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a b s t r a c t

Background and purpose: The efficacy of carbon ion radiotherapy (CIRT) for bone and soft tissue sarcoma
has been reported recently. Although histological assessment after CIRT requires skilled interpretation,
little information is presently available. In this study, we report sequential histological findings after
treatment with CIRT, and evaluate the association between these findings and clinical response.
Material and methods: Seven patients with unresectable sarcoma underwent needle biopsy 12 times at an
average of 14.3 months after CIRT and were included in this study.
Results: One patient underwent two biopsies after CIRT for chordoma. Although a few suspected residual
chordoma cellswere observed at 19 and 30 months after CIRT, the tumor continued to shrink at 75 months.
Immunohistochemical analysis of post-CIRT specimens revealed CKAE1/3, EMA, and S100 expression, as in
the pre-CIRT specimen. In total, viable tumor cells were found in 9 of 12 specimens; however, only 2
patients showed recurrent masses on radiological examination. The other 5 patients had stable disease.
Conclusions: Viable tumor cells after CIRT did not always cause recurrence. This may be due to observation
of dying cells or radiation-induced deformed cells. Histological evaluation after CIRT should be done
carefully.
� 2017 The Authors. Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy and

Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Standard treatment for bone and soft tissue sarcoma includes
surgery and chemotherapy. Neoadjuvant chemotherapy is well
established, especially in bone sarcoma, for reducing tumor size,
which contributes to limb-sparing surgery. As for osteosarcoma,
which represents a primary bone malignancy, the 5-year survival
rate was 60–70% using a multimodal treatment approach consist-
ing of neoadjuvant systemic chemotherapy followed by local surgi-
cal therapy, and then, adjuvant chemotherapy [1]. Neoadjuvant
radiotherapy is also utilized, especially for soft tissue sarcoma
patients, which contributes to minimized surgical margin and
reduction of local recurrence rate [2]. There are several different

methods of neoadjuvant therapy for bone and soft tissue sarcoma
to obtain better local tumor control: systemic chemotherapy,
radiotherapy, isolated limb perfusion, hyperthermia, or the combi-
nation of them [3]. Bone and soft tissue sarcomas may occur in
sites throughout the body, and the treatment strategies differ
depending on tumor location. For tumors in the extremities, ampu-
tation might be an option as curative local management, particu-
larly for tumors that are too large to excise while ensuring
preservation of neurovascular bundles. Conventional irradiation
is generally less effective for bone and soft tissue malignancies,
with the exception of small round-cell sarcomas [4]. In contrast,
for tumors located deep in the body, such as in the pelvis or spine,
surgical options are severely limited. Obtaining a sufficient surgical
margin is critical during sarcoma surgery and wide excision, so
resection of normal tissues around the tumor is required to ensure
local control. However, due to anatomical difficulties, wide mar-
gins are rarely obtained in pelvic and spinal surgeries, resulting
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in higher local recurrence rates and lower survival rates [5].
Thus, for tumors located deep in the body for which curative sur-
gical removal is difficult, few treatment options, except for pal-
liative irradiation for local control, are available.

The efficacy of carbon ion radiotherapy (CIRT) for bone and
soft tissue sarcoma has been recently reported. CIRT has higher
biological efficacy than X-ray irradiation. It causes cell death
by inducing DNA double-strand breaks. The dose distribution
exhibits a steep fall-off after the Bragg peak, so precise dose
localization can be achieved. Carbon ions, which deposit high
linear energy transfer (LET) radiation within the Bragg peak, dif-
fer from X-rays and protons, which deposit low LET radiation.
Owing to the fundamental physical difference, CIRT could pre-
sent different therapeutic results compared with conventional
irradiation or proton beam therapy [6].

Matsunobu et al. reported that CIRT resulted in a local control
rate of 62% in patients with unresectable osteosarcoma, and rela-
tively small tumorswere associatedwith a 5-year overall survival
rate of 46%and a5-year local control rate of 88% [7]. Serizawaet al.
reported local control rates at 2 and 5 years for unresectable
retroperitoneal sarcomas of 77% and 69%, respectively, without
any complications in the gastrointestinal tract [8]. These results
are encouraging for patients with unresectable sarcoma who do
not have any options for long-termprevention of local tumor pro-
gression. Due to these good responses, insurance providers in
Japan started covering CIRT for bone and soft tissue sarcoma in
2016. However, because CIRT is a newer treatment, several issues
need to be resolved in the near future to optimize its use. For
example, which follow-up assessments, such as radiological
assessments and histological analysis, should be conducted after
CIRT remains unclear. Diagnosis of local recurrence in patients
with malignant tumors treated by CIRT remains difficult. Options
for evaluating post-radiation recurrence include computed
tomography (CT), MRI, and fludeoxyglucose-positron emission
tomography (FDG-PET). Yanagawa et al. recommended a combi-
nation of FDG-PET and enhancedMRI for detection of local recur-
rence in patients with sarcomas who undergo CIRT; however,
none of the parameters obtained during the assessments per-
formed before and 3 months after CIRT accurately predicted the
development of local recurrence [9]. Radiological tumor findings
usually do not change immediately after CIRT. Moreover, some
cases experience tumor enlargement, despite CIRT being suffi-
ciently effective. More experience with post-CIRT follow-up is
required and more accurate tools are needed to determine
whether tumors have been killed or remain alive. Rock et al. men-
tioned the utility of magnetic resonance spectroscopy imaging to
detect recurrence after irradiation [10]. Interpretation of histolog-
ical findings after CIRT also remains unclear and controversial.
Only a few studies about post-CIRT histology have been reported.
Matsumoto et al. performed spondylectomy after CIRT for chor-
doma of themobile spine. These investigators reported 2 patients
with histological evidence of viable tumor cells in excised speci-
mens [11]. However, we are uncertain whether these viable cells
had the same characteristics as the tumor cells observed before
CIRT, and it is important tounderstandhowtheviable cells behave
if they remain in the body. In this study, we report sequential his-
tological findings after treatment with CIRT obtained through
repeat biopsy, and evaluate the association between these find-
ings and clinical response.

Material and methods

Between 2008 and 2015, 20 patients were diagnosed with
unresectable sarcoma at the Kanazawa University Hospital, and
CIRT was selected as local therapy and performed at the NationalTa
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