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Excerpt from lctterLDr, BrVbA.  Loa-Bccr t o  D r .  J4Qi Hamiiton; Apr i l  2, 1946r' *' 

. .  - . .  

. -In accordance n i th .  your requcst of s t a t i s t i c a l  figures €or lctkemia 3 lympho- 
saljcom a d  polycythcrnia vera i n  t h i s  departrricnt, I vrish t o  inform gou,.a,s . .  . .  f O l l W c r s :  . .  

. 

.chronic, myelogenous a d  lymphatic leukcmia; 
Decornbor 1945 23 pa t icn ts  1;mrc troatcd f o r  polycythemia vera. 
January 1943 t o  Dcccmbcr 1945 49 p t i e n t s  mre  treetcd f o r  d i f f e r e n t  $ypcs o f .  
maligmnt lymphoms. 

.From. these data  the  polycythemia v e x  ccscs  appear most s ign i f i can t  because.'. 
i n  thcsc  cases mdioac t ive  phosphorus exclusivcly YES used a s  method of trccttment, 
i n  1943- 1 p t i e n t ,  i n  1944 G pat ients ,  a& i n  1945, 13,. At t h e  present.'ti@e,,, t.ht 
is, A p r i l .  1946, I have 5 pa t i en t s  l incd up f o r  $matnont.  None of t h c  lcitkc@a-or 

- 1yrIphosarcom cases ;:ere t rea ted  cxclusively x i t h  radioact ive phosphorus,. , On'-tho 
cont rwy,  I nould say th.t most of?he p t i c n t s  k v e  bccn t rooted with x-ray 
therapy bccnusc of insufficiency of t h e  mount  of radioect ivc phosphorus . .  supply, 

.phosphorus f o r  t o p i c a l  cpplication. i n  sk in  lesions,  namely basa l  c e l l  carcinora,  

- .  
. . .  

I n  t h e  poricd f ron  January 1943 t o  December 1945 73 pat ients  &ro t r&ted  f o r  

I n  t h e  pcriod f ron  
I n  thc  period from January 19.43 t o  

, .  
. ,  . . . .  . .  

. .  

. In addi t ion  t o  the  above mentioned <iscase groups we a r e  using radioact ivo 

In t h c  period from 1943 t o  1945 ;-re have hyperkcrctosis, mrts 2nd hemngiom. 
% t r m t c d  npproximtely 350 lcsions. 

.. . 
-As t o  ny.opinfon about t h c  e f f ic iency  'of rcdiozct ivc phosphorus i n  d i f f e r e n t  

typos of lcs ions,  I should l ikc t o  s t a t c  t h a t  i n  leukcnia tho t r ea t zan t  -;/ith 
ras ioac t ive  phosphorus is  2. vcry convcnient typc of t r o z t m n t  arrd i s  8 vcry good 
mons  to keep i n  cont ro l  tho blood disorder.  
not provcnt t h e  u l t i m t c  f 2 t a l i t y  of. tho disease: Xcithcr does any othcr  typo 

It i s  ra thcr  d i f f i c u l t  to ,m.ke  a conparison bctscen radioact ive 
phos2horus a k  t o b ' l  body'x-ray trcztriicnt. 
instcinccs mhcre cont ro l  $;ith onc typc cf t r c a t m n t  coL1.ld not .be achieved, . the  
o thsr  typc of t rca tncnt  brcught about t h c  intcrded r c d s s i o n .  of t h o  d isease  pro- 
CCSS. Honevcr, it can bo s k t e d  t h z t  radioact ivc phosphorus i n  . the treatment'"'of 
.loukonic p b y s  a s  inportant  n p z r t  'as docs t o t a l  body x-ray treatment; 
'accepted by our hemto log i s t s  t h a t  thcsc t:70 types of r ad ia t ion ' a ro  superior '  t o  
any othor type of t rca tnent  f o r  leukomia. 

Houcvcr, rndioactivc phosphorus does 

. o f  t r ca tncn t ,  
It hgs bccn my experience tha t  i n  ,some 

It ' i s  

As t o  m l i g m n t  lymphoms, a g . i n  a conbimtion of both types of r ad ia t ion  
t r c a t m n t  i s  prZfcrEble t o  l o c a l  t r ea txen t  with x-rays only. 

I n  polycythcnia vera treatment v i t h  radioact ive phosphorus i s  superior t o  any 
o thcr  type of t rce tncnt .  
1943. Although ne knotr t h a t  n d i o a c t i v z  pho~phorus i s  not a rrcurelt f o r  poly- 
cythenia vcm,  FJC do  know tht ;? conplcte remission has been a lnos t  invariably 
achievx? Ivith 2 -c8urses of t r c a t m n t ,  4 meks apart ,  ad hsting f o r  4 yca r s  
o r  longcr, and also t h i s  nethcd of trcctmcnt approcchos t h c  s t r i c t e s t  c r i t c r i a  
concerning cont ro l  of  cn  incurs ble  disca so , 

I have p t i a n t s  siith conplete renissron since January 

' 

\ 

Final ly ,  t h c  treatment of skin lesions 7;lith t o p i c a l  appl icc t ion  of  radioactive 
phosphorus k s  proven 9% of tho C~?SL'S, i n c l u d i x  tho sk in  mlignancies ,  a cura t ive  
mehtod of t rbc t r an t .  

From our s t n t i s t i c z l  dcta it is cvidont t hc t  tho number of roforrcd p a t i e n t s  
f o r  rildio?ctive FhosFhorus trc-otmcnt i s  on a r c the r  rapid increasc; therefore  1 be- 
l iovo tht  f o r  t h e  next 6 months thc rcquost f o r  1.2 t o  1.5 cu r i c s  per  nonth T i i l l  
j u s t  cover t h e  rcquircrxmts. *-x-x+** 
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Excerpt from l e t t e r  J. C. Hamiiton'to P. C .  Aebersold Apr i l  4,  19& - i. J . ,=-'.4 

I have spent some l i t t l e  t i m e  d iscussing with both Doctor B. V. Iow-Eeer. and 
Doctor John H. Lawence the  s i tuat ion.  i n  respect  t o  P 32 and i ts  use ins t h e  San 
Francisco Bay Area. I think t h a t  a b r i e f  discourse o f  t h e  experiences whithin 
this l o c a l  area,  i n  8 sense, may serve a s  a small sca le  model f o r  t h e  ultimate 
s i t u a t i o n  i n  regard t o  the  i t i o n  a s  a whole. 
Doctor Low-Beer which gives  in, considerable d e t a i l ,  t h e i r  experiences with 
radioact ive phosphorus. 
communication both tkie experiences of t h e  University of California Medical 
School a s  w e l l  a s  those of t h e  Radiatiop Laboratory, 

I am enclosing a le t te r  from 

However, I think it i s  of value t o  summarize i n  t h i s  

A t  t h e  University of  Cal i fornia  Medical School, u d e r  the  d i r ec t ion  of 
Doctors B. V. Low-Beer and Robert S. Stone, a t o t a l  of approximtely 150 
pa t i en t s  suff'ering from various t-fies of" 
radioact ive phosphorus. This embraces through the  years 

t rea ted  with 

1913, 1944, and 1945. I n  addition, t h e y  have developed a very in te res t ing  a d  
successful- 'technique o f  t r ea t ing  s u p e r f G i a 1  malignant ~ skin l i s i o n s  --- by a sur- 
face appl ica t ion  of radioact ive phosphorus arart during €he same three  year , 

i n t e rva l ,  a t o t a l  of 350 l es ions  were t r ea t ed  with P 32. 
t o  break down t h e  pa t i en t s  t roated f o r  var ious types of  chronic b l o d  disorders: 
of tbo total. of approximtely 150 i r d i v i d m l s ,  73 were sufferirg from various 
types of leukemia, 49 had d i f f e r e n t  types of malignant lymphomas, and there  
were 23 cases of polycythemia vera. 

It may be of i n t e r e s t  

% 

Doctor Loa-Beer appraises t h e  value of P 32 i n  t h e  treatment of leuks@a hbke*r; 
i n  t h e  following manner. He f e e l s  t h a t  it i s  an excel lent  method f o r  keeping 
t h e  blood disorder  ucder temporary con t ro l  although it must be c l ea r ly  wder-  
stood t h a t  t h e  radioactive phosphorus dces not prevent t h e  ultimate f a t a l  
outcome of t h i s  condition. A comparison of radiophosphorus with the  most 
e f fec t ive  methcds of x-ray treatKent f o r  t h e  control  of leukemia ind ica tes  
t h a t  'not infrequent ly  adequate cont ro l  of t h e  disease can be secured temporarily 
where t h e  results from x-ray have been sa t i s fac tory .  
t h a t  a combination of x-ray and radioact ive phosphorus f o r  ce r t a in  of the 

I n  addition, he i r d i c a t e s  

lymph'omas i s  s igni f icant ly  superior t o  treatment with x-ray alone. - 9Q)b,4 
The s i t m t i o n  3rith polycythemia vera i s  qu i t e  d i f fe ren t .  Here, t h e  radio- 

phcsphor'us i s  the  only niethod of treatment thus  f a r  developed t h a t  w i l l  
adequately i d u c e  complete although temporary recovery. 
of remission has exterded i n  t h e i r  small group of pa t i en t s  through a period i n  
excess of four  years, a d  a s  he s t a t e s ,  P 32 therapy approaches the  s t r i c t e s t .  
c r i t e r i a  cf control  of  an  incurable disease.  

T h i s  temporary recovery 

' The surface o r  t o p i c a l  appl ica t ion  of P 32 fo r  the  traatment of skin malig- :&. 
nancies has proven curat ive i n  approximte ly  39k of t h e  casss. This of course "? is not a comparable s i t ua t ion  t o  t h e  o ther  c o d i t i o n s  described above irw.sniuc< !%L 
a s  these  sk in  les ions  can be successfully cured i n  a -high proportion of cases 
by x-ray a d  surgery. 
advantages i n  using P 32 over  t h e  o lder  methods of t r e a t i n g  these skin conditions, 

However, Doctor Low-Beer feels that there  a r e  many 

A b r i e f  summry of t he  work done here at Berkeley by Doctor John H. hwrence 
and h i s  assoc ia tes  reve2ls t h a t  a t o t a l  of 570 p t i e n t s  haye been t rea ted  with *' 
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.. Excerpt . .  from l e t t e r  J. G. Hamilton . .. t o  P..C. Aebersold Apr i l  4 ,  1946 (Continued; . 

P 32 since 1938. 
lympho-sarcoms, and 150 pa t i en t s  with polycythemia vera. 
t o  note t h e  increase i n  new pa t i en t s  t r ea t ed  per year; s t a r t i n g  i n  193G, t h e r e  
were LO pat ients ,  20 in 1939, 40 i n  1940, 90 in 1941, 100 i n  1942, 150 i n  1943, 
200 i n  1944 and 250 i n  194.5. 

Doctor Lawrence' s apdra isa l  of t h e  * signif icance of P 32 i n  the  treatment 
of leukemia, lymphomas, and polycflhemia vera p c r a l l e l s  very closely the  views 
held by Doctor Low-Beer. Doctor Lawrence feels t h a t -  P 32 i s  superior t o  x-ray 
f o r  t h e  cont ro l  of ledcemia and lymphomas. From h i s  records, it is c e r t a i n  
t h a t  life expectancy with P 32 as  tha  therapeut ic  agent i s  equal t o  and possibly 
g rea t e r  than with x-rays.  
t&t t h e  l i f e  expoctancy with radiophosphorus treatment i s  much grea te r  than  
t h e  r e s u l t s  that have been reported by other  inves t iga tors  using x-rays, drug 
therapy, bleeding, e tce te ra ,  i n  an  a t t enp t  t o  cont ro l  t h i s  cordi t ion,  

e *  . I n  b r i e f ,  it seems t o  be the  opinion both i n  Berkeley and a t  San,Fmncisco 
that P..32 i s  s igni f icant ly  superior t o  t h e  treatmsnt of leukemia, a d  l+phohas 
-to other  standard methods of therapy and i n  the case of  polycytheaia vera, P 32 
is truly a life-saving agent. 

Of t h i s  group, t h e r e  were 340 leukemias, 60 pa t ien ts  with 
It i s  also of i n t e re s t  

.. 
. 

In  t h e  case of polycythemia ve ra j  there  i s  no quest ion 

. .  I 

- The demands for both San Francisco and Berkeley during t h e  next six months 
1.2 curies per month for t h e  hicdical School ard 600 

microcuries per'month f o r  Doctor Laxence*s  group. Yhile t h e  la t ter  group has 
had signif icant ly '  larger numbers of p a t i e n t s  under treatment per year, I f e e l  
t h a t  t he  more aburdant request f o r  t h e  San Francisco group is  by v i r t u e  'of t h e  
f a c t  t h a t  they now only a r e  t r e a t i n g  a r e l a t i v e l y  sm11 proportion of t he  
pa t i en t s  with radioactive phosphorus due t o  t he  l i n i t o d  supply. Itioreover, 
i n  San Francisco, a s ign i f icznt  f r ac t ion  of  t h e  I.! 32 is  beigg used f o r  t h e  
treatment of skin lesions and f o r  study of tumor nctabolism using c l i n i c  material. 

With an adequato supply of P 32, t h e  annual number of pa t i en t s  t rea ted  be- 

; - f o r  P 32 a r e  a s  fo l lons :  

tween Berkeley and San Francisco would probably t o t a l  about 500, exclWive of  
therapy of sk in  cancer and t r a c e r  experiments. 
year i n t e rva l ,  w i l l  require  from 10 t o  25 mi l l icur ies  'of .radio-phosphorus, as- 
suming:a r a the r  generous annual average l e v e l  of 20 mi l l icur ies  per pat ient .  
?h is  leads t o  a value o f  10 cu r i e s  per year  o r  s l i g h t l y  less  than I curie per 
month. 
Therefore, t h i s  f igure  should be multiplied by a t  least a f igure  o f ' 2  t o  a l low 
for decay of  a portion of Chs P 32 during. t h e  month, since it i s  nzithor p rac t i -  

. .  c a l  nor desirable  t o  t r e a t  a l l  of. t h e  pa t i en t s  during the  first ferr days of oach 
month. 

The average pat ient ,  during t h e  

Honever, t h e  m t e r i a l  has been m d s  ava i lab le  roughly once a nonth. 

On t h i s  bas i s  of an  est imate-of  t he  past  3rd futuro'consurr,ption a s  Berkoley, 
I believe t h a t  a reasonable predict ion of  t h e  amourit of P 32 required f o r  tho  
nation a s  a wholi! can be made insofar  a s  t h e  t roa tmmt  of leukemia a d  elliod 
conditions i s  conccrned . 
and lymphatic leukemia, togethzr  id th  t he  m l i g m n t  lymphoms ;Ihich do rospord 
noderatoly \re11 t o  P 32, notably lympho-sarcom, amounts t o  roughly 5,000. 
'dhilo t h c  t o t a l  amount of radiophosphorus required t o  t r e a t  each neiJ pa t ien t  
n i l 1  range from 15 t o  40 mill icur ies ,  it is obsorvod t h a t  a t  l e a s t  twice t h i s  
amount of P 3 2  must bo produceddue t o  the  f ac to r s  of decay a r i s i n g  from t h e  
causes r e l a t e d  above. Vlith t h i s  consideration i n  mind, it  sould appear t o  me 

Thc estimated annual incidcnco o f  chronic myclogmow 

, 

f 
'r 
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Excerpt from l e t t e t  J. G.  Hamilton t o  P. C .  Aebersold Apr i l  4 ,  1946 (Continued) 

t l la t  SO mil l icur ies  aould be a reasonable amount t o  a l rocote  t o  each nea pa t i en t  
a t  t he  t i n e  t h e  material  i s  sont t o  t he  c l i n i c s  using it. 
t o  1000 ne:{ case per ycar of polycythemia vera may bo ant ic ipated arid here aga in  
t h e  average amount rec,uirsd f o r  each pa t i en t  during h i s  l i f e  span w i l l  be of tho  
order of  25 mill icur ies .  

Therefore, a t o t a l  of 300 cur ics  per year i~oulCl reprcssnt  a roasomblc 
e s t i m t c  of t h e  nat ional  requirement of P 32  once t h i s  m t e r i a l  could be dis- .  
t r ibu tcd  t o  appropriate and su i tab ly  qua l i f ied  medical conters  f o r  t h e i r  effect- 
i v e  use.. 

I would suggest a s  a possible method of s t a r t i n g  a nation-side program i n  
d i s t r i b u t i o n  of radioactive phosphorus, t h a t  during the  f irst  six months, say 
from Ju ly  1946 t o  January 1, 1947, t h a t  five t o  t e n  large medical cen ters  who 
have had experience i n  t h e  tiso of P 32 be supplied n i t h  adequate amounts f o r  
full scale  thcrapcutic use. Such centers might include ?lashington University 
a t  S t  . Louis, Bil l ings  Hospital  i n  Chicago, hkyo Clinic,  Rochester, Einncsota, 
t h e  Univzrsity of Ohio Medical School, t he  University of Michigan a t  A n n  Arbor, 
the. University of Rochester Msdical School, Harvard Msdical School , Memorial 
Hospital i n  Ne:-! York, t he  Univcrsity of  Pcnnsylve nia Medical School, Jefferson 
Kcdical College, and t h o  University of California a t  Berkeley a d  San Francisco. 
I n  addi t ion  t o  t h i s  list, 'Jestern Reserve and the S:i.cdish HosL2ital a t  S e a t t l e  
night z l s o  bc included, i n  t h a t  e t  t he  former i n s t i t u t i o n ,  it is  my wdcrs t a rd ing  
t h a t  Colonel F r i sZe l l  is  shor t ly  t o  j o i n  tho facul ty  there  i n  t he  Division of 
Radiology z r d  tht Doctor Sirneon C a n t r i l  i s  i n  charge of t h e  Tumor Cl in ic  a t  
t h e  Srrcdish Hospital. 

I n  addi t ion,  500 

. 

While it is  d i f f i c u l t  fo r  me t o  appraise tho niiibcr of leukemia p a t i e n t s  
thcse i n s t i t u t i o n s  might an t i c ipa t e  during such a six months in te rva l ,  I am 
surc t h z t  amounts ranging from 100'to 500 mil l icur ies  a d  possibly more could 
be e f f ec t ive ly  u t i l i zed  per month. Ccrtzinly 8 t o t a l  of from 30 t o  50< cur i e s  
of P 32 could be used during the 6 months in t z rva l  a x l i ~ g  Janmry 1, 1947, 
A predict ion of  t h s  rate of incrcase of consu;,iption of P 32 curing 1947 i s  
d i f f i c u l t  t o  mkc ;:ith any degroc of accuracy. 
guess that it n i l l  f a l l  bct1;ieon 100 t o  200 cur ies  during t h e  tvielve months period. 

The best  I cen estimte i s  a 

* *  * * *  * * 
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Excerpt from D r .  %, E.. Zirlric to P. G. Aoborsold, A p r i l  9, 1946 - 
. .  

T h i s  is  4 p?rt&l CnSvlCr t o  your l c t t c r  of Virch 26 concoming na t iona l  dcmnd 
f o r  P 32 f o r  therapy.,. Bccausc of abscnces. from. tbc  canpus, I, have not yet secured 
all of t h e  oxtractnble i i l formt ion  from tho  l o c a l  group.. Hovrevcr, D r .  Jacobson 
e s t i x t c s  tlut t h o  University of Chicago Clinics: uould.. use) i f  avcilable, 1 curio 
d w i x  $he ycar 1946-46, and &- cur i c s  Guring, tho .y&r 3946-47. 
m.kcs no a1lol;nnce fo r  los'ses duo t o  rad.ioactive ..dcchy during storage,  *+*st* 

Excerpt f r o n ' l c t t c r - D r ,  ,Shr;rood Mmrc t o  P. C ,  Aobqrsold, A p r i l  12, 1946 - 
Thcsc . c s t i m t o s  

I ' .  . 
. .  

r .  
.. ' . 

It i s  ny considorcd judgcnicnt, hnving rcccivcd nuncrous %ildl; requests  f o r  
P 32 fouowing publication i n  a popuhr  rmgaainc,:. t h e t  t hc  usc?" of P:32 and am. . 
othcr isotopcs s!ioUld bc r c s t s i c t cd  . to  ~ mcliccd Schools or clz. ss A hospi ta ls ,  This 
docs not mcm tha t  tho pa t ion ts  nacil'bc hospikZiza3. : Isotopcs should bc supplicd 
from SO~IC cen t r a l  soirrcc, nhcthcr by govcrnrxnt o r  colrirncrciol concerns mkcs. no 
diffcrcncc , 
f a r  cnougfi t h z t  cducot ioml  i n s t i t u t i o n s  should.not bc burdcncd n i t h  t h c  expenso 
of t h c i r  production, 

. 

Certainly thc  dcvc1opmon-L- of isotopc t rcn tncnt  and rssearch h,zs gom 
. 

. .  . .  
. .  . . , .. , . .  . .  , 

A s  t o  t h c  amount of P 32 f o r  jus$i$icblc. thcrcpcut ic  use. Cor t h e  m t i o n ,  t h i s  
question cannot bc ons:-lercd because thcrc arc- no. r c l i a b l c  data .  on tho nmbcr  of I 

m s c s  sui tablo fo r  t h i s  forn  crf:thorspy a v a i k b l e  '5n tho. Uktitcd S ta tcs ,  
advisadly oh t h i s .  s t a t i s t i c a l  quest ion boccuso, a s  2 y n b c r  of t hc  I h t i o r n l  Advisory 
Cctnccr Council, I cnn to l l .  you thc rc  cre 'no r e l i a b l e  .figures f o r  tho  nunber. of 
CTSCS of ccnccr i n  the  United Stxtcs ,  t h i s  :-:.ithout reference t o  one of t h e  sub- 

p c e r p t  f r cn  &tcr D r ,  F.:A. Hodgcs t o  .P. C.  AcbGrsold A p r i l  9, 1946. 

1,spcztk 

divis ions of. imligncnt disease such a s  lcukc&? is.- .. . 
- .  ' 

. .  . .  
. .  : 1 

As t o  the e s t i m t c s  nhich you quoted concerning t h e  prolxblo t o t a l  amount of 
P 32 zhich night bc derardcd for t h e  t r e z t m n t - o f  louiccxic.paticnts, I .czn only say 
t h z t  t h c  zord IigucssiL 172s adviscdly choscn, .Perhps 5f a i t h  .thc a id  of P.B.1.. agents 
every p t i c n t  knoim t o  bc suffcr ing fron. scm f o r n  or" lculccniz could'bk epprcherded , 
2nd d r z g g d  i n t o  2 hospitel ,  tho a m u n t  of P 32 mntioncd i n  your l e t t o r .  might 
5c tua l ly  be addnis torcd  t o  hmcns for thorapcutic purposes i n  one tzclvc months 
pcriod, Thc c?r;rount seems u t t c r l y  fcintostic t o  nc, honcvcr, F r t i c u h r l y  i n  v i m  
of vhat 1 undcrsknd t o  bc prcscnt thought rcgcirding tho  c f f icacy  of  rx l iocc t ivc  
phosphorus. 
down t o  tho be l ie f  t h z t  P 32 .ca? accoinplish ;cvorything t h a t  cxtcrml r ad ia t ion  doos 
ard p c r k p s  a .  l i t t l c  n o x  ndroitkg.. 

Unlcss I on g rcc t ly  nistakcil  a l l  of t h c  obscrvations t o  d a t c  b o i l ,  

. .  

It sccrs t o  us tkt thc  :-iidc vc r i c ty  of idces  nhich 'var ious invcs t igz to r s  * 

Trho ncvcr bcforc lnvc..uscd isotcpcs,  o i tho r  s t ab lc  o r  unstclblc, a r c  presenting for 
discussion indicctcs  tkt it riould bc m c h  more prof i tcb lc  t o  mkc a ;ride v n r i c t y  
of isotopi;s ma i l - lb l c  rc.thcr thcn astrononicnl  q w n t i t i o s  of phosphorus only. 

t i c s  ahcrc I bclicvc intorc 's t  'aill bc fbud. 
Ohio S tc t c  Univcrsity a t  Columbus. He has bccn ac t ivc  n i t h  P 32 i n  the  past .  
did not mention thc  Univsrsity of Rochsstcr although I an ccr tcin tlnt D r .  Dowdy is 
coopemting Ydth you. 

. . .  
I ncarly ncgl.cctcd t o  .ncntio'n . i n  ansbcr t o  .your spcc i f i c  Qwst ion  o thcr  l,oCo.li- 

You havc not ncntioncd Dr, Docn of 
You 

Both h n p c  3rd I havc grave conccrns rcgzrding t h c  unl ini tcd ard uncontrolled 
d i s t r ibu t ion  of r:-.diomtivc mtcriels.  
t hc  d i s t r ibu t ion  v a y  strir-gmtly tG 2 fc;r c loso ly  control lcd i n s t i t u t i o n s ,  at loast 
un t i l  clcfinito p k n s  b a s d  on cxpcricncc ancl cz rc fu l  thinking can be dcvclopcd. 

Certainly it vould SCCQ v i sc  t o  us  t o  Unit 

*'i5.:.f:*'%-%-;. 3c 
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Fi l$  Reference: 

Excerpt from le t te r  Dr.' R.D. Wcns t o  Prof. Lec DuBridgc, A p r i l  10, 1946. 

. 
radioactive m t e r i a l .  
o r i g i m l l y  inagincd it would be. 
bctv;ccn those who a r c  conpetcnt nrdi thosc who a r c  not. 
'medic!tc cases. 
werc usually duc t o  bad judgment on our pa r t  o r  t o  p o l i t i c a l  ~ ~ C S S U T C . . .  

Gcnera'1 Informt ion  on Therapeutic Applicat i  A S  
Z L :  .- .....,-..' s=, 

I . _  

. i  

You must have sohe mechanism f o r  judging the  conpctencc of  thos  who:reyuest 
This  problem hns turned out t o  be l c s s  d i f f i c u l t  thn vm 

Thc..great bulk of appl icants ,  d iv ide  q u i t c  sharply 
Thcrc a r e  vcry fcn inter-  

Re-cxaninrtion of t he  cases which we havc regre t ted  show that thcy 

. .  

I n  thc  CESC of foreign shipments we de l ive r  t h e  radioact ive m t e r i a l  .to a 
consul or cnbzssy, ard rcquirc  t h a t  they take f u l l  r e spons ib i l i t y  f o r  foreign de- 
l i vc ry  2;rd proper use. 

. Thc informt ion  required on t h e  requcst card gives a p r e t t y  good f irst  ordcr  
' , e s t i m t c  of compctencc, bemuse thc  worker must know something about raclioactivc 
b i t s ,  must bc able  t o  conpute radioact ive decay9 and ;;lust be able t o  cxplqin t h e i r  
projcct  c lecr ly .  
.judged from t h e i r  dcscr ip t ion  of t h c i r  projcct ,  from t h c i r  previous resoarch pub- 
l ica t ions ,  f ron t h e i r  sponsorship by .founc!ations o r  groups a d n i n i s t e r i q j  grants-  
in-aid, or  by t h e  phys ic i s t s  ::.horn thcy my c i t e  a s  collaborztors.. The amounts of 
radioactivo mtcr inl  needed a r e  usually srpll, but t he  oppl iccnt  should be .mde 
aware both of hcoIth sefegmrds 2nd of tho  hcaards of :.general .mL?ic::ctiv? eoht0!';.%t 
W.t&oi; of Jiic; i . .n k.boyc1.toTiss thra-@ cci.elcss h ~ 2 . I - i ; ~  o r  sp iL l iP4  oi" t h e  ;:~h&l* 

. 

. .  
. . .  

The professional s.6ading o f  nc:7 ,?pplicants can usual ly  be 

The Fcdarnl Food, D r u g ,  an4 Cosrnctic Act, i n  Section 505(h), Reg&?tion 2*i& 
r c s t r i c t s  thc  USC of mi-] drugs t o  those srho ixve adcqwte  f a c i l i t i c s  f o r  invcs t i -  
gation, ard i-:ho xi11 mkc  f u l l  r cpor t s  of t h c i r  firdings t o  t h e  Food erd Drug 
bdninis t ra t ion.  The ncdiccl d i r c c t o r  of t h e  Food =XI Drug Adninis t ra t ion has 
ruled t h c t  Section 201 of the  k c t  p k c o s  211 a r t i f i c i a l l y  rcdioact ivc substances 
used f o r  n d i c e l  resmrch  or  f o r  thcrcpy undcr the  c l a s s i f i c a t i o n  of Ilncvr drug.tD 
T h i s  a u t o m t i c a l l y  placcs a Fcdcrnl r e s t r i c t i o n  on your d i s t r i b u t i o n  plans, 3rd 
requi res '  tht the  .m . t c r i a l s  bc supplied only t o  conpetcnt invest igators ,  In t h o  
case of czch radiosctivc substzficc the  Food crd Drug Adcinis t ra t ion i s  wi l l ing  t o  
mke recor?pndztions concarning spec i f ic  types of b io logica l  cxperincnts, on a 
bas i s  of sihich thcy ail1 ecns ids r  cec l a s s i f i cc t ion  of t ha  isotopc from lints drug" 
t o  "drug.!l 
iodine . . 

.. 

Expcrimnts  of t h i s  s o r t  me  nou u d c r  x y  f o r  '12-hour iodine om3 8-day 
. .  

I fccl  ra ther  strongly tbt m y  rec ip ien t  of m t e r i a l s  from Clinton l a b o r a t o r i e s  
should be rcquircd t o  h v e  mdiocc t iv i ty  ceasuring cciuipnant avoi lablc ,  c i t h o r  
kountcrs o r  clcctroscopcs. 
Cations rcquirl: dose 3rd t r c c c r  rmnitoring. 

'; ThG qucstion of b2tcl m;' s t x d a r d s  i s  bcing i-rorkcd. on int;cnsivcly by t h c  
Comi t t cc  on S t a d z r d s  of i izdioactivity of t he  Natiow.1 Rcscr?rch Council 2nd i n  
t h c  rcrtsornbly near fu ture  stcnclard sourccs z i l l  be ava i lab le  through t h c  h t i o n a l  
Burcnu o f  St?ndzrds, v:ho R i l l  a l s o  t c s t  a n d  cvclucltc c o m c r c i a l l y  mnufcictured 
counting cquipncnt a d  clcctroscopns. 

This i s  c s s c n t i c l  bcczusc e v m  t h e  thcrapcut ic  Lppli-  

-4 
I n  a l l  cascs I bclicvc that c charge should be radc f o r  radioact ive mtcrials 

supplicd, 
of p y i n g  f o r  t hc  radionctivc mter ia l  n i l 1  a c t  c s  an inportant  f i l t c r  t o  screen 
out casual r q u c s t s .  

h o n  surplus Governmcnt propcrty i s  sold, not givcn away. Thc ncccssity 

Zvcn thc  production cos t s  of thcrcpcut ic  q w n t i t i b s  of 

2'.2 .-.'.-... >.a: .  . ,. ,. ,. ,. ,. ,. . :.-,. i 5:<.;;<:- 
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. .  
%ccr?t from l e t t c r  D r .  R.D. E v a ~ q  $0 Pr,of. Lec Ddhidgc,.,Apr%l 10, 1946 (ContinuLd) . 
)hosphorus and iodine. isotopes bj cyclotrpn bomk.rdncnt .-is , o f t e n  cheaper than  
3quivalcnt X-ray o r  surgiczl .  ikcatnent ,  P i l e  production should reduce those c o s t s  
ivcn 'further, The Connittcc on Grovhh is a l loca t ing  fulads for t he  pruchase of 
tsotopcs, and. it is  i g  accord vrith t h e  po l i c i e s  of those vrho ndnin is tc r  grantsoin- 
jid t o  provide f o r  payment f o r  chcniccl supplicsc Tho National I n s t i t u t c  of Health 
'&I I bcliovc t h e  k v y  Office of Resmrch 2nd Imcn t ions  a r e  also wil l ing  to a l lo-  
m t c  furds .to t h e i r  contractor& ' for  t h c  purchasc of radioact ivo supp1ib.s. 

. .  
. I  

. .  

, 
We k v c  f o d  it highly desirable  t o  havc 2 f ixcd ninimm charge, i n  our case 

A 2 0  f o r  any shipmcnt of radioact ivc m t c r i a l  hovrcvcr sra11. 

[rherc a r c  a nunbcr of actual and po ten t i a l  i n d u s t r i a l  USCS of radioact ive 
isotopcs vhich z rc  vcry important. Provision should bc m d c  f o r  d i s t r i b u t i n g  
isotopes t o  conpctent M u s t r i z l  concerns vho my wish t o  use thcm i n  plslnt process 
ievclopmnt,  qua l i t y  cont ro l  of products, t rzdc  mrking ,  c s  ne11 a s  i n  b s i c  
Gcscerch. Indus t r i c l  concerns i;ho h$e nell-developed plans f o r  thc h r g c  scnlo 
i s c  of r c d i s c t i v c  isotopcs on problcns i.;hich cannot be solvcd i n  any, othor ~ n y  
inclucb Du Pont, Rcpublic S tce l ,  OiJcn Corning, Amr ic rn  Viscosc, Bausch and hnb, 
2 n d  N.. E. Cokc. 

The futurc appl icat ion of rzdioact ivc isotopes i n  t h e  f i a l d  of i n d u s t r i z l  
3ygiono . is  ac t r e re ly  inportnxt. Goodmn and I rvinc did som pioncsr work herc 
3evcral ycars  ago on mercury poisoning using n d i o a c t i v c  nercury, a d  a v e r y  aicc 
av,cr-all p ic ture  of t he  futurc use of fsotopcs i n  i n l u s t r a l  hygicnc h s  bccn givcn 
ay C a n t r i l  i n  INDUSTRIAL lJDIGIl4E 15:1, 37 (1915.6). * Jt * * 
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Excerpt from l e t t e r '  R. D. Evans t o  P .  C. Aebersold, A p r i l  13, 1946 - 
.' This  i s  i h  response t o  the  request in t h e  fourth paragraph of t h e  l e t t e r  

of 3 Apr i l  1946 f o r  a statement on the therapeut ic  use of rad ieac t ive  isotopes.  
It i s  c l ea r  from the' l i t e r a t u r e  (Journal a f  Laboratory a d  C l in i ca l  Medicine 
2:107 (February 1946) by D r .  Car l  V,  Moore e t  a l )  t h a t  P 32 is  t h e  treatment 
of choice i n  policythemia vera, and that  it is a use fu l  therapy f o r  some types 
of  leukemia but not f o r  others.  Two papers, one by Hertz and Roberts a d  one 
by Chapman a d  Evans w i l l  appear i n  t h e  Journal of t h e  American Medical 
Association short ly  a f t e r  1 June 1946 on the  therapeut ic  use of I 130 (12.6 how) 
i n  the, t reatment  of Graves' disease.  
be useful therapeut ical ly ,  but  much c l i n i c a l  research remains t o  be done before 
t h e  dosages a r d  possible Late a f t e r  e f fec ts  of t h i s  isotope a r e  worked out. 

Du Bridge, none of the  a r t i f i c i a l l y  radioact ive isotopes have y e t  been c l a s s i f i ed  
as I1drugsti b y t h e  Federal  Food a& Drug Administra€ion. 
isotopes a r e  o n l y  avai lable  f o r  experimental use, ancl by competent research 
c l i n i c s  who on request w i l l  report  all f i r d i n g s  t o  t h e  Food and Drug Adminis- 
t r a t i o n ,  Each radioact ive isotope must be evaluated f o r  its possible lorig- 
term harmful effects before be i r4  r ec l a s s i f i ed  by t h e  Food a d  D r u g  Administra- 
t i o n  from llnew drugll t o  lldrug.ll 
completed t o  t he  sa t i s f ac t ion  of t he  F o d  and Drug Administration no radioact ive 
isotopes should be d is t r ibu ted  f o r  mhat might be ca l led  "rout ine therapy!', 
Every shipment of radioact ive isotopes should be labe l led  nCaution--New drug- 
Limited by Federal  taw t o  Inves t iga t io ra l  Use" and t h e  mater ia l  should be 
supplied only t o  established competent inves t iga tors ,  . 

The 8-day isotope I 131 will urdoubtedly 

, 

As you w i l l  see from paragraph 8 of my l e t te r  of 10 Apr i l1946  t o  Professor 

This  means t h a t  these  

Un t i l  t h i s  type of experimental vrork bas been 

I f e e l  very strongly t h a t  everyone using radioact ive isotopes therapeut ica l ly  
should have avai lable  r ad ioac t iv i ty  de tec t ion  equipment with which t o  make 
t r a c e r  st'vdies on t h e i r  pa t ien ts ,  excretion s tudies ,  and t o  v e r i f y  a l l  adminis- 
tered dosages, 

An es t imte  of t h e  nat ional  requirements f o r  t h e  experimental therapeutic 
use of isotopes is d i f f i c u l t  t o  mke. 
I would guess that something of the  order of 500 mil l i cu r i e s  of P 32 per week 
would take care of current legi t imate  requirements, 
and very ac t ive  group l i k e  the  Maya Cl in ic  uses only about 60 millicuries per  
week. 
I should think t h a t  t h e  i n i t i a l  requirements by competent c l i n i c a l  research 

Based on our experience i n  t h i s  field 

For example of a la'rge 

The l e g i t i m t e  requirements f o r  &day iodine a re  harder t o  e s t ina t e ,  but 

of t he  order of 100 t o  300 millicuries per week. groups might be 

NCVB: ( I n  l s t t c r  
througl1out 

* *  * * * 
f ron  Prof. J. I.:. Cork) D r .  Bcthol, AnnArbor, can use 30 %/sleek 
tlic yczr o r  approximtaly 1.5 curics/yr. 

%- si p * * '* %- -.. 
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F i l e  Ref ereiice : General Information onb%i,rapeud Applications 

Ekcerpt from l e t t e r  R .  S. Stpne t o  P.  C, kebersold,  May 23, 1946- 

Information has rcached"l;le that you' &ere ' ra ther .  anxious t o  know whether l m  ' 
spe6ific a c t i v i t y  radiophosphorus m u l d  be acceptable. f o r  therapy o r  t r a c e r  
My osn reac t ion  i s  ra ther  v io l en t ly  aga ins t  'even t h e  idea of  l o ~  spec i f i c  a c t i v i t y  
material. IE f ac t ,  I t h i n k  t h a t  i n  mry instances t h e  highest  possible  specif ia  
ac t iv i ty ,  namely the  act ivated elenient x i thout  c a r r i e r ,  would be absolu te ly  best  
f o r  therapy o r  t r a c e r  c tudies ,  There a r e ,  of course, ce r t a in '  pract i 'cal  considera- 
t i o n s  that vould make t h e  use of t h e  car r ie r - f ree  mater ia l  r a the r  d i f f i c u l t ,  but 
t he  c l&es t  approach t o  t h i s  i d e a l  should be a t ta ined .  

0 

' I a k e d  Doctor B.V. Low-Beer and Mr. Sco t t  t o  write me concerning t h e i r  
opinions and I am enclosing t h e i r  Je t te rs .  * * .  

I know tha t  you and whatever'c.mmittees hiivd t h i s  mt te r  under consideration . .  v t i l l  give it t h e  a t t e n t i o n  it needsq . .  
a 

,' * *  * * * * t  
. .. . 

Excerpt from l e t te r  D r .  K ,  G.  Scot t  t o  Dr. K. S. Stone, k y  15, 1946. 

' -  Im my opinion, ridiophosghorus without c a r r i e r  i s  much more usable i n  bio- 
log ica l  expe rhen t s  upon small a n i m l s .  
gain i n f o r m t i o n  regarding phosphorus i n  t h e i r  b io log ica l  systems i f  la rge  amount? 
of inact ive phosphorus sre given along a i t h  t h e  P 32, s ince  t h i s  i ract i \ re  phos- 
phorui s a tu ra t e s  t h e  body and rmsks t h e  e f fec t  tinich car r ie r - f ree  P 32 might 
demonatrate. 

It i s  d i f f i c u l t  arid o f t e n  impossible t o  

, 

In  addition, soh? r e t en t ion ' s tud ie s  xe d id  i n  d c e  showed t h a t  t h e  r ,e tent ion 
of  phosphorus of high specif ic  a c t i v i t i e s  by ,mouse tumors was considerabP5 higher 
t h a t  P 3% which c o n t a i n d  large amounts of i nac t iva  phosphorus. When a n  isotonic  
solut ion of sodium phosphate from'a probe sample prepared i n  tha cyolotron ;;.as 
gi3eli (1000 microcurids p e r  cu5ic centimeter), uptakes bjr tumor g rea t e r  by a f a c t o r  

'.of tvo  !!ere observed thzn -;lhen phdsphorus containing but  100 microcuries per cubic 
centin?eter of isotonic  phosphata' so lu t ion  aas adninis tered t o  mice. .This muld  

.'.suggest t h a t  phosphorus v;lithout added carrier nould be a f a r  more. usefd. agent 
therapeut ical ly  than tht v i t h  c a r r i e r .  
phosph2te received by this laboratory 'contained but  55' microcuries per  cubic 
c s n t b o t e r  of isotonic  solut ioq a t  t h e  t ine  it m s  recciv.gd,,. The presence of such 
h i g e  amounts of inact ive phosphorus. rake ,such solutions. dubiou+y: us$fuL' f o r  . 
a n k l  expe+imcntation, d i f f i c u l t y  useful  ' for hman  admihistration. 

. $.* * '  3 .  * ' *  * a  '* * '*.  ... 

The one simple of P 32 plus sodium acid 

. .  . .  . .  , . . . .  , 
.. . 

. .  
- _ .  . . .  - , . . .. . . 

^Excerpt' from l e t t e r  D r  , Ld.;!-Beer t o  D r  .. R'.. S . . .. ~ Stdne, . .  ..%y . 16, l$!+&; ' * '  . .  . .  
3 i t h  rcfepencc t o  o& .conversation conccrnihg ' +%e a d v i i b i l i t y  of using low 

Phosphorus, a s  a n  essential minera.1 me.tabolito, i s  provided by d a i l y  
o r  high spec i f ic  a c t i v i t y  radiuzct ivc phosphorus, I wish t o  rake tho fo l lowhg  
statement: 
f6cd intake. 3Jith a normal mixed d i e t  t h i s  :r.cyuPrement .is. amply -c;vcrod. As a '  . 
m t t e r .  of . . fact ;  . .  ' on ly . :pr t '  df the .p$osphorys 'from t h e  d a i l y  food i s  absorbed!'by 
th6 ' intestine; whiie t h e  othc'r papt pa'sszs . t h r o ~ h  t4e, 'gastro- intest inal  t r a c t  . 

.without 'being absorbed by t h e  . i n t e s t i n e s  . ' Phospliorus' is. so widely d i s t r ibu ted  
i h ' t h d  animal ard ' p k n t  . .   J JOY^^' t h a t  it is . imposs ib l6  t o  provide &.phosphorus free 
calorie-adequate d ie t .  
que.stion whether an 'inokgpnic phisphate sa&t is' absdrbed' by the '  i n t o s t i m l  t r a c t  

. . 

Tho ubiqufty of .phosphorus, coinpound s brings up tho  
. . . . .  . . .  , . .  . .. . . .  * .  . .  . .  
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IB-5 
t o  t h e  same extent  a s  organic phosphate compounds or +he inorganic orthophosphoric , 

or  pyrophosphoric der ivat ives ,  
necessary t h a t  t h e  phosphorus requirement of t h e  body be a t  l e a s t  p a r t i a l l y  pro- 
vided by organic phosphorus compounds, 

The quest ion i s  not solved whether o r  not it is  
. 

. 
The d a i l y  average requirement of phosphorus of a n  a d u l t  human being i s  ap- 

proximately 0.88 grns. 
depends not o n l y  on the  presence of phosphorus i n  tho  d i e t ,  but much more on other  
factors .  
zat ion of phosphorus by the  in t e s t ines .  Acid i ty  promotes u t i l i z a t i o n .  The 
presence of c e r t a i n  ca t ions  i n  foodstuff a l so  ir$luenceq t h e  u t i l i z a t i o n  *f phos- 
phorus, 

because of t h e  f o r m t i o n  of insoluble  phosphates. 
i s  a l s o  disadvantageous t o  u t i l i z a t i o n .  
phosphorus Gust be higher than t h e  d a i l y  requirement. Approximtely 1.3 gm, o f '  
phosphorus a re  necessary i n  t h e  d a i r y  food i n b k e  i n  a mixed d i e t  t o  provide t h e  
necessary 0.8 gm. d a i l y  body requirements, assuming i d e a l  conditions of t h e  r a t i o  
between promoting and counteracting substances i n  t h e  food. An attempt t o  in- 
crease phosphorus u t i l i z a t i o n  by increasing t h e  amounts of phosph3tes provided 
i n  d i e t  i s  not possible so f a r . a s  our present knoaledgc goes. 
giving inorganic phosphate compounds i n  t h e  pre o r  post-absorpt ioml s tage of 
ingestion, t h e  u t i l i z a t i o n  i s  not addi t ive ,  
s ta te  which manifests itself i n  diarrhea.  Thc phosphorus compourd passes t h e  
i n t e s t i n a l  t r a c t  rap id ly  without u t i l i z a t i o n .  
a6 changes i n  pH, changes i n  excret ion of calcium i n  t h e  la rge  bo;i.el, e tc .  result. 

The u t i l i z a t i o n  of phosphorus i n  t h e  i n t e s t i n a l  t r a c t  

The a c i d i t y  o r  a l k a l i n i t y  of t h e  stomach inf luences g rea t ly  t h e  u t i l i -  

The presence of i ron,  calcium, mgncsium, aluminum, b e r y l l i m ,  mnganescl 
(the l a t t e r  three even i n  t r a c e r  amounts) hamper t h e  u t i l i z a t i o n  of phosphorus 'I 

High f a t  content of t h e  d i e t  
For these  reasons t h e  food content i n  

For instance,  by 

The i n t e s t i n e s  r eac t  by a n  i r r i t a t i v e  

Other regulzt ive mechanisms mch 

For phosphorus ebsorption through t h e  i n t e s t i m l  sal1 arid eritrace i n t o  t h e  
blood stream, other  regulat ing necknisms come i n t o  play. 
total d a i l y  requirement i n  a s ing le  dose i n  t h e  preabsorptive stage ( t h i s  means 
fas t ing  s t a t e )  w i l l  lead t o  phosphorus dcplet ion.  
folloriing: 
Any increase o r  attemptcd incroa se i s  irnniediately regulated by increased excretion, 
m i n l y  by w i n o  a& p a r t i a l l y  by s tool .  Thus when phosphorus i s  absorbed rap id ly  
through t h e  in tes t ine ,  it w i l l .  shor t ly  a f tz r rsards  appear i n  ur ine t o  a g rea t  extent, 
This is the  reason that a l l  a t tempts  t o  increasa phosphorus u t i l i z a t i o n  by giving ' 

excess amounts of phosphorus o r a l l y  o r  intravenously havc been unsuccessful. 

Administration of t h e  

The reason f o r  t h i s  i s  t h e  
The noma1 phosphorus l e v e l  of t h e  blood v a r i e s  bctaaen 2 t o  4 mg.$. 

. 

FJith respect  t o  radioact ive phosphorus, I objec t  t o  t h e  use of weak specif ic  
a c t i v i t y  samples i n  therapy a s  wel l  a s  i n  t r a c e r  work f o r  t he  follovring reasons: 

I n  t r a c e r  xork: The body, being unable t o  d i f f e r e n t i a t e  between ac t ive  ard 
inactive phosphorus, ivi.11 iFdiscriininately take  and u t i l i z e  t h e  phosphorus offered 
Consequently, y;ith a mak spec i f ic  phosphorus sample, t he  concentration of r ad ia t ion  
per ce l l  o r  par unit  tissue xLll be such that  it w i l l  simulate low d i f f e r e n t i a l  
uptake . 

.Therapeutically a n  inadequate r ad ia t ion  concentration o r  r ad ia t ion  l o v e 1  'iJ&ll 
.result .  
l a rge r  amounts of t o t a l  phosphzte, ard t o  n a i t  un t i l  hemtologica l  changes occurs .  
w i l l  result i n  a long m i t . a n d  l i t t l e  e f fec t .  
radiation, that  is, with x-rays, it would be a s  though ona were t o  give d a i l y  say 
1 r, o r  twice il day 1 r o r  th ree  t h s s  a day 1 r, and n a i t  aril see what happcns 
t o  tho blood count. It has been experimentslly shorn t h a t  nothing kippens t o  the 
blood count, a t  l e a s t  nothing therapeut ica l ly  sa t i s fac tory .  However, it must be ' 

Tho suggestion t o  give leukemia p a t i e n t s  more frequent dosos involving 

If I compare it x i t h  ex terna l  
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realizod t h a t  such treatment involves considerablo man poaer ard man hours, for 
giving. t he  treatment arid f o r  doing repeated blood counts. 
would be a departure from our i n t e n t i o n  t o  plan and cxecuto rad ia t ion  therapy 
sc i en t i f i ca l ly .  Sinco the  u t i l i z a t i o n  of phosphorus is such a complex mechanism, 
the  suggested use of weak a c t i v i t y  by just giving moke' phosphate so lu t ion  and more 
often such a solution, OXXI waitihg apd t i i tching npicars  t o  no as t h o q h  one ~ 0 d - d  
suggest expressing dosage i n  milliampere seconds. There might be object ion t o  mY 
statement t h a t  we can achieve sa t i s faFtory  r ad ia t ion  concentration i n  t h e  body 
with radioact ive phosphorus, and it could. be said t h a t  by rqpcated.doses we f i n a l l y  
get  t h e  proper concentration. 
reasons: 
radioactive phosphorus, t h e  c o l l  des t ruc t ion  must be f a s t e r  than c e l l  regeneration. 
I n  order t o  achievb t h i s ,  a c e r t a i n  r a d i a t i o n  concentration o r  rad ia t ion  l e v e l  must 
be i n  t h e  body. 
cel ls  but a l s o  t h e  red cells. 
inadequate t o  bring about '  t ho  s a t i s f a c t o r y  a rd  d i f f c r e n t i a l  des t ruc t ion  of leukemic 
t i s s u e r  This  f a c t  is t a l l  es tabl ished experimentally and has been observed 

Further, such trcatmon* 

This  conclusion i s  erroneous f o r  t he  fol1owiW 
I n  order t o  achieve a bene'ficial hematological e f f e c t  i n  leukemia v i t h  

Naturally an  excess . leads t o  a des t ruc t ion  not only of t he  white 
A low rad ia t ion  leve l ,  on t h e  other  hand, n i l 1  be 

. 
/' 

c l i n i c a l l y  . . .  r 

Although 1% is  not possible t g  s t a t e  exect ly  nhat & i i a t i o n  concentration o r  
rad ia t ion  l e v e l  i s  the  des i r ab le  ono i n  a n  i r d i v i d u a l  case, BB know ernpiracalb 
t h a t  approximately ,a 3 t o  4 m i l l i c u r i e  l eve l  with a. 4.00 t o  500 microcurie/cc 
phosphorus br ings ibout  s a t i s f a c t o r y  r ad ia t ion  resporso. ,Assuming a n  a c t i v i t y  Of 
1 microcurie per 1 mg, of phosphorus (not phosphate), thcn f o r  800 microcuries a 
t o t a l  of & gm. phosphate must be administered. If t h i s  ;are. administered o ra l ly  
ard i f  it were absorbed e n t i r e l y  from tho  in t e s t ine ,  ( sh ich  t h e  i n t e s t i n e  i s  
incapable t o  do a s  explained before), tho  blood phosphorus level i~ould increaso 
by approximately 70@ an t h e  basis  of tho  follov!ing calculation: 

Assuming t h a t  t h e  t o t e l  blood volume is  5000 CC.) then  t h c  plasma v o l m ~  i s  
Since t h e  normal phosphorus blood leve l  i s  approxirrateb approxirmtely 3000 CC. 

4 q$, 800 ng* id11 result i n  a n  increase of 70%. Even if t h e  absorpt ion doesn' t  
tzka p k c e  instantaneously but over 2 period of say, 1 hour i n  a f a s t ing  pa t ien t ,  
then there  w i l l  s t i l l  be a considerable increase above tho physiological l e v e l  
which i i i l l  result i n  excretion. 
administer t h i s  lorn a c t i v i t y  phosphorus intrevenously. A s  t o  t he  use of radio- 
ac t ive  phosphorus i n  polycythemia vera, ahore ne dol ibera tc fy  t r e a t  with larger 
doses, t he  d e s i r a b l i l t y  of high spec i f ic  a c t i v i t i e s  is even nore evident. I have 
done urine excretion s tudies  i n  3 pa t i en t s  xhich showed the  follo;-ring: 
200 microcuries/cc phosphate so lu t ion  and a t o t a l  amount of 6000 microcuries aero 
given i n  on3 s ingle  dose, which is ca_uivalont t o  450 mg. phosphate o r  approximately 
150 mg. of phosphorus, then an  average 750 microcuries were excreted i n  t h e  first 
8 hours; 500 microcuries i n  t h e  sccor;d 8 hours, alld 300 r i c o r c w i e s  i n  t h e  t h i r d  
8 hour period a f t e r  intravenous adminis t ra t ion of t h e  material. 
poticnt,  t h e  t o t a l  excretion i n  24 hours x i s  a s  high as  2300 microcuries. I n  tho 
t h i rd  p t i e n t ,  approximtaly 500 microcuries/cc i7cre used zrd t h e  dose was divided 
in to  three 2000 microcurie doses given on succseding days, 
crot ion i n  4 days vas 680 ICicrocuries. If we ca lcu la te  t h i s  t o  a t o t a l  phosphorus 
content, t h e  explarat ion f o r  t h i s  d i f fe rence  i n  excret ion becomes absolu te ly  evident, 

Tho s i t u a t i o n  w i l l  bc vorse i f  ;!e should t r y  t o  

When using 

. 
I n  t h e  sccord 

I found t h a t  t h e  ex- 
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On t h e  two 
pho s p ho 1: us 

4000 j ~ c s  200 ' 15 mg/cc 

approximately 150 mg. phosphorus = 5 mg. per 'cent- increase . i s  cqmi t o  30 CC. so lu t ion  ,*= 4 phosphate o r  

2000 c d a i l y  500 ,C/CC . 3.5 lng/cc 
is q u a r t 6  4 CC.  so lu t ion  - 60 
20 mg. phosphorus 5 0.6 mg. per ccnt  increase.  

s a l t s  'aproximtely 
. .  

subscciumt days, even with s l i g h t l y  l a rge r  amounts of solution, t h e  t o t a l  
d a i l y  administered .is not more than  23 mg. i n  one dose. 

I n  conclusion I -itould like to turn your a t t e n t i o n  t o  t he  f a c t  tha t  i n  t h e  
f ive  years I have been working with radioact ive phosphorus, I hme alnays asked 
f o r  higher spec i f ic  a c t i v i t i c s  a n i  I have objected t o   lo:^ spec i f ic  a c t i v i t i e s  for 
t h e  reasons I pointed out above. 
vera a c t i v i t i e s  betvracn 1500-2000 rm~orocuries/cc/15 mg s a l t  ;-lould be preferan t ia l .  
I would suggest s i m i l a r  a c t i v i t i e s  for treatment of leukemia patients.  

play a pa r t  i n  t he  u t i l i z a t i o n  of  phosphorus bu t  I f e d  t h a t  ny s'oatement -~ould  

I wpuld advocate t h a t  f o r  t r e a t m n t  of polycythemia 

I ~ . . . - .  
I am aware of the  f a c t  t h z t  I havs not taken i n t o  account a l l  f ac to r s  nhich 

have becomc too elesborate.  
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