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OPERATIONS EXPERIENCE AT THE BEVALAC RADIOTHERAPY FACILITY* 

J.K. Alonso , T.L. C r i s w e l l , J . Howard, W.T. Chu, 
R.P. Singh, D. Ge l l er , and M. Nynan 

Lawrence Berkeley Laboratory 
Univers i ty o f C a l i f o r n i a , Berkeley, C a l i f o r n i a , 94720 

Introduct ion 

Tlie use of the Bragg peak of charged p a r t i c l e s for 
medical treatments was f i r s t proposed in 1946 by 
Wilson*. The g r e a t l y enhanced dose depos i ted a t the 
end of the beam range compared t o the entrance dose , 
and the sharp f a l l o f f of dose beyond the beam range 
and a t the edge of the co l l imated f i e l d due to small 
heavy- ion s t r a g g l i n g and mul t ip le s c a t t e r i n g lead to 
very prec i se l o c a l i z a t i o n o t the dose de l i vered to the 
t rea tent volume, thus maximizing the sparing of normal 
t i s s u e . In a d d i t i o n , the enhanced b i o l o g i c a l e f f e c ­
t i v e n e s s due t o the high LET (dE/dx) o f heavy ions has 
a l s o pointed to these beans a s p o t e n t i a l l y being a 
very super ior modality for the treatment of cancer . 
T e s t i n g of these ideas became p o s s i b l e when heavy ion 
beams of adequate energy and i n t e n s i t y became 
a v a i l a b l e with the c r e a t i o n o f the Bevalac in 1974.2 

During the f i r s t years of Bevalac operation the 
biomedical e f f o r t concentrated on radiobiology work, 
lay ing the foundation for pa t i en t radiotherapy.-* »̂  
A dedicated radiotherapy area was created in 1978,-^ 
and in 1979 f u l l - s c a l e pat ient treatment was begun. 
As of now over 500 treatments with carbon, neon and 
argon beams have been de l ivered to about 50 p a t i e n t s , 
some as boosts from other moda l i t i e s and some as 
complete heavy ion treatments . Up to 12 p a t i e n t s per 
day have been treated in t h i s f a c i l i t y . Continuing 
e f f o r t s in re f in ing techniques and operat ing proce­
dures are increas ing e f f i c i e n c y and accuracy of 
treatments , and are contr ibut ing to the a l l e v i a t i o n of 
scheduling d i f f i c u l t i e s caused by the unique 
requirements of radiotherapy with human p a t i e n t s . 

F a c i l i t i e s 

The treatment area , beam d e l i v e r y and dosimetry 
instruments were reported in an e a r l i e r paper 5 so 
w i l l only be b r i e f l y descr ibed . Figure 1 shows the 
treatment room with support areas for t h e r a p i s t s , 
p h y s i c i s t s , operators and t e c h n i c i a n s . Beam enter s 
the treatment room from the lower r ight corner , passes 
a long o p t i c a l t a i l s conta in ing beam shaping, range 
modulation and dosimetry apparatus and f i n a l l y into 
the p a t i e n t . The pat ient i s supported on a Ph i l ips 

Mark I ram-style couch 6 with attachments t o hold the 
pa t i en t i n a wide v a r i e t y of p o s i t i o n * t o b e s t u t i l i z e 
our s t a t i c hor izonta l bean. Alignment o f the p a t i e n t 
i s performed with x-ray and l a s e r systems c a r e f u l l y 
pos i t ioned i n r e l a t i o n t o the beam a x i s . 

Bean preparation u t i l i z e s the s c a t t e r i n g f o i l -
occluding ring system^'** shown i n Figure 2 . The 
t i g h t l y focused acce l era tor beam i s passed through the 
f i r s t s c a t t e r i n g f o i l , 9 mm of lead placed 10 Meters 
upstream o f the p a t i e n t . At a point 6 meters from the 
pat i en t occluding r i n g s block out por t ions of the 
Gaussian beam, and a second s c a t t e r e r d i f f u s e s the 
beam passing through open spaces in the r ing system. 
As the beam moves towards the p a t i e n t the h o l e s are 
f i l l e d in by s c a t t e r e d beam, and i f everything i s done 
c o r r e c t l y , r i gh t beam width, r ing diameters and d r i f t 
d i s t a n c e s , the beam i n t e n s i t y d i s t r i b u t i o n w i l l be 
f l a t to wi th in + 2% over the des ired 20 to 25 cm 
diameter f i e l d used for treatment . 

1st scatterer 

^ ^ JH 
Figure 2. Occluding Rin^ beam d e l i v e r y system. 

The s e l e c t i o n of parameters i s e n t i r e l y empir i ca l , 
so that a s u b s t a n t i a l amount of beam-development i s 
necessary to obta in the des ired f i e l d s i z e and 
uniformity. To aid in t h i s development and in f i n e -
tuning parameters for d i f f e r e n t ions and e n e r g i e s 
heavy use has been made of MEDUSA, a mul t i -p lane 
mult i -wire proport ional chamber capable of recon­
s truc t ion in a few seconds beam i n t e n s i t y p r o f i l e s 
over a f u l l 25 cm diameter c i r c l e ^ « 1 0 . This 
chamber, with a s p a t i a l r e s o l u t i o n of a few mm i s 
capable o f d e t e c t i n g i n t e n s i t y v a r i a t i o n s as small as 
1 or 2%. Because of i t s rapid turn-around, one can 
perform a s u b s t a n t i a l amount of beam-development in a 
short period of t ime. 

Beam range modulation, to p lace the Bragg peak at 
the treatment depth and to d i s t r i b u t e the stopping 
p a r t i c l e s over the f u l l th^ *ness of the tumor i s 
performed with brass sp ira l ridge f i l t e r s and an 
adjustable water c o l u m n 1 1 . 

Dose monitoring i s done with three m u l t i -
segmented i o n i z a t i o n chambers** and a secondary 
e l e c t r o n monitor (StM) located a long the bean path. 
Each ion chamber has two c o l l e c t i n g f o i l s , the f i r s t 
i s d iv ided i n t o quadrants providing e a s t / w e s t and 
top/bottom balance i n f o m a t i o n , the second i s d iv ided 
in to concentr ic r ings g i v i n g data on the radia l d i s ­
t r i b u t i o n o f the bean i n t e n s i t y . A t o t a l of e l even 
independent s i g n a l s are generated by each ion 
chamber. The ion chambers are located a s f o l l o w s ; one 
jus t upstream of the second s c a t t e r e r (at the beam 
entrance t o the treatment room), the second half-way 

Figure 1. The Bevalac Radiotherapy F a c i l i t y . to the p a t i e n t , and the third j u s t upstream o f the 
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patreat collimator. 
This collimator, poured fro* cerrobend to the 

contours specified by the therapist i s located *» 
close to the patient aa possible and defines the field 
shape delivered to the patient. 

Control System 

Key to smooth operation of the faci l i ty i s the 
computer control system, A PDP 11/45 with three 60 
Mbyte discs and numerous other peripherals provides 
the computational power. Dosimetry and other data 
flow to the computer through a CAHAC system. The 
control software, designed by S. Shlaer at LBL i s a 
channel-table driven system capable of monitoring and 
controlling the 4000 odd data entries associated with 
the therapy room and the two additional beam lines 
dedicated to radiobiology and biophysics. It it a 
highly diversified multi-tasking system, keyed from 
crit ical timing points associated with the Bevatron 
spi l l cycle. During an irradiation data are read, 
stored and checked for consistency in each of the two 
time zones, corresponding to beam on and background. 
Beam s ize , alignment, steadiness and dose-rate are a l l 
monitored and presented to the operator. Irradiations 
can be terminated quickly by the operator or the 
control system in the event of any detected irregu­
larity. Normal termination of an irradiation takes 
place cither by the computer detecting after a pulse 
that the dose on the selected monitor has achieved the 
desired value, or for more precise control preset 
cutoff scalers are loaded by the control system with 
the desired dose. These scalers, five are assigned to 
each beam l ine, are connected directly to independent 
dose-monitoring elements, and also to a fact-cutoff 
chassis. When a scaler reaches i t s preset value a 
clamping signal is sent directly (not routed through 
the computer) to the Bevatron extraction system 
providing a beam cutoff in about one millisecond. 

A great deal of attention has been paid to safety 
considerations to prevent exposure errors in the event 
of equipment malfunction*. Redundancy in dose moni­
toring (five units working in parallel) prevent 
apiinst ion chamber or recycling integrator unit 
failures. A watchdog-timer system which must be reset 
by the computer every 100 milliseconds to keep the 
beam plug from dropping in guarantees against an 
undetected compute; crash. As a final guarantee, two 
Ortec thumb-wheel preset scalers at the operator's 
console are connected to two different dose-monitoring 
elements and are completely independent of the 
computer system. 

The operator's console area i s separated into 
three logical areas, therapy, biology and central, 
each with a separate control teminal and a dedicated 
display screen. Thus two operators can work independ­
ently aa the beam i s switched between biology and 
therapy during the normal day's operation. The 
central display screen i* a dedicated error flagging 
station, logging unusual situations detected by the 
system which stay require erne r a tor attention. 

A great deal of effort has gone into the operator 
interface software to enable smooth control perform­
ance and to minimise lost tin* and frustration. 

Data longing, printout* and archiving ia performed 
automatically, providing the experimenter or the 
therapist with a detailed summary of the irradiation 
just completed. 

hsaimstry 

Nsannring **• •*** "slivered t« the treatment 
vnlwm* inside a potion* i s not a atreinhtferwert 
matter* *he «***, which depends on benm ion density 
a* v*U M the eK/os distribution within tho beam, ia 
nttfns*** at n i l points along th* h**m path by virtne 

of our range modulation and beam preparation system*. 
Measuring th* dose inside the patient, where the dose 
distribution i s uniform, i s diff icult since patient* 
don*t normally swallow ion chambers. So, indirect 
measurements are node, the dose delivered being 
determined by a calibration procedure for each 
patient's unique geometry. 

A smell (1 cc) industrially-calibrated EGfcG ion 
chamber i s placed at the treatment isoccntcr (where 
the treatment volume i s normally located) behind a 
thickness of tissue-equivalent material equal to the 
depth of the tumor in the patient* The rest of the 
treatment parameters are set up exactly as i f a 
treatment were taking place; the proper collimator, 
water column setting, and spiral ridge f i l t er thick­
ness are used. Then the response of each element in 
the beam line i s calibrated in relation to the dose 
detected on the EG*G chamber. Delivering the pre­
scribed dose i s then simply a matter of applying these 
measured ratios to the beam monitoring element* used 
in the fast cutoff channels. Our experience has been 
that these ratios are very stable, even for elements 
located in areas where small variations in beam posi­
tion produce large intensity fluctuations (such as the 
intermediate ion chamber). The spread in the determi­
nation of the dose delivered between the different 
elements ia typically less than IX of the total dose. 

Beam Verification 

The versatil ity of a heavy-ion accelerator in 
being able to accelerate many ion species i s miiz s 
potential curse in that one may have a hard time 
determining what ion i s being accelerated. Numerous 
examples have been recorded where ions of similar 
charge-to-mass ratios have been accelerated erro­
neously or simultaneously; deuterons and alphas, 
lithium 6 and carbon; nitrogen 15 it routinely used to 
tune up the Bevatron for iron 56 runs since iron betms 
are too low in intensity to be recorded on internal 
instrumentation. Thus beam verification i s an 
important aspect of daily calibrations. 
a. Kangê  determination. This i s the most sensitive 
and also most important measurement since differences 
in range will affect the area of the patient treated. 
Range i s measured each day by taking a full Bragg 
curve using the water column and the downstream ion 
chamber. In addition the Beam Energy-Measuring 
Wedge** i s used, providing a photographic record of 
the beam-range in copper to an accuracy of 0.2 mm. 
b. Beam intensity distribution*. The beam preparation 
system with i t s scattering fo i l s and blocking rings 
provides us with a secondary beam verification tech­
nique. Different ions losing energy at different 
rates wil l go through the preparation system in 
slightly different ways, so that beam intensity dis­
tributions wil l be sl ightly but significantly differ­
ent on the various ion chamber elements. During 
patient treatments, when the range cannot be monitored 
directly, the proper intensity ratios are checked for 
and flagged for immediate operator attention i f they 
are out of range. 

Fatient Treatment 

A* one can see from the above, considerable effort 
i s devoted to accuracy in treatment delivery and in 
patient safeguarding. We shall now follow a patient 
through a daily treatment sequence, illustrated in 
Figure 3. f irst the radiotherapy grown enters a 
prescription f i l e into the control system), establish­
ing parsssttars for the treatment baaed on cl inical 
experience and treatment planning data. When the 
pntient i s set up and slimmed properly in the treat­
ment ream, a procedere usually taking IS to 20 
mimates, the cenoale operator in i t iates the treatment 
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Figure 3. Control sequence for patient treatment. 

sequence. This involves flashing the prescription 
file to be invoked to the therapy technician for 
verification, monitoring that the physical hardware 
called for in the prescription is actually in place, 
establishing the proper settings for the dose monitor 
preset scalers based on previous calibrations and 
instructing the operator of the values to put into the 
Ortec backup thumb-wheel preset scalers. When all the 
preliminaries are performed the control system initi­
ates the treatment. The progress of the treatment, 
usually lasting about 2 minutes, is monitored by the 
console operator and the therapy tech, both having the 
ability to abort treatment should any irregularity 
appear. Following the successful completion of the 
treatment hard copy of the Monitored parameters is 
produced for the patient's records, and all data are 
also archived on disc for future reference and 
analysis should this prove necessary. 

Bevalac Scheduling 

The institution of the radiotherapy program at the 
Bev\«.ac has caused a major readjustment in the philos­
ophy of scheduling experimental time1^. The re­
quirement of using day shifts four times a week for 
therapy with off-shifts and weekends available for 
nuclear science goes counter to the established 
tradition of scheduling large continuous blocks of 
time for each experiment. To maintain a viable 
program in the new operating mode it has been nec­
essary to perfect rapid beam switching techniques to 
perform the greater number of additional tunes without 
undue loss of time. New hardware and software in the 
Bevatron control system has made this capability a 
reality, it is generally possible to change between 
experimeters requiring different particles and ener­
gies in a half-hour or less. For experiments using 
the same particle and energy switching is accomplished 
in less than one minute. This in fact has allowed us 
in this paot year to utilize the time between patient 
treatments for radiobiology work in a second irradia­
tion area. The ftevatron staff is working on decreas­
ing the switching time for different ions and energies 
with the eventual aim of being able to return to the 
scheduling philosophy of long blocks of dedicated time 
for nuclear science experiments. These experimenters 
would only ace a two to four minute interruption every 
half Hour while a patient w«s receiving his treat­
ment. We anticipate reaching this goal by early 19S3. 

Future H a n s 

i s g e n e r a l l y conceded that seek scanning system* e f f e r 
g n a t advantages over o ther beam d e l i v e r y system* f ee 
charged p a r t i c l e s 1 * * 1 * , but there are numerous 
q u e s t i o n s , both t e c h n i c a l and b i o l o g i c a l which must 
c a r e f u l l y be addressed before using such a system f o r 
pa t i en t treatments . 

I n t e r e s t i n dedicated medical heavy i on a c c e l e r a ­
t o r s i s very high i n the US a s w e l l a s i n Canada 1* 
and J a p a n 1 ' . A des ign study j o i n t l y undertaken by 
L1L and the Un ivers i ty of A r i r o n s 1 8 i n 1977 e s t a b ­
l i s h e d the f e a s i b i l i t y and c o s t - e f f e c t i v e n e s s o f 
s i t i n g such a f a c i l i t y i n a h o s p i t a l , and more r e c e n t ­
l y a grant proposal has been submitted by LH. t o the 
National Cancer I n s t i t u t e for funds t o carry out a 
conceptual des ign study for a medical a c c e l e r a t o r 1 ? . 
Should t h i s project proceed on the a n t i c i p a t e d 
schedule , i t would be operat iona l by 1988. 
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Major developments a n t i c i p a t e d i n coming years are 
i n two f r o n t s , improving beam d e l i v e r y systems and 
b u i l d i n g o f dedicated heemital -baaed a c c e l e r a t o r 
f a c i l i t i e s . Me w i l l smertly be i n s t a l l i n g a two-
dinemeiemel beam scanning system i n one o f the 
radimbielmgy l i**»» t o g a i n eaner ience i n c o n t r o l , 
reemired inetrmnmntatin* end b i e l e g i c a l e f f e c t s 
aaaec ia ted u ; t h th in made e f treatment d e l i v e r y . I t 
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