oped over the next decade. The director
of the DBS should have responsibility
for organizing the research program as
well as the regulatory activities of the
division.

In addition, federal responsibility for
vaccine development should be clarified,
in a way that ensures the DBS does
not develop vaccines in-house. There
should be some court of appeal against
the director’s decisions. Since the DBS
acts, in effect, for the academic com-
munity on behalf of the public, there
should be a stronger connection with
the academic world than occasional ad
hoc conferences and a rubber-stamp
board of scientific counselors. Standing
committees of scientists might be es-
tablished—one to oversee research and
another for regulations—so as to buttress
the director’s posture toward manufac-
turers. Problems with vaccines should
be more openly discussed, and herd im-
munity should be sought by means
other than treating the public as one.
Most importantly, the boat in which the
DBS director sits should be strong and
flexible enough to withstand the occa-
sional rocking.—NICHOLAS WADE

RESEARCH NEWS

APPOINTMENTS

W. G. Bowen M. H. Bernstein

William G. Bowen, provost, Prince-
ton University, to president of the
university. . . . Marver H. Bernstein,
professor of politics and public affairs,
Princeton University, to president,
Brandeis University. . . . David R.
Derge, dean for administration, Indiana
University, to president, Southern II-
linois University, Carbondale.
Timothy W. Costello, professor of
psychology and management, New York
University, to president, Adelphi Uni-
versity. . . . N. Ferbee Taylor, vice pres-

ident for administration, University of
North Carolina system, to chancellor,
University of North Carolina, Chapel
Hill. . . . Ivan L. Frick, president, Finlay
College, to president, Elmhurst College.
. . . Harold P. Hanson, dean, Graduate
School, University of Florida, to vice
president for academic affairs at the
university. . . . Archie R. Dykes, chan-
cellor, University of Tennessee, Martin,
to chancellor, University of Tennessee,
Knoxville. . . . Victor Jones, professor
of engineering and applied physics, Har-
vard University, to dean, Graduate
School at the university. . . . Thomas
G. Cook, assistant professor of educa-
tion, University of Wisconsin, to dean,
School of Education, Ferris State Col-
lege. . . . William Happ, operations re-
search analyst, U.S. Army Corps of
Engineers, to dean, School of Engineer-
ing, Sacramento State College. . . .
Leonard E. Goodall, vice chancellor,
University of Illinois, Chicago Circle,
to chancellor, University of Michigan,
Dearborn. . . . Conrad T. Burriss, pro-
fessor of chemical engineering, Manhat- -
tan College, to dean, School of Enginer-
ing at the college.

Cancer Radiation Therapy: Potential for High Energy Particles

Although the causes of cancer are
still unknown, treatment with radiation
therapy alone or in combination with
chemotherapy and surgery helps to save
hundreds of thousands of lives a year.
Large doses of radiation, however,
damage healthy tissues in addition to
destroying tumors and thus may cause
severe side effects. The use of high ener-
gy particles instead of the conventional
X-rays or gamma rays may make possi-
ble significant improvements in radia-
tion therapy, according to a growing
number of physicists and radiothera-
pists, and the preliminary results of
several laboratory and clinical trials
seem to support this belief.

Both the physical and radiobiological
properties of energetic particles indi-
cate that they may be able to alleviate
some of the problems of conventional
radiotherapy, although clinical trials
are needed to ascertain that new and un-
toward effects do not occur. The poten-
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tial uses of particle radiation may be re-
stricted to localized cancers—a category
of diseases that does not include some
of the most common, such as lung and
breast cancer. Nonetheless, the use of
particle radiation, if its potential advan-
tages turn out to be clinically signifi-
cant, may be able to help the large
number of patients who now die from
localized cancers despite treatment with
conventional radiotherapy.

Practical applications of particle radi-
ation in cancer therapy may be slow
in coming. Except on a small scale, the
necessary clinical trials are not now
being conducted in this country, and
there appears to be little likelihood of
systematic trials with many types of
particles in the near future. Despite
the large increases in funding for can-
cer research, relatively little support is
available for radiotherapy research, in-
cluding particle radiation. National Can-
cer Institute support for investigations

of particle radiation totaled less than
$1 million in fiscal year 1971, a figure
that NCI officials estimate may rise to
$2.5 million by fiscal 1973. One reason,
according to NCI, for the relatively low
level of funding is a shortage of quali-
fied radiotherapists who are interested
in particle radiation. Research proposals
have been rejected by the peer review
system for lack of scientific merit—
a consequence, according to one NCI
official, of the naiveté in radiobiological
matters on the part of the physicists
who proposed them.

Whatever the reason, several physics
laboratories that have an interest in
using their particle accelerators for can-
cer research may find it impossible to
do so, and in one case the lack of other
sources of funding may result in the
closing of the laboratory.

The current interest in medical uses
for particle radiation contrasts strongly
with the attitudes that have prevailed
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for much of the past 30 years. Early,
and what proved to be premature, trials
of fast neutrons took place at Berkeley
in the early 1940’s. At the time, little was
known of the biological effects of radi-
ation, and, as a result, the patients were
exposed to too large a total dose, so
that a few patients were severely burned.
The incident discouraged further work
with particle radiation for many years.
More recently the combination of im-
provements in conventional radiotherapy
techniques—the use of high energy x-
rays and gamma rays—and the un-
availability of beam time on major
accelerators because of the higher prior-
ity that was given to physics experi-
ments provided little incentive for ra-
diobiological investigations with high
energy particles. Nevertheless, consid-
erable work was done with obsolete
machines at a few laboratories, notably
Berkeley and Harvard. Now that phys-
ics research funds are scare, however,
quite a few accelerators are available,
and there is something of a rush for
physicists to get into cancer research.
Neutrons, protons, alpha particles (heli-
um ions), heavy ions such as nitrogen
or neon, and the pi minus meson or
pion are among the particles being con-
sidered for radiotherapy.

Compared to 30 years ago, consider-
ably more is known now about the ef-
fects of radiation on tissue. Two factors
in particular seem to be important for
the prospects of particle radiation: (i)
the dose delivered to the tumor in com-
parison to that inflicted on healthy tis-
sue, and. (ii) the biological effectiveness
of the radiation in the tissue.

X-rays and gamma rays are expo-
nentially attenuated by interacting with
electrons as they travel through tissue,
so that, except for an initial buildup
just below the skin, the dose reaching
the tissue decreases with depth. Thus a
deep-seated tumor receives a smaller
dose than the healthy tissue above it.

The tissue behind the tumor also re-

ceives a substantial, although smaller,
dose.

Heavy charged particles also lose
energy in tissue by scattering electrons,
but in contrast to X-rays and gamma
rays, their energy loss occurs at a rate
proportional to the square of their nu-
clear charge and inversely proportional
to their energy (at nonrelativistic ve-
locities), so that a nearly constant
amount of radiation is deposited along
most of the particle path. As the par-
ticle comes to a stop, however, the
amount of radiation deposited rises
sharply to a maximum, known as the
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Bragg peak. Hence if the initial energy
of a beam of charged particles is ad-
justed so that the Bragg peak occurs in
the tumor, the intervening normal tissue
above the tumor receives less radiation
than does the tumor. Tissue behind the
tumor receives almost none, since most
of the particles have stopped in the
tumor.

Hence charged particles, because they
allow the radiation to be concentrated
in the tumor, appear to offer an im-
provement over conventional radio-
therapy. That this improvement in dose
localization is clinically significant has
not been demonstrated for particle ra-
diation, and some radiotherapists are
skeptical; but one step in this direction,
for which there is clinical evidence, is
the successful use of high energy x-
rays and gamma rays that have better
dose localization than low energy x-rays
do.

The Oxygen Effect

The amount of radiation delivered
to the tumor is not the only considera-
tion, however, because the biological
response of cells to radiation varies
with the condition of the cell and the
type of radiation. Many tumors, for
example, appear to be undifferentiated
tissue with inadequate blood supply,
and hence may contain a small propor-
tion of hypoxic cells. For conventional
radiation, the dose required to kill such
oxygen-poor cells is about three times
that which will destroy normal, oxy-
genated cells—an effect that is believed
by many radiotherapists to be due to
the high reactivity (within normal cells)
of the free radicals created when un-
bound oxygen is ionized by the radia-
tion. The radiosensitivity of cells also
appears to vary with cell cycle, although
less is known about why this should be
so. Both effects may increase the advan-
tage of the tumor over normal tissue.
The magnitude of both of these effects,
however, seems to be less with particle
radiation than with conventional radia-
tion.

The greater biological effectiveness of
particle radiation in destroying tumor
cells—and the potentially lower - de-
pendence on the oxygen content or on
the cycle of the cell—is apparently due
to the higher density of ionization, com-
pared to x-rays, that the particles pro-
duce along their path through tissue.
The higher the ionization density or the
amount of energy transferred to the
tissue per unit of path (linear energy
transfer or LET) of a particle, the
greater the tissue damage. The greater

effectiveness of high LET radiation for
some types of particles has been demon-
strated in animal studies. But whether
anoxic tissue is a significant factor in
human tumors or whether the oxygen
effect is a limiting factor in radiation
therapy remains to be clinically proved.

One indication that high LET radia-
tion may indeed be very effective in
human tumors comes from clinical
trials of fast neutrons under way at
the Hammersmith Hospital in London.
After several years of careful and de-
tailed radiobiological studies, a team

“at the hospital began investigating the

clinical effects of neutrons in human
cancers in 1969. Preliminary trials with
a neutron beam, obtained by bombard-
ing beryllium with deuteron particles
showed that the response of patients
treated with neutrons did not differ in
any observable way from those treated
with x-rays; the skin reaction to a total
dose of about 1440 rads of neutron
radiations however, was judged to be
equal to that produced by 4100 rads of
high-voltage x-rays (Z).

Neutrons are exponentially attenu-
ated in tissue, and so distribute radia-
tion with depth in a manner similar to
x-rays. In radiobiological experiments,
however, the damage that . neutrons
cause is only about half as sensitive to
the oxygen content of cells as that
caused by x-rays. Preliminary and in-
formal reports of the clinical trials that
are continuing at Hammersmith (with
more than 150 patients) indicate that
the oxygen effect may be very significant
clinically; after irradiation there appear
to be almost no recurrences of tumors
in treated tissue among the surviving
patients, a degree of success that, if
confirmed, would be remarkable. One
U.S. radiotherapist who is familiar with
the work described it as “startling, if
the preliminary indications hold up.”
Several U.S. teams are now preparing
to  start clinical trials with neutrons;
and other teams, with support from the
National Cancer Institute, are working
on the development of new types of
neutron generators.

Unlike neutrons, the damage that
protons and conventional radiation cause
are about equally sensitive to the oxygen
effect. Because of the Bragg peak effect,
however, protons are superior to neu-
trons in localizing the dose within the
tumor; the proton beam can be so
sharply focused that a major limitation
in making use of protons is the lack of
a sufficiently accurate means of locating
tumors within the body—techniques for
which there was no need with the broad

1231



beam used in conventional radiotherapy.
Nonetheless, therapeutic work with pro-
tons has been going on at Harvard and
at Uppsala, Sweden, for more than a
decade, although no full-scale clinical
trials have been conducted. Another
advantage of protons is that they are
inexpensive to accelerate; the Harvard
cyclotron has been supported largely
by patient fees for pituitary irradiation
since 1967.

Alpha particles appear to combine
many of the advantages of both neu-
trons and protons. The energy loss of
the particles is concentrated in a pro-
nounced Bragg peak at the end of the
particle path, so that radiation can be
concentrated in the tumor, and the oxy-
gen dependence within the Bragg peak
is substantially lower than that of x-rays
(although not quite so low as that of
neutrons). The Bragg peaks of alpha
particles and of heavier ions are too
narrow to allow a large tumor to be
completely irradiated, unless the range
of the beam is varied or the width of the
Bragg peak is broadened by inserting
a variable absorber in the path of the
beam. It had been thought that, within
such a broadened Bragg peak, the ad-
vantageously low oxygen dependence
of the alpha particles would be lost. But
recent experiments with cultured cells
indicate that there is a still significant
reduction in oxygen sensitivity within
a broadened Bragg peak (2). Systematic
clinical trials with alpha particles have
not been done, although the 184-inch
(1 inch = 2.54 cm) cyclotron at Berke-
ley has been used for pituitary irradia-
tion since 1956. Several other accelera-
tors that can produce alpha particles of
sufficiently high energy are either avail-
able or are in the process of being modi-
fied for alpha particle work, including
the NASA synchrotron in Newport
News, Virginia.

Neutron, proton, and alpha particle
accelerators that would be suitable for
clinical studies are already available,
and substantial information on the
radiobiological behavior of these parti-
cles has already been obtained. Less is
known about heavy ions and pions, so
that their relative advantages are still
somewhat - unclear. Nonetheless, some
radiotherapists believe that these par-
ticles have significant potential for
radiotherapy applications.

Heavy ions with energies suitable
for radiobiological studies have only
recently became available at the Prince-
ton synchrotron and at the Berkeley
bevatron, Both nitrogen and neon ions
are of interest, and both have exceed-
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ingly intense Bragg peaks—an indica-
tion of the possibly high biological ef-
fectivenesss of such radiation within
this region. What is not known, how-
ever, is the extent to which the biologi-

.cal effectiveness will be decreased when

the Bragg peak is broadened to widths
comparable to those of real tumors.
Nor is the physics of heavy ions—
including what secondary . particles are
produced in tissue—known with any
precision. Both laboratories are modify-
ing their accelerators to increase their
intensity to that required for clinical
work and are planning therapeutic fa-
cilities, The Princeton facility, how-
ever, will be forced to close down if
it does not receive additional funding
this spring—about $700,000 a year is
needed to operate the laboratory and
to continue the radiobiological and pre-
clinical studies now in progress.

No pion beams of sufficient intensity
for therapeutic work are yet available,
although the Los Alamos meson facility
is expected to be completed in 1973,
and similar facilities are being con-
structed in Vancouver, B.C., and in
Zurich, Switzerland. A superconducting
electron accelerator at Stanford, which
could be used to make pions, will be
completed at about the same time. The
Los Alamos facility includes a special
beam channel for therapeutic work,
now being built with support from the
National Cancer Institute.

Pi Meson Radiation

Some radiobiological experiments
have been done with pions, but at dose
rates far below those needed for pre-
clinical studies. Pions are believed to
act like conventional radiation in tissue
until the end of their path, where they
are captured by an atomic nucleus and
decay, releasing a localized burst of
secondary particles. Thus pions, like
heavy ions, also deposit a highly local-
ized dose of radiation that is theoretical-
ly very effective biologically, although
by a mechanism different from that
which causes the Bragg peak of a heavy
ion. Pions have the disadvantage, how-
ever, that they are expensive; they also
produce, among other secondary par-
ticles, three energetic neutrons per pion,
many of which will pass through the
patient but may cause a radiation
hazard within the treatment room.

With conventional radiation, healthy
tissue often receives a larger dose than
the tumor does, and to the extent that
the tumor contains anoxic cells, it takes
more radiation to destroy the tumor
cells than it does healthy cells. Conven-

tional radiotherapy thus depends on
the preferential recovery of healthy
tissue for its success. Charged particle
radiation, on the other hand, can de-
liver higher doses to the tumor than to
the normal tissue around it, and, for
some particles, is much less sensitive to
the oxygen content of the cell.

The radiobiological properties of pro-
ton, neutrons, and alpha particles are
relatively well known, and similar in-
formation about heavy ions and pions
could be available within a few years.
There is some clinical evidence that dose
localization is important, and if the
preliminary results from the Hammer-
smith trials are confirmed, there will be
clinical evidence that the oxygen effect
is significant in human tumors (there is
already evidence that it is in animal
studies). There appears to be a consen-
sus among radiobiologists and radio-
therapists who have worked with par-
ticle radiation that it .is time for sys-
tematic clinical trials of particle radia-
tion. Cancers of the oral cavity, the
bladder, the cervix, and the pancreas
are among those for which radiothera-
pists would like to try heavy particle
radiation (3).

The policy in regard to supporting
research on particle radiation of the
National Cancer Institute, however, has
some apparent contradictions. Instead
of encouraging the use of available fa-
cilites for preclinical and clinical trials
of protons or alpha particles, for exam-
ple, the NCI has supported the devel-
opment of new facilities for generating
fast neutrons and for therapeutic appli-
cations of pions. And although clinical
trials of fast neutrons (with NCI sup-
port) seem likely to move ahead in
the next year, it is clear that NCI has
been content to follow at a safe distance
the British lead in this research.

Even ardent supporters of particle ra-
diotherapy agree, however, that it would
be a mistake to divert too much money
from basic research on cancer to the
sophisticated technologies required for
studying the effects of particle radiation.
Nor are miracles likely to happen, they
caution; but they do believe that par-
ticle radiation therapy is well worth
trying.—ALLEN L. HAMMOND
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