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The Committee on Clinical Investigations and Use of Radioisotopes 

hereby approves the program with the following title: 

Treatment o f  Leukemia and Lymphoma with Tritiated Thymidine 

(H3TdR) 

CIRC {/ 23 has been assigned to this program. . 

Knud%. Knudsen, M.D. 
D. 
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Date: 

Place: Xedical Research Center 
Brookhaven National Laboratory 
Upton, Hew York 
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t. I n i t i a l  Approval 

FORM FOR INITIATION OR S V I E W  OF C'LINICtU V.P. Bond, M.D. 
Chairman, Med. Dept. 

INVESTIGATIVE PROGRAMS 

(Submit o r i g i n a l  only t o  Department Chairman) 

A. T i t l e  of t h e  proposal :  

B. Sponsoring phys ic i an ( s ) :  Eugene P. Cronki te  

C. 

D. 

Treatment of Leukemia and Lymphoma with t r i t i a t e d  
thymidine (H3Tdr) 

Responsible  i n v e s t i g a t o r ( s ) :  V.P. Bond, A.D. Chanana, E.P. Cronkite ,  M.L. Greenberg, 

Br ie f  d e s c r i p t i o n  of the  s tudy ,  i n c l u d i n g  i t s  g e n e r a l  goa l s  and purpose,  and 

p e r t i n e n t  in format ion  on p a s t  s t u d i e s :  

L.M. S c h i f f e r ,  P . A .  Stryckmans 

(Attach a d d i t i o n a l  shee t s  i f  necessary . )  

Please see a t t a c h e d  s h e e t s  

E. Reasons why the  i n v e s t i g a t i o n ( s )  are t o  be performed on human subjec ts .  

Please s e e  a t t a c h e d  s h e e t s .  

F. Type of p a t i e n t  i n  which t h e  s tudy  i s  t o  be done ( inc lud ing  approximate number 

of s u b j e c t s ,  i f  known; s p e c i a l  r e s t r i c t i o n s  or requi rements ;  method of ob ta in -  

i n g  consen t ;  e t c . ) :  

P lease  s e e  a t t a c h e d  s h e e t s .  
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G. 1. 

2. 

3. 

4 .  

5 .  

6. 

J 

Are drugs not in tne U. S. Pharmacopoeia (USP) or the NNR being used or con- 

templated f o r  use? 
Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? 

example would be the use of an accepted drug in dosages far exceeding the 

recommended limits or f o r  purposes distinctly different from the usual indi- 
cations cited.) Yes No x 
Are any biological products to be administered that do not bear on their con- 
tainers o r  labels notation of approval by the Biological Control Division of 
the National Institutes of Health? Yes No X 

Is external o r  internal radiation other than accepted diagnostic or thera- 

peutic procedures to be administered? 

Are any (other) unusual procedures being performed or proposed which in your 

judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for. that patient? 

Yes X No 

(An 

Yes x No 

Yes No X 
Are any radioisotopes to be administered to human beings? Yes X No _ _  
a. If yes, are the radioisotopes t o  be used solely within the limits of pro- 

cedures, specifically described in the USP? Yes N O X  

Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be used only in accordance with a project 

previously approved by the former Radioisotope Committee of this 

Department? 

Note the project number: 

X Yes No 

IF ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIRMATIVELY, a detailed analysis 
of the potential hazards must be appended, including pertinent bibliographic cita- 

tions and other relevant information. 

IF QUESTION 6 IS ANSWERED_AFFIRMATIVELY, a completed supplementary form for 
Radioisotope Administration to Human Beings must be appended. However, this f o r m  

need not be filed provided that question 6a or 6b is also answered affirmatively. X 

separate form must be submitted for each radioisotopic o be administered., 
L ' I - b e d L L  - c 

'3 p on s or in g Ph y s i c i a n 
Committee on Clinical Investigations and 
Uses of Radioisotopes 
Approval recommended / Date \$3/'3f 

Disapproval Date 

I t 7 9 9 8 2  
I 

V. P. Bond,,$. D. 
Chairman, Medical Department 

6 / 2 5 / 6 3  
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SUPPLEMENTARY FORM FOR RADIOISOTOPE 

ADMINISTRATION TO HUMAN BEINGS 

A. Radio iso tope  
24 14 

1. Spec ie s :  (Radioisotope o r  labe led  compound, eg. Na C 1  o r  1-C - glucose)  
3H-Thymidine (H3Tdr) 

2. Phys i ca l  c h a r a c t e r i s t i c s :  (Physical  h a l f - l i f e ;  decay scheme (or type ,  

energy and r e l a t i v e  frequency of ma o r  emiss ions)  
T 1 / 2  - 12.4 y r s .  Beta decay 18 KEV d H e H e  + 8 

Commercial s u p p l i e r .  
4, Prepa ra t ion :  (Target m a t e r i a l ,  q u a n t i t y ,  s p e c i a l  prob1ems)It  i s  produced by 3 .  

ta l  t i c  r e d u c t i b n  of 5-hydroxymethyluraci l  wi th  t r i t i u m  thymine- . 
k ~ h ~ d b ~ n d  n z  p z r i i i e d  ma i c  c gy nver cofumn ion  o c 6 r o a o g r a p  t h  ine tg y.  thymidine. La8zfe$othf;i?dine i s  

S p e c i f i c  a c t i v i t y  and i s o t o p i c  p u r i t y  of adminis te red  ma te r i a l :  
a v a i l a b l e  s p e c i f i c  a c t i v i t y  ( p r e s e n t l y  15 c/mM) w i l l  be used. 
a t  l eas t  97% pure  (usua l ly  more than  99X)chemically and i s  i s o t o p i c a l l y  pure.  

5. The h ighes t  
It i s  

6, Radioassay and c a l i b r a t i o n  procedures:  ( Inc lude  v a l i d a t i o n  t o  be 

performed a t  BNL p r i o r  t o  use)Radioassay  and c a l i b r a t i o n  are done by the 
conutiercial s u p p l i e r ,  A radioautogram of a chromatogram i s  done. 

7. Vehic le  and r o u t e  of admin i s t r a t ion :  The aqueous o r  e thanol  s o l u t i o n  obtained 
from t h e  s u p p l i e r  w i l l  be i n j e c t e d  in t r avenous ly .  

8. Procedures  f o r  c o n t r o l  of  s t e r i l i t y  and pyrogenic i ty :  ( O r  n o t e  t h a t  

commercially suppl ied  i so topes  a r e  c e r t i f i e d  as  ready f o r  a d m i n i s t r a t i o n  

t o  human b e i n g s , )  It i s  provided by t h e  s u p p l i e r  i n  a s t e r i l e ,  pyrogen 
f ree  so lu t ion .  

9. Extraneous e f f e c t s ,  i f  pe r t inen t :  (Such as  pharmacological o r  t o x i c  

a c t i o n s  of t h e  pa ren t  compound o r  v e h i c l e ,  e t c . )  
None 

B. Rad ia t ion  Dosage 

1. B i o l o g i c a l  h a l f - l i f e  o r  h a l f - l i v e s ,  i n c l u d i n g  s low components: Bio logic  h a l f - l i f e  
w i l l  depend upon t h e  s p e c i f i c  cel ls  l abe led  but  should be  i n  t h e  order  of a few days f o r  t he  
f r ac t4on  which e n t e r s  most c e l l s ,  a few hours  f o r  t h a t  which is  no t  incor  o r a t e d  and as long as 
the 11 f e of t h e &at 1 en: ,595 Ikp,s % rc e,Lpc eyl-pucprty~~a~y~~ ty%rJ: s l@&ljdlZ 0-6y% a ;{ fly tih”ej e c t ed:. . gan , 

e f f e c t s  of s p e c i a l  d rugs  o r  agen t s  on a l t e r i n g  the  n a t u r a l  d i s t r i b u t i o n  

of  t h e  r a d i o i s o t o p e )  

marrow;. tu$&t&&sa lAaregd,rgg&J :,&p&dly d iv id ing  c e l l s  , e s p e c i a l l y  bone 

cons ide rab le .  Johnson and Cronkite’ n o t i c e d  a reduct ion  i n  t h e  r a t i o  of s p e r m t o -  
c y t e s / S e r t o l i  ce l l s  i n  the  mouse t e s t i s  a f t e r  g iv ing  as l i t t l e  a s  1pc/gm i n t r a -  
p e r i t o n e a l l y .  This  e f f e c t  w a s  the same as 5 r a d s  whole body gamma i r r a d i a t i o n .  

b. Gonadal exposure: Exposur cannot  be  measured exac t ly  b u t  should be 

?H3Tdr becomes t r i t i a t e d  water w i t h  a b i o l o g i c  h a l f - l i f e  of  7-12 days (Ref. 1). 
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3. Sample c a l c u l a t i o n s :  (Dosage should be c a l c u l a t e d  f o r  the whole 5oa:: 

ana f o r  " t a r g e t "  o r  o t h e r  s e p a r a t e  organs ,  where ind ica t ed )  

S u m a r y  equzt ions  a r e  d e s i r e d ;  no t  e x t e n s i v e  c a l c u l a t i o n s .  S t anaa r t  

dosage equat ions  from r e f e r e n c e s  such a s  Hine and Brownel l ' s  

R a d i a t i o n  Dosimetry, Nat iona l  Bureau of  S t anda rds  Handbook 69 ,  and 

BNL Hosp i t a l  Form 1167-A should be used where p o s s i b l e  and the  

r e f e r e n c e  c i t e d .  

Dosage c a l c u l a t i o n s  must be based on t h e  dose t o  the  nucleus of t he  
p r o l i f e r a t i n g  ce l l s  which inco rpora t e  t h e  H3Tdr. 
been reviewed by Bond and Feinendegen3. 
f o r  t h e  f i r s t  p a t i e n t  w e  s tud ied4 .  

Such c a l c u l a t i o n s  have 
Dosage e s t ima tes  have been made 

- 

C. Rad io log ica l  Heal th  Aspects 

1. Hazards t o  o t h e r  p a t i e n t s  and t o  personnel  from e x t e r n a l  o r  
i n t e r n a l  r a d i a t i o n :  There i s  no hazard t o  p a t i e n t s  o r  personnel  i f  exc re t a ,  e t c .  

are  p rope r iy  handled. 

2. Moni tor ing  procedures ,  if necessary :  The Hea l th  Physics  Department w i l l  
p e r i o d i c a l l y  check the p a t i e n t s  room and o t h e r  areas i n  the  p a v i l l i o n  a s d  SCTL 
room f o r  t r i t i u m .  

3. S p e c i a l  procedures  f o r  handl ing  waste p r o d u c t s ,  e x c r e t a ,  b i o l o g i c a l  

samples ,  e t c . ,  where ind ica t ed :  The p a t i e n t  w i l l  s t a y  i n  h i s  room f o r  24 hours 
w i t h  h i s  door c losed .  
t i o n  ma te r i a l .  

Urine w i l l .  be c o l l e c t e d  completely and disposed as  r a d i a -  
Any blood samples drawn t h e  day of i n j e c t i o n  w i l l  b e  t r e a t e d  as 

4. Plan  f o r  isoeope a c c o u n t a b i l i t y ,  if r equ i r ed :  r a d i o a c t i v e .  Linen, d i shes  and 
. o t h e r  m a t e r i a l s  brought i n t o  the 

1 f o r  one day a f t e r  i n j e c t i o n .  

- - - .  
Not requi red .  

room w i l l  be t r e a t e d  as radioact ivE 

. 



\ Initial Approval: 

INVESTIGATIVE PROGRAMS 

(Submit original only to Department Chairman) 

A. Title of the proposal: 

B. Sponsoring physician(s) : J. S. Robertson 

Evaluation of Tcggm-Fe-Ascorbic Acid Complex f o r  Renal 
Scanning. 

C. Responsible investigator(s): H. Atkins, L. Schi f fe r  

D. Brief description of the study, including its general goals and purpose, and 
pertinent information on past studies: (Attach additional sheets if necessary.) 

The complex of Tc and Fe with ascorbic ac id  i s  rapidly excreted from the  
body i n  urine.  
t h i s  laboratory.  
because of the  be t t e r  reso lu t ion  and higher count rates possible. 
s i r a b l e  t o  evaluate i t s  human use. The material has been used on humans a t  
Argonne Cancer Research Hospital  by Harper and a t  Chicago Wesly Hospital by 
Quinn. 

It has been used on rats and w e  have used it on a rabbi t  a t  
Superior rena l  scans can be performed wi th  t h i s  material  

It i s  de- 

The plan i s  t o  administer 1 mc intravenously and follow uptake curves 
over both kidneys f o r  30 min, and do f rac t iona l  ur ines  t o  determine r a t e  of 
excretion. Renal scan t o  be performed a t  1 hour. Ser ia l  plasma concentra- 
t i o n  det5,minations will be done. 

E. Reasons why the investigation(s) are to be performed on human subjects. 

Material  t o  be used for c l i n i c d l  s tudies  of renal  function and anatomical 
ab no mal i t i e s . 

F. Type of patient in which t he  study is to be done (including approximate number 
of subjects, if known; special restrictions or requirements; method of obtain- 
ing Consent; etc. ) : 
obstruct ion.  
and renal. transplants.  

Pa t i en t s  w i t h  hypertension and suspected u re t e ra l  
W i l l  a l so  be used on pa t i en t s  wi th  known abnormal renal  function 



- L -  

G. 1. Are drugs not in the U. S. Pharmacopoeia (USP) or the NNR being used or con- 
templated for use? Yes X No 

2. Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? (An 

example would be the use of an accepted drug in dosages far exceeding the 

recommended lim'its or f o r  purposes distinctly different from the usual indi- 
cations cited.) Yes No X 

3. Are any biological products to be administered that do not bear on their con- 
tainers or labels notation of  approval by the Biological Control Division of 
the National Institutes of Health? Yes X No 

4. Is external or internal radiation other than accepted diagnostic or thera- 
peutic procedures to be administered? Yes No x 

5. Are any (other) unusual procedures being performed or proposed which in your 
judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

Yes No x 
Yes X No 6. Are any radioisotopes to be administered to human beings? 

s 

I cedures, specifically described in the USP? Yes No 
a. If yes, are the radioisotopes to be used solely within the limits of pro- 

Describe the radioisotopic preparation(s): 
Tc-Fe-ascorbic acid complex. 

b. Or are the radioisotopes to be used only in accordance with a project 
previously approved by the former Radioisotope Committee of this 
Department? 

Note the project number: 

Yes No 

IF ANY OF QUESTIONS 1 THROUGH 5 ARJl ANSWERED AFFIRMATIVELY, a detailed analysis 
of the potential hazards must be appended, including pertinent bibliographic cita- 

tions and other relevant information. 

IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary form f o r  

Radioisotope Administration to Human Beings must be appended. 

need not be filed provided that question 6a or 6b is also answered affirmatively. A 

However, this form 

separate form must be submitted for each radioisotopic species to be administered. 

ring Physician 
Committee on Clinical Investigations and 
Uses of Radioisotopes 
Approval recommended 

Disapproval Date 

V. P. Borid,lM. D. 
Chairman, Medical Department 

~ 

I IIES98b 6 / 2 5 / 6 3  
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SUPPLEMENTARY FORM FOR RADIOISOTOPE 

ADMINISTRATION TO HUMAN BEINGS 

A. Radioisotope 
24 14 

1. Species: (Radioisotope or labeled compound, eg. Na C1 or 1-C - glucose) 
ggmTc-Fe-ascorbic acid complex 

2. Physical characteristics: (Physical half-life; decay scheme (or  type, 

energy and relative frequency of major emissions) 
T = 6 hours, y = 140 Kev 9.5$ i n t e r n a l  conversion 

1/2 
3. Source: (BNL reactor, cyclotron, hot lab,), comercial supplier, etc.) 

Hot l a b  

4. Preparation: (Target material, quantity, special problems) 
See enclosed 

5 .  Specific activ.ity and isotopic purity of administered material: 
Spec. act .  = 100% Less than 0.01% impur i t ies  Cm'kkbJ / - A J L ~ -  

6. Radioassay and calibration procedures: (Include validation to be 

Assayed a t  hot  l a b  by ionizat ion performed at BNL prior to use) 

chamber and 57 Co standard 

7. Vehicle and route of administration: 

Administered i n  0.9% NaCl I.V. 
8. Procedures for control of sterility and pyrogenicity: (Or note that 

commercially supplied isotopes are certified as ready f o r  administration 

to human beings.) 
'~MO generator. 

Pyrogen-free s t e r i l e  so lu t ions  used i n  e lu t ion  from 

Final  product passed through 0.22 p millipore f i l t e r .  

9. Extraneous effects, if pertinent: (Such as pharmacological or toxic 
actions of the parent compound or vehicle, etc.) None. Less than 100 pgm 

Fe/cc 
B, Radiation Dosage 

1. Biological half-life or half-lives, including slow components: 
Biological h a l f - l i f e  less  than 2 h r s  i n  blood. Rapid renal excretion. 

2. Organ, cellular, or subcellular localization: (Should account for  the 

effects of special drugs or agents on altering the natural distribution 
of the radioisotope) 
a. Critical or "target" organ(s) : Bladder 

b. Gonadal exposure: .06 rads/m C i  i n  females assuming full bladder 
maintained f o r  more than 12  hours. 
reduced by having p a t i e n t  void 1/2 h r  post-administration as a 

However, t h i s  can'be considerably 

4- 
d then again a f t e r  completion of scan. 

+p &L. LQ -&A+ & ?(,f,a-&pc. 
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3.  Sample c a l c u l a t i o n s :  (Dosage should be c a l c u l a t e d  f o r  t he  whole body 

and f o r  " t a rge t "  or  o t h e r  s epa ra t e  organs ,  where ind ica t ed )  

Summary equat ions  a r e  d e s i r e d ;  no t  e x t e n s i v e  ca l cu la t ions .  Standard 

dosage equat ions  from re fe rences  such as  Bine and Brownel l ' s  

Radia t ion  Dosimetry, Nat ional  Bureau of Standards Handbook 69, and 

BNL Hospi ta l  Form 1 1 6 7 - A  should be used where poss ib l e  and t h e  

r e fe rence  c i t e d .  

'Oo0 pc x 0.25 x 0.0346 x 56 
250 gm 

Bladder dose D = C.T x 0.0346 = 0.72 x 
Y 

- = 56 (by i n t e r p o l a t i o n )  I = 0.72 x 0.0346 x 56 
g 

Values taken from Smith 
- - = 1.39 r a d s  - Formula from Quir.b;- C = 1 mc/25O cc  i n  bladder  

Gonad dose - i nve r se -  sq a t  5 cm 

1.39 = 0.06 rads/m C i  
25 

C. Radio log ica l  Health Aspects  

1, Hazards 3 o t h e r  p a t i e n t s  and t o  personnel  from ex te rna l  o r  

i n t e r r .  il r a d i a t i o n :  - 

2. Monitoring procedures ,  i f  necessary:  - 

3. S p e c i a l  procedures f o r  handl ing waste p roduc t s ,  exc re t a ,  b i o l o g i c a l  
samples, e t c . ,  where ind ica ted :  - 

4 ,  Plan  f o r  i so tope  a c c o u n t a b i l i t y ,  i f  r equ i r ed :  - 

Ref: 1. Quimby, E. II. and Fe i t e lbe rg ,  S: Radioac t ive  I so topes  i n  Medicine and 

BiologSr. Lea and Febiger,  P h i l a d e l p h i a  1963, pp. 118. 

2. Smith, E. M. I n t e r n a l  dose c a l c u a t i o n  for 9* Tc. J. Nucl. Med. - 6: 
231-251, 1965. 

3. S. S i l v e r .  Uses o f  r a d i o i s o t o g e s  i n  medicine.  Nucleonics - 23: 108, 1965. 

ak 0 219988 June  55 ,  1963 
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D, E, F, B-1, G - 4 ,  G - 6 :  
3 5 

Though the  a b i l i t y  of H Tdr t o  k i l l  r a d i o s e n s i t i v e  ce l l s  
soon a f t e r  i t s  p repa ra t ion  i t  came i n t o  wide use  as a t o o l  t o  s tudy c e l l u l a r  
p r o l i f e r a t i o n  because of the  high r e s o l u t i o n  autoradiograms which could be 
made6. 
Sp. ac t .  0 .3  c/mM t o  1 . 9  C/mM) i n j e c t e d ,  however . 

t i o n  i n  two leukemic p a t i e n t s  i n  t h i s  hospi ta14y7.  
rece ived  much more than the  u s u a l  t racer dose,  each r ece iv ing  10  intravenous i n j e c t i o n s  
of H3Tdr over a f i v e  day period. 
w a s  e i t h e r  1 . 9  o r  13 c/mM. 

was noted 

No t o x i c i t y  w a s  seen i n  an imals  o r  man wi th  the t r a c e r  doses (up t o  O . k $ / g m )  

Recent ly  cy toc ida l  e f f e c t s  were observed during s t u d i e s  of c e l l  p r o l i f e r a -  

6 

Both of t h e s e  p a t i e n t s  had 

Each i n j e c t i o n  w a s  0.25 p c / p  body weight.  SpA 

A copy of re ference  4 i s  inc luded  with t h i s  proposal .  The da ta  included 
A d i scuss ion  of the t o x i c i t y  t h e r e i n  and d i s c u s s i o n  thereof  need n o t  be repeated.  

of H3Tdr i s  a l s o  included.  

I n  a d d i t i o n  t o  s tud ie s  which w i l l  be done with a t r a n s p l a n t a b l e  mouse 
leukemia ( t o  be  k indly  suppl ied t o  u s  by D r .  J . R .  Rubini) and f u r t h e r  s tud ie s  on 
t h e  t o x i c i t y  of H3Tdr i n  the  normal dog w e  f e e l  t h a t  t he  i n i t i a l  observa t ions  warrant  
f u r t h e r  t h e r a p e u t i c  t r ia ls  i n  p a t i e n t s  w i th  leukemia (except  f o r  chronic  lymphatic 
leukemia and chi ldhood lymphoblastic leukemia) and nonloca l ized  lymphomas. 
Because of (1) s t u d i e s  i n d i c a t i n g  t h a t  a l a r g e  f r a c t i o n  of s t e m  c e l l s  i s  not  i n  
DNA s y n t h e s i s  normally , (2 )  the  marked granulocytopenia produced by twice d a i l y  
i n j e c t i o n s  i n  both our p a t i e n t s  , and (3)  sugges t ions  from c l i n i c a l  t r i a l s  of 
o t h e r  chemotherapeutic agents  i n  a c u t e  leukemia t h a t  i n t e r m i t t e n t  therapy i s  
s u p e r i o r  t o  d a i l y  therapy i n  main ta in ing  remissions9 it is  proposed t o  give 

Because c y t o t o x i c  e f f e c t s  depend upon t h e  r a d i a t i o n  dose t h e  h i g h e s t  a v a i l a b l e  
s p e c i f i c  a c t i v i t y  m a t e r i a l  w i l l  be used,  up t o  5 pc/gm body weight  per  i n j e c t i o n .  
The spacing of  i n j e c t i o n s  must n e c e s s a r i l y  depend upon i n d i v i d u a l  c l i n i c a l  
response.  

a 
4 

i n t e r m i t t e n t  r a t h e r  than  twice d a i l y  i n j e c t i o n s  of H 3 Tdr as w e  prev ious ly  d id .  

An informed consent w i l l  be obta ined  from a l l  p a t i e n t s ,  of course.  

Because of the  p o s s i b i l i t y  of inducing mutat ions i n  o f f s p r i n g  as noted 
i n  micelO,  t h e  p a t i e n t s  w i l l  be informed of t he  i n a d v i s a b i l i t y  of f u r t h e r  pro-  
c r e a t i o n .  The p o s s i b i l i t y  of tumor induc t ion  as noted i n  micell, though r e a l ,  
would seem of l i t t l e  importance i n  view of t h e  gene ra l ly  poor prognosis ,  even 
wi th  t r ea tmen t ,  i n  t hese  d iseases .  
body weight (SPA 1 . 9  c/mM) did no t  develop thymic lymphomas, though those given 
480r g h o l e  body 6oCo12 did .  
doses up t o  20 pc/gm body weight . 

Mice given t h r e e  weekly i n j e c t i o n s  of 10 p c / m  

No a c u t e  t o x i c  e f f e c t s  have been seen i n  mice i n  
2 

t 179984 



1. 

2. 

3 .  

4.  

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

J R. Xubini, E.P. Cronki te ,  V.P. Bond, and T.X. Fl iedner ,  J C I  39:909, 1960. 

Johnson, H.A. and Cronki te ,  E.P. , Rad. Res. 11:825, 1959. 

Bond, V .P .  and Feinendegen, L.E.  Presented a t  t h e  IAEA panel on Biophysical 

Aspects  of Radiat ion Qua l i ty ,  h e l d  i n  Vienna, March 29-April 2, 1965. 

Greenberg, M.L. , Chanana, A . D .  , Cronkite,  E . P . ,  S c h i f f e r ,  L.M. , and Stryckmans, P.AA 

t o  be submitted t o  Blood. 

R . B .  P a i n t e r ,  R.M. Drew and W.L. Hughes. Science,  127:1244, 1958. 

Cronki te ,  E.P. , V.P. Bond, T.M. Fl iedner ,  S . A .  K i l l m n n  and J. R. Rubini. 

Presented a t  t h e  IAEA Symposium on t h e  Detec t ion  and Use of Tr i t ium i n  

t h e  Phys ica l  and B i o l o g i c a l  Sciences,  Vienna, May 3-10, 1961. 

M.L. Greenberg, A.D. Chanana, E.P. Cronki te ,  L.M. S c h i f f e r  and P.A. Stryckmans. 

C l in .  Res. 13:274, 1965. 

T.M. F l i e d n e r ,  E.D. Thomas, L.M. Meyer, E.P. Cronki te .  Ann. N . Y .  Acad. S c i ,  

114:510, 1964. 

Unpublished observa t ions  of t h e  Acute Leukemic B Group. 

A. J. Bateman, Nature 192: 705 , 1962. 

R. Baserga, H. L isco  and W.E. K i s i e l e s k i ,  Proc.  SOC. Exp. Biol.  and Med. 

110:687, 1962. 

H. C o t t i e r ,  E.P. Cronki te ,  E . A .  Tonna and N . O .  Nielsen.  Symposium on 

C e l l u l a r  Basis and Aetiology of Late  Somatic E f f e c t s  of Ioniz ing  Radiat ion,  

London, 27-30 March, 1962. 



* -  

Briaf Not. B M .  9374 

Michael L. Gramberg, Arjun D, C ~ M X U ,  Eugene P. Cronkite 

Lewis M. Schiffer and Pierre A. Stryc )aaa~  

Medf cal Rasearch Center 

Upton, Hew York 

and 

The Mount S i n a i  Eospital  

hpartnrsnt of Itslaotology 

New York, Hew York 

Brief l o t s  to Blood,  Journrrl of Eb.utology 

* Braarch eupportod by the U. 8. A t o m i c  Energy Camissfon. 
Supported in part by Publ i c  Health Service Training Grant 95T4CA-5126-03. 



Hlchael L. Greenberg, 'zi. 9. 

kledical :@search Center 

ErookF;sver. National h b ~ r a t c r ~  

Upton, New York 11973 

1 t 19992 



,. 
- 3 -  

1mmuCIIm: 
1 

s o o n a a f t e r  the prepara t ion  of  t r i t i a t e d  thymidine (H Tdr), toxicity '' 

has not been noted l n  man i n  t h e  doeos used. During s t u d i e s  wi th  r e -  

p e t i t i v e  i n j e c t i o n s  of H T d r  Fn two p a t i e n t s  w i t h  a c u t e  leukemia, ha.-  

e v e r ,  w e  obtained evidence o f  a $robable  rodfation cy toc ida l  e f f e c t  . 
CASE REPORTS: 

Though cy toc ida l  e f f e c t s  on r a d i o s e n s i t i v e  c e l l s  bere  recognized 

3 

3 

Case 1. A 74 year  o l d  woman entered  t h e  Medical Research Center ,  

Sept&t 24, 1964, becauae of  progreseively s e v e r e  ~eaknees and p a l l o r  

for tu0 -the and noc tu rna l  f e v e r  fo r  s e v e r a l  days. She had had  d l f f u a e ,  

r 8 d  sk in  nodule8 for one year .  S t g n i f i c a n t  p h y s i c a l  f ind ings  ve re  a 

te taperaturo of 3845 C, p a l l o r ,  s c a t t e r e d  0.5 cm r e d  s k i n  n o d u l e s ,  coarse 

ralca end exp i r a to ry  vhcezes a t  t h e  r i g h t  p o s t e r i o r  lung base, and a 

o p l e m  pa lpable  7 cm. below the  l e f t  c o s t a l  margin. On admission the 

hemoglobin uas 6.1 gm X ,  p l a t e l e t s  18,50C/w , and W B C  43,20G/rmr wfth 

0 

3 3 

95 X b l a s t a ,  3% lymphocytes 8nd 2Z eegmented neu t roph i l e .  A chest x-ray 

ehm-ed a r i g h t  lower lobs  i n f i l t r a t f o n .  A biopaied  akin nodule was fn- 

f i l t r a t e d  by L e u k d c  c e l l s .  

w i th  ove r  90% lymphoblasts. 

of a n t i b i o t f c  therapy. 

i n j e c t i o n s  (see Mater ia l s  and Mathods) ware begun for a study of cell 

p r o l i f e r a t i o n .  E o  weeks later the  skin  i n f i l t r a t i o n s  disrppeared and 

in a n o t h e r  week the  dplcen w a s  only 2 cm balm t h e  lef t  c o s t a l  margin. 

A bone marrow a r p i r a t e  wan unchanged. One month a f t e r  t h e  injectlone 

the s p l e e n  enlarged aga in ;  two weeks la ter  she  developed a r i g h t  upper 

A bone marrow 8 s p i r a t e  appeared h y p e r c e l l u l a r  

Fever and pneumonia c l e a r e d  after 10 d s y a  

3 
On t h e  f o u r t h  day i n t e r m i t t e n t  intravenous H T d r  



-4- 

lobe pmunwmia and diod without responding t o  amltipla antibiotics. Trans- 

fwioas had been given a8 a8ce8saryr Postmortem exmdnstion showed (I right  

uppor lobe lobar pnemmfa and replacaunt of nom1 bono marrow and splonic 

rrehitecturo wfth a uniform population of youp8 lyqhocytor.  

Care 2, A 42 year old man w h o  received the equivalent of S5 rade 

v h o h  body 80 Xv x-my i n  8 c r i t i c a l i t y  accident at IP8 A h a f  W 8 8  found 

to have acute qe locyt l c  leukemia i n  July 1964, after bviag had  three 

months of increasing fatigue, headaches, and low grade fever. 6-Hercapto- 

Purim, methotrexate, prednieone, and vincristine giwm a t  nr ioue  tfm88 

prior to h i 8  a&srion to tho Medicat Basurch Canter on March 30, 1965, 

h d  each produced trrnaitory Lmprovaamit in blood count8 a8 w e l l  8 8  various 

toxic ~ a i f e r u t i a n r .  On ~ d m l d a i o n ,  rfgnfficaat physical findings voro 

prlror, 1/2 cm. corvicd lynrph nodes, 8 liwr 5 a. m d  a rplcon 1 / 2  cm. 

bubw the bwor costal mrginr, abamt dmp tendon reflexor a n d  a m i l d  right 

foot drop.  3 h i t i a l l y ,  tho hemoglobin was 7 . 3  6, pla ta le t s  26,5OO/gn , 
3 and  UBC 51,2OO/em with 4% regnrwted umtrophilo, 8% bands, 6% metamyelo- 

q t e a ,  1% aryr1oc7te8, 6% p r o m y c l q t e a ,  10% ayelob~a8t8, 3M aonocytoid 

p r f a i t i v o  c o l l r ,  and 33% atypical primitive abnbnuclarclr cells.  

Shortly after adlsiiuiou, ho developed a menfagoal leukanic fnf f l tra-  

tion. 

8nd coatinutad to the procleat with briof utcaptfonr, deereared tho peripheral 

)I1zc but h d  no offact  on &he i n f i l t r a t i m .  Intrathecal m e t h o t m t s  on 

A p r i l  9 and A p r i l  20 followed by fntrrmurcu1.r injoct loar of citrovorum 

Daily oxtracarrponr~t lrndlatim of tho blood,4 begun fmnodfately 

factor mer tb following 24 hours was effoctivo. Spldcmoga1y increased 

to 11 an. bolw the coac.1 tnurgln. Multiple scattered eubcutaneouo adulss 
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devefupad; biopsy rbowed lmkrrafc infiltration. June l5-Juac 19 he rscaivod 

lntrsveauus injection8 of $TDR (first five with SpA c/mM, second five 1 . 9 c / d )  

a w r y  12 hours, each fnjectlon being 0.25 ge/gm. 

13 

Tha paripher81 W B C  f e l l  

markedly. 'Ib. rploai  rhrank to the lower cortal uurgin; the eubcutanoous 

nodules alro rhr8nk. A bop. ~ ~ T Q W  arpirata wan ths amma 0. on rrdmisrioa. 

On Juaa 20, wmningeal infiltration rearred and wai again traatrd BUCC~SS- 

ful ly  with intrathecal nntbotr8xata. Blood tr8nsfurioar h8w bee= given 

81 required, 

MTZLLUZS Am HlTHOiM I# C!AS?l l i  

blood counts are a h o w  grephically (Pigurr 3 ) .  

The patfont received ten intrtvewuo fnjectioae of 83Tdr (Sp,Ac. 1.9 

c/&), each 0.25 pc/gn body weight, over a five day period. Autorsdiagraphs 

of bone marrow r o p l r r t r a  and peripheral blood leukocytes ware prepared with 

Kodak RIB l i q u i d  .atlfoion rnd developed after 17 days. 1000-2000 blasts 

war. counted 011 tuch s l i d 8  and background correction8 calcuhted on the 

basfa of e l i d 4 s  made prior to  d ' f d t  injections. 

d fv idod  into small (dimnotar 9-1%), and large (23-5@), s i z e s .  

The blast0 were rrbitrarl ly  
medium (14-22u) 

Large and medium siaod blaots, but not r ~ l l  blarte, were proliferating 

c d l s  wfth large fractfons initially L.&Led. 

large (e- Figure 1) m d  medium s i z e d  b b r t r  frll after tho fourth Lnjsc- 

tion of $Tdr. 

no mitoses wora seen uith more than 30 grains. 

judaed on the smar8 of the arpirrtes ,  d i d  not change. 

p e r i p h e n l  W B C  (differuatial  d i d  not cbaagt) are sbown i n  Figure 2, Cal- 

cuhtionr of certain p h e e r  nf gmerative and migration C y C h S  in thir patient 

wet. prrviourly reported. 

Th. percent of highly labeled 

Though bone mrrw lnterphare colla h d  up to 80 graixm, 

Bone m r m  cel lu lar i ty ,  

ChQgr8 i n  tot41  

5 

t t 79995 
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DI SC118S I OS: 

Cytotoxic e f f e c t s  of d T d r  have been found i n  many forms of  l i f e .  

These effects in tmctexda and rearpmalicm ce l ln  i n  cu l ture  can not be 

corap8rad with n m  becruee of the dffferent  c o n c a t r a t i o n s  of and time of 
3 uposure t o  E Tdr in the medium, but ruch studies havc revealed t h a t  the 

lethal act ion  i r  due t o  ionization. "' 
rerultant l o s s  of the  pyrimidine b e e  has been ouggeoted a8 an effect  of 

ianiz8tion. Chro~~o8-o ahow single breaks a d  chromatid exchangeo. after 

proliferation i n  $Tdr, t r i t i a t e d  water and following exposure t o  6oCo 

grprma =P* 

Rupture of the  N-rFbosyL bond v f t h  

8 

9 

Injected H%dr has produced cytotoxic  effects in i n t a c t  mpnarnla. 

mure '*''' and 

in a single i n j e c t i o n  being effectivej" t he  proportion of in jec ted  i? T d r  

ret8ined was gre8ter w h e n  i t  was pivaa i n  divided doses than a8 a single 

dose." 

whole body x-ray; wherscre 0.5 pc/gm every 12 houre for 17.5 days shoved no 

effect. Up t o  1 pc/gm i n  the moue, guinea p i g ,  dog o r  r a t  o r  0.4 pc/gn 

in man hod no apparsnt affect.14 garly polyploidy was Been in the liver 

of ra ta  a f t e r  2 pc/gm. 

generation of tbc liver in p a r t i a l l y  hepatectomized rats.'' As Lf t t l e  as 

1 pc/gm delayed recdary of suble the l ly  irradiated mice given bone marmi 

i n n o c ~ l a . ~ ~  

ayatheris a t  one ti= toxic e f f rc ta  have been noted in doear e m l l e r  than 

the  total of 2.5 pc/gm given to the  pat i ent .  

duced the eurvival of n o m i  1:tt:l:topoietlc and lymphoma coLony-foriniq 

call6 i n  d c e  and proloaged the l i fe  of aaimls bearing the transplanted 

spermatocyte numbere were redUCed,88 little 88 1 p c / p  

3 

Xu the rrrt 25 pc/ga produced a B  much lymphocyte pyknoois a8 75 rads 

13 

12  De~etarious effects by 1 p c / p  were noted on re- 

Thur, i n  ce r t a in  t i r r u e s  with large fractionr, of c e l l r  i n  DNA 

3 E Tdr has also greatly re- 
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tumor cella by doses of 47-285 p c / p  (Sp.Ac. 13-19 cimH) d i v i d e d  into s i x  

injectitma a t  four hour intervals,17 doors far greater t b n  received by t h i s  

patlmt. 

3 One can estimta the r8diation dose to tho wclrus by E T d r  in c88e 1 

by w i n g  the calculation by Bond and F~incmdogon'~ t b t  in a cell with an 

r w r a g e  nuclear dimmter of 8p approximtely  seven rods w i l l  b. delivared 

in 24 burs i f  the overage act iv i ty  were 1.2 diointegratloas per hour 

per nucleus. The maan grain count of 'large ban8 ~ I T D W  bleatre a t  one hour 

was 11.6 after 17 &ye autoradiographic urpoeure or 0.028 grains per hour, 

corresponding t o  0.569 d i a h t e g T 8 t i m s  per hour i f  One aaeUza88 an outoradlo- 

graphic efficiency of SI. 

burs.'  

average nuclear diameter was 8 p  (not actually measured but a reasonable 68- 

UniPnrrP generation tiw of th is  braat van 21  

If the avenge generatim tiour for c o m d e n c e  was 24 hours and 

timate for these large ce l l s )  then the dose during the f i r s t  generative 

cycle would be (O.S69/1.2) x (7)  or 3.3 rods. 

beconte labaled again every 2 4  houra for a total of e i x  labelings i f  i t  

Each d i v i d i n g  cell w o u l d  

had continued to  d i v i d e  normelly and each mitosis w o u l d  d i lute  tha label 

by half.  

8.3 rad# after two daye, 14 rads after three b y e ,  20.2 rads after four days, 

h e  accumulated dose w o u l d  then be 3.3  rad, a t  tba mnd of one day, 

26.6 rade after five days, and 33.2 rade after a ix  days. The more heavily 

cel ls  obviously would receive much largsr doses than t h e  average figures 

indicate, and their death prclrunslbly explains tho partial radssion observed. 

Thaae calculations must ovareatiaats the dose by t h e  fraction of the genarativs 

cycle aftar dtosirr and prior to the n u t  point  of labeling. 

t o  state that dose rata for - ~ i a l y  laboled coll would be 3 - 3 / 2 4  or 0.14 rads 

It is more r o f e  

per bur t o  the first division, 0.07 r8dr par hour t o  the second dlvis'lon, etc ,  



and that w i t h  repet i t ive  labeling Once every generat l~n  cycle, the maximum 

dose rate w o u l d  converge upon i x i c a  the initial dose rate. 

I f ,  indeed, 8 tritium disintegration produces 10-20 ionizations v i th ia  

0.1~ of path traversed ia 8 chremc,,~oe'~ and i f  15-20 tmizat ions  within 

0 . b  a f  a c h r w t i n  thre8d are required to  produce a chromatid break w i t h  a 

probability of one 20 i n  there c e l l o  aLso, then the average ceLl would have 

such a break every two hours until time of divfsion,avery four hours until 

tbe next division, etc.  The chance of such a break being lethal neceesarily 

depends won l o c r t i m  and reparative nrschanlsma. 

Spontantwr remlasionr haw been noted in acute l e u k s r r i ~ ,  capecially 

upon recovery from a severs infect ion andfor fever, especially i n  chi ldren,  

m d  often preceded by temporary bone marrow hypop18ais w i t h  pancytopenic blood 

cwnts. 

fits the f i r s t  patient.  

21  Lxcept for bone m u m  hypoplasia and her age, t h i e  dcacription 

The fa11 in  peripheral white count, dacre88e in 

spleen a l a e ,  and dirappearmce of  leukemic in f i l t ra t ions  in both patients 

could occur in e i ther  a apantaneous or r8diatio1.1 induced partial  remission. 

The lore of the highly labeled eegmmt of the pmli fs tae ing  c a l l s  i n  mpits 

of s i x  additicmal inject ions of &dr and the apparmt inabl.Lity of t h e  

most hlghly labeled cells t o  proceed i n t o  nitoeis in case 1 strongly argue 

for ~ a d i a t i m  ef fect ,  hovevet. Whetbar theee observations are braodlv 

8pplfcrtble or are unique for two unusually n d f o s t n s f t i v e  Zsukerniae should 

ba further investigated. 

m g l l t  

1. T;ro patients had part ia l  remisaione of acute Itukemf.aa a f t e r  ten 

iatrav.nouo injections of $Tdr ( 8 p . A ~ .  1.9 o r  13.0 c/mU), each 0 .25  p c / p  

body weLght,givan over fiva dayr. 
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3 
2. 

3 .  b d i a t i o n  dose to tho mtcleur fs estieated. 

4. 

Some aspects of cytotoxic effects of E Tdr *re reviewed. 

3 Bvidmce for the observed ruaisaions being due t o  H T d r  ie 

presented. 
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F i g u r e  1. Carr 1. Percent label  of large blaats in the bone aarrOor. 
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Figure 2. Cone 1. Total WBC i n  the peripheral b lood .  
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Figure 3. Case 2. ?eripheral blood aounte. 
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Preparat ion of  Tc-Fe-Ascorbic Acid Complex 

The Mo-Tcggm genera tor  is milked w i t h  10 m l  of s t e r i l e  

0.9% NaCl so lu t ion .  

s o l u t i o n  containing 8 mg FeC1, . 6 H 2 0  o r  1 . 6  m g  FeS3 prepared i n  

s t e r i l e  d i s t i l l e d  water ,  a r e  added and t h e  mixture heated on a 

w a t e r  ba th  f o r  about 10-15 min. One m l  of 1% ascorb ic  a c i d  

s o l u t i o n  prepared i n  s te r i le  d i s t i l l e d  water i s  added. The 
-t 3IuL 

yel low c o l o r  i s  faded away by reduct ion  of Feb by a sco rb ic  ac id .  

A f t e r  cool ing  t o  room temperature, t h e  pH of  the s o l u t i o n  is 

r a i s e d  t o  7.2 by adding NaOH. The s o l u t i o n  is  kep t  s t i r r i n g  

f o r  about 5 min. 

Three ml conc. H C 1  and 1 .0  ml of  FeC1,*6H20 

An anion exchange column of Dowex 1 x 8, 50-100 mesh, in 

t h e  C l -  form i s  prepared by p u t t i n g  2 m l  of  t h e  r e s i n  i n  a glass 

column of 1 0  mm diameter .  T h e  r e s i n  i s  washed with about 25 m l  

of  s te r i le  d i s t i l l e d  water .  

The Tc-Fe-ascorbic a c i d  complex is  then  r u n  through t h e  

column a t  0.5 ml/min flow r a t e .  The e f f l u e n t  i s  then f i l t e r e d  

through a s ter i le  220-micron m i l l i p o r e  f i l t e r  i n  a s t e r i l e  

s e a l e d  v i a l .  
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