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7. Abstract: This report deals with the following aspects of the investigation.

Response of hematopoietic gystem following fractionated doses of
total body radiation is reported in two patients.

Radiation effect on sbsorptive function of intestinal mucosa has
been studied by measuring absorption of radioiodine labeled serum albumin
before and after limited field or total body radiation.

The clinical and hematopoietic response following total body radiation
with shielding of critical areas has been studied in a pilot experiment
using laboratory animals. The physical condition of the irradiated animals,
state of nutrition, and latent infection must be teken into account by
carefully preparing animals to minimize the influence of these factors.

Note: Copies of this report are filed with the Armed Services Technical
Information Agency, Document Service Center, Arlington Hall
Station, Arlington 12, Va,.,, and may be obtained from thet agency
by qualified investigators working under Government Contract.
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Observations on Patients Receiving Total Body Radiation

In the current therapeutic use of total body radiation, protraction
in fractionated doses has been used rather tham the single doses of up to
200r as in earljer patieats. Two patiemts receiving irradiatiom by this
method are reported here; one of these was included in the Progress Report
for the period ending August 31, 1958 but the course of treaiment was not

complete when the report was written,

Case 1. K. R. W/N Age 29

Diagnosis: Ewing's sarcoma of thoracic vertebra with disseminated
metastases.

April 1954 Onset of back pain leading to complete paralysis of both lower
extremities and to discovery of lesion of body of T-9 with
paraspinal mass,

June 1954 Laminectomy from T-7 to T-11. Pathology report: Ewing's tumor.
Radiotherapy to primary lesion in thoracic spine, 3200r/21 days
(200 Kv)

January 1955 Treatment was followed by gradual improvement. The paraspinal
mass disappeared and the patient was able to stand and walk
with crutches.

September 1956 Dull pain in lumbar region. X-rays showed 8 recurrence of
a fusiform paraspinal mass involving area from T-7 to L~1.

October 1956 Radiotherapy, 2600r/14 days (2 m v)

Improvement followed treatment and symptoms remained contrelled

for approximately 1 year.
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Novemper 1937 Multiple bone metastases appeared and were treated by

to
July 1938 radiotherapy.

Extensive puimonary metastases developed to the point of
pulmonary embarrassment, (Fig. 1 A).
August 8 - 28, 1958 TOTAL BODY RADIATION 300r/20 days

Subjectively, there was remarkable improvement and the patient became
ambulatory after the 4th treatment. The chest film 54 days after treatment
showed striking regression of pulmonary metastiases (Fig. 1 B).

There was graduazl depression of the white blood ceil count and pistelets,
the iowest point occurring 35-42 days after the first treatment. The patient
received four transfusions with gradual improvement in the bliood picture.

On the 119th day the wnite blood cell count was 9,000 and platejets were
245,000 see Fig. 2).

There was gradual progress of tne disease but the patient was maim-
tained in coamiort until his death March 2, 1959. Blood count March 1, 1959:
Hgb. 11.1 gms., white blood cells 9,750, plateiets 61,000,

Serum samples from this patient were sent to Walter Heed ATmy Research

Institute in cooperation with their research program.

Case 2. A, S. W/F Age 71

Diagnosis: Lymphosarcoma, giant follicular type

March 1958 Admitted complaining of indigestiom, pain between shoulders and
cough for 6 to 8 months.
Precperative diagnosis: abdominal aneurysm
Exploratory laparotomy revesled a large, lobulated mass occupying
most of the root of mesentery of smali bowel. The mass ¢could mot
be removed but piopsy was done.

Patholoyy report: lymplhosarcema, giant follicular type.
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harch 19, 1958 Radiotherapy to epigastric region through opposing
15 x 15 em. fields. T.D. 3300r/24 days, 2 m v,

ay 1958 No masses or nodes palpable

September 1958 Mass in lower abdomen.

Large field radiotherapy was planned. Radiation was started
through opposing 24 x 24 cw. fields; these were reduced later
to 18 x 18 en., 2650r/19 days with 2 m v.

October 1958 The mass disappeared but the patient developed ascites, muscle
stiffness and mass on scalp,--all evidence of widespread
disease.

November 11, 1958 Rediotherspy - total body radiatiomn, 150r/8 days, 2 m v.
Because of uncomfortable ascites, anterior-posterior technique
could not be used. Instead, 25r was delivered to each side
for a total of 50r/treatiment for 3 treatments. The patient
tolerated treatment well. No nausea, vomiting or diarrhea.
Appetite Lad been poor but was not affected by radiation.
Peripheral blood counts were not sltered, see figure 3.

November 21, 1958 Obstruction of cisterna ¢hyli continued and the patient
expired November 21, 1958. Autopsy showed retroperitoneal
lymphoma with metastases to scalp, thoracic vertebra, lungs

and spleen.

Effect of Radiation on Absorption from Intestine

Since intestinal mucosa is considered one of the most radiosensitive
tissues, it seemed possible that there might be a measurablie effect of
radiation on absorption from the intestine. Observations have been made on

the absorption of radioiodine labeled serum albumin before and after whole
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pody or limited field radiation therapy.
pmethod and procedure

Sterile, precalibrated I131 labeled human serum albumin was procured
from Abbott Laboratories. Tracer Doses of 50 uc and 10 uc ard appropriately
diluted reference standard were prepared. The patient was fasted over night
and given a 50 uc tracer dose of RISA by mouth after a control blood sample
was obtained. After the last sample was taken, a 10 uc tracer dose was
injected intravenously and a final blood sample was taken for the determi-
nation of plasma volume. All blood samples were heparinized.

Piasma was separated from .he blood samples: 1 - 2 cc. of plasma was
counted in a well type scintillation counter. The counting rate of appro-

priately diluted reference standard and room background were determined.

% absorption Corrected counts / cc. Plasma x Plasma Vol. x 100
” : sma

Corrected counts / cc. Std. x dilution x No. of cc. given

The Control Study

Six non-cancer patients having no clinical evidence of gastroimtestinal
disturbance were studied as ocutiined above. It was found that serum activity
increased with time, reaching a peak between 2 - 4 hours and then gradually
declined. The peak values of absorption showed a considerable range in the
six subjects. The actual results were: 6.9, 9.7, 10.2, 16.3, and 18.5 per
cent of administered dose.
Effect of Radiation

The effect of therapeutic radistion was studied in nine patients. One
of these received total body radiation ( 7 x 50r - 350r over & periocd of
9 months) for chromic lymphatic leukemia. One patient died before the-study
could be repeated. Two patients failed to appear for the repeat study. The

results are summarized in Table I.
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1. In several cases the per cent abscrption of RISA after radiation
therapy appears to be higher than the values for the contrcl series.

2. The radiation therapy given to these patients has not impaired the
absorption of RISA,

3. If radiation ¢an influence the absorption of RISA across intestinal
mucosa, it may be that the effect is to increase rather than decrease the
absorption.

4. This investigation will be continued.

Factors Influencing the Effect of Total Body Radiation

In patients undergoing radiotherapy, it has beem commonly observed,
and noted in earlier reports (see Frogress Report for period ending 2/28/58,
p. 24),that tolerance to radiation is influenced by the genera! health and
sometimeé“ny occult factors., Thus, the prediction of tolerance for the
individual cannot be precise and impressions of protective effects may be
illusory in the individual.

Initially, consideration was given to how the site and area of partial
body shielding in dogs might influence the dose of radiation that can be
tolerated. [or partisl body radiation, unirradiated hematopoietic tissue
is believed to sustain the individual in a dosage range far beyond the
tolerated dose for total body radiation.

Four mormal dogs of comparable physical characteristics, with an average
weight of 13.5 kilograms were used in this experiment. Total body radiation
Was given with the 2 m v Van de Graaff generator (half value layer 9 mm. lead),
lwo animals receiving 200r and two receiving 400r. One dog receiving 200r

and one receiving 400r were irradiated without shielding as controls. The
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other two smjmals had partial shielding as illustrated in figure 4. The lesad
shields were ¥ am. in thickness, thus reducing radiation to one half im the
protected areas. Two shields 7 x 8 cm. covered the guter aspects of clgvicle
snd upper ends of humerus op each side, a single 5 x 12 ca. shield covered

the entire pelvis and upper ends of femora. Unprotected areas of red bome
sarrow included lower ends of femors amd humeri, all of fibulse, tibiae, ulase
and radli, and portions of spine and ribs; these areas received full dosage

of radiation,

Figure 5 A shows the white blood cell count and platelet respoase in
the two control animals (No. 86 and No. 91) following total body radiation
200r and 400r respectively without shielding. No. 91 died 13 days after
receiving 400r. No. 80, receiving 200r, showed meximum depression on the
18th day with return to normal on the 28th day.

Figure 5 B shows tn. response of white blood cell count and platelets
in two animals receiving total body radiation, 200r and 400r respectively,
with shielding as shown in figure 4. No. 90, receiving 400r showed maximum
depression (25% of normal) on the 4th day while No. 89, receiving 200r,
showed depression to 66% of normal on the 4th day; beginning recovery was
noted between the third and fourth week,

Comparison of the two flgures shows initiai elevation of platelets
followed by depression in all four amimals, The elevation of pletelets was
higher and depression of bLoth platelets and white blood cell count was less
severe in the shielded apimals. Comparison of No. 8B (200r unshielded) and
No. 89 (200r with shields) shows a difference in the time and degree of
depression. 1In the unshielded animal, the white blood cell count reached
the lowest point (38% of normal on the 1Bth day; im the unshielded dog. the

white blood cell count reached the lowest point (60% of normal) on the

3lst day,
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Figure 6 A shows the red blood cell count and hemoglobin response im
the control animals and figure 6 B ghowed the response in the animals with
partial body shielding. Comparison of response of the iwo animals recelving
Juur, one unshielded and one with partial shielding of bone marrow, shows
a striking difference. Autopsy and bone marrow studies were done on the
unshielded animal; pathology report: complete aplasia of bone marrow, The
shielded animal recovered promptly, indicating that the sparing effect of
partial shielding of bone marrow may insure recovery when doses are of this
order. All surviving animals recovered promptly and have remained healthy;
at no iime was there evidence of nausea, vomiting or diminished appetite or
activity. The protective effect of shielding could be of obvious importance
but this might be masked or exaggerated when the lethal dose of radiation may
be influenced by general physical condition, nutritional status and uncertain
breed. s

Experience of many individuals with irradistion of dogs has resulted
in considerable variation in opinicn as to the L.D.56 and L.D.100. Among
the reasons for this are the relatively small number of animals studied,
variaiions in quality of radiation, geometry of irradistion, and methods of
measuring and recording exposure dose. The factors of nutrition, general
physical condition and breed may further influence the tolerance to radiation.
To reduce some of these variables, it Is necessary to undertake radistion
of control animals, giving particular atteation to their nutrition and
general health.

Six dogs were seiected and prepared for radiation over a period of
about 4 weeks. All received inoculations for distemper and rabies and all
received an adequate and balanced diet. All animals were kept in quarantine

10T % days and then were placed in semi-quarantine (separate cages) where



the remained throguhout the period of observation, Preceding irradiation,
piood counts were taken dai.y for one week and every other day thereafter
(1 to 2 weeks) until the bLlood count stabilized and a normal Lase line was
outained. Three of the animals received 400r and three received 500r total
pody radiation with 2 m v. All animais survived and all showed a uniform
depression of white bicod ceil and platelet count with recovery beginning
apbout 3 weeks after irradiation and returning to normal at about 7 weeks.

Figure 7 shows the white blood cell count and plateiets in 3 animais
foilowing 400r total body radiation; figure B shows the white blood cell
and piatelets in 3 animals following 500r total body radiation. In both
groups the platelet count dropped sharply (5 to 20% of normal) by the llth
day and remained at this level until recovery began a&bout three weeks after
exposure. In the three dogs receiving 400r, white blood cell depression
ranged from 8 to 32 per cent of normal; in the 3 recei.. 'g S500r, depression
ranged from 20 to 28 per cent of normal. In spite of severe depression of
both white blood cell count and plateiets, there was no evidence of bleeding
or infection. No supportive therapy of any kind was offered. Recovery bhegan
avoul the 3rd week and by the Tih week complete recovery was noted in one of
the 400r group and in two of the 500r group.

Figures 9 and 10 show the response of hemoglobin, hematocrit and red
Licod cell count with the expected red ceil survival rate., None of these
fell betow 60 per cent of nmormal. Im both groups the fall in red cell ecount
torresponded roughly with the expected 1 per cent per day decrease, based
bR red cell life span, until recovery began at about the 3rd week,

This demonstration of the effect of nutrition and general heaith upon

Lo Lo . . .
‘€fance to radiation is no surprise Lut the importance may have been
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Jnder estimated. For critical observations it might be mecessary to use

pure Lred dogs.

The direction of further investigation is to study factors which
\niluence tolerance and recovery such as partial body shieldirg and bone
narrow transplants. Preliminary work must be done on large animals such
as dogs or small primates. In determining the fectors that influence
toierance and recovery, a firm estimate of lethal dose of radiation is
essential and this will require that the factors of nutrition, infection,

general health and breed must be considered.
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Fig. 1 A. Chest film showing pulmonary Fig. 1 8. Chest film showing response
metastases before treatment. of pulmonary metastases to
total body radiation.
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Fig. 4. Distribution of Shields (9 mm. lead) for Protection of
Bone Marrow During Total Body Radiation




Fig. 5 A.
A lesponse of White Blood Cell Count and Platlets
< Following Unshielded Total Body Radiation
B
T =
2]
[ 8]
Pui
ﬁ =
F\\
- yd rp”ﬂ'
ol \ /\/
d
)
. No. 8B WBC —
. Plate lets e ————— 2001
? No. 91 WBC oo
14 Platelets o—mmm o 100r
)
}
1
i ;
' Fig. 5 B.
; Response of White Blood Cell Count and Platelets
= .
_g% Following Tota! Body Radiation With Shields
=
o A,
- -] s
4 Bl Y
H — r' H
! A1 Ty
! R
P~ !
f !
6
E
0 -
| No. 89 WBC *——— .
P- Platelets e —~w—w—-s 200r
No. 90 wBC o&——0
,B'“ Platelels g-v ——w-p 4007
&
‘n | | | 1

0 20 90 gy —— Days




g A E(] ————— 09 0¢ ub ot Uo vt L

411
T ) ' 7 T | 1

: - - 0L

- O - ——— .qb1 :
Sa00v o o8 0o O 4 »

o

) L e aby » 4
. 00T e gl 68 “oN wz .. . N
- 03]
(1
“ et

)

]
] 0yl

!

I

spraryg Y1TA uoT1BIPEY fpog teior BuimorTod ;

utqolbouay pue qunog 1120 poold pay Jo asuodsaH
o= ———2 qby
100¥

o Jud 16 *ON

1008 . ———— OH8 68 "ON

1
)
1

worierpeall

)
gl
1
]
g

uoi11eipel fpog 1e10L papiatysun BurMoT 104 .
urqobowat put auno?) 11390 pooig by 3O gsuodsay ) 14

_— m -

%
- - T o




sied e 06 gy s rec et shep 22"

&
fop)
c'\l
L]
[l ]
.
fa\]
o
CHI
R=
&
o
-
2

-

o-m == ==0"511d

——" J84

-(19 1
100y DRTAYIAN sBoq ¢ ut

gq019181d Ppue qunod 1130 poold 21148 IO gsuodsay . . _ "
NOILVIQVH £009 1YLOL L 14

i e om e e P - . - PICIPPPEE I i



P ——

feq V9

2g et sfep ¢ eeser-* OF gz 92 ¥v¢ To oz 91 g1 ¥1 ¢TI 01 a
1 {

L

o--=-==% "$11d

——— UM

Jp0c Burat1aday sboq ¢ ur
syareield pue unod 1129 pooTd 911un Jo asuodsay

NOILYIGYE X009 TY1OL

‘g brd

- 0P

- Op1

- 091

i



9 ¢t T O
.- 2z o0z 81 91 FI zt 01 8
eg ¢ O gy o+ ov- SAEP T - :.n m_m 92 q.m :
1

1 1 (1 1 1 1 1 [ 1 1 1 ﬁ_m-
— ]
| e - 09
aseal1dap
) a1oadxa
—="abHy P o
4
| - 08
\..\b - Of
\\\\\ \\h“& B "
e A" .
s ) e!\ o =
j = = ?Hg
+ - g1
o
0
R - (1)
3§83109p
adxa
—— 8% pa12 "
4
fep/ui o
- )6

—— 00

- 011

t - 021
. 100p Bura19dsy shog ¢ U1 111%018WAH pud
. uiqoibomay ‘unced 1120 pooif Pay JoO asuodsay

NOILVIAYH AGO. 1v101

oR

‘6 "brd




—skeg b9 €Y °°

eswee INUE Ly 7T 7 v (e

o ———=———0"12H

e .n—_wm__.

25e3123ap
pai2adXxd

05

-09

#0L

- (16

001

011

'3523122p
patoadxa

100¢ Buyara92y sbog ¢ UT 1130078W3H

srqoBomal

+qunon 1129 poeld P3H JO asu
NOLIViavE 1goq V1ol

wpre

pue
odsay

01

B

d

0%

...OD

- OL

- 08

- 06

001

- 011

021




\
|
-
— ﬂ
J
S

R g
 Gui-—

avATEN Bl
— |{ _U_‘B IR} e

RPR R b

sininldia e alaelalmee)

1 o - ! —
”-L_..ii / \Q .__;:t i I?E' ! 1
' i T .i- I; s
RURS b oo H TR ‘)
, R N A [ d W . P
R —_— s [ l

A Y s T
r .
t ‘ T __j
hN

i‘ ¥ A et
i T T ]
, ) i :-;;;:
MICRO-CARD g : ' o
CONTROL ONLY " T
£ — b

Nrmed Services Technical Information fgeney =

ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA




-----------

g = A aarw = T e “-'.s-“- o
- .
TN "‘& e
. e
P S -t
- ™ - - -'-
- v -" ‘‘‘‘‘‘ '.l T
- - -
~ JE SR

"NOTICE: When Govemment or other drawings. specifications or .__9__ . ‘. k

other data are used for any purpose other than in conneciion with.

a definitely related Government procurement operztion, the U.S. ,
Government thereby incurs no responsibility, nor any obligation -
whatsoever; and the fact that the Government may have formulated. - o
furnished, or in any way supplied the said drawings, specifications -
or other data is not to be regarded by implication or atherwise as -~ . - = >
in any manner licensing the helder or any other person or corpora:.- -

tion, or conveying any rights or permission to manufacture, use or

sell any patented invemiion that may in any way be related thereto. = =7 "~ .5
e e

- ’ - -
- = -
——————— b —— I
— ———ar——— I A
—— I T i T .\
. .« Ty
- ) <.
- P L L
“‘\ = -
.. pe —
s e . & [ J
e I . = rsveen e - -




N e

- &

T

AFRRI LIBRARY, NNMC, BLDG. 42

{)
Q

.
Dy

<6

<$

e

e Prepering Insiitutien: Bayler Duiv Callege of Madicine, snd
Jeffersea Davig Hosplial, Hovwston, Texas

1
2, Title of Zeport: A Stedy of the TIfacts of Totel and Pertial Body
Radiation oa Irea Metaloliss and Besalapoiesis

3. Priscipsl Iavestigaters: Viasceat P. Cellins, M. D., C. T. Tesg, M. D,
L Woltea D. West, M. S¢.

4, 12 psges, i0 {lilustratises. Dee. 1, 1958 - Asgust 31, 1959
S. Costrsct Nusber: DA-4%-007-D-428
6. Supported Ly: Rescarch snd Derslepmeut Uivisloa

Cffice of tha Surgeca Gesirsl

Dapartmont of tLhe Arumy
Washizgton 25, D.g.

BETHESDA D 252305145 . ———

W&M&W’:

L ¥ :"mmag- .
(1) Reypousa of himatopoletic sysisa followisg fraet loaated dosas of
total body rsdiatiom is raported i{a twe patlients;

{2} Radleilom effect on abscrptive fuscilon of latestissl wecusa das
boes stuljesd by measurisg sbsorpiloa ol rsdiclodise lnbeled serwm slbwmin
befare atd after liuited fleld or tetal body radistiony -y« I

(].5) The clisical end bhesatopoleatic response following total bedy redistien
with shicldimg of eritical sreas bzs tees studled im 8 pilot experbumat
using lsborstory animals. Tdy paysiesl coadition of the lrradiaisd saimmis,
state of putritios, end latmct islectiionm must be takea lato sccowat 2y
corefully preparing ssisals to sisisiza the [nflsesce of thess facters.

Kote: Coplas of this report ere {llad with the Armed Services Techbalcal
Isforestion Agoxcy, Docunent Sarviee Caster, Arlisglom Hall
Statiom, Arlilcytos 12, Va., s2d my be obtaized from Lhat sgescy
by cuslifled lovasiigstors working sader Goverassnt Coatrsat. ’
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Cbservations os Patlents Recelvimg Total Body Rsdlatics

Is the currest therspiutic wse of total dody radlagloa, protraciles
is frectlosated duses hes beem wsed rather tham tha sisgie doses of «p te
200¢ a8 in esylier petients, Twe peticuts reczivieg irrsdisiios by this
sethod are reported bere; ose of thase was inciuded s the Prograss Report
for tha pericd endlag August JL, 1753 but the conzrss of trestimest was Bot

coapletes whan the repoft was weities,

Case 1. K. &, W/ Age 29

Disgnocis: Ewing's sarcom of thoraeic vartebrs with disscsinated

watastases.

April 1954 Onset of bscx pain lesding to complete parsiysis of botk lowse
extremities snd to discovery of lesion of body of T-9 dlth
paraspina) mess.

Juse 1954 Lamiwectomy {rom T-7 to T-11. Patbology report: Ewing's tsmor.

Redjotherapy to prisary lesios 1a thoragle spise, 3200r/1) daya
(200 Xr)

Jasusry 1955 Yreatsent was [ollowed by gtadusl improvessst. The paraspiasl
asss diszppeared gad the putiest was able to stond and waik
with crutchen.

Septeedear 1956 Dull pain in lusbar region. X-rays showed 8 recurrence of
s fusiform parsspinal mass {svolvisg sres from T-7 te L-1.

October 1956 Hadiothartapy, 2600r/14 days (2 - v)

Improvessat foliowed trestmest and sympioms reasined coatrolled

for approximately 1 yesr,
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Novesber 1957 Multlple pose metastases appeared and were tresied by

te
July 1958 sedlotherspy. -
Exlensive puistsery netastades devejoped to the point of RS
pulmosary emcarsessmeat, (Fig. 1 R). B ;::: O

August B - 28, 1958 TOTAL BOCY RADIATIGE J00r/20 days
Subjeciively, there mas fesarkable impraovemsat amd the patiest becams

smbeistory sfter the 418 treatsmant. The chest fiim 54 days after trostmest .:-T:\_-._-j.v-::_‘

showed stritlag regresslom of pulsoaary metsatases (Flg. 1 B).

Teers wa3 yradusl depression of the white blood ceil count snd piatelsts, :
the lowest poiat grcurrimg 35-42 days after the fixst trestsest, The petienz
received fosr traasiusions =itk gradusl [aprovesest im tbtw biood plctuse.

Om the J101M day tbe white Biood cell tount was 9,000 sud plateisis ware ) &
245,000 ses Fig. 2). el f-'i'--izi
Therx =38 gradusi progress of the disvsse but the patiest was mais- o ‘f:'

taimed lx comlort watil kis death Narch 2, 1959. Blood cowat Narek 1, 1959:

Bgb. 1.1 gus., whits Blood calls 9.750, plstelets 61,000,

Serus samplesy frea this petient wers seat te Walter eed Arny Rescorca

Iastitute 1a cooperatloa with Chelr research progras,

Case 2. a. 5. W/F Age 71
Dl gnosls: Lymphossrcome, gliast follicular type
March 1958 Admitted coaplainisg of ladigestion, pale Letween shoulders smd

couch for 6 te 8 moeths.
Preoperatlve <iagucsis: sbdosissl emesrysm
Exploratory laparotosy rvevesled 3 lasrge, lobulated mess occapylisg

wost of the root of meseatery of small bowsl. The suss comld met — . ;

be Teweved bet siopey was dome. “ I

Petirology repari: lymphosarccem, glast folllcular type.

I e e R B



s 'h‘

[

o g 1

TR VA S

V.

F Lo N T

.-

boreh 19, 1958 Kediotherapy to eplgastrie region through opposing
15 % 15 em. flelds. T.D. 3300r/24 days, 2 av.

ey iv¥58 No magses or sodes palpable

September 1953 LKiss ln lowsr abdosen,

Largye field radiotherapy was plansed, Radistios was started
through opposing 24 x 24 ew, fields; these wers redoced latsr
10 18 x 18 em., 2650r/19 duys with 2 a v,

October 1950 Tha sass disappeared but the petient developed esclies, susels
stifloess end mans ou scalp,~-el] evidence of widespread
diseate,

November 1}, 1958 Redliotherapy - total body redistiom, 150r/8 dsys, 2 e v,
Uecause of uncoafariable esclies, amterlior-gostarior tackaique
could mot be used. Imstead, Z5r was delivered to each side
for a total of S0r/trestment for 3 trestments. The patlest
tolerated tredzisent well. N¢ mawses, vomitisg or diarrbea.
Appetita Lad beem poor but was not affected by redisctlom.
Peripheral Llood couatls were mot sltered, see flgere 3.

Novemoey 21, 1958 Iistructios of clsiernos chyll contisued snd the patient
expired Novesber 21, 19538, Autopsy showed retroperitoseal
lymphomo with cetastates to gealp, thorselic vertebra, lungs

snd spleen,

Elfect of Radiation on Absorption from Inteatise

Since imtestlinal mucoss is coasidered ome of the most radjozessitive
tissues, It sceped possibie that there wigbt be » mepsurabley effect of
radiatioa os ausorption from the imtestine. Observations hsve beea cade on

the absorption of rediciodine labeled serum slbumin before snd after whols
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body or llmised [lield radistios therepy, e e -

Sethod and procedute
Sterile, precalibrated 1’3‘ isbaled hvazs serus allesin was procered

from Abbott Laborstories. Tracer Doses of ) me sad 10 uc amd sppropristely - e
diluted referencs standars wers prepared. Tha peatieat wes [nsted over night - -
sad gives » 50 we trecer dose of RISA by soutk sftar » tostzol blood sumple

xag obtalmed. Alter ihe lzar sasmple mus tzksx, 2 10 42 izscar dose way

{sjected isntravencusly ssd s fias) Llood ssepls was takaa for ths datermi- L J ] .
astion of plesma voiuwe. A1l blowd semples wers bepsriaized.

Plasms was soparated frem .he biood samples: 1 = 2 ce. of plases was
coucted In a well type scistillatlos counter. The cosntliag rete of appre- . e em .

pristely diluted refereacs sisndard and 1008 backgrousd wers determised.

Corrected cousts / cc. Plasme x Plasas Vol. x 100
Cotrected couats / ec. Std. x dilviion x No. of cc. given

X pbgorption =

The Coatrol Study L

Six sos-tsmcer patlents haviag ss clinlcal svidents of gayiroistastissl :‘:.-- .
disturbasce were studied as outlised sbove, I was fosnd that sarsm sctivity : ) ".-_:.:}‘. .I i ’ __':'_;'.j
| ) fecreased wits time, reaching a pesk between 2 - 4 hours vnd then gradualiy PR S
' A B 4

declised. Tbe peak velues of sbesrptios showed s considersble rsage in the o o0
5ix wsubjects. The xciusl Tessits wers: 6.9, 9.7, 10.2, 16.3, asd 18.5 per '
cast of aduiniztered dose. ‘ ) :
Effscy of Redistlos '______,!_,;_ ® . ®

The effact of therapestic radiatiom wes studled 1a anims patiests. Ome

———m—
[

of these recelived total body radiation { T x 50r - 3507 over s period of
3 somiht) for chromle )yrphatic lewkesis. One patieat died Defore the study ST e

ctowld be repested. Twe patiests [alled L appear for the. repest stwdy. The A

resuits arc sumparized im Tadbie I,
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Comment

1. I several cases the per cest sbsorptlon of RISA after radiatios
tharapy sppears to La higher tham the _nluu for the comizol sexies.

2. The zadistlon therapy givem Lo thase patients has sotL impaired the
sbsorption of RISA,

3. 1f redlatics can fafluescs the sbiorpllon of RISA scross lstestiaal
sucoss, It may be thet the affect Is to lscresse rather thas decresse the

absorpt laa,

4. This investigatliom will be costinmed.

Farotors Influencing the Effect of Total Body Radistion

In patients vadergoing radictherspy, It bas beea commonly observed,
usd maied In earller reports (see Frogress Report for perlod eading 2/28/58,
p. 24),that toleramce (o radiatios is I{nflusnced by the gemerai health awd
gsceetlney by occult factors. Thus, the predictioca of tolersncs {or the
isdjvigun) cansot be prscize ssd impresijoss of protective effects mey be
illugory lu the ladividust.

Ieitisliy, cossideration was gives to how the sit: smd sres of partial
body shislding in &5gs eight iaflueace the dote of rsdistiom that cam be
tolexeted. Tor partisni body radistion, umirrasdiated hesatopoletic tisswe
is belleved to susiais the Individual im @ dosage remge far beyond the
tolerated dose for total body radlatiom.

Four sormai dogs of comparslile physical chsracteristics, with a3 aversge
weight of 13.5 kilograms were used In this experimsat. Totsl hody radiatios
was given with the 2 = v Vam de Grasff gemerator (half valse layer 9 mm, lesd)
twe animals yeceiving ‘ZUOr and twe recslving 400v. Owne dog rescelrisg 2007

sud one recelving 400r were lrradiated withcut zhi~ldlag as costrols, The

-
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olber two salmsls had pertiel shisldimg se Silustirated fa figuce 4. The lead
shields ware % am, In thichsess, thus reducing vadletliea to one balf In the
peotecied sress. Two shields 7 x 8 cu, cevered ths sutar sapucts of elavisie

aud uppar eeds of humetrus om sach side, 8 shiple 3 2 12 ca, sdleld covernd

1o eatire pelris and upper esds of feacre, Uaprstecied aress of red byee

satrom Ixeleded fumcr onds of femare end numari, sfl of f{bulee, tibise, ulese
and radii, asd porticas of spine ssd viby; thase sress received full dossge
ol radlation.

Figurs 5 A shows Lhe whits biood call couat u‘d pistalet rasposse is
ths twe contrel znimals (Mo, 88 amd No. 91) following totsl body radistilies
200r sad 400r respectlsely withoet ghilsldiag., Mo, 91 died 13 days after
recalving 400x. No. 80, recsiviag 2007, showed maxiwwa depression sa the
18th day with seturs to sorwal on the 28th day,

Flgure 3 B saows the respoass of white blood call soumt aad plateiets
is two anleels recelving total bLody radiation, 200r amd 400r vespestively,
with sblslding as shown in figure 4. No. 90, recsiviag 4007 showsd meximms
depressios (2. of sorasl) on the 4ik day while No, 89, nut!lﬁ 200r,
showed depressioc to 63X of mormel om the 4th day; beglaning recovary was
woted between the third and fourth week.

Comparisoa of the two figures shows [mitisl elevation of placelets
fallomed by depresslon in all four animals. The slevation of plstaists was
!lﬂl‘t and depressioa of Lotd plfuitu and white blood cell cousl wos less
severs {n the shielded seimais. Comperizom of Mo, 88 (200t umsdisided) und
Ne. B% {2007 eith shields) shows 2 difference in the Lime and degres of
depressien. Ia the smshislded aslmel, tha whits blood call ¢ount Teached
the lowsst peint (38X of socrasl eb the 13Lh dvy: §n The washislded dog. the
white bleod cel) cowst resthed the Jowest peint (60X of acrael) o8 the

218t day.
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Figure 6 A shows tbe red Mlood cel]l coust snd hemoglobim responas ia

the comirol animals ond figure & O showed the vesponss In the animals with

pittlsl body shleldisg, Cowparlsca of resposge of the two sslssls recelviag

400r, ooe unshlielded ssd ons with paxtis) shielding of bose merrow, shows
Autopsy and boms rarrow studies ware Joss on the
e

1 strikiag differance.
usshislded smimel; pathology report: ceaplets spiasia of bone ssrrow,
shinlded snimal recovered proaptly, ladicating that the spaiiug effect of

partia: shisldlag of bose marrow may lmsurs recovery whes dosea are of this
order, All surviviag smlmals recovered promptly sad have ressissd beslthy;
st no time was thora evideacs of mauses, vasiting or dimlalsded appetite or
1etivity, Tho protective affect of shieldiag could be of obvious importance
but this might be masked or exaggersted wham the lethsl dose of radistion may

be infiuenced by geners] physics) conditios, mutritionsl sistus ssd omcerteis
breed.
Exparisace of meny Individusis with irradistion of dogs has Tesslted
in comriderable varistioa la opinjon s to the L.B.s& and L..0D.1p00. Among
the reascas for thla sre the relatively sazll mumber of anlsals studled,

varistions ia quality of rediation, geoweiry of irrsdiation, and sathods el

ssasuring and recordimg exposure doge. The factors of sutrition, gesersi

physical coadition snd I;rted may furtber influence tha tolarasce te radlatlonm,
T3 veduce sooe of thess varisbles, it is wecessary to uadertein radisticoa
af coniral salomls, glviag particvlsr stisntlios 1o thelr mutritios amd
gaseral heslth,

Six dags were selected snd properad for radlatioa over a period of

about 4 weeks., All received iwoculetions for distempar and rables snd all

received an adaquate and hHejesced diet, ALl amimais were kent im quarsatine

for 9 days sad then were pidpced 1n semi-qguarsstine (cepersis cages) whare
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Lhe resained throguheut Liw perlivd of olLservation. FPrecedisg irrsdistiow,

blood counts were takes daliy for vae weck asd cvery other day thwreslter
{1 to 2 weaks) watll the Llood coust stablilzed and a normal Lete lise was

abtnised, Three of Lhe seladis recajved 4001 and Lhree received S00r total

body radlstics with 2 @ v. All anjaais survived asd sll showed g wallorm

I
depresslon of white biood teil asd plstelet coust with recovery begimulug
about 3 wesks afler irradiatioca sy returaing to sorsa) at sbovl 7 weeks.
Figure 7 shows the white blood cell coust snd platziets Iv 3 salmais

following 400r total body radistion: {igure 8 shoma the white blood call
I» both

L ]

o5d platelats 1z ) aslasis followlag 300r totel body radiatios.
groups ths platslet coust dropped sharply (5 to 20X of mormal) by the lith
dey end remained oL this Jevel umill recovery began anout three wesks after

azposure. In the Lhree dogs receliving <00r, wiite blood ceil depression

renged from 8 to J2 per cest of acroai, In ite 3 recelving S00r, Sepression

reaged from 20 to 28 per ceat of mormal. Is spite of severs depfwssioa of

both walte blood (31l count and platelets, tharw wit mo evidescs of bleeding

or lsfectlon, No swpportive therapy of sy kind was offered. Recovery began

about the Jrd week and Ly the Tith week complets recovery was soted in ome of

Yt degf

the 400r group sed ia two of the 300T group.

Flgures 9 and 10 show Lke respoase of hemogliobim, hematecrit and red
Noas of Lhese

blord cell counmt with the expesied Tod coll surviral rete.

fell beliw 60 per cemt of morusl. le both grosps tie [all Im red cell count

tarregpoadcd rowghly with the expected 1| per ceat per dsy decrenss, based

as red cell Life spam, umitil recovery Legem ot abowt ide Jrd week.

——

Tuis denowmstirstioce of the effect of mwtrition oxd gesarsi bealth wpon

toierance to radistion is 30 surprise but 1he Isporisncs mey heve been
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under estimpted. For critical observations L might Do mecessary 1o wia
pure Lred dogs,

The direction of further Iwvestigation |5 te prudy feactors wailch
influssce tolersncs awd recovery suth as partis) boly shieldlsg smd boae
Zeafrow trsasplasis. Prellisisery work z.at e dose on large snissls such
»s dogs or ssai}! prisates. Is determiniag the factors that [slleence
toleremce and recovery, A fira sstimate of iethal dose of radlation I
essential and this will require that the fsctors of sutritiom, fwfestionm,

gemeral kealth and breed muit be towsidared.
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Flg. 1 A, Chast {i)m showing pulmowary Flg. } B. Chest {ilm showlsg resposss

setestases before treatusat. of pulmansry swtagtases t3
totsl body radistion,
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Fig. 4.

Distribution of Shields (9 om, lead) for Prolection
Bows Marrow Durlng Toial Body Radistioa
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