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Some Trials in PARMS for the Accurate Tumor Localization and
Treatment Set-Ups in Fractionated Proton Therapy

Takuro Arimoto, Toshio Kitagawa, Tetsuo Inada, Noboru Maruhashi,
Yoshinori Hayakawa and Masaru Sato
Particle Rediation Medical Science Center, Tsukuba University

Research Code No. : 6.1, 60;1, 607, 609
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Twenty one patients with pelvic malignancies (Cervix uteri, urinary bladder, prostate and vagina)
were treated by multi-fractionated, 250 MeV proton beam at the Particle Radiation Medical Science
Center (PARMS), Tsukuba University from 1983 to 1986. To minimize daily treatment set-up error,
and to secure the tumor localization accuracy within a few mm in each treatment, several techniques
have been developed and performed routinely in PARMS: which includes; 1) adjusting the daily
treatment field settings according to the daily location of internal target which is detected by metallic
marks implanted in the tumor site; 2) emptying and refilling the bladder with equal amount of water in
each treatment to standardize the effective internal body density (which directly influence the beam
range in Proton therapy); 3) monitoring and adjusting the beam range daily by in-vivo microchamber
(0.006 cc).

In addition to describing these techniques in detail, the range of potential tumor localization error
in each tumor site was estimated with verfication films taken in each treatment. The largest potential
localization error in the bladder tumor was 30 mm, at most 20 mm in the cases of cervical carcinoma,
and less than 15 mm in vagina and prostate carcinomas. Therefore, these cases required correction in
each treatment. Potential disagreement of the beam range in the internal structures was estimated to
be at least 5 mm by in vivo micro chamber method.

Treatment results were as follows: One year local control (by Kaplan-Meier’s method) being 90.9
+6.2%, and 77.9 & 40% in two year. Except for one case of minor rectal injury, there observed no late
radiation injury among 15 patients who have been at risk for more than 12 months.
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Table 1 Process of the Proton Treatment in PARMS

Treatment Planning

1. CAT examination and data acquisition for treatment planning.
*With the same posture and supporting devices as used in treatment.
*With the metallic tumor marks implanted in advance.
*With the bladder filled with 150(100)cc of water.
*With a silicon rubber tampon inserted in vagina if used in treatment.
2. CAT data installation to the Computer in PARMS.
3. Determination of beam direction, number of port, and the target volume by radiother-

apist(s).

4, Required shape of collimator and the “Bolus” are calculated and manufactured by

technologist(s).
Daily Treatment

1, Patient set-up ; bladder is filled with 150(100)cc water. Vaginal tampon and the Micro

ionization-chamber are inserted.

. First verification film is taken to check the localization of internal target.

. Second verification film is taken to confirm the accurate set-ups.

2
3. Adjustment of field setting ; quantity of water in the bladder is adjusted if required.
4
5

. Start irradiation. The in vivo beam range is checked by micro ionization-chamber

dosimetry.
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Fig. 1

Target area is delineated by a blue line. Required

tyrene tubes) are also shown
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An example of treatment planning for a patient of cervical carcinoma.
shape and the
resultant dose distribution are shown by green and red lines, respectively.
Metallic tumor markers, and reference points on the skin {(marked with polys.

“bolus”
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Fig. 2 An example of a verification film. Field
setting is adjusted based on the location of
metallic tumor markers. The micro ionization
chamber is also inserted.
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Fig. 3-a : Vaginal Tumor (A-P Port)
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Fig. 3-b : Cervical Tumor (A-P Port)
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Fig. 3-c : Bladder Tumor (R-L Port)
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Fig. 3 Fluctuation of the site of tumor markers

and the field center (marked on the skin) were
plotted from serial verification films taken in
each treament. a) A case of the vaginal wall
tumor treated by single antero-posterior port. b)
A case of the cervical carcinoma also treated by
antero-posteriorly. ¢) A case of the bladder
tumor treated by lateral (R-L) port. Points of the
largest deviation from the center of fluctucation
are tied each other to show the maximum range
of fluctuation. @ indicates the site of tumor
marker, and x indicates the site of skin marker in
each treatment.
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Fig. 4 Result of in vivo dosimetry by TLD (BeO) in three patients of the
cervical carcinoma. Three to five TLD pellets were attached to the tip of
catheter inserted in the rectum and a vaginal tampon (silicon rubber) in each
treatment time. TLD dosimetry was repeated more than ten times in a
fractionated treament conrse to check the reproducibility of the the beam

range.
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Fig. 5 An example of in vivo microchamber
dosimetry. Instead of scanning the microchamber
to delineate the internal dose distribution, the
range of proton beam is fluctuated by altering the
oli-bath (Fine Degrader: FD; which is incorpo-
rated in the beam couse and remotely control-
lable) thickness. Actual internal beam range
could be known by this method. Observed inter-
nal beam fall-off blurred probably due to multiple
scattering along the beam path. The patient was
a case of the cervical carcinoma, and the micro-
chamber was inserted in the rectum.
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Fig. 6 Local control rate of all 21 cases of pelvic
malignancy by Kaplan-Meier’'s method. Esti-
mated one year local control rate was 90.4+
6.2%.
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Table 2
Site of Tumor TNM Prior RT Pr?&;l}f?}adsgr &%5 Present Status

1 Cervix Uteri 200 32.4/18/25 38.5/11/19 41 Alive NED

2 Cervix Uteri 200 = 82/25/42 23 Alive NED

3 Cervix Uteri 300 - 74.5/17/27 22 Alive but with Local Failure (17mo)
4 Cervix Uteri 200 = 75/17/27 22 Alive with Minor Injury

5 Cervix Uteri 200 30.6/17/30 48.5/19/43 16 Alive NED

6 Cervix Uteri 300 30.6/17/34 61.2/21/47 16 Alive NED

7 Cervix Uteri 300 25.2/14/22 58/18/31 12 Alive NED

8 Cervix Uteri 300 25.2/14/21 61/18/31 12 Alive NED

9 Cervix Uteri 200 = 84/23/64 7 Alive NED

10 Cervix Uteri 300 28.8/16/23 61/18/31 6  Alive NED

11 Cervix Uteri 200 - 86.5/25/50 4 Alive NED

12 Vagina 200 30.6/18/27 37.5/17/23 18  Alive NED

13 Vagina 200 - 90,/23/53 4 Alive NED

14 Bladder 100 - 71.5/20/35 18 Alive after sulvage surgery (6mo)
15 Bladder 300 — 79/18/42 15 Dead with Generalised Mets (15mo)
16 Bladder 300 - 87/26/55 12 Alive NED

17 Bladder 300 27/15/28 91.5/29/56 4 Alive NED

18 Prostate 300 = 62.3/21/36 23 Alive NED

19 Prostate 300 = 72.5/20/35 18 Alive NED
20 Prostate 300 = 85.5/24/46 12 Alive NED
21 Rectum 300 — 90/28/64 6  Alive NED
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