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Radiotherapy and chemotherapy are recognized as having equivalent or comple- 

In general, radiat ion mentary ro l e s  i n  t h e  treatment of certain types of cancer. 

has been r e s t r i c t e d  to t h e  treatmsat of relatively local ized m k f e s t a t i o n s ,  and 

chembtherapy has been used when the  disease is more widely disseminated. 

has been limited use of t o t a l  body radiat ion in the treatment of generalized neo- 

plas t ic  disease. 

ation was used to administer doses up t o  L50r in three weeks. 

t i ng  on t he  acute radiat ion syndrome, noted t h a t  lOOr of 200 YV x-ray8 could be 

de l iwred  tn t he  entire body of the  pa t ien t  without causing symptoms of any sort. 

Recently, Osgo&d (12) has advocated a % i t r a t i o n  technique'' in t he  treatment of 

leukemia In which doses of 10r - 25r were given to the whole body a t  r0gUlerl.y 

spaced intervals .  In a scrupuious e f fo r t  t o  avoid radiat ion sickness and bone 

marrow depression, a conventional technique employing total body radiat ion for the 

treotnrsnt of polycythumio utillzsd doses of 2 5 ~  repoatmi t o  o t o t a l  of 3OOr i n  

three weeks. Prom these di f fe ren t  techniques, using varJring fonnulae of intensi ty ,  

dose, and t h e ,  it  is difficult t o  u s e s s  t h e  tolerance t o  whole bow radiation. 

There 

In t h e  Heublein technique (7,l . l)  low intensity, continuous radi- 

Har~pelmann (61, w r i -  

f 

ferhaps the  most extensively employed chmrotherapeutlc agent has been nit*- 

gen mustard, methyl bis (beta c!dorethyl) &e (HN2). 

in almost every form of laalignmt disurse m d  in s a m  benign conditions such b.1 

rheumatoid a e h r l t i s  (2). 

ized Hodgkin's disease. 

This agent has been used 

It has become the standard l o rn  of therapy f o r  gene-al- 

In acczpted clinical doaes, nitrogen mustard produces a 

, s h a r p  systemic react ion and the patient is  heavily sedated before treatment to con- 

t r o l  nausea and vomiting. H a m t o p i e t i c  depression is constant, and severe leuko- 

pi. and thmmbocytopsni. I s  o reco&zed hazard of repeated courses. 

side eIfects have not  been 8 deterrent to connmn we although they exceed t he  sev8r- 

These t a l c  

i t y  of radiat ion slcknese. 

In 1930 callhorn and Collins (5)  undertook a comparative study of two p u p s  
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of pat ients  with Hodgkinls disease, one of which had received radiat ion and nitro- 

gen mustard in  a l te rna t ing  therapeutic courses, and the  o ther  radiotherapy alone. 

It could not be shown that t h e  addition of nitrogen mustard t o  the  therapy reme 
. increased sunrival  time but the drug was regarded a8 a useful adjunct t o  t h e  ex- 

t e n t  that it reduced the  time under treatment and the  amount of radiation required. 

If nitrogen mustard did not  increase survival  time beyond t h a t  obtained with radio- 
IUV. 

therapy alone, i t s  only purpose was t o  o f f e r  the  convenience of a systemic approach 

t o  treatment. 

offer equal benefi t  with s i d e  e f fec ts  of less severity.  

It seemed possible  t ha t  higher doses of t o t a l  body radiation might 

P h i l l i p s  (13) had studied 

the apf lca t ion  of massive doses of radiat ion t o  l l v e r  for metastatic disease, 

Court Brown (L )  had reported observations on symptoms associated with single thera- 

peutic doses of x-ray t o  l a q y  portions of the body, and t o  t h e  whole body. 

In a Previous report the tolerance t o  t o t a l  body radiat ion was compared with 

Total  body radia- t he  effect8 u. nitrogen mustard acd t r ie thyleno melarho (lo), 

t i o n  in single doses up to 1% was Less depressing for hematopoiesis and ptients 

were free of rialaise t ha t  w33 cons ta . . t l~  associated w i t h  these drugs. Thess obser- 

vations suggetted t h a t  a tht rapcut ic  e f f ec t  of t o t a l  body radiat ion night bz sought 

in pat ien ts  havFng disseainated disease ordinarily treated by a var ie ty  of cham- 

therapcatic ag ts t s .  

In the  present aer ie8 of pat ients ,  dose has been expressed in roentgen4 on 

skin and measurements were Eade wi.91 a Victoreen chamber on the  surface of prcst- 

.wood Fh;intom a t  trcatment distance. Court Brown (3) reported his series of Singla 

exposures t o  radiation in t e r n  of energy absorbed o r  integral dose. 

some necessity f o r  this h t h a t  hi8  pa t i en t s  received treatment t o  v a w g  portion8 

and p m p r t i o n s  of the body, and dose in roentgens would have no d i r ec t  correlation 

w i t h  tolerance of the indiv idual  to radiation. 

on skin represents the simplest expression of a sure to radiation. 

t 
i 1 There w86 
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Cohen (1) have ca l l ed  at tent ion to variat ions t h a t  exist in measuring dose in dif- 

fe ren t  i n s t i t u t i o n s  and it appears t h a t  no accuracy would be gained in the  assump- 

t ions  and calculat ions necessaxy for determining in t eg ra l  dose for t o t a l  body radia- 

t ion .  

. 
- 

I n  addition t o  the  usual blood examinations, radioactive i ron  t r ace r  s tudies  

were carr ied out because of the  work of Hennessy and Huff ( 8 , 9 ) ,  indicating a quanti- 

t a t i v e  re la t ion  between the  turnover of plasma i ron and dose of t o t a l  body radia- 

t ion in nice .  The half time of disapsearance of radioiron from the  blood is nor- 

mall;r one and one-half t o  two cnd one-half hours for humans. Frolongation of the  

half  time indic'ates decreased hemglobin' fonnation end may be useful as an ear ly 

and sensi t ive index of change ir, guiding further theram. 
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Case 1. B. L. AR-8422. A male, age 73, developed g a n e r a z e d  lypaphadan- 

apathy in November 1951 and a diagnosis of ttlymphoma~t was made by biopsy. 

mart was withheld because of lack of splrgtoms. 

Treat- 

In Harch 1953 the pat ien t  -8 ad- 

mitted to t he  hospi ta l  because of 20 pounds weight loee, pain in left shoulder, _ -  & 

and edema of l e f t  upper extremity. mere was extensive lymphadenopathy with nodes 

as large as five cm. i n  diameter; liver extended f i v e  cm. below t he  cos t a l  nargin. 

On 'Xarch 23, 1953 the  patient received 75r (akin dose) total body radiat ion enteri-  

orly and 75r poster ior ly  (250 KV CP, HVL 2.3 mn. Cu., TSD. 360 cm.), 

48 hours the  pa t icn t  was anorexic but them was no nausea, vodting or diarrhea. 

In the first 

On the t h i r d  day t h e  pa t ica t ' s  appetfto returned and the nodes began t o  diminish 

in size .  
L 0 

ch lafay 12, 1953 he was dirckarged from the hospi ta l  an6 returned t o  work. 

Later b4 t h e  mnth  he received 6OOr tissue dose t o  the  mediastinis i n  e ight  days 

on an out-patient basis. In December 1953, in another city,  he .indement partial 

gas t r i c  resectior. f o r  lesser c u m a t w e  ulcerc A t  preecnt he is ccnv&lescing 8ati8- 

f ac to r i ly  . 
Labcratoq: data during the puriod associated with total bo&? radiation were as 

follows: 

4.3 million t o  lcx of 1.7 -ion a t  f i v e  weeks; 1l.B.C. fron h i z i a l  29,000 (mostly 

lymphocytes) to 1.m of t,000 with n o d  differential a t  eight  woeks; i ron  turnover 

h'gb. frm initial ll.9 p. to low of 7.6 gm. at  five wseks; R.B.C. fmm 

h a V  time frorP initial 1.3 how8 to 2.3 h o w  a t t W  b ~ a ,  4.2 hems 23rd day, 
.. and 0.8 h w n  on At 53rd d t y ,  

R.B. C. 3.8  Pillion, pla?.eletb U,m, W.B.C. lG, 500 with C55 lymphocytes, and i m n  

tbmover h a l f  t imt 0.4 hours. 

mst recent data on 2-15.-54 were Hgb. 11.0 gm., 
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Case 2. W. D. AJ-6024. A 72 year old white male was admitted f o r  repair of 

inguinal hernia and was discovered t o  hsve a white c e l l  count of 153,000. 

fe ren t ia l  was consistent with chronic mgrelogenous leukemia. 

palpably enlarged. 

in t he  past year. 

t i on  t o  the an ter ior  aspect of body (250 KV, HVL 2.3 nun, Cu., TSD. 360 cm.). 

was mild a n o r d a  on the  following morning but h i s  appet i te  was normal by noon. 

The dif- 
_ - _  - 

Liver and spleen were 

The blood pressure was 200/90. He had l o s t  20 pounds in weight 

On June 24, 1953 he received l5Or  (skin dose) t o t a l  body radia- 

There 

There was no nausea, vomiting o r  malaise. Liver and spleen gradually diminished in 

size sr,d were no longer palpable a f t e r  th-o weeks. 
* a 

hboratory data during treatment and follow-up were 2s follows: Hgb. from ini- 

tial lC.l p. t o  low of 7.5 &n. at  four weeks; R.B.C. from initial 3.8 million t o  

low of 2.3 million a t  foxr becks; W.B.C. f r o m  i n i t i a l  .L93,CW to low of l.l,ooO at 

4 
three r m t h s  Kith change of d i f f e ren t i a l  from a FreFoDierance of w e l o i d  elements 

to a ncynral d s t r i b u t i o r . ;  platelets frcm initial 265,CX to a low of 225,000 at  

seven c ~ y s ;  i r o n  tnrncver half  t b e  fro3 hitial 0.6 h a w s  t o  2.0 hours a t  one day, 

and 1.2 hours  or, the eighth day. 

L . ~ s t  recer. t  dat; on Z c b r u q  17, 195L are: figb. 2 gm., R.B.C. 3.1 million, 

p la te le t s  216,ooC, W.3.C. 9t?,oOO with qyeloid dfffersnLial, iron tunover h a l f  time 

1 . 5  hours.  Patient was asyaptomatic; l iver and upleen were not palpable. 
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Case 3. J.B.C. AX-7573. A 51 year old  white male was admitted t o  the  hos- 

pital on September 10, 1953 with a biopsy diagnosis of multiple myclonrir. 

been paraplegic and incontinent of urine and feces for three weeks; he had devel- 

oped a la rge  sacra l  decubitus ulcer,  his general conditxon was poor and he corn- 

He had 

plained of severe dorsal and lumbar back pain. He was placed on a Foster frame 

and dai ly  care was given t o  t h e  decubitus u lcer  which showed slow improvement. 

September 15 he was given 2OQr (skin dose) t o t a l  body radiat ion (250 KVP, 2.3 m. 

Cu.  h'vL, TSD 360 mm.). There was mild nausea of one day's duration; there  was no 

vopiting. 

the motor paralysis, the  to%l body radial ion w a  followed two wceks l a t e r  by 

On 

Because there  was only partial loss of t a c t i l e  sensation accompanying 

l o c a  x-ray t reateent  t o  t h e  zpine. A t i s sue  dose of 675r was delivered in ten 

day=. t o  ver tebral  bodies frcn C-4 t o  3-1. No ck?&e  was detected in neurologic 

f i n - h g a ;  however, n c c o t i c  rtqYirencnts for pa51 w+rc considerably less than be- 

for+ t rea t ren t .  The p a t i e n t ' s  ccndlticm gradually detcl iorated and he died t n  

Octcber 28, 1953. ::o a u t o r q  w3s obtahud.  

L a b o r a t o v  s tudies  initid&- were: Rgb. 13 p,, R.B.C. 2.2 million, p l a t e l e t s  

3,3,SCO, W.2.C. 8,530 \.ltfi n 0 . d  differential; iron turnover ha l f  t k . e  was 0.5 

hours .  Fcllowing t h e r a r j  Hgt. gradually droppd %o 7 gm., and W.B.C. t o  5,OOO with- 

out zhange in differential at five weeks. 
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Case 4. 0. B. Y-13361. This 58 year old white female gave a six year his- 

to ry  of backache radiat ing to the legs .  I n  April 1948 she received x-ray therapy 

t o  a destruct ive lesion in t h e  body of t he  second lumbar vertebra with diminution 

of pain. In 1951 a second course of t h e r a w  was givm t o  this area, and in Janu- 

ary 1952 a t h i r d  course. 

and a diagnosis of multiple qyeloma was established. 

i n  skull and ribs. 

t i on  of the  body of the  t h i r d  lumbar vertebra, and constant severe back pain, was 

t ransferred from another hos~ital for t o t a l  body radietion. On Sovember U, 1953 

~ 5 t h  pat ien t  tL=?d on hor silo in ted, skc received 2Wr (skin dcse) t o  back 

(250 KV, HVL 1.8 M. Cu., TS2 365 cm. ) . 
out nausea a t  f o i ~  and six k c ~ s  af te r  t r c a t n c t  and lninimzrl nau.-iea with fur ther  

vomiting on t h e  first m 2  sccc;:d ;cr'itrea*aent days. 

day there wre ne fur th2r  s/rpwuu af  nausea and mdcrhte pain r2Uef was noted. 

Fain began t o  become more  scvere a&.n after flve wedbs. 

( f ive  weeks) the -patient reLcived another 150r (skin dose) t o  t h e  back under the 

same conditions a 1  FrcviouAy. 

again tnere was same reduction i n  back snd l eg  pah. 

about one month, and then recurred u i t h  the s a  sever i ty  as befdve treatment. 

For t h i s  reason a c e r v i c a l  cordo toq  was planned, but t h e  patLen.. died a t  opera- 

t ion  on Janaary 23, 1954. 

t 

- 

On Februav  23, 1952, a spinal f x i o n  wils car r ied  out 

Further les icns  developed 

On 1-26-53 t he  pat ient ,  now a paraplegic with coxplete destruc- 

There w e r e  two episodes of vomiting with- 

From t he  th i rd  t r e a t m t  

On D e c e e r  16, 1953 

Thcre were no syqtoms of nausea or vomithg, and 

F a i n  relie,' pers is ted for 

, The bborato,y data during the  t m t m e n t  period showed n m & d .  depression 

f r o m  the  200r dose: Hgb. f r o m  U.5 gn. to 8.7 @. at  three weeks; R.B.C. from 

4.0 million to 2.7 m i l l i o n  a t  three weeks; W.B.C. Iran 11,OOo t o  2,600 at four 

weeks; platelets from150,W to 50,oOO at five weeks. The d i f f e r e n t i d  Showed 

a p k n t a g e  Increase In lymphocytes at t h e  t b o  of t he  drop of the t o t a l  a t e  

C d  e l w t 8 ,  such that the absolute lymphocyte C O M t  d e d  app-tev CQD- 

stant . 
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An autopsy was performed. Tumor that had received intensive loca l  radiation 

8hOWed histologic changes consistent w i t h  this treatment. r b d  tissues that had 

been sub3ected t o  t o t a l  body radiation showed no grosa or  rnicxpacopic e f f ec t s  of 

such radiation. 
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Case 5 .  J. C. AX-5284. A white male, age 35, had suffered a fracture of 

cerv ica l  spine in an accident t h r e e  years previously and extensive lesions of mul- 

t iple mploma were discovered a t  that time. A year later the d iayos is  was con- 

firmed by biopsy. 

mained w e l l ,  subjectively, un t i l  four months before adrlssion. 

U e p t  f o r  a gradual weight loss of 45 pounds, the patient re- 

From this time he 

was confined t o  bed by severe back pain and increasing weakness. X-rays showed 

compression f rac tures  of several vertebral bodies md he was tra7:ferred t o  the 

hospi ta l  on a Str icker  frame. On July 22, 1953 h e  received 200r (skin dose) 

t o t a l  body radiation (250 KV, HVI. 2.3 W. Cu., TSD 4CO cm.). lirrmediatelq- after - m 

trestnent he voPitad once h-ithout ndUSea. He a t e  hiis  noon clay Led. two hours 

la ter  and had no further res:tion. Fain r d e f  was evident t he  day following 

t reatnent ,  and by the t h i r d  &-.y aFpctite isas izproved. On August 12, 1953, a 

second dose of XX)r, under tnc condltiona 6s t h e  first, was administered. 

This *%ne there  was no nausea or t.xzitiry and thcn: w - e  no new complaints. One 

week l a t e r  he vas ccnpletcl:r relieved of back pain a; bas up and about t he  ward 

volur,tarily. His only ccz; ls i? t  ua3 of p a b  i n  f e e t  and ankles. There were no 

x-ray chmges e\ddmt i? titc bones of t h i s  area and :he pain apparently was due 

to ambubticn after f i v e  rocatks in bed. He reccived five trhnsfusions of 500 cc. 

each during Septsmber and was then discharged home. He has received no ftwther 

treat-wnt and now t a l k s  k s p e f d l y  o,C r e t u m i r . C  t o  m?k. 

r l b o r a t o v  data during tkis ~ e r i a d  wa3 as fcllct-s: Hgb. from i n i t i d  8.3 

m. t o  low of 6.0 p s .  at  f i v e  weeks, ui th  transfusion a t  that time; R.B.C. from 

3.8 d l i i o n  to 1.7 mill ion at ILve weeks; N.E.C. f r o m  6,000 t o  low of 550 a t  f ive 

weeks; p l a t e l e t s  f m c  hitidl 295,(r,u, t o  l o w  of l3,OOO at siX weeks; i ron  turn- 

over h a  time fmm G . 5  h o u n  beIore treotmnt without change following the f irat  

treatment, t o  1.0 hours one day after the second treatment. 

On February 17, 19% laboratory data MS: Hgb. 11 e., R-B-C. 3-2 dl l im,  

p la t e l e t s  2 l O , O ,  W.B.C. 8,250 wit. Bvd neutrophils, lpphocSteS and 9% 

7 . P  hcurs. ---: _ . - _ . -  :l- t,,, + .  & = l e  .,,?.l 
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I For both radiotherapy and chemotherapy, t he  ultimate e f fec t s  are mediated by 

i n t r ace l lu l a r  chemical changes. For this reason t he  two may be coinpared on terms 

of tolerance of t he  individual, response of the disease, and f ac to r s  goveming - - -  . 
t h e i r  role in application, 

Tolerance to radiation does not  lend itself t o  ready msaswment. In Court 

Bmmls (4) series of  50 patients, he was able to define t h w e  phases of radiation 

sickness: 1) thz latent period extending from the t h e  of treatmmt t o  the  onset 

of symptoms; 2) a period of acute disturbance lasting f r o m  one and one-half t o  

four hours a f te -  the ailset of symptoms; 3) recovexy period extendkg as long as 

fx=. or f i v e  daj.3. 238 lenc'h of t h e  l acent  period m s  invcrsely proportional t o  

the  per iod of acute synptonis a d  GS used as an index of severi ty  of reaction. In 

the Fatients prezented here, a pa::c.m of syqtcm s3s not apparent; nausea and 

vomiting were h c m s t a n t  u.d t!!e r,etier.ts' cond2tion before treatment was such a8 

t.o mask any minor degree of makns-a  or latharly. Frra a symptozatic pofnt of 

ti-, t h e  reectian t o  single dose5 u:, to Zoor w a  l e u  than would be anticipated 

t.:ith conventional doscs of r,itmCcn astar2 and the hematopoietic depression was 

zcceptablc as ccqared v i t h  this a.;w.t. 

lihe response of the jn t i tnts '  dimme can orily be considered a8 indicat ive 

t h a t  total body radiation La 8lngle dosea up to 2#r ha8 therapeutic poss ib i l i t i es .  

?he tolerated dose is buyund that ~eccrs r rg  o r  desirable for leukemia but is In the 

e f f e c t i v e  range for lpqhosircoma m d  m l t i p l c  I Z . & ~ ~ O Z L ~ .  The pat ient  who received 

=Or on two occasions h three had a cl l rdcal  .%sponse that could be described 

as impressive. 

No agent currently h uae for  tmtrPart of generalized cancer is  offered tdth 

i n t en t  t o  cure. Even incrsasd survival &a result of theram is  difficult t o  con- 

firm. 
1 

Under tkese clrcrmutances the principal benefit  of treatment is  early relief 

of signs and spptoms and t h i s  bcnef l t  my be mitigated by the aeveri ty  of side 

ef fec ts  of treatment, prolongation t: treatment or  delayed response t o  treatmmt. 
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In all these respects single doses of t o t a l  body radiat ion has some advantage. 

There is an additional advantage h t he  matter of dose. Prescription of radia- 

t ion  dose is unique in its precisian. It is possible under controlled conditions. - 

t o  deliver a desired amount t o  any t i s s u e  or t o  calculate  &at had been delivered 

t o  any site. To r e l a t e  dose and ef fec t ,  it is desirable t o  determine dose a t  the  
I h  

s i t e  where e f f ec t  is produced, so that a given result can be repeated or modified. 

Prescription of dose of pharmaceutical agents i s  usually on the basis of body weight, 

administered intravenously, orally, or  intramuscularly. In the processes of a b s o r p  

t ion,  dilution and transportation, the mount of t he  a g m t  finally producing an 

i n t r ace l lu l a r  chemical effect must be sub3ect t o  wide and unpredictable variations.  

If t h e  c l h i c a l l y  e f fec t ive  dose close17 approaches t h e  to le rwxe  dose, it is desir- 

able to have knowledge and cmtr-01 of the auoru7t of concentration of an agent, a t  the 

ce l lu la r  level  where it5 effect is exert.&. 

Total body radiat ion in a single  w-psure up t o  2002. of 250 KV x-rays may be 

edrmnlstered safely t o  p t i e n t s  K i t h  j e r e r a l i z e d  cancer. Considered as one form 

of s y s t d c  therapy ra ther  than a3 an Gterna t ive  o r  coxpetitive method of treat- 

m e n t ,  t o t a l  body radiat ion ir, doses o f  t h i s  order is a useful addition t o  the man- 

agement of advanced cancer. 

1200 E. D. Anderson Blvd. 
Houston, Tsxas 
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{ T H E  THERAPEUTIC USE OF SINGLE DOSES 

OF TOTAL BODY RADIATION2-t 

- L By VINCENT P. ,COLLINS, hl.D., and R. KENNETH LOEFFLER, R1.D. 
HOUSTON, TEXAS 

ADIATION therapy and chemother- R apy are recognized as having equiva- 
lent or complementary roles in the treat- 
ment of certain types of cancer. In general, 
radiation has been restricted to the treat- 
ment of relatively localized manifestations, 
and chemotherapy has been used when the 
disease is more widely disseminated. There 
has b&n limited use of total body irradia- 
tion in the treatment of generalized neo- 
plastic disease. In  the Heublein tech- 
niques,” low intensity, continuous irradia- 
tion was used to administer doses up to 
450 roentgens in three weeks. Hempelmann 
et writing on the acute radiation syn- 
drome, noted that IOO r of 2 0 0  kv. roent- 
gen rays could be delivered to the entire 
body of the patient without causing symp- 
toms of any sort. Recently, Osgood and 
Seaman’* have advocated a “titration tech- 
nique” in the treatment of leukemia in 
which doses of 1-25 r were given to the 
whole body a t  regularly spaced intervals. 
In a scrupulous effort to avoid radiation 
sickness and bone marrow depression, a 
conventional technique employing total 
body irradiation for the treatment of 
polycythemia utilizes doses of 25 r repeated 
to a total of 300 r in three weeks. From 
these different techniques, using varying 
formulae of intensity, dose, and time, i t  is 
difficult to assess the tolerance to whole 
body irradiation. 

Perhaps the most extensively employed 
chemotherapeutic agent has been nitrogen 
mustard, methyl bis (beta chloroethyl) 
amine (HN,). This agent has been used in 
almost every form of malignant disease and 
in some benign conditions such as rheuma- 
toid arthritis! It has become the standard 

form of therapy for generalized Hodgkin’ 
disease. In accepted clinical doses, nitroger 
mustard produces a sharp systemic reactlor 
and the patient is heavily sedated beforc 
treatment to control nausea and vomiting 
Hematopoietic depression is constant, an( 
severe leukopenia and throm bocptopeni; 
is a recognized hazard of repeated Courses 
These toxic side effects have not been , 
deterrent to common use although they ex 
ceed the severity of radiation sickness. 

In I 950 Gellhorn and Collins5 undertook 
a comparative study of two groups of pa 
tients with Hodgkin’s disease, one of whicl 
had received radiation and nitrogen mus 
tard in alternating therapeutic courses, ant 
the other radiation therapy alone. I t  coulc 
not be shown that the addition of nitrogei 
mustard to the therapy regimen increase( 
survival time but the drug was regarded a: 
a useful adjunct to  the extent that  it re 
duced the time u. zr treatment and thc 
amount of radiation required. If nitroger 
mustard did not increase survival time be 
yond that obtained with radiation therap\ 
alone, its only purpose was to offer the con 
venience of a systemic approach to  treat 
ment. It seemed possible that higher dose 
of total body irradiation might offer equa 
benefit with side effects of less severity 
Phillips et had studied the applicatioi 
of massive doses of radiation to  liver fo 
metastatic disease. Court Brown3 had re 
ported observations on symptoms associ 
ated with single therapeutic doses of roent 
gen radiation to large portions of the body 
and to  the whole body. 

I n  a previous report the tolerance to tota 
body irradiation was compared with th 
effects of nitrogen mustard and triethylen 

From the Department of Radiology, Baylor University College of Medicine, and the Jefferson Davis Hospital, Houston, Texa 

t This work was aided in part by the Medical Research and Development Board, Office of the Surgeon General, Department of tt 
Resented at the Thirty-sixth Annual Meeting, American Radium Society, Hot Springs, Virginia, March 14-16,1954. 

Fumy, Contract No. DA-4-7-MD-418. 
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melamine.1° Total body irradiation in single 
doses up  to  150 r was less depressing for 
hematopoiesis and patients were free of 
malaise tha t  was constantly associated with 
these drugs. These observatlons suggested 
that  a therapeutic effect of total body irra- 
diation might be sought in patients having 
disseminated disease ordinarilJ- treated by 
a variety of chemotherapeutic agents. 

In  the present series of patients, dose has 
been expressed in roentgens on skin and 
measurements were made with a Victoreen 
chamber on the surfsce of a pressdwood 

reatment distance. Court 

of single exposures to  radiation in terms 
of energy absorbed or integral dose. There 
was some necessity for this in that their 
patients received treatment to  varying 
portions and proportions of the body, and 
dose in roentgens would have no direct 
correlation with tolerance of the individual 
to radiation. For purposes of duplication, 
dose on skin represents the simplest ex- 
pression of exposure to radiation. Boden 
and Cohen’ have called attention to  varia- 
tions that  exist in measuring dose in differ- 
ent institutions and it appears that  no ac- 
curacy would be gained in the assumptions 
and calculations necessary for determining 
integral dose for total body irradiation. 

I n  addition to  the usual blood examina- 
tions, radioactive iron tracer studies were 

phantom Brown and a th i  ahler2 reported their series 

useful as an early and sensitive index of 
change in guiding further therapy. 

REPORT OF CASES 

CASE 1. a (AR-8422) A male, aged 
seventy-three, developed generalized lympha- 
denopathy in November, 1951, and a diagnosis 
of “lymphoma” was made by biopsy. Treat- 
ment was withheld because of lack of symp- 
toms. I n  March, 1953, the patient was admitted 
to the hospital because of 20 pounds weight 
loss, pain in left shoulder, and edema of left 
upper extremity. There was extensive lymph- 
adenopathy with nodes as large as 5 cm. in 
diameter; liver extended 5 cm. below the costal 
margin. 

On March 23, 1953, the patient received 
75 r (skin dose) total body irradiation ante- 
riorly and 75 r posteriorly (250 kv., constant 
potential, half-value layer 2.3 mm. Cu, tar- 
get skin distance 360 cm.). I n  the first forty- 
eight hours the patient was anorexic but there 
was no nausea, vomiting or diarrhea. On the 
third day the patient’s appetite returned and 
the lymph nodes began to diminish in size. On 
May 12, 1953, he was discharged from the 
hospital and returned to work. Later in the 
month he received 600 r tissue dose to the 
mediastinum in eight days on an out-patient 
basis. In  December, 1953, in another city, he 
underwent partial gastric resection for ulcer of 
the lesser curvature. At present he is convalesc- 
ing satisfactorily. 

Laboratory data during the period associ- 
ated with total body irradiation were as follows: 

Initia/ 
Hb, I I .9 gm. 

W.B.C. 29 9- 
Platelets 240,- 
Iron turnover half time I .3 hr. 

R.B.C. 4 , 3 0 0 1 ~  

carried out  because of the work of Hen- 
nessy and indicating a quantitative 
relation between the utilization of injected 
iron for hemoglobin production, and dose of 
total body irradiation, in rats. The half time 
of disappearance of radioiron from the blood 
is normally one to  two hours for humans. 
Prolongation of the half time indicates de- 
creased hemoglobin formation and may be 

LOW Final (rz  mo.) 

7.6gm.  @ 5 wk. I I .o gm. 
I,7oo,oO0 @ 5 wk. 3,800,- 

4,000 @ 8 wk. I0,ooo 
1io,o00 @I 8 wk. 148 ,= 
4.2 hr. @ 23 days 0.4 hr. 

Differential white cell count became normal at 
eight weeks. 

CASE 11. W.D. (AJ-6024) A seventy-two year 
old white male was admitted for repair of 

white blood cell count of Is~,Ooo. The dif- 
ferential white cell count was consistent with 
chronic myelogenous leukemia. Liver and 
spleen were palpably enlarged. The blood pres- 
sure was 200/90. He had lost 20 pounds in 

inguinal hernia and was discovered to have d 

--. 
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weight in the past year. On June 24, 1953, he 
received 1 5 0  r (skin dose) total body irradiation 
to the anterior aspect of body (250 kv., half- 
value layer 2.3 mm. Cu, target skin distance 360 

\ cm.). There was mild anorexia on the following 
morning but his appetite was normal by noon. 
There was no nausea, vomiting or malaise. 

There was no change in differential white blood 
cell count. 

CASE IV. 0.B. (Y-13361) This white female, 
aged fifty-eight, gave a six year history of back- 
ache radiating to the legs. In April, 1948, she 
received roentgen therapy to a destructive 

Liver and spleen gradually diminished in size lesion in the body of the second lumbar verte- 
and were no longer palpable after two weeks. bra with diminution of pain. In 1951 a second 

Laboratory data during treatment and fol- course of therapy was given to this area. and in 

1 1  

Initial L O W  Ftna l (8  mo.) 

Hb. 1 0 .  I grn. 7 . 5  grn. @ 4 wk. 11 .o grn. 
R.B C.’ 3,8m,- 2,900,000 @ 4 wk. 3,100,- 
Lf’ . B . C. I93 I- 1 1 , 0 0 0  @3rno.  98 ,- 
Platelets 265 , c a  2 2 5 , m  @ I wk. 216,000 
Iron turnover half time 0 .6  hr. 2 hrs. @ I day I . 5  hr. 

Differential white cell count became normal 
at three months. 

a spinal fusion was carried out and a diagnosis 
of multiple myeloma was established. Further 

CASE 111. J.B.C. (AX-7573) A fifty-one year 
old white male was admitted to the hospital 

lesions developed in skull and ribs- On Oct, 26, 
I9533 the patient> now a paraplegic with corn- 

on September IO, 1953, with a biopsy diagnosis 
of multiple myeloma. He had been paraplegic 
and incontinent of urine and feces for three 
weeks; he had developed a large sacral decu- 
bitus ulcer, his general condition was poor and 
he complained of severe dorsal and lumbar 

and daily care was given to the decubitus ulcer, 

plete destruction of the body of the third lurn- 
bar vertebra, and Constant Severe back pain, 
was transferred from another hospital for total 
body irradiation. On Nov. 1 1 ,  1953, with pa- 
tient turned on her side in bed, she received 200 
r (skin dose) to back (250 kv., half-value layer 
1.8 mm. Cu, target skin distance 365 cm). 
There were two episodes of vomiting without 
nausea at  four and six hours after treatment 

dose) total body irradiation (250 kv., on the first and second post-treatment days. peak, 
further symptoms of nausea and moderate tance 360 cm.). There was mild nausea of one 

day’s duration; there was no vomiting. Because pain relief was noted. Pain began to become 
there was only partial loss of tactile sensation more again after five weeks. On Dee. 16, 

body irradiation was followed two weeks later IOo (skin to the back under the Same 

i 
1 

i 
I 
I 

back pain. He was placed on a Foster frame 

which showed slow improvement. 1 

I on september Is he was (skin and minimal nausea but no further vomiting 

half-value layer 2.3 mm, Cu, target skin dis- From the third treatment day there were no 

accompanying the motor paralysis, the total 

by local roentgen therapy to the spine. A tissue 
dose of 675 r was delivered in ten days to verte- 
bra1 bodies from C-4 to S-1. No change was de- 

narcotic requirements for pain were consider- 

‘953 (five weeks) the patient received another 

‘onditions as previously. There were no ‘YmP- 
Or vomiting, and again there 

was Some reduction in back and 1% pain. Pain 

curred with the Same severity a before treat- 

Of 

tected in the findings; however, 

ably less than before The patient’s 
condjtjon gradually deteriorated and he died 
on Oct. 28, 1953. No autopsy was obtained. 

Laboratory data during the period associated 
with total body irradiation were as follows: 

was relieved for about one month and then re- 

ment. For this reason a cervical cordotomy was 
Planned, but the Patient died at  operation on 
Jan. 28, 1954. 

An autopsy was performed. The tumor that 
had received intensive local irradiation showed 

Final 
, Initial L O W  (6 wk.) 

Hb. I I  .o gm. 5.7 gm. @ 4 wk. 7.5 gm. 
W.B.C. 8 , 5 0 0  41050 @ 5 wk. 5>5= 
Platelets 220~000 @ 4 wk. 250,- 

-- I 
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FIG. I. Case v. J.C. The pelvis shows extensive involvement by multiple myeloma with biopsy defect and 
pathologic fracture involving the left ilium. The bone lesions showed no progress in the eight months fol- 
lowing treatment. 

histopathologic changes consistent with this 
treatment. Normal tissues that had been sub- 
jected to total body irradiation showed no gross 
or microscopic effects of such irradiation. 

Laboratory data during the treatment period 
showed maximal depression from the 200 r 
dose. 

thirty-five, had suffered a fracture of cervical 
spine in a n  accident three years previously and 
extensive lesions of multiple myeloma were dis- 
covered at that time. A year later the diagnosis 
was confirmed by biopsy. Except for a gradual 
weight loss of 45 pounds, the patient remained 
well, subjectively, until four months before ad- 

Hb. 
R.B.C. 
W.B.C. 
Platelets 

Initial L O W  Find (7 wk.) 
12.5 gm. 8.7 gm. @ 3 wk. 8 . 9  gm. 

II , o o o  2,600 @ 3 wk. 5,200 

150, -  50,000 @ 5 wk- 92 9- 

4,000,- 2,700,- Q 3 wk. 2,800,000 

The differential white blood cell count at  mission. From this time he was confined to bed 
three weeks showed an increase in lyrnpho- by severe back pain and increasing weakness. 
cytes but the absolute lymphocyte count re- Roentgenograms showed compression fractures 
mained approximately constant. of several vertebral bodies and he was trans- 

ferred to the hospital on a Stricker frame. On 
July 22, 1953, he received 200 r (skin dose) CASE v. J.C. (AX-5284) A white male, aged 

-- . 
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total body irradiation (250 kv., half-value 
layer 2.3 mm. Cu, target skin distance 400 
cm.). Immediately after treatment he vomited 
once without nausea. He ate his noon day meal 
two hours later and had no further reaction. 
Pain relief was evident the day following treat- 
ment, and by the third day appetite was im- 

proved. On Aug. 13, 1953, a second dose of 200 
r, under the same conditions 'as the  first, was 
administered. This time there was no nausea or 
vomiting and there were no new complaints. 
One week later he was completely relieved of 
back pain and was up and about the ward 
voluntarily. His on12 complaint was of pain in 
feet and ankles. There were no roentgen 
changes evident in the bones of this area and 
the pain apparently was due to ambulation 
after five months in bed. He received five trans- 
fusions of 5 0 0  cc. each during September and 
\vas then discharged home. He has received no 
further treatment and now talks hopefully of 
returning to  work (Fig. I ) .  

Laboratory data during this period were as 
follows: 

Inrtraf 
Hb. 8 . 3  gm. 
K.B.C. 3,800,- 
\T B.C. 6 , m  
Platelets 295 7- 
Iron turnover half time 0.5 hr. 

The differential white cell count a t  five weeks 
showed a doubling in the percentage of lympho- 
cytes. 

For both radiation therapy and chemo- 
therapy, the ultimate effects are mediated 
by intracellular chemical changes. For this 
reason the two may be compared on terms 
of tolerance of the individual response of 
the disease, and factors governing their 
role in application. 

Tolerance to  radiation does not lend it- 
self to ready measurement. In  Court 
Brown's3 series of 60 patients, he was able 
to  define three phases of radiation sickness: 
( I )  the latent period extending from the 
time of treatment to  the onset of symp- 
toms; (2) a period of acute disturbance last- 
ing from one and one-half to  four hours 
after the onset of symptoms; (3) recovery 
period extending as long as four or five 

days. The  length of the latent period was 
inversely proportional to the period of 
acute symptoms and was used as an index 
of severity of reaction. In  the patients pre- 
sented here, a pattern of symptoms was 
not apparent; nausea and vomiting were in- 
constant and their condition before treat- 
ment was such as to  mask any minor degree 
of weakness or lethargy. From a sympto- 
matic point of view, the reaction to  single 
doses up  to  200 r was less than would be 
anticipated with conventional doses of 
nitrogen mustard, and the hematopoietic 
depression was acceptable as compared 
with this agent. 

The  response of the patients' disease can 
only be considered as indicative tha t  total 
body irradiation in single doses up  to  200 r 
has therapeutic possibilities. The  tolerated 
dose is beyond that  necessary or desirable 
for leukemia but is in the effective range 
for lymphosarcoma and multiple myeloma. 

L O W  Finaf (8 mo.) 
I I .o grn. 

3,200,000 

6.0 gm. @ 5 wk. 
I , ~ ~ , o o o  @ 5 wk. 

gjo @, 5 wk. 8,250 
13,000 @ 6 wk. 210,000 
I .o hr. @ 3 wk. 0.8 hr. 

The patient who received 200 r on two occa- 
sions in three weeks had a clinical response 
that  could be described as impressive. 

No agent currently in use for treatment 
of generalized cancer is offered with intent 
to cure. Even increased survival as a result 
of therapy is difficult t o  confirm. Under 
these circumstances the principal benefit 
of treatment is early relief of signs and 
symptoms and this benefit may be miti- 
gated by the severity of side effects of treat- 
ment, prolongation of treatment or delayed 
response t o  treatment. I n  all these respects, 
the administration of single doses of total 
body irradiation has some advantage, 

There is an additional advantage in the 
matter of dose. Prescription of radiation 
dose is unique in i ts  precision. It is possible 
under controlled conditions to deliver a 
desired amount to any tissue or to calcu- 
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late what has been delivered to  any site. To  
relate dose and effect, it is desirable to  de- 
termine dose at  the site where effect is pro- 
duced, so that  a given result can be re- 
peated or modified. Prescription of dose 
of pharmaceutical agents is usually on the 
basis of body weight, administered intra- 
venouslv, orally, or intramuscularly. I n  
the processes of absorption, dilution and 
transportation, the amount of the agent 
finally producing an intracellular chemical 
effect must be subject to  wide and unpre- 
dictable variations. If the clinically effec- 
tlve dose closely approaches the tolerance 
dose, it is desirabk to  have knowledge and 
control of the amount of concentration of 
;in agent at  the cellular level where its 
effect is exerted. 

SUMMARY 

Total body irradiation in a single expo- 
sure up to 200 roentgens of 2 5 0  kilovolt 
roentgen rays may be safely administered 
to patients with generalized cancer. Con- 
sidered as one form of systemic therapy 
rather than as an alternative or competi- 
tive methn,? of treatment, total body ir- 
radiation irk.doses of this order is a useful 
addition to  the management of advanced 
cancer. 

Vincent P. Collins, M.D. 
1200 M.D. Anderson Blvd. 
Houston, Texas 
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