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The main activities of 1996 have focused on the commissioning of the facility, the debugging of the soft-
ware for the steering system (therapy controller and dose controller computers) and the development of
the dosimetry for the verification of three-dimensional conformal dose distributions. The safety aspects of
the spot scanning technique have been inspected during a safety hearing with international experts. In
November the facility was finally ready for the treatment of the first human patient on the PSI gantry.

INTRODUCTION

The spot scanning technique was used successfully
on the proton gantry in 1995 for the treatment of vet-
erinary patients. Based on this experience, our origi-
nal plans were to start treatments of human patients
in May of 1996.

The decision of PSI in April 1996 to submit all safety
aspects of the spot scanning technique to a hearing
with international experts had practical consequences
for the commissioning of the facility, which finally de-
layed the start of the first medical treatment until the
25th of November.

MAJOR EVENTS OF 1996

On January 30th the proton facility was inaugurated
with an official ceremony, with lectures from speakers
known to have pioneered the field of proton therapy in
the past. This event, which attracted the attention of
the press more than expected, marked the conclusion
of all major installations of the project.

In April the scientific values of the projects of the Life
Science Division were analysed by an international
scientific committee. The results of the F2-Audit were
very positive for the proton therapy project. It was
however suggested by the committee that, as the
proton therapy project has a "high visibility" outside of
PSI, a safety hearing on all safety issues of the proj-
ect should be performed.

A safety review committee, with specialists in the field
from Boston (chair), Berkeley, Seattle and Darmstadt,
met at PSI on June 9-12. After three days of intense
examination, a verbal list of recommendations was
presented at PSI. The final report of the committee
was sent on July 18. Most of the beam time between
June and October of 1996 has been used for the re-
alisation of the committee's recommendations and for
further commissioning of the facility.

In September our group hosted the XXV PTCOG
meeting at PSI. This organisation brings together all
centres world-wide working in the field of charged
particle radiation therapy. The 3-day meeting was
continued in the second half of the week at CERN in
Geneva.
During 1996 three more dogs were treated in the
proton therapy facility. The total number of dogs
treated on the gantry is now 7.

On November 25 we were finally ready to start with
the treatment of the first human patient. The 4 frac-
tions of a boost treatment (an addition to photons) in
the brain were applied without problems. We are now
waiting to restart in April 97, after the usual winter
shut-down of the accelerator.

THE SAFETY
TIONS

COMMITTEES RECOMMENDA-

It is known from experience in other fields, that abso-
lute safety does not exist. The question of whether
certain safety measures are more appropriate than
others, or if a system provides sufficient redundancy,
becomes for very low probabilities of risk, a matter of
opinion. If one reads carefully the safety committee's
report, one can recognise that no real mistakes were
found in the original safety concepts of the PSI proj-
ect.

However, the report presented a substantial list of
recommendations, which should be realised before
starting patient treatments. It was agreed in our group
to satisfy as quickly as possible all points, without
embarking on a sterile debate on the real necessity of
the suggestions since, at the end, the realisation of
the committee's recommendations will add value to
the quality of the project.

The most important points in the report regard the
general organisation of the project, its leadership and
the assignment of specific responsibilities. An impor-
tant point was the recommendation to increase the
manpower in order to avoid stress situations and to
guarantee a safe operation of the facility. One techni-
cal issue discussed was the necessity of the shielding
of the bunker door during patient treatments. Recent
measurements of the neutron background in front of
the door showed that this is not necessary. Despite
the fact that our interlock system has twofold redun-
dancy, we had to replace part of its logic from
EPROM to a hardwired circuit. In addition to the
switching-off of the beam with the Fast Kicker Magnet
and the mechanical beam shutters BD1 and MDF1 in
the event of an interlock, another fast magnetic beam
switch-off at the ion source of the accelerator was
added to the safety chain. This additional fast protec-
tion for the patient is activated in case of failure of the
Fast Kicker or in case of the malfunctioning of the
electrostatic splitter (when a high intensity beam could



be deflected into the proton therapy beam line). Other
recommendations were already planned by the PSI
group but not completely realised at the time of the
meeting. An example is the device for the rescue of
the patient in case of failure of the motors of the gan-
try. A remaining major task for the next years is to
provide spare parts and a more professional docu-
mentation of the project.

In conclusion, the safety hearing has been an impor-
tant step to providing the confidence to start human
patient treatments with the spot scanning method.

TECHNICAL DEVELOPMENTS

From the beginning of the beam period, most of the
work was spent debugging the communication prob-
lems between the RTVAX therapy controller computer
and the OS9 system, which controls the motors of the
gantry. These problems, caused by the choice of dif-
ferent operating systems, are now under control.

A major development over the year has been the de-
bugging of the dose controller software. This system
is essential for the safety of the spot scanning tech-
nique. The dose controller checks the execution of the
treatment independently of the therapy controller,
using different methods of measurement of the pa-
rameters of the scan.

A real break-through was achieved with the implemen-
tation of the checks of the position and width of the
beam during scanning at each spot with the strip
monitor system. The problems of electronic noise in
the signals of the strips were solved by implementing
improved electronics which uses opto-couplers to
avoid ground loops.

The dosimetry of 3-dimensionally shaped dose fields
is a conceptually simple but practically very difficult
task. We adopted the provisional solution to collect
the charge from 10 ionisation chambers using con-
densers and to read them by multiplexing the signals
in a precise electrometer.

We have performed dosimetry experiments in the
Rando phantom under conditions similar to those
used for the first patient, to check the effect of body
heterogeneities on the dose distribution. We gained
also interesting results on the precision of the calibra-
tion of the CT-data from Hounsfield number into pro-
ton stopping power, obtained by measuring the range
of protons in animal tissue samples.

Another important result is the excellent reproducibility
of the measurements for the daily test procedures.
The implementation of check lists (daily checks, inter-
lock tests,interlock diagnosis etc.) directly in the com-
puter is our preferred strategy for increasing the
safety and the efficiency of the beam delivery system.

COLLABORATIONS

The number of collaborations with external institutions
is steadily increasing. We mention here the develop-
ment of proton radiography with the University of Mu-
nich, the collaborations with the Italian project Tera
(alanine dosimetry at the university of Rome, Monte
Carlo calculations in Milan, treatment planning trans-
fer on a UNIX platform in Geneva and Rome). Other
examples are the dosimetry tests performed at PSI by
the colleagues of the Dutch university of Groningen.
Their 2D-dosimetry system based on a scintillation
screen viewed by a CCD-camera is probably the fu-
ture solution for the routine verification of conformal
dose distributions applied with scanning beams. Fig-
ure 1 shows as an example a picture taken by scan-
ning the beam of PSI in a rectangular pattern whilst
changing the proton range by addding a range shifter
plate at each scanned line. As opposed to the usual
film dosimetry, where the Bragg peak is strongly sup-
pressed, the Bragg peak region can clearly be seen in
this picture.

CONCLUSIONS

All necessary tests and procedures needed to start
with very simple treatments were developed in 1996.
In 1997 we shall continue to optimise our treatment
procedures and increase the reliability of the compo-
nents of the system. The commissioning of the Top-
Rotation support and the problem of organ motions for
treatments in the trunk are just two examples of the
large amount of technical work which remains to be
done. This process toward high precision therapy with
protons will require another 2-3 years of exciting
medical physics developments.

Fig. 1: CCD image of a scanned proton beam with
varied proton range (see also text). Courtesy
of J.M. Shippers.


