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-~ AN APPRAISAL OF HUMAN STUDIES IN

RADIOBIOLOGICAL ASPECTS OF WEAPONS EFFECTS

A.Introduction

This memorandum considers the significance of utilizing hurman data to
determine radiation effects and to develop appropriate countermeasures in
relation to weapons effects, There are two broad categories of study which
require elucidation. One concerns itsslf with effecta on humans, ths second with
s{fects on the anviromment in which human beings exist,

In thas i{nitial consideration of thase two categoTies one can reasanably
assign effacts on the eko-systems to groups other than the Defanse Atomic Support
Agency., These stucien of effects on all types of flora and fauna are of great
importapnce and little consideration has been given to the long term effecta of
bizh doses of radiation.

The primary problern of human effects of high doges - both acute and
chronic « requires considerable further analysis in r'ega.rd to proper allotment
of research time and e{fort, The obvious concern is the division of support
between animal and human investigation.

B, Philosoohy of Aoproach

In any problem in radiobiology one is interested in two aspects. The first
is the discovery of general laws or principles which are essentially the same for
all animale, 2ll mammals, all large animalas, ete. The second aspect is the
documentation of specific information concerning mav. U a general principle can
be democzstrated in several typss of animals, ope may then aacume that it is probably
true for humacs. For example, repeated studies bave skowa that if an animal
is placed under eevere atress, e.g., sxercise to exhaustion or therroal burcs, its
tolerance to a given dose of radiation is less than an animal lacking the gsame
stress, It is reasonable to assume that human beings under stress tolerate
radiation less well than & haalthy individual, Cualitatively such a concept {a of
Ereat value; quantitatively it is of less help since ore ip not able to extrapolate
the specific stress eifects to different species of animals or to people. Nor is
one able to predict the effect of a given stress in a bhuran being after observizg it
in an apnimal, Anderson (1) states that the use of laboratory animals in radiaticn
research programmes {s necessary in order to obtain a better understanding of
@ number of the basic changes resulting from radiation injury. Extrapolation
{rom animal to rman is different if not impossible.

It {s, bowever, quite apparsnt that many hizh dose ef{fects simply cannot
be studied in humarcs because of obvious bhumaunitarian considerations. Ope cannot
subject people to whole body dones of 8G0 rad although such & study would be



entirely feasible in an animal. Thus many experiments of radiobiological interest
will contirme to be dons in animals.,

Nevertheless, it {s essential to consider further well planned studies in
patients so long as the following criteria are fulfilled:

1. There is » reasonable change of tharapeutic benefit to the
patient, .

2. The likelibood ¢of damage to the patient is no greater than
that encdountered {rom comparable therapy of ancther type.

3. The facilities for support of the patient and complications cf
trsatment offer 2ll possible medical gservices for successful
maictenance of the patient's well being,

Tte type of patient usually selected for whols body radiation exposure is
an fndividual with cancer which {s far enough advanced either by direct extexsion
of tumor or by metastatic spread so as to climinate consideration of attempts
at curative therapy., Usually these patients receive nonrrecific supportive
treatment of palliative treattaent by surgery, radiation or chemiczls, The
consecuencze of these {forms of therapy are usually helpful but soxmetimes the
sequelae ar complications of the various treatments are {n themszelves life
‘hreatening and constitute a harard to the patient. Hence, whole body radiation
Jerapy {5 no more likely to produce untoward sequelae than many other currently
mnccepted treatments of other typas.

Animal studies (2) have suggested that small doses of whole body
radiation actually potentiate the ef{fect of subsequent radistion given locally to
tumor areas, In acute radiation injury of humans interesting cortributions
bhave been made by a purmber of workers. Hempelmann et 21 (3) have described
the salient features of acute radiation inlury and these cbservations have becn
amplified by Andrews ot al {4) Shipman (5), Howland et a1 {6) and others.,

An excellent review adding certaln new diagnestic criteria was presected by
Thoma and Wald, (7)

Observations following tharapeutic whole body radiation have been mads
by Collins (8), King (9) and Muller ot al {10). :

Although too few patients have been treated by whole body radiation at
the University of Cincinnat{ College to be vallid statistically, we have made
Several interesting observations, In general, these studies have domonstrzted
the relat{ve innocuous nature of doses at or below 100 rad and have continoed
to confirm the well known hematological chapges., At )50 and at 200 rad we
" ave had responses to radistion of the type seen in group 11 of the acute radiation
/bdrormne. We bave had two cases, one at 150 and one at 200 rad, expire while
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mapifesting the hematologic abnormalities of group II of the acute radiation
sypdrome. These responses are in cancer patients suggzesting that the more
sericus response may not bs due solely to radiation. These {indings also suggest _~
that patients with various illnsasses may be unusually susceptible to radiation
doscs whereas "healthy’ patients may be less affected. One wonders whether

the eifect of prolonged stress as found in fatigus would prodace similar elfects,
Scarches for blological irdicators other than blood charges have to date been
unrewarding primarily because very few biochemical systems bive been carefully
studied in hnmans, Certain indicators such as urinary beta amino isobutyric

acid waich have appeared to be useful in accident victims, seem in cancer patierzts
to be much less predictive than one would have anticipated.

C. Role of Future Human Research in Relation to Remairnder of Radioblology Program

% hen one considers ths pature of the total problem of weapons effects it
is surprising to see the paucity of hbuman studies, This problem is probatly tha
sinple most irmportant area of biclegical weapons investization to be pursued in the
next decade, »Much valuzvle diagnostic, progncstic, betavioral and therapeutic
irformadon can be gleaned {rom weil planned and executed studies ic this area,

Contiruing and future studies of acuts external whole body radistion fall
logically irto the following categories:

1. Cli=zical evaluation - sffect of variocs dones on signs, symptoms
routize laboratory tests or new tests (n=wer biological indicators).

2. Mectabolic effecis = Effects of varicus coses on nutrition, fuids
and electrolytes and piochemical systems of interest (including
changes in the immune system). Use of labeled precursors.

3. Betavioral elects = Effects of radiation at various dose levels
on buman pesriorrmance.

4, Douse rate reruponee = Chapges ip effects with very high, very
low angc inixeca vose rates, together with evaluation of single and
multizle doses sbould pe made. The ccucept of equivalent
residual dose {ZRD} (Rept. #29) shouid ba investigated.

5. Partial body irradiition « Comparison of effects of shielding
of various parts ol tae body,

6. Procnosis - Deovelopmaent of criteria {for patient care based
on tne observations from these studies.

7. Therapeutic methods - Adequate supoortive cate of patient
receiving raciation. Development of nev methods of prevsntion
and treatment of radiation injury.

8. Usne of healthy volunteers = Limited vse of normal volunteers
bayed on preceaing caresul investigation of therapy and acciden
patienta. .
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D. Specific Areas of Endeavor:

1. Clinical Evaluation « All patients who receive whols bady radiation for
any purposes should be evaluated carefully utilizing all clinical and laboratory
observations which can be reasgonably obtained. Clinical patterns related to dose,
coeristing diseass, nutrition and other parameters may thus be identified,

=t would seem important to carry thess observations further at various dose
levels as most planning for capabilities of humans after exposure depend on a
knowledge of their expected parformance,

2. Metabolic Effects « Contrming metabolic studies are needed. Littlc
is known of nutriticnal requirements and fluid and electrolyte changes in humans,
Some investigators state that these aspects are not imrortant in radiation injury
on ths basis of animal studies, There has not been enouzh human reaearch in
thiz arca to provide convincing data at any dose level. Such information is

esscxntial in planning patient care.

Charpges in DNA-RNA systemms {in so complex’a mammal as man may ba
difficult to {ind., Some preliminary observations in our laboratory {ndicate that
further studies in this gensral 2rea may be {fruitful. Mary other oysteras might
be sujgasted as shown by the observations of Gerber et al {1!) regarding creatin-
uria, becta amincisebutyric acid and hydroxy proline, The use of labeled precurasors
i ruggested since at some time it will be necessary to determine whether certain
chznges fcllowing irradiation are due to specific biochemical alterations or are

due to nonspecific stress.

Crarges (n the immune system have to date esluded most cbservers who
have sought them. With the renewed interest in immunology centering both about
the lymphocyte and thymus, new techniques of study should bs gought.

3, Betsvioral Effects -« One of the questions most {requesntly acked by
individuals resyorsible for pianning for oucleir warfarc concerns the effect
of a given dose of radiation on subsequent capability and perfocrmeance of an
individual or group. It is 2pparently not easy to {ind a suitable test or battery of
tests which measure the important human functions of periormancs or decision
matirz such thet one or mors tests could be used befors and after exposure to

radiation.

Appropriate performance tests should be developed or adapted. These
tests should be given to subjects before and after exposure to ascertsin changes in

the capability of the individual,

-

4, Dase Resvonse Studiss = Most studies have becen carried ont with rates
such that the dose {2 delivarea vathin 30300 minutes, If @ dose of 200 rad is
dolivered in cpproximately 90 minutes and produces a given effect it becomes

- |
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gmportact to determins the change in effects if this dose is given in 0,5 «~ 5 minntes. -

Thers i3 much speculation about this problem at a hurnan level based on animal
studizs tat oo precise data has been obtained in hurmars, Similarly the effect of
jow dose rates should be studied-particularly in relation to periormance testing.
The alfects of high doses (100 = 200 rad) {ollowed by caily doses to test the
cozcemts of equivalent zesidual dose {12) would be of importance, Fractioraticn
studies should be continued.

LY

3, Partizl Bodv Studies « Patients in whom various parts of the body
kave bDeen snieiced wouwld be compared to patients who have received whole body
radiztion using a variety of indicss.

6. Procoosis ~ The vast amount of data which could be generated by the
stidies descricea Berein should be coliected, tabulated znd prepared {or computer
analysis so as to rmaxe these data easily available for phyeicians, cormmanders et &l.
Tkis funstion misht well be asaizrned to the oifice of the Surpeon of DASA or other
represestatives of the respective Surgeons General to inscre presentstion of the

data in {ts» rmost useful form.

-

7. Trerapsutic Methods < In view of the hazards involved in this form of
therepy, bsipre imcreasing tos dose beyond 200 rad all mmcasures to protect the
patiext must bs available and ready for immediate use. The patient shouniad te n
a clean area wita ap gseptic treatmernt room availalle. Autologous marrow should
be stored and ready for reinfusion before therapy. Optimum time for reinfusiou
will have to be determined.

In gensral one might consider studying antiradiztion drujs in bumans,
In spite of the great volume of anirmal work in this arca, =ost drugs have varicus
drawbicks {or human use, Onps such drawdack is that it {2 not powsible to do drug
testing at an LDgg lovel in kumans. Vith the developmexzt of adcditicnsl blological
indicators, boweaver, such crugs might be studied a: lower cose levels.

8. Use of llealthy Volunteers « Once prtients {rom ths therapy group &re
being macazed 80 tast their neraniologic consequences of radiation have been
cortrolled then it will be advisable to utilize a less ill, more normal group of
incividuals for study.

Conatderation should bes given to the use of voluntecrs bacause of the
posaible biases introduced, and porbaps unrecogrized, in patients receiving
therapeuiic radiation. Similarly in accidext victims complets pre exposurs data
is wsually not available.

E. FUTURE PLANS REGARDIMNG FUNDING: The studies descrited above will

Tequire the participation of a cumper of research centers snd the developraent of
at lcast a limited number of special facllities such as radistion ucits capable of
very high and very low dose rates and approprixte cleaa ard aseptic roomms as

...3@ —
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_ sell as other laboratory facllities.

1 sne asagumes that the ratio of funds for all human radistion research
is about 5% of tha total finding of biomedical research one miant also assume
that present "high dose' or scute studies rcpresert no more than 0.5 - 1% of

this total budget.

. Thereiore, a thrse to fourfold ircrease ix resecazrck funds in the above arean
is recommended for the next three to five years., Adter that time the total funde

should agatin be doubled.

At such a tirna as there 18 no threat of thermorzuclear war, thase programas
conld be greatly reduced or even eliminated,
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