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BROOKHAVEN NATIONAL LABORATORY 
. .  

M E M O R A N D U M  % 
DATE: 24 March 1971 

TO : A. EIarrieon 

FROM : 

SUBJECT: CIRC Numbere 

E. P ,  Cronkite, M.D. s pL .d 
I , 

The following CXRC #s are innctive.' .Except for completing old 
records, they should not be ueed for identifying patient ac t iv i ty  

1 - 1  Unti l  reactivation it3 formally approved. I ' 
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. .  * -. InVeSt i := tOr2-  A r i e l ,  I rving M. and Robertson, James S .  
.>-,.; i ,  h-" * . $ 2 ' '  

... T i t l e :  Use of Radioactive Palladium (Pd103, Pd109, and Pd'") i n  
Cancer Therapy 

Dz tc :  Sept. 28, 1960 

Pro jec t  No.: ~ - 6 7  
is  approved with the  following provisions: 
neoplasm ( l i m i t e d  l i f e  expectancy) w i l l  be t r e a t e d ,  2) wi th in  the  f irst  
24 hours assay of r ad ioac t iv i ty  i n  blood specimens, as w e l l  as ur ine and 
feces ,  w i l l  be regular ly  performed, and 3) containers  of blood and excreta  
s e n t  t o  laboratory w i l l  be ca re fu l ly  labeled f o r  r ad ioac t iv i ty  content. 

1) only p a t i e n t s  with malignant 

Approved : 

Committee on Use of Radioactive Isotopes i n  P a t i e n t s :  

WGaz W & O ? /  
Walton C l j .  Shreeve, M.D.. Ph.D. 
Chairman 

/A z w.. 
Victor P. Bond, M.DK Ph.D. 

&r& 
Samuel Fine, M . D .  

G 
Elmer E* St ick ley ,  Ph.D. 

A L&& 
Ja$+ S .  Robertson, M.D., P1r.L). 
(j& Off i c io  

Lee I3. Farr,  M.D. 
Ex Off i c io  
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BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE: 1s September 1960 

TO : Isotope Committee 

FROM: D r .  I rv ing  M. Arie l  
D r  , J.S , Robertson 

Request for '  use of Pd109 in therapy 

1. Ti t le :  Use of Radioactive Palladium 
(Pdlo3, MI09  and M1ll) i n  Cancer Therapy 

2. Invest igators :  D r .  I rv ing  b l .  Ariel,  Research Collaborator ,  

D r .  James S. Robertson 
Pauk Medical Group, N.Y .C. 

3. General Statement: 

a. Purpose of s tudy.  

I n t e r s t i t i a l  i r r a d i a t i o n  by the  i n j e c t i o n  of rad ioac t ive  sources into 
inoperable cancers  has been p rac t i ced  for t he  p a s t  f o r t y  years.  The i so-  

tope t h a t  has been m a s t  f requent ly  u t i l i z e d  for t h i s  purpose has been 

radon 6"s encased in gold seeds. Or ig ina l ly  the  radon was encased 51 

g las s  m n t a b e r s ,  but the in t ense ly  des t ruc t ive  e f f e c t s  of the  be ta  rays  

pene t ra t ing  t h e  one-mill imeter g l a s s  containers  made it des i rab le  t o  

f i l t e r  out  t h e  b e t a  rays so t h a t  e f f e c t i v e  i r r a d i a t i o n  was obtained by 

only the  gamma component o f  r ad ia t ion .  

The l a rge  number of r ad ioac t ive  i so topes  now ava i l ab le  makes it 

poss ib l e  t o  u t i l i z e  i so topes  with b e t t e r  phys ica l  c h a r a c t e r i s t i c s  and 

b e t t e r  r ad io log ic  spec t r a  f o r  the i n t e r s t i t i a l  adminis t ra t ion of radia- 
90 

t i on  sources.  

CrP 04, and Iridium1g2 i n  the  treatment of p a t i e n t s .  These isotopes 

have been administered e i t h e r  as seeds o r  as a c o l l o i d a l  suspension. 

One of the authors (IMA) has u t i l i z e d  Au19*, Y t t r i u m  9 

32 

It 

has been observed t h a t  i so topes  with a s h o r t  half-life produce a necro- 

t i z i n g  type of biologic  r eac t ion  i n  c o n t r a s t  t o  i so topes  w i t h  a long 

h a l f - l i f e ,  where the slower d e s t r u c t i v e  e f f e c t  r e su l t i ng  from the radia- 

t i o n  is accompanied by a desmoplasia. 
' Permission is accordingly requested for the use of rad ioac t ive  

palladium, t o  be administered i n t e r s t i t i a l l y  i n  accessible  cancers in 
human beings,  This inves t iga t ion  i s  p a r t  o f  a program for studying the  

1 1 19 1 5 b io log ic  e f f e c t s  of r ad ia t ions  from isotopes having varying half-l ives.  
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b. Type of p a t i e n t  and proposed procedure. 

The i n i t i a l  inves t iga t ions  w i l l  be performed upon p a t i e n t s  who have 

disseminated cancer and a re  therefore  hopeless from t h e  s tandpoint  of 

cure. I n i t i a l l y ,  pa t i en t s  w i l l  be chosen who have an access ib le  cancer 

fo r  t h e  i n t e r s t i t i a l  adminis t ra t ion of rad ioac t ive  palladium, t h e  dose 

depending upon t h e  s i z e  of t he  neoplasm. For example, p a t i e n t s  wi th  

mal ignant  melaqoma uho a re  in good general  ccndi t ion  but  who have gener- 

a l i zed  metastases ,  some of which a r e  subcutaneous, w i l l  have the sub- 

cutaneous metastases  in j ec t ed  w i t h  t he  rad ioac t ive  isotope.  

performed as a hosp i t a l  procedure under l o c a l  anesthesia .  

t o  the i so tope  w i l l  be observed c l i n i c a l l y ,  and a t  varying times a f t e r  the  

in j ec t ion  o f  t h e  i so tope  the l e s ions  w i l l  be excised f o r  his tolo,oic  analy- 
ses. The p a t i e n t s  w i l l  be hospi ta l ized  f o r  a period determined by the  

c l i n i c a l  s t a t u s  o r  u n t i l  the dose of palladium s h a l l  have decayed t o  a 

l e v e l  less than 30 m i g m r i e s ,  as recommended by the  A.E.C. The f a c t  

t h a t  palladium is an almost pure b e t a  e m i t t e r  of l imi t ed  penetrat ion,  and 

the  f a c t  t h a t  palladium administered i n t e r s t i t i a l l y  remains loca l i zed  

would make t h i s  isotope a safe one ixi use  f r o m  t he  s tandpoin t  of systemic 

react ions.  The fact  t h a t  t he  p a t i e n t s  se lec ted ,  at l e a s t  a t  the s t a r t  of 

t h i s  inves t iga t ion ,  would be those wi th  a l imi t ed  l 3 f e  expectancy would 
make n e z l i g i b l e  any concern regarding poss ib l e  e f f e c t s  on t h e  reproductive 

organs. 
On the  b a s i s  of the dose ca l cu la t ions  and the  animal s t u d i e s  presented 

or mentioned belm, it is proposed t h a t  doses of palladium up to  2 m i l l i -  

cur ies  of pd pe r  gram of i n f i l t r a t e d  t i s s u e  be used. 

a l o c a l  r ad ia t ion  dose up t o  32,000 rad, ht only 25 r t o  t i s s u e s  10 CII! 

d i s t an t ,  so t h e  whole-body dose w i l l  be kept  below 25 r. 

This W i l l  be 

The response 

109 This  w i l l  d e l ive r  

C. Pe r t inen t  information on pas t  s tnd ie s .  

Nonradioactive palladium (Palladium102) has been i n j e c t e d  by the  authors 

of t h i s  proposal i n t o  the muscles of r abb i t s .  

palladium was minimal, cons is t ing  of a m i l d  lymphocytic reac t ion  with m i l d  

granulomatous production. 

solved in 2 m i l l i l i t e r s  of so lu t ion  Were in jec ted .  

Oda, and Kryshta l  (1) in jec ted  inert 
i n t o  the  omentum of rabbi t s  and demonstrated a similar s l i g h t  react ion.  

The palladium so lu t ion  and suspension remain w e l l  localkzed to  the s i te  of 

The r eac t ion  to the  inert 

Approximately 50 m i l l i g r a m s  of palladium dis- 

Harper, Lathrop, Baldwin, 

palladium black suspension i n  ge la t in  
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in jes t ion ,  as demonstrated by wet ash ins  the  t i s s u e s  into which t h e  

palladium was in jec ted  and the adjacent t i s sue .  This was performed for 
and Harper -- e t  al. demonstrated the l o c a l i z a t i o n  of  pdlladium 

black i n  the l e g  muscles of a r a t  when in jec ted  in 6 per  cent ge la t in .  

Counts of d i s t a n t  organs, both by Ariel and Robertson and by Harper and 

h i s  colleagues revealed only t r aces  of ac t iv i ty  C,003 ? .001 per  cent of 

in jec ted  dose/gram of t i s sue )  one, two, and f o u r  weeks after administra- 

t ion 

Solutions of Pd109 prepared as described above were i n j e c t e d  hto the 
109 is l e g  muscles of 12 rabbi t s .  

e s s e n t i a l l y  t ha t  of necros is .wi th  surrounding inflammatory react ion.  

dose o f  15 m i l l i c u r i e s  of Pdlladim109, administered t o  a volume of 
approximately 3 grams of t i s sue ,  produced a necrot iz ing but  not  l iquefy- 

The h i s t o l o g i c  e f f e c t  of Palladium 

A 

ing degree of necros is  l i m i t e d  t o  the s i t e  of inject ion.  A dose of 150 

m i l l i c u r i e s  produced a m p l e  t e  d isso lu t ion  o f  the t i s sue ,  which d isso lu t ion  
109 extended to the t i s s u e  adjacent to the s i t e  of in jec t ion ,  

i n j e c t e d  into the  brains of rats by t h e  Argonne gmupJ produced a sharply 

delineated necros is  of  the bra in  t i s sue .  P a l l a d i ~ ' ~ ~ ,  i n j e c t e d  sub- 

cutaneously i n t o  rat t i s s u e  and i n t o  a Walker 256 sarcoma> produced a 

loss of c e l l u l a r i t y  with a f i b r o t i c  reaction (Argonne Laboratory s tudies ) ,  

palladitan 

t 1 1 9 3 9 7  
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4 ,  Isotope: 

a. Nuclear proper t ies  of palladium is0 topes. 

Palladium occurs i n  nature  as a mixture of six isotopes of which three 
have appreciable thermal neutron capture cross s e c t i o n s  f o r  ac t iva t ion  by 

(n,y) reac t ions ,  

and because some of t he  decay products a r e  radioactive,  a complex mixture 

of radioact ive isotopes having half times ranging from 40 seconds t o  17 

days is produced, as is indicated i n  the following table ( r e f s . 2  and 3): 

Because Pdlo9 and Pdlll have two isomeric s t a t e s  each, 

Palladium Isotope Activation Reactions 

I so t op  e 

A 

102 :w  

Pd'" 

Abundance Cross Section 

% 

10.97 - 
22.2 

27.3 - 
26 ai' 0 02 

10.4 
(By decay) 

11 .a 0 021 

0 -05 
(By decay) 
(By decay) 

Product Half-LkfS 

A 

Pdl' 17 d 
&03p 57 m 

" 

,75 m 
Pd109 13.5 h 

39.2 s 

Pdl'lm 5.5 h 

Pdlll 22 m 
&lllr!l 74 s 
Agllf 7.6 d 

Decay Mode - 

=Y Y 
Y 

IT 

B-r Y 
IT .. 

Further  details of the decay schaaes a re  co l lec ted  i n  t h e  following 

table ,  copied from t he  Seaborg table,  ref, 2, 



PALLADIUM ISOTOPE DECAY SCHEMES 
Rh1@3m 

P d o 3  and 

pdlOPrn 4.15 m ( l56S5lr) ;  Y 
4.1 p(235¶51): . a 
4.8 PI ( 9 F 5 k l  

i 
1 

. -  
IT (P(41b): 

. .  . I. . .  . , '. . .. . 

- 
4 . (207.5571; 
thcr. (8OS5Ll 

_ s  

. 6  d ( 6 1 h i c ) ;  

. 4  d (68f57); 
3 d (17J50.. 
6R37. IPUI. 

thhcrs (19K41.. 
4LH47, L3D49. 
37L50.IIU9.  

61.551~. 5N401, 
21T51.28F51) 

m49.. 6041. 

- 111 
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b. Source aad preparation. 

P a l l a d i u d o 9  is  obtained by act ivat ion a t  t he  Graphite Research 

Reactor. Based upon the above information, act ivat ion a t  a t h e m &  

neutron flux of 1013 n/an2sec y ie lds  s p e c i f i c  a c t i v i t i e s  calculated as 

follows: 

formula: SA.,. = 1*64 

fl t he  flux, '7 t h e  cross  sect ion,  f the i so topic  abundance, A the  atomic 

weight of the  t a r g e t  isotope, 2 the  decay constant of t he  product, and 

t the  in-pile t i m e .  

For radioact ive daughter products, integrat ion of - = 

F i r s t  generation products were calculated f r o m  t h e  usual 

If (1 - e' At), where SA is the s p e c i f i c  a c t i v i t y ,  
l o l l  A 

;3p1 -. 292, d N2 
at' 

where N1 and N2 are the numbers of radioact ive atoms o f  parent and 

daughter species,  leads to = - w  4. A 1  e 

7Pi 
(Only in-pile time, t, is considered here): 

Palladium Activation 

2 
I so top e ' :-Rd€EXif e S p e c i f i c  Act iv i ty  f o r  8 ~ l O ' ~  n/m sec 

. .  
In-pi le  ac t iva t ion  time 

1 2  hr 1 day 2 days Saturat ion 
m Z Z F  mc/g mc/g mc/g 

Pdl0 
&O 3 

,, 

w109m 

Pdl0 
Ag109m 

17 d 

57 m 

4.75 m 

13.5 h 

39.2 s 

5.5 h 
22 m 

74 s 

7.6 d 

1.5 3.0 5.9 75 .5 

1.5 3.0 5.9 75 e5 

110 110 110 110 

1980 3050 3940 4320 

1980 3050 3940 4320 

28.8 35.1 36.5 36 -9 

37.1 43.6 45.6 45.7 

37.1 43.6 45.6 45 07 

0 .8 2.6 6.2 45.7 

, .  
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C. 

The 'presence of t h e  Ido3 and Pd''' radioisotopes is n o t  neccssnr i ly  

undesirable  in t he rapeu t i c  appl icat ions,  as a mixtxre of dose r a t e s  nay 
be advantageous. fk w i l l  be shown, hwever,  i n  the proposed method of 

use, t h e  r ad ia t ion  contr ibut ion f r o m  these  "contaminating" isotopes is  
not  important. 

Palladiumlo9 is obtained f r o m  the reac tor  i n  a 4-nl quar tz  container  

containing from 100 t o  400 mg of palladium which has an a c t i v i t y  varying 

from 200 t o  800 millicuries, depending upon t h e  in-p i le  time and the 

amount of t a r g e t  material used. 

and t h e  so lu t ion  brought t o  n e u t r a l i t y  by t h e  addi t ion of mncent ra ted  

sodium hydroxide. 

inasmuch as if  it becomes s l i g h t l y  basic,  a p r e c i p i t a t e  of  palladium 

chlor ide forms. If it is des i r ed  t o  i n j e c t  t h e  ma te r i a l  as l a rger -s ized  

c o l l o i d a l  p a r t i c l e s ,  t h e  palladium can be p rec ip i t a t ed  as palladium black 

by the  adminis t ra t ion of formic acid t o  the above so lu te .  

can a l s o  be prepared as needles  with an outs ide  diameter o f  0.45 mil l imeters  

t h a t  can be ac t iva t ed  and administered i n t e r s t i t i a l l y .  

By wai t ing  f o r  rad ioac t ive  decay of W1O9 to a s u i t a b l e  l eve l ,  it w i l l  

contain a higher  proport ion of P a l l a d i u d o 3  and Agul. 

of the  material would then have the combined e f f e c t  of a short- l ived iso- 

tope and an i so tope  with a longer  half-l ife.  

The mater ia l  i s  dissolved in aqua r e g i a  

The so lu t ion  is maintained at a s l i g h t l y  acid r eac t ion  

Palladium m e t a l  

The adminis t ra t ion  

The a v a i l a b i l i t y  of  palladium as a s a l t  in solut ion,  c o l l o i d a l  suspen- 

sion, and as seeds o r  needles  offers s a t i s f a c t o r y  phys ica l  and chemical 

c h a r a c t e r i s t i c s  for i n t e r s t i t i a l  appl icat ion.  In the i n i t i a l  s tud ie s ,  the  

so lu t ion  form w i l l  be used. 

Assay and ca l ib ra t ion .  

The technique of assaying do9 is made d i f f i c u l t  by t h e  complexity of 

the  mixture obtained, and is st i l l  be&- developed. 

w i l l  be assayed w i t h  the  use o f  the  100-channel pulse-heighlt analyzer.  

The Pd109 

ing of an a l i q u o t  evaporated on a planchet in a s h e l f  GM counter 

S t e r i l i t y  and pyrogenici ty  control .  

The gamma a c t i v i t y  

a c t i v i t y  w i l l  be de temined  by appropriate  d i l u t i o n  and count- 

S t e r i l i t y  o f  t h e  m a t e r i a l  to be i n f i l t r a t e d  w i l l  be achieved by auto- 

claving i n  a rubber-topped dispensing v ia l .  

None of t h e  materials used i n  the preparat ion i s  known t o  have pyrogenic 

proper t ies ,  and i n  view of the  s h o r t  ha l f - l i f e  of the  p r i n c i p a l  isotope,  it 

is  not f e a s i b l e  t o  t e s t  fo r  pyrogenicity p r io r  t o  use 'to a given preparat ion.  
L 1 I980 I 
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5 ,  Radiation Dose Estimation: 

Because of the  complexity of the i so tope  mixture and the  manner i n  which 

it i s  t o  be used, it is very d i f f i c u l t  t o  a r r i v e  through ca lcu la t ions  a t  a 

meaningful es t imate  of t h e  r ad ia t ion  dose which w i l l  be a t t a ined  when radio- 

ac t ive  palladium i s  i n f i l t r a t e d  i n t o  a tumor mass. 

however, t o  provide a working bas is  f o r  deciding how much a c t i v i t y  t o  use. 
An est imate  is necessary, 

Obviously, if the  ac t iva t ed  mater ia l  i s  used within a few h m r s  of its 
removal f r o m  the  p i l e ,  t h e  c h i e f  source of rad ia t ion  w i l l  be Pd109 and its 
decay product AglOh. 

well  es tabl ished.  Gamma r a y s  of up t o  0.305 MeV a r e  seen, but  in only about 

0.1% of the  d i s in t eg ra t ions .  

Pd109 decay involves only p' emission (E = 0.34 MeV) f o l l w e d  by emission o f  

811 88 kev gamma ray in t he  Ag to A$O9 t r ans i t i on .  Using the  dose 
13 5 formula 17, p. 825, re f .  4, we have D 

For t h e  gamma rad ia t ion ,  the  graph on p.  757, r e f .  4, i nd ica t e s  a f 
0.4 rdun2/molhr. I n s e r t i n g  t h i s  value i n  eq 88, p.  861, ref.$ and assuming 

a geometry f a c t o r  of 22.3 (corresponding t o  uniform d i s t r i b u t i o n  in a cyl indr i -  

c a l  mass 6 QP dim. and 5 cm long, p. 858, r e f  . 4, gives  

5 = (0 .0346) (0 .4 ) (22 .3 ) (~ )  = 0.174 rad/pc/g. 

n e g l i g i b l e  loca l ly ,  although it may be important i n  considerat ions of the  

i r r a d i a t i o n  o f  d i s t a n t  s i t e s .  

de l ive r  30,000 @" rad t o  a tumor. 

30,000 E 2124 pc/g, and if the  mass i n f i l t r a t e d  is 141 grams, 300 m c  are 

needed. 

(300)(0.4)(1.44) (13.5) (lom2) = 2 3  r of  gamma i r r ad ia t ion .  

Unfortunately the  decay scheme of Pd109 is not  too 

For t h e  present  purposes it may be assumed t h a t  

= (73.8)(0.34)(*) = 14.1 rad/pc/g. 
-7 

B 
factor of 

13 5 Thus the 7 Q s e  is r e l a t i v e l y  
7 

As an example, l e t  us assume t h a t  we wish t o  

This  r equ i r e s  a concentration of 

14 m 1  

Regarding t h i s  as a po in t  source, a poin t  10 can away w o u l d  rece ive  

For Pd103 t h e  highest  poss ib le  cont r ibu t ion  to the  l o c a l  dose may be 
ca lcu la ted  by assuming t h a t  the  e n t i r e  Q value of 0.57 MeV plus the  Om04 Mev 

from Rh "31 decay is absorbed l o c a l l y .  

formulas (because they assume t o t a l  l o c a l  absorption of the  emitted energy) 

10  c, p. 824 and 17, p. 828, ref. 3, we have 

(See re f .  5.)  Using the  p' dose 

R = (51.2)(0.61) = 31m2 rad/day/pc/g i n i t i a l l y  

D = (73.~)(0.61)(17) = 765 rad/pc/g 

i 1 1 9 8 0 2  
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1 
.I 

In terns of 1 pc o f  Pd109/g, ho;uever, the contribrrtion f r o m  Pdlo3, assuming 

t h a t  f resh ly  act ivated,  sa tura ted  mater ia l  i s  used, is (765)(-&) = 13.4 rad, 

o r  a b u t  t h e  same as the dose from Pd109. 

75 5 

In material  ac t iva ted  for  a 

s h o r t e r  time, t he  r e l a t i v e  contr ibut ion from Pd103 w i l l  be less; with 12  hours 

ac t iva t ion  it i s  only (765)(&) = 0.58 rad, for 1 day it is 0.75 rad and for 

2 days, 1.5 rad. 

1 5  
1980 

For Pd lllm and its chain of products we may u s e  t h e  48-hour ac t iva t ion  

t i m e  values ( instead of the s a t u r a t i o n  values) to avoid o v e r e s t h a t i n g  the  

contribution from Aglll. 

25% of - PdlOg dis in tegra t ions ,  and from AglU there  are 3 S-*S, the re la -  

t i v e  weightings being (1.04)(91%) i (0.80)(1%) + (0.70)(8%), d . l ' o c c u r r h g  in 
6 2  The'fl' dose is then: 3940 

l l l m  There are then a 2.3 MeV (or less) p- f m m  Pd 

3940 

W109 dis in tegra t ions .  

D = 73.8 5 C = 0,169 rad&c pd109/g f r o m  Pdlllm and Pdlll, and 
111 

B 
0,280 rad/pc W109 g f r o m  Ag 

Since gamma rays are emitted i n  only 9% of the Aglll d i s in t eg ta t i a l$  it is 
apparent t h a t  t h e  y dose from this source is negl igible ,  r e l a t ive  t o  t h a t  from 

MI09 . 
In summary, assuming 2 days* ac t iva t ion  time, i n f i l t r a t i o n  of W109 i n  a 

concentration o f  1 pc/g into a mass 6 ~n d i m .  and 5 cm long W i l l  r e s u l t  i n  

the  following l o c a l  rad ia t ion  doses: 

Pd109 14.3 rad 

Pd103 1.5 rad 
~1 '1  0.5 rad 

The whole-body and gonadal dose w i l l  be kept below 50 r by using l e s s  than  

500 mc of W109 l o c a l i z e d  i n  the tumor mass. 

6 .  Health Physics Aspects: 

a. Hazards t o  o thers .  

During the first tw days o r  so after administration of dog there  W i l l  

be s u f f i c i e n t  e x t e n i a l  gamma i r r a d i a t i o n  t o  warrant i so l a t ion  of  the  p a t i e n t .  

Necessary a t t e n t i o n  by t h e  nursing staff  w i l l  be permissible, but  the nurses t  

t h e  in the  p a t i e n t * s  immediate v i c in i ty  must be l i m i t e d  to a minixnum during 

the  first 24 hours. 
The animal experience ind ica tes  t h a t  rad ioac t iv i ty  ge t t i ng  in to  t h e  excre ta  

w i l l  not be a problem. 

co l lec ted  and checked f o r  rad ioac t iv i ty ,  however. 

b. 
I n i t i a l  (f irst  48 hours) ur ine  specimens w i l l  be 

1 1 3 9 8 8 3 
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