SAGE Open Medical Case Reports
Case Report i i

SAGE Open Medical Case Reports
Volume 10: 1-7

© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2050313X221082416
journals.sagepub.com/home/sco

®SAGE

Carbon ion radiotherapy for recurrent
ameloblastoma: A case report

Yihe Zhang', Xiaojun Li%, Yanshan Zhang?(®), Yancheng Ye!,
Xin Pan', Tingchao Hu', Weizuo Chen', Hongyu Chai',
Xin Wang' and Yuling Yang'

Abstract

Ameloblastoma is a kind of benign, odontogenic tumor of epithelial origin, and surgery is mainstay treatment method;
however, recurrence is common, and usually the treatment for recurrence is still surgery. We report on a patient of
recurrent ameloblastoma treated with carbon ion radiation therapy and achieved a good efficacy. A 25-year-old female with
relapse of an ameloblastoma was referred to the Wuwei Heavy lon Center for carbon ion therapy. She had been initially
diagnosed with ameloblastoma 8years ago and underwent operation of right mandible ameloblastoma. After she transferred
to our center, she accepted a dose of 60 GyE carbon ion radiation therapy, and the efficacy is good. Carbon ion radiation

therapy can be an effective treatment option for ameloblastoma.
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Introduction

Ameloblastoma is a slowly growing benign tumor but locally
invasive odontogenic tumors originating from dental lamina
and affecting primarily the mandible or maxillary bones, and
surgery is mainstay treatment method; however, recurrence
is common, and the risk of recurrence is high, reaching from
50% up to 90%.! The treatment of recurrence is still surgery.
There are six histopathologic subtypes of ameloblastoma
that include the follicular, plexiform, acanthomatous, granu-
lar cell, basal cell, and desmoplastic types.? These subtypes
can exist singly or in combination. Signs or symptoms are
absent or minimal at the early stage. Surgery method is tradi-
tional and varies widely from conventional enucleation,
curettage, or surgical excision to radical bone resection with
1 to 1.5cm margins.?

Here, we present a case of recurrent ameloblastoma suc-
cessfully treated with carbon ion radiation therapy (CIRT).

Case report

A 25-year-old female with recurrence of an ameloblastoma
was referred to the Wuwei Heavy Ion Center (WWHIC) for
carbon ion therapy. She had been initially diagnosed with
ameloblastoma 8 years ago and underwent curettage of right

mandible ameloblastoma; postoperation pathology showed
multicystic ameloblastoma, clear margin in 2012. In 2020,
the patient had pain of right mandible; a mass was found on
a magnetic resonance imaging (MRI) scan (Figure 1) in the
same sitting at the right mandible, and the mass size is
4.7c¢cm X 3.6cm X 2.7cm—2 months later, she came to our
center with complaining of increasing pain and swelling in
the right mandible. She was administered a small partly
enucleation biopsy of the tumor, confirming the diagnosis of
locally recurrent multicystic ameloblastoma. Maxillofacial
surgeon recommended surgery to remove the tumor, faced
with the inherent morbidity, artificial metal material implant
and complex reconstruction, as well as facial aesthetics and
cosmetic requirements, but the patient refused to undergo
operation and wanted to treat with carbon ion radiotherapy.
After multidisciplinary discussion, she received a dose of
60 Gy (relative biological effectiveness (RBE)) carbon ions.
The patient was immobilized in a supine position with a
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Figure |. Extensive ameloblastic carcinoma originating from the right mandible, T2 weighted MRI: (a) axial view, (b) sagittal view, and

(c) coronal view.
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Figure 2. Skin reaction: (a) 5fx (total 12fx), (b) after CIRT, (c) 10days after CIRT, (d) | month after CIRT, and (e) 12months after

CIRT.

head and neck thermoplastic mask. A 3-mm-thick computed
tomography (CT) image is obtained using a CT simulator.
Target volume and organ-at-risk delineation was performed
using CT-MRI image fusion. Gross tumor volume (GTV)
consisted of macroscopic disease. Planning target volume
(PTV) was defined as GTV plus 5-mm margin. CIRT was
performed with an anterior—posterior and a right lateral por-
tal. The prescribed total dose was 60.0 Gy (RBE) in 12 frac-
tions (Fx) with a fraction size of 6 GyE, five times per week,
from Monday to Friday. Doses of carbon ions were expressed
in photon equivalent doses (GyE), which were defined as
the physical doses multiplied by the RBE of the carbon ions;
the RBE of the carbon ions was assumed to be 3.0.*°

CIRT planning was performed using the carbon ion Plan
(ciPlan, version 1.0, Institute of Modern Physics (IMP),
Lanzhou, China), including biologic plan optimization.
Treatment planning included a biologic treatment plan opti-
mization procedure using the carbon ion Treat Plan (ciTreat,
version 1.0, IMP) treatment planning software system which
takes into account local values of the RBE calculated by
the ciPlan software based on the mixed beam model.®
Evaluation of efficacy was performed according to the
RECSIT 1.1; CTCAE-V5.0 was used to evaluate adverse
events.” Radiation Therapy Oncology Group (RTOG) acute

radiation injury classification criteria were used to evaluate
radiation damage.®

Treatment outcome

Treatment was tolerated well. During and after CIRT, there was
only grade 2 skin (Figure 2) and oral mucosa acute adverse
event, and no grade =3 RTOG acute effect. During and after
CIRT, her pain in the right mandible is continued but never
aggravated, but painkiller is not needed; 6-month post com-
pletion of radiotherapy, she was in a very good clinical state,
and the pain in the right mandible resolved completely. One to
three months after CIRT, there were no significant changes of
tumor size on MRI (Figures 3—6), just intensity of contract
enhancement gradually diminished on contract-enhanced
T1-weighted MRI; from 6 months on, the size of the tumor
decreased gradually (Figure 7); up to 16 months after CIRT,
it regressed to 3.6cm X 3.2cm X 1.7cm; and on 19months
after CIRT, it regressed to 3.6cm X 3.2cm X 1.7cm, and the
efficacy evaluation is PR (partial response) (Figures 8—10).
There were only grade I hyperpigmentation and grade 11
erythema over the right chin skin, and grade I-II mucous
membrane reactions (mucositis CTCAE (Common
Terminology Criteria Adverse Events) grade I-11) at the right
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Figure 3. Before CIRT (2020-04) different slices of Contrast-enhanced MR T1: A. Contrast-enhanced MR T, B. Contrast-enhanced
MRI, TWII, C. Contrast-enhanced MR T, D. Contrast-enhanced MR T1

Figure 4. After CIRT.

Figure 5. | month after CIRT.

buccal mucosa; there were no any grade =3 RTOG acute  VerY satisfied with the treatment up to 20 months after CIRT;

effect. No change of taste, dysphagia, odynophagia, xerosto- there are no other treatment-related side effects.
mia, or weight loss was observed. There were no other acute
radiogenic reactions found.

Written informed consent was obtained from the patient
for publication of the present report. The tumor is continu- The main goals of ameloblastoma treatment are complete
ously decreased up to 20 months after CIRT. The patient was ~ surgical removal of the jaw tumor and restoration of

Discussion
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Figure 6. 3 months after CIRT.

Figure 7. 6 months after CIRT.

Figure 8. 12months after CIRT.

masticatory function and facial aesthetics.® The recurrence  higher incidence of complications, leading to patient invali-
rates for ameloblastoma are 15% to 25% after radical treat- dation, and needs sophisticated management to cosmetic and
ment and 55% to 90% after conservative treatment.”  functional rehabilitation.!®!! In addition to the potentially
Therefore, radical surgery has been regarded as the most ~ more aggressive form of growth, there are two major prob-
effective treatment modality; however, it is associated with a lems with recurrent ameloblastomas: the development of



Zhang et al.

Figure 9. 16 months after CIRT.

Figure 10. 19months after CIRT.

metastasis, termed as malignant ameloblastoma, and the
transformation into an ameloblastic carcinoma, both with
2% possibility in recurrent ameloblastoma.!? In clinical prac-
tice, decision making and the choice of the suitable treatment
strategy are still challenging for both the doctor and patient.

Not surprisingly, until now ameloblastomas were consid-
ered as a kind of radiation-resistant tumors because the con-
ventional methods did provide appreciable favor to patients.
As ameloblastomas are rare and surgery is the primary
modality of treatment, data reporting outcomes of RT
remain sparse.'> However, more recent reports suggest RT
may favor postoperative patients who have locally recurred
or those with microscopic residual tumor or macroscopic
residual tumor resection. This may be partly due to improved
therapeutic techniques.!*'® Although radiotherapy can
shrink the size of an ameloblastoma, usually that part of the
tumor has expanded the jaw or broken into the soft tissues,
it does not appear to be a suitable treatment for an operable
ameloblastoma; so, in clinical practice, radiotherapy is
mainly used in inoperable cases.!’

Conventional radiotherapy, like photon or proton, frac-
tionation radiotherapy is based on the “four Rs”: repair,
redistribution, reoxygenation, and repopulation. However, in

the case of high LET (Linear energy transfer) beams, such as
carbon ion, the repair of sublethal damage is not so obvious.
To the best of our knowledge, cell cycle is one of the factors
that affect the radiosensitivity of cells. Cancer cells have dif-
ferent sensitivities to radiation depending on their phase in
the cell cycle. Inter-treatments with conventional radiation,
some phases of the cells will cycle into a more sensitive
phase, rendering them more sensitive to radiation damage.
But high LET radiation shows most uniform effects irrespec-
tive of the cell cycle. The majority of low LET radiation
damage to the DNA of cancer cells occurs through a free
radical mechanism; this kind of damage is enhanced by oxy-
gen. The existing oxygen also affects radiation damage from
being repaired. Hence, existing hypoxic cancer cells have
been a major cause of radioresistance in tumors. The time of
inter-fractions allows additional perfusion of oxygen into
areas of the tumor that existing hypoxic cancer cells, leading
to an enhanced effect of radiation on the tumor. On the con-
trary, high LET radiation has more direct effects on the DNA
and causes extensive double strand damage which is less
influenced by the oxygen level. As a consequence, the
advantages of fractionation are not so important in radio-
therapy using high LET beams. Thus, the high LET carbon
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beams are associated with more DNA double strand breaks,
are cell cycle nonspecific, have a low OER (oxygen enhance-
ment ratio), and have low repopulation. In addition to these
biological properties, the conformality of the carbon ion
beam has enabled us to realize less fractionated or hypofrac-
tionated regimens.'®2° After retrieved literature, we only
found an article which reported a case of carbon ion ther-
apy for ameloblastic carcinoma resulting in an excellent
post-therapeutic outcome;?! there were no other reports of
CIRT for ameloblastoma.

WWHIC, located in Wuwei city, Gansu province, is
the first Chinese homemade hospital-based heavy ion can-
cer therapy facility designed by the IMP of the Chinese
Academy of Sciences (CAS) and manufactured by Lanzhou
KejinTaiji (KjTj) Corporation Ltd. WWHIC initiated clini-
cal application of carbon ions in Wuwei in November 2018.
In 29 September 2019, the facility was approved by the
National Medical Products Administration (NMPA) and
registered as a medical device of class IIl. This high-end
medical equipment is the first Carbon Ion Cancer Therapy
Facility manufactured by China and is a hospital-based
heavy ion treatment facilities for the treatment of malignant
tumors. WWHIC is affiliated to Wuwei Cancer Hospital,
and WWHIC has been officially licensed for clinical use on
1 April 2019.° By 5 April 2021, WWHIC has completed
CIRT for 303 patients.

Conclusion

We report one case of recurrent ameloblastoma treated with
CIRT, and the treatment outcome suggests that CIRT is an
effective treatment option; although the follow-up time is
only 20 months, the result is encouraging and we will con-
tinue to follow up and update the result.

To our knowledge, this is the first case of ameloblastoma
being treated with carbon ion therapy and resulted so far in
an excellent post-therapeutic outcome. Therefore, radiother-
apy with carbon ions can be considered in the definitive
treatment of these rare tumors.
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