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i. INTRODUCTION

The aim of radiotherapy is to deliver sufficient radiation at

the site of a tumor to destroy it without at the same time harming

healthy tissues nearby. The calculation of the dosage distribution

in the patient's body in order to determine the optimum arrangement

of radiation beams is the central problem in radiotherapy planning.

Dosage calculations, which are time-consuming and tedious when done

manually, can be performed in seconds with the aid of a computer.

The first computerized radiotherapy calculations were carried out at

large computers, not generally located at hospitals. This method

has many disadvantages, including difficulty in executing multiple

trials for each patient, which is often needed before an acceptable

plan is found. Today most experts favor a small computer with suit-

able auxiliary equipment dedicated to the radiotherapy department (1).

The objectives of the project^as first proposed, were:

1) To set up a minimal departmental computer system for cobalt

radiotherapy planning.

2) To evaluate the system in terms of the conditions at our

hospital.

3) On the basis of the above, to specify the hardware and software

requirements for achieving a practical system.

The project was initiated in 1973 with the participation of the

hospital and the IAEA. Additional support was granted for three years

by the United States-Israel Binational Science Foundation CBSF), be-

ginning October 1974. The BSF research contract includes a budget

for equipment and salaries and, in addition, involves collaboration

with a department in the U.S. doing similar work. (Department of

Radiation Oncology, Rhode Island Hospital, Providence RI., Chair-

man, Prof. A. Glicksman). This support allowed us to extend the

scope of the project toward fulfilment of the specifications of the

third objective.
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The work plan was divided into three stages:

Acquisition and commissioning of equipment.

Development of computer programs.

Testing the system in a clinical environment.

As dictated by the timing of the acquisition of equipment, the

different stages were often pursued simultaneously rather than se-

quentially.

II. EQUIPMENT.

Work was begun with a prototype system consisting of a Data General

Nova 800 computer with 8K memory words and a teletype. Each year more

components were added until, at present, the hardware is sufficient for

a practical system. The Nova 800 was chosen mainly because the Tech-

nion's medical school, with whom close cooperation exists, already had

an elaborate Data General computer system. We have made continual use

of their facilities and technical personnel during the course of the

project.

The equipment list is as follows:

Component
Nova 800 computer with 8K memory.

Teletype

Sonic Digitizer (Graf/pen)

Display Terminal (Tektronix 4010)

8K Memory

Fast Paper Tape Reader

Chassis Extender and Cabinet

Magnetic Disc System

Incremental Plotter

8K Memory

Year supplied.
1973

1973

1974

1975

1975

1975

1975

1976

1976

1977

All the equipment has been commissioned and is fully operational.

A general view of the computer system is shown in Figure 1.
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III. COMPUTER PROGRAMS.

During the period from 1973 to 1976 all clinical programs were

written in Basic. It is not possible to operate directly the digitizer

and the plotter with Basic, and programs in Assembler were prepared

which allow the use of these devices by means of punched paper tapes.

A set of sophisticated programs for calculating dose distribu-

tions was obtained from Rhode Island in the framework of the BSF

project. These programs are in Fortran and are designed to be run

on a PDP 11 computer with magnetic disc. Until our own magnetic disc

was installed, we were able to adapt these programs only in a prelimi-

nary way. As of now some programs are operational and work is con-

tinuing on the rest.

A linear accelerator was installed in the department in 1975. A

program was written to produce single field isodose distributions as a

first step in integrating the accelerator into the planning system.

The computer has also been used to solve some problems not

restricted to radiotherapy, for example, statistical analysis of results

of clinical trials.

The computer programs for radiotherapy applications are as

follows:

A. BASIC

Cobalt Output ÇCOOP). - Produces monthly charts of cobalt dose rate

and treatment time as a function of field size, taking into account the

decay of the radioactive source. Two options are provided, one for a

Picker C8M/8O unit and one for a Siemens Gammatron unit. A typical

chart is shown in Figure 2.

Cobalt Radiotherapy Planning (CORP). - An interactive program for

calculating isodose distributions for cobalt therapy. Coordinates of

the patient's contour are entered by means of a punched paper tape

produced by the digitizer, while the radiation field parameters are

specified at the keyboard. Calculations of the dose distribution are

performed on the basis of an empirical equation representation of the
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radiation fields (2,3), the coefficients of which have been adjusted

to fit our Picker treatment set. The program makes corrections for

patient contour and allows the use of up to six plain or wedged fields.

A calculated isodose distribution appears first at the CRT screen, and

the operator is given the option of changing some, or all, of the field

parameters and repeating the calculation. Once a satisfactory plan is

obtained, the isodose distribution is printed out at the teletype. Life

size plots are possible, even when the cross section size exceeds the

paper width, by a method of attaching sheets containing parts of the

plot. A teletype version of an isodose distribution for four fields

applied to the head is given in Figure 3.

Irregular Cobalt Fields (COIR). - Calculates dose to points in cobalt

fields of arbitrary shape using the method of summing over tissue-air

ratios (TAR) or scatter-air ratios (SAR). (4) To reduce computer

memory requirements the TAR and SAR tables are represented by simple

analytic functions found by us (5,6). The results are given as a

table (Fig.4).

Gynecological Radiotherapy (GYN 1) •• Calculates the dose to selected

points in the body of a patient being treated by afterloading £.¿>plica-

tors in the vagina and uterus which are loaded with Cs-137 tubes. The

positions of the sources with respect to anatomical points are trans-

ferred to the computer from perpendicular radiographs by means of the

digitizer. The dose is found by integration over the length of the

sources taking into account absorption in the applicators as well as in

tissue (7). Upon request a detailed table is given showing the con-

tribution of each source to every selected point. Otherwise a table

of total dose rate to the points is given (Figure 5).

Linac Isodose Charts (LAIC) - Uses a set of measured central axis

depth doses and off-axis profiles to produce isodose charts for fields

of any size. The central axis dose is represented by an empirical

function [8] fitted to our data, while the profiles are found by inter-

polation from the measured values. The output is on paper tape which
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serves as input for a plot program. An example is given in Fig.6.

B. ASSEMBLER

Digitizer (SACDIG) - enables entry of blocks of digitized data from

the Graf/pen together with comments from the keyboard. Output in the

form of a punched paper tape is available for use with Basic programs.

Graphic Display (SCPLOT) - connects a Fortran program with the Tek-

tronix subroutine TPLOT. It allows display of graphical information

on the screen with automatic scaling. Fig.7 shows the display of a

contour obtained with the digitizer.

C. FORTRAN

Program CORP takes at least several minutes to calculate an

isodose distribution and is, therefore, rather inconvenient when it is

desired to compare several alternate plans. A Fortran version of CORP

is being written to take advantage of Fortran's greater speed and its

ability to link with the peripheral devices.

The software supplied by Rhode Island Hospital is based on the

work of Cunningham and consists of 24 Fortran programs and associated

subroutines. The calculations use the method of treating separately

the primary and scattered components of radiation (4,9). Unlike the

empirical equation method used in CORP this method has a physical basis

which gives it greater generality. One of the main programs generates

accurately the radiation beams of treatment sets for which tables of

SAR and measured profile functions in air are available. Wedge fil-

ters and shielding blocks may be present. Any number of beams may

be applied to a patient cross section and summed. Fixed field and

rotation therapy are allowed. Some of the programs which already run

on our system are illustrated in the Figures. Figure 8 is a plot of

a beam generated for our Picker cobalt unit and Figure 9 shows a CRT

display of the first step of the interactive search for an optimum beam

arrangement. Dashed lines indicate the central axes and the edges of
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three applied beams. Beams can be added or removed, or parameters can

be changed to achieve preliminary optimization geometrically before

proceeding with the actual dosage calculations. Figure 10 shows the

isodose distribution resulting from the above set of beams as it appears

at the CRT.

Eventually all our radiotherapy programs will have Fortran versions

and all the treatment sets associated vith our center (2 cobalt units

and a linac) will be incorporated. The hospital has placed an order for

a computerized axial tomography (CAT) scanner. Provision will be made

to accept patient data from this machine and to modify the calculation

programs so that the density distribution of the patient is taken into

account.

IV. TESTING THE SYSTEM.

The radiotherapy program ,CORP underwent a long period of trials

and alterations. Once agreement between the calculations and measure-

ments in phantoms for single and multiple fields was considered adequate,

a radiographer was trained to operate the system. Many cases were

calculated both by hand and by computer.. As a result of this experience

further modifications were made to improve the accuracy and efficiency

of the program. We are taking advantage of this experience in the pre-

paration of the Fortran programs.

For the gynecological program GYN1, satisfactory agreement (-5%)

was obtained between calculated and measured values in a phantom using

Thermoluminescence Dosimetry (T.L.D.). Calculations are now performed

for all patients and doses to the rectum are measured by TLD or ioni-

zation chamber. After a large number of cases have been studied,

correlation will be made between the results of measurements, calcula-

tions and the level of radiation - induced side effects.

The irregular cobalt field program COIR is in routine service

after TLD measurements verified the results to within experimental

error.

The Fortran programs are still in the development phase.
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V. CONCLUSIONS

On the basis of our experience with the prototype it was con-

cluded that a practical computer system for radiotherapy should have

the following features:

1. Operate in an interactive mode.

2. Allow entry of patient contours automatically.

3. Once radiation fields are chosen, to calculate and display

isodose distributions at the screen in a short time - preferably

within a few seconds.

4. Allow radiation field parameters to be changed for a new trial

by a convenient procedure.

5. Retain patient contours and calculated distributions in memory

for delayed plotting.

6. Produce life-sized hard copy.

7. Be simple enough for operation by personnel not versed in com-

puter techniques.

8. Programs should be easy to modify by the user.

9. System should be available for general purpose computing.

The minimum hardware needed for such a system should include:

1. 24 K memory words.

2. Magnetic disc storage.

3. Automatic digitizer.

4. Plotter or line printer,

5. CRT display terminal,

With reference to the project proposal it may be concluded that

the original objectives have been achieved and that substantial progress

has been made toward realizing a practical computer system for radio-

therapy planning.
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Commercial Radiotherapy Planning Systems.

'When this project was planned, few commercial computer systems

designed for radiotherapy were on the market. At the present time

several units are available at prices not excessive compared with the

price of modern therapy machines. The question arises as to whether

it is worthwhile today for a hospital to develop its own system rather

then to purchase a commercial one.

The advantages of local development include the possibility of

building a system step by step to ease the financial burden, (Although

the total cost for equipment and salaries in the long run may not be

less). There is also an educational advantage - those involved in the

programming must of necessity learn a lot about the physics of radio-

therapy. The local staff will have full control of the software and

it will be easier to make modifications and incorporate new techniques.

There is less danger that the system will be applied incorrectly as

may well happen with a commercial system in inexperienced hands.

On the other hand development can take a long time and, although

it is not trivial to commission a commercial radiotherapy planning unit

(10), it should take much less time to arrive at the stage where actual

patients are planned in routine practice.

With regard to service, a hospital not located near a major

population center may find it disadvantageous to have a commercially

packaged system. It is not likely that the manufacturer's represen-

tative in an area will have technical knowledge and spare parts for

all the system components unless several systems have been sold there.

For a system assembled locally, care can be taken to choose only com-

ponents for which satisfactory service is available, and the same

personnel who assemble the system will be able to cope with maintenance

problems.

For each hospital the choice will depend on prevailing conditions

with respect to budget, computing equipment already on hand, service

considerations, access to existing software, and availability of quali-

fied physics and programming personnel.
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Contributions t o Sc i en t i f i c Meetings.

M. Tatcher, J.R. Wolberg.

An Analyt ical Expression for Cobalt-60 Sca t te r -Air Rat ios .

Fourth In te rna t iona l Conference on Medical Physics. Ottawa, 1976.

P. Hopstone, M. Tatcher.

Computer Generation of Isodose Curves from Measured Data for 8MV X-Rays.

I s r ae l Nuclear S o c i e t i e s , Jo in t Annual Meeting. Beer-Sheba, 1976.

A. Kuten, S. P a l t i , M. Tatcher.

Computer Assisted Method for In t racav i ta ry Radiotherapy of Cancer

of the Uterine Cervix.

I s rae l Nuclear S o c i e t i e s , Jo in t Annual Meeting, Beer-Sheva, 1976.

M. Tatcher, J.R. Wolberg.

Extension of Cobalt-60 Sca t te r -Ai r Ratio Formula t o 4MV and

6MV X-Rays.

I s rae l Nuclear S o c i e t i e s , Jo in t Annual Meeting, Beer-Sheba, 1976.

Publ ica t ions .

Z. Sherf.

Use of a Minicomputer in the Planning of Radiotherapy.

M.Sc. Thes is , Technion - I s r a e l I n s t i t u t e of Technology, Haifa, 1976.

M. Tatcher , J .R. Wolberg.

An Equation for Sca t te r -Air Ratios for Megavoltage Radiotherapy

Calcula t ions .

Medical Physics, 3^(1976) 351. (Reprint* at tached) (Not microfiehed)
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FIGURE CAPTIONS.

Computer system. The operator is holding the digitizer probe

in contact with a point on a drawing of a patient outline.

The display terminal is located between the digitizer and the

computer cabinet.

Teletype print-out of chart of cobalt close rate and time

for 100 rads for use in April 1977.

Fig.3. Teletype print-out of isodose distribution for 4 cobalt fields

applied to the head. The numbers represent isodose contours

normalized to 100 at the maximum.

Fig.4. Irregular field output table. Point No.l is the reference

point at which the dose is prescribed.

Fig.5. Gynecological radiotherapy output table showing dose rate

at standard points.

Fig.6. Plot of 8MV isodose chart obtained by interpolation

program.

Fig. 7 CRT display of contour produced after the data were transferred

from the measured contour by the digitizer.

pig.8 Cobalt beam as generated and plotted by the Fortran program.

Field size is 10 cm x 10 cm at SSD 80 cm.

Fig.9 . CRT display of central axes and beam edges for 3 fields applied

to a rectangular cross section. Changes may be made by inter-

active procedure.

Fig.10. Isodose plot for the field arrangement in Fig.9.
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RAM BAM HOSPITAL - COBALT THERAPY - I RREGU.AR FÍELOS

TREATMENT TIME . AVE TAR AND DO SE

PATIENT I D 906 DATE S / 6 / 1974

FOR 8S0 RADS AT POINT I TREATMENT TIME - 4 . 89 MIN

POINT NO.

1

8

3

4

S

6

7

DEPTHCCM)

8

8

8

8

8

8

8

AVERAGE TAR

.8 57

.819

.785

.092

.369

.797

.758

DO SEC RADS)

£50

S17

208

25

106

216

18 5

RAMBAM HOSPITAL

PROGRAM GI2 VERSION 2 0 / 5 / 7 6

GYNECOLOGICAL TREATMENT WITH CESIUM

PATIENT DATE U / 6 / 7 6

DOSAGE TABLE

8 MV 8«8

POINT

1

2

3

4

5

6

7

8

9

10

RADS/HB

52

54

7

8

36

35

25

25

31

29

PLACE

PT ACL>

PT ACH)

PEL C D

PEL (R>

BLADDER1

BLADDERS

SLADDER3

RECTUM1

RECTUM2

RECTUM3

1OO S5O
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