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in Humens 

Purpose of Study: 

Tbe goa l  of t h i s  s tudy i s  t o  t e s t  t h e  hyp‘othesis t h a t  

t o t a l  body i r r a d i a t i o n  foliowed bj i n fus ion  of s to red  autologous 

marrow is ei‘fective p a l l i a t i v e  therapjr f o r  me tas t i c  malignancy 

i n  human beings.  

p a l l i a t i o n  by o the r s  (1,4,5,6) but t h e  dose used hss been 

limited to less than  200 R because of t h e  bone marrow depression 

which follows l a r g e  doses of r a d i a t i o n .  

Total body i r r z d i a t i o n  has been used f o r  

A coinbination of t o t a l  body r a d i a t i o n  and in fus ion  of 

autologous bone =arrow nay make it poss ib l e  t o  use  l a r g e r  doses of 

t o t a l  body r a d i a t i o n .  E f fec t ive  t o t a l  body r a d i a t i o n  therapy  

without t h e  heinatologic no rb id i ty  would be t h e  most innocuous 

* .  

and l e a s t  d i s tu rb ing  form of therzpy a v a i l a b l e  for t h e  p a l l i a t i o n  

of p a t i e n t s  who have extensive neoplasm. P a t i e n t s  given t h i s  

t ype  OP tretrtmcnt have less morbidity from t h e i r  therapy  than  

comparable patients given 5- f lurourac i l  or  many o t h e r  cheao- 

I -4 

t h e r a p e u t i c  agents. 

It is also planned t o  i n v e s t i g a t e  techniques of 

marrow storage and t o  eva lua te  t h e  optimum t i n e s  f o r  s to rage  

and infusicn. Sl r i ce  wc have alrendy s u c c e ~ s f u l l y  separated 

v i a b l e  peripheral blood lymphocytes from po lporphonuc lea r s ,  

in t h e  f k t u r e  we expect t o  be ab lc  t o  sepa rz t c  bone marrow c e l l s .  



U i t k a t e i y ,  by t i s s u e  c u l t u r e  techniques,  we in tend  t o  grow 

r e l e t i v e l y  pure c u l t u r e s  of  "sten: c e l l s "  from t h e  f r a c t i o n a t e d  

marrow. Intravenous in fus ion  of a few n i l l i l i t e r s  of mul t i -  

p o t e n t i a l  " s t a  cells" should repopula te  t h e  marrow space as 

w e l l  6is 600 nl. of t h e  crude marrow c e i l  suspension used a t  t h i s  

time. 

According t o  Pegg( l )  "Autologous narrow a s p i r a t i o n  

and s t o r a g e  nay be considered a wise precaut ion when new drugs 

and t rea tment  schedules a r e  being explored; it may then  be 

poss ib l e  t o  t r e a t  t h e  occas iona l  uncxpectly severe hemopoietic 

depression more e f f e c t i v e l y .  Kathe(2) has .demonstrated i n  one 

p a t i e n t  t h a t  af ter  800 rzd t o t a l  body i r r a d i a t i o n ,  preceded by 

k days ads l in i s t r z t ion  of methyl-nitro-imidazolyhercaptopurir:e, 

a success fu l  t a k e  of homologous marrow occurred.  

It has a l rea6y  been proved t h a t  intravenous adminis t ra t ion  

of b0Ee marrow c e l l s  w i l l  repopulate  t h e  marrow space i n  mice ( lg ) ,  

marrow c e l l s  prevented death after an otherwise l e t h a l  dose 

of r a d i a t i o n .  It is not  poss ib l e  t o  apply t h i s  information 
- .  

d i r e c t l y  t o  human beings because of t h e  variGble response 

of d i f f e r e n t  spec ie s .  We, and others(2L) have es t ab l i shed  

-- i n  vitro v i a b i l i t y  of bore marrow c e l l s  stored. a t  -8ooc f o r  as 



lczc as one year .  

humn beings whcrc marrow t r anzp lcn t  has been attempted d id  

not  i avo lvc  t o t a l  body ra i i ia t ion  o r  adcquatc doses of radio-  

n iae t ic  chemotherapy. 

i n  hurr.ans t h e  e f f ec t ivcness  of marrow i n  repopula t ing  t h e  marrow 

space folLoxing t o t a l  body r a d i a t i o n  and t o  proceed with 

d s v e l o p e n t a l  techniques end r e f incnen t s  o f  marrow in fus ion .  

I n  t h e  management of  p z t i c n t s  with malignancy who are t o  

r e c e i v e  myelotoxic agents  o r  of p a t i e n t s  who ir,cur nci*row 

i n j u r y  i n  o t h e r  ways ( e .g . ,  warfare, nuc lear  acciderit o r  

exposure i n  space)  t h e  a v a i l a b i l i t y  of s t o r e d  autologous mai-row 

may well be l i f e  saving.  

fio-gcvcr, aln;ost a11 ir. vivo s t u d i e s  i n  

Therefore ,  it i s  necessary t o  t e s t  

- 

Proposed 3roceZures : 

Five groups of p a t i e n t s  w i l l  be inves t iga t ed .  Three 

g r o u p  o f  p a t i e n t s  w i l l  r ece ive  o r  w i l l  have rece ived  150 

-200 rac! t c te l  b d y  i r r a d i a t i o n  es t r e a t c e n t  f o r  n e t a s t a t i c  

zal ignancy.  

who have a l r eady  been i r r a d i a t e d  a t  t h e  150-200 r a d  dose 

leve l  and d i d  not  r e c e i v e  bone marrow infus ion .  

group CGroup 11) w i l l  be given f i l t e r e d *  autologous bone 

marrow t w o  weeks after i r r a d i a t i o n .  

The f i r s t - g r o u p  (Group I) vi11 inc lude  p a t i e n t s  

A second 
, 

The third group 



, 

of p a t i e n t s  (Group 111) w i l l  be t r e a t e d  with 150-200 r a d  

t o t a l  body i r r a d i a t i o n ,  followed by infus ion  throuzh f i l t e r s #  

o f  t h e i r  p rev ious ly  s t o r e d  marrow on t h e  second dey a f t e r  

i r r a d i a t i o n .  

The Group I11 p a t i e n t s  w i l l  t e s t  t h e  hypothesis  

t h a t  bone marrow "take" is best obtained e a r l y  a f t e r  

r c d i a t i o n  when p r e s u a b l y  t h e  marrow space i s  r e l a t i i  

empty ana can accept  vizble c e l l s  more reai t i ly(31,  

3 

P a t i e n t s  s e l e c t e d  f o r  Groups I1 and I11 w i l l  be those  

who ere t o  r ece ive  t o t e l  body i r r a d i s t i o n  i n  t h e  treatinent 

of m e t a s t a t i c  malignancy f r o a  var ious  p r ina ry  s i t e s ,  excluding 

neoplasms which are t r e e t c d  by i n t e r n a l  r a d i a t i o n ,  e .&. ,  

carcinoza of t h e  thy ro id .  

vz lues  and nay have received l o c z l  rad ia t ior ,  previoksly. 

They w i l l  have sta5le hematologic 

P a t i e c t s  w i l l  be t r e a t e d  wi th  150-200 r e d  (midline absorbed 

t i ssue  dose) of t o t a l  body i r r a d i a t i o n  a t  M exposure dose 

r a t e  of 4 - 6 ~ / n i n .  from a Cobalt 6 C  source.  T i i s  dose of 

a The mtirrow w i l l  be infused intrzvcxiously wi th  f i l t r a t i o n  
through succcss ive  150, #lo0 and $200 nesh f i l t e r s  
[corresponding t o  openings of 297, 149 and 74 microns).  
F i l te rs  and t ub ing  w i l l  be s tc r i lc  and 2yrogen f r e e .  

I n i t i a l l y ,  all marrow w i l l  be infused throuch t h e  f i l t e rs .  
If the f i l t e r e d  nar rov  does not  repopiLatc  t h e  marrow 

. space, then  u n f i l t e r e d  narrow w i l l  be infused  t o  dc t e r -  - 
minc whether f i l t r a t i o n  W&S t h e  reason t h e  in fus ion  was 
not  e f f e c t  ivc  . 



. -  

r a d i a t i o n  approxinntes t h e  the rapeu t i c  an2 hematologic e f f c c t s  

of  0.4-0.6 m i l 1 i C r n r r . s  of n i t rogcn  mstard  per  kilograii  body 

weight (1, 4, 5 ,  6). 

Complete blood counts including hemoglobin, hematocr i t ,  

e ry throcyte  count,  leucocyte count,  p l a t e l e t  count ,  r c t i c u l o c y t e  

count,  d i f f e r e n t i a l  sinears and c e l l  i nd ices  w i l l  be obtained 

t h r e e  t o  f i v e  t imes i c  t h e  f i v e  Eo four teen  dsys p r e - i r r a d i a t i o n  

per iod  end 1,-2, 3 ,  6,  9 ,  1 2 ,  e t c .  days a f t e r  i r r a d i a t i o n  

eccordicg t o  t h e  s tandard t e s t  days of Thoma and Wald(7). 

Addit ional  counts w i l l  be obtained 2s c l i n i c a l l y  ind ica t ed .  

I n  Grou2 11, bone marrow specimens f o r  cy to logic  and 

pathologic  e x m i n a t i o n  will be o b t a i m d  fron; t h e  s t e r n u  

and a n t e r i o r  i l ium p r i o r  t o  i r r a d i a t i o n ,  t h e  day of infus ion  

( p r i o r  t o  i n f c s i o n ) ,  ad. at weekly i n i e r v e l s  a f t e r  in fus ion .  

I n  Group 111, bone Oiarrow specimens f o r  cy to logic  and phthologic 

examination w i l l  be obteined from t h e  sternum and a n t e r i o r  

i l i u m  p r i o r  t o  i r r a d i a t i o n ,  two days a f t e r  i r r a d i a t i o n  ( p r i o r  

t o  in fus ion ) ,  and a t  weekly i n t e r v a l s  a f t e r  in fus ion .  

Bone marrow from t h e  p o s t e r i o r  i l i u m  w i l l  be s t o r e 2  

during t h e  week p r i o r  t o  i r r a d i a t i o n  by t h e  method of E ~ n i c k ( ~ ~ 9 ) .  

The; bone marrow w i l l  be cu l tu red  for s t e r i l i t y  pr ior  t o  

f reez ing .  

by trypan blue exclusion i n i t i a l l y ( 8 ) ,  b u t  tests u t i l i z i n g  

t i s s u e  culture(10), DKA synthesis‘”), a d  a c r i d i n e  orange(l*) 

a r e  being developed. 

- 
I n  v i t r o  v i a b i l i t y  of t h e  marrow w i l l  be  es t imated 



it i s  edviszble  t o  have 16 sub jec t s  i n  Groups I1 and I11 r e spec t ive ly .  

The da ta  from t h e s e  t h r e e  groups of p a t i e n t s  w i l l  b e  conpared 

with data obtained from p a t i e n t s  with sirrilar neoplasms who have 

been unt rea ted  (Group I V )  and from F a t i e a t s  who have rece ived  

chemotherapy (Group VI. 

pdred with p a t i e n t s  in Croups I, 11, and I11 according t o  age, 

sex,  r ace ,  type ,  dura t ion  and ex ten t  of neoplasm. 

of this comparison, it w i l l  be poss ib l e  to de te rn ine  t h e  p a l l i a t i v e  

value of t o t a l  body i r r a d i a t i o n  at this dose l e v e l  wi th  and without 

bone marrow infus ion .  

P a t i e n t s  i n  Groups I V  and V w i l l  be  

As a r e s u l t  

Per iphera l  %blood da ta  w i l l  be co:qared t o  those  which we 

have zlre3dy obtained i n  t h e  s ix t een  p a t i e n t s  (Group I )  who hevc. 

bcen i r r a d i a t e d  c;t t h e  sane d x e  l e v e l  but  have not been infuscd .  

Total leucocyte  count has been t h e  n o s t  valuable  v a r i a b l e  i n  a s ses s in3  

h m a t o l o g i c  i n j u r y  following i r r d i a t i o n .  

w i l l  be s tudied  f o r  morphologic evidence of recovery.  

The specinens of  bone marrow . 
All of t h e  s t u d i e s  ou t l ined  f o r  Group XI and Group I11 were 

not  performed on p a t i e n t s  i n  Group I. I d e a l l y ,  a l l  g r o u p  shoul? 

be  run cormnren t ly  but  it would seen: u n j u s t i f i e d  t o  withhold autolotau; 

bone marrow tnerapy i n  p a t i e n t s  exposed t o  t h e s e  doses of r a d i a t i o n  

when Earrow i s  ava i l eb le .  

There w i l l  be & continuous review of t h e  r e s u l t s  as they  are  

being obtained. 

s i p i f i c a n t ,  t h e  s tudy w i l l  be  terminated.  

a d d i t i o n a l  sub jec t s  w i l l  be needed f o r  t h i s  i nves t iga t ion .  Since 

t h e r e  a r e  16 p a t i e n t s  i n  Group I who have a l ready  been i r r a d i z t e d ,  

If it becones obvious t h a t  t h e  r e s u l t s  a r e  s t a t i s t i c a l l y  

A mrxinun of thi r ty- two 



Poten i i  21 hazzrds  : 

( a )  With ariy i r r a d i a t i o n  thcrepy t h e r e  i s  t h e  dongcr 

, 

of r a d i z t i o n  in ju ry .  We have observed cons i s t en t  depression 

of henatoloGic va lues  i n  t h e  c o n t r o l  group. One might wonder 

. why 150-200 r a d  o f  t o t a l  body r a d i a t i o n  i s  s e l e c t e d  as t h e  

t reatment  i n  t h i s  group of  p a t i e n t s .  As Cas been noted ea r l i e r ,  

t h i s  dose range has the rapeu t i c  e f f ec t iveness  equal t o  0.4-0.6 , 

mgx/kilo of ni t roZen mustard. It i s  proposed because an obscrvsble  

the rapeu t i c  e f f e c t  woul? be zn t i c ip t t t ' d .  A t  l5C-200 rad, t h e  

e f f e c t  of marrow reir,f'usion w i l l  be de t ec t ab le .  There a r e  

imFor tmt  a i f f e r c n c e s  between r a d i a t i o n  end reciiocimctic che:iLo- 

t h e r q y  as well  as c e r t a i n  sir;iilarit,ies. 

i s  of inyortance i n  t h i s  study. The nargir. of s a f e t y  sejx,ratiris 

mzrrow d e k h  and l e t h e 1  e f f e c t s  on o t h e r  s y s t e m  i s  srrialler 

with chesothe:-apy t h a a  it i s  wi th  t o t a l  bo2y i r r a d i L t i o a ;  

A p e r t i c u l a r  d i f f e rence  

i. e. , t h e  a,ourAt of chmotherapy t reatment  t o  produce equiva len t  

c h a g e  i n  pe r iphe ra l  blood i s  Pore  hazardoss.  

has no de tec t a3 le  e f f e c t  unless very lerge doses of chemo- 

therapy are used which then  r e s u l t  i n  s i g n i f i c a n t  i n Ju ry  t o  

o t h e r  systems. 

Xarrov in fus ion  

I n  t h i s  s tudy  t n e  prodromzl morbidi ty  (anorexiz ,  nausea, 

vomiting) would srpproximate 60$,  

t h e  dosages t o  be evaluated,  in hman beings bone marrow ii?lasi& 

occurs a t  450 R and " in t ,es t ice l  death" occurs  above 1000 R. 

As t o  m o r t a l i t y  f i g u r e s  at  



k' l thout h o s p i t d  ca re  it i s  f e l t  t h a t  a hunan LD 50 nay 

a ? p o x i n a t c  500 R and with h o s p i t a l  care  about TOO R .  Thcreforc  

t o t a l  body r t id ia t ion  between 450 I? and 1000 R i s  t h e  dose 

where death f r o n  bone marrow c p l e s i a  is  expected. The dcses 

'p roposed  a r e  below t h e s e  l e v e l s .  

When t h e  mean su rv iva l  t i r re  of p a t i e n t s  t r e a t e d  with 

l e s s  t han  100 r ad ,  125 r ad ,  150 r a d ,  and 200 r ad  a r e  conparcd 

t h e r e  i s  no progressive decrease r e l a t e d  t o  dose (Tables I ,  11). 

If t h e  p a t i e n t s  with su rv iva l  t imes of 9 and 10  days a r e  

excluded and the  patLents s t i l l  l i v i n g  a t  t h e  p r s sen t  t i n e  a r e  

included t h e r e  i s  s t i l l  no s i g n i f i c a n t  2 i f f e rence  i n  su rv ivn l  

t ime which can be assoc ik ted  with t h e  i r r a d i a t i o n  as determined 

'by seve ra l  s t a t i s t i c a l  t e s t s .  I n  f a c t  t h e  datu suggests  t h a t  

c t he rapeu t i c  e f f e c t  f r o n  t h e  r a d i a t i o n  therapy has  been obtained. 

TkAe use of autologous ar,d isogeneic  marrow i n  humans 

has been invee t iga ted  by o the r s  (8 ,  9 ,  13, 14). Iber. marrou 

has been infused t o o  ra@ly, ce reb ra l  hc-norrhage, henioglobincaia 

and henoglobinuria have been observed. These hazards have 

not been encomtered  when t h e  rate of i n fus ion  has been 

maintained below 60 drops/r;in. 

There is  disagreement as t o  t h e  need f o r  f i l t r a t i o n .  

Kurnick does not  f e e l  it is necessary a t  tne t ime of in fus ion ;  

Tnonas, Ferrcbee,  and P i l iow( l3 ,  1 4 ,  15) recommend i t s  use  

t o  mininizc t h e  incidence of puixionory eiabolisn. A s e r i e s  of 

f i l t e r s  will be used with t h e  cow opcre t iona l  constant  rn te  

irAisioii  3urr.p. 



I 

To d z t e ,  we have infused u n f i l t e r e d  mr row intravenolisly 

i n  f ive p a t i e n t s .  One p a t i e n t  had hemoglobinuria. Autopsy 

m a t e r i d  from t h r e e  of these  p z t i e n t s  has been s tud ied  by 

D r s .  E. A .  G a l l  and B. Yanaguchi. 

emboli, pulmonary i n f a r c t i o n  o r  o t h e r  d i sease  as a r e s h t  of 

marrow infus ion  was found on microscopic exmina t ion .  

. 
No evidence 'of  pulmonary 

b. All p a t i e n t s  w i l l  be followed ce rc fu l ly  c l i n i c a l l y .  

Bemstological d;ta a r e  accumillatcd st f regucnt  i n t e r v a l s  arid 

all measures t o  con t ro l  i n f e c t l o n  w i l l  be used. They nay 

inc luae  p k s t i c  b a r r i e r  and r eve r se  i s o l a t i o n  i f  needed. 

Prophylact ic  a n t i b i o t i c  therapy will not  be prescr ibed .  

Prevj-onr, vork done iz t h i s  a r ez :  

Ddring t h e  p z s t  f i v e  years  an ongoing s tuzy  of t h e  metabolic 

e f f e c t s  of t o t a l  body i r r a d i a t i o n  has been i n  progress .  

f o r t y  p a t i e n t s  have been t r e e t e d  with 25 t o  200 rzd  t o t a l  body 

i r r a d i s t i o n .  Eighteen G f  t h e  p a t i e n t s  were given 150-200 rad .  

The c l i n i c a l  c o u s e  cf these  p a t i e n t s  has p a r a l l e l e d  t h a t  of 

compzrable p a t i e n t s  t r e a t e d  with o the r  agents.  

from twenty-three p a t i e n t s  has been s to red ;  it has been infused 

intravenously i n  f i v e .  I 

To da te ,  

Bone marrow 

Marked heniatologic depression occurred i n  all eighteen 

p a t i e n t s  who received more than  125 r ad  t o t a l  body r a d i a t i o n .  

Thcre vas a t o t a l  leucocyte  count depression below 2000 \JBC/nn3 



, 
. .  

. .  

ai?d p l a t e l e t  cour t  depression 25-40 days n f t c r  i r r z d i o t i o n .  
I 

The nean nininun leucocfie  c o m t  of previously unt rco tcd  pat icf i ts  

who rece ived  150 rad  t o t a l  bo2.y r a d i a t i o n  only was 1264 2 U L O ,  

and Vas 1140 2 816 when t h e r c  had been previous therapy.  

n a d i r  D f  t h e  leucocyte  couats of  p a t i e n t s  who rece ived  200 r ad  

The * 

was 983 t 369. 

A conparison of t h e  henritologic changes i n  p a t i e n t s  

r e c e i v i n z  p a r t i a l  body i r r a d i a t i o n  with those  who rece ived  

t o t a l  body i r r a d i a t i o n  revealed a pauci ty  of change i n  t h e  

t o t a l  mC, p l a t e l e t s ,  and hematocrit  evcn when t h e  p a t i e n t  

rece ived  =ore than  200 r ed  p a r t i a l  body r a d i a t i o n .  I n  two 

of t h e  t e n  p z t i e n t s  who were given p a r t i a l  body i r r a d i a t i o c ,  

lymphopenia d id  not  occur u n t i l  48 o r  72 hours a f t e r  exposure. 

Infus ion  of s t o r e d  autologous bone marrow has been 

completed i n  f i v e  p a t i e n t s .  

without  f i l ~ r a t i o n ( 1 3 ) .  

The marrow was infused intravenously 

I n  orre p a t i e n t  t h e  response suggcs+,ed 

marrov s p c e  r e p o p l e t  ion.  

Chromosome s t u d i e s  have been pe r fomed  i n  t h e s e  p z t i e n t s .  

I n  four p a t i e n t s  who were st t lc ied i n  e e t a i l ,  endoredupl icat ion 

has beea seen with increased  incidence i n  t h e  p e r i p h e r a l  blood 

chromsome This  observat ion nay be as soc ia t ed  

wi th  malignancy b u t  was increased  fol lowing t o t a l  body i r r c d i n t i o n .  

As on outgrowth of t h c  expericnce with e n d o r e h p l i c a t i o n ,  t h e  

ques t ion  os t o  vhe ther  t h e  maliEnant c e l l  was t h e  one which 

n i g h t  be undergoing cndorcduplicntlon was consibcred. Therefore ,  

I 



a nethod of  c e l l  separa t ion  u t i l i z i n g  a F i c o l l  g rad ien t  and 

u l t r R c e n t r i f i g a t i o n  was uridertcker.. Fr iedran ,  e t . a l .  , have 

r epor t ed  edequate sepzra t ion  of lyzphocytcs from graniLocytes.  

Chromosor,e c u l t u r e  technio_ues following t h i s  c e l l  s epa ra t ion  . .  
' hzve revea led  oe taphascs( l7) .  

Another f a c e t  of considerzble  i n t e r e s t  i n  patients 

receivinG larGe doses of t o t a l  body i r r a d i a t i o n  hes been t h e  

quest ion of bmuno1ogi.c r e s o n s e .  I n  coo2eration with A .  J. 

Luzzio, s t u d i e s  of serum obtained fron p a t i e n t s  before  m d  a f t e r  

t o t a l  b o Q  i r r a d i E t i o n  have been perforned. Tnese datu. suggest 

an a l t e r a t i o n  i n  t h e  a n t i g e n i c i t y  of hurcm serum garsma giobulir .  

as a r e s u l t  of i n  vivo i r r a d i a t i o n ( l 8 ) .  -- 

Method t o  be use2 i n  procurlng corxent or' sub jec t s  above: 

Consent f o r z s ,  as a t tached ,  have been used s i n c e  Kay 1, 1965. * 
These f o m s  a r e  signed only a f t e r  t h e  p a t i e n t  has beer. advised 

of t h e  research zcd s t cey  aspec t  of t h e  procedures t o  be  used. 

The p a t l e c t s  are t o l d  t h i s  i s  a form of  therapy but  t h a t  b e n e f i t s  

cannot be  guerznteed. 

ca t ions  , inc3.udicg t h e  p o s s i b i l i t y  of pulmonary i n f a r c t  following 

They a r c  advised of  t h e  poss ib l e  corngli- 

marrow infusior. .  

t reatment  f o r  p a t i e n t s  with an u l t ima te ly  f a t z l  d i sease ,  it 

i s  only co r rec t  t o  i n d i c a t e  t h e  p o s s i b i l i t y  of the rapeu t i c  

admntages.  

t h a t  a l l  precauti0r.s t o  p r w m t  untoward r e s u l t s  w i l l  be t a k e n .  

Since t o t a l  bod j  r a d i i t i o n  i s  another  mode of 

All p a t i e n t s  a r e  informed t h a t  a r i s k  e x i s t s ,  bu t  



G x e r a l  Remarks : 

b:zny s t u d i e s  have been ca r r i ed  out  i n  animals  r e p r d i R g  

t h e  p r o t e c t i v e  e f f e c t  of 

They a r e  w e l l  s u m a r i z c d  

book. 

"The p o s s i b i l i t y  of 

bone carrow fol lowinc r a d i a t i o n .  

i n ' t h e s e  paregrzphs from Pegg's . 
pro tec t ing  mice and guinea pigs 

w i t h  a l l ogen ic  haenopoietic c e l l s  'was first  derons t ra tcd  by 

Lorenz aria Coc~don CLorenz , e t .  a l .  , 19.52; Congdon , e t .  al. , 1952). 

Simi lar  results have been obtLine2. i n  r z b b i t s  ( E i l f i n g e r ,  e t .  a l .  , 

1953; P o r t e r ,  195T~; Por t e r  and Murray, 1958; Eupka, et.al., 

1961); rats (Gorizontov, e t . e l . ,  1963) and,  a f t e r  sone i n i t i a l  

failures (Weston. 1958; Rothberk and Akeroyd, 19ji3), success fu l  

p ro t ec t ion  has a l s G  been obtained i n  t h e  monkey (Crouch and 

Overman, 1957) ; (Overman, 1958) .  

many f a i l u r e s  i n  i r r a d i a t e d  dogs ( P o r t e r  and Couch, 1959; 

S techer  ar.d Sul l ivan ,  1959; Alper, and Earn, 1958; h z a ,  e t . n l . ,  

1961; JorZan, e t  .ala 

nore  c lose ly  r e l a t e d  Cogs have reportei i  =ore s u c c e s s p d  alloGcnic 

p ro tec t ion  (Ferrebee,  e t . a l . ,  1958; Thomas, et .a l . ,  1958; 

Thomss, et.al.,  1959). Others have s i n c e  conf'imcd t h e s e  

f ind ings  (Trumbull, e t .  al. , 1963; Wincliell , ct . a l .  , 1963). " 

, 

Simi la r ly ,  t h e r e  have been 

1961) but  t h e  Cooperstom group us ing  

"The survival of i r r a d i a t e d r n i c e  infused with guipea 

p i e  masrow WGS reportea by Cocgdon, e t .a l . ,  1952, but o t h e r s  

have been unable t o  co.2finn this (Bcrnes and Lout i t ,  195ba). 



n lncre is ,  howcvcr, widc agrecxcnt t h a t  rat bone marrow w i l l  

p r o t e c t  t h e  i r r a d i c t e d  aouse (Vos , e t .  al. , 1956; Nowell, e t .  31. , 

1956; ami Cengozian end P!akinoean, 1957) . I' 
As was i nd ica t ed  under t h e  "Purpose of t h i s  studjr," 

it i s  most important t h a t  rncthods o f g r o t e c t i n g  aEainst  t h e  

undes i r s3 l e  e f f e c t s  of  t he rapeu t i c  e f for t s - - rad i&t ion  o r  &her 

cy to tox ic  agents--be developed. Since hematologic depression 

is  one cjf t h e  e s r l i e s t  l i z i t i c g  b i o l o c i c  responses t o  such' 

trcZtn;ent,  it is t h e  f irst  f o r  which p r o t e c t i v e  methods mst  

be developed. 

marrow i s  t h e  ss fcs i  p ro tec t ive  technique t o  be used i n i t i a l l y .  

T n i s  s t u d y  i s  proposed as 2 coat inust ior ,  of t h e  work c i t e d  

fo r  t h e  followir?r, _DuryDses : 

Sased on 2 2 i i ~ ~ l  work, it woul2 seem t h a t  autologous 

1. To evalua te  t h e  role of t o t a l  bo2y r a d i a t i o n  and 

actologous boric marrow i n  t h e  t reatment  of ex tens ive  

neoplasms. 

2. To eve lunte  bone xarrow t r ans fus ion  i n  t h e  t reatment  

of bone narrow depression f r o x  chezothera2y. 

To determine wneiher s t o r e d  ciutolozous bone marrow 

therapy  may p lay  a r o l e  i n  t rea tment  of bone marrow 

depression following acute  r a d i a t i o n  exposure i n  

warfare o r  occupat ionnl ly  induced acc idents .  

3. 

This work is considered t o  be of v i ta l  importncce not  

only Tor improving t h e  s u r v i v a l  of p a t i e n t s  with far  advanced 

cancer  but f o r  t h e  s w v i v a l  of t h e  c i t i z e n s  of t h i s  na t ion  i n  

t h e  event of nuc lear  w&rfare or a major pcrrcet?'.me r a a j n t i o n  

acc iden t .  # 
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. .  
TABLE I 

Survival time in days 

Dose (50 r a d  

9 

73 

80 

113 

k38 

740 

L'C 

100 rad 

32 

150 rad 

10 

200 rad 

' a  
28 

36 49 - 25 

85 30 

91 32 

121 33 

54 197 

200 74 

239 

324 

446 

646 

151 

262 

270 

592 

830 

L 

L 

"Living 
/ '  

/ 



TIWLE II 

SbWIVAL TIlbS OF PATIESTS TRUTED \?IT5 TOTAL 

BODY RADIATIO2” 

I .  

Dose 50 rad 100 rad. 150 rad 200 rsd 

N 6 12 12 6 

Mean 21;2 257 197 - 348 

Me di an 96 198 61; 246 

”Excludes pat ien ts  living at t h i s  tine 

, 


