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EXPERIENCE WITH PION RADIOTHERAPY

Morton M. KLIGERMAN, MD, Cart F. vox Essex, MD, MirkuTus K. Kuax, MD,

ALFRED R. SMITH, PHD, CHARLES J. STERNHAGEN, MD, AND
Jose M. Sara, MD

Forty-ene patients with a ttal of 86 tumors were trested with megative pl
mesens s) at the Los Alamos Meson Physics Facifity (LAMPF) through
December 31, 1977, An additional 38 tumors in the mjpnkm population
were tresied with 100 kVp x-rays Lo sseess ve effects on skin nodules
and § petients received additive photon er electron radistion te pion-treated
Of 52 evaluable tumors in 20 treated with pions oaly and followed
3 to 22 months, SI% (42 tumors) completely toed; 6% (3 tumors)
rually regressed; and 135% (7 tumors) did not although 5 of the 7
ve shown no growth for 10 months. Of sight tumors in seven patients treated
with a combination of pions and conventional radistion, three tumors showed
complete response and five tumors showed partial response, though the re-
-sected apecimens in two (one with complete and one with partial response) re-
vealed no tumer -icrucorlally. Reections in normal tissues have been mild,
with some patients exhibiting no normal tissue reaction, as compared with
relatively marked tumor respomse.
Cancer 43:1043-1051, 1979,
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of negative pi mesons (pions) in radia-
tion therapy for advanced solid tumors are
being conducted by the University of New
Mexico Cancer Research and Treaiment Cen-
ter, Albuquerque, and the Los Alamos Scien-
tific Laboratory, at Los Alamos, New Mexico.
This paper summarizes preliminary resulis in
a sernies of patients with primary and meta-
static tumors of the skin, head and neck, lung,
abdomen, and peliis. They were treated wit
pions under Phase | and 11 studies to assess
tolerance of normal tissues and wmor re-
;]:omes before randomized clinical trials can

gin.

At Los Alamos, pions are produced by bom-
barding a carbon target with high energy pro-
tons. protons are accelerated to approxi-
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linear accelerator. Negative pions produced
by the proton-carbon interaction are collected,
transported, and focused by an electromag-
netic channel. The properties of the transport
channel and its tuning ﬁ:ve been described by
Paciottief al.* The dosimetry of the pion beams
used in this study has been reporied by Smith
ealt ?'\:fadvc pions have unique properties
which led scientists to predict their usefulness
in cancer treatment.! One of their advantages
is the manner in which they can be shaped to
produce damage 10 the tumor bearing vol-
ume, while largely sparing surrounding nor-
mal tssue. :
lonizing radiation can be classified accord-
ing toits linear energy transfer (LET). When
the ionization density per unit path length is
low, the radiation is said 10 be characterized
by low LET. X-rays, gamma rays, electrons,
and protons are types of low-LET radiation.
When the ionization density is high, the radia-
tion is called high LET. Neutrons and heavy
jons (such as those of helium, neon. or car-
bon) are examples of high-LET radiation,
With high-LET radiation, there is a markedly
increased capacity for irreparable damage of
critical molecules (i.e., double-strand breaks
in DNA). This results in a biologic response
different from that seen in conventional ir-
radiation. Cells exposed to lcw-LET radiation
exhibit up to three times more resistance to
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Tamz 1. Number of Sites'Number of Tumon Treaicd
with Pions (Through Decembier 31, 1977)

Sice Cuse/Tumars

Brain:

Primary (Glioma) imn

Metastases (Brean) 1
Skin and Subcutaneous Tissue:

Primary s

Metastases (Breast) LY, 1]

Metastases (Melanoma) 22

Metastases (Siomach) 12
Lip (Metastases) 12
Buccal Mucosa m
Tongue ¥2
Nasophanynx LY, |
Larynx:

Primary and Metastastic Neck Mase 73

Metasasis (Tongue) 1]
Breast (Male) |13}
Lung:

Primary (Superior Sulcus) 1)

Metasiases (Tongue) n

Metastases (Melanoma) 71
Siomach m
Pancreas 44
Liver (Metastases) mn
Bladder m
Rectum ' s
Prosmate . i
Sarcomas | 1]

ToraL 41/88

injury if they are not well oxygenated. Thus,
hypoxic cells, large numbers of which are
usually present in tumors, are less sensitive
to damage than are well oxygenated cells of
the tumor and the surrounding normal tissue.
Also, cells are more resistant 10 low-LET radia-
tion in certain phases of the cell cycle than in
others. The dense ionization of high-LET
radiation overcomes the protective effect of
hypoxia, killing those cells almost as ef-
fectively as well-oxygenated cells. High-LET
radiation also reduces differences in cellular
sensitivity due to cell cycle variations.

Neutrons differ from heavy charged parti-
cles in that the neutron dose in lissue is ab-
sorbed ‘exponentially, similar 1o dose absorp-
tion of x-rays or the gamma rays of cobalt.
Heavy i such as heavy ions
and pions, distribute their dose with a Bragg
tak, a region of intense radiation which can

located at the tumor volume.

Since pions deposit low-LET radiation as
they through tissue (the plateau region),
but produce a high-LET component in the
stopping (tumor) region, they have advan.
tages of both high-LET and low-LET radia-
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tion. Because they are ncgatively charged, the
stupping pions are absorbed by the positively
charged nuclei of oxygen, carbon and nitrogen
atoms. This absurption makes the nuclei un-
stable and they disintegrate, prodacing neu-
trons, proions, deuterons, tritons, alpha: par-
ticles, and heavy ions. These events increase
the total dose in the pion stopping region,
and alter the biological ‘effectiveness of* the
dose in that region because of the dénse ioni-
zation prod by the alplia particles, neutrons
and heavy ions. ;

MATERIALS AND METHODS

In the carly pion dlinical studies,* seven pa-
tients underwent pion or x-ray irradiaiion of
65 metastatic tumor nodules in the skin. Re-
sults indicated that pions were 1.42 times maore
effective than 100-kVp x-rays in acute bio-
logical response of the skin.* One of these

tients with 16 tumor nodules (primary

reast) could be followed for 346 days befure
additional treatment was required, at which
point data on time to regrowth of tumor were
obtained to assess therapeutic gain. For re-
pression of regrowth a1 300 days, 37% more
x-irradiation than equivalent doses of piuns
was required, indicating greater tumor effect
by pions for the same amount of acute skin
injury.?

Increased accelerator intensity has enabled
treatment of larger and deeper tumors, pro-
gressing o lesions deep to the skin, then 10
tumors of the head and neck, pelvis. lung.
abdomen, and brain, at escalating dosage
levels for each different type of critical siruc-
ture. As of December 31, 1977, forty-one pa-
tients with a 1otal of 86 wmors had been
treated with pions at LAMPF (Table 1). In
addition, 30 Lumors in the total patient pop-
ulation had been treated with 100 kVp x-rays
to assess comparative effects on skin nodules
(described above), and 8 patients had re-
ceived additive photon or electron radiation
10 pion-treated ponals. Additive conventional
n&ation therapy is needed on occasion be-
cause the maximum tolerated pion doses for
the various normal tissues of the body (mucous
membranes, lung, brain, etc.) are still being

® Ociober-December 1974, and repeated June-
Augun 1976. The Los Alamos accelerator was not avail-
able for patient use between January 1975-May 1976,
mainly due 10 refurbishing for high intensity operitions.
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Fi. 1. The diagram shows
gross tumor response of 52 eval-
uable cases trealed with pions
only, cosrelating aren of treat-
ment (which is related t0 (umor
size) with pion duse. Respunses
noled are complete regression,
partial regression (st lewst 25% but
less than 1007 of whe largen di-
ameter). or no regression (less
than 25% ol the largen diameter).
The numbers inside the symbols

the number of lumons
with that type of ot that
size and . This ares of the
chart is expanded in Fig. 2 for
ease of inte L T:-‘e
sis showed 42 tumors (81 %) com-
pletely regremed, 8 tumors (65%)

-y

L

PORTAL AREA (om?)

3 tumors (65%) ole o

Kligerman ¢t al. 1045

O Complete
o & Portial
O Nons

o

o

APRIL 1970

parntially regressed
(13%) did not . Five of the ®
7 lesions which did nm respond

are discussed in Fig. 2.

determined. To_ensure patient safety, the
National Cancer lmtitutc-?proved study de-
sign calls for relatively low doses at the start of
treatment of each new type of body tissue.
These doses are gradually increased for suc-
cessive patients when no ill effects are ab-
served in those patients treated with the lower
doses. For patients whose tumors are not elim-
inated after relatively low doses of pion ther-
apy and where there is relatively little normal
tissue response, additional x-ray treatment is
given to the pion-treated area. Other treat-
ment is also given if the patient’s condition
warrants. Postpion surgery is given for cura-
tive intent, and chemotherapy for palliative
intent.

::;de’& Th'-:_‘ s an
ex view mukti

small lesions receivin I’MHEI.;
10 2300 rads of pions (see
Fig. 1). The five lesions receiving
significantly in size were five me-
ususes 1o the lung, primary
malignant melanoms of the thumb.
However, these have not grown
for the observed time of 10
months, alhough mo further
treatment has been given. Sec the
text for a discussion of the remain-
ing partia! responders and non-

Daily doses of peak pions for the small tumor

areas varied from 90 (o 180 peak pion rads a
day. This variation was planned in the skin
nodule study described above, to obtain a dose
Tes
logical effectiveness (RBE) for acute skin re-
actions and time delay to tumor regrowth. For
the large tumor volumes, and for doses of
3000 rads and more, the daily maxiinum tu-
mor doses varied between 100 and 137 rads.

se curve 10 determine the relative bio-

The modulated pion peak was spread 1o

dimensions of 5, 6, and 8 ¢cm in depth. To
attempt to maintain constant RBE across the
E.eak. as determined by si'ng]e and fractionated

iological studies using induced growth delay

of multicellular tumor spheroids (MTS), the

fesponsay
© Complete
O Nome

B g

sesponders. o
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Tasir 2. Responses of Evaluable Tumors Treated  disial end, as compared wit i
with Pions and Conventional Radiation pa h the proximal

end. In the beam with an 8 cni spread, a use-

Pord  Peak . OF o ful beam for deep-scated wwniors, the distal
Cae area pion  Rads/Elapsed Graas  end of the peak had a physical dose of only
po. (em') nads time respome 0% of that of the leading edge. The dose

. is prescribed at the leading edge. Uniformity
:; ':g ?:g; : ::&f;:::. mgz: of duse distribution was ined, when pos)-
80 1677 + 4180w/4.5 weeks  Panial sible, by use of opposing portals.

17 228 2667 + 238025 weeks  Partial® In this report, an evaluable tumor was char-
26 170 5000 + 255003 weeks  Fartial**  acterized as one in which 1) the peak pion
bid % 1900 + 4900¢ NOweeks Pariat - POreal area adequately covered the tumor; 2)
the desired tumor dose, prescribed and re-

S0 190 1800 + 3900¢~/7.5 weeks Complete* corded as the maximum dose to the tumor,

32 235 2400 + $180w/4.5 weeks Partial was delivered; and 3) the patient survived
- - sufficiently long 10 permit observation of com-
: m“::&:’::f:‘ e 8 monthe. plete disappearance or a plateau in gross tu-

mor response. In addition to failure 10 meet
these criteria, tumors not considered evaluable
total dose in the proximal lﬁonion of the peak included those which were treated early in
had to be increased over the total dose in the  Phasc I studies to begin to collect data on tol-
distal end of the peak. This is because of 2 erance of the skin, lung, liver, gastrointestinal
greater amount of high-LET radiation in the mucosa, and brain and to obtain some sug-
gestion of the level of doses required 10 ob-
1ain a tumor response. Some patients par-
ticipaling in Phase | studies (parucularly those
with abdominal lesions) succumbed 1o disease
outside of the peak pion treatment volume
before adequate time had clapsed to assess

the total response to pions.

- At this writing, the variation in dose over
the tumor volume must await reconstruction
of the total tumor volumes and then the vol-
ume dose distribution. Preliminary calcula-
tions indicate peak pion doses in the tumor
volume as low as 70% of the maximum doses.

™~ Resurts
~ Sixty tumors in 26 patients were evaluable,
- while 26 tumors in 15 patients were not eval-
. uable. Analysis of daia for 52 evaluable tu-
s mors in 20 patients treated with pions only
and followed for 5 10 22 months from the
start of treatment is presented in Figs. ] and
2, which relate area treated, peak pion dose,
e and gross tumor response. The analysis
showed 81% (42 tumors) completely re-
pole

D gressed; 6% (3 tumors) partially regressed;
and 13% (7 wmors) did not respond. The
responses recorded are gross responses. Par-

5 Fic. 3. Case 17 ofale tial response is defined as equal t0 or greater

- . : Pretrestnent lateral x: alar ion i

max invading or & iviofriad! 4 than 25‘% but less than 100%, reduction in

demineralized asterior cersex of the sacrum. This 45. BTEatest clameter.
year-old female had a six-month hisiory of low back pain 1 he five lesions at 2000 rads (Figs. 1, 2)
with no sympioms linked with the colon or rectum. which did not respond represent five Jung

00132971.004

10811249



0 9.7 6

9 .

.
L4

No. 8 PIOK RADIOTHERAPY

" nodules of metasiatic melanc...a, primary in

the skin of the thumb. These received a total
dose in 20 fractions over 37 days. Ahhough
theve was 1o regression, there hay been no
growth and no evidence of radiation fibrosis
at 10 months. The nonresponder at 2300 rudls
(Figs. 1 and 2) was one of four small melano-
mas. The other three did respond. It is of in-
terest that the nonresponder grew in an area
given prophylactic radiation some four years
carlier at the time of the original “curative”
operative pracedure. The nonres er at
3000 rads, 188 cm® portal (Fig. 1), was a rectal
carcinoma. Although the bieding stopped
and the lumen opened sufficieny to siop the
patient’s symptoms of cramps and alternating
constipation and diarrhea, the tumor did not
meet the minimum criterion of 25% reduc-
tion in diameter required 10 place this tumor
in the partial response category. However,
there was no evidence of rectal mucosal
change, acutely or during follow-up, now at
9 months. The tumor is now regrowing.
The partial responder at 2850 rads, 56 cm*
(Fig. 1), was a large melanomatous metastasis
in the submenial ion. The diameter
of the tumor decreased 10 50% of the original
size and remained unchanged until the pa-
tient’s death, four months later, of widespread

.disease. The treatment was given in 19 days,

15 fractions. A severe dry uamation of
the skin healed rapidly onc:‘:;n treaument
was siopped.

. The partial responder at 3100 rads, 140
cm® (Fig. 1), was a patient with an oral lesion
extending from the lefi buccal mucosainto the
trigone, over the gingiva and into the foor of
the mouth, extending just short of the mid-
line anteriorly. He had persistence localized 10
the gingiva at the end of treatment. Retro-
spectively, volume dose calculation revealed
that this area received only 2000 rads. He has
had a succesful resection, with primary heal-
ing and is alive without disease at five months
after start of treatment. .

It is believed that a major reason for partial
response of the 3900 rads 100 ecm® wumor
(Fig. 1), was due in part 1o failure by the in-
vestigators (0 appreciate the lateral extent of
the wmor. This patient had a massive base
of tongue tumor, extending anteriorly into the
floor of the mouth, with a deep fissure and
severe trismus. At resection, alarge amount of
tumor was found involving the right carotid
vessels. The surgeon indicated the normal tis-

1081130
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Fu. 4. Caer 17; Prereaiment CT slice shows a large
z‘uaﬂmmmedimi‘hdu&ddﬂwﬁd

localization of Lhe pion beams 10 the mass with minimal
trestment of the 3

sues appeared in such excellent condition that
he would not have known that any radiation
had been given. The patient is alive without
disease at 10 months.

Subsequent conventional radiation was
added 1o pions when there was an incomplete
response after the g;on course and the normal
tissue appeared to have responded minimally.

Photons and electrons were used according

to a treatment plan which would best limit
the Jow-LET radiation 1o the pion treat-

and »o mucosal Four
specimen above shows the maws 0 be the residual tis-
swe of involved ymph nodes. Mukiple slices through this
specimen weve found o be negative for tumor on
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Fic.. §. Case 17: View of the mucosa after surgical re-
section with the original small ulcer completely covered
with normal mucosa.

ment volume. Gross response of eight tumors
in seven patients treated with a combination
of pions and subsequent conventional radia-
tion (x-rays and/or electrons) is presented in
Table 2. Of these, three tumors showed com-
plete response and five tumors showed par-
tial response. However, two were excised (one
with complete response and one with partial
response), and no tumor cells were found on
microscopic examination {(cases 17 and 30).
In case 26 of Table 2, the major problem
was a large, fixed lefi-sided neck mass. The
primary laryngeal mass responded completely
to treatment with pions only. At eight months
the larynx is free of tumor, muhiple biopsy

Fic. 7. Case 27: Pretrestment posterior-anterios x-ray
showing 3 superior sulcus tumor. This 53-year-vkd maule
had 3 1-vear hinary of dyspnes and » S-month history of

in in the anerior-superior left chest, as well us weight

and fatigue.

Vol. 43

proven, though there is a +1 residual lary ngeal
edema. The neck mass treated with combina-
tion therapy continues to decrease at each
monthly observation, but is still paipable. The
patient’s skin showed at most only a Grade |
erythema at the end of pion radiotherapy,
when chere was a reduction of the tumor to
approximately 80% of the greaiest diameter,

Cask Rerorts
Case 17

A 43-year-old female complained of pain in the
low back for six months. She had no recual symp-
toms, spedifically no bleeding, diarrhea, constipa-
tion or change in bowel habit. A spasm of the
rectum was noted on barium enema, and a large
presacral mass was ohserved on lateral pelvic x-ray
examination (Fig. 3). The decreased density of the
anterior sacral cortex indicated either tumor
invasion or tumor o0 intimately associated that its
blood supply had decaicified the bone. The exiem
of the lesion could be seen on the CT scan. with
contrak medium delincating the bladder (Fig. 4).
Considered completely inoperable, this patient was
the first treated in the pelvic region with pions.
Through a portal of 12 by 19 cm, 2200 peak pion
rads were delivered in 20 [ractions, 36 days. At the
end of treatment, 75% of the tumor was gone. The

tient had no diarrhea and no bleeding.

vctoscopy twice a week revealed completely
normal rectal mucosa. The residual mass was given
2300 rads of 10 MV photons in 14 fractions. 18
days. No further regression of the mass and no
mucosal changes were noted. Four weeks later. an
uneventful abdominoperineal resection was per-
formed. Muluple sections of the residual mass
(Figs. 3~6) revealed no tumor microscopically. The
small original ulcer on the posierior rectal wall was
well healed. The patient is alive and well 10 months
afier the start of pion weatment. Theve are no
bladder ssmptoms. The vaginal micoss is normal
with no laeral fibrosis. The skin is very slighily
wnned with very finc desquamation. There is no
subcutaneous fibrosis.

Case 20

A 68-vear-old male had a five-week hisiory of a
painkess. semifixed submental mass on the right of
the bawe of the tongue. The inmor extended trom
the vallecula atmost 10 the dorsum of the tongue. Tt
was fixed W the linvnx mesially and extended
anteviorly and then along the Eaeral wall of the
pharyas w the posterior pharyngeal wall. The
biopsy showed a Grade 11 cpidermuid cascinoma.
The patient received 3000 peak pion rads in two
courses. 27 fractions in 47 days. The primary
tumor dixappeured afier anly 1300 rads. Atthe end
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of treatment. the faucial region and pharynx had a
3 mw patch of pscudodiphtheritic membrane, but
otherwise the normal tssues were almost free of re.
action. The patient received a planncd right radical
nevk disseciion and is alive and free of discase at 10
months, Remarks: Rapid complete tumor regres-
sion with litthe normal tissuc reaction.

Case 27

A 55.year-old male had a one-year history of
dyspnea and a six-month history of pain in the
anterior-superior left chest, as well as weight loss
and fatigue. Rouline x-ray examination revealed
a large superior sulcus tumor (Fig. 7). Com‘pum-
ized axial ms showed an sdditional large
mass in the lelt mediastinum and in the retro-
sternal region (Fig. 8). The biopsy revealed a poorly
differentiated ¢ b ermoid :Opim The P‘:?em
received a t of 2700 peak pion rads n two
courses, 23 fractions over 42 days. The compuier-
ized 1omographic (CT) flms at eight months are
negative (Fig. 9). There is no evidence of pul-
monary fibrosis,

Case 30

in 1974, a 56-year-okd female developed a re-
currence of a well-differentiated busal cell car-
cinoma of the anterior chest wall which had been
“compleiely”™ removed surgically iwo years earlier.
She tolerated this kesion undl repeated hemor-
rhaging brought her 10 her physician. The tumor
had an area of 10 cm x 15 ¢cm, and completcly
undermined the skin. The base below the level of

‘the subcutaneous tissues was infected with 8. pro-

teas. The tumor depth was estimated 10 be 4 cm.
Muny bridges of wumeor, thinly covered with epi-
ll;elium formed a grid over the infected base
(Fig. 10). She was gpven 1800 don rads in
11 fractions. M da‘\:s Twoe 3 m&m of moist
desquamation occurred as the epithelium lost its
nutritional support with the marked wmor re-
gression. Five weeks after treatment, regression
amounied o B0% and the surrounding tissues ap-
peareed to be in excellens conglition. Addiional
conventional radiotherapy, 3900 rads of 12 McV
electrons, in 23 fructions over 53 cdaya, was added
and: well wlerated, an indication of the relative
tolerance of the normal skin to pion therapy. Six
months afier the stan of pion therapy and two
months afier the additional électron beam wreat-
ment, 3 3 om diancter arcu of tissue loss remained
(Fig. 11). The ulcer was excised and the wound
grafied, Muhiple sections through the surgical
specimen reveaksl no tumor cells. There has been
no FEUrTeIRe.

Case M4

A 57-vear-okd mule presented with 2 history of
right-sided VI nerve pabsy for fuar months, right-

Prox RADIOTHERARY
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Fic. 8. Case 27: Pretremument CT slice inferior 10 the

mass in Fig. 7 reveals 2 large umor mass in the

ilum and retrosernal space. not apprediated on rou-
tine study.

sided headache for two months, and numbness of
the right face for iwo weeks. A large right-sided
nasopharyngeal tumor was biopsied and reported
as a pooriy dilferentiated epidermoid carcinoma.
He received 3000 peak pion rads in 24 fractions
over 38 days with a five-day separation beiween
two courses. The tumor disappeared afier 1900
rads. Three days afier treatment the pharynx
showed only injeciion, a first-degree mucositis
(there was a small pach of second-degree reac-
tion). This rapidly healed and at three months the
mucosa was normal. There is no evidence of dis-
case at five months. Rrmarks: Again. rapid com-
plete regression witch modest normal ussue reaction.

Fre 3 Laswe 27: CT shice st 8 months postireannent

revenks no evidence of tumor or pubinonary brasis. Vhe
atient is abive and Junctioning s his pressmptomatic
vel. :
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Fic. 10. Case 30: Pretreatment view of recurrent basal
cell tumor of the amerior chent wall. The tumor com-
pletely undermined the skin, with the base below the level
of the subcutanecus tissues infected with B. preteus. Evi-

dence of hemorrhage, which brought this 56-vear-old
female 10 her physician, and many bridges of tumor
covered with a thin layer of epithelium are shown by
the photograph. :

DiscussioN

While these data are still anecdotal and must
be ed by prospective randomized clinical
trials, they are indicative of a trend toward
therapeutic gain for pions, for sites other than
skin, where such a gain has already been sug-

S It ai‘"pean that maximum toxic doses

ave not yet been reached in any of the various
tissues under study. 1n all the patients treated,
the normal surrounding tissues have shown
only mild acute reaction or, in many patients,
essentially no reaction. For example, no pa-
tient undergoing pelvic irradiation has de-
veloped diarrhea. At the same time, many tu-
mors have re two to three times faster
than would be expected with ordinary x-rays.
No significant untoward effects have been ob-

Cancer March 1979 vl 43

Fii. 11, Case 30: Posttremment view 8 months after
the start of pion therapy. (1800 peak pion rads in 1]
fractions, 14 days) and subsequent electron therupy (3900
rads of 12 MeV clectrons. given in two courses. 28 frac-
tions, 53 days). The ulcer was excised and e primary skin
grafi performed. Muhiple sections through the sur-
gical specimen revealed no tumor cells.

served in any patient treated with pions. over
abservation times ranging from 5 to 22
months. No radiation sickness was encoun-
tered in any treatment site. Far these reasons,
the pion doses are being raised 10% in the
next treatment cycle,

An analysis is currently in progress examining
the relationships between tumor size, dose,
normal tissue reaction, tumor response, and
length of remission in patients treated o date.*
The principal problem in pion radiotherapy
is the development of reliable compuierized
treatment planning, which shows complete
volume distributions of the low- and high-LET
componetuts of the pion beams and the trans-
formation of these distributions 10 effective
doses. Until this type of data is available, full
assessment of the cause of some failures will
not be possible.

However, sufficient dose information is
available to permit a rapid completion of Phase
1-11 studies at least in the head and neck and
the pelvis so that initiation of Phase 111 trials
for some sites should be possible by 1979.

Protocols for Phase III clinical trials are
completed for various ty?es of large solid
tumors which are not well managed by any
other treatment or combination of treatnents,
to attempt to improve local/regional control
as well as long-term survival. The criterion
of success of the project will be a two- 1o three-
fold improvement in five-year survival rate,
since the research team believes-that less than
this in tumors with a2 5 10 20% five-year sur-
vival rate would not be deemed sufficient
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Justification 10 recommend support of addi-
tional pion facilities throughout the nation. It
is believed that combination therapy will be
necessary for long-lerin survival because of
the advanced disease status of the paticnts be-

Kligermun et al. 1031

ing accepted for treatment. Protacols have
been developed for tumors of the bruin
(gliomas), head and neck. esophiagus, superior
sulcus of the lung, urinary bladder, stomach,
pancreas, prostate, rectum, and uterine cervix,
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