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fnt roduct ioa : 

This report w i l l  be divided into four sections: I- Hematology and 

clinical  findings, 11- Lipoprotein studies, 111- Electrolyte and metabolic 

studies, IV- Future plans. 

Selection of Patients 

A l l  patienLs given total  body irradiation had disseminated Cancer; 

however, the c r i te r ia  for the selection of suitable cases were seveete so 

that the patients were as near as possible to  the physiological nom, A 

detailed list of these c r i te r ia  vas included in  l a s t  year 's  report. 

-- Method of Irradiation 

A l l  external irradiations were accomplished with the 1 Mevp C.E. 

Resonant generator using exposure ports: 

body, anterior and posterior. 

by 5 cm. to  compensate for the  penumbra and the divergence of the beam. 

This results in  a fa i r ly  uniform dose throughout t h e  body. 

expressed as  a i r  doses, measured a t  the mid-plane of the body. 

plane was 290-300 cm from the x-ray target. 

upper and lover halvee of the  

The upper  and lower fields were separated 

A l l  doses are 

The mid- 

The dose rate vas 5-6 r/min. 

In collaboration w i t h  Drs. Bond, Cronkhite, and Robertson at 

the Broolchaven National Laboratory, one patient wee given 10 mc of 

by mouth fo r  an estimated mid-plane body dose of 50 r. 

I. Hematological data and case reports 

Wematologkal data on a l l  patients are presented in Table I and 

Figure6 1-13. 

Caee Reports - 
Patient M. I?. received 113 mc of Na24 for a calculated mid-plane 

dose of 50 r. This 50 year old white female had had a cancer of the base 

of the tongue with no evidence of residual disease and hlso had a carcinom:. 
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of the  esophagus with regional metastases, Liver function s tudies  and 

blood counts were within normal l i m i t s .  

t o t a l  body i r rad ia t ion .  

225,000 and showed very l i t t l e  change u n t i l  t he  20th day pos t - i r rad ia t ion  

when they began t o  f a l l ,  reaching a m i n i q m  on the  27th day post- i r radi-  

a t i o n  when the  count was 116,000. By the 30th day pos t - i r rad ia t ion  the 

p l a t e l e t  count had r i s e n  t o  177,000 and the  pa t ien t  was discharged from 

the  Brookhaven hospi ta l .  Subsequent counto i n  the  laboratory were some- 

what lower and probably result from differences i n  techniques of counting. 

By t he  169th day post- i r radiat ion,  t h e  p l a t e l e t  count had returned t o  222,000 

No pronounced leukopenia was observed. 

10.0 gam of Hgb around the 40th day (control 13.0 gm) with a gradual 

increase t o  11.4 gm % on the  141st day. 

No symptoms resul ted from'the 

Pre - i r r ad ia t ion  p l a t e l e t  counts averaged 'about 

There was a s l i g h t  anemia of ' 

Hematological data  are summarized 

Table 1. The pa t ien t  showed no adverse e f f e c t s  from the procedure, 

There waa no There has been l i t t le advance i n  he r  neoplaetic process. 

c l i n i c a l  evidence of bleeding. 

be given a second coutse of rad ia t ion  in  t h e  near future .  

re-admitted t o  Brookhaven National Laboratory HOepital, October 21, 1957 

f o r  a second course of t o t a l  body i r r ad ia t ion .  

It is an t ic ipa ted  tha t  t he  pa t ien t  w i l l  

She w i l l  be 

Pat ien t  H.S. had a primary carcinoma of the cervix with pulmonary 

and pleural  metastases. 

a i r  a t  the  mid-plane with 1 Mevp x-rays, l i v e r  function s tudies  and 

blood count6 were within normal l i m i t s .  

P r ior  t o  t o t a l  body i r r ad ia t ion  with 150 r in 

The control white blood count 

was about 11.3 x 103/cu. mm. and it f e l l  s t ead i ly  u n t i l  the  34th day 

when it reached a minimum of 3.3 x 103/Cu, mu. From t h i s  time on it  

rose slowly t o  7.0 x 103/cu. xn . )  but it never returned t o  control values. 
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By the  t h i r d  day, the  lymphocyte$ f e l l  t o  about one-half of the  control 

value. Platelet counts shoved l i t t l e  change from t h e  control  values of 

3.5 x lo5/,,. m. u n t i l  about t he  14th day when they began t o  drop, 

reaching a miniwm of .435 x 105/cu. mn. on the  27th day. By t he  59th 

day they had returned t o  2.04 x 105/cu. m. 

c l i n i c a l  bleeding i n  t h e  form of petechiae and echtinases.  

had some t r a n s i t o r y  nausea following i r r a d i a t i o n  but no vomiting o r  

diahrrea.  Gra1:hs of the  hematological response are at tached as f igures  

10 t o  13. 

There wag evidence of 

The pa t ien t  

Patient L.G. had a malignant melanoma of the  l e f t  l eg  with wide- 

epread metastases i n  tha t  extremity only. 

t he  mid-?lane of t he  body delivered by t h e  1 Mevp x-ray machine. 

experienced no nausea, vomiting or diahrrea . 
followed t h e  same pa t t e rn  as t h a t  of the  previously reported cases. 

The p l a t e l e t  count was 2.57 x 105/cue m. p r i o r  t o  i r r a d i a t i o n  and began 

t o  f a l l  about t h e  12th  day pos t - i r rad ia t ion  when it was 2.3 x lOS/cu. 

and it  reached a minimum of 0.2C x lo5/,,, am. on the 28th day. 

increased s t e a d i l y  from t h i s  point on, reaching 3 x 105/cu, m. on t h e  

She received 150 r i n  air t o  

She 

The hematolo&icsl response 

It 

56th day. 

lymphocytes showed t h e  usual prompt drop t o  about one-half of t h e  

control  value w i t h  a slow and incomplete recovery. 

i n  the  at tached graphs, f igures  1 t o  5. 

Granulocyte counts para l le led  the  to t e1  white count and the  

Details are shown 

One pa t i en t  (CeH. previously reported as K.H.) deserves spec ia l  

a t t en t ion .  

resectable as proven by exploratory laparotomy. 

she received 150 r total body i r r ad ia t ion .  

She had a primary carcinoma of t h e  stomach which was not 

On December 19, 1355 

Radiation treatment of t he  
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primary leg ion  vas o t c r t cd  on February 7, 1956 with t h e  cobal t  60 machine, 

She received a tumor dose of 5000 r i n  5 weeks. The pa t ien t  did 

extremely well u n t i l  June 5, 1957 when pelvic  metaatases were found. 

pa t i en t  had minimal symptoms from theoe l e s ions  and was in excel lent  

general heal th .  

The , 

On Ju ly  1, 1957 she received a second course of t o t a l  

body i r r a d i a t i o n  up t o  a dose of 75 r i n  a i r .  

received a t o t a l  of 4400 r tb t h e  pe lv i s  i n  32 daya, 

completed on September 20, 1957. 

though some of data  obtained a f t e r  August 31, 1951.) 

f igures  6 t o  9 s u m r i z e  the  hematological f indings fo l lovhg  t he  

second course of t o t a l  body i r r ad ia t ion ,  

Fof.lowing thiq,  she 

This treatment wae 

(i'atient included i n  t h i s  report even 

The attached graphs 

Table If 

Naximum Changes During the  F i r s t  8nd Second Courses 
oE Total Body I r r ad ia t ions  

Pat ient ,  C.M. 
F i r s t  I r r a d i a t i o n  lS.5 Second f r r a d i z t i o n  75 r 

Pr io r  t o  Pelvic 
Con? rol ldaxiraum ChanTe Control %ximum Chanae Ir :ad ia t ion - 

Hf!b 12.3 no zhange 12.3 no change 1.2.8 

- - .- .- RBC 5 . 6  4.4 

\;IBC 7.9 2.9 

Granu- X7O 33 
l o  cpt OQ 

Plate- 225 50.4 
1 e t s  

5.4 2 .4. 

57 'li 

1 7  12 

154 117 

? . 7  

5 .4 

204. 
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There was no evidence of bleeding a t  any time and bleeding and c lo t t i ng  

t i m e  remained within normal l i m i t s .  

f i r s t  t o t a l  body i r r ad ia t ion  waa reported as r a the r  hypocellular and 

appeared t o  be d i lu ted  with peripheral  blood, 

were seen appeared "normalfl and p r i o r  t o  the  second coursec the  report  

r t a t ed :  %rarrow appears f a t t y  and hypoplastic i n  some areas# i n  others  

it Le adequately c e l l u l a r  with a l l  c e l l  elements represented$ with 

increased numbers of cells of t he  erythroid sarfes.ll 

Bone marrow asp i r a t ion  before the 

Nhat marrow elements 

Since i n s t i t u t i o n  of pelvic  i r r ad ia t ion  there  has been a progres- 

s ive  anemia and thrombocytopenia. 

to the  ho rp i t a l  for invest igat ion of possible s i t e 8  of bleeding, and t o  

evaluate t h e  s t a t u s  of the bone marrovt. 

Thia pat ien t  has been re-admitted 

XI. Lipoprotein s tud ies  

Lipoprotein s tud ies  ae previourly described yere ca r r i ed  out on 

one pa t ien t  (L.G.). 

wae a marked increase (w) i n  the  amount of c lea t ing  fac tor .  

persiated,  even a f t e r  the p l a t e l e t  count had r i e e a  above 200,000. 

t he  time of t h e  g rea t e s t  thrombocytopenia there  were petechiae. 

observation was consis tent  with e a r l i e r  ones$ viz.  t ha t  there  ha6 been 

an increase i n  c lear ing  fac tor  i n  a l l  pa t i en t s  t ha t  showed c l i n i c a l  

evidence of bleeding. Pa t ien ts  who have not had c l i n i c a l  evidence of 

bleeding have shown no increase i n  clear ing fac tor ;  however they have 

had severe thrombocytopenias. 

A t  the  time of the  maximum thrombocytopenia there  

This  

At 

Thie 

Shi f t s  of emphasis i n  the l ipopro te in  research program within the  

I n s t i t u t e  have resul ted i n  the dfscontinuarion of t h i e  face t  of t he  

investfgation. The professional personnel and equipment formerly avai labl :  

t o  t h i s  Phase of our project  are now being f u l l y  u t i l t e e d  i n  other  etudiee. 
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111. Elec t ro ly t e  Studies 

The common e l e c t r o l y t e  abnormalities occurring a f t e r  i r r a d i a t i o n  

have been outlined, and appropriate therapies  have been established (1). 

These are potassium depletion a lka los i s  from inanition, hypochloremic 

allcalosis from vomiting, and hyperchloremic ac idos is  from die  r r b .  

add i t ion  t o  these, adrenal insufficiency, ammonia tox ic i ty ,  and hyperka- 

In  

lemia may be seen on occasion, 

Potassium spaces have been studied pre- and pos t - i r rad ia t ion .  Such 

data are being analyzed by an analogue comptor  t o  see  i f  t he re  is any 

d i f fe rence  i n  t h e  various body compartments i n t o  which potassium goes. 

Preliminary da ta  suggest t h a t  there  may be differences i n  t he  very 

ear ly  por t ion  of the  f a l l - o f f  curve. 

The CNS death modality i n  dogs has been studied from t h e  physio- 

l og ica l  po in t  of view. 

of t h i a  syndrome is associated with a resp i ra tory  a l k a l o s i s  (2 ) .  

It has been shovm t h a t  t h e  convulsive phase 

This work is being continued. Pathological examination of t h e  i r r ad ia t ed  

bra ins  is being done i n  collaboration with t h e  Pathology Department of 

Cornell University Medical College. 

IV. Future plans 

Careful and de ta i l ed  dosimetry w i l l  be done u t i l i z i n g  t o t a l  body 

These w i l l  be designed t o  measure in t eg ra l  dose by means of phantoms. 

chemical de tec tors .  

complete skeleton, 

t h a t  is considered t o  be of biological  importance. 

A phantom has been designed which contains a 

This w i l l  permit measurement of dose at  any point 

Hematological s tud ie s  will be continued, and addi t ional  work w i l l  

be done on enzymes associated with t h e  c l o t t i n g  mechanism. 
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Potassium spaces will be s tud ied  pre-  and p o s t - i r r a d i a t i o n  wi th  

p a r t i c u l a r  emphasis on t h e  immediate f a l l - o f f  curve,  

curves will also be determined, 

Glucose to le rance  

Fur ther  work is a n t i c i p a t e d  on 

mechanisme of t h e  super - le tha l  death i n  dogs. 

Some p a t i e n t s  will rece ive  total  body i r r a d i a t i o n  by means of 

internal i so topes  t o  see i f  t h e r e  is any d i f f e rence  in response t o  a 

more p ro tec t ed  exposure, It is hoped t h a t  more p a t i e n t s  can be given 

two courses  of t o t a l  body i r r a d i a t i o n  t o  see i f  t h e r e  is a d i f f e rence  

in response t o  t h e  second exposure. 

B I E L I O G W H Y  

(1) Bane, H. N., Clicksman, A. S. ,  and Niclcson, J. J. 
Common e l e c t r o l y t e  problems i n  r a d i a t i o n  therapy. 
Am. Journa l  of Roentgenology, in press .  

(2) Bane, H. N., Vhitehouse, I.]. L., and Nickson, J .  J. 
Thysiological  changes in t h e  acu te  r a d i a t i o n  syndrome i n  dogs, 
Radiat ion Research Meeting, 1956. 
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T a b l e  I 

PATIENT N.11. : HEI4ATOLOGICAL DATA, PRE- AND POST-IRRADIATION 
____ ~ 

Days, Tre- and Post - I r rad ia t ion  
I 

-15 -12 -9 -5 -2 1 2 5 0 1 2  

Hemoglobin 
RBC (1,000,000) 
VBC (1,000) 

f i l .  
Polynuclear non- 

- 
f i l .  

Eo B inop h i 1  e8 
Basophiles 
Nonocyt e8 
Lymphocy t es 
liema t o c r i t 
Plat el et s (1,000) 

13.0 

4.1 5.4 4.9 G.G 6.4 I 4,7 5.2 3.9 6.9 
61 

6 

5 
2G 
33.3 35.5 34.8 35.5 37 .2  I 34.3 36.2 35.0 35.0 

253.8 212.5 227.5 250.0 261.3 296.3 225.0 332.5 252.5 

Days 16 - 33 (continued) 
Days, Post-Irradiation 

16 20 23 26 27 23 29 30 33 

Hernoglobin 
RBC(1,000,000) 
VBC (1,000) 

f i l .  
Polynuclear - 

non- 
f i l .  

Eosinophiles 
Basophiles 
Monocyt ea 
L ymp hoc y t e 8 
Hematocrit 
Plat el et s (1,000) 

1o.s 
3.7 

6.0 5.4 4.8 4.9 4.7 
68 72  

4 8 
5 6 
2 1 

11 4 
10 9 
35.5 32.6 37.0 36.0 34.4 

225.0 231.2 130.0 120.8 116.3 142.5 147.5 177.5 125.8 

(Continued on next page) 
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Table I 
(Con t inued) 

PATIENT M e w , :  HEMATOLOGICAL DATA, PRE- AND POST-IRRADIATION 

Days, Post- Irradiat ion 

36 40 43 47 54 57 61 71 

Hemoglobin 
RBC (1,000,000) 
WBC (1,000) 

f i l .  

10.2 
3.5 
4.7 
77 

9.9 
3.3 
4.4 
67 

10,8 10.6 
3.3 3.1 
3.1 2.9 

77 

1o.a 
3.8 
3.4 
77 

10.9 
3.6 
4.5 
81 

10.8 
3.6 
4.0 

ao 

10.3 
3.6 
4.3 
79 

Polynuclear- 
non- 
f i l .  

Eoisnophil es 
Ba sophil es 
Monocyt e8 
Lymphocyt ee 
Hematocrit 
P1 at el et s (1,000) 

5 
1 
1 
6 

10 

2 
2 
1 
3 
20 

2 
1 
1 
3 
16 

3 
1 

2 2 
1 

3 
3 

5 
14 

6 
13 

(3 
a 

7 
7 

123.0 125.4 124.0 133.0 126.0 133.2 148 .o 

Days 85 - 169 (continued) 
Days, Post-Irradiation 

a5 99 127 141 169 

Hemog 1 ob in 
RBC (1 , 000,000) 
WBC (1,000) 

fil. 
Polynuclear - 

11.2 11.1 11.3 11.4 10.9 
3.7 3.7 3.3 3.5 3.7 
4.5 5.0 4.9 4.2 6.3 
04 32 81 76 78 

non- 
fil. 

Eosinophile6 
Basophiles 
Monocytes 
Lymphocyt ea 
Hematocrit 
Platelets (1,000) 

2 
2 4 6 8 7 
10 10 7 LO 0 

140.4 162.3 167.2 196.0 222.0 
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HEMOGLOBIN 

L 

LG. MALIGNANT MELANOMA LEFT LEG 

, 

\L/ 

gmt V. 

0 -  I I I I I I I I I I I I I I 1 1 
-12 -8 -4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 

DAYS POST IRRADIATION 
I I I I I I I 1 

0 I 2 3 4 5 6 7 8 
WEEKS POST IRRADIATION 

1',I 

L.G. WLIGNANT MELANOMA LEFT LEG 

150 r (air dose) 

4 
PLATELETS 3.0 

0 I 1 
-12 -8 -4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 5( 

DAYS POST IRRADIATION 

WEEKS posf IRRADIATION 

1 
I I I I I I I I I I I I 1 I 

I 1 I I 1 I I 1 I I' 
I 0 I 2 3 4 5 6 7 8 
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W ._ 
L G MALIGNANT MELANOMA LEFT LEG 

l5Or ( 

3 

2 

I 

0 -12 ? -8 -4 

jose) 

-0.84 
-0.08 

7 ABSOLUTE MONOCYTES 

I ABSOLUTE GRANULOCYTES 

I I  1 I 1  I I I 1  '4 I; Ik 20 24 28 32 36 40 44 4 8  52 56 
I 

DAYS POST IRRADIATION 
I I 1 I I I I I I I 

-I 0 I 2 3 4 5 6 7 8 
WEEKS POST IRRADIATION 

L. G. MALISNANT MELANOMA LEF f LEG 

ISOr (oirdow) 
4 r  

:p I .6 

:I I , 
0 
-12 -8 -4 

I ABSOLUTE EOSINOPHILS 

ABSOLUTE LYMPHOCYTES 

I I I I I I I 1 1 I 1 I I I 
4 8 12 16 20 24 28 32 36 40 44 48 52 56 

DAYS POST IRRADIATION 

WEEKS POST IRRADIATION 

I 1 I I 1 I I I I I 
-I 0 I 2 3 4 5 6 7 8 

3 

Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 
Accession #: 6 2 A  Is83 
Box#: Ik5 
File: PA - 4 q - 0 0 7 - M D 4 7 s S  (OX -41- 57) stcc, 

. .  



1 G MALIGNANT MELANOMA LEF TLEG 

2.5 

2.0 

X l O 9 d  

1.0 

.b 

0 

I50 r (air dose) 

- 
- PLATELETS 

1.5-r- 

- 
- 

I I I I I I I I I I I I I 1 

I 1 I 1 1 1 I I I 1 I I I I 

4 a 12 16 20 24 28 32 36 40 4 4  48 52 56 

- I  0 I 2 3 4 5 6 7 0 

DAYS POST IRRADIATION 

WEEKS POST IRRADIATION 

I 1 1 I I I 1 1 I I 

C.U. CANCER OF GASTRO-ESmAGEAL JUNCTURE 
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4 -  

C.H. CANCER OF GASTRO-ESOPHLIGEAL JUNCTURE 

_ -  

3- 

75 r (air dose) 

I 
I I I I I I I I I I I I I I 

-16 -12 -8 -4 0 4 8 12 16 20 24 28 32 36 40 
DAYS POST IRRADIATION 

A I h ~~ !J 4 b k I I I I 
-2 -I 

WEEKS POST IRRADIATION 

.. 

C H CANCER OF THE GASTRO-ESUFHAGEAL JUNCTURE 

ABSOLUTE EOSINOPHILS 

.̂ 

ABSOLUTE LYMPHOCYTES 

I I I I I I 1 1  I I 
4 8 I2 16 20 24 28 32 36 40 

DAYS POST IRRADIATION 
1 I I I 1 I I 1 1 

- 2  -I 0 I 2 3 4 5 6 
WEEKS POST IRRADIATION 
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C.H CANCER OF MSTRO-ESOPHAGEAL JUNCTURE 
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