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Mr. Boward L. Rosenberg, 
1401 16th Street, N.W: 
Washington, D. C. 20036 

i 

DearMr. Rooenberg: 

Please accept this letter h response to your Freedom of Infor- 
mation Act  ( V O I A " )  request of August  24, 1981, which was deemed 
to have been received by the Oak Ridge Operations Freedom of 
Znformation Officer as of September 3 ,  1981. Your request w i l l  
be answered using the same nunbering system as the request. 

Items 1) through 3) are available through the  National Technical 
Information Service, Spr-field,  V i r g i n i a  22151. Since thPsa 
documents are publicly available, they are not within the pur- 
view of the FOIA. 

In response to iten 4), the requested medical records are exenpt 
f r o m  uisclosure under the (b) (6) exemption for "personnel and 
medical files aua sinilar files the disclosure of which would 
constitute a clearly unwarranted invasion of personal privacy." 
Your saggestion that "identifying names" be excised would be a 
ueless exercise since the medical records pertain to only t w o  
people, whose identity you have surnised. Since one of the 
individuals to whom f5m records pertain has requested the records, 
w i t h  your apparent assistance, you nay wish to gain access to the 
records from that person when the records are furnished in the 
neax future. 

W i t h  regard to itam 51, there is no responsive document in exist- 
ence. Enclosed you will find a copy of a protocol fo r  the hanuno- 
therapy of acute leukemia dated July 11, 1967 (later in t h e  than 
the referenced article). While both the enclosed protocol and 
the article referenced in itam 4) refer to a preexisting protocol 
for hunotherapy of acute leukemia, no such document has been 
located. It appears that either the prior protocol did not exist 
in written form, or it was disposed of in the  Government's (inclua 
ing its contractor, O W )  files after issuance of tha draft amend- 
ment. The medical treatment program for the subject of the articl 
is a part of the medical Z8COrdSr which are exempt from disclosure 
as discussed above. 

I 
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With regard to i t e m  6 1 ,  there is no responsive document. The 
ORAU/ORNL Committee on Human Studies had not been formed prior 
to the case to which you refer. 

W i t h  regard to i t e m  7), there is no responsive document. There 
was no "protocol," but a treatment decision, based on the faata 
of the particular patient, presaribed by the radiologist and 
authorized by the staff physician Ln charge of the patient. 

Xn response to item 8),-the requested documents are a p u t  of 
the pat i ent ' s  medical records and are, therefore, exempt from 
disclosure under the (b) ( 6 )  exemption, discussed earlier herein. 

Addressing what you perceiva as our inconsistency i n  our FOIA 
responses of March 5, 1981, and July 28, 1981, w i t h  regard to 
"prOtoC018#" wb believe the confusion resulted from eemantfc 
differences i n  terminology, and our interpreting your request 
from a greater bas8 of knowledge than that from which thr request 
was fomulated. 
thought you had asked. By way of illustration, your February 13, 
1981, request asked for: "c) Protocols issued f o r  LETBI/METBI 
studies, including those issued for reviewed (sic) by the Human 
Use Comaittee. (Therapy protocols)." We responded that the 
act iv i t ies  we thought you m e a n t  by "LETBI/NITBI studies" were 
therapy programs, individualized treatment procedures, specifi- 
cal ly  developed and prescribed by the patient's treating phy- 
sicians, and did not involve "protocols," since they were not 
experiments. Your July 10, 1981, request, on the other hand, 
based on the list of research projects w e  furnished you in our 
response of March 5, requested "copies of the protocols sub- 
mitted [under proposals to the ORAU/ORNL Committee on kiuman 
Studies]." 
we do not consider to be what we understood you to mean by the 
phrase "therapy ~ ~ O ~ O C O ~ S , ~  which do not exist outside the 
individual patients'  record8. Even under the protocols sub- 
mit ted to the Committee, individual treatment programs ware 
specifically developed and prescribed. Patients included in 
the particular study, and the particular method o f  treatment 
being investigated, would be within the boundaries of tho pro- 
tocol. There waa no attempt to keep documents from you, just 
a good faith misinterpretation based on different understandings 
of the descriptive language being used. W e  suggest that great 
reliance not be placed on the term "protocol," because it ha8 
several meanings, it may be developed before a study or after 
results have been Obtained, and it may be written or not.  

The result was that we answered the question we 

We responded with copies of such protocols, which 

W i t h  regard to protocols submitted to the Committee prior to 1969 
related to radiation therapy and i I n m U n O t h O r a & y ,  the C o d t t e e  
was established in April 1967, so there w e r e  no submissions prior 
to that  tine. You have been furnished all protocols submitted 
to the Committee from its inception i n  r967 that dealt.with radia- 
tion therapy/treatmont involving total body. irradiatiad, which 

.. c 
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w e  understood to be your area of interest. 
for the first the, raises the question of "immunotherapy" studier 
To keep the record straight, and avoid confuofon of the sort m 
have experienced over "protoaols," our rssporr8es hor boon l i m i t e d  
to radiation therapy/trea+mant involving t o t a l  body irradiation. 
W e  have not fwcni8hed protocol8 for innnunotherapy or radiation 
therapy/trsatmant studias presented to tho colapaittea not involv- 
ing total body irradiation, if such protocols exist. All 
protocole/proposals submitted to the Committee involving total 
body irradiation have &an d d t t e d  to you. The enalosad protocol 
for the immunotherapy of acute leukemia is  the only known protocol 
submitted to the Committee on the topic. I t w . 8  not furnished 
to you previously beoauoe it doe13 not involve total body frra- 
diation. 
"written final plan,. wo found PO later dacuarsnt 011 tha tag&. 

Your latest request, 

While the docupwrat indicates aa intent to dembp a 

I, as the Authorizing Official,-Oak Ridge Operations, havehdeter- 
mir.ril that your reqwst should be dmied with regard to i t e m s  4# 
and 8 )  pursuant to exemption (b) (6) My position title is 
Assistant Xanager for Administration. 

DOE'S regulations provide that a denial of recozd8, in whole or 
in part, or a determination that a record does not exist, may be 
appealed to DOE'S Office of Hearings and Appeals by writing the 
Director, O f f i c e  of Iiearings and Appeal8, Department of Energy, 
2000 PI Street, N . W . ,  Washington, D.C. 20461, within 30 days 
from your receipt of this letter. Both the envelope and letter 
must be clearly marked "Freedom of Information Appeal." 
tional requirements of an appeal are set  forth in 10 CFR Part 
1004.8(b) 
determination either in the district in which you reside or have 
a principal place of business, or in which the records are situate 
or 'in the D i s t r i c t  of Columbia. 

Addi- 

Judicial review will be available after the appeal 

There is no charge associated with this response. 

Sincerely, 

I 

c cc-1o:m 
c 

Original Signed by 
W. T. Hamstead 
W. T. Hamstead 
A i d a t a n t  Manager 

for Administration 
Autkriz ing  Official 

c_ - Gnclosuxe t 

a" bcc w/o enc: Wayne Range, M--4 

A8 etated c 

I -1 
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Under t h e  provisions of t h e  Freedon! o f  In fo rma t ion  . h . c t t  $ U . S . C .  522, 
I am reou+st i r . l ;  a c c e s s  t c  + h e  following r e m  

Oi3AlI Resea rch  t i e p o r t  123 o f  1973, 
0rt~L f iesearch  R e p o r t  o f  1969. 
L3AI.l 3 e s e a r c h  i i epor t  o f  1966. 

immunol.ogic ayproach used i n  t h e  t r e a t m e n t  of acu te  leukemia 
A i l  medical records  of t h e  case  p e r t a i n i n g  t o  an experimental 

by Drs. C.I.. Edwards  et.al. T h i s  c a s e  was w r i t t e n  up by thosc 
.> .=en t l e r . en  1 : n d r r  t h e  t i t l e  I* T~..ni~r!flt.k:~-ra;?y cf Cancer  and 
Irnmnctcompetent Ce3 ls," and I-iihlishFd i n  L x n e r i m e n t a l  (1966) 
h'erTlatn!cr by i <.At! ,  I would  l i k e  t h q  rped-I?=%5ZF= of  t h a t  

j c 3 s e  wd!U.? i d e n t j  f 'y ing  ,?;:ms evcisei4 o ?  C T I ; T S P ,  tn sccordar ,  h 

~3 . ' 5 )  T i  e t h e r a p e u t i c  p r o t o c o l  duvi : ;zd  fer t5E: s f o r e m e n t i o n e d  
LL -.. -x - r q s e ,  ( n o t e  $ 4 )  - - r _ i )  14 .c  2 : ' :  1ic::Lit;r; ? o r  r.be L;:;F! of t!Iii-.+T!s r s  e x ; , e r i c Z n t a l  s u b j e c t s  

L. a3 F! orl! - r ?(-I tn t ,k? LAAI: /C?NL C c r w i t t e e  on k:.ir,ar? i t u d i e s  c r i o r  tc, 

.J I .  

.- f * ,  - .  --!.~itf; :.he I - r i v a c y  AC:. 
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c Mr. iioward L, Rosaaberg 
1401 16th S t r e e t ,  NmWm 
Wasfiington, D. C, 20036 

Dear Mr- Rosenberg: 

In response to your letter of August 28, 1981, I am aware of no 
statute or regulation that requires GoverMsent employees to 
answer "interrogatives" in a non-litigation situation, 
therefore, that future requests f o r  infomation be restricted to 
a procedure you are f u l l y  familiar with, the Freedom of Infor- 
mation Act. 

I suggest, 

Since your lpost recent F O U  request (August 24, 1981) raisos 
the same question of protocols as your interrogatives, that 
matter will be addressed in the agency's formal FOIA response. 
I previously furnished you information on OmU-123, the other 
rzitter raised by your letter of August 4 .  I f ind,  therefore, 
nothing mare to which I need respond. 

cc-1o:JLF 

%#?!f&eh BY 
J a m  L Foukh 
James L. Foutch 
Deputy Chief €0-1 
for Legal Services 
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Mr. m$nrd L. Roraabag 
S t a f f  Assaclrte 
JAEK ANOERSOW 
1401 16th S t r e e t ,  H.Y. 
Wlshlngtoa, DC 20036 

M-4 

cc-IO 

This i s  I n  response to your letter o f  kgurt  24 macemi a Freedan o f  
I n f o m t l m  kt raquet  for -la r e c o r d s  o f  Oak Ridge T ssoc ia ted  U n i v e r s i t i e s .  

You requcsW a nalver of fees i n  connectlon wlth the request and we have 
detemlned Mat such a ru iver  1s appmpriate. Accordingly, ywr toquest 
has been deemed to have been racefrd for action as o f  Septersbv 3,  19131, 
and I t  Is under consideration by the Authorizing Olffcial far Oak Rldgc 
Gpeta t ions. 

Ae d l 1  noti fy  you should i t  appepr that we will be unable to  respond 
within the IO uorklng days pnwtded by Deparhent regulations. 

SI ncerel y , 

\ 

Uayne iianje 
Freedm o f  Infomation Wficcr 

-Chief Counsel, CC-IO 
W .  R. Bibb, Research Dfvlsion 

H-4:URANGE: kc : 60888:9-4-81 

PERSONNEL- 1 
/ 



;rear br. Foutch:  

7: r e c e i v e d  :,-cur l e t  e r  o f  - u 5 i A F t  2 5 ,  19F1. Y q u r  assun>t ic?  t h z t  

Secause I h a v e  p u b l i s h e d  a s i n E l e  a r t i c l e  on t h e  5:ZTBI/?-’4T91 expe r imen t s  

I am no Icn;Ser i n t e r z s t e a  i n  r e s r o n s e s  t o  my i n t e r r o g a t i v e s  an2 th3. t  

PERSONNEL -’/ 
I I I C  I 8 3  
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Mr. Howard L. Rosenberg 

Washington, Do C 20036 
1401 16th Sweet, NOW. 

DearMr. ROSenberg: 

Your letter of August 4 ,  
this office on August 10. 

. 

August 25, 1981 

r 

T w . L ,  to David Darugh was r d v e d  in 
Because your letter referred back 

to a March 5 ,  198i, FOIA response for which I helped gather 
documents, Mro Darugh forwarded your lettar to ne. 

w h i l e  my response to your letter was in preparation, an advance 
copy of your Mother Jones article was furnished us by a tele- 
vision network interview crew. 
the LETBI/METBI facilities has now been published, I must 
assume that you have obtained all the information you require 
on the subject and that no response to  your August 4 letter 
i s  needed. 

- Since t h e  article dealing with 

If you are still interested in ORAU-123, it is  avai lable  from 
the National Technical Information Service, Springfield, 
Virginia 22151. The cost i s  $ 7 . 5 0 .  

CC-10: JLF 

Sincerely,  
mGIW S4GNrn By 
-LF& 
James Le Foutch 
Deputy Chief Counsel 
for Legal Services 
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MEMORANDUM 

PROTOCOL FOR THE -Y ' 1  OF A C U "  I . E I I K F q f A  
SUBJECT 

Af ter  OUT discussion ui th  DT. Peter Aloxsnder, it u88 f e l t  
that our protocol for the-immunotherapy of acute leuksni8 
should be amended. Enclosed is a revision o f  the protocol 
which incorporates soma of these changes that  were proposed. 

Please feel free to make m y  further amendments. I f  there 
is any omissions which should be included, please note this 
also . 
Us uould hope t o  have a "working" protocol ready in 
expectation for our next suitable pat ient .  I would 
appreciate it if you would forward your coraaents t o  me 
so that (L written f i n a l  plan ct? be drawn up. 

Thank you for your help .  

:G2& 
Helen A .  Vodopick, M . D .  

. 
Copies To: d r .  Andrew 

Dr. Congdon 
D r .  Edwards 
Dr . Cengozirn 
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MiGXDED PRmZOL FOR THcRI\CIC DUCT CASXUIATION - LYX!PHOCYTE IhmSION 

1. Disease - 
leukemia un t r ea t ed  - probably c h i l d ,  

or s o l i d  tunor,  i n c u r a b l e  b u t  t o  a p p a r e n t  l imi t ed  e x t e n t .  

AB0 compatible normal person t o  r e c e i v e  k i l l e d  malignant cells  and t o  
donate  " sens i t i zed  thoracic d u c t  lymphocytes. 

2. C o l l e c t i o n  of malignant cells-- either leukemic cells obtained by bone 
narrow a s p i r a t i o n  ( an t i coagu lan t  470 K2 =A) or p i e c e  of so l id  tumor 
minced and washed w i t h  Tc 199. For p r e s e r v a t i o n :  autologous serum 
5% + 2% DES0 i n  Tc 199; r a t i o  1:l w i t h  cell  suspension. 

a) Freeze by means of s l o w  freeze liquid n i t r o g e n  (T°C/min) t o  p rese rve  
these cells for  f u t u r e  u s e ;  

b) Remove DbBO before i r r a d i a t i o n  and wash w i t h  Hank's buf fe red  s a l t  
s o l u t i o n ;  

c) I r r a d i a t e  w i t h  10,000 R or more j u s t  before giving.  

Route o f . s e n s i t i z i n g  dose - i n t r a l y m p h a t i c  i n t o  normal r e c i p i e n t .  3. 

Use Sweeney adap to r  t o  remove l a r g e  p a r t i c l e s .  

11 4 .  Thoracic duct  cannu la t ion  of s e n s i t i z e d "  r e c i p i e n t  - 
Time of cannulat ion:  Day 4-7. Check f o r  pyroninophi l ic  ce l l s  i n  t h o r a c i c  

d u c t  lymph and i n  blood snears ( p o s s i b l y  use t h i s  to  determine when 

cannulat ion should b e  done). 

5 .  Before in fus ion  of lymphocytes i n t o  r e c i p i e n t  - 
a) leukemic - p a t i e n t  should be I n  f u l l  remission,  

du r ing  admin i s t r a t ion .  
lymph in fus ion .  

No s t e r o i d s  a r e  g iven  
Stop ant i leukemic drugs j u s t  before commencing 

A f t e r  i n fus ions  - ? cont inue an t i l eukemic  drugs.  

b )  so l id  tumor - 3 Immunosuppressive agent  t o  p a t i e n t  before  sensitized 

lymphocytes are given. 



C' 

6. Lymph c o l l e c t i o n s  - 
a) r o o m  tempera ture  

b) a n t i c o a g u l a n t  h e p a r i n , d 1 0 0  u, i n  25 m l  5% d e x t r o s d w a t e r  

c) spin blood bott les ,  200 x g 

d) do not wash cells (keep lymph t o  minimum 

e) C o l l e c t i o n s  every  3 h r s  - check s i z i n g  (p ick  up l a r g e r  pyroninophi l ic  

- 
cells f&er t h i s  way) 

f )  Keep s u f f i c i e n t  number of cells f o r  
1) ce l l  count 
2) smears - Wright 's  and methyl green - pyronine Y stains 

g) In fuse  into patient a s  soon as processed. 

7 .  Rx for r e a c t i o n  - t o  c o n t r o l  p o s s i b l e  graft v e r s u s  host r eac t ion .  

a) steroids , 

b) Imuran - when temperature rises, d i a r r h e a ,  s k i n  rash, not a t t r i b u t a b l e  
t o  any th ing  else occurs. 

8 .  Evaluat ion of effect - 
a)  C l i n i c a l  remission o r  r eg res s ion  of tumor 

b)  In  v i t r o  t e s t i n g .  

..- 

c 
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HOWARD LAWRENCE ROSENBERG 
8709 Sundale Drive, Silver Spring, Maryland 20910 

(301) 685-6408 

E l r .  9 a v i d  Darugh 
O f f i c e  o f  Chief  C o u s e l  
0 ak 3idRe Gpe r e t i o n s  
Department  bf s n e r g y  
PC 3 0 X  a' 
Oak h i d i e ,  Tn. 37830 

. Dear br. Jarugh:  - 
Aegarding my K I I A  r e q u e s t  o f  J u l y  10, 19.51 and your  response  o f  J u l y  
28, 1981, I have a c o u p l e  of q u e s t i o n s  t h a t  I hope you can answer f o r  
me. 

In  an e a r l i e r  l e t t e r  t o  m e  d a t e d  March 5 ,  1981, Fir.  'vi.T. Hamstead, t h e  
a c t i n g  a s s i s t a n t  rnanager f o r  a d m i n i s t r a t i o n ,  wrote  t h a t  Ifno p r o t o c o l s  
e x i s t e d  f o r  what you r e f e r  t o  as t h e  1LJT31/~~: . t?T31T s t u J i e s . "  Yet, 
in your  l a t e s t  r eaponse  t o  my r e q u e s t s  you p r o v i d e d  some of those 
p r o t o c o l s .  F o r  example,  t h e  p r o j e c t  p r o t o c o l  e n t i t l e d  " s t u d i e s  of 
T o t a l  Body i r r a d i a t i o n  i n  F a t i e n t s  w i th  Iiematologic 2isorders : :  c l e a r l y  
r e l a t e s  d i r e c t l y  t o  L3SI and MZTSI. However, none o f  t hose  p r o t o c o l s  
p r e d a t e  1969 a l though  t h e  expe r imen t s  i n  t h o s e  f a c i l i t i e s  began a s  
e a r l y  a s  1960. 

An I to u - n d s r s t d  t h a t  no w r i t t e n  p r o t o c o l s  o r  a p p l i c a t i o n s  f o r  the  
tlse ~i ri~riiaris ;is ~ x p e r i E n t a l  s t i b j e c t s  i n  r a d i a t i o n  t h e r a p y  e x i s t e d  
p r i c r  t o  1 % & S  Tke C L , t  112 r e p o r t ,  vhich you f o r w a m e d  e a r i i d r ,  
i n d i c 3 t e d  t h a t  sone 194 pc t i e n t s  were t r G a t e d  in L t T B I  and i.,EI by 
1970. Nere t h e y  a l l  t r e a t e d  between 1569-1970? If n o t ,  I would 
a1 ;przc ia te  y o w  p r o v i s i o n  o f ,  as  I r e r&uas ted ,  " a l l  r a d i a t i o n  the rapy  
p r o t o c o l s  sul jni t teci  f o r  r e v i s w  t o  t h e  C ~ ~ A L / L ~ G L  Cormi t tee  on Kuman 
S t u a i e s t f  o r  i n  l i e u  of  t h a t ,  con f i rma t ion  t h a t  p r o t o c o l s  f o r  t h e  
use  o f  humans as e x p e r i m e n t a l  s u b j e c t s  were n o t  r e q u i r e d  p r i o r  t o  1969. 
There  a r e  a couple  o f  r e f e r e n c e s  i n  t h e  m 2 t e r i a l s  you s e n t  me t o  a 
r epor t ;  known a s  O . t l i L - l i 3 .  j i n c e  tkis r e t o r t  r e l a t e s  t o  t h e  informat ion  
I ' m  r e q u e s t i n g ,  cou ld  you fo rward  me a copy o r  i s  it n e c e s s a r y  f o r  me 
t o  submi t  ano the r  rXIA r e q u e s t .  

Thank you f o r  your  c o n s i d e r a t i o n .  

>iashinLton, 3 . C .  2 ~ ~ 3 6  



How Much Radiation Can. An Astronaut Withstand? 
NASA Used Dwayne SextonTo Find Out. 

BY HOWARD L. ROSENBERG 
he dimly lit hallway weaved left and right like designed chambers at the Institute of Nuclear Studies in Oak 
a maze. Clutching Dwayne's small hand, Ridge. Tennessee. Medical confidentiality has preveilted 
Mary Sue Sexton fell in step behind the identification of most of these patients. Inlormarion provided 
white-coated technician. They passed a con- by medical personnel at the facility and a telephone canvas- 
trol panel and walked through a wrought- sing of one area of Tennessee led to the unfolding slory of 

. iron gate into the chamber. The room was Dwayne Sexton and how he was used to obtain data Cor the 
dark except for a brilliant halo over an cmp- United States'spacc p r o p m .  It is Iioped that the publicntiorl 
ty, aluminum bed. of this account will spur other patients who wenl lhrough 

Dwaync climbed over the nylon net sur- these experiments or their families to cornc foward will1 
d and settled into the trough-shapcd berth. motc informalion about tllc controversial Ilcnlnlcnls. 

h l x y  Sue exchanged reassuring smiles and a hesitant wave Based on an 18-month Morlrer Jorw~ i:ivcstigaiion and 3 
with hcr six-year-old son. Then she tumcd and stepped back review of thousands of pages of docunlcnis obtnincd under 
out to wait in the hall. the Freedom of Information Act (FOlA), i t  appcnrs that the 

Mary Sue could not see the eight cones pointing toward radiation treatmcnts bcgm as a legitimale aircnlpt to jm- '. 
. $  Dwayne from the shadows, but she ,=- 
1 r 

I 
could hear a slight hum as the 

Freedom of Information Act docu- 
I 
I 
1 

rneiits and consultations wirh leading 
medical and scientific authorities reveal 

\ that these treatnxnts evolved into 
something quite diffcrcnt: 

0 The Oak Ridge Institute. where 
the treatments were conducted, was an 

tion sickness syndrome-pre 
large a dose it would take 
person to lose his appetite, g . ? 

I 

.. 

' j 
I 

* A  ., 
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j: 

I. ... . .  



M O T H E R  J O N E S  

ever, is today one of the government’s chief experts on the 
effects of radiation. 

0 The government doctors administering the treatments 
knew of other therapy techniques-using either different 
types of radiation exposure or chemotherapy-that were 
superior. At least in Dwayne Sexton’s case, the government 
scientists at Oak Ridge initially withheld these better- 
established canccr treatments. the nation. 

0 The clinic facilities were “substandard” according to the 
government itself, and the A E C  eventually forced its own 
clinic to dose down. 

9 Pztier.!~ did pot offer theirfuflv informed consent to be 

Today Oak Ridge’s broad, main avenues are still lined 
with Army barracks, converted and refurbished as apart- 
ment buildings. The “downtown” area is a modern shopping 
center. The denizens of the “Energy Capital” are a curious 
mix of rural-bred hill people and scientists and technicians 
from around the world. One out of every 35 Oak Ridgers 
holds a Ph.D. degree-one of the highest per capita ratios in 

Clarence Lushbaugh amved in 1963 to head the AEC 
clinic’s ominously titled “Applied Radiation Biology Divi- 
sion.” A short, balding man with a combative personality, 
Lushbaugh likes to say he “grew up in the gutters” of Cincin- 

part of some experiments. nati- nhin, where his name. 
And some patients, like Clarence, “was a fighting 

name-you had to protect a 
name like Clarence.” Most 
of hic friends now call him 

Dwayne Sexton, were sub- 
jected to several different 
types of experiments. 

0 Though the treatments 
were administered as can- 
cer therapy, one primary 
purpose was to obtain data 
for the United States’ space 
nrnuram nn human reac- =- -c --. 
tions to radiation. 

d 

MI tude of his youth has not 
mellowed much in 65 years. 
The namepla te  bell ind 
Lushbaugh’s desk infomis 
visi tors  t ha t  he is the 
HSOBIC-Head-Son-Of- 
a-Bitch-In-Charge. 

Educated at the Univer- 
sity of Chicago; wherc he 
rrrpivpd hic bachelor’s de- -‘ “\ .*** .. - - - - - -  
.---..-- _-I - J - - - - - - - - - -  ~ pt l NASA, the National Aero- 

nautics and Space Adminis- 

radiation, and the cancer 
data on human scnsitivity to 

patients who came through 
the doors of the Oak Ridge 

‘ ’ 111 o w e  a Ph.D. in oatliolow 

If1 Lukbaurh began his carcer 
tration, urgently needed -- - - I -- ----- --- 

U W Y V U V  

He doubled as the govcnl- 
mcnt town’s coroner. In 

Institute of Nuclear Studies 
became the human guinca 
pigs who provided this information. 

Animals had been thc first to breach the boundaries of 
space. Dogs and chimpanzees and monkeys were metamor- 
phosed into avian creatures, hurtling through the strat- 
osphere atop rockcts. Down below, scientists wcre wrestling 
with unanswered questions about how human bcings would 
stand up to thc effects of radiation. Nausea and vomiting 
caused by radiation sickness were possibly manageable ail- 
mcnts on the ground. But to an astronaut wearing an oxygen 
mask, thcy could prove fatal. 

Hard data on human radiosensitivity was vital to NASA. 
But w60 would volunteer to be exposed to potentially lethal 
doses of radiation? In Oak Ridgc, Tennessee. a pathologist 
at the AEC‘s clinic, Clarence Lushbaugh, agreed to search 
for some of the answers NASA wanted. 

Oak Ridge is callcd the “Energy 
ATOMIC CITY, USA Capital of the World” nowadays. It D used to be known as the “Atomic 

City.” This was thc town created by Uncle Sam to produce 
fuel for thc Manhatta’n Project’s A-bombs during World War 
11. Hidden in hollows amid rolling hills of black oak, massive 
factories for producing bomb-grade uranium rosc up within a 
perimeter of total military security. The limcstonc ridges 
along the snaking Clinch River offered natural protection 
from air attack. Power from the Tennessee Valley Authority 
was in plentiful supply. 

-..-..- - -  
1963, Lushbaugh moved to rural Tennessee and becam a 
rnernbcr of the staff of thc Oak Ridge Institute. 

“In Los Alamos,” he explains, “we had plenty ol radioiso- 
topes and plenty of machinery, but we didn’t have a whole 101 
of sick pcople because i t  was a rather young popularion.” 
Oak Ridge offered the same access to radioisotopcs plus a 
large group of Tennesseans who were grateful for free iiledic- 
a1 attention at the AEC clinic. 

The Oak Ridge Institute had a mandate from tllc Atomic 
Energy Commission-which was then the governnmt agen- 
cy charged with promoting nuclear energy-to conduct re- 
search into the “beneficial applications of radiation.” Somc 
significant achievements did come out of Oak Ridge’s clinic, 
including the development of a cobalt 60 (C-60) teletherapy 
machine, which served as a prototype for others now used in 
cancer therapy at hospitals across the country. 

Lushbaugh was teamed with eminent hcmatologist Could 
Andrcws. Lushbaugh’s star was rising. Andrews “was prob- 
ably thc world-renowned expen in taking care of persons 
with radiation injuries,” Lushbaugh says modestly, “and I 
was the world-renowned cxpert at trying to figurc out what 
went wrong at the autopsy table.” 

If somcone was acutely irradiated in an accident. no matter 
wheqor where, Andreis  was called in to give mec‘ical men-  
tion. His hunched figure was unmistakablc-he was afflicted 
with extrcme curvature of the spine. Andrcws Was a cornpas- 

I 
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sjjonatc and competent attendant .- his patients, but whencv- 
cr  his me&cal ministrations failcd, it was Lushbaugh’s turn. 
Lushbaugh did thc autopsies. 

Shortly after his arrival in Oak Ridge. Lushbaugh won a 
NASA contract to conduct a retrospective analysis of the 
effects of radiation: a hunt for the point at which the syn- 
drome symptoms appear. He looked for clues in the medical 
charts of cancer patients who had been treated with 
radiotherapy. By the end of 1964, Lushbaugh had compiled 
data on more than 3,000 patients at 43 differcnt hospitals. 

But the retrospective analysis had its limitations. The pa- 
ticnts had received varying doses of radiation, and their 
doctors had not kept de- 
tailed notes on reactions in 
the systematic manner of a 
research scientist. A “pro- 
s p e c t i v e ”  s t u d y  w a s  
needed. Oak Ridge was the 
ideal place for the study and 
Lushbaugh was the ideal 
c h o i d  to conduct it. By 
carefully monitoring pa- 
t i en ts  du r ing  and af ter  
radiotherapy at the clinic, 
Lushbaugh and his associ- 
ates could be on the lookout 
for syndrome symptoms 
and could correlate them 
with the exact dose of radia- 
tion receivcd. 1-1 
In 1960, the Oak Ridge clin- 
ic -had begun operating a 
thcrapy chamber known as 

at Sloan-Ketteri used an X-ray machine to Spray their 
patients, but the Oak Ridgers thought that radiation- 
emitting isotopes like C-60 and cesium 137 (e-137) would 
be more flexible than a bulky machine. 

Lushbilugh explains it this way: “Sce, with an X-ray tube, 
you would put the person on the floor in the fetal position, 
with his knees drawn up, and you’d zap him from thc right 
side with an X-ray machinc and then you’d flip him over and 
irradiate him from thc other side.” The METBI facility was a 
quantum improvement. 

The doctors could zap their patients in a specially designed 
room with doses ranging from 1.8 rads per hour (I&) to 300 

his is a nrodel of the AlETBIJacili~ at Oak Ridge. Here and in 
another cltamber 89 carrcerpdients were treated with high levels of 

radiation. The projecf apparemtly begun as an attempt to improve 
cancer t h e r p y .  U!timately, the experiments banefiled ,VASA. 

METBI-the Medium-Exposure-Rate Total-Body Irra- 
diator. Built in a special wing of the tiny clinic, METE31 was 
dcsigncd for experiments testing spray irradiation as a treat- 
ment for blood cancers. It was part of the Atomic Energy 
Commission’s effort to use its nuclear wares to find those 
“beneficial applications of radiation.” 

Prior to World War 11, researchers at the Memorial Sloan- 
W e r i n g  Cancer Center in New York discovered that by 
spriiying a leukemia victim’s total body with X-rays, the 
radiation could be used to depress the bone marrow and kill 
c;inccrous blood cells forming there. Then, during the war, 
scientists found that injections of radiophosphorus and sever- 
al nitrogen mustards could achieve essentially the same re- 
sult\ i i t  only a fraction of the cost. “In essence,” said one of 
the AEC‘s consulting physicians, “spray irradiation techni- 
qlIC.9 were superseded by simpler and better techniques.” 

I-il+baugh agrees. “The hematologists began using these 
nitroscn mustards,” he says, “and so they began hogging all 
i l l w  pnticnts with leukemia. . . . Well, obviously, the 
r;lcilr)tllcrapists and the whole damn field of radiologists were 
nc’t !!oing to put up with that. So they came along with a 
’!‘l~*ll~ for  doing the same things as the nitrogen mustards, 
I t t l ~ .  Jiffcrcnce bcing that] you don’t have to hold the guy 
den\ 11 ,ind stick needles in him.” 

\\ I U I  thcy came along with at Oak Ridge was METFlI- 
m 1  IWW twist in the technique of spray irradiation. Doctors 

O<’’*’. 0‘ 0 0 4  P*dw A%%noi.d U ~ ~ v e r w Q . s  :- 

rads per hour (300r). These 
are extremely high doses- 
an ordinary chest X-ray is 
about one-tenth of a rad- 
but theexposures were and 
are considered therapeutic 
in treating some cancers. 
But  a s  we will sce in  
Dwayne Sexton’s case and 
those of the other 88 pa- 
tients in these experiments, 
the massive radiation doses 
were not only part of a 
treatment pian, but also a 
way of gathering data for 
the space prograrr. 

The trcatment of leuke- 
mia patients in METBI be- 
gan as soon as the facility 
was operational. Gould 
Andrcws directed [he clin- 
ical hematology staff. Lush- 
bnugh monitored the can- 
cer pnticnrs for sirrns of thc 

syndrome. Many aspects of the sciidrome w e 6  already 
known even then. The government’s handbook for the Irolo- 
caust, The Effects of Nuclear Wenpus,  reports that “for 
doses between 200 and 1,OOO rads the probability of survival 
is good at the lower end of  the range, but poor at die upper 
end. The initial symptoms are similar to those comnion in 
radiation sickness . . . the larger the dosc, thc sooner will 
these symptoms develop.” 

As part of the federally funded Oak Ridge Associated 
Universities-a consortium of 50 colleges and universities 
throughout the South-the AEC clinic had a ready-made 
network from which to draw patients. Doctors in the rural 
South regularly referred cancer patients to Oak Ridge. 
Among thcm were people suffering from Hodgkin’s difease, 
chronic lymphocytic leukemia, chronic granulocytic Icukc- 
mia, polycythemia rubra vera, idiopathic thrombocythemia . 
and lymphosarcoma cell leukemia. 

The Oak Ridge researchers began their study by exposing 
patients to 50 or 100 rads at a time in the METBI chamber at 
a rate of 1.5 rads per minute. According to an internal 
progress report written in 1970, doctors involved in the ex- , 
periments apparently never really thought these large doses 
would benefit the patients much, but since thc cancer victims 
would probably require radiotherapy anyway, the scientists 
at Oak Ridge hoped to obtain some of the syndrome data 
NASA wanted. “It was not our plan to evaluate the long- 
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the NASA study to monitor for the syndrome. 
It was June of 1965 and the 

ENTER, DWAYNE SEXTON humid air was just hinting at r the oppressive Tennessee 
summer ahcad when three-year-old Dwayne Sexton first 
took sick. The  auburn-haired boy just wasn’t his usual self. 
First-born child of Talmon and Mary Sue Sexton, Dwayne 
had his daddy’s dimpled chin, his mother’s wide, brown eyes 
and enough energy to keep them both busy. That summer he 
changed. “Dwayne just wanted to sit or lay down,” his 
mother remembers. “He was tired, run-down.“ 

They visited the family doctor, who diagnosed Dwayne as 
anemic and prescribed liquid iron and vitamin B-12. The 
treatment didn’t help much. Dwayne’s normally rosy cheeks 
remained pale and waxy. Mary Sue insisted the doctor hos- 
pitalize him and find out what was wrong. Blood transfusions 
began in an attempt tocounter the anemia. Finally, Mary Sue 
asked thc doctor point-blank: “Does Dwayne have leuke- 
mia?” The physician said no, and then suggested that maybe 
the cause and cure of Dwayne’s illness could be found at Oak 
Ridge. The arrangements had already been made. Mary Sue 
began keeping detailed notes in a journal. 

On July 27. Dwayne checked into the Oak Ridge clinic for 
the first time. A chcst X-ray was taken and bone marrow was 
withdrawn from his hip for a test. Mary Sue just happened by 
a room whcrc onc of the doctors was confiding the bad news 

to Talmon: Dwavne had acute lymphatic leukemia., 
Two days later Mary Sue wrote in her journal: “The 

medical staff discussed a type of treatment they would like to 
try on Dwayne. I t  was stated it could possibly be a cure for 
him: We know there is no hope at all for Dwayne except for a 
short life for him of from six weeks or maybe up to a year and 
a half, and he would be so sick so much of the time.” 

Mary Sue and Talmon agonized over the decision. “We 
decided it was worth the risk we would have to take for a 
chance at a cure for Dwayne,” she noted in the journal. “We 
were reassured that the experiment was promising enough to 
take a chance with.” 

rangc effectiveness of these relatively large individual 
doses.” Andrews, Lushbaugh and their colleagucs explained 
in the report. “This would have required establishing a total 
treatment plan with this technique, which we were not pre- 
pared to do.” 

The scientists wanted to “be able to add or substitute other 
forms of treatment,” which is not surprising, in light of the 
fact that the doctors virtually admitted that the METBI 
exposures were not even h e  best method of [rearing the cancer 
parietlis wifh rudiunbrr. “One should not infer from this 
study.” they wrote in a candid assessment of the experiment, 
“thqr we expected these individual or infrequently given 
exposures to produce better 
clinical results . . . at pres- 
ent, we feel that some pat- 
tern of fractionated expo- 
sure [small doses of radia- 
tion in several treatments] 
probably offers a preferable 
approach for total-body 
radiotherapy.” 

What these large, single 
exposures in the METBI 
chamber did offer was the 
best opportunity to  monitor 

syndrome. According to a 
for the radiation sickness 

report of the experiment 
. provided to NASA, at least 
two patients a t  Oak Ridge 
received doscs of SO0 rads 
prior t‘o a treatment called 
“bone marrow transplanta- 
tion .” Obviously, t hcse two 
people \+crc idcal subjects 
for the doctors involved in 

- 
1 ne doctors told i i x  S ~ X -  

tons that D g a p x ~ n s  ’ e’ 

f i e y  mentioned that there 
were various possible treat- 
ments but pointed out that, 
at best, all the treatments 
might do is provide a tem- 
porary reprieve. The Oak 
Ridge researchers then ex- 
plained that they were in- 
terested in “bone marrow 
transfers,” Mary Sue re- 
calls. “They said it was ex- 
perimental and would kill 
the leukemia cells. They 
offered that as an ahema- 
tive. We took it as a desper- 
ation move for the health of 
our child.” 

was virtual- s. 

-1 
Both Dwayne’s parents 

signed a consent form drafted by the Oak R-idge doctors. I t  
reads, in part, “We understand and agree to a special ex- 
perimental procedure designed to try to help our child who 
has acute leukemia. This will consist of removing bone mar- 
row from the child, subjecting the marrow to radiation de- 
signed to kill the leukemic cells and subsequently injecting 
these cells into the mother. . . there are soine risks involved 
for both mother and child. The nature of these has been 
explained to us, and we are willing to accept them.” 

In fact, the signing of the form by the Sextons did not really 
constitute “informed consent.” Dwayne’s parents were 
apparently misled into believine that the exuerimental bone 
marrow transfer was his best and only hope for sur\iy,?l. 
-However, that treatment was clearly untried. a n d . ~ ~ S  v ral 
better alternatives for treating acute lymphatic leukeqia 
were widely known and available. According lo Dr. Peter 
Wiernik, director of the Baltimore (Maryland) Cancer Re- 
search Center and a former official of the National Cancer 
Institute, a therapy protocol consisting of several chemical 
agents was the “common treatment at that time.” 

Instead of chemotherapy, eight days afrer his arrival a( 
Oak Ridge, Dwayne was wheeled into the clinic’s surgical 
arena and sedated. Bone marrow was carefully extracted 
through sevenreeta punctures in his legs, hips and breastbow‘. 
The marrow was then irradiated-probably in the METBI 
chamber. That afternoon. the irradiated bone marrow !w 



“serum” was-filtered and I-- 
::,:;: j : : j~c!~A into Dwayne. I 
. The doctors had hoped ’ 

that  Mary Sue’s healthy 
body would build up anti- 
bodies, which would de- 
stroy the leukemic cells in- ’ 

jected into her. .Then, the 
antibodies in her  blood 
Semm could be used to fight 
the leukemic cells produced 
in Dwayne’s bone marrow. 
But by mid-November of 
1965, it was clear that this 
exper iment  had  failed.  
Dwayne Sexton’s condition 
was worsening. 

“It  was a superb idea,” 
ays the Baltimore Cancer 

Center‘s Peter Wiernick. 
“But you just cannot do  
those things in hunians first 

contacted by rtiofher lories 
1 thing.” Medical authorities 

~~~~ ~~~ ~~ ~ 
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and feel like :y wcrc o i i  v;rcation. Esccpt the LET31 
chambcr had I.- svindows. 

LETBI was really two r o o m .  oric built within the other. 
The outer charnbcr was coiit-rclc. Inside. a smaller, wooden 
box was ccntrally positioned. llctwccn the walls were eight 
cobalt 60 tclethcrapy ni:icliiiics. which creatcd n radiation 
field that could adniiiiistcr c1caL.s ;IS low as 1.5 rads pcr hour. 

The radiation machiiics \vcrc operated and monitored 
remotely from an inst runleiit ClwsoIe locatcd in an adjaccnt 
control room. The pancl ;ilso contained closed-circuit ?v 
monitors, a communications system linked to the chamber 
and a read-out for thc syndroiw cord-an umbilical specific- 

his picfirre of the Sextonfanrily was taken in September 1967. abarir 
a year before Dwayne, on ;he right, died at the Oak Ridge clinic. 

5 
’ 

agrccd that i t  is simply unethical to jnjcct canccr cclls into a 
healthy hu?Zn being, unless ~t <In 
Dwayne’scase, it was n o t h e r  t v  wort was 
already proven, were readily available at the tinre. Today, 
research into cancer therapies using antibodies is still under 
way at several facilities, including the National Cancer Insti- 
tute. Yet even now, 16 years after Dwaync’s trcatrnent, the 
experiments are conducted largely on laboratory animals and 
on human cancer cells in laboratory dishes. 

After [he failure of thc bone marrow tran\fcr. the Oak 
Ridge Institute doctors belatedly began treating Dwayne 
Sexton with chemotherapy. 

The Oak Ridge researchers were col- 

that time, but the METBI facility had 
its problems and limitations. In addition, the Oak Ridgers 
had a new theory they wanted to test: Could they alleviate 
somc of the side effectsof the therapy by using lower doses of 
radiation over days or even weeks of continuous exposure? 

By 1Y67. the AEC had financed the mnctruction of a 
= c o d  facility at Oak Ridge: LETBI-thc Low-Exposure- 
Rate TOtiil-HOdy Irradiator. The difference betwcen it and 
ME1’13I WiIS like the difference between thc Ritz and a 
1lc:;hig hotcl. In  fact, the pnnelcd LETBI chamber was 
spccitici\l!y rle.iigncd and furnishcd to look like an ordinary 
hotel rooni uhcrc patients undergoing t h m p  could relax 

- 

lecting syndrome data in earnest at 

ally developed to study thc 
vital functions of patients as 
thcy undx,vcr,t the:? flew 
radiation treatments. “lie 
65-foot umbilical was used 
to search for syndrome 
symptoms. 

By monitoring read-outs, 
technicians could watch for 
subtle changes in respira- 
tion that would indicatc 
nausea .  T h e  syndrome 
study had advanced to thc 
point where the doctors 
knew a patient was about to 
get sick and vomit before 
the patient did. 

The patients “would rcal- 
ly  run the whole thing,” 
Lushbaugh explains. “Just 
by [the patient] opening the 
door [to lease the cllam- 
ber], the whole thing would 
turn off. and he’d eo out 

and takc a lcak and go b;ick in. and somcbody wouldu bring 
him his meals.’’ 

Lushbaugh was succcssful in cornins up with data that 
helped determine how much riidiation i t  took to induce the 
syndrome. But NASA still wantc‘d to know whcthcr niildcr 
symptoms of radiation sickncss niight reduce an astronatit’s 
ability to perform routine tasks in S D ~ C C .  

A s’erics of strategically 
DWAY HE’S LAST CRISIS! placed mirrors enablcd M a w  

U 
METBI chambcr. Hc thumbed a well-worn comic book 
contentedly while thc machines were turncd on. Just four 
months shy of his scvcnth hirthd;iy. Dwayne had become 
all-too-familiar with thc routine of hospital lifc. Over three 
and a half years, he had y x n t  countless days at the Oak 
Ridgc clinic. Despite thc failure of the bone niarrow transfcr. 
chemical therapies had kcpt his leukemic cells inmnission- 
until this new crisis. 

Mary Sue silently murnblcrl a praycr. On ’ll~anksgising 
Evc 196% blood had bcgun trickling from Dwayne’s nostrils 
and oozing from the back of his throat. Mary Sue could not 
stop thc hcmorrhaging. ‘Ihc Scxtons sped thc 70-mile drive 
from their home in Rohhins. Tcnncsscc. 

Now she watchcd anxiously as Dwayne bcgnn to fidget on 
the aluminum bcd. ?he on ly  hope for prolonging his lifc. thc 
doctors saicl. was to depress Dwaync‘s bone marrow with a 

USuc to watch Dwayne in ihc 
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IiIrgc. cnough dose of radiation to kill the c;incc‘r cclls growing 
tllcre. I t  risky. The amount of radiation would also kill 
other ~ ~ 1 1 s  ;Ind c.ffc.c(ivc.ly knock out his body’s imnlunity 10 
bactcrla. D w ; ~  ne \iould h \ e  to be closely guarded agliinst 
dcnclly infcction. 

Fronl hlETRI. D\va)ne \\‘ab nhcclcd into the nc;irby 
L E T B ~  ch;1nIbt.r. whicli the Oirk R i d ~ e  dwtors were using ;is 
a geriil-frec isolation ward. The ulnbilical monitor was 
strapped around his waist. ?he doctors told M a r y  Sue they 
~~ccdet l to  wiltch his vitill signs carefully. They didn’t tell her 
they werc using the unlbiliciil to collect data for their NASA 
s t u q .  Dwaylc SeAiull a<icpicd ihji !:,;::: ;:s::i:: :hzrqy 
without a whimper. 

*‘That radiation dose 
they gave Dwaync may 
have donc the job.“ Milry 
sue says now of the attempt 
to arrc5f thc growth of the 
cancer cells. “but 1 think i t  
done i t  a bit too much. pos- 
sibly.” I n  the following 
weeks. Dwnync’s weight 
droppcd by half to less than 
30 pounds. 

H e  b a r c l y  h a d  the  
strength to l i f t  his l i d  off 
the pillow, but he enjoyed 
picking through a flood of 
letters and Christmas cards. 
which poured in from rela- 
tives and friends. Mary Sue 
slept bcsicle Dwayne in an 
empty bcd. keeping a con- 
stniit vigil. “Dwa) ne clidn*t 
care what they did to hini.” 
she says. “;IS long as his 
Mommy was there. I t  w;is like a fairy tale. He \\as such a 
brave little boy.” 

Dwayne knew intuitively his life was ending. “Don‘t cry, 
Mornniy.” he told Mnry Sue as she stroked his forehead. 
“I‘m going to be with Jesus.” 

h1etlic;ll science has its own system of 

apy. Teams of doctors with expertise in 
the particular area of research carcfully consider and evalu- 
ate their fellow doctors’ projccts. 

On several occasions during the LETBI and METBI ex- 
. Periments, inspectors from the AEC visited the Oak Ridge 

CliiIiC. Judging by the document;rry records available. most of 
‘ the so-called peer reviews by doctors who scrutinized the 

On the contrary, the evidence indicates that paticnts werc 
not rccci\ing “exquisite care.” Thc physicians‘ judgments of 
which thcriipy might be most beneficial to the pnticnts may 
havc bccn cloudcd by their dcsirc to comc up with “beneficial 
app1ic;itions of radiation” for the AEC and syndrome data 
for NASA. The cancer patients who cqme to the clinic for 
help becamc. in effect, laboratory animals. 

In a confidential report. membersof the AEC review team 
that visited the clinic in 1974 expressed their uneasiness with 
the low quallty of the facility and the poor patient care. They 
characterized the nuclear medicine program as “very pedes- 
triprl’’ and p v r :  the clinical hematology division ”an unfavor- 

able rating.” But more im- 
portantly. the reviewers dis- 
covered that some patients 
at the clinic may have had 
their lives jeopardized: just 

of the LETBI chamber, the 
Oak Ridge researchers had 
suspended on plastic cords 
approximately SO cages of 

cia 11 y those u n de rgo i ng 
radiotherapy like Dwayne 
Sexton, are virtually de- 
fenseless against infection. 
In hospitals they are care- 
fu l ly  isolated from any 
source of harmful bacteria. 
Yet, at Oak Ridge, the clini- 
cians were experimenting 
by irradiating mice and men 
sirnultaneoudy and thus, 
according to the AEC re- 

port, exposing the patients to potentially deadly infection 
from the animal cages hung directly below the LETBI treat- 
nient chamber. 

Twice a week, animal caretakers crawled between the 
inner and outer shells of the LETBI facility to providc fresh 
food and water for the mice. They carried the dirty cages 

washer,” noted the AEC .review report. “This entire 
arrangement seems to be questionable because of the neces- 
sity of transporting the animals. animal wastes and equip 
ment through areas used by patients who frequently have 
comprorniscd host defense mechanisms.” In other words, 
patients whose bodies are incapable of fighting off infcction. 
“This area,” the reviewers wrote, “would appear to be highly 

\ 

judgingadvanccs in treatment and ther- “through the patient area to an elevator and down to the cage 

bcili ty wcre less than laudatory. One reviewer charged 
directors wcren‘t paying enough attention to what was 
on. There had bcen a previous site visit a couple of 

prone to severe infestations of vermin.” 
Human guinea pigs are essential to evcry discovery de- 

signed to prolong life, relieve suffering or improve t l ~  quality 
before mine. and their report was ignored.“ of the human condition. Sooner or later. sornconc has to 

The report of the review tcam dispatched to Oak Ridge in submit to new therapies to determine whethcr they are effec- 
March 1974 could not be ignored. niey called the clinical j tive or useless. Doctors routinely comb the professional jour- 
facilities “substandard” and rccommendcd the facility be nals of their various disciplines, xarching for clues of discov- 
shut down or the program bc mo\ed clseu here. Dr. William ery provided by their peers’ successes and failures. 
Bibb. now the Energy Department’s dircclor of research in The 14 yean of experiments by the Oak Ridge researchen 
Onk Ridge. argucs that the clinic provided few of tho% clues. Clarence Lushbaugh did pro- 

NASA, but he did not publish a single scientific paper on the 
giving exquisite carc to the people i t  H‘ilS laking care of. but it d u e  a 224-page report on the LETBI and METBI studies for 
Was not providing any rescilrch rcsults iIt all.“ 

closed because “it wa i I 
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CJrpCriments in any recognized journal because "we ncver 
considered them to be of enough scientific quality." In his 
rcport's summary. Lushbaugh cautioned that the studies 
should "not be considered definitive." In  fact. the experi- 
mcnts raised iiiore questions than they answcrcd. 

In their confidential reporr, 
the A E C  reviewers lam- 
basted the researchers for 

their work, which they labeled "dismal."The report explicit- 
ly says the METBI and LETBI programs evolved "without 
adequate planning. criticism or objectives." The bone mar- 
row transplant experiments received especially harsh criti- 
c h .  "!E *.+.v cf x c e p d  
therapeut ic  modalit ies,  
e thical  ques t ions  were  
raised with respect to the 
protocok employed in thcse 
studies." the confidential 
AEC report read. 

T h e  chamber  experi-  
ments didn't even result in 
any appreciable improve- 
ment in radiotherapy tech- 
niques. "There is little if any 
clinically useful data on the 
METBI and LETBI pro- 
grams," one of the AEC re- 
viewers wrote in his con- 
fidential report four years 
later. "LETBI has been 
used long enough to estab- 
lish ( i f  1 undtrstand Dr. 
Lushbaugh correctly) that a 
very low dose rate docs not 
offcr any advantage over 
the administration of the 

syndrome morivated the experiments. "It was the AEC that 
financed that." Bibb says. "With or without thc NASA 
study. that program \vould have gone on." Yct. Lushbaugh's 
1975 report to NASA clearly states that "the radiobiologic 
studies" wcre "carried out with joint AEC and NASA sup- 
port during the years 1963 to 1Y74." NASA's support was 
financially crucial. especially in the expcrimcnts' final years. 

According to Allen Webb. chemist at the clinic during the 
experinicnts. "ln the early 1970s. Lushbaugh had to kick 
asses and pull strings to get enough money to keep LETBI 
running. NASA provided the monies." 

Lushbaugh himself estimates that during the ten vears 

larence Lushbaugh, who has rest$ed about crporitig Oak Ridge C pulientr IO radiit[iori, now suys his role wu5 not significant. 

NASA spgnsored h k  re- 
search. the space agency 
provided "three or four mil- 
lion dollars." The records 
available are limited to the 
period between 1969 and 
1976 and account for pay- 
ments by NASA of only 
$799,766 of t h e  t o t a l  
amount. Lushbaugh's col- 
league, R.C. Ricks-who 
coauthored .the repon for 
NASA-says that with the 
exception of about %S,oOO 
he spent for bicycle ergo- 
metry equipment, NASA 
paid his salary and Lush- 
baugh's salary. and the rest 
of .'the funds were spent 
primarily for salaries for 
people to be at LETBI." 

Clearly. the paper trail of 
evidence tcads directly to 
t h t  SpiIce agency. An at- 

dose at a higher rate in small, daibj fractions." tachment to NASA purchase ordcrs (signcd hy AECofficials 
Was the purpose of the experiments primarily to provide and authorizing funds for the project) notes that "thc 'Pros- 

data for the space program? pective' Human Radiation Sensitivity studies will bc con- 
In the beginning, Lushbaugh and Andrews wrote in 1970. tinued and will be increased in number in both LETBI and 

a principal objective of the experiments "was to seek infor- METE1 as more patients appropriate to this type of therapy 
mation that might lead to improved radiation therapy." are referred to us." Without NASA money. there would not 
However, that noble search for the light of knowledge was have been enough cash to continue. 
soon corrupted. "During the course of the study,'' they noted Did the LETBl and METBI radiation experiments actunl- 
in their progress report, "the urgent need arose for informa- ly benefit the patients? 
tion on hematologic effects in man, since the National Aero- The AEC's reviewers answered that question with an 
nautics and Space Administration was faced with potentially unequivocal and emphatic no. "Thcre has been little 
high levels of radiation exposures in space exploration." thought," they wrote in a disturbing assessment of the cxpcri- 

In short, the syndrome search took precedence. It is not ments. "as to therapeutic utility or potential long-range con- 

respect to cancer therapy-would get a lower priority: Lush- patient should always be of paramount importance; and yet. 
baugh and Andrews admitted in their 1970 progress report the AEC reviewers accused the Oak Ridge researchers of 
that they did not expect "thcse individual or infrequently ignoring whether the therapy they employed was doing an). 
given exposures to produce better clinical results" and that a good. Unfortunately. at least 89 cancer patients-including 
different radiation treatment "probably offers a preferable Dwayne Sexton-passed through the LETBI and METBI 
approach for total-body radior herapy . " chambers before the government came to that belated cow 

Despite t h ~ 7 3 5 E i i ~  * ce, Lushbaugh denies clusion and itself ordered a halt to the espcriinents. 
Gould Andrews left the Oak Ridsc 
clinic after the AECordercd thc facil- 
ity cluscd and joincd thc faculty of the 

-Contiiiued on p3gc U 

emphatically the suggestion that the experiments were con- 

toring program was simply "piggybacked" onto the LETBi 
and hlETBi cancer therapy treatments. The Energy Depart- University of hlaryland. Lushhaugh asserts that i t  was 
mcnt's William Bibb also denies that the %arch for the 

surprising that the METBI and LETBI experiments-with sequences." In any medical facility, what is best for the 

I 
ducted principally for NASA's benefit, He claims his moni- 

RQ'-l'm* b y  *oro*d Po.c.barg 
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,A,nclre\bs tvho detcrtnined which patients should be irradi- 
ated ill  the chambers and how big a dose they should get. 
kiowevcr. a number of those involved in the experiments 
remembcrcd that a committee of the clinic's staff-including 
Lushbaugh-niadc the determinations collectively. Andrews 
cannot speak for himself. He died in the summer or 1980. 

Dr. Karl 2. Morgan was the director of the Oak Ridge 
National Laboratory's Health Physics Division during the 
LETBI and METBI experiments. Morgan is known 
throitghout the world as the "father of health physics," a 
sciencc dedicated to the prevention of radiation damage. He 
is probably the leading figure on radiation protection in the 
Unitcrl States and. as such, could hardly be called "antinu- 
clear." Currently a professor of physics at the Georgia Insti- 
tutc of Technology, Morgan believes that during his tenure 
at the Oak Ridge national laboratory, he was sadly confused 
about the purpose and results of the LETBI and METBI 
radiation experiments. 

"I naively thought that the purpose of this nearby center 
[the clinic] was to use ionizing radiation in the treatment of 
cancer in a manner that  had been proven to offer justifiable 
hope of rcmission and, in some cases. a cure." blorgan says 
today. . * I  belicvc I Wits mislcd. and my hope and trust in this 
program wc r c badly 111 ispl;tccd. " 

As i t  turns o u t ,  onc of Morgan's lifctimc friends, his child- 
hood SunJ;iy school twchcr. was onc of thc S9 patients who 
wcnt to thc 0;tk Ridgc clinic for help and became a subject 
for Ilic wl i i i t i on  syiidromc htucly. Inforination about the 
tuture of this clinic has. for M o r p .  a spccial pain. 

"The cvidcncc strongly suggests," Morgan continues care- 
fully."th;it thc liurposc of this program was not what we were 
Icd to believe." Though hlorgan trained dozens of medical 
doctors hiniself in methods of using radiation for human 
benefit. he says he is "appiilled, ovcrcome with consternation 

'and filled with a deep sense of indignation" by the news that 
the cancer pntirnts treated at the Oak Ridee clinic really 
_became euinea pins for thc space program. "It causes one to 
wonder." Morgan concludes, "whether t6e members of the 
medical profession who were responsible could have been 
sincere the day they took the Hippocratic oath." 

Clarcnce Lushbaugh still has his offices at the clinic itself. 
but now he is the director of the Oak Ridge Associated 
Universities' Medical and Health Sciences Division and 
brags that "only God can retire me." Just months after the 
rcview team concluded its damaging report on the clinic, 
Lushbaugh was awarded another ongoing contract. this one 
by the Energy Department to conduct an epidemiological 
analysis of possible hcalth risks to nuclear workers at the 
Energy Department's Oak Ridge plants. 

LuShbiIugh's new research project could be another poten- 
t i d  hnmbshcll i f  it confirms thc results of a previous study of 
nuclc:ir workcrs. That study, by Univcrsity of Pittsburgh 
profcssor Thomas Mancuso, revealed-after 12 years of 
work-that nuclear workers at the Energy Department's 
Hanford. Mshington, atomic works suffered a significant 
incrcasc in thc incidcncc of certain 1ypc.s of cancer ai radia- 

l I 1  if B 99 

tion exposure lcvels well below "sa '* limits. 
While Lushbaugh has no experience in conducting cpi- 

demiological analyses, as in this new study. he does haw 
experience in coming up with the sort of data the govcrnmcnt 
likes. In his final report to NASA on the LETBI and METBI 
experiments, Lushbaugh explained that bne of his objectives 
in undertaking the project was that "these unbiased clinical 
observations were sorely needed to defend existing environ- 
mental and occupational radiation exposure constraints from 
attack by well-meaning, but impractical, theorists." 

In the past, when the government faced troubles because 
nuclear workers or atom bomb test victims were suing Uncie 
Sam for injuries they sustained, Lushbaugh was counted on 
to offer "expert testimony" against them. That was exactly 
what took place in U.S. District Court in Las Vegas, Neva- 
da, on May 16,1977. 

Seven years earlier an underground nuclear bomb test at 
the nearby Nevada Test Site went awry. Scientists had mis- 
calculated the power of the so-called Baneberry bomb, and a 
mushroom cloud broke through the earth's crust and rose 
some 10,OOO feet into the sky. ?he cloud began drifting 
toward an AEC base camp. Setting aside their own safety, 13 
guards frantically evacuated the camp. Three of the 13 later 
died of leukemia, apparently because of their exposure to 
unsafe amounts of radiation. Two of the widows sued the 
federal government. Clarence Lushbaugh testified against 
one of the women. 

Lushbaugh now denies he had any significint rolc in thc 
actual operation of METBI and LETBI. Yet, to provc his 
own expertise on radiation effcch during hi\ tc\timony ill tlic 
Baneberry widow's trial, Lu\hh;liigh dc\crikd rhc l,ET131 
and IblETBI expcrimcnts. Hc tcdlicd tha t  "WC our\clvc% 
exposed persons to viirious t o t i i l - h d y  d(i\c\ o f  r d i i i t i o n ,  and 
this was an ongoing Wdy that I workcd in and \uh\ccliicnlly I 
became the leader of it, and wc r;Idiiltcd pcru)n \  with v;iriou\ 
kinds of leukemias in a spcci;iily h igncc l  r(x)in whcrc thcy 
actually lived in a sea of radiation with thcir daily do\c." 

Dwayne Sexton died at the Oak Ridgc clinicon Ilcccmbu 
29, 1968, a month after his last therapy sc,c\sion in MEIXI .  A 
limited autopsy was performed. The C;IUV: of dcath w,i\ 
determined to be acute strep and staph infcction. 

It  seems we only miss you more 
As each passitig day goes by 

Yes, our hearts have all been broken 
Yet we try hard not io cry 

You were such a bright spot in our lives 
Since thefirst day you came 

There's an empry place in o w  home . 
That will never be the same 

-from a poem dedicated to Dwayne. by Mary Sue 
Sexton, written three months after his death 

In the entire history of the United States Manned 
Spaceflight Program, not a single astronaut ever received a 
high-cnough dose of radiation to suffer from the syndrome. 
Dwayne Sexton did. 

Howard L. Rosenberg is the author of Atomic Soldiers 
(Beacon Press, 1980). He aLto describes himself as "a writer 
and rider" on the staff of Jock Anderson's "Washington Mer- 
ry-Go-Roitnd. ** Supplementary research for this article was 
cotirrrbured by ilie Environmental Policy Cenrer. 
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IILCIC.IX LUI UIIJ ) L a b ,  a a p u  - 
cent Increase the following year, 
and a wage reopener the final 
year of tbe conti'act. In addition 
.to other nonscanomlc issues In 
&e contract. 
Null said that it Is common 

practice that wage increase 
percentages are fairly consis- 
tent at  all four of the Nuclear 
Division facilities. He said that 
he is confident that the Paducah 
workers will be receiving the 
same wage increases as the 

.., ..,-.- . ----.-- .. ~. 
b Y i  

Tlk v-1 was one of Uvee 
f iewh-bui l t  gunboats being 
transferred from Frarm to Iran. 
*'other two were wt attacked 
and we* reported Tuesday tn 
O m ,  Algeria, on their way to 

French  Defense Minister 
Charles Hernu said Tuesday 
night the government would not 
provision the comandeered 
vessel and suggested that the hi- 

'74 

luring ATU: S e i v e d ,  adding that jackers take it back into interna- 
of Vle when ORCDP's contract comes tional waters. However. he said 
n t a b  UP for renogltation in October. . it would be against tradition for 

Itching the OCAW Ma1  3 - 2 ~ 8  will the navy to force it to leave. 
Thurs- receive similar wage increases. Reminding France of the I r a  
iesday The talks in Paducah began nian government's anger when it 
Mack this morning without the federal g r a n t e d e x  - P r e s i d e  n t 
v e l t y  mediator. who was unable to at- Abqihassan Bani-Sadr asylum 
.stling tend because of a death in his after hls escape from Iran, 
I g  of family. Foreign Minister Mir Hossein 
& will Cobert could not disclose the Musavi said: "This adventurist 
:k. particulars of the negiotiations. act has once again put France to 
y held but said that the fact that they tbe)est." 
a m y  are talking is a good sign. "Granting asylum to pirates is 
v'* is 1 

. a n  of 

n mitted noon Hearing set qn TVA 
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- 
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~il0Wed ititem coal gasification plant 

greater than thought ' - 
WASHINGTON tAP) - ?be 

nation's economy fell further 
than was first thought during the 
April-June quarter. declining at  
an annual rate of 2.4 percent 
alter raclng ahead at a rate of 
8.6 percent in the first quarter, 
the government reported today. 

Corporate profits from N m n t  
production - a category wWch 
dces not include inventory p m  
fits - declined 7.9 percent Lo an 
annual rate of $187 billion in the 
wand quarter after rising 10.7 
percent In the first three months 
of the year. 

The drop in inflation-adjusted As the Commerce Department 
gross national product had reported one month ago. major 
estimated at  1.9 percent in the reasons for the CNP decline 
C o m m e r c e  D e p a r t m e n t ' s  were a decrease in inflation- 
original report one month ago. adjusted final sales by American 

The department's new report businesses and a big drop in net 
said corporate profits also d r o p  exports, a category that had 
ped Sharply in the second helpedpush GNPupwardin the 
quarter as the overall economy first quarter. 

A number of economists are weakened. 
Before-tax profits fell 12.5 pep predic t ing  t h a t  inf la t ion-  

cent to a seasonally adjusted an- adjusted GNP will also be down 
nual rate of $224.9 billion and in the current July-September 
after-tax profits dropped 11.3 quarter, thus fulfilling one com- 
percent to a rate of tlSO.1 billion monly accepted definition of an 
In the quarter. Both rose 3 per- economic recession - two con- 
cent in the January-March secutive quarters of negative 
period, the report said. GNP. 
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CUNTERSVILLE. Ala. (AP) Col. Lee W. Tucker, district 

- A public hearing is planned engineer  of the  Corps of - From Pogo On0 
Sept. 17 on the Tennessee Valley Engineers in Nashville. Tenn., 
Authority's application to begin said the public is invited to corn- child's death. is scheduled to a p  MorgantoldMo*erJonesthat 
work on facilities associated ment on the proposed facilities. pear both on the "Today" broad- he was "sadly confused" about 
with a $1.6 billion coal gasifica- He  said information ga therd  at Cast and at the press conference. the p u ~ ~  and results of the 
lion plant, the Army Corps of the hearing would be considered The Oak Ridger was not able to ORAUeffort- 

&tennine ME. RAbins' CUT- "1 MiVely thought that the Engineers announced. in evaluating the proposal. 
The proposed plant would pro- TVA is applying for a Depart- rent address. purpose of this nearby center 

cess 10.000 tons of coal a day into ment of the Army application to The writer of the artlcle, Was to Use ionizing radiation in 
130.000 methano1 and methane. The li- c o n s t r u c t .  w a t e r - r e l a t e d  Howard Rosenburg. who works the treatment Of cancer in a 

quid methanol could be used as facilities associated with b e  lor investigative reporter Jack manner that bad been Proven to 
not be an automobile fuel. while the coal gasification plant. Plans Anderson. was in Oak Ridge dw offer fmtfflable hope of remls- 
ase a t  5 methane - natural gas - could c a l l  for a w a t e r  intake,  ing interviews for me story in sion and. in SOme Cases, a CUR," 
iginally be burned as a fuel. discharge system. coal receiv- January, he said today. Morgan toid Mother Jones. "1 
led he TVA needs the permit and a p  ingdock and sulfur loading dock, Rosenburg refused to release believe 1 was misled and my 
~ e e d  a s  proval by its three-member barge slip. barge access channel any details about the article. hope and trust in this prpgram 

board of directors before beginn- and access roads. saying, "You have to understand were badly misplaced." 
de word ing a year of preparation at the TV.4 has $125 million in con- me s p t  I'm in. The press con- He is a h  quoted as  saying. "It 

Murphy Hill site on the Ten- r4rSSiOnal appropriated money femnce Is Lomom, 1'11 be CalLFeS One to wonder whether 
al of the nessee River. 12 miles northeast that will be Put into site prepara- glad to tell you anything after the m m b e r s  Of the medical Pr* 
j Shoob of Guntersville. lion. said Bob Brookshire. assis- that." fession who were responsible 
the 367 The federal agency then would !ant to TVA's program manager Others expected to be both on cwld have been sincere the day 

es who turn the project over to a con- fOrCOalgasification. "Today" and a t  press con- they tooktheHippocraticoath." 
ference are Karl 2. Morgan, Attempts to reach Mother ind that sortium of private companies 

)e reset- which would build the plant. Charles Lindbergh landed at formerly head of the health Jones editor Richard Reynolds 
An environmental impact Le Bowget field outside Paris physics division of Oak Ridge in Washington were unsuc- 

i t  bedif- statement for the project has on May 21, 1927, to end his his- National L a b r a t o y ,  m w  a cessful. 
a small been prepared-by TVX. Copies toric Sol0 flight the At- leacher of health physics a t  J 0 h n H a f f e y , 0 R A U 
i w i t h  will be available at the Corps of h t l C  ocean. L i n d h a ' S  non- Georgia Institute of Technology, spokesman. said this morning 

whom Engineers hearing, which will be stop trip, which began at  New and Peter Weirnick, director of that he bad "no detailed 
t homes at  7 p.m. CDT in the Guntersville York's Roosevelt Field, the Baltimore Cancer Research knowledge of the story" and no 

High School auditorium. 33'2 hours. Center. comment. 

-------- 
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Hematologic mid Therapeutic Effects of Total-Body Irradiation 
(50 R - 100 R) in Patients with Mrdignniit Lymphom:l, Chronic 
Lymphocytic and Granulocytic Leukcmi:is, and Polycylhcmia Vera" 

G. A. Andrews, F. V. Comas ,  C. L. Edwards, 
R. M. Kniseley, C. C .  Lushbaugh, and Helen 
Vodopic k 

Introduction 

Since 1957 the staff of the Medical Division of Oak Ridge Associated 
Universities has been studying the hematologic and clinical cour ses  of p a t i m t s  
receiving total-body irradiation. In an ea r ly  experiment the radiation therapy 
was  done in connection with attempts to graf t  bone marrow (1). We also h:kl c i  
studied intensively the hematologic c o u r s e s  of victims of accidental esposurc lo 
radiation (2-7). The present repor t  cove r s  the therapeutic and hematologic 
results of a ten-year study - 1959 through 1'368 - of single exposures of Z O  I t  
and 100 R given at appro,ximately 1.5 R/min in  n specially designed facilitj. lo r  
tct:i.l-body radiation therapy. Some of the data from this scries have been 
published previously in brief fo rm (8). 

This study w a s  initixted with two principal objectives: the first was  to scci; 
information that might lead to improved radiation therapy for disseminated 
malignant disease,  especially leukemia and lynphoma,  by determining the hcst 
c r i t e r i a  for selection of paticnts, radiation dose, and dose rate .  For r x m y  
y e a r s  radiotherapists have been able to control p ropess ion  of cer ta in  I icm~~tologic  
d isorders  by giving ttspr;Ly X-irradiation" and have obtained similar effects u s i n g  
internally administered radiation, in par t icular  phosphorus-32 (9). Fractionation 
and dose protraction quite logically have been used to reduce the incidence of 
undesirable side effects and are believed a l so  to decrease the damagc to n o r m d  
tissues more  than to malignant ones.  Howcver, differences in fractionation, 
energy of the beams,  a i d  uniformity of exposures to different p;lsts of the body 
make it difficult to evaluate and compare  the effects of various radiation- 
exposure patterns used in such therapy. 

P The second objectivc was  to  acquire  radiobiologic information. The radio- 
biologic aspects of total-body irradiation on m m  have been studied clinically 

* From the Medical Division, Oak Ridge Associated Univcrsities, 
undcr contract with the U. S .  Atomic Encrgy Commission. 
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siiicch \V:dsh (1 0) first dcscribcd r:idiation siclancss in 1897. T h c  dosc-response 
rcl:t(ionshil)s, twvcver ,  nrc still poorly liiiowti :ind p r w c n t  cstiin;t tcs arc b;iscd 
l a rp . ly  on conjccturcs and cstr:ipol:itions l'rum :tnim:il c~spc~rimcrits,  o r  from 
oxpcrience nrith x c i d c n t  v i c t i m s ,  atom h i n b  casu;iltics, and lxiticnts trcatcd 
by irradiation. B c ~ a u s c  p:iticnts in thc Imst o r d u i u i l y  I ~ t v e  bccti trusted with 
divided doses, i t  1ias bccn difficult to comparc biologic cl'fccts in thc many 
clinical  series with cach  oLIwr, or with the e f k c t s  sccn a f tc r  rncti:rtion accidcnts. 

We decidcd to oblain bnseline data by giving individual doses  of 50 or  100 I1 
and then observing the paticnts long enough to evaluate cffccts. These singlc 
doscs  of radiation, somewhat higher than individual doscs in a frnctionatcd 
regimcn,  would provide a response that could bc mcasured with a c lea r  temporal 
relation t o  the date of irradiation. In contrast ,  an cffcct gradu:dly induced by 
two or more  variably spaced small  doscs would he  more difficult LO analyze 2nd 
compare  among groups of paticnts. Single exposurcs nlso would permit u s  to 
compare  the hemntcilogic rcsponses  wi th  those of accident vict ims who usually 
rece ive  single rapid e,xposures. Careful definitions of the effects of 50 R and 
100 R,  as attempted in  this paper,  are a necessary  bas i s  for later cvaluatkg the 
effect of fractionation. 

It was not our  plan to evaluate the long-range effectiveness of these 
relatively la rge  individual doses  of total-body irradiation as a rclxt i t ive and 
sole therapy. This  would have required cstablishing a total t reatment  plan with 
th i s  technique, \brhich we were not p r e p x e d  to do. The l a rge r  doses providc a 
less continuous control ,  a possible disadvantage emphasized by Gsgood. \Ye 
waited to bc able to add o r  substitute other  forms  of t rcs tmcnt  tvhcn specific 
clinical considcrations seemed to indicate them. One should not inicr from this 
study that we expected thcse individual o r  infrequently given esposures  to produce 
be t te r  clinical rcsu l t s  than fractionated total-body or portnl irradiation. At 
present  we feel that  some pnttcrn of fraction:ited esposure. such ;is thxt of 
R. E .  Johnson (Il), probably of fc rs  a preferable apprmrch for tokit-body radio- 
therapy. The data reported hcre ,  by defining the range of clinical  and 
heinntologic effccts that single exposurcs of 50 and 100  R can b c  c q x c t c d  to 
produce in thcsc d iseases ,  should proviclc a yardstick f o r  cornpaxisons in 
future total-body irradiation trials using different cxposwe pattcrns.  

Such information, even though obtained in the abnormal conditions of 
discrrse, is helpful for assessing levels of accidental gamma and neutron 
i r radiat ion injury and guiding therapeutic efforts. During the  course  of the 
study the urgcnt need arose for  information on hematologic c i fccts  in man, 
since the National Aeronautics and Spacc Administration was faced with 
potentially high lcvels of radiation exposures in spacc csploration. The 
principal ,mswers we sought werc  the pattern of responses for  leukocytes, 
red blood cells, and platelets in chronic lymphocyiic lcukemia, lymphoma, 
chronic granulocytic leulcemia, and polycythemia rub ra  vera .  Wha t  differcnccs 
occurred  in rcsponsc to 50-R and 100-R exposures? Did normal  blood cells 
differ in radiosensitivity f r o m  their  counterparts in proliferativc disorders?  
For exaniple, do platclcts iinve a diffcrcnt radiosensitivity in  chronic lympho- 
cytic leulccinia or  lymphoma comparcd with polycythemia r u b r a  vera? Or ,  
do ''norrn:d" lymphocytes ol polycylhcmia ntbrrr vcra have the  same sensitivity 
as lymphocytcs of chronic: lymphocytic lcukcmia? W e  also wanted to observe 
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T h i s  rcpor t  coniplctcs onc phnsc of our lokd-body irrtldi;ition study p rop ; i in .  
In brief this study will: 
effects,  2)  be  siniplcr to cindyzc thnn more complcx regiincns, 3) providc 
inforination relcvant to radiation injury in "normal" humans. It will not: 1) 
demonstrate that  50  o r  100 R is better than thc currcnt ly  :tcccptcd fractionation 
modes, o r  2) Lzndyze the long-rangc thcrnpcutic effectivciicss of these doses. 

1) provide basclincs lo r  the study ol Eraction:ition 

Mntcri .ds and Methods 

Patients - A total of 89 t reatments  were given. This report  covers 
information on 29 exposures to 50 R ,  and 55 to 100 R. The remaining f ive 
were  dropped f rom the protocols because of an urgent need for  additional o r  
different therapy before the study was finished, o r  because of the patient's 
inability to meet  the appointments for follow-up outpatient visi ts  during thc 
study period. The number exposed and their disease categories are l isted 
in Table 1 , along with the abbreviations used i n  the test. 

All patients with these diseases  admittcd to the Meclicd Division hospital 
during th is  period were considcrcd for this therapeutic program. The 
diabmoscs were  established by clinical history, physical esamination , and 
microscopic study of surgical biopsies, bone marrow, a n d  pwiphcral  blood 
samples .  
whose condition required somc othcr kind of thcrapy, o r  110 thcrapy at  all, iwre 
omitled. 
other additional t reatment  might be  needed during thc postirradiation obscrvation 
period, these  patients were  d s o  cscluded. If no clear ly  superior  therapy LC':LS 

available for a par t icular  patient and thc total-body radiation treatmcnt was re- 
garded as an acceptable way of mnnngcinent, the patient ivas offercd this form of 
treatment,  following an esplanation of the r c sea rch  protocol. Informcd consent 
was obtained in accorduice with ethical practice to protect the rights of the 
individunl as a rcsearch subject. W e  recognizc some bias in the selection of 
onc of thc two doses .  In a concern for the patient's safcty car ly  in the study we 
evaluated only the resu l t s  of 50-R exposures before using the higher dose. 
Later, some of the paticnts selected for thc 100-R exposure were those with 
more pronounced symptoms, or  in lymphoma, had tumor mcsscs  that were 
judged to need thc more  vigorous treatment. On reviewing histories and clinical 
Status,* however, we belicve that these b iases  a r e  not sufficiently p e a t  to 
prevent u s  f r o m  comparing a 50-11 group with a 100-I1 group. Other forms of 
t rcatmcnt  for  the disease were  discontinued before the  irradiation, except that 

The urgency fo r  t rc i tment  was assesscd ,  and those patients 

If the clinical s ta tus  was changing r a p i d l y  and ii'e mticipated that 

* Summaries  of clinical  histories and status chLanges of lhe individual 
paticnts have bccn collated and included in the Appendix 01 this report .  
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in x fcw paticnts who reyuircd it,  maintenance stcroid thcrapy was kcp t  up (sce 
Tnblcs D and E in Appcndix). 01 tlic 1)aticnts w i t h  ciironic lymptiocytic lcuitcmia, 
blood transfusions wcrc $vo i  during thc sLu-ivccl< po:;ttrcatincnt period (T:lblc 2) 
to thrcc exposcd to 50 Ti aid four patients cxposcd to 100 R. No  otlicr trc:itiiicilts 
were  givcn during this  timc. 

k t R x  

16 

17 

1 

4 

7 *  

Table 1 

Patients Exposed to Total-Body Radiation in Each of the Disease Categories 

2nd ?+ 

4 

5 

0 

0 

1 

Chronic Lymphocytic 
Leukemia (CLL) 

Malignant Lymphoma 

Hodgkin' s Discase 

Chi-onic Granu1ocytic 
Leukemia (C GL) 

Polycythemia Rubra 
. Vera (PRV) 

To tal 

0 

0 

2 

0 

1st n, 

12 

5 

1 

6 

0 

5 

1 

8 

0 

50 R 

2nd Total Rx -* 100 R 

Total 

20 

22 

1 

4 

8 

55 ,: 
.' d 

*One patient had prirnary hemorrhagic thrombocythemia rather than PRV . 

Hodgkin's disease w a s  origin,?lly included in the study but was eliminated 
early bccausc w e  belicvcd that a lazgcr dose is needed to control the malignant 
process than we  could safcly give to the whole body at one time. The most 
effective modern thcrapy for  this disease is irradiation of lymphatic tissues, 
sometimes involving largc fields, but allowing some hematopoietic tissue to 
remain unirradiated. The lesions of this disease are  generally less radio- 
sensitive 'md less intimatcly involvcd in hcinatopoietic tissuc than those that 
can be helped by total-body irradiation. 

Study Protocol - A uniform study protocol was devised to collect laboratory 
data on spccilied days during thc six-wccli study period (Tablc 3).  The six- 
week  period oE data collcction w a s  adopted as thc  most reasonable comprornisc 
bctwcen c1inic:il research objectivcs and pnticnt's nccds; a longcr period would 
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The Rcquircmcnt for Blood Transfusions in Pa t icn ts  wit!) Clironic 
Lymphocytic Lcukcmia Bclore and tUcr  Rndiotherapy with 50 R a ~ ~ d  130 I1 TI31 

Transfusions during 
6 weeks pretreatment I Transfusions during 

G weeks posttrcatmcnt 
1 I 

Radiation No. 
Dose Patients 

50 R 13 

100 R 8 

No. No. No. No. 
Patients Trans.  Pat icn ts Trans.  

3 18 3 15 

3 15 4 3 1  

have been clinically more desirable, and most of the patients continued under 
our care and had further observations. Because of the enormous spread of 
initial blood values, all results were normrdizcd by  using the immediate prc- 
treatment values for each patient as 100%. In most instances, this value 

consisted of the average of day minus three and clay zero (pretreatment) counts; 
in a few only day zero values were  available. Table 4 gives the r'mges and 
geometric means of the pretreatment data from which the normalizcd curves 
were derived. 

Table 3 

Protocol for Blood and Bone-Marrow Sampling Times 
Used in 50 R and 100 R TBI Study for All  Patients 

Radiation Day -7 -3 0 +I +2 +3 +4 +7 +14 +21 +28 +35 +42 

Bone Marrow X X X 

WBC, RBC, 
Platelets 
Blood Film, 
Hgb., Hct. x x x  x x  x x x  X X X X 

Uric Acid x x  X x x x  X X 
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L ah 0 I’ 3 tor 4’ 31 c t 11 ocl s 

Thc licmatologic studics were pcrfornlcd on vcnoiis blood s,un])lcs usin;: 
wcll eshbl ishcd laboratory methods. Thc hc~iioglobin value was dctcrmincd 
by thc cyannicthcmoglobil~ rncthod and hcnixtocrit pcrccnl  by thc \\’inlrobc 
mcthod. Leukocytes ,and erythrocytes wcrc countcd c l w t r o n i c d l y .  Phtclcts 
were  enumeratcd by the mctliod of Brcchci- and Cronliitc using phase microscviq~ 
(13). When plntclct counts were  low, dilutions of 1:20 were uscd r a the r  t1i;in 
1 : l O O .  The number of smal l  squares  countcd in thc chamber w;is increascxl to 
10, 25, or 50 until more  than 100 platelets \vcrc countcci, or  all platelets i n  50 
squares counted. In dctcrmining absolutc ljTn1,hocyte values l o r  pnticnts \\ i t h  
PRV, w e  performed differential counts on 400 leukocytcs for  grc’xtcr stnti stic:il 
confidence. 

The Radixtion Faci l i ty  and Dosimetry 

The irradiation room , designated the medium-exposure-rate total-body 
irradiator (?,ZETBI), was completed in 1959; it is an eight-foot C u b e ,  C0llC:‘Ctc 
shielded, with a 385-curie source of cesium-137 in each of the ciglit co rnc r s .  
A maze connects the trcntmcnt room to i t s  control room whcre 3 nurse or 
operator is in visual contact with the patient by a series or mi r ro r s .  The 
patient lies on a n  aluminum bed suslwnclcci in thc ccntcr of a hoinosenous 
2 x 2 x G foot radiation ficld. T!ic beams Iron; thc cight smrc t ’s  arc siiapcd 
SO that the cxposure r a t e  i s  uniform to n-it!iin f 5%, within t h e  trcatmcnt voiumc. 
The csposure rate can be vaxicd by =L scrics of attcnuatuig f i l t e rs  and v a l ~ c s  
f rom 0. G4 to 1 .52  R/min have been used; ix i t  inost trcatnicnts u‘crc givcn :11 
1.50 R/min. This facility has bcen described in detail by Bruccr  (13) and 3 
detailed description of the radiation ficld hzs bcen pul>Iished (15). 

We made two independcnt dosimetry studics to dctcrmine thc dose rcccivccl 
by patients. We liUed thrcc  conipartinentxlized pliantonis u-ith Fricke c1irkniic:d 
dosimeter and determined spectrophotometrically the average dosc to e w  h oC tiic 
13 compartments. In addition, we measured the midplane isodose l incs  lij. XI 

ionizatioii probe; details are givcn by Iiaycs e t  ‘21. ( 1 G ) .  In the sccviid stuclp,’ 
with a tissue-equivalent plastic phantom containing an implanted skeleton ancl 
density-adjusted lung spaces,  we measured thc dosc to various organs using 
LiF thermoluminescent dosimeters  in the volumes representative of tiicsc organs. 
Except for  thc bone m n r o w ,  the avcragc rad response of the dosimeters  in an 
organ was defined as the average organ dose. W e  calculated thc marrow dose as 
a weighted avcrage sincc this t issue,  located at variable depths bcneath thc 

* W, L. Beck and T. R. Stolccs performed the thermolumincsccnt dosimctric 
mcnsurcmcnts as p u t  of our continuing total-body irradiation program. 
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Table 5 

Vari:itions in Avcrxgc Dosc to Body Co!ii[mrtmcnls According to Body Size 

--Li- A v c r a r . ~  Compartrncnt Dosc in l<ncls Per 100 IL 
Compntrttncnt . Adult* Ado1 esc c n <+ Child* 

He ad 

Ncck 

Chest  

Abdomen 

Pelvis  

Arms 

Thighs 

Legs 

Feet 

Whole Body 

78 

76 

63 

66 

65 

76 

75 

86 

76 

70 

a i  

83 

66 

69 

70 

78 

78 

88 

78 

74 

79 

84 

70 

71 

7 1  

75 

82 

87 

81 

75 

\ 

*Hayes Water Phantoms 

surface,  is not placed uniformly in a single, well defined site. The assumed 
marrow distribution used for  the dose estimates was that suggested by R. E. 
E l l i s  (17) for x normal nm. It is well known that its volume and location var ies  
widely in patients with the  d i scases  studied here .  

The average tissue dose to the total torso of a standardized normal adult 
was  estimntcd by each of the dosimetry studies to bc G 5  rads/lOO-R cq3osure 
by the compartmentalized phantom study and 68 rads/100 I< by the hctcrogcneous 
phantom. The minimal hone-marrow dose occurs  in thc pelvic region and is 
only 53 rads/100 R. Variations in dose duc to difference in body s i zc  and con- 
figuration are shown in Table 5. Table 6 l i s t s  the absorbcd dose in  various 
organs. 

OBSERVATIONS 

Chronic Lymphocytic Leukemia 

During thc first s i s  weclis after therapy in 35 pxticnt t reatments  with either 
50 R o r  100 R, palpablc lymph nodcs shrank in 20 and rcmaincd unchangcd in 12. 
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Bone Marrow 

Cerebel lum 

Cereb rum 

Heart 

Intestines 

Kidneys 

Lenses of Eyes 

Liver  

Lungs 

SIdn (nbovc s t e rnumj  

Skin (front waist)  

Spleen 

Stomach 

Thyroid 

Avcr.1 (re 

64 

77 

75 

66 

67 

66 

87 

67 

67 

73 

74 

69 

64 

7 6  

L e  R:i n gcs 

53 -86 

74-51 

70-79 

58-70 

54-76 

62 -7 0 

85-90 

61 -7 b 

58-77 

72-75 

72-75 

64-73 

59-69 

75-77 

*Figures  in pnrenthcscs  indicatc the n u m l ~ c r  of bodily locations whcrc 
dose was  measu red  with LiF  dosimeters .  

Of the palpable sp leens ,  ten were  smal le r  af tcr  t rea tment ,  scven remained 
unchanged, but  palpable ,  and sevcn enlargcd during the  same interval.  T h c r c  
was no clear pattern of change in l iver  size.  

Twclvc pat ients  gaincd weight, 13 los t ,  and eight had no change. (The o thers  
are unrccordcd .) T h c  gcncrnl fccling of wcll.Iicing irnprovcd to somc dcgrcc in 
21, rcmnincd unchmgcd in 12, and dccreascd in two. W c  could not dcmonstratc  
with any of thcsc  cl inical  rcsponscs  that thc effcct  of 100 R was grca tc r  than 
that of 50 R ,  although the  small numbers of paticnts is a dctcr ren t  to  comparisons.  
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Figure 1 shows thc WIZC rcs1mnsc.s of individu:d in t icn ts  to 50 11 :mtl Fig.  2 
thosc to  100 11. 
In both groui)s of p:Lticnts (50- :w(l Loo-11 c!sl)os~~~.cs) tlicrc W ; I S  :i subgroup or  

W ~ S  no lrcnd 01' elirnliing towird I)rctri~:ltnlcl~t v ; ~ l t ~ c s  tjy dny 42 h cithcr dose 
or sensit ivity suhgrotip. 

kidioscnsi t ivi ty  t l i l f c ~ r ~ d  considc:i-:J)ly from patient to 1i:dieiil. 

'1' Iic 1.c re si s t : U l t "  p: 11 i c n  ts IV ]io sc rcs 1)on sc \\ ;i  s s i ~n i 1 i (: : LII t1 y 1 us s I)r:onou I IC ct I .  

F igu re  3 shows thc  changcs  in mc:m blood lyniphwyte numljers following 
50-R and 100-11 exposures  in  thc  r e s i s t a n t  and scnsit ivc patients. W c  saw no 
s ta t is t ical ly  signilicant d i f fc renccs  in the  dcgrec of lymphocyte dcprcss ion  
caused by thcse two doses .  Although thc most rapid fall occurred  in the I'irst 
week, a nadir was not reached  until  three or four weeks aftcr esposurc .  

W 

100 

Y 

W 

t- z 
W 
5 
a 50 
W 
U 

W 

0 

C H R 0 N I C L Y  M P H 0 C Y T I C L E U K E M I A 

h 50R M E T B I  
RESISTANT oooo 
SENSITIVE - 

F i g .  1 .  Changes in the whi te blood levcls i n  15 patients w; th  chrortic lymphocytic leukemia after 
50 R. The  lcukocytc counts huvc bcen normolizcd to the indiv idual  pat ient 's pretreot- 
ment values. Two geometric mcaiis wi th  their stondord errors ore shown; one (so l i d  l i ne )  
i s  thot for tltc lcukocyte l cve ls  in the I I morc responsive patients and the other (dotted 
l i nc )  i s  thot for tlrc four patients whosc course seems more resistant. The  two computed 
means (offer scven days )  are statistically dif fcrent at the 95% confidence level. 

10 



CHRONIC LYMPHOCYTIC LEUKEMIA 

1 I I I I J 
14 21 28 35 42 

DAYS 

F i g .  2. Changes i n  the w h i t e  b lood  counts  [ shown  i n  F i g .  I )  o f  19 pa t ien ts  w i t h  ch ron ic  /yn7:!:0- 
cyt ic  leukcmia after 100 R. As in  F ig .  1 ,  thc t w o  geometr ic  means are thosc i o r  f i i n  7 . i  

sens i t i ve ”  and five “ res i s tan t ”  pat ients  and are s i g n i f i c m t l y  d i f f e ren t  o t  thc 95’; 
l eve l  from the  second day onwcrd. 

# e  

The response of leukemic lymphocytes to 100 R w a s  unrelated to thc level 
of the pretreatment  leultocyte counts, nor did it correlntc  with lymphocyte 
size, notching of nuclei, or  tendency to smudge. The degree of ma-row inlil- 
tration as judged by histologic examination or n i u r o w  aspirated did not tell u s  
why some patients had “rndioresistkmt” lymphocytcs. Fur thermore ,  we found 
no correlat ion between thc lymphocyte rcsponsc: and thc clinical response or  
length of Vernissionf1; eight patients required no other t reatment  for seven and 
a half o r  more  months, whilc ninc patients necclcd additional t reatmcnt  for 
leukemia shortly after t h e  study period, less than thrcc months from the 
irradiation. 

While the leukemic lymphocytes respondcd similarly to 50 R and 300 R ,  
the cflcct of thcsc two doscs  on the platclet lcvcls dilfcrcd slrikingly as shown 
in Figs.  4 2nd 5. Thcse graphs show also that the responses  of patients givcn 
50 R v w y  m o r c  than those 01 paticnts given 100 R, suggesting that rccovcry 
may be manifestcct more  variably with the lower dose. A t rcnd toward rccovcry 

I I I b 2 1 b  



is dcfinitcly cstahlishcd dur ing  the f i f t h  nnd sixth wceks a f t c r  ox-posure. As C:UI 
I x  sccn in Fig. 6, thc rccovcry in iiumhcrs of cii*culating p1;ttc~Icts :iftcr 50 I< 
occurs  e:irlicr a i d  m o r c  rapidly on tllc :ivcr:Lge tli:ln aftcr 100 It. T h c  stantJ:~rd 
crrors of thcsc gcomctric mcans ;uc also larger w i t h  lilc lowcr dose indici t t i~~;  
the gycalcr variability of thc respotlsc to the lowcr dosc. 

Hemoglobin values remained stnblc in thc 10 palicnts not anemic before 
treatrncnt; those that wcre anemic usual ly  had no rjsc in thcir hemoglobin l c v ~ l s  
o r  became more  anemic during thc six wecks following irrndiation. In a fcw 
patients who had been requiring transfusions beforc treatmcnt, thc 100-R 
exposure increased the number of transfusions needed while  50 R did not (see 
Table 2). 

C H R O N I C  L Y M P H O C Y T I C  LEUKEMIA 
f 

I 
tn r 

:loo- > 
0 - 
0 
I a e 

E 

I- z 

l- 

W 

c - 
w 

3 - 
- 

50- 
a 
a 

a a 

c 

- 
IC 
0 

METBI 5C R -0- 

1 0 0 R  - 

SENSITIVE - 

P 

D A Y S  

F i g .  3. Changes in the geometric-mean blood lymphocyte values (shown as normolized percent- 
ages of  pretreatment di f ferent ia l  lymphocyte counts) for the patients w i th  chronic lympho- 
cyt ic leukemia whose changes i n  wh i te  blood c e l l  values are shown in  F igs .  1 and 2. 
There is no s ta t i s t i ca l  dif ference between the computed mean changcs of ter  50-R and 
100-R exposures in  either the "sensi t ive" or "resistant" groups but the s ta t i s t i ca l l y  
va l i d  dif ference between the mean responses o f  the two groups i s  obvious. 

Malignmt Lymphoma 

This group of 20 patients included f ive who were givcn 50 R, two of whom 
subsequently received 100-R treatments.  Of the 1 7  patients who received 100 R ,  - 
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4. Changes in the individual and geometric mean percent of  pretreatment platelet  l eve ls  in 
15 pat ients w i th  chronic lymphocytic leukemia after  50 R. 

five were  given a second 100-R treatment.  The re  were  27 exposures in all .  

During the first SLY weeks after trentlncnt there  was  no clear difference 
in clinical  responscs  bctwecn the 50-R nnd 109-R groups. In the 27 treatmcnts,  
23 of the 27 pxtients showcd at least  somc degrcc of sixinkage of lymph noclcs; 
1 7  responded modcralely o r  substnntiidly, while in three? the nodcs remaincd 
unclianged and in onc thcy eillargcd after thcrapy. In the eight paticnts with 
palpable splecns,  only two spleens dcfinitcly rcgrcssed, while f ive  o thcrs  
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M o s t  of thcsc pat icnts  had nt least a few atypicd lymphocytes  in the blood. :tnd 
w e  wcrc‘ unablc to scpaxatc definitely thosc that  should be considcrcd :is hav ing  
a ‘llcul.;cinic” stage of lymphosarcoma, except for two who h x l  l:u.gcr numbers  
of abnormal ccl ls .  These two patients dcscribcd i n  a l a te r  p:rr:t~~;ipli respondcd 
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Chariges in tlie indiv idual  and gcornctric mean percent of pretreatment p lo tc le t  levels in 
20 patients w i t h  chronic lymphocytic leukemia after 100 R.  Comparison of the gcornetric 
means and their  standard errors in th is f igure orid in Fig .  4 shows that the degree of  
response in the two dosage gioups dif fers signif icanrly from 21 days on. F i v e  i nd i v i t uo l  
patients who received 50 R, however, reacted as the 100-R group, w h i l e  three in the 
100-R group respondcd simi lar ly to  the SO-R patienfs. 
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Fig. 6. Compar ison of the geometric means for blood p la te le t  levels in paticri:s w i t h  chrc;;ric 
l ymphocy t i c  l eukemia  af ter  50 and 100 R. Thc cu rves  become s t o t i s t r c o l l y  drficrcrrt o n l y  
after 27 d a y s .  

quite differently from the rest of the group. All the  others  had prctrcatmcnt 
leukocyte counts of less than 15,OOO/mm3; the numbers of lymphoid cclls w e r e  
less than 11, OOO/inm3. The subsequcnt decreasc  in l~iilnphocytcs \vas not great  
(the lowest value was about 50% of pretreatment level, reached a t  seven d;lys). 
In the majority of the patients (11/1T) lymphocyte levels began to recover  f rom 
this decrease  by 14 days; this was unlike the response in CLL. In Fig. 7 thc 
geometric mcans  for the leukocytes of the main groups of patients with malignant 
lymphoma who received 100 R are plotted, along with one standard crror  of the 
mean. The changes in total leukocytes after 100 R in patients with malignant 
lymphoma have been graphed in Fig. 7 for comparison with later graphs in this 
study and with those of othcr invcsligalors who have not diffcrcntiatcd t h c  
hematologic response of the various white blood cell types. In Fig. 8 the 
sequential chxnges in lymphocyte counts in individual patients can be seen 
varying widely. 

By contrast ,  in thc two "leulccmic" patients with high numbers of abnormal 
lymphoid cells in tlic blood bcforc irradiation (16,000 and 26,OOO/mm3) thcsc 
cel ls  decreased profoundly and rapidly after 100 R. Thcir  course  differcd 
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F i g .  7 .  Chonges in blood jeukocyte volues in 20 patients w i th  malignant lymphomo aftcr  700 2. 
The actual  W8C counts have been normalized to individual pretreotmcnt levels and thc 
geometric mean and i t s  standard error computed on this b a s i s .  

considerably f rom that of the other members  of the lymphoma group and 
resembled m o r e  closely the extrcnie responders  of the chronic lymphocytic 
leukemia groups. (See Figs. 1-3). 

The platelet values for the 50-R group dropped only slightly on the avcrage 
and vnricd widely f rom patient to patient. In the 100-R group, the platelets 
responded inore consistcntly; a s teep drop appeared during the third and fourth 
weeks and reached a nadir of 27% of the prctreatrnent values. This curve 
r e sembles  quitc closely that of the patients with chronic lymphocytic leukcmin 
givcn thc same dose (Fig. 4). All showed a trend toward recovery during the 
fif th and s M h  wccks (Figs. 4 and 10). Ncmoglobin valucs did not changc sig- 
nificantly during lhc six wceks aftcr irradiation with cithcr 50 R o r  100 R. 
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I-Iodgltin' s Discnse 

Only thrcc paticnts with Iiodgkin's discasc wcrc trc;ltcu. One patient 'A 110 

rcceivcd 50 I< e a r l y  in hcr discasc failcd to rcspond and \c':is quic Idy tran.;ft.t*l-cd 
to more conventional thcrapeutic regimens.  T h e  scco11tl p : ~ ~ i ~ n l ,  rcc.ci\.c.cl 
100 R, showed similar ly  no bcncfit, and the third one failcd to r e t u r n  after Ln'o 
weeks for  further iollow-up studics. The platelet ;uld lymphocyk rcsponscs tor 
the 50-R and 100-R exposure behaved as in prrticnts \\.it11 other types ol ljmpltomas. 

MALIGNANT LYMPHOMA 
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F ig .  8. The  changes in F ig .  7 are shown here as changes in lymphocyte levels computed from 
indiv idual  absolute lymphocyte counts before and af ter  exposure. These extremely 
var iable responses of individual paticrits reduce to a geometric mean not stat ist ical ly 
dif ferent from that of the "resistant" type of response in  lymphocyte levels of patients 
w i th  chronic lymphocytic leukemia treated w i th  ei ther 50 or 100 R (see F ig .  31. I n  
several of thcse patients total-body irradiat ion obviously resul ted in lymphocytosis in  
relat ion to pretrcotmcnt levels. 
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M A L I G N A N T  LYMPHOMA ( ‘ L E U K E M I C ‘ )  
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Fig. 9. T h e  lymphocyte response curves o f  t w o  pa t i en ts  w i t h  “ leukemic”  ma l i gnaz t  l y r n p h ~ m o  
were so o t y p i c a l  in  coniporison w i t h  t h o s e  o f  the 20 other pa t i en ts  w i t h  t h i s  d i s e o s c  
( F i g .  71 that they are shown here separo tc l y  a long w i t h  the geometric mean oi t he  o:iicr 
20 par ients .  T h e s e  two ind i v idua l  l ymphocy te  response curves f i t  w i t h i n  the 95% c o n f i -  
dence l i m i t s  o f  the “ sens i t i ve ”  t y p e  of  l ymphocyte response curves showri for chrc,nic 
lymphocyt ic  leukernio in  F i g .  3 .  

Chronic Granulwjrtic Leukemia 

This group included eight patients exposed to 50 R and four exposcd to 100 R. 
Thcir spleens reniailicd palpnblc and unchanged in s izc  in eight, bccnme sligli tly 
smaller  in one, and distinctly smal le r  in one. In the other two, the spleen was not 
palpable before or  after treatment. A definite decrease in liver s izc  was recorded 
in only one patient. The general feeling oC well-being was improved in eight 
patients but unchanged in  three and poorer  in one. 

AU patients had high initial leukocyte counts consisting predominantly of 
mature  granulocytes. Noiigrauulocytic elcmcnts were so few that the  cu rves  
shown in Figs. 11 ‘and 12  can bc considered as reprcsentiiig chicfly c h m g e s  i n  
granulocytic numlxrs .  The numbers of leukocytes began a decrease promptly 
‘after these doses  ‘and the degree of fall indicated a p e a t c r  radiation sensit ivity 
than we see in normal granulocytes (see Fig. 7). Further ,  this depression 
usually persisted longcr than would a s imi la r  dcgrcc of depression produced in 
normal persons by a higher dose as in radizition accidents. Aftcr 50 R the decline 
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in  v:llucs hcgan prompt ly ,  thc mcan cll*oI)l)it1g to 55% on day scvcn, 48% by d : ~ y  1-1 , 
then st;iyjng i n  t h i s  rwxo lor thc six-\vcck Iicriod crC ot)scrv:ttion (Fig. 11). Thib 
i-csponsc of the rour patjcntc: givctl 100 11 (scc I:jK. 12) W:IS similar  to that of Ihc.  
50-R group, but the dcgrcc of depression was p'c;tt(:L*: 35% on d;iy 7 ,  21$ 011 tl:ly 

14. By clay 21 ,  thrcc ol thc four p:iticbuts hnd granulocyte levels below 20'.( ol' 
pretrcatnicrit levcls; onc patient showed :L transient p;wtid rccovcry p:ittel-n. 
This  supprcssion persisted throughout thc 4 2 - d : ~ ~  period at thc cnd of which 
the re  w a s  still a trend toward evcn lower levcls. 

The platelets in C G L  before  treatment were cithcr in the normal rangc or 
elevated; in a few instances they wcrc at levcls over l,OOO,OOO/rnm3. After 
50-R exposures, the platelet counts rose to a mean level of 13G% by day 14 bcl'orc 
declining to a nadir of 82% on day 28. The means then returned toward the pre- 
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Fig. 10. Platelet  response curves in patients w i th  malignant lymphorno exposed to  100 R. T h e  
hcovy solid l ine represents the gcometric means and their standard errors. T h e  curve 
closely resembles that in F i g .  6 of chronic lymphocytic leukemia a(ter 100 R. 

19 

I I I L! 2 2 



C H R O N I C  GRANULOCYTIC LEUKEMIA 
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Fig. 1 J .  Changes in  blood leukocyte volucs ,  expressed in terms of i r d i v i d u o l  pretreatment 'h'SC 
The dark counts, of eight pat ients  with chronic granulocytic leukemio exposed to 50 R. 

solid line represents the geometric means and their standord errors. 

t reatment  range during the fifth and six weeks (Fig. 13), but the values ranged 
widely (53% to 191% of pretreatment values). 

The platelets of t h e  group exTosed to 100 R also rose  during the f i r s t  two wecks 
but much less conspicuously (Fig. 14).  The subscqucnt deprcssion followed thc 
usual temporal pattern and reached a nadir of 48% on day 42. This  progressive 
decrease which pers is ted beyond 42 days is presently being observed also in  our  
ongoing studies with fractionated and low-dose-rate cxposures.  A comparison 
of mean responses for  platelets and leukocytes after 50 R and 100 R is madc in 
Fig. 15. 

The percent response (relative to pretreatment values) of the leukemic 
granulocyte appears f rom th i s  graph (Fig. 15) to bc about a lactor of two greater  
than that of the platelets. The  coniparison hcrc shows that in the occasional 
patients whcrc injury to the  platelct system is to be  avoidcd bccause of borderlinc 
th.rornbocytopcnia, a 50-R exposure would offcr sonic therapeutic effect on granule- 
cyte numbers wlrile spar ing platclet numbcrs. 

Mean hernoglobin valucs wcre not significantly altered during this period of 
study. Figure 16 shows the hemoglobin valucs for the patients who receivcd 100 R. 
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Changes in blood leukocyte values ,  expressed in terms o f  individual pretreotmer:t Vl8C 
counts, of four patients with chronic granulocytic leukemia exposed to 100 R. The dark  
solid line represents the geornetrlc means and thcir standard errors. 
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Fig. 13. Changes in platelet values expressed in terms of individual prcfreatment platclct counts 
of eight patients with chronic granulocytic lcukcmio exposed to 50 R.  The dark solid 
line represents rhe gcometric mcons and thcir standard errors. 
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F i g .  16. Chonges in blood hemcglobin va lues  in four patients with chronic granulocytic leukemia 
exposed to 100 R showing o sl ight  improvement relat ive to in i t ia l  herrioglobin leve ls .  

P o l ~ ~ c ~ - t l ~ e m i a  Rubra Vera and P r i m a r y  Thrombocythemia 

This  group included eight pa t i en t - eqosu res  to 100 R.  Six patients had p d y -  
cytheinia rubra  vera (PIIV); one received tn.0 separate  treatments (sevcn 
t reatments) ;  the seventh patient had pr imary  thrombocl4hcmia. In five patie!its 
t he re  was an improvemeni in general feeling of well-being; in three therc  ~ Y L G  no 
change. Of the large spleens, lhe s i ze  decreased in three, increased in one, and 
remained unchanged in two. Thc effects  on l iver  s izc  were slig!it and variable. 
In six patients a significant gain in weight was recorded. 

All the PRV patients had initial leukocyte counts above 10, OOO/mm3. These 
ranged up to 41,OOO/mm3 pretreatment.  As is shown in Fig. 17, leukocyte valucs 
began to drop nftcr one weel; and reached their  nadir at the six-week point, con- 
s iderably later than has been observed in normals  o r  in patients with most other 
diseases .  A s  with platelet values (see below), the re turn  of the leultocytc level 
toward normal  w a s  slow and was prolonged up to SLs months. The changes in 
absolute lymphocyte values in relation to pretreatment levels after 100 R (Fig. 18) 
w e r e  more like those aftcr 100-R accident ca ses .  Typically no re turn  to normad 
was seen during the 42-day observation period. 

Except for  one patient with a normal  platelet  count, all had pronounced 
elevatcd platclet counts ranging from 575,000 to 1, GOO, 000/mm3 before treatment.  
The qudi ta t ivc platclet rcsponses  to 100 R ivere s imilar  to those of accidentally 
irradiated normal persons and of patients witliout leulxrnic diseases  in that a 
nadir  was rcachcd nt about 30 days, (Fig. 19), but characterist ically the fall  in 
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F ig .  77. Changes in blood leukocyte levels in eight patients w i th  polycythemia rubro vera after 
100 R.  The  so l id  heavy l ine is the geometric mean of these values through rhe usual 
42-doy post i r radiat ion study period; the dotted l ine extends th i s  mean through less 
regularly obtained data points over s ix months. 
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F i g .  18. Changes in blood lymphocyte values in seven patients w i th  polycythcmia rubro vera 
exposed to  100-R total-body irradiat ion. To improve s ta t i s t i cs ,  400 leukocytes were 
counted at each do ta  point .  One patient whose baselrne va lues  were bel icved to be 
unrel iable i s  cxc ludcd f rom this figure. 
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Hemoglobin values for th i s  group were not significantly clcvatcd a t  t h c  
time of treatment; excessively high platelet aid leukocyte vulucs domina1c:d 
their blood picture. Evduation of ch*ulges in red cell iiurnt~crs and rnorpiiolog>. 
was complicated by pretreatment phlebutomics, stage of discnse, and prci.ious 
marrow-depressing treatments with 32P o r  drugs (only two of the six werc niw', 
untreated cases). Hemoglobin and hcmatocrit va lues  changcd littlc aftcr t rcb ; i t -  
ment (Figs. 20, 21) with 100 R.  W e  believe, however, that this dose s u p p r ~ ~ s s c t l  
t h e  rise that usually would have occurred with therapy. The mean corpusctihr 
hemoglobin concentration b'efore treatment was invarialAy low, due to plllet)oic,mies 
and intestinrrl bleeding. It did not change in the postirradiation pcriod (Fig. 2 2 ) .  

There was  a 12% decrease in numbers of RBC and 12% incrcasc in mc:in 
c o r p u s c u l s  volume that offset one anothcr so that little or  no change was sec'n i n  
hematocrit values. Blood volume studies, hoivcver, werc not done. Gcncr:tlly 
the mean corpuscular hemoglobin concentration did not change significantly 
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F i g .  19. 

WEEKS 

Chonges in blood plotclet levels in eight poiients with polycythemio rubra vera exposed 
to 100 R.  Gcomctric mean IS shown on o solid heavy l ine for 42 days of the protocol 
ond as o broken l inc  oficr tliot t i m e  when data points  wcre l e s s  r igidly obtoined. 
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Fig. 23. Changes in  actua l  v a l u e s  o f  blood ery th rocy te  parameters in one pof ientwi th  p3 Iycy -  
thernio r u b r o  v e r a  f reoted with  on exposure o f  100 R.  

-- C h a n v s  in Uric .4cid 

hi all discase categories and both dosc groups, we examined serum uric ncid 
levcls .  Aftcr e.xpoSure, t h e  lcvels  changccl, as might bc expccted from previous 
obscrvations, but in this series of pnticnts the chaiigcs ivere, in general, small. 
inconsistent, and of little clinical value. In some g:Lticnts :m carly increxsc and 
subsequent dccrease were sut'ficiently large to be acccpted as indicative of thc 
t i s sue  destruction causcd by  the radiation exposure. 

In 100-R treated lymphos,vcoma and CLL, there  w e r e  increased average levcls  
on postirradiation days through four or  sevcn (Table '7). Among the paticnts givcn 
50-R exposurc the CGL group showed elevated uric acids on only the second day 

* Ln a study of KBC size distribution after low-dose-rate total-body irradi:ition 
(to be rcportcd elsewhere; s e e  ORXU Medic,d Division Rcscarch Reports 1968, 
19G9) , w e  have found by elcwtronic rncasurements of red  cell size that irradiation 
produccs clx~nges in cel l  volume that nrc not demonstrnted by measuremcnts of 
henloglobin, hematocrit, and cell numbers/cm3. Wc are findiiig that the erythron 
returns to norrrial within 120 days in this study only if iron s to re s  have not been 
depleted by phlcbotoiny or  hemorr'hagc. 
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A l l  D i s c a s c  

pre-treatmcnl 
Uric  Acid X 5.82 6. I8 6.48 6.38 6.04 5.57 5 . G H  5.38 
mg/100 ml i S.D. 1.75 1.73 1.82 2.02 1.9'3 1.75 1.60 1 .71  

*Figures  in pnrcnthescs indicate t h e  nunibcr of p t r c n t s  in cnch group. 

0 = Ko Slalistically s i p i l i c a n l  ch:inGc from prclruatrnc-nl Icvuls .  
+ = lncrcasc  P Z  0 . 0 5 -  0.01: 4 + P S  (1.001 

- = Dccrcasr: P 5 0.05 - 0.01 

and the CLL group on only the sevcnth day. hi othcr disease catcgorics and 
exposurc groups no statistically significant early chnngcs wcrc found in thc mean 
values from dny to day, although some indivjciud paticnts, evcn in tlicsc groups, 
showed alterations that possibly reflected increased ccllular dcstruc tion. On day 
28 following 100 R a dccrcase was seen in some disonse catcgorics and in thc 
averaged data for all, but was not found in individual groups after 50 R. 

These observations arc compatible with the view that change in uric acid 
level is a dose-related response that is modified by at lcnst thrce factors: the 
amount of radiosensitivc tissuc prescnl at csposurc, the dcgrcc of radio- 
sensitivity, and the rate of uric acid production in relation to r e n d  excretory 
capacity. Appraisal of radiation-induced pcrhrbntions in this metAolic system 
might be better elucidatcd from study of total urinary uric acid and other protein- 
related excretory products rather th'm serum levels. 

DISCUSSION 

This large amount of hematologic data suffers from the usual variabilities 
of most cliliical invcstigations - wide rangc in 1abor:ttcry v d u c s ,  many of them 
unexplained, and the lack of a true control populxtion. Thc information dcrived, 
howcvcr, is clinically uscful and mcaninglul for radiation biology. The differences 
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i n  rcsponsc in diflcrcnt clinical d i so rde r s  arc of spa:inl intcrcst  :mci givc SOIIIC' 

insi:$t into tlic rclativc clcpcndciice 01 tficsc disease proccsscs cui ct*lfi[l,u s u r \  i v d  
and rcp1ic:ition. In this discussion "scnsilivity" is uscd to mean s i m p l y  :i rt*s])onse 
in ccll ntiml)crs alter i r rd i a t io i i ;  it is not m c m t  to imply any slxxilic InccJi;1riis1n 
for altcred nuiiilicrs. 

Most of the rapid major  a l terat ions in blood valucs during tlic sis-wcck 1)ost- 
treatment period were thc  rcsult OF irradiation. To bc valid, t lus  stalcnicnt 
requircs  u s  to assume that all periphcrrd blood ccl l  valucs would h:lvc rcmaincd 
stationary if  no treatment had been given. This steady s ta te  was not always prcsent .  
In fact, therapy was often indicatcd bccause certain cellular sys tems werc  cIi:uigL~g, 
but the rate of change was  usually slow in comparison with that induced by i r -  
radiation. Patients with chronic leukemia,  polycythc.mi:i, or  lymphoma were i n  
reasonably good condition and the ch,anges in hematologic s ta tus  that woiild 1i:ti.c 
occurred in the absence of treatincnt during the ol:,servation period could bc prc- 
dicted with some certainty.  For example,  most of the patients with chronic 
leukemia were becoming worse only b T d I d l y ;  white cell levels  and symptoni s 
were  increasing slowly. Sonie with lymphocytic leukemia had falling r e d  cel l  
values that required transfusions.  Paticnts with polycythcmia M'ere in need of 
treatment to alleviate symptoms and to locvcr hazardous clevations in  platelet 
values; two had phlebotomies short ly  before irradiation. 
might have been expected had no therapy been given. 

A rise in r e d  cell v a l u e s  

Problems of interpreting the quantitative nature of radiation-induced hcm:iLol- 
ogic response have recently been reexamined by Berg ie r  with theoretical  and 
stochastic mathcmaticnl models (18). He points out that all curves  of blood cell 
counts are  a coniposite of the effect of radiation damngc and i t s  r q i x i r ,  and 
variations introduced by data that is poor in reliability and numbers .  F rom his 
theore t icd  viewpoint he demonstrates  that an increase in dose auginents thc 
specd of "the rcsponsc process'' as well as the maxiniu~n rcsponsc  i tself .  Iic 
fecls,  however, that large nuiiibcrs of patients and ohscrvations do little for 
quantitation of the hematologic response  and that biologic variatioi: i n  paticnts 
and its many causes  fo rce  the dcvclopmcut of a qunlitntive ra ther  than a quanti- 
tative theory. In attempting th i s  task h e  shows that the onsct of rcpa i r  proccsscs  
and their continuance causc the ' f spreadt '  of the hcmatologic rcsponsc datn to 
increase with time. Since larger doses more ctfcctivcly supprcss rcpnir ~ L ' O C ' C S S C S  
and thus tend to reduce one contributing cause  to variability, especially la tcr  in the 
course of response,  one u.ould expcct that largcr  doses would give more  unilorni 
responses. This effect is seen  in most of our datn but not in all of it. Bergncr's 
analysis of the paticnts with chronic lymphocytic Icul~cmia,  whcrc m;utimum 
response of lymphocytes to 50 .and 100 R was the same,  rcvcalcd uncxyectcdly that 
greater variability in response (evidence for grcater  rcparativc efforts) occurred 
with the 100-R dose ra ther  thnn with the 50 R. Sincc this greater reparat ivc effort 
aftcr 100 R resulted in a response  cu rve  simi1:ir to that of 50 R, thcsc ohscrt-ations 
suggest togethcr that the expectcd additional cell-damaging responsc to 100 I: was 
offset by the reparative proccsses  stimulated by the 100 R,  thus providing :inothcr 
basis  for considcring the 100-R dosc in this discase unncccssnry 
desirable. Furthcr analysts, bascd on Bcrgncr 's  "Theory of Quantitative 1l:idiation 
Response Time-Data," o r  on other  such analytical models, are nccdcd in radio- 
biology. 

well as un- 
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Whcn examined f r o m  a cytokinetic vict<yj int  t h c  m c ~ : h : ~ n i s m s  of t h c ~  cli:inges 
in iiluocl ce l l  v a l u c s  ~ J ~ f ) d 1 1 C C d  11y the irr:idi;ttion x c ,  ol cc~iirsc, coniI)I(\.u. This 
prohlcni has txcn \i,,;ll t1iscu:sst.d by hT;ilIiC (l!)) ;inel Cond clt xl (2U). l ' r c ~ s u n i d ~ l y  
rnc1i:ition-inducccl clc:ith o l  circQiat.ing ccIIs c m n o l  xccount for. much of I l i c  to1d 
cffcct of the csl)osurc. 
of abnormal numbcrs of cells may havc :L signific;mt cll'cct ulion pcri1)hcr:d blood 
ccll values. TIic h s i s  for  most  of t h c  rcclm-tion in the cells of LIic bIood, liowcv(:~*, 
is undoubtedly intcrfcrcncc with cell prolil 'cration brou:lit about most 1il;cly by  a 
radiation-induced clccrcase in s t em ce l l s .  Therefore, i t  may  be  nccessxry  to 
relate the pat terns  of radiation effects  to a bal:mcc bctwccn cell production, 
r c l casc ,  "normal" lifc span o r  turnover  r a t e  f o r  each  cell type as i t  m c u r s  in thc. 
vnrious d isease  s ta tes ,  and cellular radiosensit ivity.  Table 8 lists thc g:.r?omcn.ic 
mcans of the minimum blood values  reached during the six-week study period in 
the various d iseases  studied after the 50-R and 100-R doses. 

Aitci-xtions in p;it.tcrns of tissuc. scqucstrntion :tnd relcasi .  

The pat terns  of hematologic response  t o  i r radiat ion arc influenced by the 
dose and also by the a l te red  cytokinetic s t a t e  in each  disease.  We  have attempted, 
as yet,  only prel iminary interpretat ion of our  results in the light of these factors. 

Lymphocytes 

Pat ients  with polycythemia r u b r a  v e r a  provided data on the response of pre- 
sumably normal  lymphocytes to 100 R .  
of pre t rea tment  levels and a g r a d u d  declinc continued to 53% at the cnd of the 
42-day study period, so that w e  do not h o w  the p rec i se  t ime when the lowest 
lymphocyte vzlucs n.ere reached but this  cu rve  \vas mos t  likc that of normal men 
ace idelitally ir r adiat 2 d . 

ea r ly  d rop  occurred  by d:ty two to 7V.. 

Table 8 

Minimum Geometric Mean Values During G IVecks af ter  TBI 
Expressed as Percent of Prc t ren lment  Lcvel 

_- 100 R - 50 R 

Total \VEX 
C L L  3 4 . 8  (26.5 good response) 29.7 (19.7 good response) 

(59. 5 poor response) 
Mdignant Lymphoma 61.8 53.1 
CGL 44.4  17.3 
P R\' - 26.7 

(68.3 poor response) 

Lymp hocytcs 
c LL 31.9 (23.7 good r e s p o n s c ) 2 ~ . 7  (19.3 good response) 

(60.G poor response) 
hldignnnt Lymphoma 59.3 50 .0  
CGL 49.4 48.5 

(66.9 poor response) 

PRV 44.4  

Pl:1telets 
c LL 

CGL 
PR\' 

Malignn:int Lymphoma 70.'9 27.3 
65.0 

81.5 - 
\ 25 .2  

48.5 
28. G 



Pcrh:ips the most striking obscrv;Ltion rc1:tlcd to radixtion sciisitivi 1:; 0 1  
1ynphocytc:s is thcir rc'sponse in chronic 1yini)hocytic 1 0 ~ l i ~ 1 1 i i : t  to 50 I <  : I I : ( I  I O 0  I? .  
1 - I I C  t ivo C * ~ . I P \ * C S  ;ire not signil'icantly c l i t l c r c .n l .  
c o m p : ~ t ~ : ~ i ~ i t . ~  a i d  tlic st:ix:c o f  illiicss ~ n : ~ y  liinil ttic intcri)rct:ttion oC this I.!(  I O u r  
data ~ i i :~c~s t ,  ho\vc:vcr, lhnt iT the* c1iiiic:tl olijcctivcs C:UI Ijc. cyii:itccl ivit11 rt-tlti '*tion 

of only thc lyinphocytc count, t hc  lowcr doso m:iy bc prclcv:hle sincc 5b 1: :iiq)ca:trs 
to rcducc lymphocyte numbcrs adequatcly with l v s s  dcprcssion of platclcth. 
Lymphocytes in chronic lymphocytic lculicmia a r c  certainly most scnsil i i  C' 10 
50 R,  and using thc lymphocyte response  dxla of t h c  patients Lvith PRV (Fig 
as a substitutc fo r  our lack of normal  control da ta  wc can say that  those 
leulteniia xre alniost thrcc t imes  as scnsit ivc.  A con1p:wison with the 1jwi;)lio- 
cyte counts of the Marshallcse no rma l s  on I<ongerik Island (Croup 111) N-IIO \\ c'rc 
estimated to have been exposed to 75 12 (21) also shows that lymphocytes oi normal 
people ;we less sensitive than those patients with lymphocytic lcukemia. 

'l*lic two scriiks \\'ere no: c.111 i i.c*Iy 

1 S) 
i l l ;  

Schrck (22) has  rcported that some patients with chronic lyniphocytic 
leukemia have radioresis tant  lymphocytes. In our study (Figs. 1, 2 ,  3) SLY VI-21 
of the paticnts given 50 R o r  100 I? showcd a significantly dccrcased respr)nac!, 
in contrast  with the  common pattern of a drop to 50% or less of initial v a l u c s  
in four o r  seven days. W e  have becii unnblc to discern any clcar-cut  cliniciil C J ~  

hematologic correlat ions with th i s  nonresponsiveness. In some of these Ixtticnts 
the resis tance of the lymphocytes is actually grea te r  (compare Fig. 3 with  l:i;;. 
18) than that of those in PRV (considcred to Ix "normcd'f)a  

On tlie other l imd, two C ~ S C S  of "leukcniic" lymphosarcoma showcd inordiix~tcly 
sensitive lymphocytes with an ea r ly  precipitous drop to la;, of the pretrc;:tmcnt 
v;ilues (Fig. 9).  The remainder of l h c  paticnts ivith rnrdigxmt lqrnphoma I i . d  

depressions of the mean lymphocyte values that were  l c s s  than thc r c spon~c '  in 
polycythcniia and must b e  considered morc  res i s tan t  than normal. LVc n.oiirlcr..cd 
whether the numbers of circulating lymphosarcoma cclls in the peripherai  i,l(jod 
of these patients before treatment niight be rcl:licd to radiosensitivity, iiu:  !.[.hen 
the values were graphcd after sor t ing  the  paticnts into two g ~ ~ ) u p s  (lliose :.? i:i: 
lymphocyte counts above 4,00O/mm3, and those with counts less than this IC!. cl) 
no diifcrences in response could l x  dctcctcd. We found no clear relation I,c.i.l.\.(:cn 
height of the initial lymphocyte count i n  CLL and the subscqucnt percentage lall 
with therapy. There is a slight suggestion lha t  when the initial counts a r c  lo\\ 3 
somewhat exaggerated response may be  anticipated. In gcncral ,  howcvcr , f rom 
a clinical viewpoint, one cannot p re sc r ibe  the amount of t reatment  needed on the 
bas i s  of the height of the initial count. 

Granulocytes 

Gr'mulocytes in chronic granulocytic leul<emia begin to drop promptly and 
appear to be  morc  scnsitivc to radiation th'm in other patients and in normal 
m a l .  h Iem values af tcr  50 II can be superiniposcd on the  rcsponses  of lymliho- 
cytes in lymphocytic leukemia even though we arc comparing different ccll types. 
However, the degree of change in  p m u l o c y t i c  lculwmia is rclatcd to thc  in i t ia l  
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whitc cell  lcvcl, ;L rc1:ition thxt docs not c s i s t  l o r  lymphocytic Icul;cmi:L*. AS 
noted cxr l ic r ,  1c~uk;ocytc v:ilues wc'rc c\lcv:itcd in pxt icn ts  with polycytl~cmia ru\)r:i 
v c r a  i~cforc  trc:it mcbnt, i n  soinc' iii:;t:uiccs to ;I modcr:ttcly I)ronounrctl clc*grcc. 
Tlic ~ L ' O I )  nftcr 100 I i  \v :w less prcLc ipi tous in P I l V  thxn in l):Lti(\iils wit11 c.lu.onic 
graiiulocytir: lcukcnii;i, u itti :L mild c lcu : rc :~sc  durin;; thc  firs1 two wccks continuiny: 
to a n;idir on day 42 in cont ras t  to tlic rcsponsc cspwtcd in n o r n u l  pcrsons.  This 
dcprcssion f rom prctrcntmcnt valucs persistcd for ;I number 01 inon ths, although 
the pnttcrn of climb toward pretreatmcnt  values varied considcrably. 

Platclcts 

Platelets usually reach their  lowest level between the 21st 'and 35th days. 
In every group, responses  to 100 R \\'ere significantly grentcr than  to 50 R,  
and there  was  l i t t le overlap; 50 R produced little change in the patients with 
lymphoma, lymphocytic leukemia, and wi th  chronic granulocytic lcukcmia. 
Individual variations were  r a the r  pronounced. Patients with polycj-tlicmia 
rub ra  vera  who usually have moderate  or  high platelet vducs were  not rebounding 
toward normal by the end of the  six-week study period but had leveled off, rc- 
maining for many weeks or months a t  values considerably below tIic pretreatmcnt 
ones (Fig. 16). This desirable  effect f rom the point oi view of thcrapy perhaps 
indicates that a new cel lular  steady s ta te  has been achieved eithcr through the 
establishment of normal  homcostatic mechanisms o r  dcpletion of s tem cel ls  to 
limiting levels of cel l  production. 

SURlMARY 

Eighty-nine treatments of total-body irradiation were given in single exposures 
of 50 R and 100 R at 1.5 R/min to paticnts with lymphoma, chronic leukemia, 
o r  polycytl~einia rubra v w a .  The clinic'd and hematologic responses  during a 
42-day study period were  analyzed according to disease and dose; not unexpcctcdly 
the therapeutic rcsponscs  v'aricd. In l~?nphoproliferativc disorders  measurablc 
clinical benefit did not rlepciid solely on the radiation dose; the majority showed 
somc shrinkage of en1,argcd lymph nodes, l iver,  or spleen, but the larger  dose u.ns 
not proportionally more cl'fectivc in all ccllular sys tcms.  Many requircd additionxl 
therapy within three months but this  was not surprising in view of our  use of only 
a single exposure. In granulocytic leukemia, improvement occurred in morc than 
half of thc patients. F o r  polycjthcinia, the most clinically bcncficial response 
appeared to be a decline of the dangerously elevated platelet counts to more  normal  
levels that were maintained f o r  many weeks o r  months. 

The hematologic rcsponses to 100 R usually but not invariably exceeded those 
to 50 R. A notable exception w a s  thc lymphocyte response of CLL in which the 
mean values of the responses  of two groups were statistically the same. In 
g c n e r d  the abnormal proliferating blood elements did not re turn to pretreatment 

* This a n d y s i s  is to be the subjcct of a separate  report by J. Yuhas (OWL), 
C. C. Lushbnugh, aid T. Stokcs (OMU). 
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The detailcd graphs of blood cell V ~ U C S ,  togcthcr wi th  thc!ii- gcomctric 
means for cnch diseasc and cxposwc g ~ o u p  form a useful rcfcrcncc for rntlio- 
biologic comparison with patterns in n o r m d  pcrsons ac~cicIcntnlly csposcci, ;in(! 

relatc thc  radiosensitivity of the various blood ccll lincs in thc dismscs s t ~ t c l i c d .  

The graphs also show t h e  most prohablc o r  prcdictrhlc rcsponsc of the 
average paticnt with these diseases for 42 days flftcr 50-1; and 109-11 csposurc. 
providing a tempor'd course for comparing t h e  relative cffcctivcncss of simi1;tr 
total exposures of radiation given in s m d l  daily fractions at high o r  low doso 
rates. Such a comparative study of dosc-rate effccts upon thcrapcutic effcc.ii\.c- 
ness is in progrcss. 
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