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A STUDY CF THE EFTECTS OF TOTAL AND TARTIAYL, LODY RADIATION
ON JRON FETAGOLLISM AND IEMATQPCIESIS

AUSTRACT

The hematopaietlc response of patleals treated by 2otel dody redistioz
during the management of fnopersble cancer has been re-exswined, The probles
sti]l 13 to reccgnize s predictable and quantitative relation between radiation
exnosure and blologic vesponse. In previous reporis attention hes beea glien
to;

1. Response ct paticats receiving total body radiation in single doses

of )COr = 200r with conventicual {250 Kv) therapy equipwent,

2, Patjents receiving total body rsdiatioa in doses weil within telerance

(25r, S0r - 100r #n divided doses) with the 2 m & v Van do Grasff
unit using rotating or statfomary fields. .

The majority of patieats in both groups recelived poartial body radiation
sore time during the courge of thelr disepse. In all ceses ihs hemtopoletic
rcsponse has been obhserved mnd, except for an ocessional patient who failed
to return, follow-up contioued as long as the patients* condition permitted,
In this report, the cascs were selected from wli thoze receiving totei body
snd partial body radiation becsuse their histories contalned inforwation
pertinent to this analysis,

PROGRESS

In evaluating the hematopeietic response to totsl body radistion, ihe
factars of general condlitiom of the patient, diagnosis of cancer or other
chronic diseage, snd the Influence of other forms of therapy zust be comsidered,

While a “usual hematologlc pattern™ is anticipated following total body

Tadiation, this hus been difflcult to define with any precisios becavse of
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inconstent dascription of data on dose, tins, and blelogic tesponse. Hypothetlcally,

s patient recefving a yiven exposure of totxl body radlation in a given time
would show a3 predictebje pattern of henatopolétic depression, Any varistfom
from this pattern might be studled with & view to 1dentifying other responsible
factors,

It is not generally appreciated that gozg and prount (of any aogent,
rediztion or drugs) sxe not synonyms. D<o takes into zccount effect, and to
keap this constant it may La necessary to alter gmount. A constant gmoung
moy produce varied effect and tharefore represeats a different dose whenm
differences between patisnts, and in the same patient fiom time to time, are
takea Into sctount, Doss cannot exist without measurement but nolther cam it
exist without relating remrxrement to blological effect., An orally administered
srount of & drug is Jdiluted by intestinal content, absorbed secross fatesilns)
nucosa, furthar diluted in tte blood strcaom, transferred scross capillary
walls sud mixed with Interstitial fluid throughcut the bady to act upon cell
oechronk or cytoplasw at soee particular site, To this pracess of dilutlon
i1s adced tbe effect of utilization, destruction, storage and excretion; iho
actual szount of the drug produciag the desired effect Is sloost beyond con-
Jecture, Stiil, it is evideat that some level of conglstent relation existe
betweea such gross acarurersot of an agent ard blologic response bacause of the
many exampies of effective speeific therapy,

Radiation, 1ike drugs, produces its effect throwgh chemical or blo-
chemicsl reactions at the cellular level but prescription of smount of radiatios
{s possible with sn sccurncy that is selcdom stisined with other forms of therapy.
By direct peasurenents or standard practlces of colculation, ithe intensity

of radiatlon at any site, on the surface or within the lliving organsim cam be
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deternined. Thls procislon s advantageously epplied in partial body radistios
where 8 Jeslred clinical effect can be produced in the tréated slte itk 3
useful degree of certainty,

In total Lody rediatlon, despite the advantege of precision in measured
gcount of radletlon, we lack an early end point short of lethajity. MNalaise,
drowslﬁg;s. naus=s and voniting are subject to the element of suggestion.
Hematolegic responses, cell counts, platelet counts, iron metabolizm are
sensitive but unstsile Indices., Biochemical leads stray beyond the limits of
practical eppllicatica.

The hematolcgle plcture remalns the most useful Indicator gince it is
sensitive to radiatlios and is the biologie response most suscoptihle to
esasurement, Tho deficiency lies In the uncertainty of the quentitative
relation botween reasured amount of zadiaticn and degree of hematopoletic
depression. There ls a consigient and gquentitative relation between partial
body radiastion and regression of tumor and mormal tissue tolerance which
accounts for the clinical usefulness of radiotherapy.

Cur data on pavlents receivng partial body radiation ls compared with
thot of patients rcesiving whole body radiatlon, seeking to identify s pettern
that may prove uscful in this over-all study,

Flgure 1 shous the depression of white blood count when total body
radiation 1s given to patients previousiy trested with partial body rsdistica,

Figure 2 shows the depression of white biood count whea total Lbody
radiation is fullowed by partiul body radiation ia 30 drvs or less.

Figure 3 shows the depression of white Llood count in patieats receiving

totel body radiatisn only {(doses 100r to 200r x 2),
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No definite patlern ls found to distlagulsh thess three groups of
pstierts except that there does seem to be sccumulative effect for total body
radiatien and partial body radistion. The most prolonged depresslon cf white
bLlerd count cccurred im the. group of patients rreeiving total body radiatios
followed by partial body radintion in 30 days or less. The range of depressiom
uithi; the three groups iz simllar, It is to be expected that for the gmall
apmier of potients involved, the varlely of diagnoses, the varying general
cocdition, and the different ages, any consistent relallon beiween radiatios
ebsorbed and hemetologic response would be masked,

Figure 4, Depression of white blood count: eomparfiscn of six patieats
under 50 years of ege snd six patlents over 50 years of age. In general, the
depoossion of white blood couat In the younger age groap is slower and, although
no less severs, all show recovery, Depressiom In the older age group is, im
geneval, more rapid and recovery occurred im only threa of six patients,
Althosgh this does not establish the importance of age, it does Indicate thst
a queetitative effect of total body radiation upon the bamatologic ra<ponse
will de influenced by other factors,

Figure 5, Depresslon of platalet count: patlents recalving 200r
total bady radiation only and 200r totsl body rediation plus pertial body
rzaiztion, The more abrup:;:eprassion of pleteiet count, the nore serious
is itz sigaificanco, The patients who recovered la both groups were lhose
with slower tates of depression,

The valldity of the cbservation Is not certalm but of the five patients
showing Tecovery, four were under S0 years of mge. All patients who failed

to show recovery were over 50 except one, aged 48,
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No definitz pattern is found to distinguish these three groups of
patients except that there do's seen to be sccumulmtive effect for total bedy
radiation ard partial body radiation. The most prolonged depression of white
Lioed count occurred (n the group of patients receiving total body radiation
followed by portial body radiatlon lr 30 days or less. The range of depresslon
within the three groups is simllar, It iz to be expected thst for the small}
nurier of patients involved, the veriety of disynuscé, the varylag gozoral
conditien, and the diff rent ages, sny consistent relatlon hetween radiations
absorbed and hematologle response would be masked,

Figure 4, Depression of white blood count; Coopariszon of six patients
under 50 years of age and six patients over 50 years of age. In general, the
depression of whita blood count in the younger age group ks slower snd, ulthough
o leas eevere, ail show recovery, Depression in the older age group is, ino
general, more rapid =nd recovery occurred in only three of six patlents.
Although this does not establish the Importance of sge, It does indicate
that a quantitative effect of total body radiation upon the hematologle response
will be influenced by other factors.

Figure 5. Depression of platelet count: Patients receiving 200r total
body radiation only and 200r total body radiatiom plus partial body radiation,
The more abrupt the depression of platelet couat, the more serious s its
significance, The patlents who recovered in both groups were those with
siower rates of depression,

The valldity of the observation is not certaia tut of the five patlents
showlng recovery, four were under 30 years of age. All patients who failed

to show recoveiy were over 30 except one, aged 48,
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1. Date aon whole body radiat{on effects will be mccwaulated to

fncrease the dependability of observations or conciustons. Tois includes -

r— ’-—.. e | o—

single s1d repeated exposure under statlonary snd rotstloa conditioas. .

] -

radisvion wil) be eccumulated to establish that s constant relation may exist

2. Separately or in combination, the effects of partial body

U gy S gt Sty e 5. e it At binnlh Stalat } ol

]' between radistion and hematologic response wien sialist cooditions of ’

exposure and similar patieats are considered,

c—
v

Further observations will be made on groups where sgs, geners)

ecndition, disgnaosis, and site aud volume lrradisted can be evaluated

1
separately.

R 3. If 8 congistent relation can be established for coatro)led

conditions of partisl body radistlon, snd if cifferences caa be Identifled

O e A g e g 8 it A R Al g o = -

. —
|

to Lotal body radiation in a consistent snd favorable directios,

f betweaa parttal body radistion of differemat gites, for exawple between
3 . thorax, upper abdomen, and lower abdomen, (wo possibilities should be
: 5 lavestigsted.
; ? &#. For anatomfcal or gevmetric ressons, wnequal amousts of rediation
; i may be delivered 1o or absorbed in s eritical ares in individazls receiving
% ) T similar teial body exposure,
{ b, Selective shielding of a critical sres xay modily the response
]
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Table I, In this table a group of patlents with a varlety of lesions
rejuiring partial body radiation to different parts of the body are compared.
T e white blood counts are corpared in percentage depression and time to
coxicum depression, Correlation is attempted with total body velume and . s

volu~e of tissue Iirradioted, with total body surface and surface arca

irradiated. f
Although for elinlcal purposes s predictadls effect upon tumor snd ?
tolerance chialng lan these cases, 2 patterns of white blood count response is 5
rct clearly revealcd In any of the attempted relationships. _2
Table I, Figure 6. This is s group of patients of similar age &
rcceiving comparable trestment by ecmparable technic to the thoracic reglonm, &

r

en sge, diaguosis, general conditlon, and area treated are similar, there is

surgrising uniformity in the relation between radiation exposure in termy of

tecor dose and hematopoletic depression in terms of white blacd count.
Recognition of & predictable aad quantitative relation hetween whole
vcdy radiation exposure and Liologle response would require uniform conditions
of whole body radifation exposure im a group of individuals of uniform physical
condition, The direcilion of future investigatiom should be to identify the
factors which influence radiation effect and to evaluate their lmportnn‘?
wien conditions are not sinjler, Hypothetically, there s s predictable
pinizal lethal dose and the amount of radiation required would vary with
ptysical conditions governlng radiation exposure and biolegic cornditions
modifylng individual response. The directiou of Investigations should be to

ideatify and describe these varisbles.
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A STUDY OF TUE EFFELTS OF TOTAL AND PARTIAL BODY RADIATI(N ON
IRCN MNETABOLISM AND REMATOPOIESIS

Progress report for period 1 September 1956 to 1 Marcy 1937

In a copy of the above progress report mailed to you os
March 8, 1957, page 5 was a cupllcate of page 4. PFlease

replace it with the correct page 5 which is here enclosed,
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