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Initial Experience of Proton Beam Therapy
at the New Facility
of the University of Tsukuba

Kenji Kagei" ¥, Koichi Tokuuye": 2,
Shinji Sugahara?, Masaharu Hata": 2,
Hiroshi Igaki'» %, Takayuki Hashimoto?,
Kiyoshi Ohara? and Yasuyuki Akine' ?

Purpose: To present the initial experience with proton beam
therapy at the new Proton Medical Research Center (PMRC)
of the University of Tsukuba.

Materials and Methods: The new facility has a synchrotron
with maximum energy of 250MeV and two rotational gan-
tries. We treated 105 patients with 120 lesions with proton
beams in the first year, beginning in September 2001. The
most common lesion treated was primary liver cancer (40
lesions) followed by lung cancer, head and neck cancers, and
prostate cancer. Concurrent X-ray radiotherapy was given
for 38 of the 120 lesions.

Results: The median follow-up period was 11 months (range,
1-19 months). Of the 105 patients, 97% had Grade 0-2 RTOG/
EORTC acute morbidities, while the remaining 3% had Grade
3. Tumor response after irradiation was CR for 35% of the
lesions, PR for 25%, SD for 22%, PD for 9%, and not evalu-
ated for 9%.

Conclusion: The proton beam therapy conducted at the new
facility of the University of Tsukuba was safe and effective.
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Table 1 Summary of primary organs and pathology

Primary organs Number of organs Histology Number of organs
Liver 35 Hepatocellular carcinoma 34*
Cholangiocellular carcinoma 1
Lung 18 Adenocarcinoma 10
Squamous cell carcinoma 5
Small cell carcinoma 2
MNon-small cell carcinoma, unspecified 1
Head & Neck 13 Squamous cell carcinoma i
QOlfactory neurolastoma 2
Adenocarcinoma 1
Papillary carcimona 1
Osteosarcoma 1
Leiomyosarcoma 1
Prostate 8 Adenocarcinoma 8
Esophagus 5 Squamous cell carcinoma 5
Brain/Skull base B Gilioblastorna 2
Chordoma 1
Adenoma 1
Others 23 Adenocarcinoma 11
Others 12
Total 106%* 106%%*

*Of the 34 patients with hepatocellular carcinoma, 27 were diagnosed based on clinical studies alone.
#%Qne patient had two primary organs treated with proton therapy.

Table 2 Number of patients and lesions by organ of treatment

Treatment organs Primary/metastatic/sites Number of patients Number of lesions
Liver Primary 35 40
Metastatic 7 12
Lung Primary 15 15
Metastatic 3 4
Head & Neck Nasal/paranasal 5 5
Oropharynx 3 3
Oral cavity 1 1
Orbit 1 1
Maxilla 1 1
Cheek 1 1
Neck lymph node 1 1
Prostate 8 8
Esophagus 5 5
Brain/Skull base Brain 2 2
Skull base 2 2
Pituitary gland 1 1
Others 18 18
Total 109* 120

*In four patients, proton therapy was given to two organs.
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Table 3 Total tumor dose and fractions according to organ of treatment
, Total dose ) Equivalent dose™® Equivalent dose*
Teament ey, Mmoot (e Frlon___taipeto) Gy __ulps) ()

g Median Min Max Median Min Max Median Min  Max Median Min  Max
Liver Primary 40  60.0 50.0 720 10.0 10.0 220 781 625 870 101.3 79.2 108.0
Metastatic 12 58.0 435 66.0 120 8.0 220 677 56.0 800 800 733 108.0

Lung Primary, Stage | 3 50.0 500 80.0 10.0 50 400 800 625 833 108.0 80.0 130.0
Primary, Stage II-IV 7 755 600 81.0 410 16.0 560 800 704 1115 833 662 119.2

Metastatic 4 50.0 48.0 80.0 8.0 50 400 800 640 833 108.0 80.0 130.0

Head & Neck 13 740 46.0 87.0 380 230 470 724 460 863 702 46.0 85.2
Prostate 3 76.0 616 76.0 39.0 320 450 742 612 760 724 600 76.0
Esophagus 5 76.0 579 80.0 32380 30.0 40.0 76.0 567 80.0 76.0 55.1 80.0
Brain/Skull base 5 684 504 924 380 180 60.0 673 531 898 657 518 862
Others 18 68.0 300 820 195 100 440 700 325 957 747 36.0 1148
Total 120 65.0 30.0 924 20.0 50 600 745 325 1115 80.0 36.0 130.0

*Equivalent dose was calculated by converting the dose given to that of standard fractionation with 2 Gy fractions using linear quadratic mode.5)

Table 4 Tumor response according to organ of treatment

Treatment sites Primary/metastatic Number of lesions CR PR SD PD Not evaluable
Liver Primary 40 18 g 7 1 5

Metastatic 12 2 (3] 4 0 0
Lung Primary 15 5 7 2 1 0

Metastatic 4 1 1 1 1 0
Head & Neck 13 3 3 1 4 2
Prostate 8 0 0 0 0
Esophagus 2 1 0 1 1
Brain/Skull base 5 0 0] 4 1 0
Others 18 4 2 7 2 3
Total 120 43 29 26 11 11
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Table 5 RTOG/EORTC acute morbidity scoring according to organ of treatment
Treatment organs Number of patients Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Liver 42 22 19 1 0 0 0
Lung 18 4 12 2 0 0 0
Head and Neck 13 0 6 5 2 0 0
Prostate 8 0 7} 3 0 0 0
Esophagus 5 0 2 2 1 0 0
Brain/Skull base 1 4 0 0 0 0
Others 18 2 12 4 4] 0 0
Total 109% 29 60 17 3 0 0
*In four patients, proton therapy was given to two organs.
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