
. .  . 
.. 

. . .. 

. .  

AEC LICENSIN OF Emiso ioPEs  
FOR CLIKICAL RESEARCH 

George V. LeRoy 
University of Chicago 

rl l~hoi igh I din  n rretiilrcr of t h e  Aduirory Coin- 
iutl lcc o n  i\tcdir,rl Uicr o/ / r n l o p r i  o/ the DIiurio~i 
Of Lirr.rJSI17g r r l d  f < e ~ i d n l i O ~ i  O/ tbr  AIOIItlC EllPrgy 
COINIIIIJIIOII, (he opi i i io~s exprrrsrd hrrr i r  are 
I ~ O J ~  of the writer rpcakiirfi us an indivrdual, and 
do NOI reprcseiil oficial policy of rithrr the AEC 
or ~ b r  Aduirory Comintrtrr. 

The  established pl ic ics  of the AEC are em- 
bodied in the Federal Register in 10 CFR 30 with 
which you are all presumably familiar. The de- 
cisions and actions of the Advisory Committce 
contribute to the making oi rcgulations, but it is 
ncithcr possible or desirable to attempt to s ell out 
what the position of the Coninilttce will in a 
particular casc. As a prcface Ict me review briefly 
some of the history of thc Subcommittcc on Human 
Applications of the Isotopes Branch which was the 
precursor - so to speak - of the present Advi- 
sory Committce. Thc  original group (usually 
dubbed tlic Subhuman Coinmittcc) Grst iiiet on 
June 28, 1946 at  Oak Ridge. Uccausc the quanti- 
ties of ndioisoto s available were limited. the 
initial functions o c h c  Subcommittcc wcrc. first, to 
recommend thc relativc production cfTort to bc [IC. 
voted to isotopes for tlicra y and diagnosis; and 

Aecond. to make rccomnicn~ations to tlic Isotopes 
Branch for thc allocation of availnblc mntcrials for 
clinical use. As the dcinand for isotopcs for mcd- 
ical use incrcsrcd. production also increased so that 
allocation as such soon ccabed to bc an important 
problem. In 1948 thc Sulxomiiiittcc formulntcd 
certain broad objcclivcr and critcria for  thcir role 
in the authorization process. At this point I wish 
to make it quite clear that the role of the Subcom- 
mittee. and of its product the Advisory Committce, 
is to appraise applic~tioiis and to make rccommcn- 
dations with rcspcct to rhe human use of isotopes 
for the guidance of llic approprlate agencies of the 
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AEC. Authorizations have now been replaced by License to possess Byproduct 
Matcrials, which are issucd by the Division of Licensing and Reguhion in ac- 
cordance with the provisions of 10 CFR 30, and internal rules, the making of 
which i s  a prerogative of the Licensing Division. 

At the present tirnc the principal objective of the Committee's a praisal as i t  
applies to clinical rescarch i s  to prevent unnecessary exposure to raiation. First 
of all  we are obligated to protect patients and volunteer subjects from indiscrim- 
inate use of radioisotopes. T h e  dctcrmination that a proposed use is  indiscrim- 
inatc involves a value judgment based on experience. In  my view a use is 
indiscriminate when the purpose can be accomplirhcd just IS well or better by 
some othcr method than the use of a radioisotope. It  i s  indiscriminate i f  inade- 
quate or inappropriate instrumentation necessitates the administration of exces. 
sivcly I q e  doses of the radioisotope, I t  i s  also indiscriminate i f  the design of 
the cxpcriment requires a superfluous numb& of doses, or an unnecessarily large 
numbcr of subjects Finnlly, a usc IS  indiscriminate when the object of the ex- 
periment itself is trivial. 

Aside from purcly cthical considerations the judgment that a proposed use is  
indiscriminate has the effcct of protecting a patient or a volunteer subject from 
unnecessary exposure to radiation. 

Second. we want to protect-as far as possible-people other than the 
subjects of clinical research from unnecessary ex sure to radiation. I n  this 
context the "othcr peoplc" include paramedical an8;jbratory personnel as well 
as individuals who have no way of knowing that they are exposed to any radia- 
tion in cxccss of the natural background. 

Thc simplcst way to accomplish our principal objective is  to ascertain that the 
individual user who applies for a license has sufficient knowledge and ex 
to use radioisotopes roperly in clinical research and to handle them s a f e r f 2 g  
a l l  circumstanccs. $IC central themes of the appraisal process are simple and 
can bc statcd as follows: Is the applicant's training and expericnce adequate for 
thc rescarch project he wants to perform! Will the person who knows he is to 
receive radioisotopes be cxposed to more radiation than is  necessary for the 
purpose of the cxpcriincnt! I s  the ex eriment and the radiation exposure justi- 
fiable! Will othcr pcople be exposc~ to radiation unknowingly, inadvertently 
or accidentdly? Wc s:iy in effect that an untrained or ignorant investigator is 
more likely to misuse r:idioisotop than a trained one: and we say that we 
bclicvc a l l  unneccssnry cxposure to radiation should be avoided. We also say - 
in cfTcct - that i f  an accident can happen, i t  will happen: so that proposed user 
which n r t  pirticulnrly h b l c  to lead to  accidents are sure to be disipprovcd. In 
my own institution -The University of Chicago Hospitals and Clinics - we 
are vcry sensitive to the ps ib i l i t y  of accidental contamination of laboratories 
and quite regularly refuse to approve proposed uses where there i s  even a small 
probnbility of environmental contamination as a result of an accident or a tcch. 
nical crror In t l ~  handlins of sources of radioactivity. 

In order to make the necessary value judgments. the Advisory Committee - 
or any other committee - nccds to know four things: 

(1) Tl~c  &sign of the cxperimcnt. 
( 2 )  Thc calculation of exposure dose (or absorbed dose) of radiation ex. 

pcctcd froin the radioactive material administcrcd under the conditions of the 
cxperiment. ' 

( 3 )  The resources of the faborntory supporting the clinical study, 
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( 4 )  The extent of the applicant's experience in chnical research. and in the 
usc ot' radioisotopes. 

Most of us are particularly interested. in the mathematical a>pccts of thc ap. 
plications. I think it IS perfectly proper to insist that a clinical investigator be 
able to demonstrate his ability to use physical constants, formulas. and physio- 
logical data in a meaningful and accurate manner. It is good exercise for any- 
one to carry out the whole calculation of expccted dose to a target organ and to 
the total body on the basis of one or more assumDtions. Any competent scientist 
4lould want to do the calculation himself. and kould iiot acccpt a sct of pub- 
lished hgures without verification, if for no otlier rcason than to climinate the 
possibility of a typographical error or a misplaced dccimal [point. Some applicants 
develop novel computations which are of interest and oitcn rcvcaling. Others 
are willing to s i p  their names to transcriptions of calculations that can be easily 
recognized as the published work of others -often idcntihablc by the errors 
they contain! I - for one - r m  suspicious of tlie intcfirity of such a person, 
and I am very reluctant to approve or to rcconimcnd tile issuance of. a license 
for humin use in clinical research, lntcgrity is casy to recognize even though it 
IS difficult to define. and I do not bclicve that anyone who lacks integrity 
should engage in clinical research with or without radioisotopes. Similarly I 
am hesitant to approve a clinical rcsearch proposal whcrc microcuries and milli- 
Curies are confused. where the arithmetic is wrong. and where the units of ridia. 
tion or exposure or dose are expressed in incorrect or inappropriate terms. This 
aspect of appraisal i s  really very simple: if a man makcs onc kind of mistake. 
why be surprised if he makes others? I f  he is c ~ r c l c s ~  with figurcs. why cxpcct 
him to be careful with radioactivity? Obviously a crfcctly accurate application 
IS no guarantee that the radioisotopes will be use/ properly - but at least the 
uncertainty is not so great as it is when the application i s  carelessly prepared. 
misspelled. ungrammatical and inaccurate. 

Although our Committee is  not charged with the protection of patients and 
volunteers from the hazuds associated with inappropriate or incompetent clinical 
research we can protect them from unnecessary exposure to radiation by the 
denial of a license. 

There are five problem areas in clinical research where the present Advisory 
Committee and its predecesors have sought to develop guidelines on which all 
reasonable people will agree. U p  to the present time there continue to be inter- 
esting differences of opinion in each area. Before I discuss thcsc problems. I 
wish to repeat that the views expressed are my own. The  extent to which they 
are shared by my colleagues varies. 

1. Expcrimrnr in a prrgnatrl woman whcrr a hoe baby I J  expected: 
I take the ?ion that a radi&otope should be used in clinical research in 

regnancy on y when thcrc i s  a very good rcason to think that thc mother will 
[eneht from the results of the study. At tlie prcscnt tiinc wc havc no convincing 
information on the extent to which cnibryogcncsis or fetal develnpmcnr may be 
affected by small amounts of radiation. Likewise we have no rcliable data on 
which to base a tolerable or a pcrmisslblc dose of radiation to a fetus. I t  i s  
fatuous to claim. w.15 done in some application, that a particular use of a 
radioisotope entails no more exposure to radiation than an x.ray examination of 
the maternal pelvis. If the design of a particular expcrimcnt involved only 
whole-body gamma radiation equivalent to several times the natural background 
I would be hard put to deny it approval on a rational basis. It happens that I 
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cannot recall a radioisotope application where reliable calculations predicted only 
whole-body exposure on the order of 0.3 mr per day. In my own institution we 
have urged clinical investigators to use stable isotopes as tracers if  they want to 
work with healthy pregnant women. W e  do not approve the use of radioisotopes. 

I have what some may consider a non-rational basis for my strict sttirude in 
this case: sooner or latcr a woman who has voluntecrcd fat a clinical resexrch 
study using radioisotopes will dcliver R child with a visible congenital defcct. 
In fact the odds that this will happen are nbout 1 in 50. Somediy one of these 
unfortunate mothcrs will attribute the event to the radioisotope used and she 
will have no difficulty at a l l  in finding scientific opinion to support her allegation. 
An un leasant court action will certainly follow - and there is a g m d  possi. 
bility t ia t  two important activities will suffer: clinical research. and the use of 
radioisotopes in  medicine. I prefer to avoid scdh a situation entirely by denying 
to mysclf and to my associates the opportunity to use radioisotopes in any amount 
for clinical research in any normal pregnancy. 
2. Exprrrmcntr in hmlfhy children. 

My objection to the use of radioisotopes in clinical research in 'normal' chil- 
dren less than one year old has the same basis as my objection in the case of 
healthy pregnant women. If it can be clearly shown that a neonate will bcneht 
from a clinical research study using radioisotope then 1 would approve I t  Tor 
older healthy children there is a strong policy recommendation of the National 
Committee on Radiation Protection which implies that any exposure to radiation 
in nddition to nntunl background and medical .dingnostic radiation ihould be 
avoided prior to age 18. Furthermore. 10 CFR 30 specifically prohibits occupa. 
tional exposure of anyone less than age 18. There are. then. lcgal and qum. 
legal reasons for refusing to approve clinical research using radioi5otopcs In this 
age group. I n  the c u e  of minors there is also an ethical problem Thev cannot 
volunteer any more than they can sign a permit for a surpcal prwedure. so !hJ t  
permission to use a normal minor as a subject for clinical iesearch mus be ub- 
tamed from i parent or a legal guardian. I can also imagine circumstance where 
a r r e n t  might grant permission; and I can also imagine circumstance where 
in ucements might be offered so that the best interest of the minor  ~ h l l d  w a s  

compromised. 
The question sometimes arises of using mentally.retarded instirur.onaltzed 

children as physiological normal controls for clinical research. In CTOU csrcurn. 
stances I i m  opposed to this on moral as well as scientific grounds In contra\( 
I would approve a well-designed clinical research roject directed 10 rnv  rtpcct 
of mental retardation since there is no other p o s r ~ ~ l e  way to learn I ~ J C  I ex.  
ccpt to study affected children. In either case one is confronrcd with  :!IC w11- 
recognircd fact that clinical research presents difficulties that do not eiist when 
the subjects are animals. The fac t  that radioisotopes are used. or are nu( . r d .  
has no bearing on the matter. Everyone who engaga in i t  realizes that i :m,,al  
research is more difficult and demands different experimental ronditmns fhan 
obtained with laboretory animals. 

3. Thr amomt  of radioirolopr that muy be urrd: 
Any discussioq of the size of a tracer dose of any nuclide runs the r'se ol 

degenerating into a rrrirribrrr garnr. Some clinical investigators ww:d ; . i c  r 
committee - the Advisory Committee. or the NCRP. or some orher LO IT^!:^^ 

- to  publish a schedule of permissible doses for clinical rcscarch M that an n 
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vcitigator would know what he could. and what he could not, do. In my view 
such an  attitude is non-scientific and I am pleased that none at the Committccs 
have obliged. My own guidelines are fairly simple: In normal subjects the 
dose of radioisotope should not be any more than is needed to accomplish the 
purpose of the experiment by yielding data which arc statistically signiiicant at 
a stipulated level of confidence. The only reservation I make is that the dose 
should not be sufficiently large to cause radiation injury. As a rough approxi- 
mation I am willing to accept the assumptions of the NCRP that wholc.body 
injury will nor occur when the absorbed dosc of gamma-r~diat~on i s  less than 
the MPD u defined in Handbook 5 2 .  In the case of individual radionuclides thc 
single dose should not exceed several times the maximum permissible body 
burden as listed in Handbook 69. When the life expectancy of the subject 
of a clinical study is limited (and our Committee has defined h i r e d  as less 
than one year) I see no reason to limit the amount oi radioisotopes administered 
provided that the result of the radiation IS not the production of painful coni- 
plications or the exacerbation of the 1ife.limiting condition. n i i r  point of V L C W  

is particularly applicable to cxpcriincntal thcra y with radioisotopes, and i s  pri- 
marily humanitarian rather than scientific - w!ich is the way I think it should 
be. Parenthetically I am not happy about the definition of limited life expect- 
ancy: I rarely can be sure that a patient will live no longer than one year. In 
my own thinking I consider life expectancy ‘limited’ when I am reasonably sure 
that the patient will die of the direue, and when the discax has produced 
sufficient impairment that the patient is increasingly incapacitated for the activi- 
ties of daily life. 

4. Carbon.14 
At one time (1950) the Subcommittee on Human Applications placed a 

limit for specific compounds containing carbon-14 of S microcuries in normal 
subjects, and 200 microcuries in patients with a lifc expectancy of leu than onc 
year. This action was motivated by concern that carbon.14 might be incorporated 
to a significant extent into genetic material and might affcct i t  adversely. I t  was 
also motivated by some of the strong reaction to the possibility of hazard 
from carbon.14 produced by tests of nuclear weapons. At present there are two 
divergent opinions which influence appraisal of clinical rcscarch projects. The  
ultraconservative view which is derived from the arguments oi the ban-thebomb 

eople states that carbon-14 incorporated into molcrulcs of DNA has a long 
iiological half-life, and that as an atom of carbon.14 di,intcjiratcs the molcculc 
of DNA is altered with potentially serious conscqucnws. Thc uncritical per. 
sons tend to visualize a niutation with each disintcjiration. and tlius a conrider- 
able increase in  the occurrence of mutations well in cxccss of the spontancous 
rate - which, parenthetically. islknown only to a first dpproxiinatioii. I f  thc 
increased incorporation of bomb-produced carbon- t 1 I S  I u d .  ccrtainly wc dioiild 
be cautious about giving reactor-produced carbon-14 to norin.il ruhjccts tn 
clinical research. A contrary view is based on experiments with inicc, and other 
laboratory organisms. and i s  considerably more pcrmisive. In the case of mice 
single doses of formateL” (e uivalent to a single dose of 300 to 500 mc given 
to a man) result inlabelling 09 DNA ss a result of incorporation into purines. 
In cells of the liver and brain where the turnover of DNA is slow. the number 
of carbon-14 atoms that disintegrate per year is such that about J molecules of 
D N A  per million are involved. If each such event led to a definite mutation at 
one locus. the rate might be 3 I IO4. T h i s  value may be compared very approxi- 
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matcly with the spontaneous rate of mutation per gene Der generation which is 
reported to be about LO-O. Granting that the data and the assum tions have 
some validity i t  does not seem to me that ordinary tracer doses oPcarbon.14 
arc hazardous. Another approach to evaluating the problem i s  to consider 
the whole-body beta4rradiation from uniform distribution of the carbon.14. 
and the absorbed dose in target organs where concentratrop-of the radionuclidc 
can be crtiin:ited. This is  the method used by the NCRP in Handbook 69. The 
values cited thcrc apply to occupational exposure to rstliation. but they can be 
inanipulatcd i i i  2 consistent fashlon to obtain estimates of dose with almost zero 
pmblbility that  radi:i!ton inlury wil l  rcsult. 

My own opinion r.ikcs ,111 tlicse factors into consideration 3s well as the fact 
that carbon-14 l.ibcllcd compunds are usually expensive. I do not believe 
anyone will ever want to give enough carbon& to really affect genetic material. 
or to cause detectnblc whole-body radiation injury. In fact. few of us can afford 
to give enough carbon-14 to exceed the values listed in Handbook 69, Accord. 
ingly I appraise clinicd rciearch :ipplications on the b:isis that no more radio. 
carbon should be givcn :i.i a single dose than is needed to obtain statistically 
significant results for the radioassnys proposed. Si in i lx ly .  tlic number of repeated 
doses should bc no inore than the number requircd by good cxpcrimental du- 
sign. As a matter of Ixct the considerations that I apply to carbon.14 are exactly 
the same as I apply to other radioisotopes. 

5 .  Trrrism Lilrlled fhymidinr : 
This useful material can be employed profitably in many types of clinicrl 

research. Some workers have expressed concern that the incorporation of the 
labeled thymidine into DNA may cause genetic injury in the same way that 
was postulated for carbon-14. The experimental data available are confusing to 
say the least. and the only information which provides mc with a reasonable 
guideline is the experience with cultures of H e L  cc l l~ .  I t  has k n  reported 
that an effect can be detected when tl ie concentration of thyinidinc-Ha in the 
medium exceeds 0.02 micrwuries er ml By simple extrapolation this is equiv- 
alent to a steady body burden of 3 ut 1 millicurie in an adult subject. One can 
introduce substantial safety factors and still be able to UK satisfactory amounts of 
t1iymidinc.H' in clinical research. T h i s  value -one millicuric - is intercsting 
for it i s  about onc4vrlf of the amount that is usually stated to bc the permissible 
body burden. and is  about the amount rquircd to mensure conveniently total 
body water. I have not come to any firm decision about the problem of thynil. 
dine.H'. But a t  present continue to apply the same criteria that I use in the case 
of carbon.14 labelled compounds and other radionuclides: namely. use the 
smsllcst amount that will provide significant radioassay data using technics that 
.ire appropriate and sophisticated. 
To recapitulate. with few exceptions an experienced clinical investigator who 

has taken tlic time and inadc the effort to bccome thoroughly familiar with 
radiobiology wil l  seldom submit an application for a liceme which wi l l  be reconi- 
incndcd for disrpproval by our Advisory Committee. Traccr technology fam. 
nates many people and unfortunately there arc some physicians who do not 
believe that s ecial trainins i s  needed to use radioisotopes as research tools. As 
a matter of t c t  all the phenomena that can be studied using tracers. and a11 
the phenomena that make radionuclides useful in medical research arc implicated 
in t l i c  problcin of safe.handling: h;ilf.life, energy. turnover. selective local~za- 
tion. radiobioloyicel effects, and so on. When isotopes are used intelligently and 
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imiginatively they are oi inestimable value Carelessly used. or uscd by a person 
i ick ing  in  fundamental information. the results are sure to be uncertain. and the 
possibility of harm is too great to deny Equally serious i s  the likelihood of an 
incidcnt. or incidents. which can only discredit in the minds of many the 
leprimacy of using this powerful tool in research I can summarize briefly by 
saying that the principal oblectivc of the A E C s  licensing procedure i s  to reduce 
the possibility oi unnecessary exposure to radiation 

NEC-42X HIGH SPECIFIC ACTIVITY 0-GLUCOSE-C" ( ~ 1 . 1  . 
W e  are pleased to announce the avaihbility oi uniformly labeled D G l u -  

cosc.CI' a t  a spccific activity of 200inc/mM. We hclicvc this i s  tlic iiiglicst 
specific activity glucose commercially available. In ordcr to facilitate handling 
and to minimize radiation decomposition, this compound i s  sold dissolved in 
90% ethanol solution. 

Our experience indicates that radiation decomposition i s  less than 1y0 over 
a six month period. Purity is guaranteed greater than 99% at the time of 
shipment. Price schedule is: 

S35/>0+C $43/100+c $21>/0.5nic S430/lmc 

Quantity discount schedule: 
2 to4mc: list less 10% 
5 to 9mc: list less 20% 

NEW COMPOUNDS 
NET-1 18 DL-Phenylalanine.l.Ia (randomly labeled) Sp. act. 67Jmc/inM 

920/2 low $4J/mc 
$175/5illC S52J/2Jrnc 

NET-1 19 DL.Prolinc->.Ha Sp. act. 102inc/inM 
/. $40/25O+c 5 I OO/mc 

$300/5mc S900/2Jmc 
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