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Effective local control of a giant calvarial hemangioma in a child

by proton beam therapy: A case report and literature review
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Abstract. Intraosseous hemangiomas are rare, benign tumors,
predominantly affecting the vertebrae, calvarium and other
bones. These lesions, although slow progressing, can lead
to complications such as visual disturbances and structural
deformities. Standard management includes surgical interven-
tions and more recently, advanced radiation therapies such as
proton beam therapy (PBT) have been explored due to their
precision and minimized damage to surrounding tissues. The
current study presents a compelling case of a 10-year-old
female patent diagnosed with a giant calvarial hemangioma
located at the cranio-orbital junction. Although it was initially
managed with surgery and chemotherapy, the tumor recurred.
Given the recurrence and proximity to critical structures, PBT
was employed. The treatment was administered over 28 frac-
tions, with a total dose of 50.4 Gy. The patient exhibited good
tolerance to the treatment, experiencing only minor acute side
effects such as hair loss and skin pigmentation. At 14 months
post-PBT, a marked reduction in tumor size was revealed with
no further progression, indicating effective local control of
the hemangioma. In addition, the side effects had improved
markedly, highlighting the long-term benefits and efficacy of
PBT in managing this challenging case. This is the first case in
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which PBT has been used to manage a calvarial hemangioma
in children to the best of the authors' knowledge. The current
case highlights the potential of PBT in treating complex
intraosseous hemangiomas where conventional therapies are
ineffective. Further research into long-term outcomes is neces-
sary to establish PBT as a crucial approach for similar cases.

Introduction

Intraosseous hemangiomas are rare, benign tumors originating
from blood vessels, constituting <1% of all bone tumors (1).
These lesions are typically found in vertebral bodies and
several reports have also documented their occurrence in the
calvarium, including the orbital region (2,3). Although most
hemangiomas are considered benign, intraosseous epithelioid
hemangiomas can exhibit intermediate behavior with the
potential for locally aggressive features (2,4). Epidemiological
data indicate a higher incidence in females compared with
males, predominantly affecting individuals in the 40-50 year
old age group (5). Intracranial hemangiomas may be asymp-
tomatic, but in certain instances, tumor enlargement can result
in headaches, visual disturbances (due to optic nerve compres-
sion) and morphological changes (6).

Surgical intervention is the standard treatment when heman-
giomas cause deformity or impair the function of adjacent
organs due to their enlargement, occasionally supplemented
with sclerotherapy (7). Radiation therapy is a crucial modality
for certain types of hemangiomas, particularly when surgical
options are unfeasible or pharmacological treatments are inef-
fective (8). Radiation therapy not only alleviates symptoms
but has also been reported to significantly reduce or eradicate
tumors in hemangiomas beyond the bone (9). For intracranial
hemangiomas, radiation therapy is primarily employed for
lesions located in surgically inaccessible areas or for recur-
rent hemangiomas post-surgery, for example cavernous sinus
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hemangiomas with fractionated radiotherapy and stereotactic
radiosurgery being the preferred technique (10,11).

Proton beam therapy (PBT), favored for its precision
and dosimetric advantages, employs the ‘Bragg peak’ of
high-energy proton beams to selectively target tumor (12). This
modality is particularly effective for tumors situated in sensi-
tive or complex anatomical regions, demonstrating superior
treatment outcomes (13). PBT can minimize potential damage
to the temporal lobe and other critical brain structures (14),
preserve renal function during abdominal irradiation (15,16)
and protect long-term cardiopulmonary function following
lung cancer irradiation (17).

Only one case of radiation therapy for calvarial heman-
giomas has been previously, reported (18). However, there are
no records of PBT for primary calvarial hemangiomas and the
optimal dosing, therapeutic outcomes and potential adverse
effects remain undetermined. The current report presents
the first case of a giant calvarium hemangioma that was well
controlled with PBT, as well as a comprehensive literature
review.

Case report

Two surgeries and the hemangioma diagnosis. The patient
was a 10-year-old girl who presented with left eye proptosis in
February 2020 at Beijing Tongren Hospital (Beijing, China).
Computed tomography (CT) and magnetic resonance imaging
(MRI) results revealed a ~50x32x65 mm tumor in the left
cranio-orbital junction. The patient subsequently underwent a
craniotomy for tumor resection and the surgical margins were
positive for tumor cells. Postoperative histopathology findings
revealed irregular proliferation of bone trabecular within
mature cortical bone, with osteoblasts visible surrounding the
bone trabeculae. The stroma was loose and rich in dilated,
thin-walled blood vessels, consistent with the features of an
intraosseous hemangioma. Following surgery, the patient
received chemotherapy at another hospital. According to our
thorough review of past medical records, the patient was treated
with propranolol, cyclophosphamide and vincristine, followed
by the immunosuppressive drug sirolimus. Propranolol dosing
was weight-based, starting at 0.5 mg/kg/day and increasing
to 2 mg/kg/day, with careful monitoring of heart rate and
blood pressure. Vincristine was administered intravenously
at 1.5 mg/m? weekly. Cyclophosphamide was administered
at a dose of 500 mg/m?. Chemotherapy was administered for
6 cycles. Sirolimus was administered orally with a starting
dose of 0.8 mg/m? per day.

However, the MRI results in May 2022 showed progres-
sion of the tumor. In July 2022, the patient underwent a second
craniotomy for tumor resection, 2 years after the first surgery.
Following the second craniotomy, microscopic analysis showed
new bone trabecular surrounded by osteoblasts. Irregular
vascular proliferation was observed between the trabeculae,
further supporting the suspicion of intraosseous hemangioma.
The resection had positive surgical margins for tumor cells.
The final diagnosis of intraosseous hemangioma was based
on the presence of irregular vascular proliferation between
the bone trabeculae, a hallmark of the condition. Osteoid
osteoma was excluded because it usually presents as a small,
well-defined lesion with central nidus composed of osteoid

Figure 1. Cranial MRI findings prior to PBT (scale bar, 10 mm). A large
blood-rich flow-like lesion measuring 96x71x112 mm was observed in
the left middle cranial fossa, left supraorbital wall, pterygoid, frontal,
parietal and temporal bones, compressing adjacent brain parenchyma.
Red arrows indicate the tumor location. (A) TIWI: Hypointense lesion
with scattered small hyperintense areas in the temporal region. (B) T2WI:
Hyperintense lesion with linear, low-intensity areas in the temporal region.
(C) Post-contrast TIWI in axial planes: Markedly enhanced lesion with
hyperintensity. (D) Post-contrast TIWI in coronal planes: Strongly enhanced
lesion extending into the left orbit, pterygoid, frontal, parietal and temporal
bone areas. (E) DWI: Lesion with heterogeneous hyperintensity. (F) ADC
maps: Lesion with reduced ADC values. MRI, magnetic resonance imaging;
PBT, proton beam therapy; TIWI, T1-weighted imaging; T2WI, T2-weighted
imaging; DWI, Diffusion-weighted imaging; ADC, apparent diffusion
coefficient.

tissue and osteoblasts surrounded by reactive sclerotic bone,
which contrasted with the loose, vascularized stroma and lack
of a central nidus in the present case. Immunohistochemistry
results were: CD31(+), CD34(+), D2-40(-), Factor VIII (F8)(+),
Ki67 (3%) and EMA(-). CD31(+),CD34(+) and F8(+) and further
supported the diagnosis of hemangioma, as these markers are
typically expressed in endothelial cells, the primary cell type
in hemangiomas (19). CD31 and CD34 are well-established
markers for vascular endothelial cells, indicating blood vessel
proliferation (20). D2-40(-), a lymphatic endothelial marker,
helps exclude other vascular tumors such as lymphangiomas.
Ki67, with a low proliferation index (3%), is consistent with a
benign lesion and EMA(-) helps rule out differential diagnoses,
such as meningioma. An attempt was made to retrieve the
patient's original medical report; however, the initial hospital
did not specify the exact localization of the positive staining
(that is, nucleus, cytoplasm, or cell membrane).

Second recurrence of tumor. In August 2023, the patient
presented with subcutaneous swelling on the left side of the
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Figure 2. Dose distribution of pencil beam scanning modulated proton therapy. The different colored curves indicate the areas covered at different doses.
CTYV includes the tumor-adjacent area with an additional 5-mm margin. PTV adds a 3-mm margin to the CTV to account for setup errors. CTV, clinical target

volume. PTV, planning target volume.

head and preauricular region. The MRI findings suggested
hemangioma recurrence. MRI revealed a large blood-rich
lesion measuring ~96x71x112 mm in the left middle cranial
fossa, left supraorbital wall, pterygoid, frontal, parietal
and temporal bones (Fig. 1). T1-weighted imaging (T1WI)
(Fig. 1A) showed the lesion with heterogeneous hypointensity,
while T2-weighted imaging (T2WI) (Fig. 1B) revealed the
lesion with heterogeneous hyperintensity and linear low inten-
sity areas. Post-contrast TIWI images (Fig. 1C and D) showed
that the lesion was markedly enhanced with hyperintensity
extending into the left orbit, pterygoid, frontal, parietal and
temporal bone areas. Diffusion-weighted imaging (DWI) and
apparent diffusion coefficient (ADC) maps (Fig. 1E and F)
showed heterogeneous hyperintensity and reduced ADC
values. In addition, there was compression of the adjacent
brain parenchyma.

Physical examination revealed the patient exhibited normal
development and clear consciousness. Subcutaneous swelling
was palpable on the left side of her head, left preauricular
area and left occipital region. The swellings were firm and
non-tender. The patient exhibited normal muscle strength
and tone, with no meningeal irritation signs. Brudzinski's and
Kernig's signs were negative (21). Since she had undergone two
surgeries, both of which recurred, the patient was referred to
Hebei Yizhou Cancer Hospital (Zhuozhou, China) in order to
undergo PBT as a treatment option.

The present study was performed in accordance with
the principles of the Declaration of Helsinki (2013 version).
Approval was granted by the Ethics Committee of Hebei
Yizhou Cancer Hospital (approval no. 2024LLSCO03). As the
patient was a minor, written informed consent was obtained
from the patient's legal guardians.
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Figure 3. Cranial MRI findings 14 months following PBT (scale bar, 10 mm).
The lesion was reduced to a size of 57x35x76 mm. Red arrows indicate the
tumor location. (A) TIWI: Mixed high and low signals were observed in the
temporal region. (B) T2ZWI: Heterogeneous hyperintensity with a significant
reduction in lesion size. (C) Post-contrast TIWIin axial planes: Reduced lesion
size with diminished enhancement in the temporal region. (D) Post-contrast
TIWI in coronal planes: Significant shrinkage of the lesion in the left orbit,
parietal and temporal bone regions and weakening of enhancement, with
some areas showing complete response. (E) DWI: Lesion with low signal
intensity. (F) ADC maps: Lesion with increased ADC values. MRI, magnetic
resonance imaging; PBT, proton beam therapy; TIWI, T1-weighted imaging;
T2WI, T2-weighted imaging; DWI, Diffusion-weighted imaging; ADC,
apparent diffusion coefficient.

PBT and dose distribution. PBT is an advanced form of
radiotherapy that uses protons rather than traditional X-rays
(photons) to treat cancer. The physical properties of protons
allow for precise dose deposition, with most energy being
released at a specific depth in tissue, known as the ‘Bragg
peak’. This characteristic enables PBT to deliver a highly
targeted dose to the tumor while sparing surrounding healthy
tissues from unnecessary exposure, making it particularly
advantageous for treating tumors in sensitive areas, such as
the brain or near critical structures.

In the present case, the gross target volume for PBT was
defined as the contrast-enhanced region plus the tumor-adjacent
area on MRI. The clinical target volume (CTV) was defined
as the tumor-adjacent area with an additional 5-mm margin
to cover potential areas of tumor cell infiltration. Instead of
including the entire initial tumor area, the CTV encompassed
only the residual or recurrent tumor and its attachments.
Finally, to compensate for setup errors, a 3-mm margin was
added to the CTV to define the planning target volume (PTV).
Pencil beam scanning (PBS) intensity-modulated proton
therapy (IMPT) is an advanced delivery technique in PBT.

IL\_ 4

Figure 4. Image of patient's scalp 14 months post-PBT. A large craniotomy
scar is visible in the left parietal-occipital-temporal region. Hair regrowth
is observed in the affected area, with the new hair appearing fine. The
hair density shows a gradual increasing trend over time. PBT, proton beam
therapy.

In PBS, a highly focused proton beam, with a diameter of
just few mm, is scanned across the tumor in a layer-by-layer
approach, ensuring precise coverage of the tumor volume.
The intensity of the proton beam is modulated to optimize the
dose distribution within the tumor while minimizing exposure
to surrounding healthy tissue. This technique is particularly
useful for irregularly shaped or complex tumors, such as those
located in the brain. PBS IMPT was employed in the current
case to precisely deliver high radiation doses to the tumor with
minimal collateral damage to adjacent critical structures. A
total prescribed dose of 50.4 Gy in 28 fractions was delivered.
The PBT dose distribution is illustrated in Fig. 2. Regarding
organs at risk, the maximum doses were as follows: Brainstem,
50 Gy; left cochlea, 50 Gy; left lens, 5.5 Gy; optic chiasm,
42 Gy; left optic nerve, 50 Gy; and spinal cord, 18 Gy. The
patient was positioned using a head shell and cone beam
computed tomography for alignment before each irradiation.

During PBT, acute adverse events included hair loss in
the irradiated area starting at 21.6 Gy/12 fractions, complete
hair loss at 30.6 Gy/17 fractions and red-black pigmenta-
tion at 37.8 Gy/21 fractions. Epidermal peeling occurred
at 48.6 Gy/27 fractions.

Treatment outcomes and evaluation. At 14 months post-PBT,
the cranial MRI findings (Fig. 3) showed a significant reduction
in tumor size from the initial measurements to 57x35x76 mm.
DWI indicated markedly hypointensity in the lesion area, with
an increase in ADC values. No significant edema or necrosis
was observed 14 months after irradiation.

Based on the MRI results, the activity of the calvarial
hemangioma markedly decreased 14 months after the comple-
tion of PBT, with tumor shrinkage, indicating effective local
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control of the hemangioma. Additionally, the patient's hair loss
symptoms had improved. An image of the patient's scalp was
captured 14 months post-PBT and showed a large craniotomy
scar on the left parietal-occipital-temporal region (Fig. 4). Hair
regrowth was observed in the affected area, with the new hair
appearing fine, though the density showed a trend of gradual
increase.

No neurological deficits were observed following PBT.
The patient's limb muscle strength and tone were normal,
physiological reflexes were present and no pathological signs
were detected. The complete blood count results showed a
white blood cell count of 7.00x10° cells/l, a neutrophil count
of 4.66x10° cells/l, a hemoglobin level of 135 g/1, a platelet
count of 331x10° cells/l and C-reactive protein at a level of
<0.01 mg/l. Evaluation of organ function, including liver
and kidney function as well as cardiac enzymes, revealed no
abnormalities.

As the effects of PBT may continue to manifest several
years post-treatment (22), it was advised that the patient should
continue to be monitored with follow-up observations in the
future.

Discussion

Hemangiomas can be histologically classified into three types:
Cavernous, capillary and mixed, all of which are benign
tumors with no reports of malignant transformation (23).
While epithelioid hemangiomas are typically considered
benign, intraosseous epithelioid hemangiomas can exhibit
intermediate behavior with the potential for locally aggres-
sive features (4). Intraosseous hemangiomas can occur in
any part of the body, but are most commonly found in the
vertebrae, followed by facial bones and the skull. Within the
skull, the frontal bone has the highest prevalence, followed by
the parietal and temporal bones, while the incidence in the
occipital bone is lower (24). The specific etiology of heman-
giomas remains unclear; however, a possible association
with a history of trauma has been previously suggested (25).
Typically, intraosseous hemangiomas are asymptomatic, but
they can occasionally evolve into painful, swollen areas that
are palpable on the surface (26). Osseous hemangiomas are
frequently detected through imaging examinations such as CT
and MRI (27,28). However, the gold standard for diagnosis
is histopathological examination. Characteristic well-formed
vascular channels and trabecular bone surrounded by osteo-
blasts can be observed (23). When the tumor causes significant
pain or neurological symptoms, or poses a risk of patho-
logical fractures, surgical excision becomes the treatment of
choice (29). In addition, embolization may be considered
before surgery (30).

Surgical resection, including microscopic or endoscopic
approaches, is an optimal treatment for intraosseous heman-
giomas (31). In a previous study, the recurrence of completely
excised hemangiomas was relatively rare (32). When total
resection cannot be achieved in certain cases, adjuvant
gamma-knife radiosurgery (GKRS) is occasionally conducted
as an alternative. Lee et al (33) reported the results of GKRS
for 31 cavernous sinus hemangiomas. A total of 21 patients
received GKRS as a primary treatment, while 11 received
GKRS as adjuvant treatment after surgery and all patients
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had >50% reduction in tumor volume at 6 months post-GKRS
without late adverse events. However, GKRS is indicated for
small tumors, whereas large tumors such as the present case
are difficult to be managed.

The efficacy of radiotherapy for large hepatic hemangioma
has been reported in previous studies. Gaspar et al (34)
reported cases controlled through X-ray radiation therapy,
while Shimizu et al (9) reported a case of giant hepatic heman-
gioma controlled by PBT. By contrast, there are few reports on
PBT for intracranial osseous hemangioma. A literature search
on PubMed using the keywords ‘Radiation therapy, Calvarial
hemangiomas’ yielded only one report on the effects of radia-
tion therapy on calvarial hemangiomas. Liu et al (18) reported
a case of a 50-year-old female patient who achieved local
control of a calvarial hemangioma through radiation therapy,
using 6 MV X-rays with 3D-CRT technology across 30 frac-
tions to deliver a total of 60 Gy. However, the situation is more
complex for children, as the risk of growth disturbances and
secondary tumors due to radiation therapy must be considered
while attempting to control the tumor.

PBT, a radiation therapy method using high-energy proton
beams, is particularly suited for pediatric patients and tumors
located in complex anatomical areas due to its dosimetric
advantages (35). In standard radiotherapy, photons release
energy continuously along their path, delivering a significant
dose to both the tumor and the surrounding healthy tissues.
This increases the risk of side effects, especially when treating
tumors near critical structures. By contrast, protons exhibit
a unique property known as the ‘Bragg peak’ where most
of their energy is deposited at a specific depth in the tissue,
corresponding to the location of the tumor. Beyond this peak,
there is a rapid drop-off in dose, resulting in minimal radiation
exposure to tissues beyond the tumor. This characteristic of
PBT allows for highly targeted treatment, markedly reducing
the dose to nearby healthy tissues and critical structures,
thereby lowering the risk of long-term side effects (36).

Currently, there are no reports in the literature on intraos-
seous hemangiomas being treated with PBT. For pediatric
benign tumors such as the present case and even inoperable
ones, the risks of cognitive decline, visual impairments and
secondary cancer associated with traditional radiation therapy
are important concerns. In the current case, PBT was selected
due to the proximity of the tumor to critical structures and
the ability of PBT to deliver a highly conformal dose while
sparing healthy tissue, which is critical for achieving effective
local control with minimal complications. Takizawa et al (37)
reported higher predicted Intelligence Quotient scores in
children 10 years after PBT compared with X-ray treatment.
Gross et al (38) also reported generally higher scores in
neuropsychological tests conducted on pediatric patients with
brain tumors following PBT compared with those after X-ray
radiotherapy. In terms of secondary tumors, Dennis et al (39)
reported that the risk of secondary cancer with intensity
modulated radiation therapy for intracranial tumors was
2-fold higher than that of PBT, while Sato et al (40) reported
no observed cases of secondary malignancies in unresectable
meningiomas over a median observation period of 10.5 years
after PBT. In addition, in PBS IMPT, it is possible to set the
tolerable dose for surrounding tissues in advance. Compared
with traditional broad-beam PBT, this method allows for
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more concentrated irradiation of the tumor while ensuring
the dose to the CTV and further reducing the dose to critical
organs (41). The present case used this latest technology, to
ensure the patient received the most optimal dose distribution
possible, thereby minimizing the risk of secondary cancer and
cerebrovascular complications. Long-term assessments of the
effects of PBT often become apparent years after treatment,
especially for slowly growing tumors or when evaluating the
treatment's long-term benefits in reducing recurrence rates.

The current case report presented a pediatric calvarial heman-
gioma that recurred following two surgeries and chemotherapy.
Pre-PBT MRI images showed the tumor was notably large,
occupying multiple functional areas within the skull and causing
notably deformity. MRI findings 14 months post-PBT showed no
progression, reduced activity and well-controlled tumor growth.
The disease reported in the present study is a rare condition and
information on effective treatment methods is limited. Given its
predominance in young females, PBT is considered an effec-
tive and beneficial treatment option. The current case reports
contribute to the limited but growing evidence supporting the use
of advanced radiation therapies in managing rare and complex
conditions such as calvarial hemangiomas.

In conclusion, the present study represented the first
reported use of PBT to treat a calvarial hemangioma in a pedi-
atric patient. The successful use of PBT in the current case
highlights its potential as an effective and less invasive option
for managing rare and complex conditions such as calvarial
hemangiomas, particularly in cases where conventional treat-
ments have failed.
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