficult, such as in the head
and neck, medical treatment with steroids, interferon, or
vincristine has been recommended. Conversely, vascular
embolization or radiotherapy has not been used routinely
because of technical difficulty or secondary malignancy
in children, respectively.>'*'* The first line of treatment
with steroids has been reported to be successful in only
10% of all cases and the second line of treatment with
interferon in only 50% to 60% of cases.” Also, vincristine
used as a third-line agent has been reported to be effec-
tive.'> However, these agents are believed to be effective
only in typical KHE of intermediate behavior.'®> At first,
our patient was treated with steroids for chronic otitis
media misdiagnosed, therefore we decided to administer

immunotherapy with tIL-2, which is a standard therapy for
malignant vascular tumors in Japan, but this treatment was
not effective. We believed that our patient needed aggres-
sive treatment because he had distant metastases at the time
of diagnosis, and KHE in our patient was progressive in the
disease process. Then, his-treatment was changed to the
administration of paclitaxel-based chemotherapy for the
progressive malignancy of KHE, resulting in reduction of
the volume of primary tumor and lung metastatic lesions.

Paclitaxel is a semisynthetic taxane that interferes with
mitotic spindles, inhibits the depolymerization of microtu-
bules, and blocks the mitotic cell cycle. This has produced
good responses in the treatment of adult patients with
angiosarcoma, particularly in  chemotherapy  with
doxorubicin.'*'7 In addition, clinical benefit and good tol-
erance of paclitaxel have been reported only for refractory
solid tumors, brain tumors, or leukemia in children.'®?! To
the best of our knowledge, this is the first report to describe
paclitaxel-based chemotherapy in the treatment of aggres-
sive KHE. This chemotherapy in our patient was so effec-
tive that the volume of primary tumor and metastatic lung
lesions was reduced. However, its efficacy was transient
and could not prevent progression of the disease.

CONCLUSION

We presented a pediatric case with KHE of the tempor-
omastoid region in which the patient was provided tran-
sient benefit with paclitaxel-based chemotherapy. Our
patient illustrates that paclitaxel in the treatment of KHE
may be effective, and new therapeutic strategies including
paclitaxel for KHE, particularly aggressive KHE in the
head and neck, need to be investigated in further studies.
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Propranolol as an Alternative Treatment Option for Pediatric
Lymphatic Malformation
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Lymphatic malformation (LM), which was previously termed lymphangioma, is a rare congenital
malformation of the lymphatic system and its treatment is still challenging. Propranolol (beta blocker) has
been recently developed as a first-line treatment of infantile hemangioma. Our study aimed to assess the
effect of propranolol on pediatric LM and the relationship between its effectiveness and vascular endothelial
growth factor (VEGF) family members (VEGF-A, C and D). Six Japanese patients with LM (age range: 10
months-19 years old; 2 macrocystic, 2 microcystic and 2 combined type) were enrolled. Oral propranciol
was administered at 2 mg/kg/day. The efficacy of propranolol for LM was evaluated by the rate of volume
change as calculated from MRI imaging and by symptomatic improvement. In all patients, there were no
significant side effects. Patients 3 and 5 were classified as objective responders with tumor volume
reduction of 30.6% and 22.9%, respectively, at 24 weeks. Patient 1 showed 8% tumor volume reduction
and patient 6 showed symptomatic improvement, hence, both were classified as minimal responders. The
other two patients were classified as non-responders. Plasma VEGF-A, C, and D levels were significantly
higher in the LM group than in the controls (all P < 0.01 by Mann-Whitney test). VEGF-A and D levels at 24
weeks were significantly lower than those at pre-treatment (P = 0.031, 0.047 by Wilcoxon matched pairs
test). Though further trials with this treatment must be carried out, we propose that propranolol may be an
alternative therapy option for intractable LM.

Keywords: beta blocker; lymphangioma; lymphatic malformation; propranolol; vascular endothelial growth factor
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Lymphatic malformation (LM) is a rare congenital
malformation of the lymphatic system, which usually
occurs in children before the age of two years (Wiegand et
al. 2008). LM was previously termed lymphangioma.
Surgical excision and sclerotherapy have been used for LM.
However, local recurrence is common and the complication
rate is high (Marler and Mulliken 2005). Therefore, the
treatment of LM remains challenging.

Propranolol is a non-selective beta blocker that is used
for the treatment of a variety of cardiovascular diseases.
Since the report of Léauté-Labréze et al. (2008), proprano-
lol has been widely used for the first-line treatment of
infantile hemangioma (IH). We reported successful pro-
pranolol treatment of intractable diffuse lymphangiomatosis
with thoracic involvement (Ozeki et al. 2011). Propranolol
is thought to cause down-regulation of the Raf mitogen-
activated protein kinase signaling pathway, with reduced

expression of vascular endothelial growth factor (VEGF)
(Storch and Hoeger 2010). Because plasma VEGF levels in
our diffuse lymphangiomatosis patient were high before
treatment and were reduced after successful treatment, we
hypothesized that propranolol inhibits lymphangiogenesis
and reduces LM growth by inhibition of VEGF. Multiple
lesions with increased VEGF staining have been reported in
LM specimens histologically (Sidle et al. 2005). Therefore,
we considered that propranolol could have a beneficial
effect on LM as in diffuse lymphangiomatosis.

The VEGF family is involved in the development and
growth of the vascular endothelial system. Originally
VEGF-A, the founding member of the VEGF family, was
simply termed VEGF. VEGF-A is a potent growth factor
for blood vessel endothelial cells. VEGF-C and VEGF-D
have recently been recognized as playing a role as lym-
phatic system regulators (Alitalo and Carmeliet 2002).

Received November 22, 2012; accepted December 10, 2012.  Published online December 21, 2012; doi: 10.1620/tjem.229.61.
Correspondence: Michio Ozeki, Department of Pediatrics, Gifu University Graduate School of Medicine, 1-1, Yanagido, Gifu, Gifu

501-1194, Japan,
e-mail: michico@gifu-u.ac.jp

61



62 M. Queki etal.

We report a clinical trial of propranolol administered
to patients with LM and the relationship between plasma
levels of VEGF family members (VEGF-A, C and D) and
the effectiveness of propranclol treatment.

Methods
Patipnts :

This study protocol was approved by the Bthical Commities of
the Graduate Schoot of Medicine, Gifu University. Consent to seview
patient records and for tremtment of propeanolol {off-label indication)
was received from patients or parents whose children participated in
this study In aceordance with our institutional ethical standards,
Inclusion criteria were as follows: aged from 1 month to 20 vears: a
stable clinical condition befbre the study; no history of asthma; reac-
tive sirway disease; impaired renal dysfunction: heart defects:
arrhythmiay or central nervous svstem disorders,

Stiddy protocol . )

The study design is detatied in Fig. 1. Before the start of treat-
ment, the protocol included & clinical examination, echocardiography,
clectrocardiogram, revording of baseline heart rate, blood pressure,
and clinical photographs. Patients were admitted for 5 days of obser-
vition #t the initiation of treatment, Om the first day, orad propranvio!
was administered at 0.5 mgkelday, divided inio 3 doses, it was
tnorensed to | mg/kg/day on the second day, i tolerated wall, and fus-
ther inereased fo 2 mg/kp/day from day 4, which is well below the
dose given for TH. Vital signs and Blood sugar levels were monitored
¥ hour after adminiswation of each dose of medication, and continu-
ous electrocardingram monitoring was performed during the patients”
sieep.  Follow-up visits were performed every 4 weeks, ncluding
clinical examination, measurement of vital signs, and eliniesl photo-
graphs. Apart from medication with propranolol, no alternative or
adjuvant therapies were performed.  The response to propranclol
freatment was assessed clinically and radiologically.  Digitat photo-
graphs were taken by the same primary physicians who produced
standardized images, using the same views and seftings as in the
baseline image. Magsetic resonance imaging (MR was performed

4 12

at pre-treatment, and st 12, 24 and 48 weeks after the initiation of
treatment.  Tumor volumes were calculated by using MRI in both
coronal and sagittal views. The primary outcome was the mte of
tumer reduction and sympiomatic improvement at 24 weeks.
Assessments of response were classified us 4 good response if there
was a reduction in size greater than 50%. Paticnts showing a degree
of improvement greater than 10% and less than 50% were rated as an
objective response.  Patients showing minimal reduction lese than
10% or transient improvement of sympioms were classified as having
a minimal response. Finally, patients showing no improvement were
classified as no response.

Laberatory tesis for plasma VEGE levels during treatmen

Peripheral blood samples were obtained at the fime of protreat-
ment, aod at 4, §, 12, and 24 weeks afier the inidation of trestment,
All blood samples were centrifuged at 1,000 x g for 30 minues,
Plasma was separated, aliguoted, and stored st —$0°C until analysis
was perfbrmed. Plasma VEGF Jevels were determingd using a con-
mereially available monoclonal antibody-based enzyme-tinked fnmmu-
neassay kit designed to measure each type of VREGE aceording to the
marufacturer’s instructions (Quantikine; R&D Systems, Minneupolis,
MN, USA), The sensitivities of VEGF-A, €, and I were 5.0 pgdml,
4.0 pg/ml, and 4.7 pgint, respectively, Optical density was mensured
at 430 nm psing an automated microplate reader. We also measured
VEGF lpvels from samples from 30 controf children ranging from 2
months 10 17 years old (mean & SE: 3.9 % 0.7 years old) for refir-
enges,

Btatistical anclyses

Significance of differences in the VEGY lovels betwaen the LM
group and control group before froatment was tested using the Mann-
Whitney test. Significance of differdnces in VEGYF levels between
pre-dreatment and 24 weeks sfier treatment was tested using the
Wilcoxon matched pairs test, A P value of less than 0.03 was conside
ered statistically significant.  All analyses were performed using
GraphPad Prism § (GraphPad Software Inc., San Dicgo, CA).

Weaks
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photsgraphs

0 8
Lo
ifg{;z;v‘ mensurement % @ %

Radiological examination
{MRD )

Tregtment

Fig. 1. Biudy protocol.
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Assessment

The LM patients underwent propranclol therapy, and its safety and officacy were determined during a routine schedule,
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Results

Patient characteristics are shown in Table 1. All
patients were evaluated and treated at our institution
between 2010 and 2012. A total of 6 patients (2 boys and 4
girls; age range: 10 months-19 years old; mean + SE: 6.7 =
3.6 years old) were enrolled. LM was identified at birth in
all patients. We classified LM into 3 subtypes as follows:
cysts larger than 2 cm in diameter were classified as “mac-
rocystic”’; those smaller than 2 cm in diameter were
“microcystic”; and mixed lesions were “combined”.
Treatment modalities used before propranolol therapy con-
sisted of sclerotherapy (OK-432 injection) and an opera-
tion. All patients included in the study were able to com-
plete the treatment program, and there were no dropouts.

In six patients, there were no good responders. Two
patients (patients 3 and 5) showed an objective response
and LM was decreased in the initial stage of treatment. The
clinical course of objective responders was as follows.

Patient 3, a 10-month-old boy, presented with a large,
sofi-tissue mass in the lefi lower leg since birth. At the time
of admission, there was limited motion of the left ankle
joint because of subcutaneous edema (Fig. 2A).
Gadolinium-enhanced MRI showed 2 mixture of enhanced
and non-enhanced lesions in the subcutaneous tissue of the
lower thigh and toe (Fig. 2B). Surgical resection or sclero-
therapy was considered to be difficult because of the risk of
recurrence and complications. The patient was enrolled in
our study with the consent of his parents. Several days
after initiation of treatment, the skin furgor gradually
decreased and skin creases appeared. After 4 weeks, the leg
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swelling was diminished and the joint stiffness had
improved. “The percentage of the calculated volume of the
total lower left leg was reduced (Fig. 2C). The gadolinium-
enhanced lesion was predominantly diminished. The vol-
ume of the dorsum of the foot, which was not enhanced by
gadolinium, increased in parallel with the growth of bone
and muscle.

Patient 5, a 1-year-old boy, presented with a combined
(macrocystic and microcystic) LM of the left neck (unilat-
eral, infrahyoid, and suprahyoid) since birth. At 20 days of
age, partial resection was performed to reduce dyspnea, and
the histological diagnosis of LM was made. The tumor
grew continuously and he received a local injection of
OK-432 for the macrocystic LM at 1 month of age.
However, the sclerotherapy resulted in airway obstruction
and airway intubation was necessary for I month. At 1 year
of age, because surgical resection of the whole lesion
appeared to be difficult, he was referred to our hospital to
receive propranclol treatment (Fig. 2D). Several days after
initiation of treatment, the pericystic skin gradually sofi-
ened. Similar to patient 3, the MR gadolinium-enhanced
lesion showed a reduction in volume, and the paratracheal
lesion disappeared (Fig. 2E). The percentages of calculated
volumes of the total LM and gadolinium-enhanced lesion
were reduced at 24 weeks (Fig. 2F).

Two patienis (patients | and 6) showed minimal
reduction of less than 10% or transient improvement of
symptoms. Patient 1, a 19-year-old woman with macrocys-
tic LM of the left neck and mediastinum, showed a minimal
reduction of 8% at 4 weeks. Patient 6, a 17-year-old
woman, with combined LM of the right neck and maxillo-

Table 1. Characteristics of LM patients treated with propranoiol.

Ageat Indication Duration of
Patient s initiation of Previous Adverse propranolol
number 8 Type Localization propranolol tre at;(; ent treatments effects treatment Response
treatment (mo)
i F  Mac Rt neck, 19y CR,FR - Lightheadedness 8 MR
mediastinum {pain) (tumor reduction)
2 F Mac Lt back ly CR,FR - - 6 NR-
(pain)
3 M Mic Lt lower thigh 10me CR,FR - - 18 OR
(limited (tumor reduction,
ankle improvement of
extension) joint stiffness)
4 F Mic Rt facial ly CR,FR - - 15 NR
(fused
eyelids,
amblyopia)
5 M Combined Ltneck ly CR,FR Partial resection, - 13 OR
(mac, mic) (dyspnea) sclerotherapy (tumor reduction}
6 F  Combined Rtneck, 17y CR,FR Operation Lightheadedness 6 MR
(mac, mic) maxillofacial area {bleeding, (improvement of
pain, bleeding)
stomatitis)

M, male; F, female; Mac, macrocystic; Mic, microcystic; Rt, right; Lt, left; y, year; mo, month; CR, cosmetic risk; FR, functional

risk; MR, minimal response; OR, objective response; NR, no response
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Fig. 2. Photographic documentation, gadolinium-enhanced MRI, and refative yolume changes of lesions in patients 3 and 5.
{A, B) Clinical photograph and enhanced MRI pre-treatment, and at 4,8, 12, and 24 weeks in patient 3. The red arrow-
heads indicate the MR gadolinium-enhanced lesion. {C) Relative volume changes of the EM through 48 weeks of treat-
ment in patient 3. Data are expressed as the means of three independent caloulations. Volume changes in both bone and
muscle indicate growth of the patient’s leg since 10 months. of age whesn the treatment was started. (D, E) Clinical pho-
tographs and enhanced MR at prestreatment and at 4, 8, 12, and 24 weeks. (F) Relative volume changes of the LM

through 48 weeks of treatment in patient 5.

facial area, had pain and bleeding from microcystic lesions
of the oral mucosa. Several days after treatment, the bleed-
ing stopped and the pain disappeared. No change was
observed in the size of LM, Two patients (patients 2 and 4)
showed no response.

in all patients, there was no significant side effect dur-
ing treatment. The two teenagers {patients 1 and 6) had
transient lightheadedness and a mild headache. We evalu-
ated hemodynamic variables during admission and on fol-
low-up visits, Transient bradycardia was cbserved in |
patient. This episode occurred at night during sleep and
was seif-limiting. Overall, the adverse events were all mild

and transient, and there was no drop-out of patienis because

of adverse evenis,

VEGFs at pretreatment and during treatment

Prior to therapy, plasma VEGF-A, C and D levels
were significantly higher in the LM group than those in the
control group (all P <0.01). VEGF-A and D levels at 24
weeks after treatment were significantly lower than those at
pre-treatment (P = 0.031, 0.047, respectively). Although

VEGF-C levels did not significantly change between pre-
treatment and 24 weeks after treatment, VEGF-C levels in
objective responders (patients 3 and 5) appeared to be
decreased after treatment compared with those in minimal
and non-responders (patients 1, 2, 4 and 6). We could not
evaluate the statistical analysis because the number of
patients was small.

Discussion

We conducted a clinical trial of propranclol therapy
for pediatric LM, Among 6 patients, patients 3 and 5 were
obiective responders who showed obvious symptomatic
improvement and had a greater than 10% and less than 50%
shrinkage in their tumor volume. The gadolinium-enhanced
iesion as shown by MRI was predominantly diminished in
these patients. Two patients had some palliation of symp-
toms, although tumor volume reduction was less than 10%.
Hemorrhage from oral mucosal LM was quickly stopped in
patient 6, LM patients had higher plasma VEGF levels than
those in pediatric controls, and they were decreased by pro-
pranolol treatment. These patierns were more evident in
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Each graph shows the plasma levels of VEGF family members (VEGF-A, C and D) during treatment, The horizontal
axis represents the time after treatment (weeks). The red solid horizontal lines indicate the mean level of VEGFs in
pediatric healthy controls. The red dotted horizontal lines indicate the mean + standard deviation of VEGFs. Pt

patient.

objective responders. Propranolol might be more effective
in patients with gadolinium-enhanced lesions as shown by
MRI and high plasma VEGF levels, as discussed below.

Currently, propranolol is widely used and is recom-
mended as the first-line treatment for IH in some sites,
especially the airway (Peridis et al. 2011). Treatment of
intractable LM is still challenging, especially in patients of
cervical LM, such as in patient 5, who was treated by par-
tial resection and sclerotherapy, but whose mixed-type LM
had not regressed after 1 year (Fig. 2D). Moreover, he had
to be intubated because of airway obstruction caused by
inflammation afier sclerotherapy. However, propranolol
treatment had a favorable effect without an adverse reaction
(Fig. 2D). Patient 3 had microcytic LM in his lower leg
and had functional probiems for walking. This type of LM
invades the surrounding structures, so the outcome of surgi-
cal resection is generally unsatisfactory. Propranolol
showed an objective response and functional improvement
(Fig. 2A). Propranolol therapy was apparently effective in
intractable LM in the patients who had a reduction in tumor
volume.

Patient 6 had clinical improvement for oral bleeding
from LM lesion afier initiation of propranolol, although no
obvious reduction in LM volume was observed. Similar
observations have been reported in patients with lingual
LM lesions (Leboulanger et al. 2011). Beta blockers inhibit

the vasodilation mediated by adrenaline via beta-adrenergic
receptors, and this leads to vasoconstriction. Vasoconstric-
tion is reported as an early effect of propranolol on IH
(Storch and Hoeger 2010). Propranolol treatment may
affect hemorrhagic lesions and improve the quality of life
in those who have mucosal bleeding from LM lesions.

The effect of propranolol on reduction of tumor vol-
ume varied among patients, and even within LM lesions in
patients. We performed an objective assessment using
MRI-based volumetric measurements of LM. The results
of our study demonstrated that gadolinium-enhanced
lesions decreased after treatment in patients 3 and 5. LM in
the other 4 patients had no apparent gadolinium-enhanced
lesions, and had only a minimum reduction in volume. In
LM, gadolinium-enhanced lesions consist of hypervascular
or mixed vascular lesions. Therefore, propranolol may
have a positive effect on these lesions through blood fiow
because propranolo! treatment reduces lesion volume and
vessel density in patients of IH (Bingham et al. 2012).
Propranolol might be more effective for LMs with gadolin-
ium-enhanced lesions than for those without such lesions.

Propranolol leads to a reduced expression in VEGF
and, therefore, causes an inhibition of angiogenesis (Storch
and Hoeger 2010). This effect is one of the important
mechanisms of regression of IH. Serum levels of VEGF
are elevated in infants during the proliferative phase of IH.
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Conversely, the expression of VEGF is significantly
reduced during the involution phase, as well as in com-
pletely regressed LMs. Propranolol treatment in a patient
with intractable diffuse lymphangiomatosis resulted in a
reduction in plasma VEGF levels in parallel with clinical
improvement. Reduced expression of VEGFs by proprano-
lol causes down-regulation of the extracellular signal-
related kinase / mitogen-activated protein kinase cascade,
which is important for angiogenesis. Recent studies sug-
gest that VEGFs can act as lymphangiogenic factors
(Ferrara 2004). VEGF-C is strongly expressed in patients
of microcystic LM compared with patients with other types
of LM, suggesting that these patients possess proliferative
activity (Itakura et al. 2009). In our study, plasma VEGF
levels in LM patients were significantly higher than those in
pediatric controls. Afier treatment, plasma VEGF levels
were significantly decreased, especially in objective
responders. Plasma VEGF may be 2 reliable marker of
activity of LM and a good indicator of response to therapy.
Qur study limitations included a heterogeneous patient
population and a small number of patients. Larger frials
may confirm these resulis and provide more detailed infor-
mation. Medical treatments, including interferon and sys-
femic corticosteroids, have been attempted for patients with
extensive inoperable LM, with varying degrees of success.
Although these drugs generally have serious side effects,
propranolol has been used to safely treat cardiac conditions
inn children for over 40 years and it is well tolerated with
few adverse effects. In conclusion, we propose that pro-
pranolol is an alternative treatment for challenging LMs.
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