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Preface

The basic pattern of the previous edi-
tions has not been changed, being in-
spired by Paterson’s first edition of
TREATMENT OF MALIGNANT DIS-
EASES BY RADIOTHERAPY, with its sub-
title, A Practice of Radiotherapy. Quoting
Paterson, ““The presentation of a definite
outlook is of more value than the discussion
~ of different principles and practices. It does
not-mean to imply that it is the only way, or
the best, or the most correct method but may
leave the reader with something concrete.”

As in the first and second editions, the
major part of the TEXTBOOK is based on
the practices in existence at the M. D.
Anderson Hospital. The radiotherapists at
other institutions who were asked to par-
ticipate have followed the same pattern of
presentation.

Important conceptual changes had hap-
pened between the first and second edi-
tions, published respectively in 1966 and
1973. In the third edition, emphasis is
placed on the better correlation that has
developed between radiobiology and the
basic parameters of radiotherapy. Con-
sequently, the section on Biologic Basis of
Radiotherapy has been expanded by the

present staff of the Section of Expcrimen-
tal Radiotherapy. Although there was
some mention of the time factor in the
second edition, it is now discussed in
depth because of the increasing use of
isoeffect formulae.

The various possibilities of combining
irradiation and surgery in head and neck,
breast, bladder, rectosigmoid, and soft
tissue cancers are abundantly illustrated.

Because of the controversy over ¢the
place of irradiation and the claims of elec-
tive chemotherapy, the chapter on Breast
Cancer has been augmented by data be-
yond the scope of merely describing ir-
radiation techniques.

Serious consideration was given to use
of the word rad. It would have been easy
to make the changes in the text but it
would have meant redoing many glossies.
Dr. Peter Almond, Chief of the Section of
Clinical Physics, has the following com-
ments:

In the United States the uni: jor absorbed
dose is rad. This stands for both the name
of the unit and the symbol. When it is used
as the name, the plural form may be used;
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e.g., it is allowable to give the absorbed
dose as 6,000 rads. If it is used as the
symbol, then only rad must be used. It is
often difficult to know whether the name or
the symbol is intended and by common
usage rad and rads have become inter-
changeable. In line with this common prac-
tice, no distinction is made in this textbook
and frequently rads is used when more
strictly speaking rad should have been
used, e.g., in labelling graphs.

I wish to acknowledge Miss Joan

McCay, who edited and indexed this edi-

tion as well as the previous editions, and
Mrs. Barbara Foremsky, who managed the
secretarial logistics' for both the second
and this edition. My family and the office
force, headed by Mrs. Helen Atterbury,
have borne the manifestations of a tem-
perament worn thinner by the third edi-
tion than the first two. '

Gilbert H. Fletcher, M.D.
Houston, Texas-
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Rad1at10n Measurem’ént and

D051metr1c Practlces

VINCENT A. SAMPIERE

) I 5916 blail r
93¢ L y | }

'IThls chapter presents the mefhods of

dose measurement and dose ¢alculation in .

radiation therapy 'employed 'at!' MDAH.
Those practical aspects of dosimetry that
are required.:to; implementthe clinical
methods described in this book will be
emphasized. Since’ the methods utilized in
interstitial and intracavitary “radium
treatment have  already “been  pub-
lished,*5:?¢ "'the “discussions relating “to
these subjects will be limited and:most of
the chapter will be devoted’ to the external
beam techmques f :

Bﬁéic Dose Determina'tvlon"

“'The radiation doses'delivered by various
therapy machines ‘are measured at regular
intervals with cahbrated 1omzahon cham-
bers. {

These ionization chambers have calibra-
tion factors that are directly traceable-to
the Natlonal Bureau of Standards (NBS)
This' ‘means” that” the instruments have
been’ calibrated “either at-NBS or’‘at 'the
Regional Calibration Laboratory at MDAH
at' 'the’ appropriate orthovoltage X ray ‘en-
ergy or for ®“Co gamma'rays:

= N

=;.4'.1 n 6 ;.w'..

yeasuremeng of. Radlatlon Popp from
Kllqvolgage X-Ray, Macpinp; anqq “’Co
Telethprapy ynits :

I1on sf } 1 1L 9ni bns 9161 9

'CAUBRAWN stbg? it orl 2i 2ixs [

X-ray and gamma-beam units have jigs
constructed te_ensure that chambers=are
held in 1dent1cal\relat10nsh1p to the \squrce
each time a calibration is done. Thie jig is
designed so that with the wides_i' -field,
there is no chance of, the primary beam
hitting the jig itself. '

TIME ERRORS

Tt isrparticularly” impoﬁan’t to determme
the relationship. of . the.. exposure time to
that set on the timer. The difference arises
from “end-errors’ at the beginning and, at
the end.,of . exposures... These . end-errors
produce the:same time-error regardless of
the "total length of exposure. ‘Whilé ' ‘this
error i3 usually insignificant compared to
the time required for a clinical treatment,
it.may.be apprecxable in+ithe small time
required : for:. the .exposure of 1a- 25 R or
100-R chamber.



2 General Considerations

Time error a can be determined by a
numeric method that is independent of
instrument linearity. It involves exposing
the instrument to a single exposure yield-
ing a reading M,, in time t,, and also to
several (n) shorter exposures accumulating
a total reading M, in a total time t,. The 2
times should be equal or approximately
so. Since the exposure rates in the 2 cases
are equal, then

M __M
t + « t; + na

o= Myt — Mit,
NM; - M;

If « is positive, it is added to the timer
setting; if a is negative, it is subtracted
from the timer setting.

The timer error may also be determined
in a graphic manner by setting a number
of different small times on the clock and
taking readings with a dosimeter. Results
are plotted and extrapolated to 0 dose (Fig.
1-1). The slope is proportional to the ex-
posure rate, and the intercept on-the hori-
zontal axis is the time to be added to or

60—
50 —
2 40—
w
©
~ 30—
z
w
© 20—
-4
10—
° AREE G LI e Tz caas) Ciman
0 P . @ 3 4 5 6 7
TIMER SETTING - SECONDS
FIG. 1-1. Method of deriving timer errors. Timer

errors arise from difference between true exposure
time and that recorded by the timer. A plot of
radiation dose versus timer setting extrapolated to 0
dose indicates the amount of time to be added to or
subtracted from the time set on the timer to give the
true exposure time. In the instance shown, the inter-
cept, 0.7 seconds, should be subtracted from the time
set on the timer in order to obtain the time of
irradiation.

subtracted from the time set on the timer.
The graphic method depends upon the
linearity of the measuring instrument. It is
best to use a least squares fit to the data to
obtain the slope and intercept.

flELD—SIZE DEPENDENCE

The radiation exposure in air varies
with field size, trimmer position, and type
of collimating system. Scattering from col-
limating parts will be different for various
field settings; this can result in measured
output variations of up to 15%.

In the initial calibration of a radiation
therapy unit, it is usual to measure the
variation of exposure for the full range of
treatment fields. It is convenient to ex-

_ press the change in output with change in

field area as a ratio to the standard calibra-
tion field area (Fig. 1-2). The exposure rate
for any field is then calculated by multiply-
ing the exposure rate for the standard field
by the appropriate ratio.

KILOVOLTAGE X-RAY MACHINES

The kilovoltage x-ray machines are
calibrated on a weekly basis. The weekly
calibration is compared with the current
standard field exposure rate in use. When
a change of more than 2% is observed, a
repeat calibration is made. If the change
persists, new exposure rates are assigned
to the machine. When the change is sub-
stantial, an estimate of the actual dose
received by the patient is made and a daily
calibration routine is initiated to observe
whether any further fluctuations occur in
the machine’s performance and to deter-
mine when the output has become stable.

Cco

The cobalt units are calibrated monthly
and the readings compared with the decay
curve. If the readings and the decay cuirves
differ by more than 2%, an investigation

- is made to determine the cause. The most
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FIELD SIZE DEPENDENCE CURVE
AECL Theratron 80 Data Measured At 80cm Distance
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FIG. 1-2. The relative exposure rate for 2 trimmer positions and various collimator settings. Measurements
are at 80-cm distance for a particular AECL Theratron 80. The standard field size in this example is 10 X 10 cm

with the trimmers at 45 cm.

likely cause is a change in timer error
caused by the shutter mechanism moving
at a new speed. Otherwise the promul-
gated output of the machine is corrected to
the first day of each month in accordance
with radioactive decay.

With the ®Co irradiators, the exposure
is measured in air for a 10 x 10 cm field
with the center of the secondarystandard
ionization chamber at the point of .mea-
surement. The secondary standard is
either a Farmer instrument or a Victoreen
100-R thimble chamber. The chamber is
fitted with the appropriate buildup cap
(approximately 4 mm Lucite). The ma-
chines are calibrated in terms of exposure
for a 10 x 10 cm field at 80.5 cm. The output
is given by the following equation:

X =M X N.

where X is the exposure in roentgens at
the position of the center of the chamber
in the absence of the chamber, since the
effects of its walls are “included in the

calibration factor; M is the chamber read-
ing corrected for temperature and pressure
with the timer error taken into account; N.
is the exposure calibration factor for ®Co
gamma rays assigned to the chamber by
NBS with the stem correction taken into
account. The given dose (Dma.) for any
field size is then given by

Dmeda = M X N¢ X A X frhea X BSF X FD

where Dpes is the dose in rads in the
medium; A is a factor that allows for the
gamma-ray attenuation from the surface to
0.5-em depth in tissue, A = 0.985; fneq is
the rads per roentgen conversion for the
medium (fmes = 0.957 rads/R for muscle);
BSF is the backscatter factor for the field .
size being used; and FD is the field size
dependence measured in air (normalized
to 10 x 10 cm field). The dose at depth is
then obtained by multiplying by the per-
centage. depth dose for the appropriate

- field size and source to skin distance

(SSD). The output is measured for a stan-
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dard treatment distance (SSD)‘ Af: the/SSD:2
is changed the output st be’ corrected ©
fmdmg the effectlve p051fidn - ‘‘‘‘‘
source for applymg the inverse square law ™
is described next.

High Energy X-Ray and Electron Beam
Machines

MONITOR CHECK

The doses delivered by these machines
are controlled by monitor ionization
chambers and current integrators, rather
than by a timer. The linearity of the
monitor system and the end effects shquld

be checked. The linearity ‘éan be ‘checked
by using an ionization chamber systemi:

with known linearity. With the ion
chamber in a water phanwm placed at the *
treatment distance, ion ‘¢chamber reading
versus monitor units can be taken (Fig.
1-3). Lmearlty and end effects can be
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ingsifor any! instrument nonlinearity. - ie

General<Considerations.;, 1vmauens i wotahafl
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1 checkediby a least square fit to the data.
/Altérnatively therend effects can be mea-
sured in an analogous way to the 'tlme
““errer_for “Co. &
~~The m“ha@ﬁbfta‘tf(in for all hxgh energy
machmés*shoutd be carried out in é water

phantom accordm%‘z\\the vﬁi'lods‘(,prcx-
tocols. !;13;18:47:18 NE: for- «rmgtme
cahbratlon it is more covh‘;/‘\'\\ent toase a
plastic phantom. The ra\t\io thgp 1on
chamber reading in the water\phantom to
the reading in the plastlc phantom should
be determined experimentally. This is

called the phantom ratio (P.R.). |

|
|

X-RAYS

_For x-rays-in the energy range 6 to 25
MV the’routine calibration‘s carried out
in a plastic phantom for a fixed field size.
Either a Victoreen 100-R or a Farmer
chaniber is used.'It'is’ u’nportant tf\ai the

* same field size be employed Yor each cgh-

bration since the stem effect for some
100-R Victoreen chambers may contribute
up:to 5% i of.ithe robserved reading,-al:
though: for new chambers .the stefm effect
is; generally reduced to about k%o « s
o1 Routine, checks -are ;made of the, béam’s
uniformity by exposing RPM film perpeni
dicular to the centra}.axis and at@ depthiin
plastic beyond.the dose: maximum depth.
Anievaluation) is; made .of;ithe densities
along the perpendicular axis,of the beam’s
cross-section.and these densities aresnor:
malized to -the center, field [density-and -
plattedy,s(Fig--:a_lﬂfk),;‘:;,-fs»,n; 1a0risd s 1ordiis
The 'abs'erbeid‘ desewill-beigiven by 00!
BEMARIREK PR XP’?? e
w:here.‘ the .symbo,ls. have. the same mean-
ingias before and: CA isi the (conversion
factor to-absorbed dose- in, water; -which
depends on energy. P.R. is the previously
mentioned phantom fatic" and 0.99 con-
verts st absorbed dose. inmuscle. from
absorbed dose in water., For 25:MV x-rays;
CA =.0:90; for 18 MV x-rays Q =0 9,1,
and for 6 MV x-rays. CX1=.0.94. 16 21001
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FIG. 1-4. Uniformity of dosage across a beam can
be routinely checked by exposing a film, such as type
M, perpendicular to the central axis of a beam in a
solid phantom at a depth beyond Dpa. Plotting
densities at centimeter increments as ratios to the
mid-beam density along the perpendicular axis of
the beam provides a graphic®display of the beam'’s
uniformity. The radiation beam in this example is 6
MV x-ray. )

This is for a standard field size. The

variation in output with field size is de-.

termined during the initial calibration.
‘Because some high energy machines show
an appreciable shift in the position of the
dose maximum with field size, the field
size dependence may have to be measured
at depth in an H,O phantom. For the
Sagittaire Linear Accelerator this was
done at 10-cm depth.

ELECTRONS
For electrons
D =M X N. X Cg X P.R.

where C; are the electron beam factors for
difféerent energies. No correction is made
for water to muscle rads at this time.-
The calibrations are made with a con-
stant field size to avoid varying stem ef-
fects. For most machines the output may
be checked once a week, but if-the mea-
sured output varies appreciably (more

1123 4:5, .6

than 3%), the output should be measured

more frequently (at least twice a week).
Full details for the electron calibration

can be found in another publication.?

IN VIVO DOSIMEJRY

In vivo measurements for verification of
an individual treatment plan may be' ac-
complished by the use of thermolumines-
cent dosimeters (TLDs) if the area of inter-
est is accessible. The placement of such’
dosimeters via a nasogastric (Levin) tube
is an example. Access to oral areas has
been achieved by placing TLD in dental
stents. The TLD is available in a variety of
forms and configurations. .

Usually, the dose to a given point deliv-

eered by a full treatment cycle is desired. To

achieve a dose proportional to the total
from a cycle, a selected fraction of the
given dose to each field is treated on the
same day with the dosimeter in place.

A carefully carried out measurement of
this type may achieve 3% overall preci-
sion. When lithium fluoride (LiF) powder
is used, the weighing of the sample and
the assignment of volts per unit weight to
its subsequent reading have been found to
improve the accuracy of the system. The
TLD is used in a relative sense, with a
number of the dosimeters irradiated to a -
known dose. The dosimeters must either
belong to a “batch”” with known homoge-
neous response or have a known response
relation to each other determined from
prior irradiations.

Geometric Parameters of the Beam

Source to Skin Distance (SSD)

The source to skin distance (also known
as TSD and FSD for target and focal skin
distance respectively) refers to the dis-
tance, usually along the central ray, from
the source of radiation to that part of the
patient’s skin that the beam enters. -



