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estimate of the absorbed dose received by various body tissues fram new radiopharmaceuti- 
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. 2. Institution 

3. ?reject Abstract. 
I The evaluation of the aks3rbed a x e  rsceived by 2 pztient resulting 

from a diagnostic proccduyc er;;ployinG s. r ~ . . ~ i ~ p n a r n ; a c e u t i c ~ . l  is essential 
if the mai.:irnupA beneiit is to be &rived by psticnt. Even when the most 
sensitive and sophisticated instrarncntation is used, the quantity of activity 
administered to the pztient lirxits t h e  quality of the diagnostic information 
extractatle from the studjr. TG obtrir. the necessary data to calculate the 
absorbed dose, the tissce distrikutics of thc raConuclide incorpmated into 
the radiopharrfiaccutieal will i c rtiidied ‘‘ir -iivo “, and the activity concentration 

tissiie spccillicns =it1 body iliiid:; will t,c rx;ca=;iired. 
quired for  &sorbed i IC .X czlcrilatiws ?]Si bc o:~ierimmitr,lly determifled, 

-dd correlated wit31 thec;r&.iczlly cd:-.-dstcd vb7ai~esAt The resiilts cf these 
investigations will yield 2 reliztle estirrihte of the abssrbed dose received Sy 
various body tissues h z i  m?: rz3oI;ksrmXccutlcals as tke;; 2re ictroduced 
ht=, use, 25 well as  b r x  the r~13L.w rz6ic?harrr,zceuticzk in current use. 
Since &tailed dhta or! t iss;: ;~ Ssiributicn x i ~ k  respect tc tir..?,e will be obtained, 
potcntizlly new c l i n i d  a!ipiicz,tims mq c-:dve i r o n  t’r;.ece studies. 

TIE pnyziczl parameters 

4. Scientific Backmound 

The principal invezti2stx has iizd a s u s t a h d  interest in the  evaluation 
of the interEd absorbed dme f r o n  &zp?ostic radicphzrc-zccuticals for 
approxiizlatcly five yea-;, wcrkifiy ir: both the physic21 and biological aspects 
of the problem. From his  experimce, it rppears that if  reliable answers 
are to be obtained efficiently, both xpccts of the problern z u s t  be attacked 
simultaneously. For r2xartAp3c, c: mickr a radiopharmaceutical which is 
concentrated by the liver, mJ c:ccrc.tcd primarily in tnc feces, and one is 
asked to deterixim the zixorbed ~ G X  tc the ovzries. Tcl calculate the 
absorbed dcse the apprqxiate tjiolj(>cd d5 . r~  rxst be collected, as w e l l  as 
the physical and anatomical psrxcetcr.:: 3etcrmined whicn 2re necessary 
to describe the radisiiorl i icld sec1 ;;;: ovaries. h rcuqh approximation 
may be made by the standsrd mizthod.s; h o - m w r ,  these tenu to be conservative. 

’ 
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?he scientific ,.end medical iiterature in this  area,  except for :>,e past 
few ycsrs, Iiss been spotty and hanl-zard. Only recently have investigators 
S;egurL to re +valuate the physical pararneers using contemporary csrrputa- 
tional technics required in tnese caicdations: (Eerger,  1966), (EL&, et al, 
1564, Ut%), (Loevinger, 1986) and (Smith, et al ,  1965). However, the 
physical parrrneters fo r  macy of these czlculations have not been verified 
experiixentslly. The ICRU (Cook, 1%5) is currently reviewing the enatomicdl 
and metsbolic dclta required icr absorbed dose calculations. The EEciem 
p a r a m t c r s  such as photon 2nd pzrticle yield per disintepation and energ 
a r e  actively beinq cvalLzted m d  reported by vzrious groups. The F,i3lo@cal 
data re;cired f o r  abscrbed dose c a l c d a t i ~ c s  is at best almost impossible, 
tr;ith a iew exceptions, to  obt?,in from the liicraturc because of the 
inconsi.;itciit i ~ a r ~ x i -  in vj?tic!i the il~tii is rcported. 
usaaUy Znzoz:plete inicjrxiztion on the piiysical a d  chemical characteristics 
of t k  r .sdiopharlr~zceutic~ at the : i ce  of Lijection 2s iijell as insuff>;ier,t 
clipicni data on tis patients sturfied. X R  e x z e k i t  czse in point is L+?- 

In addition, there is 

* '  

I Neohy5~-in. A v;;ealth oi  dzta is a-Jailzble in  tine literature providinc tissue 
distribiAion dztca; hoxever , there =e s ip i i ican t  discrepvlcies in ti% data 
(Smiti-:, ',822) which only &er much correspondence plus eddiitionzl 
stLdies nave tnese discrspsncies teen resolved (McAiee, 19e6). 

Scientific SCGW 

A. Objectives 

e 

The collection ci' cli,nicd dsts fielding information on the Sssue 
Gstribution with respect tc, time cf the radionuclide incorzxsted 
into tne radiogharrri 2ceutical LC &r study. 
Experimental verification 0; the  physical parameters such as 
zbsorbed iractions and build-cp factors required in the aksgrbed 
dose calculation, 
The actuzl czlculation 2nd Ssserxinztion of tk calculated d u e s  
fer the absorbed dose. 
The evaluation of ne:z radirnuckie generators at the tirne ti--ey 8re 
iEiroduccd. 

I 0 4 2 0 8 4  



A t  prcxn t  tliize arc 1 1 3  iiill-tinw p ro le~ tz  at any institution &voted 
specificallj. to the sc tud  collection of Lioii;$cd data for absorbed dose 
calculations gad the experirfienizl veriii?aiion of the physical parameters 
required irl absorbed dose czlculztions. Sxiever, The Society of 
pjuclezr Xedicine has an "ad !i3c*' Comr-ittee or! Kedical Internal 
z;acliatim Dose (ILIRD). Tiic principal ii-Lvcstiqator is co -chairman 
5: t ! i ~  committee. 

reiles 32 :!le 12boratorie.s of the committee members and other 
cssrjcraiivc investlgators to supply the cornzittee with the data they 
ha-.~re collected. The committee then evaluates th i s  data, which is based 
on h t a  from at least  two laboratoric:;, detmmims if additional data 
iz ~iccdC:d, a i d  then, when thc - rcquircd datti is mllccted, the zbsorbed 
close calculations arc n,acic. ihr? program vlhich I will outline in the 
followin? section will prmidc: :A r,c?rr?l; r:ccucd h t t a  iri-put for  the MIRD 
Coimriiti.cu. 

The TLI3D Cornniittec does not do the actual laboratory work, but 

The WoYk of the XLqD CW-:ZL%~~ is endless since new radiopharmz- 
ceulticals a r e  3d.q developed iri *e lzbcrztories of medical centers at 5 
ragid rate, m d  tie radiophzrzaceuticrs ir, ccrrent use zre zlready 
quite eztensiw. This proposed projezt vjiU fzce a similar s i tut ion.  
T h e  ra? io~i7ar~*~ccut icaIs ,  ilr current roctine use to be inclcd& Lrl tiis 
project rcre thse  vihose me mzy increase because of improxTeixents ir. 
er avaihkiliyi of nuclear mcrdksl insirGxicztation, more sophisticated 
cliRica3 studizs =\r additional Morn12tion 09 tiit3 z'rjsarbed dDse. The 
radiophai~rr;,'ic~?iticals th5.t &re ir, tne s t q e  of clir.ica1 evaluation will ce 
chosen tjzscd if!? ?rclirninzr;r clinical &:tz regarding the efficacy of the 
study and tix i-:zFlitsdc c ~ i  p;t.cnti:il use Gf tile radiopharmaceutical. 

Studies sir:.iln in scope to the o m  propxed irl this  application, but 
whose objective is to  ev2lutite the e-xposilre Fztients receive from 
dizgnostic radioFaphic procedures are wdervjay in several institutions. 
Tncsc stiidics ir v-my instacer , ,  zre retrospective in  nature, where 
the objective is to a w m r  tlit? qucstioii, ::;hat expclsure did the patient 
reccivc f ror i  i: ,;iven study Icr a +en set of exposure conditions. Since 
the discipline o l  NLlclcar h:c3icix.:e is y ~ a g ,  we should not wait ten or 
twenty years , 2r.d stzrt retrospective etcdies similar to those currently 
underway in diapost ic  radiology, but Ixtitute prospective studies as 
new racl iopl iarma~utical ,~ zrc iRtr0duce-l into the field. 

I 0 4 2 0 8 5  
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. '  0 C. General Plan fx the Work 

me outline presented in th i s  section w i l l  be far the first year of 
the project. Studies in succeeding years  w i l l  include additional 
radiopharmaceuticals (both routinc and tho:;c under clinical evaluation) 
and radionuclide generators a s  they are developed. The experimental 
verification of the physic21 pzrameters w i l l  be completed in the 
second year,  and it is hoped that "in vivo" dosirretry studies can be 
initiated in both hu-ians 2nd animals. 

(1) Radiopharmaceuticals to  be studied during the first year. 

a. Rose bengal (in routine use for liver scanning and liver 
function studies). 

b. Iron (in routine use for ferrokinetic studies). 
c. Indium iron oxide (currently being clinically evaluated as a 

scznning acent for the lungs) (Stern, 19%). 
d. Indiun colloid (currently being clinically evaluated as a 

scanning agent for t;ze liver) (Goodwin, 1966). 

A l l  radiopharmaceuticds used i n  this project wi l l  be assayed 
to determine the exact activity administered to  the patient a s  well 
as the radionuclidic purity and the radiochemical purity of the 
radiopharmaceutical. 

(2) Radionuclide generator to be evaiuated during the first year. 

Commerciallv avzilable i n d i m  -113111 Generators (Darner, 1966) 
w i l l  be smdied wih respect to elution efliciency, tin-113 breakthrough, 
radioncclidic purity of tne eluate, presence of column matrix in the 

duate, radiation expssure while the generator is eluted, and sterility 
and pyrogenicity of tne eluate. kt present tnese generators are 
availzcle from I 'Mj  England lquclezr Corporation and Union Carbide 
Corpor stion. 

(3) Collection of the tissue distribution data. 

Palients wi l l  be h3snitalised in the metabolic ward for a 
sufficient period of time to provide data on the initial metabolism 
of the rzdionuclide incbrporatcd into the radiopharmaceutical, 
and the rate at which the activity is excreted in the  feces and 
urine. These patients vji l l  have a physical examinstion and 
history before the  study is started. Twenty-four hour urinary 
and fecal collectims will be made as we l l  as serial  blood (red 

t 0 4 2 0 8 b  
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When them is sipificznt concentration of a radionuclide in 
one or  more areas cd the body, a detailed digital scan w i l l  Ice made 
over that reqior: u ~ i r ~ g  thc- Dynapix scanning system. Count-rate 
and spacial irCorcztim will be evzluzted to provide a better 
estimate of the loczl tissue concentratim. A t  present a reeon 
1. 5 rnm by 2. C ElC-. c3n ?:e quantitated. 

Eiopsy specinxn B~S:,~J with a blaod sample wi l l  be obtrhed 
from surged ; Z t i m t z  tt'ti3 h m e  received a radiopharmaceurical 

. under study. Piss-a specimen w i l l  be obtained at autopsy y:;?,en 
the radiiiphx%sceutical 112s been administered to an indivik-al 
prior to his tieziise. Sufficient cliniczl information on the 
individuzl irorr: iijnsm the tissce specimens were obtaiied rr,T;st 
be availskic for the specimens to be included in the study. 

(4) Experimental Setexiilinstion of the physical pzrameters reqLired 
in absorbed do.-e czlculaticrns. 

t o 4 2  

Values f c  tne Zjsxi jed  fraction w i l l  be determined in both 
infinite and bo=?n&ci ;wrnetrics and ccrripared with the calculated 
values 2: Zllett, et 21. The absorixd fraction wi l l  be studied as 
a functioiz of ti-e photm energy, pnantom mzss 2nd shape, ~ y d  
radionuclide distribution. Ti !er m olumines cent dosimeters 17; ill 
be used as the raaiziicm detectors in these studies. The absorbed 
fraction will zlso 're 3ctcrrniiied ior  the  simulated organs of the 
REMCAL phsntxn. 7i:e huild-up factors of Serger  wi l l  be 
studied in a s i z i l z r  lashion. 

If the tissue distribGtion data indicates that a single o r g n  
may receive si<miiicmt sbsorbed dose due to being irradiated 
by several nezrby c r p s  which hzve concentrated the radioxclide, 

087 
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d3sir:leterr. 

An upper a!ia 1oir:er cctirrAe i x  the absorbed dose will be 
calculated based on the iintz c3llected in the  sections already 
discussed. When zpplicable the computer program for absorbed 
dose calculatims C?C*IdI3ped by iv.ones Eerr-ar. and other members 
of MIRD w i l l  t;e used. The absclrbed dose will be calculated f o r  
all approprizte orgvls zttempting to Give an indication, where  
possible, of the irJluence of z;e, sex, pathologcal state, etc. 
on the absorbeg d x e  estirratk. 

. 
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E ducation 
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D. , Fr ix ipz l  In7.:estigatw 

Profcssional Zxpericnce 

(1) University of JAiami School oi  hledicine, Miami, Florida (1966 to 
prezent). Assistant Prc iessor  , Department oj2?adiolocg, 
Division of Nuclcar Xedicine. 

Rcscwch A:;:;ociat.c, m!i;rtr!ic:nt 01 Rargolocpj. 

Ass-ziztc Scientist; Techniczl Director, Nixlear hiedicine 
Lzbsratorj;; Iiacjistioii Szfcty Oificer , rY5err,ber of Isotope 
Cornittee!. 

Scr-ior Arzistant Sanitary E; @mer , U. S. P. 11. S. (Militzry 
Ser-3 ce I. 

Lcc:r-,-er. Thc semester advzqced <raduzte course entitled, 
“Rz 3 r-t ion D:: s irr: etr y a~ d Szfety ‘I. 

&iiar:.;iand (12!:4). Lecturer. 

Rcscircn kzsistant. 

(Suz--mcr 13’d). Sui!mcr Grsduate Student. 

(2) Coriiell Univei*sity h’:cdical Ccllclylc, Mcvi York City (1965-1966). 

(3) I{ospi:zl for Spcciiil Surger:;, NCW York City (IDGt, -19X). 

(4) Natior.il Institutes of h’~altk!, Zethesdz, Xaryland (1963-1965). 

(5) Catholic University of Ar,ericz, Wzshinytor,, D. C. (19G3-1964) 

(2) D1aticr.z.l ii-istituies of iiealth Graduzte Program , Bethesda, 

(7)  Johns zqki!is University , Eal‘iirixc , haryland (19GC~-1953), 

(SI Los - F M X G S  Scicfitific Sat:,oratrJry, Los Alzmos, >Jew Mexico, 

-- 

Publications 

(1) Howle;, 3 . 3 .  m d  S-r?ith, 2. id: A Method of Assuring the 
Spcstrocheaiczl Fprity of I-i32 f a -  Medical Use. Health 

of FrJteir, - B u n d  iodine (PBI) in Human Plasma by Thermal 
NeL:;.:rm Acti-;stlm Anzlysis , J. Nuc. Med. 5: 828 (1964). 

Ph!;. ~ C S ,  10: i.:23 (l9C4). 
- .  (2) Smith, E. 2.  , ~..!aAcy, .7. X. m d  VJacJncr, H. N. Jr. : Determination 
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.--- A minimum of LG$,Q o i  Dr. 3i:itii's :in:e *.vi11 be devoted to this project. 

E. William I,<. Wad:, iiI, Ti. D. 

- Profess ions1 xscr i e!i c1z. 





A. Laboratory space for rerearch activities to be conducted. 

(1) Whole body cowtin? lzboratory - approximate area 310 sq. ft. 
(2) Dosimetry laborztsry - approximate a rea  150 sq. ft. 

Laboratory areas to be sx red  x i th  clinical nuclear medicine 

(3) Counting laborztor:: - zpproicimzte a rea  220 sq. ft. 
(4) Dynamic functim studies laboratory - approximate area 160 sq. ft.  
(5) Dynapix scanniag ro3m - approximate area 210 sq. ft. 
(6) Radiopharmaceuticd developincnt, preparation and dispensing 

laboratory - apprx i r -a te  area 500 sq. ft. 

B. Clinical nuclear n;eciicir;e laborstory 

The clinical load ir. the nuclear medicine laboratory averages 35 
procedures per cia;; v;i;i-:h a rar,gs between 20 to 50 procedures per  day. 
Individuals from tnie ;ztient populatim w i l l  be administered the 
radiopharmacecticrls -.;.;'nich a re  to be investicated in this project for  
diagnostic pwposes. Since rrany of the  procedures a re  perfcrmed 
f a r  screcnirlg purpssec, this larve patient population will provide both 
normal metabolic ciatz x i t h  respect to the organ system being studied 
as well as dzta for  vzrious pitnological conditions. 

The nuclear ins:rurentatbn which will be made available for use in 
this project includes t?s Dyfiqtix scanning system with compu-ler 
compatible n;apet ic  t q e  read-out, two rectilinear scanners a d  
several  scintillatim &rector equipped with flat -field collimators 
connected to  sinGle chzrxel pulse heiqht analyzers. 

C. Metabolic Ward. 

The 14  bed metabolic ward is m independent unit with regard to 
administration, nwsir.2 md other aspects of patient care. Tne 
facility is available to 2 1  physicians of the University of Miami School 
of Medicine staff for admission of patients of any age who qualify as 
research nibjects. Tile Dlvision of Nuclear Medicine will be allocated 
two beds to be used ir! cmjurction wi th  this project. Routine laboratory 
determinations a re  x e i e  by the unit's laboratory. A l l  costs fo r  
hospitalization a re  borne by funds supporting the facility. 





The followin? scct im jircX~,ts a detailed budcpt estimate for  the first 
year , and the juztiiicrtion  VI^ .;,c.c:cri;ltion of each item oi  eqLipment listed. 
An a?proxW.ztE b?riGet iz given i.ir tne second year. 

Tne travel funds requested in this contract will be used to attend 
scientific meetincs and conferences relating to the objectives of this project. 

A .  Estimated budget fo r  first y ~ s r ,  from February 1, 1967 to January 31,1968. 

Estimated 
Requirements 

(1) Salaries and wages 

a. Radionuclides acd 
rzdiopharr?,rce.l;tichls $ 2,000 

b. Glassware a d  Chenical supplies 2,000 
c. Disposable cont2Lr.Gr-s fcr sample 

collecting zfid ccu~t ing  500 
d. Conputer and procrzrr?.rxii1c; time 1,500 
e. Electronic xizintei:zjw znd repzir 250 
f. mice supplies , rt2t;rence ixterizl, etc. 250 , 

$ 3,750 

e ,  600 
1,203 

6,500 
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3. ‘Total body c-*III.I~.~: r - z 3 3 0  
b. Ther rnolu :~ l~~esc~nt  doninictry cystem 5,000 c. Alderson REMCAL Phantorn 2,500 
d. Radionuclide asszy equipment 3,000 

(4) Travel 

(5) Telephone and other communication costs 

(6) Publications 

38,500 

500 

200 

300 

(7) Indirect costs: 51% of salaries and vjages plus 
retiremerit, 0. x $i- . = 3 

(A. E,  Frcerks,  iJavy Audit Office, Field Box 2691, - -  West  Palm Eeazh, Florida k - 2 :  I 
Total Project Cost $72,033 

Arr,ount requesicd ~i AEC $72,033 

E. Approximate bud@ i x  second ;rear from Februarg 1, 1968 to 
January 31, 1969. 

Approximate 
Requirerrent 

$ 25,000 

10,000 

(1) S d z r i e s  and w q e s  

(2) Supplies 

(3) Equipment 

(4) Travel 

(5) Telcphorie and other coicmunicaticn costs 

(6) Publications 

(7) Indirect Costs (zppro?:ilr.atc) 

Tot a1 

t O h 2 0 9 b  
‘ 0  I 

--- 
500 

200 

500 

12,500 

$48,700 
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The total body coimter will be used to (&ermine the  total 
activity retained by the pziatient 5s well as the distribution of 
activity in the body. T?,is cannot be done with sufficient reliability 
i f  individual uptake unit2 are used to monitor the various tissues 
which accumulate activity beczixe of the problems associated with 
reprodacing counting ;mmetry, corrpmsating for body background 
and zsszying the absol~ te  activity contained in  a given tissue. Using 
the total body counter dsscribed below , and a suitable phantom 
(Alderson REM CAL ph?.ntorr;,), these problems can be completely 
eliminated o r  reduced in  n,a:nitude s o  they can be compensated fcr. 

The total body counter to be constructed w i l l  be conceptuzlly 
similar to  the one described by Pircher,  et a1 (Pircher, 1965). It 
will consist of five coi1i::ia'ie:l &tcc:x's above and below the patient. 
The patient is to be rio*.:cd 2: 2 constant speed between the two sets 
of crystals. There will be six ch.srr.els of count information 
correqmnding to variaus deiector cor-binations , a channel of tiae 
information and 2 chzix?cl cf spzcial iniormation. 
recorded on afi incrcxects l  r r q r k t i c  t9pe recorder,  and then 
processed at t h e  Compatcr Ceater of the University of Miami. The 
btal  body counter wi l l  rcq-iire apprGximately three months to 
complete after funds art: avzilzble. It w i l l  be advantageous to have 
this portion of the project ? ~ i d e d  as soon as possible. A block 
diagram of the proposed tctcsl bsdy courlter is attached. 

These data WiU be 

(2) Thermofumines cent dxir- eirg system 

Thc thcrniolumincsccnt dosiw.etry system w i l l  be used i.1 the  
experimental verificcllisn of the variocs physical parameters 
(absorbed fraction and 'cllild-up fzctsrs) necessary in absorbed 
dose calculations. It ~ i l l  zlso be used as an aid along wi th  the 
REMCAL phantom in the evalusuon of the absorbed dose for 
complex irradiation qecmetries; ior example , the  gonads irradiated 
by the liver, small bWjd and total bo*. In the second year, the 
system- will be used ir, the plamed !!in vivo11 studies. 

(3) Alderson REMCAL phantom 

0 
The REMCAL piiantorn w i l l  be used in conjunction with the 

total body counter to hssay the activity in various body tissues. It 
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(a) Radionuclide asszy equipLient 

This equipimxit will kc used til assay the  administered 
activity, countin? s t ~ i d ~ r ; i s ,  body fluids, tissue samples md 
feces. It will consist of 3 si:id&d 3'' x 3" NaI(T1) well crystal 
m d  a 3'! x 3" PM(T1) solid cr:&al mounted in  a shielded 
ca1ii;ratiOm rig. The detc3crs wi l l  be connected to a sinqie 
chamel pulse height a a l y z e r  system. 

I 
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- r  L. Stcrn, H. S. , et al: I n - i l k - ;  - -4 Short-lived isotope for LuncJ Scarmifig, N u c l e m 3  
24: No. 10, 57 (19X). 


