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Iten 6. Reaquirement and/or Justification:

I.s notad regularly world tensiens seem to ircrezse sach vear
as does the »ossikiiity of nuclear -rarfare perhaps instigated by
a "rew" nuclear pover.

“ith the additional scrious military anl domestic problems
of the U'nited States it seemns desirable tc  intensify efforts
directed toward nuclear wveapeons effects in directions will will
vield information of practical wvalue and of possible direct
application to human bheings. It i3 to thaesec goals that the
following proposals are being stzuctured., As hefore the nmajor
affcrt is directed toward human studies. Occasional animkal
studies ara utiiizod for prelininary investigation as needed.

The provosed studies ccntiruve investigations of clinical
anifestatiz=s, changes in n~tatnliam of DilA and RIA, cvaluation

of bone mar:--- ruserve, Celacd percensitivity, various aspects
ef mnarrow “ransplants, ps:rclio’egical affects and roqnitive
functions., Wa propose soria ner a&valuations of curcroscme
chenges, use of thvmidine incarperation  into  1lymphocytes,
histochemical investigaticnx »¢  leukocyte vhysiology and

evaluation of cartain new selun ooz Mes,

-
65-c -0/3,- pav//(fd-?a«a..



Cooperative s_udies with AFRRI wi._. continue for
investigation of ©»lasma bound neutral hexoses as predictors of
radiation sensitivity,

Because of interest in this laboratory in combined effects,
certain preliminary studies are Lkeing ipitiated to determine
nossible similarities in body responses of deoxycytidine
excretion and chromoscme changes in  conparing irradiated and
bpurned patients., Certain patients undergoing severe trauna will
also bhe studied. The pcssinle similarities in physiclogical
response to different physical agents has not been investigated
nreviously. This approach mnay increase our understanding of
vossible interactions of different types of injury.

These studies are perforried on patients who are given total
or partial body radiation as treatment for metastatic malignancy.
This therapy is being used in place of systemic chemotherapy. In
the patients where radiation of this type is uscd our data
suggests that it may be equal or = superior to current
chemotherapeutic measuress. The study design has been approved by
the Research Committee of the College of Medicine in regard to
its therapeutic value and inforried consent of the subjects under
s tudy .

The use of marrow transfusion, initially autologous, will bae
used both for support of the irradiated subject and as a possible
important future nethod of treatment. With the rapid increase of
undexrstanding of tissue compatibility and techniques for analysis
of these factors, the possibility of the use of homologous marrow
even only as a temporary .support until regeneration of an
individual's own tissue becomes of increased interest.
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Ccst: $93,232
Start Date: 1971
Completion Date: 1972

Agency: University of Cincinnati College of
licdicine, Cincinnati Ceneral ilospital,

Co Cincinnati, Ohio 45229

Continuation of I:xisting Contract: Yes

S'mopsis of Research Pronosal:

These studies are designed to obtain data from whole and
partial bhody radiation given for therapeutic purnoses in the
human being, The effects being studied are eclinical,
hematological, biochemical, innmunological and behavioral,
Evaluation of storage and reinfusion of autologous hone marrcw is
being carried out,

9, hngroach:

a, Selection of Patients

-,

Patients selected for study will he those who are to receive
partial or total body irradiation in the treatment of metastatic
ralignancy from various primary sites, excluding neoplasms which
are treated by internal radiation, e.g. carcinoma of the thyroid.
They will have stable hematologic values and may havae received
local radiation previously.

b. Experimental Design

The dJdesign of the study is such that the patient serves as
his own control, For this contract period thera will ba two
grouns, In tha first, pre-therapy studies will be completed
within one week and immunological studies will be omitted, It
has been found@ that too many subjects were lost either for
personal ar medical reasons hecause of the 21 day pre-irradiation
study period. A second group for patients who can toleratg the
21 dav pre—irradiation will be continued whenever possible. The
uost-irradiation period studiesz continue as long as the c¢linical
course of the patient allows. iDeccauge of the caraful design of
the studv it is possible to make between patient comparisons.

Three to five observations are made in the pre~irradiation
reriod, Post-irradiation specimens ara then cohtained at thre=z
cay intervals or oftener untzl clinical and laboratory findings
hecome stable.




Some of tha natiernts will be hospitalized on the Tumor and
Surgical Vards of the hospital, Other patients will be in the
enlargad Clinical Rescarch Center within the new Cincinnati
Genaral liospital. The new hospital building will begin receiving
patients in mid June 1963. In some situations the irradiated
individual will be follcwed on an out-patient basis.

buring the pre-irradiation peried, the patient's records are

reviewed by the phvsicians to be certain that the contribution of

the underlying disease can heé cvaluated. Two or more sham

irradiations are ¢given to permit accurate dosinetry, obtain

cooperation by the patient and evaluate psychic factors. The

sham treatments will be randomized letween the actual radiaticn.

& Therc is no discussion of possible subjective reactions resulting

from the treatment, Other physicians, nurses, technicians and

ward personnel are instructed not ¢to discuss symptoms or
reactions with the patient.

c, Parameters to be Investigated
1, Clinical Findings

(a) Complete history and physical examination
{p) Tenmperature, pulse and respiration
{c) Body weight at standard tast times

2., Hematology and other Laboratory Tests

(a) Hgb., R3EC, WBC, Differential, Hematocrit,
Platelets, Reticulocytes, Erythrocyte
Sedimentation Rate, Etiocholanolone for
marrow reserve

{(b) Bone marrow--snecar and block for micro-
scopic pathological analysis at regular
intervals

(¢) Urinalysis

{d) Other clinical laboratory tests, e.d.
Serum urea ilitrogen, electrolytes, etc,,
will be obtainaed if needed

(e} Pre- and post-radiation karyotyping

' for biologic dosimetry.

(£) Tritiated thymidine uptake by lymphocyte
_suspensions

{g) Histochemical studies \

3.  Biochemical studies including tracer studies
of isotopically tagged nuclecsides. Additional
enzyme studies, Comparison with patients
suffering burns and other trauma,

4, Done marrovw storage and reinfusion

5. Irmmunology




6. Psychiatric evaluation and testing

(a) Five minute verbal samples
(r) Clinical nsvchiatric interviews and
rating scales -

I'ork Urits:

This program is hased on the concept of obtaining all
pessible useful information from each subject studied during the
course of his therapy. Althouvh this statement may seem to be a
truism, one should understand that appropriate subjects are
somethat difficult to obtain as coupared to non-hunan studies and
that once a given subject is started it is desirable to derive
all nossible data for the effort recuirad.

There are two major closely related work units:

A) QRadiation exposure, clinical and laboratory
evaluation and biochenical and immunclogical
studies

B) Psychiatric and psychological studies

Work Unit A:

The techniques of administration of radiation will be as follows:

1, Bidirectional radiation., Half of the dose is given
from each side as Lefore.

a, Whole body

h. Partial vody using the xiphoid as the boundary

c. Trunk and thorax radiation using the supra-
sternal notch and synmphisis pubis as the boundary

2. OUnidirectional radiation. In selected instances the total
dose will be given from an anterior, posterior or single
latoral field.

Dosimetry

In pravious studieg the radiation beam has been directed
horizontally at a wall 338 cm away with the patient midline at
282 cm from the sourca, Under these circumstances the beam area
for tha 50% isodose curve at the patient's midline has been a
square field 75 x 75 em. The natient is placed in a sitting
position with leys raised and head tilted slightly forward. Each
lateral portal receives half the dose.

A new Cobalt 60 teletherapy unit (Theratron licdel 8, Atomic
Fneryy of Canada, ILtd) was installed., The dose rates as used in
the past of 3-6 R/min will continue. The source to midline-trunk
distance for this unit is 286 cm. The ficld size at 286 cm for




this unit is 100 cn (905 isodose lina) comparea to 75 cm (50X
isodose 1line) for previous Eldorado 8 Unit, thus providing a
larger and a more homecgeneous radiation field.

Dosimetry studies are in nrograss to determine
experinentally. “"active” Dbone macrow dose under simulated whole-
body and half-body Co~-530 exposure conditions, Thermoluminescence
dosimeters (LiF) are being placed in selected bone spaces of an
Alderson Rando »hantom and the phantom then irradiated under
simulated patient exposure conditions, Thesa "active" bone
narrow Joses will ke related to the hematolegic findings observed
for whole-hody irradiation and for otlier conditions of partial
body irradiation.. These data will aid in interpretations of the
effects of zhielding portions gf "active" bona marrow.

Clinical and laboratory observations will continue as
indicated above. Thera will ba 3-5 observations made bafore
radiation, daily observations afterwards for 3 days and then
every 3 days as long as desmed necessary. '

Comparisons will be made for partial vs. whole body, partial
upper vs. partial lover and trunk vs. partial irradiation. The
frequency of prodromal symptons, Hematolcgical changes and
biochemnical changes will be followed,

As indicated above, the doses for partial body radiatien
will be increased in comparison to those used pravicusly since
the earlier dose levels have been well tolerated., Comparison
between patients will indicate trends in relation of different
dose levels to prodromal svmptons. 1In pravious studies (10) it
has Leen noted that clinical symptonms with partial body radiation
are proportional to the dose received although hematological
changes are either minimal or absent. In one patient receiving
300 rad of partial body radiation, a significant drop in white
cell elenents were noted, These changes will ba evaluated in
refarance to hone marrow reserves by etiocholanolone. Since sone
of these patients experience therapeutic Lenefit from the
radiation, the use of higher doz2s of partial body irradiation is
both justified and desirable. <his cffort will seek to identify
the dose range causing hematological changes similar to those
observed with pravicusly observed lavels of whole body radiation.

Hematology '
1. Ztiocholanolone

Since Pebruary 1969 we have heen emploving -etiocholanolone,
a2 naturally occurring stercid r~otakolite, to neasure the bone
marrow regserves of patients rceceiving whole-body irradiation.
This hormone injected intranuscularly causes a leukocytosis as
granulocytes enter the peripneral blood stroam from the bone
Marrov. The normal incremcat in  the total granulocyte count
{neutrophils, eosinophils, bhasaphils, plus soma lass mature
forns) exceeds 2,600 cells per ~1/:r within 16 to 2§ hours after




0.10 mg, of etiocholanolone per kg/ body weight is injected
intramuscularly.

Although radiation-induccd leuiiopenia has been observed for
many years, the decrease in qranulocvte couwnt occurs davs. to
weeks after radiation <¢xposure. Trmediate alterations in
granulocyte kinetics after irradiation liave not been previously
studied. Preliminary data suggest that the granulocyte reserves
are significantly depleted within 24 hours of a wholclkody dose of
200 rads but not by 100 rads. At this time the peripheral blood
counts remain within normal linits, LFurther study in this area
will provide important infornmation concerning the use of
granulocyta reserves as a biologic dosineter az wall as yielding
valuable data concqrning tie pattern of post-irradiation marrowu
recovery.

2., Chronosone Studies

v

Difficulties with dosimetry in human beings irradiated under
conditions of war or accident have hampered efforts to employ
radiation-incduced chrorosecrne aberrations as a biologic dosineter.
There is thus some controversy as to the praecise arithmetic
function by which radiation dose can he related to chromosoma
abnormalities, Vith the accurate. dosimetry available on our
patients at the Cincinnati General illospital we plan to reopen our
study of chronosomes as hiolocic dosimeters and to redefine tha
dose~responsa curve of chronosome breaks with greater pracision.
This material has been obtained and availabla on about 60
patients and includes at least 3 pre-irradiation and at least 10
post=irradiation observation days.

Combined burn, trauma and radiation injuzry is likely to
occur in any nuclear holocaust. liovever the specificity of
chromosone abnormalities as related to radiation damage has never
been seriously <uestioned. It is well known that sevecre burns
nay effect red cell stroma, and perhaps 1lymphocytes may also
suffer heat-induced damage. Similarly, red blood cells may ba
damaged by severe trauma, as in "march hemoglobinuria®, and ULy
anology perhaps lymphocytes as well. Thus we plan to perform
karvotypes on patients raferred to our large Shriner's 2urn
llospital to assess the frequency of chromoscme breakage in these
patients. (la plan similar studies in patients suffering severs
trauma in cooperation with the Cepartnent of Surgery.

i

3. Tritiated Thymidine Studies

Tritiatad thvmidine incorporation by animal small intestine
ohtained after radiation is depressed.” This sort of study is
clearly impractical in the fiecld, n plan to study tritiated
thymidine incormoration by lymphocvte suspensions of our patients
before and immediately after whole-bhody irradiation. Since tha
lymrhocyte is such an exquisitelv radiosensitive cell, thymidira
incorporation may be a dosimeter coi injury over a wide spectrun
of radiation dose.




4, Histochemistry

Several leukocyte enzimes and other biochemical constituents
may ke studied with appropriate histochemical technicques to
cvaluate radiation-induced functional and structural alteraticns,
These stains may be applied to fresh llcod smears in the field to
obtain data rapidly related to radiatiorn dosa. Prelininary
studies in this approach to cell phyvsiology are now underwav., Ila
hope to study a nurker of cell constituents, including glycogen,
alkaline phosphatase, acid plosphatase, beta glucuronidasze,
reriodic acid-&8chiff reaction, PiS-diastase, methyl-greesn-
pyronin, sudan black, peroxidas2, lactic acid dehvdrogenase,
succinic acid hydrogenase, dihvdro-orotic acid dehvdrogenase as

.well as phagocytic abilitv. Prelininary studies in this approach
to cell phyvsiology are just beginning.

5. Marrow Transplantation

. ]

Karrow homotransplantation remains a hazardous procedure
kecause the frequent rasultant graft versus host disease is often
lethal. A recent apparent successful marrow iso-transplant has
given this laboratory an opportunity to refine considerably the
appropriate techniques. Animal studies are planned to inactivate
selectively immunologically conpatent marrow cells without
altering the donor marrow stem cell function and thus pave the
way for safe marrow hono-transplantation,

Our tumor patients are often not candidates for marrow auto-
transplantation aftar whole~bedy irradiation because thera are
frequently marrow netastases present, By screening potential
marrow sites with strontium-85 Lone scans as well as by several
marrow aspirations from these sites wa hope to perfect the
technique of auto-transplantation without reimplanting our
patient'’s cancers,

Biochemical Studies

I. Radiation effects on the metabolism of isotopically 1labelled
nucleosidegs,

1. Animal studies

Our previous gstudies have shown that the amocunt of
deoxycytidine (CdR) excreted in urine of X-irradiated rats is
proportional to the amount of radiation exposure up to 200 R bhut
CAR-uria in man is not sensitive to radiation (l). W¥e have also
demonstrated that CdR is actively deaminated in human serums but
not in rat serums (2). These results = suggest .-that CdR is
metabolized differently in these specids and prompted us to study
the effect of radiation on thz metabolism of CAR specifically
labelled with Ii=3 on the carhon-5 of the cytosine,

It wvas found that irradiated rats (200n) excrated about 215
of total radicactivity injected —hercas only 13% of radiocactivity




wes excreted by unirradiated rats. Specific racdioactivity of Cdar
isolated from the urine of irradiated rats decreased about 2 to
6 folds as compared with that of CAR in the urine of unirradiated
rats, indicating the increase in the nool siza of £free CdR in
irradiated rats. This result strongly suggests that the
radiation-induced increase in urinarv CdR is not due to a renal
factor involving the defective tulrular reabsorntion of CdR., The
radiocactive compounds excreted in urines vere analyzed by the use

of ion exchange colunns and paper-chromatogranhy. our
preliminary resulq§ indicate that the urine of irradiated rats
contained a radiocactive compeound or corpounds which

chromatographically' behaved diiferently from the radicactive
compounds isolated from the urine of unirradiated rats.,

In the course of this studv, we found that the amount of
radicactivity excreted by rats varies considerably., In order to
obtain a more precise comparison between unirradiated and
irradiated rats, it is desirable that the same rats can be used
as a control as well as an experimental animal, This is
~especially true for the experirment with humans because it can

reduce the number of people receiving radicactive materials, The
rasult of thiszs study indicate that the same animal can serve as
its own control. The radicaetivity excreted into urines
decreased to akout 15 24 hours after the injection of radioactive
CdR. Five davs later, the rats were injected with a second dose
of radiocactive CdR and irradiated. The post-irradiation uvrinary
radicactivity was approximately dcubled as compared with the pre-
irradiation value. It was found in control experiments that the
first injection of radiocactive CdR did not affect the excretion
pattern of urinary radioactivity from the second injection and
that irradiation 5 days after the first injection did not alter
the amount of urinary radiocactivity from the first injection (3).

Identification of the radiocactive compounds excreted in the
urine is underway at present. Excretion of labeled compounds in
urines of rats received radiocactive CdR at various times in
respect of the time of irradiation will also be studied.

2. Studies with humans

It is of extreme importance to find out vhether irradiation
will alter the catabolic patterns of CdR as fournd in the
experiments with rats, because the results of this study may lecad
us to the discovery of urinary compounds which can be used as
sensitive biological indicators for radiation dose in man.:

Cancer patients «ith normal hepatic and renal function will
be seclected in this study. Five to 10 microcuries of sterilized
and pyrogen free “H-5-CdR will be given intravenously before and
after the radiation therapy. The time of first and second
injection will be at least 5 days. The excreted radiocactive
compounds will be analyzed by column and paper chromatography.
The quantity of CdR injectad is nesligible (less than 0.2 ug per




injection) and doses of 5-10 microcurie of radiocactivity are
below MPD levels for the population at large.

In addition to CGR, radiation effects on the metabolism. of
other isotopically labelled nucleosides such as thynidine,
uridine, and deoxruridine will be studied, Studies of uridine
retabolism is especially interdsiing because uridine is knorm to
be converted to pseudouridine by man (4)., Pmeuvdeuridine has been
found in human urine (5) and urinary exXcretion of this comnmound
is shown to increase in man after irradiation (6). )

I1I. Various enzyme activitiezs in serum

It has heen shown that many enzyme activities, especially
the activities of lysosomal hydrolases such as Dilase I, Dilase II,
phosphatases, Leta-glucuronidase, and beta-galactosidase, etc,
are elevated bhy x-ray irradiation, Our previous vork has shown
an increase of CdR deaninase activity in three cancer patients
after irradiation (3). Other enzrmes such as those mentioned
above will be analyzed kefore and after therapy to determine the
usefulness of these enzymes to serva as biological indicators of
radiation damage.

III. Plasma protein bound neutral hexose

Pecent studies of plasma concentration 1levels of protein-
bound carbohvdrates (PBC) in irradiated mice and dogs revealed
that the animals vhich died of radiation exposure exhibited a
marked increase in PEC while the survivors deviated only slightly
from their pre-irradiation values (7). It was suggested that
plasma concentration of PBC might provide a crude index of
radiosensitivity prior to and prognosis after exposure to
ionizing radiations in otherwise healthy individuals (8). It is
of great importance to see whether the similar results can be
found in humans because PBC level in plasma might be useful in
screening individuals to be engaged in work involving a high risk
of radiation exposure,

PBC levels in plasma of cancer patients before and after
radiation therapy will be .assayed in collaboration with AaAdelbert
S. ELCvans of the Armed Forces Radiobiology Research Institute,
Defense Atomic Support Agency, Bethesda, Maryland.




B. DPsvchiatric Fvaluation

Following exposure to acute whole or partial bhody radiation
it is possible that there will be significant impairment of tra
decision making capability of Xeoy personnel who have nmajor
cornand responsibilities. This concern has become more important
in recent vears since the firdings that comnlex electronie
svstems can be rendzred inonerative Dby verv high doses of
radiation, Thus it is necessary te maintain depencdence on the
Fuman Lkeing. It is quite possible that even modarately hicgh
doses or dose rates could produce impairment of cognitive
processes either of an obvious or of a subtle nature which in
norments of stress would inpair or defeat a military cperation,
In order to gain understanding of such possible changes it is
necessary to seek changes in cognitive progesses and decrease in
the capability to perform highly technical processes.

These problems are difficult to solve. The studies can only
ke carried out using human subjects. There are relatively feu
tests which seem capable of yielding useful information.

In cooperation with the Department of Psychiatry a pregran
has heen started which mayv vield some of these ansvers, The
tests are adninistered in the same way as in Work Unit A, i.e. in
the pre- and post-radiation periods. During the pre-radiation
veriod the tests are done in conjunction with the episodes of
sham irradiation,

Certain psycheological tests are nerformed in order to obtain
an estimate of the subject's intelligence and personality
structure, These include the Reitan Trail iiaking Test, Wechsler-
Bellevue Intelligence Scale, the PAT and Par test.

Changes in cognitive thought px oce:scs are being studied by
a nmethod of verbal sampling, This techni¢ue is particularly
useful since it requires no tra;nlng or adaptation by the
subject. At each interview the subject merely talks for five
mninutes about anything of internst or concern and the material iis
recorded on tape for suksequent analysis. These interviews aro
then analyzed for depression, hope, anxiety and c¢linical
impression.

T™vo such interviews are obtained prior to any dirradiatics
event, They are obtained imrediately before and after ecach shan
irradiation and similarly at tlie time of actual exposure, Tea
tosts are administered again two weeks after radiation,

These studies will then be analyzod to determine chang:
with dose and with total wvs. partial bedy radiation and
differences between upper and loiver bedy radiation,

%
or
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