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CARBON ION RADIOTHERAPY FOR UNRESECTABLE RET ROPERITONEAL
SARCOMAS
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*Research Center Hospital for Charged Particle Therapy, National Institute of Radiological Sciences, Chiba, Japan; and Department of
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Purpose: To evaluate the applicability of carbon ion radiotherapy (CIRT) for unresectable retroperitoneal sarco-
mas with regard to normal tissue morbidity and local tumor control.

Methods and Materials: From May 1997 te February 2006, 24 patients (17 male and 7 female) with unresectable
retroperitoneal sarcoma received CIRT. Age ranged from 16 to 77 years (median, 48.6 years). Of the patients, 16
had primary disease and 8 recurrent disease. Histologic diagnoses were as follows: malignant fibrous histiocytoma
in 6, liposarcoma in 3, malignant peripheral nerve sheath tumor in 3, Ewing/primitive neuroectodermal tumor
(PNET) in 2, and miscellaneous in 10 patients. The histologic grades were as follows: Grade 3 in 15, Grade 2-3

 in 2, Grade 2 in 3, and unknown in 4. Clinical target volumes ranged between 57 em® and 1,194 em® (median

525 cm®). The delivered carbon ion dose ranged from 52.8 to 73.6 GyE in 16 fixed fractions over 4 weeks.
Results: The median follow-up was 36 months (range, 6143 months). The overall survival rates at 2 and 5 years
were 75% and 50%, respectively. The local control rates at 2 and 5 years were 77 % and 69%. No complications of
the gastrointestinal tract were encountered. No other toxicity greater than Grade 2 was observed.

Conclusions: Use of CIRT is suggested to be effective and safe for retroperitoneal sarcomas. The results obtained
with CIRT were a good overall survival rate and local control, notwithstanding the fact that most patients were not
eligible for surgical resection and had high-grade sarcomas. © 2009 Elsevier Inc.

Retroperitoneal, Sarcoma, Carbon ion radiotherapy, Particle radiotherapy, Bone and soft tissue sarcomas.

INTRODUCTION

Surgery is the mainstay of treatment for retroperitoneal soft
tissue sarcomas (RPSs). However, complete resection rates
are in the range of 40% to 60%. Because of their anatomic lo-
cation and propensity for spreading extensively, most tumors
are advanced at the time of diagnosis, resulting in difficult re-
section and an inability to achieve negative margins. Many
cases of positive margins or recurrence are detected after
resection (1-3). :

One-third of retroperitoneal tumors are soft tissue sarco-
mas known to be resistant to radiotherapy (RT), meaning
that high-dose photon beams are necessary to achieve local
control (LC) (4). In contrast to soft tissue sarcomas (STSs)
of the extremity, LC rates greater than 90% are achieved
with a combination of wide local excision and RT (5-7).

However, because of the limited radiation tolerance of the
retroperitoneal, abdominal, and pelvic organs, adequate

radiation doses are difficult to deliver, and toxicity can be
significant. Various institutions have advocated preoperative
or postoperative extemal beam RT, intensity-modulated
radiation therapy (IMRT), intraoperative electron therapy
(IORT), and brachytherapy (BT) for the adjunctive treatment
of RPSs, with the goal of improving LC, reducing the likeli-
hood of distant metastasis, and improving overall survival
(OS). However, the role of systemic therapy also remains con-
troversial (8, 9).

Between 1997 and 1999, a Phase I/II dose escalation study
of CIRT trial for bone and soft tissue sarcomas (BSTSs) was
conducted at the National Institute of Radiological Sciences
(NIRS) (10, 11). It was concluded that CIRT is an effective
local treatment for patients with BSTSs for whom surgical re-
section is not a viable option, and that CIRT seems to repre-
sent a promising alternative to surgery. There was no case of
fatal toxicity, and no patient need a colostomy. The morbidity
rate of CIRT has so far been quite acceptable. However, in

Reprint requests: Itsuko Serizawa, M.D., Research Center Hospi-
tal for Charged Particle Therapy, National Institute of Radiological
Sciences, Anagawa 4-9-1, Inage-ku, Chiba 263-8555, Japan. Tel:
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Table 1. Histologic subtypes and grades of 24 patients with
retroperitoneal soft tissue sarcomas

Histologic subtype n

MFH 6
Liposarcoma 3
MPNST 3
Ewing/PNET 2
Other 10
Histological grade
G3 (high grade) 15
G2-3 (high grade) 2
G2 (intermediate grade) 3
Gl (low grade) 0
Unknown 4
Total 24

Abbreviations: MFH = malignant fibrous histiocytoma; MPNST
= malignant peripheral nerve sheath tumor. ‘
Study was based on the French Federation of Cancer Centers Sar-

coma Group.
A three-tiered grading system was used.

our experience 8 of 64 patients (12.5%) had Grade 3 acute
skin reaction and 6 of 60 (10%) had Grade 3 late skin reac-
tion; the critical organs were skin/soft tissues for CIRT.
The maximum tolerated dose (MTD) for those with subcuta-
neous tumor involvement was thought to be 70.4 GyE or less,
and the MTD of 73.6 GyE was indicated for patients with no
subcutaneous tumor. To confirm these findings, a Phase II
clinical trial was conducted using two fixed carbon ion doses
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(70.4 or 73.6 GyE). There was no difference in L.C between
the outcomes of the two groups. Therefore, the recommended
dose for BSTSs was decided at 70.4 GyE (10).

The purpose of this study was to evaluate the applicability
of CIRT for unresectable retroperitoneal sarcomas with re-
gard to normal tissue morbidity and local tumor control.

METHODS AND MATERIALS

From May 1997 to February 2006, 24 patients (17 male and 7 fe-
male) with unresectable retroperitoneal sarcomas were treated with
CIRT. The median follow-up time of all patients was 36 months
(range, 6-143 months) and was retrospectively analyzed. Patients
with primary tumors and recurrent tumors were included, but pa-
tients with distant metastasis were excluded. Sixteen patients had
primary tumors and § had recurrent tumors, Twelve of the patients
had undergone chemotherapy, all more than 4 weeks prior to the ra-
diotherapy. None of the patients had previously undergone RT. Age
ranged from 16 to 77 years (median, 48.4 years). Histologic sub-
types were as follows: malignant fibrous histiocytoma (MFH) in
6, liposarcoma in 3, malignant peripheral nerve sheath tumor
(MPNST) in 3, Ewing/PNET in 2, and other in 10 patients. The his-
tologic grades were as follows: Grade 3 in 15, Grade 2 to 3 in 2,
Grade 2 in 3, and unknown in 4. Most tumors were high-grade sar-
comas (=Grade 2) (Table 1). Of the patients, 21 were diagnosed as
inoperable and the other 3 refused operation. Clinical target volumes
ranged from 57 cm’ to 1,194 cm® (median, 525 cm?).

All patients underwent magnetic resonance imaging (MRI), com-
puted tomography (CT), and positron emission tomography (PET).
The macroscopic tumor of these images was defined as gross target

Fig. 1. Dose distribution of carbon ion beam in retroperitoneal sarcoma of malignant fibrous histiocytoma (MFH) (myxoid
variant malignant fibrous histiocytoma, myxofibrosarcoma Grade 3) (red line, 90% isodose of the prescribed dose 70.4
GyE/16 fractions/4 weeks with 3 ports). The target volume was 516 cm®,
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Fig. 2. Overall survival curve for all 24 patients. The 5-year overall
survival rate was 50%.

volume. In cases in which the tumor was located close to critical or-
gans such as the bowel, the margin was reduced accordingly. The
clinical target volume was covered with at least 90% of the pre-
scribed dose. The planning target volume included the clinical target
volume plus a 5-mm safety margin for positioning errors (Fig. 1).

The CIRT was given once daily, 4 days a week (Tuesday through
Friday), for a fixed 16 fractions in 4 weeks. Patients were treated
with two or three irregularly shaped ports. The doses delivered
were 52.8 GyE (3.3 GyE/fraction) in 2 patients, 64.0 GyE (4.0
GyE/fraction) in 1 patient, 70.4 GyE (4.4 GyE/fraction) in 19 pa-
tients, and 73.6 GyE (4.6 GyE/fraction) in 2 patients (mean dose,
68.9 GyE; median dose, 70.4 GyE).

The Heavy lon Medical Accelerator in Chiba generates carbon
ion beams, with accelerations of energy of carbon ion beams of
290, 350, and 400 MeV/n. The range of these energy beams has
an in-water depth of 15 to 25 cm. The patients were positioned in
customized cradles and immobilized with a low-temperature ther-
moplastic sheet. The cell mortality rate from a carbon ion beam is
higher than that from a photon beam when the same physical dose
is irradiated. This cell-killing effect ratio is expressed by the relative
biologic effectiveness (RBE). The RBE of a carbon ion beam has
been reported to be 2 to 3, meaning that the cell-killing effect of
a carbon beam is two to three times stronger than that of a photon
beam (12).

The patients were closely followed with physical examinations,
CT, and MRI. Initial follow-up examinations were performed 1 to
2 months after the completion of CIRT, then every 3 to 6 months.
The follow-up period was calculated from the initial date of carbon
ion irradiation. Recurrence was defined as tumor regrowth and in-
crease in tumor volume observed in two consecutive MRI or CT
scans.

Actuarial OS and LC were calculated using the Kaplan-Meier
method. Toxicity attributable to RT was scored using the National
Cancer Institute Common Toxicity Criteria for Adverse Events, ver-
sion 3.0, for acute toxicity and the Radiation Therapy Oncology
Group and the European Organization for Research Treatment of
Cancer scale for late toxicity (13). Significant toxicity was defined
as any event scored as Grade 3 or greater.

RESULTS

All patients were able to complete the planned CIRT with-
out interruption, Median survival time of all patients was 41
months (range, 6-88 months). At 2 and 5 years, actuarial
overall survival rates were 75% and 50% (Fig. 2). Six patients
experienced local failure, with time from carbon ion therapy

to local failure ranging from 3 to 36 months. One of the 6 pa-

tients who had local failure showed marginal recurrence close
to the irradiated area. The remaining 18 patients had no evi-
dence of local failure at the last follow-up date (Figs. 3, 4).
Distant failure was observed in 12 patients, regional failure
in 7 patients, distant metastasis in 2 patients, and both in 3 pa-
tients. At 2 and 5 years, actuarial LC rates were 77% and 69%
(Fig. 5). There was no case of fatal toxicity during the follow-
up period after RT. Grade 1 skin acute reactions were ob-
served in 20 patients (83%) and Grade 2 skin late reactions
in 4 patients (17%). Grade 1 skin late reactions were observed
in 22 patients (92%) and Grade 2 skin late reactions in 1 pa-
tient (4%). Skin reaction higher than Grade 2 was not ob-
served, and skin toxicity decreased in a few months. One
patient (4%) developed Grade 1 pulmonary acute reaction.
There were no other acute reactions.

Five patients (21%) developed Grade 2 late neurologic
toxicity. Three of them had primary tumors and the other 2

Fig. 3. The tumor revealed intermediate to high intensity on T2-weighted image (a) and enhancement on contrast-
enhanced T1-weighted image before carbon ion radiotherapy (b).
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Fig. 2. Overall survival curve for all 24 patients. The 5-year overall
survival rate was 50%.

volume. In cases in which the tumor was located close to critical or-
gans such as the bowel, the margin was reduced accordingly. The
clinical target volume was covered with at least 90% of the pre-
scribed dose. The planning target volume included the clinical target
volume plus a 5-mm safety margin for positioning errors (Fig. 1).

The CIRT was given once daily, 4 days a week (Tuesday through
Friday), for a fixed 16 fractions in 4 weeks, Patients were treated
with two or three irregularly shaped ports. The doses delivered
were 52.8 GyE (3.3 GyE/fraction) in 2 patients, 64.0 GyE (4.0
GyE/fraction) in 1 patient, 70.4 GyE (4.4 GyE/fraction) in 19 pa-
tients, and 73.6 GyE (4.6 GyE/fraction) in 2 patients (mean dose,
68.9 GyE; median dose, 70.4 GyE).

The Heavy Ion Medical Accelerator in Chiba generates carbon
ion beams, with accelerations of energy of carbon ion beams of
290, 350, and 400 MeV/n. The range of these energy beams has

an in-water depth of 15 to 25 cm. The patients were positioned in.

customized cradles and immobilized with a low-temperature ther-
moplastic sheet. The cell mortality rate from a carbon ion beam is
higher than that from a photon beam when the same physical dose
is irradiated. This cell-killing effect ratio is expressed by the relative
biologic effectiveness (RBE), The RBE of a carbon ion beam has
been reported to be 2 to 3, meaning that the cell-killing effect of
a carbon beam is two to three times stronger than that of a photon
beam (12).
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The patients were closely followed with physical examinations,
CT, and MRI. Initial follow-up examinations were performed 1 to
2 months after the completion of CIRT, then every 3 to 6 months.
The follow-up period was calculated from the initial date of carbon
ion irradiation. Recurrence was defined as tumor regrowth and in-
crease in tumor volume observed in two consecutive MRI or CT
scans.

Actuarial OS and LC were calculated using the Kaplan-Meier
method. Toxicity attributable to RT was scored using the National
Cancer Institute Common Toxicity Criteria for Adverse Events, ver-
sion 3.0, for acute toxicity and the Radiation Therapy Oncology
Group and the European Organization for Research Treatment of
Cancer scale for late toxicity (13). Significant toxicity was defined
as any event scored as Grade 3 or greater.

RESULTS

All patients were able to complete the planned CIRT with-
out interruption. Median survival time of all patients was 41
months (range, 6-88 months). At 2 and 5 years, actuarial
overall survival rates were 75% and 50% (Fig. 2). Six patients
experienced local failure, with time from carbon ion therapy
to local failure ranging from 3 to 36 months. One of the 6 pa-
tients who had local failure showed marginal recurrence close’
to the irradiated area. The remaining 18 patients had no evi-
dence of local failure at the last follow-up date (Figs. 3, 4).
Distant failure was observed in 12 patients, regional failure
in 7 patients, distant metastasis in 2 patients, and both in 3 pa-
tients. At 2 and S years, actuarial LC rates were 77% and 69%
(Fig. 5). There was no case of fatal toxicity during the follow-
up period after RT. Grade 1 skin acute reactions were ob-
served in 20 patients (83%) and Grade 2 skin late reactions
in 4 patients (17%). Grade 1 skin late reactions were observed
in 22 patients (92%) and Grade 2 skin late reactions in 1 pa-
tient (4%). Skin reaction higher than Grade 2 was not ob-
served, and skin toxicity decreased in a few months. One
patient (4%) developed Grade 1 pulmonary acute reaction.
There were no other acute reactions.

Five patients (21%) developed Grade 2 late neurologic
toxicity. Three of them had primary tumors and the other 2

Fig. 3. The tumor revealed intermediate to high intensity on T2-weighted image (a) and enhancement on contrast-
enhanced T1-weighted image before carbon ion radiotherapy (b).
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Table 3. Overall survival (OS) and local control (LC) in various studies

Microscopically
First author, year Treatment n Resection (%) Complete resection (%) positive margin (%) 5-y OS (%) 5-y LC (%)
Catton, 1994 (2) Op+EBRT 104 43 36 28
Stoeckle, 2001 (14)  Op+EBRT 145 65 49 41
Van Dalen, 2001 (15) Op 142 54 ND ND 32
Lewis, 1998 (4) Op+EBRT 278 67 49 18 54 59
Gronch, 2004 (16) Op+EBRT+IORT 167 88 53 54
Gilbeau, 2002 (17)  Op+EBRT 45 38 58 60 40
Krempien, 2006 (18) Op+IORT + EBRT 67 31 51 64 40
Youssef, 2002 (19)  Op+EBRT =+ BT 60 45 30 56 71
Current study (2009) CIRT 24 - 50 69

Abbreviations: BT = brachytherapy; CIRT = carbon ion radiotherapy; EBRT = external beam radiation therapy; IORT = intraoperative

radiation therapy; ND = no description; Op = operation.

years) survivors, Heslin et al. reported that radiation therapy
was the only significant factor associated with improved local
control, concluding that postoperative high dose (>50-55
Gy) XRT was effective in local control (1).

To give a high dose to the target is very important in radi-
ation therapy of RPSs, but such doses are associated with
higher rates of toxicity. Methods for dose-escalating radiation
include BT and IORT; but some series have reported signifi-
cant complications, including neuropathy as well as gastroin-
testinal and genitourinary complications (Table 4) (21, 22).
Jones et al. reported six patients with life-threatening compli-
cations, including duodenitis, and 1 patient died of liver fail-
ure. Petersen et al. reported severe (Grades 3-5) toxicities
such as elevating creatinine levels, ureteral injury required
stenting, and neuropathy. When external radiation therapy
with effective doses is performed, small bowel toxicity is gen-
erally emphasized; but other organs such as kidneys, liver,
and spinal cord are also dose-limiting organs. Tzeng et al. re-
ported preoperative IMRT with selective dose escalation of
radiation therapy for RPS (23). Their study enrolled 16 pa-
tients who could undergo operation, and their follow-up
time was shorter (median, 28 months). Six patients showed
acute and late gastrointestinal tract complications (>G1).

In the present study, no gastrointestinal tract complications
occurred, indicating that CIRT can deliver better dose distri-

" bution than photon beams. Compared with other reports, our

results showed higher incidence of late neurologic toxicity
(5 patients developed Grade 2 late neurologic toxicity) (Table
4). However, most patients in our study were inoperable and

their tumors invaded nerves before treatment, so the nerve
could not be spared from the high-dose area of CIRT. In
fact, 3 of the 5 patients had neurologic disabilities before
CIRT. It was also reported that, in the treatment of sacral
chordoma, tumor location and pretreatment neurologic status
are important predictors of treatment outcome (11). There-
fore our data on neurologic toxicity are considered to be ac-
ceptable. '

Lewis et al. reported that a pathologic high grade was arisk
factor of metastasis, and their analysis showed distinctly lon-
ger survival among patients with low-grade tumors than
among those with high-grade tumors (low-grade: mean,
149 months; high-grade: mean, 33 months) (4). Stoeckle
et al. reported that histologic subtypes had an influence on
outcome, as patients with nonliposarcoma tumors had
a higher risk of metastasis and poorer LC and OS than
patients with liposarcoma (14). Feng et al., from their sur-
vival analysis, indicated that grade is a strong predictor,
with a 5-year OS rate of 66% and 25%, respectively, for pa-
tients with low-grade vs. intermediate/high-grade tumors.
They observed that high-grade plus unresectability was
also associated with poor survival (24). Guadagnolo et al. re-
ported good outcomes in patients with liposarcoma, indicat-
ing a clear relationship between pathologic features and
outcomes of treatment (25).

In our study, most of the tumors were high-grade sarcomas
(=Grade 2), including 3 patients with lioposarcoma. In light
of this situation, CIRT is suggested to be an effective and safe
treatment for retroperitoneal sarcomas.

Table 4. Complications in studies reported

Acute =2G2(%) Late I =G2(%)

First author, year Treatment protocol n 2-y LC (%) GI NT GI NT Death(%)
Gilbeau, 2002 (17) Op+EBRT =+ IORT 45 70 77 0 9 19 0
Fein, 1995 (20) Op+EBRT 19 72 5 0 0 0 0
Jones, 2002 (21) Op+EBRT + BT 41 80 15 0 10 2 7
Peterson, 2002 (22) Op+EBRT + IORT 87 84 14 10 - - 0
Tzeng, 2006 (23) Op+IMRT 14 80 6 0 6 0 0
Current study (2009) CIRT 24 77 0 0 0 21 0

Abbreviations: BT = brachytherapy; EBRT = external beam radiation therapy; GI = gastrointestinal (toxicity); IORT = intraoperative radi-
ation therapy; IMRT = intensity modulated radiotherapy; LC = local control; NT = neurotoxicity; Op = operation.
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