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port the Ludford and D&an-Reynals observed that 
cases of acid dyes when injected into the blood stream 

by thermal- would accumulate in greater concentration in 
cause of the tumor tissue than in normal tissue. In view of 
nical, physi- this Zahl and Cooper*** 28 prepared lithium 
spects have salts of pontamine sky blue 6B, trypan blue, 

and carminic acid in an effort to enhance the 
y is another concentration of lithiym in tumor tissue. They 

of the applications of nuclear energy in the also. discussed the physical-biological consider- 
'efforts to find better methods for managing ations involved in the use ..A* of _. slow neutrons for 

;stable isotope-boron 10-when bombarded - I n  1948 Tobias al. $$e mice, intrave- 
with thermal neutrons produces ionizing ra- -nously, uranium UO, colloid prepared from 

enriched Us6 (95 per cent) and followed it 
After the identification of the neutron by with slow-neutron bombardment. 

Chadwick in 1932, the possibility of slow-neu- I n  1949, in a.study of the cytogenetic effects 
as first suggested in 1936 by of slow neutrons in Trandescanlia, Conger and 

Kruger, of the University of Ciles found that this form of irradiation was 
Radiation more efficient than roentgen rays and that the 
the results efficiency was related to boron content. This 
boron cap- report led Sweet24, to 'consider the use of bor- 

ture of thermal neutrons on mouse mammary on slow-neutron bombardment in brain tu- 
carcinoma, lymphoma, and sarcoma in vitro mors and data 'that he had obtained led us 
after which they were transplanted. The per- a t  Brookhaven 'temporarily. to abandon our 
centage of transplantable tumors was reduced. seaFch -for a boron carrier and' to rely on a 
He concluded that these results indicated that simple salt for therapeutic exploration. At this 
neoplastic cells could be destroyed in vivo if time the collaboration leading to these reports 
sufficient boron in some suitable form could was begun. I n  1952, Sweet and Javidzs were 

able. to show a differential concentration of 
and Dun- borax in many rapidly growing brain tumors 
mbia Uni- as compared to normal brain. Also, in the same 

riments with year, Javid, Brownell, and Sweet reported upon 
-., , transplantable mouse sarcomas. These were in- their calculations of radiation damage to be 

jected with various forms of slow-neutron-cap anticipated from boron and various other ele- 
turing materials, then irradiated with slow . ments in the brain incident' to slow-neutron 
neutrons. A significant tumor regression was bombardment. 

In  1953 Farr et  al.10 renorted the rlinical re- 

. . .  human disease. In  this instance, a normally cancer therapy. .' ' - .  . 
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FIG. 1. Reactions OcmninE between boron 10, hydrogen. and nitrogen after slowneutron bom- 
1 

- bardment. - 
ergy from the incident neutron, which energy 
is dissipated by the production of very intense 
ionization along its path. This energy is large 
compared to that of an electron. Stone and 
Larkin have utilized fast neutrons in therapy. 

T h e  reaction with which we are concerned 
,is the ihermal- or slow-neutron capture by 
boron 10 (Fig. 1). Boron 10 is employed be- 
cause of its high cross section for thermal-neu- 
tron capture. This reaction is one of the most 
favorable known for this type of investigation: 

the capture cross section of boron for slow neu- 
trons is about 1000 times larger than the col- 
lision cross section of hydrogen for fast neu- 
trons. Also, while the slow neutrons have a 
very small energy (a fraction of an electron 
volt up to 1 electron volt), the disintegration 
products, 3Li7 + ,Her, have about 0.87 Mev 
and 1.52 Mev energy respectively. These rather 
large energies are dissipated in very short dis- 
tances (4 to 8 p )  in tissues, hence cause an even 
more intense ionization along their paths than 
the recoil proton in the fast-neutron-irradia- 
tion process. From these theoretical considera- 
tions, it is clear that the boron-thermal-neu- 
tron reaction should cause cell destruction 
more efficiently than other types of irradiation 
if the disintegration can be produced in the 
area of the neoplastic cells. T h e  capture cross 
section of hydrogen and nitrogen (Fig. 1) is 
small enough so that the reaction with these 
elements need not result in radiation ’over tol- 
erance of normal tissue, during neutron-cap 
ture therapy. 

It has been demonstrated that a sufficient 
differential concentration of boron is obtained 
in glioblastoma to be of significance therapeu- 
tically. This is probably due to the “blood- 
brain barrier” that retards the initial concen- 
tration of boron in normal brain but that is 
absent in tumor so that there exists a period 
during which time thermal-neutron irradia- 
tion may be instituted. Figure 2 shows heavy- 
particle tracks in an emulsion below a mouse- 
brain section irradiated by slow-neutron bom- 
bardment. 

Because as yet no satisfactory method of 
computing or measuring tissue radiation in 
dose has been developed, the total thermal- 
neutron exposure per square centimeter of 
skin over the 2x4411. port, together with the 
dose of boron injected, is ghen. 
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PATHOLOGICAL STUDIES 

During the past two years (1950 to 1953) ten 
patients with surgically proved glioblastoma 
multiforme have been treated with this meth- 
od (Table 1). The patient was placed in a 
compartment atop the nuclear reactor, boron 
10 in glycerin was given intravenously, and 
the reactor was rapidly brought up to fall 
power to provide sufficient numbers of themal  
neutrons to irradiate the site of the tumor 
(Figs. 3, 4, 5). 

All the patients have died and autopsies 
were obtained in eight cases. The  longest sur- 
vival from the first'irradiation to death was  
I86 days. The autopsies were performed at the 
Brookhaven National Laboratory Hospital and 
at the Massachusetts General Hospital. This 
report is concerned with a pathological study 
of the eight cases in an attempt to ascertain 
possible irradiation effects. No effort has been 
made to give details of the gross or micro- 
scopic features of the lesions but, instead, pho- 
tographs or conclusions in each case i r e  given. 

Except for the brains, a routine examination 
of all tissues was performed. In two cases r a d b  
autographic studies were performed because 
of the presence of tho'rdtrast in certain tissues. 

2- ~ 3 ~ ~ . , ~ ~ ~ , ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ .  .+-. nfi-&* I. ! 

Spectrographic analysis of the liver from one 
case was obtained to prove the presence of 
thorium and obtain a rough approximation of 
the amount in the liver (Fig. 6). This was cal- 
culated to be roughly 4 gm. 

The brains were fixed in fonnalin imme- 
diately upon removal and sectioned several 
days later. Serial coronal sections from 0.5 to 
1 cm. thick were made. The  entire section of 
the hemisphere containing tumor together 
with surrounding normal brain was selected 
for celloidin section. Additional random sec- 
tions of tumor and adjacent brain were taken 
for paraffin sections. 

The  celloidin sections were stained with 
hematoxylin and eosin, Perdrau's modification 
of Bielschowsky's method for reticulin, Weil's 
method for myelin, cresyl echt violet €or Nissl 
substance, and Mallory's phosphotungstic 
acid-hematoxylin for astrocytes. Cajal's gold 
sublimate method for astrocytes and oil red 0 
stain for fat were used on frozen sections. 

A study of the brain tumors and adjacent 
brain was made in an effort to ascertain 
changes that might be attributed to irradia- 
tion. It should be pointed out that there are 
certain difficulties in identifying these. Glio- 
blastoma undergoes spontaneous degenerative 

3-107- 
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FIG. 6. Spectograph of thorium and liver specimen showing identical pattern. 

changes that may simulate the effects of radia-' 
tions. In  addition, these cases had had pre- 
vious craniotomy. One other, though less 
likely, cause for changes may be the boron 
itself, which has been stated to produce neu- 
ronal damage in the brains of mice and dogs,'" 

In most cases the operative specimen was 
obtained for study and comparison with the 
autopsy specimen. These were generally small 
specimens. A small number of roentgen-ray 
radiated and nonirradiated glioblastomas were 
obtained from Abner Wolf for comparison 
with. the autopsy specimens (Fig. 7). 

A short clinical and pathological discussion 
of the eight cases follows. . 

REPORT OF CASES 

Patient 3977 (P. J.) was a 51-year-old business 
woman who noted the onset of slowly progres- 
sive neurological. defects about one year prior 

to admission. This eventually lead to craniot- 
omy at the Pratt Diagnostic Center in Novem- 
ber, 1950, a t  which time she was having seiz- 
ures, partial anomia, an abnormal focus by 
electroencephalogram, and a displaced leEt 
temporal lobe. A glioblastoma involving the 
left temporal lobe and considered to be m o p  
erable was found, After a small dose of borax 
during the operation, the tumor tissue con- 
tained five times as much boron as normal 
brain. On February 15, 1951, she was given 
thermal-neutron-capture therapy, receiving 
0 . 4 4 ~  10'2 neutrons per square centimeter. T h e  
boron dose was 20 mg. per Kg. bod weight. 
During the first twenty-four hours a ter treat- 
ment the patient suffered from nausea and 
vomiting and transient hypertension. There 
was some clinical improvement, but after 
about six weeks she, became progressiveiy worse 
and died. 

Pathological Findings. Gross and micro- 
scopic autopsy findings were not significant 
except as related to the brain. There was a 

Y 

- -  ,. .I *.,a- . . . *- . FIG. $Microphotograph of glioblastoma showing extensive vascular changes after roentgen. 
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FIG. 10. Appearante of treated tumor. Case W. L. 

man who developed neurological symptoms 
about one month prior to craniotomy. At o p  
eration a left temporal glioblastomamulti- 
forme was encountered of which about 75 per 
cent was excised. Thirty-seven days later the 
patient was given neutron-capture therapy 
with a total thermal-neutron skin exposure of 
1.42X1012 neutrons per square centimeter and 
a boron dose of 26 mg. per Kg. body weight. 
There was some a arent improvement for a 
few days,' followe%!y progression of the dis- 
ease requiring further surgical therapy. This 
was performed sixty-three days after irradia- 
tion. 

T h e  patient became worse and died ninety- 
three da s after radiation therapy. 

nation revealed bronchopneumonia, moderate 
hepatic centrolobular necrosis, and nodular 
oiter. Examination- of the brain showed a 

farge tumor extending from the posterior part 
of the frontal lobe posteriorly to within 2 cm. 
of the occi ita1 tip (Fig. 10). 

changes that were considered attributable to 
irradiation. There were large'areas of necrosis 
and fibrinoid changes in some vessels. There 
was no damage to the adjacent brain, except 
that incident to the contiguous tumor. 

Patho 1 ogical Findings. Postmortem exami- 

Study o P the various sections revealed no 

. 
,- . ,  . 

. .  FIG 11. Appcarana of treated tumor. Care G. F. 
* c 
, -. ,- ~ . 

. .  

FIG. 12. Appearance of treated tumor. Case A. R. 

Patient 4045 (G.F.) was a 60-year-old nian 
upon whom craniotomy was performed and 
resection of a glioblastoma multiforme of the 
right parietotemporal and occipital lobes was 
done. One month later, on March 22, 1951, he 
was given neutron-capture therapy, receiving 
1.46X1012 thermal neutrons per square ccn- 
timeter at the skin. The  boron dose was 29 mg. 
per Kg. body weight. He continued a progres- 
sively downward course and died forty-three 
days later. 

Pathological Findings. At autopsy the pa- 
tient had bronchopneumonia, pulmonary-ar- 
tery tumor emboli, and an organized thrombus 
in one pulmonary artery. A coronal section of 
the tumor is shown in Fig. 11. 

The  postirradiated tumor showed necrosis 
and more pleomorphism than the small surgi- 
cal specimen; otherwise there were no sugges- 
tive irradiation changes. 

Patient 4227 (A. R.) was a 47-year-old white 
man who was operated upon about one month 
after the appearance of neurologicalsymptoms. 
A large cystic glioblastoma multiforme was re- 
moved from the right parieto-occipital region. 
He was admitted to Brookhaven National Lab- 
oratory Hospital and given neutron-capture 
therapy, receiving a total of 1.42X1012 neu- 
trons per square centimeter at the skin. The 
boron dose was 25 mg. per Kg. body weight. 
He showed no significant changes immediately 
after this thera y. Clinical follow-up was un- 

ica on business. 
On August 15, 1951, he dtve1c;jed severe 

seizures, returned to this country, and died 
100 days after radiation therapy. 

Pathological Findings. Autopsy findings 
were not available except for the brain. On 
sagittal section, the right hemisphere was seen 
to contain a circumscribed infiltrating neo- 
plasm that was variegated and varicolored. It 
measured 6.5 cm. in the anteroposterior diam- 
eter and 7 cm. vertically. It contained cysts 

satisfactory, as t E e patient went to Snuth Amer- 
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FIG. 13. Appearance of treat& tumor. Case A. B. - 
. a -  

filled with gelatinous material, one of which 
measured 5X4X1.5 cm. (Fig. 12). 

Microscopically, there were numerous hem- 
orrhagic areas but none suggestive of inadia- 
tioii changes. A section of the operative speci- 
men showed viable tumor. (Thls pattern dif- 
fers somewhat from the postradiation tumor.) 

Patient 4653 (A. B.) was‘a 58-year-old white 
4 ~ e.’? z-5.- .*&&.-- . -  . . .  

- -  

man who first had neurological symptoms 
twentyfour days prior to craniotomy. On Oc- 
tober 26, 1951, a glioblastoma multiforme was 
excised from the right frontoparietal region. 
On December 13, 1951, he was subjected to 
neutron-cap ture therapy. Three days later a 
mild dermatitis appeared over the area of ir- 
radiation. 

On December 18, 1951, he was discharged 
hut &turned on January 7, 1952, with a pro- 
gression of disease. On January 8, a second 
neutron-capture treatment was given. He im- 

roved so that he was able to walk, which he 
Rad not been able to do prior to this treat- 
ment. On January 10, 1952, he was given 40 
cc. of thorotrast. The scalp area exposed to the 
radiation showed evidence of radiation effect, 

He was readmitted on March 10, 1952, and 
on March 11 was subjected to a third neutron 
irradiation. He was again readmitted on April 
24, 1952, and on April 25 he was again given 
neutron-capture therapy. After treatment he 
was lethargic and hecame slowly progressively 
worse and died on June 15, 1952. He received 
a total of 5.31X1012 thermal neutrons per 
s uare centimeter of skin. The  boron dose was 

-with epilation, by January 25. 

I 1 mg. per Kg. body weight for each of the 

1%- 15. Hbtolo@d appearance,of treated glioblastoma. Case A. B. Compare with Fig. 14 for 
pretreatment s p e a m e ~ -  ; : ~. _ _  . . .  
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" _  ~ . . c I -iF..r."r FIG.. 16. 'Serial & a o f  left hemhphae with extension 
from frontal to ocdpital lob& Case P. P. 

. . : ,  :;; 5,.),,' Jj..ir*q!. .... , '  ..--.' 

first three treatmend and '16 I&. per Kg. for 

.Pathological Findings. The significant post- 
mortem findings were broncho neumonia, pul- 
monary infarction, thiornlio h P ebitis of the left 

. .  

the fourth treatment.# %i?$i<'' ' . ~ .. 

. .. 1 Y ! . . ' S . ~ i . ~  . .. . ~ . ~ ~ . . ~ . ~ ~ ~ ~ ~ . , ~ ~ ~ ~ ~ ~ . , ~ : ~ .  f: i;.. 
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iliac vein, and residual brain tumor (Fig. 13). 
Numerous sections of the residual brain tumor 
and adjacent brain showed foci of necrosis, 
tumor giant cells, and some thickening ol the 
vessels adjacent to the tumor. There were no 
changes in the tumor or adjacent brain that 
unequivocally could not be associated with 
ipontaneous changes, a1 though the tremendous 
size of the giant cells, vacuolization of cyto- 
plasm and nuclei, and scarring, in addition to 
fibrinoid vascular changes, are suggcstive of ra- 
diation effects (Figs. 14, 15). 

Of incidental interest was tlic presence o l  
thorotrast granules in the liver, spleen, and 
bone marrow. Radioautographic studies of the 
thyroid, skin, lymph node, and gut were nega- 
tive. The  liver showed numerous a1 ha tracks 
produced by the disintegration of t f iorium. A 
rare alpha track was found in the kidney, lung, 
and pancreas. 

Sections of bone marrow and spleen were. 
not available for radioautographic study) al- 
though, in view of the presence of thorotrast 
granules in these organs, there is no doubt that 
alpha tracks would have been found. The  thor- 
otrast in the liver was located in the Kupffer 

-0 ---- - -  - -  
FIG 18. Prcimdiated sp&mcn. Cax P. P. Com are with Fi 9. 
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1 He was given 20 cc. of thorotrast for arteri- 
ography. On January 11, 1952, a partial re- 
moval of a left temporal glioblastoma multi- 
forme was performed. 

On January 22, 1952, he was admitted to the 
Hrookhaven National Laboratory Hospital. 
His general conditioti was poor and he was 
semicomatose the greater part of the time. A 
right hemiparesis was present. Frequent re- 
inoval of spinal fluid was necessary to reduce 
the increased intracranial pressure. On Febru- 
ary 14 and 25, radioactive argon 41 was in- 
jected into the tumor arca. N o  change was 
Iioted after this rocedure. 

tion atop the nuclear reactor and given t irty 
minutes of neutron-capture therapy. The  total 
skin exposure was 0.95X10*2 neutrons per 
square centimeter. The dose of boron was 21 
mg. per Kg. body weight. The  same boron dose 
was given for the second and third treatments. 
During the first two weeks after this treatment 
he appeared somewhat less lethargic. On April 
22, he was given neutron-capture therapy for 
the second time, 'the total skin thermal-neu- 
tron exposure being 0.70X1012 neutrons per 
square centimeter. On the third posttreatment 
day he developed a marked increase in intra- 
cranial pressure, elevated white blood count, 
and low blood pressure. Whole blood transfu- 
sions, ventricular taps, and supportive therapy 
were instituted. 

In the area of scalp irradiation, dermatitis 
with secondary infection developed, which re- 
sponded slowly to treatment. On May 12 the 
patient went hito deep conia. 
On .June 20 neutron-capture therapy was 

given for the third time. The  total skin expo- 
sure was 0.72X1012 thermal neutrons per 
square centimeter. He continued to decline 
steadily and o n  J u l y  I 1  was noted to be deeply 
jautdiced. Death occurred on July 14, 1952. 

Pnfhologicnf Findirt s. Postmortem exami- 

but emaciated. The  skin and sclerae were ic- 
teric. There was a circular scar over the left 
temporofrontal area about 4 cm. in diameter. 
There were atchy areas of alopecia beginning 

plete epilation within the circumference of the 
scar and for 3 to 4 cm. posteriorly. T h e  left 
cerebral hemisphere contained a granular, fri- 
able, grayish-white, neoplastic niass extending 
from the frontal to the occipital lobe (Fig. 1G). 
Throughout the tumor were scatterctl yellow 
and red areas of old and recent hemorrhage. 
There were no gross differences in the areas 
that presumably received large numbers of 
thermal neutrons and rhose in which, because 
primarily of depth attenuation, the numbers 
of neutrons were significantly less. 

;osi- 
On April 8 t f le patient was placed in 

nation revealed the bo 2 y to be well developed 

slightly to t hp e left of the mid-line, with com- 

Microscopic study of the liver revealed ex- 
tensive centrolobular necrosis with fibrosis, 
pigmen t-ladcn macrophages, mononuclear in- 
filtrate, and scattered lioinogenously pink- 
staining hepatic cells indicative ol continuing 
cell death. There were extensive deposits of 
thorotrast throughout the arcas of necrosis, 
which suggest a causal relationship, though a 
superiniposed serum hepatitis could not be 
cxcl utletl.* 

The  left lung showed foci of bronchopneu- 
monia arid atelectasis. There was a mild 
chronic prostatitis and cystitis. The  left adre- 
nal contaiiied a small cortical adenoma. 

The  pituitary showed extensive scarring of 
the anterior lobe (Fig. 17). In  some areas the 
scarring measured 1.5 mm. in diameter. There 
was no apparent alteration in the cells com- 
posing the remainder of the anterior lobe. 

Examination of the brain revealed extensive 
necrosis, considerable tumor-giant-cell forma- 
tion and spindle hyperchromatic nuclei sug- 
gesting possible radiation effects, particularly 
when compared with the preirradiation mate- 
rial. Figures 18 and 19 show the preirradiated 
and postirradiated specimens respectively for 
com arison. Whether these changes were the 
resu P t of argon 41 radiation or neutron-cap- 
ture therapy, we cannot say. 

Radioautographic studies of the liver, 
spleen, and bone marrow revealed many alpha 
tracks (Fig. 20). Thc  lung, adrenal, and kidney 
showed rarc alpha tracks. The prostate, gut, 
gallbladrler, thyroid, pancreas, and I)lacldcr 
wcre negative. 

Patient 5144 (A. H.) was a 33-year-old wliire 
woman who develo ed diplopia, severe head- 

On May 8, a right parietal craniotomy was 
performed with resection of a large glioblas- 
toma multiforme. On June 27 a second crani- 
otomy was performed in an effort to remove 
any residual tumor. 

On September 12 the patient was given neu- 
tron-capture therapy. The  skin exposure was 
0.96x10" thermal neutrons per square cen- 
timeter. The  boron dose was 40 mg. per Kg. 
body weight, and this same dose was given for 
the foIlowing three treatments. She showed 
some slight improvement in motion of the left 
side of the body. On thc fourtecnth postratlia- 
tion day, epilation and a dry scaly dermatitis 
were noted. She was discharged on October 8 
and  readiiiitted on November 5. Her condi- 
tion was about the same as before. On Novein- 
her 7 a second treatment was given. The  skin 
exposure was 0.9 I x 1012 thermal neutrons per 
square centimeter. Ry November 10 there was 
marked erythema of the irradiated scalp, which 
progressed to superficial ulceration. This 

aches, and left-side B weakness in April, 1952. . 



healed slowly. On December 11 the patient 
appeared somewhat improved. On January 9, 
1953, a third treatment was administered, with 
no change in the patient's condition. T h e  ther- 
mal-neutron dose was identical with the first 
treatment.. On February 6 a fourth treatment 
was given without significant change in the 
patient's condition. The  thermal-neutron skin 
exposure was 0.9OX 10'2 neutrons per square 
centimeter. On February 11 she suddenly be- 
came worse and died. 

Pathological Findings. The essential post- 
mortem findings included aspiration of gastric 
contents and focal atelectasis of the lung. The  
kidneys showed cortical scarring and small pel- 
vic concretions. T h e  scalp was epilated-and 
crusted in the irradiated area. 

After fixation coronal sections of the brain 
showed a hard, friable, grayish:white tunior in 
the inferior medial porticn of the parietal lobe 
that extended into the posterior part of the 
right cerebral peduncle (Fig. 21). T h e  tumor 
extended to the tip of the occipital lobe. 

Sections of the scalp consisted of a piece of 
tissue, 7 cm. long, extending from relatively 
iiormal tissue into the central area of e ilation. 

iiiis, hair shafts, and sweat 'and sabaceous 
glands. There was a focal scarred area in the 
old surgical incision. In  the tissue, progressing 
from the nonepilated area to the central por- 

The nonepilated area showed norma P epider- 

.. 

tion of the epilated zone, there was a grad- 
ual loss of hair, sebaceous glands, and sweat 
glands, in this order (Fi . 22 to 25). 

slight thickening with enlargement of the nu- 
clei, increased thickness of the granular-cell 
layers, and also slight hyperkeratosis. The 
areas formerly occupied by hair shafts and se- 
baceous glands showed hyalinized connective 
tissue, occasionally with a small focus of resid- 
ual epithelial cells. 

The  vesse1s:were dilated and the walls thick- 
ened by collagen. T h e  nerves showed periph- 
eral fibrosis. T h e  sweat glands in the most in- 
volved area were disrupted by fibrous tissue, 
and the individual cells of the tubule showed 
cytoplasmic vacuolization and nuclear changes, 
in addition to being surrounded by a rim of 
hyalinized tissue. 

One section of brain showed a superficial 
scarred area, 1.5 mm. in thickness. This was 
composed of dense collagenous tissue coiitain- 
ing a few foci of hemosiderin deposits. There 
were occasional ganglion cells undergoing de- 
generation. T h e  gray matter showed edema. 
Section of the pons revealed edema-pafticu- 
larly in the right inferior colliculus. Section of 
tumor showed large areas of collagenous de- 
position. T h e  vessels showed surrounding hy- 
alinization. There were many giant cells con- 
taining several small nuclei. These changes 

The  epithelium showe r loss of the rete pegs, 

1 1 . 1  .r . . _. - 
FIG. 25. Sweat"gl&d showing extensive damage. Cuc A. H. (PAS.) 
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pancreas as demonstrated by Fisher in boric 
acid poisoning, nor were there other changes 
attributable to this agent..' 
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these changes, although it would appear from 
the data at hand that &e major contribution 
is from thermal-neutron reactions. 

One of the more important aspects of this 

of irradiation delivered to the tumor and over- 
lying tissues. At present no satisfactory conclu- 
sions have been reached as to the dose deliv- 
ered by the boron-slow-neutron bombardment, 
i.e., alpha radiation, and the dose delivered by 
the contaminating gamma and fast-neutron 
component of the beam employed. One major 
problem in ascertaining the alpha-radiation 
dose has been the difficulty of obtaining an 
accurate method of boron assay of tisTes. 

Only three patients lived long enough for 
the delayed effects (principally demyeliniza- 
tion) of irradiation to occur and none was 
found. 

Because of the frequency of hypothalamic 
and medullary damage, which was observed by 
Arnold' and by Clemente and Holst, any ad- 
ditional brains should be studied more exten- 
sively in these areas. 

The  presence of thorotrast and its distribu- 
tion were shown by radioautography in two 
cases. This substance is of interest because of 
its fibrosing and possible late carcinogenic ef- 
fects.20 No cell inclusions were found in the 

type of therapy is the estimation of the dose SUhrMARY AND CONCLUSIONS 

A pathological study of the effects of neu- 
tron-capture therapy employing boron 10 has 
been recorded in eight patients. Of these, three 
patients given multiple irradiations revealed 
changes in the tumor that were suggestive of 
irradiation effects. Large areas of viable tumor 
were found in all cases. 

At the present time it is not possible to as- 
certain the dose of irradiation attributable to 
the boron slow-neutron process. Therefore it 
is not possible to be certain that irradiation 
of an order expected to produce significant his- 
tological changes was delivered to the tumor. 

Irradiation effects were present in the scalp 
of several patients, although material for ade- 
quate pathological study was obtained from 
only one. More recently, the scalp of another 
patient, not included in this report, from 
which adequate material was obtained revealed 
similar alterations. The  distribution of thoro- 
trast was demonstrated radioautographically 
in two cases in which it had been employed for 
arteriography. 
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