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_Our-ein-Ls todeterniny phy'liolb;igf alterations resulting from

total body irrad{ation administered in known dosas o patients vhose

B general condition is as cl‘gz‘e‘_' to the physiologic normsl as possidble.

Pre-irradiation baselines “ava established for hematology, creatin-
creatinine excretion ratios, pentose excretion, and properdin levels, .
and post-irradiatica changes in. these parameters are followed and charted,

our pa:iénts received total body irradi-

. ‘ £
ation in calculatad absorbed d:iu of from 50 to 150 r, at wmidplane,

from a 1 Mev generator, and of these patients als> received internal

‘frradiation from Ha2%, Alterations in the formed elexenta of the

circulating blood 5aa the most consistent index of radiation effect.
Because of the sppearance in o‘k'pntient of a bleeding diathesis
(subsequencly conzrolled by protamine sulfate), clotting mechaniszs

will continis to be studied. Results of observations of pentose excrs-
tion, creatin-crezatinine excretion ratius, and properdin levelg are "%
suggestive encugh to warrant furthar izvestigatioa. ,

li

..

~

NOTZ: Copies of this reporf are filed sith the Aroed Services Technical
' Information Agency, Document Service Ceanter, Arlington Hall
Station, Azlington 12, Va., and may be obtained from that agency

by qualified investigators working under Governownt Contract.
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FINAL REPCRT

Four patients bave received five courses of total bodr irradiationm,
Ths selection of patients wvas in accordance with the crit;ru previously
described. An attempt is mede to utilize patients whose general con-
dition 1is as near to the physiologic normal as poasible. Although
rigid adherence to these criteria has limited ths numher of patients
saitable and available for study it has permitted an orderly 1r£veztign-
tion of many parameters in the post-irradiation state.

All external frradiations were dooe with the 1 HVP resonant
generator using exposura ports ag follows: upper and lower halves of
the body, anteriorly and posteriorly. The upper and lower fields
were separated by 5 cm. to compensate for divergence of the edge of the
beam. This has resulted in a fairly unifora dose distribution through-
out the body. Previously all doses were expressed as air dose measured
at the mid-plane of the body. In the present report all doses ara
expressed as calculated absorbed dose at the mid-plane of tha body.

The mid-plane was 290 to 300 cm. from tha target. Dose rate was
approximately 6 r per minute. In collaboratism with Drs. Bond, Kronkite
and Robertson at the Brookhaven Ratiocnal Ladboratories, Uptom, L. I.,

ocne patient received Kazl" by mouth for a calculated midplane dose of

70 r.
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TAZLE 1

- STUDIES REPOKTED

Patwient Hematology g::‘i;:n

M. H. 31, 2, 3, 4, Fig 5 : |
D. V. 143 6, 7 Fig 8 "‘.9 : ,_iﬁ._,
K. X ry 10, 11, 12, 13 * Pig 14 Y

AN r:3 15, 16, 17, 18 Fig 19 Fig 20 .

¥2ere no Yig. # sppears, data appears in the tm.

Patient X, ¥, had nirudy received 18 sillicuries of Nal® for a
calculated midplane dose of 50 r approximately six moaths prior to tiu i
new study. During the year, November 1957 to October 1958, this patient
received tw cosrses of total body {irradiation. Initielly sha vecgived
27 millicuries of 8.26 for a calculated midplane dise of approximately
70 r. (As mentioned above, this was done at tha Brookhaven Hatiocal
Laboratory ediza]l Department.) There appeared to be an ap>rreciabls
difference in t:e hematologic responsa to the second course of total
24 s

body irradistim as compared to tha initial coursa given by Ha®  seven

ooaths prior to this admission., In the second study thare 'ms a less
striking fall I3 the total leukocyte count and in the plat:let counts.

Six mountbs later this patient vas admitted to Memorisl Center and
after a suitable period to establish baselines she wvas given a third rourse
of total body f{rradlation consisting of SO r midplana dose delivered by

tha 1 MEV X-Ty generator. The hemstologzic data show=d a modsst fall
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in the total leukocyte count within the first week post-irradiation
vhich di4 not ctu;':go appreciably thereafter. However, in contrast to
the previous total body irradiation aduinistered by an m:crx_ial enmitter,
) this ;:ouuu of "e‘:'.:czr.al ir:ad;;ati; ﬁro&;ced a profound depression of

the platelet count which reached & min{mum on the 44th dcy post-
irradiation, -

However, because of th; ii:peatance of metastases in tbfa lumbosacral
spine, it was qe;e;-ury ?o deliver external rgdiation to the lumbosacral
,lpm._cmmg_on th; 56th day post-total body irradiation. Interes-
tingly, the therapeutic course of irradiation depressed the platelet
count even further with the Qppeaf#nce of petechiae and ecchymosis.
Metastases in the liungs, which had been observed p_revi&ualy, began to
grow rapidly. 3Biochemical tests showed mrl;ed livér abnormalities, The
patient developed a feapiratory alkalosis aeﬁondazy to ammonium toxicity
and e‘xpired 24 veeks post-tpnl body 1fradncio;:. Pfoperdin studics
were done on this patient pre- ;nd post-irradiation by f)r. Southam and
fe‘vuled a level of less than one prior to radistion with no change from
this value for as long as 30 days post-irzadiation,

During thr 2tudy of thc' thitd_ course.of total body firvadiation
in this pit{ent the levels of urinary excretion of creatin and creatinine
were determined. (The ratio of creatin to.creatinine excretion has been
calculated for these ux‘;;:e specimens.) YUhen the ratio for the first 18
days post-irradiation was ccopa~ed with that-of the 16-day period prior
to irradiation there 1s ssen to be X “»crease in this ratfo. This would

indi:ate that thers was an increase in crextin during this period of tisme.
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‘-Pentou excretion was followed. There was.a 125% increase in the 'y - -
gxcseticﬁ of'pé_n‘t‘ol_c following total body'lr.udutioﬁ s coopared to

- the baselne established in. the 13 day pre-'in’fadiauot.s pericdl.

" Ppactent D. V., a 33 year old uhitﬁ._ male wich videspread metastatic
ulipcm, :’eceivedr 100 r total body itrad!.—acion; measurcd at the mid-
plane in tissue, from the 1 MEV generator. -Hematologic dats for the

: ‘uhor;-.pet‘iod og observation post-irtadiation showed u::l; charge in

~ the hemcglobin or platelet count. There was a sligh% drop in the

i tbﬁl' white cell count. The absolute grmlo;ﬁta count remained t
essentially constant The lymphocytes “fell liggificanﬁy on the fourth
dayléost-irradﬁtlbq. At the.um_e time the monocytec increased These
albte‘rations vere ulnninad during the 17 days of observationm.

In this patient the creatin-creatinine ratios showed a profound
drop immediately post-irradiation and remsined depressed until the
"10th éhf poscolrra-dﬁtiqn. Pentose éic_retion during this period of
time "th no consistent varht-i-on. Following the patient's return
-to his howa, a lettér from the f@ly pkysician did not indicate any
observable hematological dysfunction prior to his death three months
po.t-irradnttﬁn.

K. M., @ 42 year old vhite female with xetastatic carcinoma of
the breast, received 150 r total bely iindq;ion on the 1 MEV appara-
tus, This patient showed a prompt he:s:alc;i; depression. By the
13th d;.y pou-imdutton- her platlet coun:. £cll from a bauliqe of
3$o,ooo to less than 100,000. Tha wbite count fall from a baseliaa of
VBSOO to less than 1600 on the 20th day pos:-irudht.ion. A bdleeding
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diathests appesred coa the third week powt-irradiation. The bleed-

ing tims was prolonged to 8 minutes and clotting time to 14 minutes.
Dui'_ing this tice multiple petechiae and ecchymosis became zpparent. over
the entire body. Hemorrhage trom.the nasopharynx became a major problea
and required snterior and poste;ioi packicg. On one previous ocusioﬁ '
{n a patient who had received total tody 1md1at!;on; intravenocus p:pga-
' li.nc sulphate had been adni.ni'.‘cered_ ‘wiai: apparent aaelioratioh-oi thg
bleeding dhthuis. Because of previous experience and of the work of
Jacobson and Allen ca this problem, 50 mgm. of protamine sulphate wera
given to this patient on the 26th dlyk post-irradiation.. The& cesulls
“are suzmarized in uaute“iS..' i\iené’y%ogt hours after the first injectica
‘- of protamine and just priotr to the second injection blood was drawm for
more detailed hematologic stuly in Dr. Zuckes's lcbqr_.-a:orjy (Clotting
Hechanisms Secticn). It was found at this time thdc”ch.e_ factor V content
vas increased, procouvertin was 'dimin_i:hed, prothrombin consurption time
was 79% of normal, clot contraction s nonexistent, tha clotting time
in glaszs wan 8 minutes, and {n silicon at 137 degrees, it was one hour
and 45 ninutes. (The normal ci:n‘u determined in this laboratory should
be under 50 minutes.,) The thromboplastin generation test showed only a
slight abnormality. The patient continued to lose grourd, developing
wvhat appeared to be acute pulmonary edema, and expired.on tha 32nd day
post-irradiation. Postmortem findings included acute subendocardisl
bemorrhages. These may have clon:.x"ibuted to the development of acute

pulnonary edema and death, The urinary excretion of creatinine and

pentose following total body irradiation was studied. There was a 25%
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‘incresse in thp urinary excration of creatinine in the 4 to 3 day period
wcf-iﬁdiatton.- There also was a :hrae-(g;d incr,_r'ugsv in urinary pen-
tose during the first three days post-irradiation with a second two-fold
increase in the 10 to 12th day pcriod poet-frradiation.

Patie:x: A. \H., sge 48, vith disseninqted carcinoma of the cervix,
‘fecaived 100 T total body irradistion midplana dose from the 1 MEV
;mcnt-orb -In the 75 days durin_g vhich_this -patient wvas Vstudied’ follaﬁ'—.
1n; total body {rradiation, the hematologic pattern showed a fall {n
the total vhite count reiching a minimum on the 35th day. The gbsol;itq
lymphocyte count fell during the firat three days post-irradiation. It '
never returno;d:m the pre-frrad{ation level. An {nitfal drop {n the
absolute Mtc count occurfed. Return to the préimdiation level
occurred by tiaq l4th day post-irradistion., Interestingly there was a
second depreitiou' at the time of the maximal leukbpenu betwaen the 28th
and 35th days post-irradiaticn. The platelet counts fell during the
third week pos:-imdht:lén reaching a minimum betweeis the 28th and 35:5 '
day post-irradistica. Although the platelet count rxose above 100,000

by the 65th day'post-iindntion, it never returned to the pre-irradia-
tion level. Between tha 20th s=d >9cn days post-irradiaticn, bleeding

tine was prolonged to a maximum value of 18 n:_lnutu. It is of interest
that c.ﬁren though the platel.ct count remained z;opmsod, .the bleeding
tine returned to normal by the 34th day. Arbu aépur." to indicate &
mﬁplntdeﬁmch;niu of importance in detcmj_.n{gg.blcedi.ng tixa. oaly-
transient pc.techin vers ob_urved in this patiiex.::. Oune crop vas seen

wvhen the bleeding becames prolonged initially. No others 6ccutted even



g factor V, proéonvertin~and thromboplastin sengu:to__a‘

. showed '§Ka E“.' rema{ned within normal ranges chroughoﬁ;_ the 75 days

'of obseévation.

Pidperdin levels werz fcllowed ia this patieat, Pre-{rradiatioa,
zl;c properdia value wvas 3 units. Bigh:un hours post-irradiatiocn, the

value rose to six units and returned-to tha pre-irradiation level of 3

" vaite by the fourth day post-irradiation, These levels have been

substantisted on replicated determinations. 'The changes appear to ba

' significant. The biological significance of these changes will await

further study iz other pa:ients.

The urinary excretion patterns which were followed {n thii.patient
revealed a transient 25% increase .in'pantcse excretion duging the 3rd
and 6th day post-irradiation. Tha creatin-creatinine ratios wvers
.lgnl!tc.intly lover for the first 30 days posc-irt;ducion; A pre-
irradiation average of 9.7 fell to 5.7 and then 4.6 by the 25th day

post-irradiation,

‘DTSCUSSION
1. Hematologic studies

The doémtnﬁion of the alterations in the formed elements of tha

. circulacieg blood remeins the most consistent index . in the post-irradia-

tion state. The disparily i= regponse noted in one patient in this
report who received total body {rradiation DOth iive sarerng] emittars

and an external ‘generator should be further studiad Ln wore patients.
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Thare vwould appear to be 0o >erticular change in most of the dlocd

clotting ucbantmi so far eluéiaa:ed in the patients given total body
£mdhiion, ‘sutA:h' as ?icr.or V, Pactor VII concentratien, t'hmﬁopl;.cm *‘
generation, an:ihnophuie factor and PTC. Prothrombia time and pro- i
:hrcnbin comvuption do vary as platelet cwnt: fall, as would b.

) an_:_ifipated. lo cxplaml:ion fot tha bleading diathesis vh:lch responded |
to protaminas {s yet forthtoming. It appears worthwhnc to study.
lntmively each patieot receiving total body {rradiatica in ail of
these pa:inieten. Although oaly a small portica of the patiﬁntl |
dav'e.loped‘ serious bleeding problems, it will still be necessary to
follow all of the pitieats so that in case it does 6ci:ur the courss of
all of the known hemstologic coagulation factors would be doMod

before, during and after the post-radiaticn bleeding diathesis.

1I.. Urine excretion pstterns

'rho'pgntou ezcxctt§n and creatin-creatinine excretion ratiocs
in the patients appear to be of some interesz. However, many more
will have to be done with varying radiation dossge levels defore any
conclusions can be reached.. At the prea:at time thiy sppear to warrant

our continued attention.

I'II. Imssune HMechanisa »

The interesting small rise in properdin in the cae patient so far
oburvc;! who had any level of properdin whatsoever has made {t appear
wrtﬁwhilc to continue this area of invesacigation., Hewever, the zero

levels of properdin which have been fourd in the oher patients
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selected {ot total body {rradiation may uun ;h&r. this =ay not te too
fruicful an atea of investigation in the future. Perhaps caacer

patients ;dected for total bcdy irradistion may not ba mlt;blc for
{=myne mechanisa iuvedcfg&tion;'; However, until more data have accumi-

lated, this area of investigation will receive considerable attention

i{n the near future.
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EFFECT OF PROTAMINE SULFATE ON HEMORRHAGIC.
DIATHESES OBSERVED FOLLOWING TOTAL BODY IRRADIATION
K.M. Caof Breast. '

20mgm Protamine Sulfate, 1. V.

—— Dy Post] Pre= Time Post Injection (min)
a Radiation{lnjection} 10 | 30 | 60 [18 hrs.
Bleeding Time| 26 | 7.0 | 5.0 | 2.75] 3.0 | 1.2
minuies) | g s || e1s| 2.5 1.0
ClottingTime | 26 | 24.0 [40.0 {29.0 |38.0 | 13.0
minutes) | 7 3o w25 20.0 | 10.5
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