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The rationale of treating patients w i t h  radioactim m a t e r i a l  

arises from the desire to sebctivdy irradia;te certain specific 

tissues snd to prolong the iITadiation Over one or nore 119e cycles 

of the c e l l s  t o  be irrad3.a~. Ewx since it becarpe clear that 

ioniaing radiation could affect malignant tumors and all ied conditlona 

in a beneficial manner, selective localisation hat3 been contimdly 

s q h t  after. The radiation wmld thus be localised prLnarilg in  a 

specific tis- or organ, slwjring the n o d  remaining tissue from 

any deleterious effsct. Even when external radiation is enployed, 

an effort is rnade t o  localize the radiation h a specific site. This 

is acNmd with e-uternal x--1'8y8 wans of cross-firing techniqum 

localization concerns itsdf with t-he deposition of iod5ne. in the 

thyroid gland and the uae of radioactlm iodine for treatment of 

diaeases of this arises fron M s  highly zpecific localization. 

m the ca8e of $2, a sfmilar t;lmugh much leas pronouncen 

selective deposition exista in leukemic tfssue, in the eqytbroqtc~. 

genic tissues in pr- polycythemian, and In certain rapidly mowing 

tumors. 

pbaphate is  a continuous mquireirrsrrt and imP0rt;utt constituent of 

ZIOreuver, 9' I s  prefereiYtialJy deposited in bone, since 

bone. 

ahich, in gonerel, I s  the bporta& s%te of the two &seasea noted 

above. 

This further adds selective radiation to the bum n z t x r t m  

In addition to selective localimtion in ths ca88 of various 

radioact%ve elements, the differantid. sensitivity of ceUa during 
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of the nitotic cycle, tlm prohnged low-grade radiation such as that 

. 
The fact tfrat rapldly metabollsiry, poorly differentiated tbsuss are 

nost sensitive to radiation nay be mother hporl;ant factor, 

13 is lmmm that &osphorus Introduced into %he blood stream in 

like fora of a readily diffusible and Ionizable pho@iata vrzll be 

available to a l l  tisauea of the body and those tissues t h i &  ut3.IA.m 

@ o q h o m  in t h e i r  mtabolic processes w i l l  rapidly ’take up thLa 

element. The rate of uptalce and the deposition 09 phosphorus - 
and here there I s  no dlstinctian bgtaeen radioactive phosphoms and 

ordinary phos,&orus - is a Pmctiun of several things. 

1. The nretabolic twm-over rate w i l l  dotennine the rate at 

which a specific cellular structure w i u .  reach equili5riwJ with its 

nilieu. 

tissue, and (b) its rate of growth- 

This is dependent upon (a) the mtabolic activity of the  

Tfie two nay ?>e closely inter- 

txined and inseparable. 

2. The need for phos~onrs, or indirectly, the amount of 

3. The C h e n i c a l  m m  of the ;>lros~orus COIiipoUl Id, that is. 

whether it i s  easily lonizahle. bound to ori3anfc compounds, or in 

fnsol&l.e forn, detern lms i n  considerable msasura the uptake in any 

specific tissue. 

w h i c h  18 made up in EL suspenaioa and after being introduced intra- 

An exatilple of an insoluble forin is chrodc phosphate 
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Fia, 1 
after the third day, at which time 62s of the 
I n j e c t e d  dose was retained. It is a ColliDoaite 

The biological half- l i fe  I s  va l id  only 

curve of the amount excreted plus the d&ay of 
the ~32. 
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W a m m T I B  OF s2 
characteristics which are readily adasable to biological *purpms. 

The fia3f-life of d2 l o  14.3 &ys. 

peak enerw is lo@ ET atx!\whiCfi has an average energy of 0.7 

'Ibus, the peak range in tissue is about 0 niU.imeters 

range is approximately 2 millimeters. 

tissue, the radiation is e s s e r ~ t l ~  localized in tho tissue in afiich 

has radiat;ion and Ciisin.tag&t5_on 
* 

It erdts a beta particle Whose 

the amraga 

Therefore. in a lerge tmsa of 

the phosphorus 3.s deposfted. 

%e dosage dculat iona of radiophosphorus, or a calculation of 

the energy absorbd per wit rams of tissue, are easiw made and are 

often converted into roentgen equivalents, since a great deal of 

biological lnfox?naticm is available on external radiation which haa 

been lneasured by maam of this uni t .  

jn terms of the tonhation OccluTiX in a fixed 7893 of air, it is 

Since the roentGen is defined 

possible therefore to c o m r t  energy absorbed 'by tissw fron internally 

distributed rac!ioactive elements i n t o  meritgem. so:r?ctfnes referred 

to a6 roantzen equivalent ~hyysical (rep) ,  or roefitZen equivalent. 

9 Fsdioactive phosphorus nas first produced Ir- tb cyclotron by E. 0. 
Lawrence by the bcmbardment of red phosphorus ,placed in the external 
target &amber or the bmbar&txnt of an irm phosphide -mob plaoed 
in the cbuteron beam (d ,p  reactLor-). 
piles  or nuclear reactors now being operatec! by the A t d c  Energy 
Comm~ssion, radiophosphorus is now Fade p-imrily 01s tdfhr by tib 
n,p reaction, produclrq essentially carrier free $2 . It is  also 
posslble t o  produce phosphorus in the pf lc  by ma n. garma reaction, 
The n,p reaction rrfth sulfur oM-arzsly provides carrier m e  .mterialo 

Since the devclopnorrt; of the 
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fi is necessary to how the distribution of the radioactive elanent 

in tissue. that is, the d e r  of ixicrocuries* per unit mass of tissue, 

the energy available on tbe average frm each bets particle emitted by 

p~1ospfi~ru8, and the number of ergs cmrespoding to o m  roentgen. 

is derived f’rm the original definition of the roentgen by inla?oducN 

the emrgy required to produce an ion pair). The calculations far one 

(mfa 

microcurie per gram far complete decay are as follmsr 

Calculation of Tissue Ikswe in Hoentrens &e to the Complete Decay of 
1 microcurie of P ~ L  in grm of tis-. 

8alf-lffe E 14.3 day8 

P &57 (roentgens far cotnplete decay of L microcurie In 1 gram of tissue) 

u 1 microcurie is lo4 curies. 

Radioassay of g2. Shipents  of s2 from c)ak liidge are in the fmn 
of aqueous solutions of H3P04 at pH 3-5. 
diluted, are mporated on a silver disc so as to closely appraximate 
the s h e  and sctivity of the deposit on the RaD + P standards 
dlstr1buted lgr the lslreau of Standarda. 
along w i t h  the RaD + E 8tandat.d and absorption curves run for both- 
A value of the count at zero absorber is ubtainsd by extrapolating 
the above curves to mro,  allowing for the thickness of the 0-M tube 
winciow and addit ola air absorber- rgt canparing tho sew absorbar 

value is obtained for the P3 - This value .must be oomcted, howeverr 
for t B difference en backscattering frcrm sayer of the bata particles 

by this nethod genem33y check nitin the assay of the Oak Ridge National 
Laboratorles values to within 5%. 

k. curie is defined as 3.7 10” disintegrations 
per 6econd. 

These samples, properly 

These samplss are then counted 

B counts of the 9 d and the Ra +. E standard, 811 abolute millicurie 

of p3 9 the + E standard. mis correction, aien q p ~ i e d  
redUCe8 tbe &EIOhltf! RSULCIWIe Value by 7s. Results &bid 
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p h o s p h o ~ ~  in the tiesues genmdly reflect the need for ph0~10r \r s8  

the mount af $* taken up in titrsue w i l l .  be directly related to thls 

need. Bone, therefore, contains nore @osphorus than any other tissue. 

Figure No. 2 indicates the character of the distribution of intra-- 

peritoneally administered f32 in the skeleton and the soft tissues over 

the first two meka. 

C o b  axi clmenborg (15) found that; retent ion of g2 per &t fresh 

weight in various tissues decreased in the following order: 

liver, in tes t ine ,  hear t r  kidney, lug8 xiisclew skin and brain. After 

bone, 

98 &js, 92% of the retained pfiospl:.orus was present in the a b l e t o n .  

Stuc5iea m& on rats in w?iich amounts of s2 were considerably g r e a t e r  

than tracer doses, gave the distribution as seon in Table 1. 

Td3I.X 1 

mtmpritone- Injected ~ 3 2  present 
ir Various T i i s s i i s  of f ibino mts 

1. skeleton 45.0 41.5 34 *2 

2. 19 -4 10.8 16.2 

3. IsisStivC DEUA 14.4 2 .5 4.2 

4. Liver p 02 1.3 1. i3 

5. Slcin 5.4 1.4 2.0 

6. Brain 0- 3-3 0.20 0.20 
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l3Ifiwx-e 2 The curve shows the distribution op 
%binerd P32 in skeleton an8 viecera and the 
wun* exgpeted for Intervals throughout 14 
daya. The mount  retained i n  the skeleton 
progressively Increases beyond the 14 day period. 
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The turn-over rata, or mtabolic activit:: of t-ariaus nomsl a d  neo- 

plastic tissue. Some concept of the .wtabolic activity w'.tl: regard to 

@~os$orus in t!lo arious n o m 1  tissues as w e l l  as a3nonrral cellular 

grawths is very iqmrt,ant. 

in grcmirtg tissue as con~pared nith achlt tissues bas been shown in 

tissue culture Ly pdliard e t  al (16). 

g2 of neoplastic and norrzal tissues flas *en swie by Kenney et al (17) 

and by Lzmence an3 his assoclates (10, 19 , 20, 21). 
demonstrated quite conclusively that more 9' is present i n  the rapidly 

grarFng tissue than Ln normal tissue, and particularly high In ne- 

plastic tissue. 

animals w i t h  intravenously labeled phosphate thet, in the case of 

transplanted Ermn-Poarce tmrs, the mtastatic turror toDk up as 

much s2 as other active organs (spfeen, liver, kidney) and about 

five times as nu& I L E ~  less active tissue (diaphragm, o w t u n ,  lyqh 

nodes, pleura). 

bone netastases and found. that these would take up mcli h g e r  munts 

of 9' per C r a r i  of wet weigh21 t h a n  a corresponding weight of n o r d  

bone. TIie work of Ilarshak (24) in comparing the uptake of 9' in the 

nuclei and cytopiasm of nor& and mal%gnant c e l l s  indicates that tho 

greater differential absorption rate 

&hm-prison cxf the uptake of 

Tt has been 

ForssborE and Jacobson (22) found i n  their studies of 

F'orssberg (23) investi,jated the uptake of 9' by 

d@IaKIt rmt Only accuiida-be m ~ r e  9' than the normaL c~US,  

but that the relative proportion of administered phosphorus in the 

nucleus as compared $0 the cytoplarta is much greater in the malignant 

cel l  than in the normal cell. Thfs is true not only for malignant 

cells but for rapidly multiplying normal cells. 

Studies ail %lie diskibut ion of $* taken up 

pr~te in ,  phosphatide, and acid-soluble f ractiona 

in 

in 
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leukemic t issues ,  and tunor t lsmes,  indicate that the highest up- 

was present In the nucleo-protein of leulen3.c and tmr cells. 

differences between the various phosphatide arid acid-soluble fractions 

were not remarkable. 

leukemic and tunor cells w e r e  synthesized more rapidly than t b a e  of 

n o d  c e l l o  of the mse, arid. therefore incorporated more g2. 
Since no 2.rrportant dlfferences e-xist betareen the norm1 @~ospharus 

content of the nucho-protetn Tractions of the various tiemes, the 

specific act3.vity of tale nucleo-proteins of the leukemic and tumor 

cells are therefore  fii&er than tha t  of  nor?zal cells. 

Kate of Loss Fronthe Dody. 

is lost fron the body is vital. 

oi' therapy it w i l l  be necessary to deternine t!ie anount or" naa-wrial 

a&- distributed !.n the t issxes.  Were are considerable dism-nancies 

betwoen r w i o u s  irdi-dduals in t l L e  amoLlrlt retained. 

howevcr, to coUccl; Gie excreta of paticuts c k r i i q  the treatment ?eriod 

and ascertain prec2sekv %he awrmt distributed in the body. 

informtion -hi&. i3 ,y ined ill tlds Y ~ T  is difi ' icult t o  tr&;ly in a 

practical manner. 

5 to 2% or' tke adu,Wstercd 13L In  the f b s t  4 to 6 riays when gimn 

The 

It is apparent that  the nucleo-protelns of 

Information on the rate at wliich material 

In order t o  detemine the effectiveness 

It is posslble, 

The 

In i:enernl, it has h e n  found that patients excrete 
0 

intravenously, and Is' to SO$ i n  the first 4 to 6 days when given by 

nuuth (25). It is gonerally recognizted that the retained dose of tb 

material gimn isy muth is 7%- of that ziven tntravsnoudy. Figure  3 

show8 corollary data which has been obtairzed i n  rats. fndicatfnl: the 

rate of excretion which my be expected after Intr8peritoneaJ. 

administration. At t3ae end of 2 week8 467: is cccreted, and of the 
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EOUlLlERlUM AND EXCRETION CURVES FOR Pa* 

FOR 15 NORMAL ALBINO RATS 

Fi re 3 The rate of excretlon changes 
r&hfh t h i r d  day. Prior to this, the 
excretion i s  de f in i t e ly  mor8 rapid and the 
curve has been arbltrarllg ca l l ed  the 
equllibriurr, curve4 
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mmaLna, 2% 5s in the viscera md n~sc~h-, and 33% In the bone. 

The r a t i o  of b i l e  c t e ~ s i t i o n  to soft tissue bpsitioll cont3nues to 

increase with tine. 

one recognizes t%at bone comJ?l"ises o m  l@ of the toas wel.&t. 

29ie figure fOT bois hiis added siglllficance when 

fut has Seen shown that the  rate or̂  retention in  leukemic patients 

is higher Wan in nomal far the f:rst few d w  but it' is not inprobable 

that after the fbst  vrec!: 01- 10 days the excretion rates fn normal. and 

leukenia patients is p or it parable. In cal&tlng dosage, the biological 

half life, xhicll is B combination of the excretion rate and the physical 
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I5 DAY SURVIVAL CURVE I N  
WISTAA STRAIN ALBINO RAT 

GIVEN Pu INTRAPERITONEALLY 

4.: 4,4 4.8 5.2 5.6 6.0 

DOSAGE IN P C I G R A M  

Tiplure 4 Tile ~ ~ 5 0  for P3e given intrs- 
peritoneally i e  approximately 4.6 microcuries 
per g r a m  In the alblno rat  (for a 15 day 
period) 
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C L M I G U  RSSULTS W!Ei g2 
Ir, the past ixo years, over 50 patients have been treated wLth 

radioactive pllosptaorus at the University Hos2itals of Cleveland. 

this number are included the chronic leukcmias (I;lyClbid and m a t i c ) ,  

primary polycythemias, s e v e i d .  acute leuksmias in children, a selected 

group of breast carcincmas which have metastasized w i d e l y  t o  bane, 

and a small  number of misccllltous oonciitions in which it mas thought 

desirabb to abserrre the effect of s2. 

3cn 

There were no cases of 

Hodgkin*a disease ur lympl~osarcoaa since the experience w i t h  these 

diseases i s J  at best, uncertain dxm treated Ly g2 and because their 

response t o  x-ray, at least in the earlicx stages of the disease, i a  

generally good. In addition, the treatment of ordinary uncomplicated 

lylnphoid w i t h  3' been molded the bo- m m J  

although infiltrated w i t h  l p p h o i d  elements, is not hyprplastic and 

the noma1 elements of the rnarrm receive unnecessari3y heavy radiation, 

'file 6 c a w s  of Pjxnphat5.c lcukercia included i n  this study w e r e  those 

hkich had failed to respond to previous x-ray or were cases i n  wNch . 
the disease was so widespread t>jt the inmediate outlook was very poor. 

This accounts for the fact t:ht all the patients orith 3ytnphoid leukemia 

w e r e  dead w i t h i n  8 m n  nontlss following the beginniry of g2 therapy. 
w1 the patients reported here had sternal lzlarrow biopsies &owing 

marked diaphcenent of the normal. 11181~uw elemenl;~ b$ nature and 

b la tu re  Igropbocytes. 

excellent respome to ~ 3 2 -  

closely by tbat occurring in chronic qyeloid leukemias after troatment 

As has 'hen demonstrated by others, primary polycytheniss show 

me response in th i s  group is f0-d 

.Vrittl phasphorils* 
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uajoritiy of' the cases the white cell counts were abme xiomal. In a l l  
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POLYCYTHEMIA RUBRA VERA 
COMPOSITE CURVE INDICATING 

IMMEDIATE HEMATOCOGICAL RESPONSE 

1 20,000 

Case msiber 10 WIB olnitted Prom the 
curve. The patient dled t w o  end one- 

half months after therapy w a s  instituted. The 
avera~e naaxhurn response. in the red blood count 
l a  obtained in f ive  months, aa shown by this 
curve 
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and leveled off just above s,ooO w h i t e  blood cells per cubic EXWIEI- 

after treatment. (see F i g u r e  6). Dn two of OUT casea, 

depression of the platelet wunt was demonstrated. Tnfs was accorj?panisd 

by purpura and s m u s  dependent ecdzylolosis (cases 2 and 8). 

Case 2, this occurred after the t m d  course of phoephoruso 

3[h 
, 

arter ale 

initial episode, neither patient showed further evidence of hemorrhage 

and the throPnbocyte counts returned to essentially normal levels. 

mo cases ( ~ 0 s .  1 a d  4) failed tb respond 

reason for failure in these two cases is  obscure. 

to $*. 
'IzEe dlagrmsia of 

pinary polycythenia In w e  1 m y  !lave been in error. Since duvnric 

lung disease was present, 5.t is possible tZ-& thls nay be a seconifarg 

To date, the duration of mnisslons in the G cases mspoading 

famrabw range frola 4 t o  15 mnt>s w i t h  an average renisalon perid 

of approximately 7 hllnths. Rwever, we b m  not yet followed these 

cases long enough to have a definite opbian on the length of the 

~-cmissian period. pie indications QTO that these intervals w i l l  be 

cozprable to those observed by others. 

The criteria for selectini; cases have concerned themselves with 

evidence of t b  typical triad of polycythemia, that is, megakaryocytic, 

eqythrold and weloid t-grperplasia. This was present I n a l l  the Cases. 

Cases showing less t'nan 6 million red blood cells per cubic n i l l i n ro t e r  

1 

were not treat&& 

a&&&stered over a period of ten days to two weeks appears to produce 
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a satisfactory renisaion In the by of casesa Occasionall$ 

the adhiatstration has been continued mer a longer period of t t m D  

In general, it has been OUT tendenqy to trreat pOly@hdAS 

cautiausljr since it is not possible t o  gauge the dosage *on the 

hematological reaponse unti l  appximstely t l m  nOntha have elapsed. 

For *.is reason it I s  found neceasaq to repeat the course in sax3 

of the cases after this period of t inre ,  

Chronic Eyeloid Uukenh 

'leukexda have been treated w i t h  9'. 
hematological course for each patient. 

respond t o  treatment w i t h  9 
Zn Case 110. 10, treatxnent was stopped because of marked dqr08ShI  of 

the platelets. 

exhibited a blast lc  phase of the disease. 

t b i s  stage, tlm disease becoxes refractory to any fmin of themw). 

The reason for failure in Sase 30. 13 I s  not clear. Since m l c d  

splenic enlargement existed. P3* tf.x?rapy was sto,-,;>ed aid x-ray git-en 

to the spleen viit;i- satisfactory results. 111 the reminint: 13 awes, 

lmediate and excellent response was o3tainod in the white blood cell 

count and associated with this, a rise i n  the red c e l l  count waa 

noted i n  most cases. Aa is slim In Table 3, the =turatim of the 

cells definitely changed, w i t h  a clear-cut decrease in the fmat-ure 

cells in practically every insLance fo l lowini :  treatmmt. (Arbitrarily 

we have considered those cells rangjn(: from the e a r l y  blastic stages 

to and including the qy-elocytic stage as irnuature). 

seen that the average lnitlal whiLe blood cell comb was 170,000 per 

cubic m i l l i m e t e r ,  ranging fron 63,000 to 299,000, a d  following treatmnb 

To a. 15 cases of chronic IfQQ3loid 

Table 3 gives the clMcal and 

Of" the 15 cases. 2 failed fo 

in wBat i h s  considered adequate doses. 2 

A t  the time of treatment this individual also 

(It is well h m  that In 

rt m y  also be 

1s;. 

. 
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200,000 

is 0.000 

CHRONIC MYELOID LEUKEMIA 
COMPOSITE CURVE INOIC4TING 
lMMEDl4TE HEM4TOCOGCPL RESPONCF 

I 7 3 
MONTHS 

8 Casea nuder 10 and 13 viere oaltted 
From t h i a  curve. Those cases show no response 
to treatmentL 
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a composite of the msxirnUn re8porise sbmed 8 drop to 17,oOO a&.s per 

cubic millimeter of blood, The i n i t i a l  red blood cell count was 

3.1 million &r cubic minimeter and at ttte end of 

average red blood c e l l  count rOse to 4.1 n u i o n  cells per cubic 

ziU.limeter. 

mths the 

- 

In our series of c a m s ,  tihe p l a t e l e t  counts were relatively 

unaffected during the first course of treatment. ‘l%is observation 

agrees w i t h  those of ‘vlarran (7), who stated that the megakaryocytes 

Showed little damIge with moderate doaage. Fkmever, subsequent 

c m e s  tend t o  depress the p la t a l s t  count and tihe rate of decmase 

In  the platelets  serves as an important c r i te r ion  for the continuation 

of treatment. 

white and red cell  count fur each patient. 

Figure 7 shows ,graphically the i n i t i a l  response of the 

It is noted that a UnFform 

reduction of the &ite cell  comt occurs proqt ly  as w e l l  as a char-mt 

increase i n  the red ce l l  count. 

init ial  response to  g2. 
Figax 8 is a c q s i t e  curve of the 

A ,gradual reduction In the size of the spleen occurred i n  a l l  

13 cases. In several, the decrease was drat.=tlc. Anorexia and OIT-880 

the most comaon and distressing 8y4?tmsr c?iaappeared at a comparatively 

early date. ‘i%e duration of remissions ranged from 2 to 12 nonths 

w i t h  an average of about 4.5 nontha. 

~n studying the cases it appears that the treatment of chronic 

weloid ieukemias with is highly satisfactory, but, that treatment 

solely by this mans for a l l  relapses is of dubiuus wisdom and perhaps 

to be discouraged. In those cases w i t h  splenic enlargement which do 

not respond, or at twett respond pour* to $*, it is often a~fp- 

to treat the spleen w i t h  x-my *en p1 relapse OCCUTO. It is our 
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ivrpression that the continued and persistent w e  of g2 2- mrp 

relapse will lead to a hyperplastic bone r m m  in a &reat percentage 

of cases. 

therapy, such as localised x-ray, or arsenic (if it proves effective), 

to increase the interwiis btweon periods of p32 therapy. 

It is probably advisable t o  intersperse other r"0rmrS of 

The criteria. for selecting patients have been based upon: 

1, 'he love1 of tple mite cell count. No cases b b g  counts 

of Less than 20.000 white blood cells per cubic nliffimeter of blood 

were accepted for tre9tramt. 

2- Tile throrntlo&ie level. The nunbor of thrombocyte ia v e r ~ ~  

important, 

trea%ed cautiously or not accepted for treatnent. 

count appeamd to drop rapidly. treatment was oi+ten discontinued far 

a short interval. 

depression does 

subsequent relapses the l i h r d c y t e  level mst be carefully observed. 

The patients aith l o w  platelet counts were f;ensrally 

If the platelet 

During the first courr3e unusual thrombocyte 

not agpar to be a poblen, but on retreatment for 

3. Character of t'ne bone m~rra\ri. 'Fte ham been insistent th& 

the bone mrrm sfww definite hyperplasia before treatnent was given. 

4. blatusation of the w h i t e  cells. The degree of ima%urity 

to the present has in no way affected our selection of cases for 

treatment. but if the nw?iber af imature ce l l s  are unusud3y high, 

one m s t  elmays consider th0 approach of an zcute blastic phase of 

the disease dlicii is hown to mspond poorly. 

Of the 15 cases treated ~ l t h  #, seven are living. The average 

duration of L i f e  in those patfents that have died is 3.5 years. 

c m s p o n d a  favorably aLth the duration of life in a recent report 

made by Lawreme (14). 

This 
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produce tkxi desired response after adminiatra%ion of a t o t a l  dose of 

8 to 12 mc, 

cubic milutreter, t reatmnt  Pis been discontinued. 

Uwrence (14), it is proh1JlY LurPriSO t o  b r i n g  tlre r;hL%e blood cell. 

count t o  normal levels since an o€fort t o  depress the w h i t e  cell 

count. to a noma1 l e 1  requires additional plmsphorus and the riak of 

tlrocibocytopmia, &r&aia and aeriaus leukopnia is increased. In the 

13 cases which showed satfsfacbry response, the average dose i-equlmd 

t o  effect hematological renission was 10.7 uc. over a period of 34 w s .  

If one should wish t o  use a single largc dose, there is probably 

enough eqerience accwmhted in the p s t  t m  years t o  pem.lt treat,- 

inent of these patients i n  this mnncr. but the distribution of s2 
mer a priod of a mnth pernits if i tegrat ion of the Wi-iite b l d  c e l l  

respnse,  and fractionation of the  dosage is urr3uestlonably the 

preferred r&t% of treaixwnt. 

@ironic amphatic bukemnia As has b e n  stated mfore, tiie rationale 

for treating thia forrr! of leakemia with $* io not clear-cut. In tbe 

najority of cases, dltlmugh loukcinic inf ' i l tration 5s p s o n t  i n  bone, 

the disease is ?redominantly fr, m o o i d  tissue. 'Ilte i3arrw does not 

l-am the hyperplasia of all t h e  cellular e l w n t s  present in qy-eloid 

leuhmia and in r w y  cases actual k z e  oL' the erytl i ioid arid nega- 

k a r y o q t i c  cel ls  is severe. 

t o  de;iress a bone mxrm zaiich aysars  ta have already suffered -0 

from i n f i l t r a t i n g  ly-qhocytfc oleaents. 

Llwn the white'blood cell count approacks 2O,OOO per 

ki noted by 

T r e a t  ;ent wit11 $* i n  nost cases serves 

%e 6 cases of chronic lymphatic 

i 1 5 4 5 4 0  
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leukemia selected for tm3ataent. as stated previ0U8b8 izad become 

resistant to x-ray or were approaching a terminal state. It is 

doubtfil that any fo ra  of  thsrplpy would h m e  been efficaciaus. 

Table 4 gives the cl inical  data o€ these 6 pat1en.t;~. A l l  

patients were dead within 7 months after p3* was started, T I ~ ~ W  

cases all had diffuse infiltration of mature and immturo l y m p h o m  

3n bone marraw biopsies, 

counts were reduced, 

contraindications to treatment with $*, but in these cases it was 

In a l l  but 2 cases the initial thrcnnhqte 

(Gemrally, l o w  initial thr0nboqt.e counts qre 

felt that an attapt should be made t o  produce rerniesion no matter 

~ . Q W  haporary) ,  

ment. 

in i t ia l ly  from u 3 8 0 0 0  to 719,000 w i t h  an average of 376,000. After 

treatment the w h i t e  cell count averaged 78,000 per cubic miLlimter, 

ind’cating a fair  hemtolo&al response to $2. 

Three  of the patients were transfused during treat- 

The w h i t e  blood cell  count per cubic mulirneter of b l c a  ranged 

A s  was anticipated, 

Ln a number of the cases treatmuit was stopped because of purpura or 

extrenely law platelet count, It is doubtful whether 9‘ alone 

contributed to the purpura. since two cases ha6 initial ?mnorrhagic 

tendencies prior to tf-;ercrpy. 

Case Go. 2 is of interest in one respect which eeserves mention. 

A marked fremlytic pbn-non which war3 present initially shcmed 

dramatic cessation following therapy with a conconlitcant and u n u d  

response in the white cell count vdlich dropped from 2l6.W to 8 8 0 0 0  

0d.Y 14 dWs# e t8r  a Of 6 01c. Of $2- 

cases of widespread carcinomatoeis of bone f r o m  primary breast carcinama 

have k e n  treated with what rtiay prove proxuising results. These case8 
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20. 

as8 to be reported elsewhere and are, therefore, not indud& In d e w  

Irr this  report. The rationals for treat- these cases is bamd on a 

well-established fact that malignant tumor cells have a greater G2 
uptake than moat normal c e U  arid tbat selective uptake af phosI$lorus 

i n  bone is large caqxwed wlth other tissw8, thus producing long: 

continued selective irradlatian of bane. 

the relief of bane pain followtng the tmatnent, 

at t h i s  time t o  have any definite opinion as to increase in lcmgevity 

af these patients. 

of calcium in destructive leeiona demonstrated qy x-ray. 

the osteoclastic process appeared to be arrested. 

the dosage of s2 was pushed to considerably higher levels  at the 

risk of producing anemia, thro&ocytaPenia ?Ad severe le.ukopen3.a. 

E’rom 16 to 20 mc. were actmLnfstered in 3 to 4 weeks - two cases 

showing severe purpuric manifestations whicb subsequently izproved. 

All caws had a mxkrate to mark& depression of the white blood 

ce l l  count ‘oFf?icL p&ally i-&urned to levels aAjproaching n o d  after 

three mntha. 

The most striking feature is 

It is not posalble 

In at least one case there was marked &position 

In others 

In all these cases 

Trea t inen t  of this type opith comprative3y large dose8 begins to 

assume a heroic aspect, but the graviw of the process may just* 

such an approach if the t h e r q  f?as pmmise of 

DISCUSSION mere is -le evidence tslqberimentaUy and by empirical 

clinical application In C h r o r b  lankeraiaw and polycythelnies that 

r&iophosphms is an %qmtan t  and effective r.-s of treat- these 

beneficial effects. 

CUndItiOW. The cws Of plycythemfia and leu_t,-emia mp~l.ct;ed here 

currobrate  the promising flndFngls repartea by others. 
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?,ut it is w e l l  to remmhr that this disease is a long .standm 

chonlc process wN& can be controlled by venesection, d-thaigh 

with 8- difficulty. 

mth& (x-ray, pheny3hydrazine and veihesection) must be weighed 

against the possible camplieations of $* treatmnt. 

possible thrombmzytapenia, 1euk-a and anemla. 

difficult to say w h a t  tfre eventual low time resu l ts  m y  be w i t h  

cojltinued P3* application. n a6.rpe-s true that tte iiuratinn of 

the remLssions, the l m r e d  incidence of &&ne cmplicationa of the 

disease. ami the himtological response are quite striking and 

mpe-ior to ottier seam of therax. 

is the t r e a m t  of choice. 

"be apparent superiority of g2 Over other 

These are 

It is s t l f l  

It &nay w e n  be true that ~3~ 

In the case of chronic nyeloici  leukemia the response in proxpt, 

the remissions are cf coilsiderable duration and the coLplications, at 

least with nodexate dosage, agpeax t o  be n i n b a l  < 0 Itisalsoclear, 

hmever, Lbt i% is not possible to eradicata the disease w i t h  radio- 

phos@orus and an effort LQ cestroy every vestige 5f leukemic 

infiltration %odd meparably damage the hemstopietic syste;;ls and 

perhaps other systeas. It is, therefore, umiso, as noted prsvioualy, 

to make any such attempt and the use of g2 should be umitod to 

inducing rerniasions w i t h  as little phosphorus as possible. 

inpression is strong uiat continued application of g2 for every 
relapse with amunts required to bring the Zaukbcyte count to l o w  

levels woulci undoubtedly severely Lnjw*e the bone namm and would 

result in an aplastic r s m m  In marry eases. 

The 

The use of radioactive 
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1. 

2. 

3. 

patients have no radiation SIckne88 

the acWnistration of rariiophosphorw is simple 

It nay have the thqmetical  advantage over x-ray in that 

phosphorus tends to seek out the most actim cells and also selectively 

irradiates the bone marrow %hich i n  the case of chronic myeloid 

leukemias is, in most instances, the most inpartant site a€ the disease. 

@ cannot be emplayed without a thorough kmwledge of the effects 

of its radiation, the chpracter of its di6tributlon in tissue, the 

consequences of possible uver-dosage, and clinical course of the 

patient, 

y e t  completely nxrnwd frail the mah of experlmEn.t. 

hiatuses exist In the M o m a t i o n  concerninri; the effect; of $ 

Althsugh $2 has been used for over ten pars, it is not 

A p e a t  many 
2 

In the caae of chronfc lymphatic leukemias, satisfactory results 

have been reported by others, and radioIjbos2horus is unquestionably 

useful in this disease. 

the appearance of the bone r m :  and the general character of 

response of p t i e n t s  treated W j . t i 1  p32, tixit lpptmtic leukeiifizm 

shuuld ?x spared the lrrtensive radiation of the b e  mar= which 

occurs w i t 2 1  $*. 
gens- indicates that hyperplasia is not present and that the 

erythroid and mgalcaryocytic elements taay actually be camaged. 

It is o m  opinion, iicrmeper, In reviewing 

"he appearance of tkie txrne narrow In t h i s  disease 

The application of g2 for widespread malignancies m u s t  be 

In &meral ,  treatmnt of these considered purely exprimental. 

conditians witii $2 has w poor. 
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The dosage of g2 is still not fuUy standardised. The amount 

of phospbarus adinistered is gauged primarily '3y the c l b l l c a l  

response, 

and by careful observationsf the knm complications - Icukopenia, 

anemla, thronbocytopenia. In general we have, as mted above, used 

a roirtine of qproximntely 2 mc. a week 30 a t o t a l  of 10 to 12 rnc. 

far the chronic myeloid Lsdceenias and, on ti ie merage, a total of 

10 nc. in a 12 day period i n  the case of polycythsmins. 

out t o  be about 150 llllcrocuries -p%r kilogram in a 10 to 14 day 

period and a Ooqarabb amount in a 30 d&y period Tor chronic ~p10l.d 

leukemias, In <?e caSe of ct!onic leukenins, fractionation is the 

preferred method of treatment since it permits integrat ion of the 

hematological response into the t r ea txn t .  

f'ractimation m r  the period of tine required f o r  maxiraun response 

( 3  or 4 months) would be ir;zpractical ad we hme, therefore, cham 

t o  administer the dose, as have others, mer a shofi prfod. 

SL!&!rn 

1. 

the size of  %he patient, trj the extent of the dIsea8e 

'This works 

In the case of polycythemia, 

The ratimale for using 9' as an internally distributed 

source of radiation and its selective uptake by various normal and 

tumor tissues 1m.s been reviewed. WE basis for this, which rests on 

exmrimr&al, biological and clinical  work, is discussed. 

Z.  pertinent information necessary to a p m  $2 effectively 

is nated. Isxperbntmtd and clinical data in this regard is presentad. 

"he p h ; v s i d  characteristics of 9' and fts bel~sviaur biologicelly are 

included. 
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3. primary pol;ycythe~&os and chronic q e l o i d  leukcmias are 

effectivdy treated zit3 radioactive phosphorcls. 

prinary polyqtheaa and fiirkcn af chronic r p l o i c !  leukenla are 

reported, confirmhg t h e  o b ~ e m t i o n s  of others. 

been used for a vmiely of r ~ i l i ~ z n t  concitiono other tkian leukeenia. 

]!one of the responses Lave been strikiq. ,:ention is male of possible 

berteficial applicstfon t o  v ideqroad  rae”&stases to bone froa camiaorna 

of the breast. 

Ten cases af 

$* has a l s o  
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The urse of rndioact.1v-e phosphorus in the treatment 02 d i m  

stem froin the i n i t l a 1  studies made by bwrence and Ifis colleagnee 

h 1936 (1). Since then there have keen a number of reports xhick: 

establish the efficacy of t h i s  forn of therapj in c h r d c  Leukemia 

and polycythemia (2, 3, 4, 5, 6, 7, 13, 9 ,  10, 21). These clinfical 

reports l-twe been issued froin a nwtbei- oi" sepwate institutions, 

indicating that independent experiences are now faLrly a~idespread. 

??le reAmrk by flehhard, Iloore, Bierbur, and ?Bore iJ.2) is an 

exhaustive review of th  cllnical course of -mtients treated in this 

fashion. Sijnilar studies by Doan e t  al (13) and Lawrence et a1 (14) 

add extensiveLv to the data nai available in the literature. It 1s 

our intention iiera to add to tl-e c l in i ca l  obsematiora presented in 

the previou3 reports, but  we w i s h  par.ticliLarly to en#naSim the 

perthent infmaation available from the literature and from o w  am 

work w h i c h  is the basis and rationale for sclch treatment. 

developnt'o2 high energy nuclear reactors of the Atomic 3nergg 

Conmission have given considerable w e t u s  t o  this concept of therapy. 

This is ~ - t i d a r 3 y  true because of the wide variety of radioactive 

e l e m t a  which  can be prcducod by these devices, sone of vbich have 

suitable characteristics (desirable half lfife, proper radiation 

c&racteristicsr and satisfactory cbenical properties). 
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