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INTRODUCTION

In November 1996, the first human patient was irra-
diated with protons on the new PSI facility. The tech-
nical and physical reliability of the device had been
reviewed and tested extensively; in addition, several
animal patients with spontaneous tumors had been
treated before and followed up carefully in order to
have a biological control and an early warning system
for unexpected radiation effects. The first human pa-
tient received a boost therapy for a brain metastasis
of a malignant melanoma.

CONDITIONS

As the beam time at the end of the year was limited
due to the winter shutdown of the main accelerator,
we agreed in planning the first human patient for a
boost treatment of only a few fractions. The goal of
this therapy was to deliver a senseful, medically justi-
fied and technically satisfying irradiation to a carefully
selected patient and to operate our equipment under
,,normal" conditions where a patient was, as usual in
radiotherapy, awake and actively cooperating. This is
one of the major differences between the therapy in
dogs and humans, as the animals have to be anaes-
thetized during the single sessions.

TREATMENT

Our patient was referred by the Departments of Neu-
rosurgery and Radiation Oncology of the University of
Zurich. He was suffering from a metastasizing mela-
noma of the skin, which had been undiagnosed and
untreated for probably two years. Early in 1996 the
patient, who had lived for 30 years in Costa Rica,
showed neurological and intellectual deficiencies,
which led to the diagnosis of a left side thalamic le-
sion. The histological verification of a metastasis of a
melanoma and extirpation were done in Switzerland.
After the surgical intervention, the patient underwent
whole brain irradiation in order to consolidate the sur-
gical result. In the fall a regrowth of the thalamic le-
sion was diagnosed, based on neurological signs and
computer tomography. A localized irradiation focused
on the lesion was discussed, proton therapy at PSI
was considered the alternative to a stereotactic treat-
ment with photons. The proton therapy was planned
as fractionated treatment with 4 x 2.5 CGE (Cobalt
Gray Equivalent, using a radiobiological equivalent of
1.1 for protons compared to photons).

The high precision, with which the proton dose is de-
livered, requires a precise positioning of the patient

and the tumor relative to the beam during every
treatment session. During his first visit to PSI, we
fabricated a whole body mold for our patient, using a
specially designed vacuum mattress. This allowed for
a comfortable and reproducible supine body position.
The head was, as usual in conventional radiotherapy,
positioned on a neck rest and fixed with a mask which
covered the whole head excluding the eyes, nose and
lips. The body mold and head fixation part were per-
manently connected by the construction of the PSI
positioning device. In order to improve the proton
dose distribution in the brain, we added a 4 cm water
equivalent bolus to the left side of the head mask,
fixed by heat on the mask material itself. Several lead
markers for the positioning control were also fixed on
the immobilization device, but outside the treatment
area in order to avoid artifacts in the CT numbers and
dose calculation. The patient then underwent a CT
examination in his complete immobilization device.
The CT of the brain was done in slices of 2 mm thick-
ness without spacing. In addition, topograms (scout
views) were taken with orthogonal positioning of the x-
ray tube as a reference for further positioning controls
before each treatment.

After this preparatory day the patient went home for
five days, during which we performed a careful treat-
ment planning and dosimetry. Based on previous
animal treatments and dosimetry we were able to
apply the radiation dose using more than one field.
The options in this particular case with a round, near
centrally situated tumor of a few centimeters of diame-
ter were two angles of 90° lateral and about 45° an-
tero-lateral respectively or just one beam entrance
angle. With regard to the previously given dose of
46 Gy to the whole brain we decided for one beam
angle at 50° antero-lateral. Considering the histologi-
cal uncertainty of a brain metastasis and the uncer-
tainties due to system inaccuracies and positioning,
we calculated a safety margin of 10 mm for this par-
ticular tumor situation. The dose calculation was done
with the PSI planning program. The dose verification
was performed by extended dosimetry, measuring
dose points and profiles in different axes and taking
films at different depths in a perspex phantom.

The actual patient treatment took place on four days
(Monday, Tuesday, Thursday, Friday) of the last week
in November. For every session the patient was setup
in his mold and head fixation on the CT scanner for
orthogonal scout views. This information, showing the
bony head structures and the markers on the fixation
device relative to the CT and gantry coordinates, was
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each time compared with the first examination. On
day one and three we had to reposition the patient's
head for a precise treatment. After the CT control the
patient was taken in his mold to the gantry, the trans-
port being performed on a special cart which takes the
patient couch from the CT scanner to the gantry with-
out moving the patient himself. To assure the still
correct position, orthogonal x-rays were taken every
day on the gantry. The film cassette has a reference
grid, which allows for a precise check of the bony
landmarks and external markers relative to the refer-
ence points and the central beam axis. Repositioning
on the gantry was not necessary, the transport from
the CT to the treatment room had not caused a mis-
positioning of the patient's head. A film was fixed on
the mask for every treatment in order to show the
shape of the field. These films were compared to 1:1
printouts of the planning computer and showed the
expected correlation of the dose fields on the films
with the calculated shape.

During irradiation the patient was supervised by video
cameras and a microphone, both connected to the
control desk outside the treatment room as well as to
the operator's desk. The treatment itself was con-
trolled by the steering and control software and went
without technical complications. The physicists and
operators supervised the therapies and matched the
physical and technical details to the protocol. Short
interruptions of the beam coming from the main ac-
celerator did not exceed a few minutes. The patient
tolerated the whole procedures well, though, of
course, being fixed in a head mask is not the most
comfortable situation. The setup time was, including
the CT and x-ray control, about 40 minutes on the first
day and 20 minutes on the fourth day. This proves the
learning effect for the involved personnel as well as
for the patient. Our equipment was functioning well,
though we realized that changes e.g. of the molding
technique have to be done during the shutdown.

The clinical status of the patient was mainly character-
ized by deficits of the short term memory and a
slightly anxious attitude towards new situations. Nev-
ertheless the hospitalization in the nearby regional

hospital in Brugg and the four visits and treatments at
PSI were amazingly well tolerated. The patient was
fully informed about his disease and the therapeutic
concept, he showed a positive interest in the new
therapy modality and was very cooperative during the
whole preparation and treatment sessions. His physi-
cal status was only moderately compromised, mainly
by disturbance of the fine motor activity of the hands.
He was up and walking around during day time. Sei-
zures did not occur under adequate medication, nor
did we see symptoms of increased intracranial pres-
sure under steroid medication. The patient had a rela-
tively strong tendency to move his head to the right
side when lying down. This had to be taken into ac-
count when he was positioned in his tight head mask.
This procedure was in general the most time consum-
ing part of the positioning, it had to be done with care
in order to avoid uncomfortable pressure by the mask
material and tension in the cervical spine.

After the last treatment session the patient went back
home to his family who have taken care of him since
then. His clinical status is stable, a CT control is
planned for January 1997. The overall prognosis for
this situation will probably depend on the further gen-
eralization of the melanoma. The family and the pa-
tient had known about this precondition before the
proton therapy. We hope to have stopped the local
progression of the thalamic metastasis in order to
provide an improved quality of life.

FUTURE

The winter shutdown of the PSI main accelerator will
last until April. New patient treatments will be possible
from late April on. Referrals will be organized in close
collaboration with the Proton Users Group according
to the medical protocols. The gantry system will un-
dergo further developments and commissioning; the
indications for irradiations have, during the first full
beam period, to be adapted to the physical and tech-
nical properties of the device.


