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I.\' 1934 Brasch and Lange! reported on
the usc of what thev termed “fast cath-
ode ravs” as a method of therapy. This
apparently is the first paper dealing with
the direct use of an dectron beam as &
therapeutic agent other than electrons from
radioactive substances. The authors seem
to have been quite in agreement with those
who have considered this modality more
recently. They cite as advantages: (1) well-
defined range; (2) ability to give off more

* energy ut the depth than an the suiface;

(3) high biclagic activity; and (4) magnetic

' directability. While they were talking

about electrons with only superficial pene-

i trability, thev'did produce epilation with-
. out superficial radiation effect using elec-

trons ranging from 0.7 mev. to 3 mev. No
pigmentation was noted. They also found
that the effects of overdosc were similar to
those of rocntgen radiation.

REVIEW OF LITERATURE
Trump and his co-workers® described the

therapeutic possibilities of electrons in
their communication on the Van de Graaff
electrostatic generator in 1940. This was,
however, lirtle improvement on the energy
level of the original suggestion, although
the generator was more elegant. Some
dinical experience was presented, using
what would now be termed “low energy
" by Trump o &' in 1943.
There had been earlier Feports from Europe
of the use of electrons ranging from 1 to 6
m.l...l..“ £
The first mention of the use of high
energy electron beam therapy was by Haas
ot al.! which appeared in 1954 These au-
thors pointed out the advantages which had
previously been duatibed and also stated
ey fom "ther experenced. with other
tially at i with’
radiations. This paper dealt with electrons
from a 22 mev. betatron. There have been
s number of other reports in the literature.
Uhlmann® described the sharp cut-off in
the mucasitis produced in the process of
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treating a tongue lesion through a single
portal, He abo described mild skin reac-
tions which deared quite rapidly. In addi-
tion, he showed some of the advantages in
treating Jeep-seated tumors by means of
npposing portals. Lochman'! described the
reactions obtained with a 19 mev. beam of
electrons and mentioned that the biclogic
eficctiveness is roughly two-thirds of the
ctlectiveness of ordinary roentgen rays of
2 mm. Cu half value laver quality. As a
consequence, the skin and tumor doses
administered to these patients were con.
siderably higher than those given to most
of the other reported patients. He con-
cluded that at this energy level there are
important advantages in the use of elec.
trons for treatment of subsurface and uni.
lateral head and neck malignancies. Uhl
mann and Ovadia®® have used higher
encrgy clectrons, 38 to 33 mev., for the
treatment of pulmonary and esophageal
lesions with promising early results.

Gale and Innes® have presented some
very interesting dose distributions where
mixed roentgen-rav beams and electrons
are praduced simultancously by the same
machine, using specially designed targets.
They showed that this produces a flat beam
and that the volume dose is considerably
Jowered. Chu and her co-workers® have
used electron beams of varving energy for
the management of both inoperable and
Jocally recurrent carcinoma of the breast
¢ with what is described as guod palliative
results in & high percentage of patients. In
orl: 1 of 70 patients was there evidence of
radiation pneumonitis and skin reactions
rarely progressed to small areas of moist
desquamation, although the tumor doses
were in the order of 6,000 rads to maost of
the arcas treated. In addition, thev were
able to retreat severul patients who had
had prior roentgen therapy.

Ovadia and McAllister,'! who work with
Uhlmann, have described the use of a grid
in electron therapy in order to protect the
skin and normal tissue overiving tumors.
The newd for this is somewhat surprising in

view of Uhlmann's previously quoted
assertions which indicate minimal skin re-
actions. Ovadia and McAllister state that
the skin reactions observed normally do not
limit the treatment but may be a source of
discomfort to the patient.

Veraguth has described clinical experi-
ments using electrons from 10 to 30 mev.
His report concerns 200 patients with a
wide range of malignancies, some of which
had been previously treated by roentgen
rays. He emphasizes the advantages of
clectrons: the uniform dose, sparing of
sensitive tissues near tumors, reduced bone
absorption and skin sparing. He points out
that the mucosal reaction differs but little
from conventional treatment but has ob-
served 8 greater variation in time and
intensity of reactions requiring closer ob-
servation of patients in order to judge

responsc.
Zatz, von Fssen and Kaplan® have used
clectrons from 10 to g0 mev. at Seanford
University. They state that while the
clectron beam has very little skin-sparing
effect compared to megavoltage roentgen
rays, there is less skin reaction than with’
comparable doses of 200 kv, peak roentgen
rays. Skin doses of §,700 rads regularly
produced severe dry peactions and usually
wet reactions in large portions of the field
but the reactions were less for small ficlds.
They agree with other obscrvers that the
mucosa! reactions are similar to thase pro-
duced by equal doses of roentgen rave both
in time of appearance and intensity, While
their patients were treated at & higher
weekly dose rate and a fractionation sched-
ule of 3 treatments per week rather than ¢,
they do not feel that this is an adey.ate
explanation for the incrensed skin effect.
More recently, Perry of 4™ have described
in detail the methads of planning treat-
ments for head and neck malignancies,
using a range of 6 to 24 mev. Smedal and
his co-workers'® have reported goud resulrs
in €22 patients with a variety of superficial
lesions who were treated with electrons of
relazively low energy, 1 to 4 mev.




FQUIFMENT AND PHYSICAL
CHARAUIYRINTICS

Space does nut permit detailed discussion
of the physical applications and dosimetry
of electron beam therapy, This material has
been adequately presented in the articles

quoted above, as well as in many others. -
Only a brief description of the equipment -

will be given and some of the unusual ap.
plications which are passible will be men-
tioned. The device which has been used in
these studies is the linear accelerator and

pencil beam scanning system of the Argonne

Cancer Rescarch Hospital of The Univer-
sity of Chicago.® The accelerator is of the
traveling wave type and is powered by two
kivstrons in cascade (Fig. 1).

Energy control of the accelerated elec-
tron beam is obtained by setting the proper
combination of radiofrequency power leved
of the kivstrons and of phase of the elec-
trons with respect to the radiofrequency
wave in the seccond section of the wave
guide. In this unit the dectron energy in
readily variable from § to somev.

On leaving the accelerator, the electrons
enter the unique pencil beam deflecting and
scanning system™ (Fig. 2). The scanning
device directs the dectron beam, which is
approximately ©.§ cm. in diameter, over
the tumor area of a patient. The beam is
guided by means of magnetic ficdds and is
capable of scanning arbitrary field sizes and
shapes up to 20X 20 cm. under one treat.
ment method (Fig., 3 £ and B, and 4). It
can also be used to carry out convergent
beam therapy over an arc up to 360°, with
s width up to 30 em. (Fig. § and 6). The
beam is a pulsed beam with a repetition

rate of 60 per second and a length of 1.2’

microseconds. The patient area is elevated
and a Siemens treatment cot is used (Fig.
7).

There are two quantities of the electron
heam that need careful calibration to
ensure proper patient dosimetry: (1) the
energy of that portion of the beam which
reaches the patient. The collimator de-

KIRLER

Fia. 1. The § 0 50 mev. dlectron hnear

of the Argonne Cancer Research Hospital. Theee
kiystron stations are shown, one of them 2 spare.
The sccderstor tube proper is contsined in the
e (Phomogerh sy of Hhoh Vel
NCtute. courtesy

incering
)

knowledge of the area covered by the beam
per unit time and the absolute value of the
electron current. The clectron current itself
is measured by means of a Faraday cage
bascd om the design of Rozenfeld.™

The absorbed dose is determined oa an

monitoral by means transmission jon
chamber and the results are vecorded
Fe. 7). )

The verv high-dose rate of this system
must be uind.lfltzyiala!ld
a > 30 microns in diameter near
the surface of & feld which i receiving 300
rads in a of treatment is considered, it
can be tedtharthecellmeimip

time to deliver these 37 pulscs at 60 pulses

per second is 04¢ second, and the average
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Fie. & Schematic drawing of pencil beam deflecting and scanning unit showing asangevment of magnet
system, counter w eight, rutating shicld, freatment o and patient. The dlectron beam is contained within a

vacuum chambher not shows n in this shetch. Insct on

dosc per pulse is 11 rads. The dose rate
averaged over the 1 microsecond pulse is
then 11X 10* rads per second; but, in addi-
tion, the pulsc is further modulated by the
accelerating radiowave so that 2,856
bunches or groups of electrons arrive during
each 1 microsecond pulse. The duration of
cach bunch of elecirons is not known ac-

right illustratcs scanning over s single portal.

curately with the sharp energy collimation
used; it cannot be appreciably greater than
1,/sh of the inter-bunch interval and it may
%s‘ily be as short as }/uth of the interval
plicd by the reciprocal of these factors to
obtain the instantancous dose rate. There-
fore, the dose is delivered in pulses of about

1. Scan pettern obtained by incsns of rotation and lincar movement of magnet =
(.f) Scan spaling at 1.0 om.; .(H) scan spacing at 0.5 cm.

average dose rate must be multi-
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FILMS EXPOSED
TO ELECTRONS
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}ic. 4 Films, kacated within a phantom, exposad to electron beams of various energies.

0.004 rad cach, with a dusc rate of 200 to
£00 times 10* rads per sccond. All of the
other svstems mentioned above use foil
scattering and, while the beams are pulsed,
the dose rate is much lower than in the
case of the pencil scanning beam. There is a
possibility that our high dose rate mav-play
a part in the very limited skin reactions to
be described later.

CLINICAL APPLICATION

Before undertaking patient treatment,
LD curves in mice were run with both
high énergy electrons and cobalt 60 gamma
ravs. The relative biologic effectiveness
(RBF) determined from these runs was
1.00 +0.07 where the 0.07 represents the
1y 20 confidence limit determination for
the “potency ratio.”

Since our fr<* patient was treated on
June 16, 147, it is obvious that this pres-

entation cannot deal with results of treat.
ment in terms of cured discase. \We have
proceeded very slowly since we selt that we
were dealing with an almost entirely new
modality. Nincty-seven patients have been
treated up to the present time. Fifty-one
h2d malignancies of the head and neck, 8
had intrathoradc tumors, § had mycosis
fungoides, 1 had 2. extensive recurrent
squamnus cell carcinoma of the skin ot the
thorax, 4 had carcinoma of the unnary
bladder, 3 had benign lesions, and the re-
maining 25 had a variety of lesions treated
on an experimental basis, most of them for
palliation only. Thirty patients received
tumor doses of 6,000 rads or better through
single portals, 1§ had Jower doses aimed at
cure, either because of tumor sensitivity or
because irradiation was beiny used in com.-
bination with an experimental drug, and 42
patients received only palliative doses_of
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Fre. ¢ Schematic drasing of expenmental arrange.
ment for arradiation of phuntom n fieid wan,

radiation. In no case was 1 wet reaction
observed and in rare instances did i severe

.
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‘lr}' t'patlcrmi!i.\‘ \lt\'t"np eNeept when such .
reavtions were deliberarely produced by the
addition of scattering material usal
arder to bring the hindogic dose of radiation
upto the skinsurface. Inthe parotid tumors
and oropharyngeal lesions, the sharp cut-
off of mucositis reported by others was most
striking. Pry mouths with thick ropy sabiva
have not been noted in these patients and
we have altered our usual procedure of
complete dental extractions in such pa.
tients and now remove only thase teeth
which will be included in the sone of ir-
radiation.

One of the first patients treated had a
mised tumor of the paronid gland. She had
noted swelling and a hard mass of the right
piarotid gland for 6 months, We used «
special lucite template, such as we make for
all specially shaped portals, and delivered a
tumor dose of 6,000 rads at ¢ em. depth
(Fig. &), Twentvecight treatments were
given between July 6, 1939 and August 17,
1929. The eneryy of the electron beam was
14 mev. for the first 10 treatments and
11.5 mev. for the subseyuent ones. At the

FILMS EXPOSED
TO ELECTRONS

S em
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Fic 6. 1iims exposed to arc scan beams of §, 10 and 18 mev.
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condhcenal therapy, the arca of the single
portedl sheswal woneederare ey thema which
deared rapidhvs After 3 years there has
heen e en sdence of recurtence and the skin
appaars normal exeept fora shighth
coarsenad texture (Fig. g 7).

The cecond patient to be described was
first seen at our hospital in April of 1yh1,
complaming of a growth on the upper gum.
Several biopsies shawed only leukoplakia,
whooh was cauterized. The fesion grew in
stze however, and another biopsy showed
squamous vell carcinoma, When we saw
her, there was a large fungating lesion in.
volving the left upper gingiva extending
inta the vingivobuccal gutter and having a
plaquehke extension halfway across the
palate. Using a single, 4.¢X8 ¢m., portal
and an electron beam at 20 mev., we
planned a tumor duse of 6,000 rads. Treat.
ment started on December 6, 1961, After 20
treatments and a tumor dose of 4,000 rads,
the skin showed a mild ervthema. The
ervthema was brisk with some bronzing at
the time of the 315t treatment, at the tissuc
dose of 6,820 rads (Fig. 98). Thirty.two
treatments were given with a tumor dose of
6,300 rads, completing thc course on
January 17, 1962, The maximum tissue
duse was 7,050 rads. Within 2} weeks the
skin reaction had almost entirely disap-

1. = Patient treatment arca showing the fnal
scanning magnet togcther with the vacuum
chamber and transmission jonization chamhber at
the beam et

10671051

ANV Radiction Therapy Using Flectron Pencll Beam

Fic. 8. Scan ;u'm-m used for electron beam
therapy on a particular patient.

peared (Fig. 9C) and in 6 months the skin
appeared normal (Fig. 9D).

Another patient had a history of sore
throat of 3 months’ duration when seen in
January of 1962. A fungating lesion involv-
ing the night vallecula, arytenoid, false
cord and lateral pharyngeal wall was found.
Biopsy showed squamous cell carcinoma in
all arcas. There was a large, very firm
Iymph node palpable in the nght carotid
triangle. The patient had a history of two
myocard al infarctions in the past. A tumor
dose of 6,400 rads was given in 36 treat.
ments between January .5, 3962 and
February 2~. 1962. The maximum tissue
dose was 7,900 rads. The electron beam
energy was 20 mev. except for the last 9
treatments, which were given at 18 mev.
The tumor dose was calculated at 8 om,,
which was the 80 per cent level. One week
before completion of trearment, there wasa
brisk erythema in the single 12 X115 cn.
portal. At 2 weeks after treatment, the
ervthzma was subsiding and in 6 months
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Lo apepciied normals Phe mucasitis
b g e dar Sy el rads was severe
thoocnd e dhorapa s The bvmph nade de-
coascd i size bot st remanned as o em,
Laed nodate which has net ('h;lngcd in lhc
oost s menths There s edema of the right
arvtenon! bt no evidence of tumor,

A patient with carainoma of the tonsl
waes somew bt unusual, She had received
“ s rads tothe right ronsl for a squamaous
cell caranoma in 33 treatments from Sep-
tember 280197 10 November 12, 143, The
radration was given through a 1857 sector of
rotation, using the Co* unit. In February
of 1462 the patient was again referred for
treatment, having developed a squamous
cell carcinoma of the left tonsil, Because of
the formerirradiation, it was decided to use
an clectron beam inorder to avaoid the previ-
oy treated tissue as much as possible.
An NX 1 em, portal was used at 13 mev. for
the first 17 treatments and an 8X13 cm.
portal at 13 mev. for the last = treatments.
A tumor dose of 6,420 rads was delivered
between February 24, 1962 and March 31,
1502, The skin reaction at the completinn
of treatment consisted of a dry, scaling
cpidermitis (Fig. &) which subsided wirhin
amonth (Fig. gF). A maximum tissuc dose
of 6,500 r was delivered.

(riite w different problem was posed by a
patient who was first seen in July of 1961,
complaining of a mass in the nose and up-
per lip of 6 months” duration (Fig. 9G). She
had a Jong *history of soreness inside her
nose and had been given 3 roentgen ray
treatments 2 vears previously and 4 more 1
vear betore. A biopsy showed squamous
vell carcitimi. In this case we used 2§ mev.
clectrons. In order to bring the maximum
duse up to'the surface of the lesion, a unit
density wax mold was constructed. The
patient receivad 3¢ treatments from Au.
rust 2, 19ht 14 Septesnber 12, 1961 and the
si=aedine was 6,700 rads, with £,560 rads
At g em. depth from the mold surface, A

wet reaction resulted (Fig. o) but ¢
months later the skin appeared almost
normuat gl of).

. JWO L Carpender, FUSOSKapes, B Land and MU L Griem v, 10

DISCUSNION

There appears to be considerable dis-
apreement between various authors as to
the degree of skin reaction associated with
electron beam treatment through single
portals when the skin dose is in the neigh-
borhood of 6,000 to 8,000 rids. Lochman®
encountered wet skin reactions when the
dose excecded 7,200 rads. Zatz and his co-
workers® have reported skin reactions com-
parable to those from orthovoltage roent.
gen therapy. There is also some disagree-
ment as.to the relative biologic effectivencss
(RBE) of electrons. Lochman® concludes
that the RBE is no greater than with
roentgen ravs and probably Jess.

The observations described in this paper
suggest that the skin reactions are less than
those reported by most of the authors
quoted. There are a number of possible
explanations which can be considered.
Since the scanning beam traverses the area
in a pattern similar to a television raster, it
may be that there is an effect similar to
treatment through a grid. However, the
scanning is performed in such a way as to
give a practically homogeneous surface
dose, particularly when day to dav varia-
tions in port positioning are considered.
Another possibility is that with the pencil
beam the radiation may be relatively clean
as compared with a foil.scattere] beam.
Finally, the actual dose rate to the skin

must be taken into account. This dose rate-
is 200 to §00 X 10¢ rads per second. It may -

be that the Jatter part of the dose delivered
to any cell is given during a period of rela-
tive anoxia, the bulk of the oxvgen having
been consumed during the first part of the
time in which the dose is given. Dewey and
Boag' found modification of the oxygen
effect when bacteria are treateu with large
pulses of radiation as compared to unpulsed
doses of the same amount given over rela-
tively long periods of time

.7 SUMMARY
1. A partial” review of the literature
dealing with the clinical aspects of electron
beam therapy is presented.
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Voo v fy Appearance of shan of face in patient (1.C.) receiving 2 tumor dose (€ om. adepth, ot 200 rads &
sean previously, () Skin reachon in patient (V.N.) at maximum tissuc dose of #,50C Fads in i1 treatments
O Same patient (V.S Vafrer 21 wevke (01 Name patient (V.S Y after 6 mancha, 1A Sn reactson in tonal
Prertalin patient INONLY Tumaor dose of 1,4€5 rads in 24 tecatments, 1 F) Patient N ALvafter 1 menth 20

1 iat A NTelL prior e s catment, ) Patient (A Ml 1 wet reactun aater 6000 rads at surtace of
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