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BLOOD CHANCES IN HUMANS FOLLOWING TOTAL BODY IRRADIATION

¥ritten by

J. J. Nickson

Iatroduotion

A major problem facing the Nsnhattan Iroject was the proteotion .
uf workers against damege resulting from either acute or chronie
exposure to external radfation, It wes anticipated that the total
dose esustained by personnel and the rate of admin{stration could
.vary widely. Further, there was the problem of essessing the
darmege, either trapsitory or permanent, whiéh might arise from such
exposures, The prodlem of detectin@ evidence of damage following
exposure to totel body radiation led to this'atudy.

Both tte exper;mental(l)(e)(s)(4) end clinicall3)(6)(7)

evidence pointcd to the blood-forming orgnns as some of the most
radiosensitive tissues in the body, ¥hen this study was underteken,
the work previously done on this subject indicated that changes ia
the blood-forming orpans and in the hematological constituents of .
the per;pheral blood wers a good fndex of oxposure of the whole body
to radiation, wlctiicr chronic as secn in occupational expoeure(G)(e)
or acute a8 in radiétipn thernpy(g)(lo)' Tho responses of this
systen can bo readily,Aulthough indirectly inferred by serisl de=
terminations of the aﬁsolute numbers and ratios of the various
cellular elements of the blood., Tho major chenges observed in the

peripheral blood and roported in the literature &re ep;tomizod in

the following paragruphs. '
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After acute exposure to large amounts of radiastion, a pre=
cipitute fall had been noted in the sbsolute number of 1ymphocy$ee
together with a treansient, marked increase in the numbder of
neutrophiles, followed by a murked decreese in their numbers. ’The
tims necessery for tho rgturn to normal of both lymphocytes a;d
reutrophiles wes prolonged, end roughly proportional to the emount
of redirtion received by the subdject, Dejreseions in the number
of platelets hed teen described by 8sonme 1nvestigatora(9)(1l) but
wes not a conslant finding. Alterations in the number of red blood
cells ent in the &anount of Lemoglobin were not usuelly noted,

After exposuTs to chronic (occupationsl) radiutfon, the numbter
of lvnrplocytes wes variously descrited e&s being increased:o; de-
cranged, Tre number of neutrophiles was éommonly said to be de-
creased, Increcese of the nunber of monocytes has bsen described.
Thus, olthouch the total white blood cell count could be within
the pormel rcnge, the reluative numbers of the various eiepeﬁts
might very markedly, Alteretions in tho herogloblin value or in
the puater of Tod blood colls and platelets wore usually described
as a reletively lute rosult of porsistent exposure to low levels of
radiestion,

Bocause of tho &opcndence vhich was bein; placod on certein per=-
sistent devietions of tho elements in the periphoral blood, it eoemod'
expodient to reinvestigete in men, both hore end elsewbere(lz)(ls).

the effects of total body rsdiation,
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To be added as 2nd paragraph, page 5, under "Materaalvy

The people used in groups I and II were individuals to whom the mé&ioal ;
prorunog oguld offer no treatment that was at all specific or known % de 2
helpful, The X-ray exposures that were glven had as reasonadls & ehanos .;s, 3 ‘
or even & more reascuable chance than axy ether known ¢ype of truw‘“; 3
doing the patients some goody Bimce this manuscript s oconoerned only s Y
the effects on the blood, the elimlcal nondition of the patients 18 nod age .- (
cussed at any length, I ‘ ' 2 PP
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Three goeneral groups &re used for the persons who were subjected
to radiation during this study. The firat group consisted ‘of eight
persons who had neoplesms which coulq not be cured but etill wers
not extensive enough to fnrluonce goneral health, This group was
given totel body irradintion in single exposures, with dosés of 27,
60, end 120, The second group consisted of three persons who hadi
{llnesses which were generalized and ckronic in nature. They vere
given totel tody 1rrediat{on in multiple exposures, with total
doses of 107, 307, end 500, The third group consisted of.three
normel volunteers fron the personnel of ths Metsllurgical Laboratory,
Insofar ss is knowz, they had no abnormalities, Tﬁis group wéa .
given totsl tody irradiction in three divided doses to & total of

2l r, '

inboretoxy Frominations. The changes in the poripheral blood

cells woreo studied, Tho tosts included qotcrniuationiof the hemo-
eLobin in gf; hematocrit‘in ¢c per 100 ¢c; numbers of red blood cells,
white blood cells and platelets per mm>; and estinekion of the number
and percentqge of the various elements of the white dlood cells, The
differential w08 comtonly based on 500 cells. The normal values for

this leboratory are given in Chepter IV of this volume.
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In most of the cases studied at the Fillings lHospitel opecial
biochenical studies on blood, urine, end feces were also parformed.
These will be reported in detail olnewhofe in this series (Schwartz,
Vol. 20-1). 1In one case serinl bone marrow biopsies were performed.

The physicel fectors involved in the treatmonts eré -given in

Tuble I, Thbe first groﬁp of 8 potients vos treated with 400 KV x-réys,
the treatment being siveﬁ vith the patient sested in a light wooden
cheir with either the right or left side of the body toward the x=-ray
tudbe, All of tlhe body, oxcept the feet, was included in the field.
The dose was measured by & Victoreen Integron, checked in each
instence by deter~inations with a Victoreen r meter, using &8 25 r
ionizertion chamber. The ionizetion chamber was placed in the bre;st
pocket of the pstiernt®s dressing gown. |

The patients in the second and third groups wvere treated with
200 XV x-rays through somevhat smaller fields, Two fields wore used
anteriorly and two posteriorly to cover the entire person vhile lying
down. The dose given to each of the two fields was considered as
the dose to thre whrole body, The roentgens per treatment varied from
7 to 100, " In group two, the trestrient was given in fronm 2 to 30 days,
In group three, the trest:ients werc always given in 3 days, |

In calculating tho éose adninistored to tho patients in groups
two and three tho emount received by the anterior surface was added to
that received by the postorior surface end was called the "total body
exposure™, For exanmple, exposure of each of the anterior and posterior
fields to 20 r'was 1nterpr§ted as an exposure of the patient to 40 7.

We are aware thut this 18 contrary to usuel clinical practice, but felt

v



. Tadle 1.

Phvsical Factors Used,

i : : i ) i f .
Eeae. Date = | KV | ¥s ! Filter; HVL! TSD { Ficld r/min ‘Time |r/Rx | Total T~
i mm o} omam | em in  i(sekin)imin/ {skax) (skin) |
' { eu : om i Rx |
= | I ! X
: . {
1| 8-19-43 | 400 5 3 Cu 5 320 {77 x 92 1.0 ; 60 60 60
2 | 3-19-43 | 400 5 3Cu | & | 320 " ; 1.0 ., 60 | 60 60
. i :
3 i 4-17-43 | 400 5 3 Cu 5 320 " i 1.0 ! 60 60 60
|
4 | 4-17-43 | 400 | 5 3Cu { 5 320 " 1.0 { 60 | 60 60
51 6-4-43 | 400 s 5SCu | 7 320 " o=45j 60 | 27 27
6 | 6-26-43 | 400 | 5 SCu | 5 320 " 1.0 {120 }120 120
7 | 8-27-43 { 400 5 “sCu | & 320 " 1,0 120 {120 120
8 ( 9-11-43 | 400 { 5 3Cu | S 320 " 1.0 {120 {120 120
9 {11-26 and! 200 | 20 1Cu [1.5 150 | .€0 x 40| 5.2 | 21.6] 107
11-27-43 1 A1 '
12-16 to | 200 | 20 1Cu 1.5 16| ° 5.2 | 14,0 73 506
12-20-43 f 181 |
)
10 {10-10 to | 200 | 20 1 Cu 1.5 150 | 75 x §5| 5.0 2,5112,5 300
l11-17-44 ! 1 AL |
]
1 !11-13 to | 200 i 20 1 Cu (1,5 150 { 80 x 45| 5.0 | 2.5{12.5 100
, 111-21-46 i 1 A1
i
{12 [10-16 to | 200 20 1Cu 1,5 150 " 5.0 1.5] 7 21
i 10-18-44 1 a1
13 110-30 to | 200| 20 1 Cu {1.5 150| 76 x 4] H.0( 1.8] ? 21
11-1-44 141 :
14 |11-20 to | 200 | 20 1Cu 1,5 150 " 5.0 1.5 7 21
11-22-44 1 Al
N
~7-




Justified in uoing so Locause the worker exposed to occuputional
radiation mey receive radiation from eny direction, but usually
only from one direction et a’time, His maximum permissiple level
of exposure is not 100 mr to eech body surface, but & totel of
100 mr to all surfaces. Consequently, the addition of the doses
to the anterjor end pbste}ior body surfaces.seems to hest epproxi-

mote the situation of the worker,

Results
Stcup 1.
Cese 1. a S3-yesr old white mele | vith carcinoma of :

tke epiglottis and extensive biluteral cervical metastases was
given locual radiution tlerapy to t}é affected areas betiieen
lovember, 1542 and Jenuary,;1943. His gencral condition ﬁés good but
regrowth of the corvicel lynph nodes showod his cutlook to Le hopeless,
"Therefore, on Narck 19 1943 he was given & totel body exposure of 60 T.
Figure 1 &nd Table 1I show the hermatological response. They show
thot tke ¥hito blood cell count dropped immediotely following the
troatment, the decrense dbeing transient., The major effect of the treat-
ment was found to be on the lyaphocytes which docreused in numbor im-
medistely rbllowins the treatmont, the reduced level persisting through-
out the 157 days of observetion., The oelements of the‘blood did not
show any mlterations vhich wore attrituted to the effects of the

radintion,
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Tadble 1I1.

Hematolozicnl Studies in Case I,

- e b

Time < | Hgdb | RECI WBY | N -
Pre|  Fost  gms | ¥/, | Poly Lymph Mol Fos |Bas Plat/mn®
Rx Rx % | 2 nod %2t Abs % ' Abs (4| % | % :

o 15.9 {4.56] 6400 61 3904 ? 36 i 2304 (0} 2 |1 270,0001
1h - } ~= {6100} 79 4909 20 1220 o} 1 | O ---
3h ee | e [ ar00 | 76 3572 16 752 l6 1 1 {1 -e-
5h - | = | 37001} 76 2812 19 703 13} 2 | 0 -—-
1 |- | --|s0c0| e | 4050 15 750 f2 ] 1 {1 ---
2d - | == | 5500 | 7% 4125 23 1265 {1{ 1 ] © ---
3d -- [4.50{ s600 | 7& 4368 21 1176 {o{ ©0 | O } 230,000
4 - | = | 5100 | 72 3672 19 969 {71 1 {1 ———
8a 116,0 |a.66| 5000 | 72 3600 25 1250 {1{ 1 {1} 200,0c0
154 {15,7 5.353 6000 | 80 4800 17 2020 {2} 1} 0} ===
204 |14.6 |4.95] 5200 | 74 3348 22 1144 {2} 1 -{ 1} 180,000
464 - { == 5300} 73 4307 18 062 17} 1 |1} 210,000
584 = | -= | 5000 | 65 3250 | 24 1200 {8} 2 } 1] 210,000
724 -~- | -- | 6200 | 76 4712 17 1054 |51 1 1} ---
864 - | == ] 6500 | 76 4940 15 975 (7] 1 | 1} 260,000
1154 e | -- | 5800 { 77.| 4466 - 18 dods J4l 1 O ---
1434 -- | -- 10,500 | €0 8400 11 £1185 {71 1| 1| 220,000
1574 -~ | == | 7200} 80 5680 12 852 0| O | 0] 103,000
G- .
10bb6711
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Figure 1. Casts 1 . Responses of blood elezents following
a eingle exprsure of the ertire body
to 60 r, '
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Case II. A 75-year oid w'ite male | was found to heve
a carcinome involving the right tonsillaer pillar and fossa, the
right lsterul praryngoal wall, the basc of the tongue, and the
floor of the routh. No puipable lymphadenopathy wus noted, Be-.
t7oen Decerber, 194Z ond February, 1943, 7200 r through a single
right later:l cervicel portul vwas given. On March 19, 1943 his
genernl conditios was feir but response to treatmont showed that
cure was not to be expoctod. 4 totul body exposure to 60r was
given. Tao results of the homatolosical studics are to ﬁe found
in Table 111 und Figure 2, The total wlite blood cell couat
increszscé immeciztely following the completion of the x-ray exposure,
The duration of the increese was only & few hours. The lymphocytic
values increasecd fqr 3 hours and then foll below tho initiel level,
the decrsase porsisting throQghout the 151 duys of obdservution,

The rlatelet count dropped noderntely tron'ihe 29th to the 71st dey.
The other elererts of the blood studied did not show any significent
chkenge,

Case 111, A 53-year old white male\ was found §n
Dicanter, 1942, to Ltve a squanous coll carcinoma of the epiclottis,
with metastasos to tlin riéLb cervicul rogion. Local x~-ray therepy
wus given during Jecusry, 1943. On April 17, 1943 the pfimary lesion
was apmarently hculed, but the me&ss in the right corvical region was
stilliproseut ulthough reguced in size, On that date 60 r of total

body radiation wes given,

-12-
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* Table 1II,

Berietologiecl Studies in Case 11,

Time Phgv| sec] wec/ , 3
;;0; Pg;t 325 ﬁﬁﬁ 8 ﬁ;l; s »L 'P2b£°‘2° E;s B;f Flat/mm
-1 } P ]

; , N X '
0° h2.5{ 3.68 | 6500 52 2761 44 12972 |1 2 1 |330,000
i |-- | -- {8200 67 55;4! 28 lzzgs 2 2 1 .-
3 | --| -- 10,300 60 6130% 35 !3605 1 3 1 -—-
Sh | -- | -- {5800 62 3595? 33 §1904 2 2 1 -
1d | --} -- i5ccO 66 (a4l 25 '1470 5 3 1 .-
2d | -- | -- | 700D 64 ol 23 11960{ 5 3 0 .-
3¢ N3 | 3.50] 5500 67 {s635! za [1320]6 3 o | 220,000
4d | -- ] -- ! 5600 69 |os1a| 22 12;2i 5 3 1 ---
ga f13 | s.82] 5200 66 |3422{ 20 |1456) 2 3 1| 266,000
15d {14 | 3.65| 51CO} 65 !3815] 25 1127509 1 0o | 365,000
29d  [13.6{ 4,00 5600 68 13608| %9 {1624 2 1 0o | 120,000
454 | -- | - ! 6400 65 | 4485| 27 [1863] 6 2 0| 150,000
574 | ~= | -- | 5700 64 {3648] 27 |15391 6 2 | 1| 140,000
224 | ==} - | 5400 66 | 3564 26 1404j s| 1| 2| 150,000
85d | ==} -- | 6500 64 | 4a160] 27 {17951 6 2 1| 220,000
1208 | == ] -- | 8000 73 | 5340] 21 {1680! 5 1 0 R
151d [11.7] 2.82| 5100 72 | 3672| 21 |1021} 5 2 o| 120,000
-13-
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Figure 2. Cuse 11 : Reoponses ¢f blood elexments following &
ain;le expcsure of the entire body to 60 I,

“l4-
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Thé neintolorienl data uare given in Toble IV and Figure 3.
Tre total white bloodl coll count decroused during ﬁhe first féw
liours followinz the completiog of troatment; thoreaftar.so eigni-
ficant clteration wus seen. Theo lymphocytic vaelues decronsed
sherr:.y immeciately follewing the itreatmeni. The values ;eturned'
to rro-ralivtion levels approximziely two weeks ufter the com-
rletion of the treatmont. Mlo othor abnorrmelities wors attributed
to the elfects of tho rudistion exposure,

Cege IV. & 7é-year cld whits ferule geve 8 histdry
in Jenunry, 1942, of 8 muss n the_right breast for the past
5 years. Fxeninetion revealed t carcinome of the right breast
with netnstasés to tre fisht axills and supraé1nviculer region.
locel radimtiorn thercpy was giver to the right breast.and axilla
in Januery, 1942, On April 7; 1943, 60 r of total body radirtion
was glven., AT tlst time tke locel disease and rotesteses were
uncontrolled, but no other retestases wére noted and heg general
condition was feir,

1Tre resuits of the henatolosicul studies asre given in Table V
and Fiéure 4. A rild, transient decreaso in the number of lympho-
cytes in the ciréuluting tlood is shovm. No othor effect of the
exposure is soen, The increuse in number of whito blood cells on
the b6th usnd 194tk days wos assocluted with ueute upper resbiratory

infections.

«16-
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Table IV,

Homatolonical Studies in Case III,

Tine ] Hgd | REC | wWBC/ ‘
Tre | Fost | Eno M/s o ! Foly Lymph Mo | Eos| Bas i Plat/mm®
JRx | Rx % | mn "% | Abs fg g A | ®| %
L________'L L ' ! l :

0 ,1608 4,70 | 8900 }cs 6184 {28 | 2492 |3 |4 | o0 | 360,000
1n — | - {7o0i61| 4819 jz5) 2765|143 § 0o | -
3k -- -- | 5200 &9 5508 126 usz {2 |3 1 o -—-
Sk -- -- | 5400 74| 3976 f21} 1134 |1 |4 | © .-
2d - -- | 6000 |76 4560 {18 | 1080 ]2 | 2 0 1} 300,000
ua -= | == | 6700 [75| 5025 |19 | 1263]4 j2 | © |} 300,000
5d - -~ |} 8200 |62 5084 |23 2296 |8 | 2 0 | 220,000
7d -- -- | 6000 |62 3720 |31 | 1860 {3 |4 | o 220, 000

1€d .- -- | 6300 (71| 4473 (23| 1449{3 {2 { 1 | 280,000
494 -- -~ 1 7400 |66 4334 |26 | 1924 |4 {3 | 1 | 230,000
564 -- -~ | 8100 |63 5508 |24 | 19445 | 3 | o0 ! 350,000
167d 16.4 |4.26 | 9400 |67 6308 |21 | 19746 { 6 | © E 200, 000
1814 15.9 |4.39 | 6500 {63 3740 {32 ] 1760{5 | 5 | ©0 } 180,000
196d 15.8 |4.31 | 8400172 6132 {22'| 1843,0 | 4 ; O L 210,000

209d.-  |17,0 [4.35 | 9200 |72 6624 |19 | 1748)a 5| 0| amm

223d 16.8 |4.33 | 6600 {65| 4290 {51 | 2046 .é 2l o .-
2894 145 |4.40 | 6800 65| 4420 [s4 | 2e10]1 ]| 0| o | 398,000
363d 14.5 |4.00 | 0400 | 65 5460 (23 | 23521 | 6 0 | 253,000
3774 14,9 |4.23 [ 7750 | 70 5425 |20 | 15502 | 8 | o | 207,000
3914 6.5 |5.42 | 7900 |62| 4898 {27 | 213 )4 | 5| 2 | 224,000

I Ubb*igs id 14,9 [4.75 (11,500 59 6844 {30 | 3480 3 6 A

-17- DOE / HQ




Figure 3. Case IIl ¢« Responses of blood elements following
e single exposure of the entire body
to €0 r,

-18.
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Results of Hematological Studies in Case IV,

Tuble V.

Time "Hgd {ReC { wBC/ , ; 3
i Pre | Tost| gns |M/ 5 Poly Lynph __ |¥o| Eos | Bas | Plat/mm
i Rx Rx 4 {mn® | mn® ~ Abs Abs {% % 4
178 14.0 1.23 {7400 | 69 | 5106 | 28 | 2072 |3 0 0 {176,000
24 § 13.5 k.34 {7800 { 58 { 4524 | 36 [ 2808 |6 | O o | 255,000
0 13.5 K.22 {8400 | 65 | 5460 29 | 2436 |4 1 1 {220,000
1h - - 7800 74 5772 20 1560 |5 1l 0 —--
3b ! - == |00 | 70| 5390 | 23 | 1772 {7 0 0 -
st | -- { -~ |eso0 | 60 | aseo | 32 2656 {7 1| 0 =---
14 -- ; -- lseoo | 67 | sve2 | 23 | 1978 |9 1 0| =--
24 -- i -- {6800 ! 72| 4896 | 22 { 1496 {6 | O o | 240,000
3a - |- (7000 | 72| 5040 [ 23! 1620 {al 12 o | 120,000
5d - [-- {8100 ! 61 4941 { 35| 28353 1 0 | 160,000
74 — 6200 | 66 | 4092 | 29 | 1798 {4 1 0 |.195,000
124 | 14,0 { 4:25/9300 | 61 | 6039 | 32 { 3168 |6 1 | o | 160,000
16d | -~ [ -- |6900{ 70] 4690 | 25| 1725 |5 0 o { 180,000
214 -- | -- |7200 ;68 4828 | 27| 1917 |4 1 0 { 190,000
284 = | -- |6m00 | 691 4278 | 26! 15924 1 o | 140,000
474 - 1~ |06600 | 57} 3762 | 36| 2376 |6 1 0 | 180,000
s64 -- | -- 14,000| B3 }10,820]| 15} 2100 {2 0 o | 185,000
704 e |- |9800 | 66] 6468 | 29| 28424 1 o | 125,000
84d — | -- |7900 | 63| ¢977.| 31| 2449|5| 1 | o [ 220,000
1124 -- -- |7200 | 59| 4248 37 | 266414 0 0 250.000l
10bb188 e |
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Table V, {(cont'd)

Re3ults of llematological Studies in Case IV,

o t
Time tgb | RBC | WG ‘ 5
o oot less ujz s p—Polv___ L Lymph _ f o Eos | Bas | Plat/mm
Rx e < ol o] % ! Abs | % , Abs % 4
. —_— —d
detd |e- e 7500 £9 14425 | 28 2850) 3 ¢] 0 | 270,000
19544 (14.% 3.82 111,500 71 {1 8165 27 |1 31051 2 0 0 400,000
168¢ {~= - 6300 68 | 4284 271 1701| 4 1 o] 220,000
1824 .- - 6500 70 | 4550 261 1690] 3 by 0] 163,000
2078 |- - 7400 G7 | 4958 | 29| 2146] 3 1l 0 | 205,000
- . —
10bb189 -
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Figure 4. Cese IV . Reapoasos of blood elementia follovwing &
sincle exposura ¢f the entire body to 6C T»
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Case V. A white mele| ~ , aged 57, showed in October, 1242
an advanced carcinoma of tho epiglottis involving the left sub-
glottel region. In thet month, 6500 r wus given to the left cervical
repion,but the locel lesion wasfnot controlled. letestetic lpsions
were noted.subscquently in the cervicei iyorn nodes. Tracheotomy
was done in April, 1943, On Juane 4, 1943, 27 r total body radiation
was given., 1lia ponernl condition at that time wacs good,

Tre results of the lematological studies are given in Teble VI
end Figure 5., The totsl white blood cell count increesed slightly
following the trestrent and @ slight leukocytosis is noted through-
out the 174 deys of observation.

Cese VI. A Bi-yeer 0ld male in Juauary, 193¢ had a
carcinora of the left Lemilerynx with fixation of the larynz; Duriag
January and Febdbruury, 1939, 40350 r wes given to tho lesior tarough &
sirgle field. Cn Junc 26, 1943.120 r total boly rudisticn was given.
The patient®s genorul condition was goot, althcusgh the locel discase
vas uncontrolled at tliat tire,

The results of the haratological studias ere given {n Tadle VII
and Figure 6. The 24 and 48 hour platelet courts are deprcssed, The:
post-r5diation lyiphocytic velues cro ull distinctly lower than the -
pre-rndiation value, This_effect persisted thrcughout the pariod of
study, and is the doninent post-ruaintion chanse. |

Case VII, A 65-yecr o0ld white male \ was found %20 bavo &
transitional cell carcinema of the larynx, which was treated with
x-rays in lay and Juno, 19435, The locel diseaso was uncontrolled,

however, On .August 28, 194Y, 120 r total body rediation was given.

-24- | | DOE/ HQ



Tuble VIU

Results of Henstologioal Studies in Case V,

Time | mgd 'REC wmc/ | i ; | 3 |
Fre I Tost | gns W/ 5 e Toly __ lymph (Mol Fos ' Bas Plat/mn
Rx R | % ‘mpnY mm” - %] Abs ¢ Avs ;% % %
; | 1 Y 4 ;
0 t 11.9 4,2§ 96C0 ; 23! 9008 . 19 1824 %5': 2 2 1 i ---
| i 1h o= | -- 9800 { 75 | 7250 18, 1764 %4 51 o % --
; 3h - -~ 10,6C0 | 78 8268 18 ; 1908431 1 | 0 ; -—-
| sa -~ |--hz00 { 78| @750 15! 1875 §4 2 1 i -
; 14 - -- ﬁl‘ooo 92 | 7920 18 } 1980 el 111 3 .-
| za -- --'gl,ooo 74| 81401 17| 187046 | 2 {1 § 340, 000
| 34 SR ﬁz,zoo 75 | 9150 ; 17§ 2074(5| 2 {1 ; 350,000
© sa U fn,ooo 76 [ 8250 5' 1819804 | 2 |2 ; 335, 000
g 8d |- — ! es00 | 75| 525 | 17| 1693{5| 1 | 2 [ 400,000
b oisa | .- --' 9200| 70| 6370 24| 28a{s| 1 | o } 240,000
21d - --i, o500 | 671 6375 19 | imos |4 | 3 | 1 } 300,000
; 35 | -- |--i Baoo| 73| 6132 20| 16s0|s| 2 | o 275,000
| 49a e | --f0,400 | 66| essa| 23| 2302|7 | 4 | o {225,000
634 —e |- 7200{ 63{ 4509{ 25 1825{9 | 3 { o | 213,000
77d -= | -=| 7700 | 72| ss4a| 18} 1336]6 1 2 | 1 | 210,000
914 — | --] 9c00| 7] ca90| 20| 1800}6; 2 | 1 | 270,000
1194 11,5 4,4010,806 77 8346 14 | 1072 |6 3 0 { 310,000
1334 11.2 [4.26] 8200 | 78| 6396 | 18 | 1476 |2 | 2 | o | 270,000
" | 147 | 12.43.91)14,90c0] 91 [13,559 | 9 [1241]0 [ o | o |320,000
1604 | 12.4[3.64]10,400 70| 7280 | 129 | 12976 |6 | 4 | 1 | 320,000
1744 11.8 }3,59/10,600] 751 %eso | 17 |1so2 {4 | 3 |2 580,600
i0bb193 s DOE /HQ



Figure

10bb19Y

Responses of tlood elements following &

sinzgle exposure of the entire body to 27 r.
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Results of Homatological Studies in Casze V.

Tatle VII,

( Time <_i Hgb |REC | WwIC : i t i ;
Fre. Iost | ens (W, | | Foly 1gnph [ Mo| Eos [Bas; Plat/ma® |
Rx | Rx % |mm o “{q Abs | % Abs | % ® )%

SR : —_—t
0 | 1s.2 |¢.50] 9400 |76| 7144 l2af 974 P2 | 2 | o 203,000

2h i - — | 9000 173| 9227 lzs| 2227 13 1 {o ---

& | .- -- | 7570 {771 5021 1a-_ 1314 | 3 2 {0 -

6h .- -- | 8050 {71 5680 {24| 1920 } 4 1 §0 -
1d -- -- 1 7300 |75 5475 {19 1387 | 5 1 0 70,0C0.
22 .- -- | 8670 {82] 7052 {15 1290 |3 o | o] 140,000
- 3d - -= | 7070 |{73{ 5183 |22 1562 | 4 1 | 0} 244,000
44 - -- | 8480 |85 7225 |10 840 | 4 1 | o| 218,500
74 - -- | 6400 (74 4736 |22 1408 | 3 1 0 | 261,000
144 -- -- | 8100 i77] 6237 18] 1458 | & 2 | o 135,000

214 - - | o800 |81| wous lis] 1470 |3 ] 1 |o -
284 -- -- | 6900 {7¢] 5106 f19! 1311 |s 1 | 1] 176,000
56d -- -- | 7400 {77| 5998 [16} 1184 |3 1 |11} 120,000
704 .- -- | B400 {78! 6552 18] 1512 |3 1 |o 230,000
984 -- == | 5000 |70| 3500 f21 1050 | 4 3 | 1{ 230,000
113d 14,9 |4.39] 5200 |71| w92 |=3] 1206 | 4 2 | o] 290,000
1274 14.7 4.20] €100 |so| 4880 |18] ‘1098 | O 2 {0} 153,000

-28-
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Reuponses of blood eieménts following @&

Figuro &, Caze VI °
single exposure of the entire body to 120 r.
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10bb199

The general conditton wus fair et the time of the exposure. The
laryngeal ieaion s 1nrectedf

The results »f the heratolosical studies ere prescented in
Teble VIII and Figure 7, leukaéytosis due to &n elevation in the
nunber of peutrophiles was present throughout the poriod of obe
servetion snd wi:3 merked on the 49th (last) day, The lymphoéyte
count was very low on the 3%:th duy, A decrease in the numbers of
red blood ¢4lls and in emoaut of hcmo;lobin is noted.

" Case VIIl. & OD4-yeer old white male first seen in
August, 1943.showed e squerous cell curcinonc of the epiglottis and
bisse of the “nnpue técether with bilaﬁeral cervicul adenoysathy. Ona
Seyterber 11, 1943, 120 r total body reciution was given. The
heastologicel uiuciss uré given 4n Tedle IX and Figure 8.

The totel white bluod coll count was sligl.tly hishithroughout
the period of observation, duo to su increase in th2 number of
reutrophiles, Tgu platelet counts frcm the secord to the fourteonth
day were elev:ted above the pro-irradiation valuen,

Tha Arneth counts (Tatle X) do not show any sienifieﬁnt
elteration. Arneth counts were done also on other cases in Group I
with similar results, |

Groap 71,

Cese IX. 4 73-yoor old vhite msle " had a squanous ceil
carcinoﬁa ol' the dorsus of the right rand with wigeSprcud metastasnes,
He was given 502 r total body ruciation in six trestnonts betveen

Nowember 26 aund Deconter 20, 1943,

~31-
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Table VIII,

Results of lerutological Studie¢ in Case VII,

. . : : ' 1
Tims { Fgb | REC | wWBS ‘ L ' .
IE: P;it 828 n;ués m:ns : % leAbs ?a l l 1AIIJB ’;0 l\ E;B I;’ -.).Plat/m
M . . ’ -1 1 :
o | 13.6 4.49'h4uvoo' 79 | 11,760 w6i smos| s 11| o) e |
1n -= | -- he,000 o0 |11,920] 131 1937] 6 | 1 | 0 | ---
3 | -- | -- Q4,400| 78{11,232{ 26| 2006} 5 § 2 | 1 | ---
sh -- | -- hs.700{ &3 {13,001 ) 12| 1884} 4 | 0 | 1 | ~-e
1d -- | -- h2,900] 82 {10,576 | 11} 1419' 6 | 1| 0 e
ad - | == f12,700] 85(10,795] 13| 1s51] 2 | o | o | -
74 - | -- D2,200] 77| 9,394} 17| zo7s] s | 1 | o | s10,0c0
354 | 12.3'4.16 11,100 90| 5,990} 6| ess| & | o [ o | 270,000
49 | 12.2|4.0123,700| 85| 20,145 21| 2607{ &4 | o | o } 237,000
| -32-
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Figurs-'l. Case VII s Responses of blood elements following a
single exposure ¢f the entire body to 120 r,
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Table IX,

Hematological Findings in Cese VIII,
Time Rgb)] RiC| WES | : -
R 'l ﬁés o | F fOI Ava %LymphAba :?; E;? B;a Fans/on
T

; .
74 12,61 3.64013,900{ 76 | 10,564 |19| 2641 { 5| o | o] 301,000
0 —- | 3.s0h1,000{85] 7150 |24| 2640 f10| o | 1| 170,000
2h - 3.81 14,500{ 74 | 10,730 |18 2610 6 1 1} 370,000
4h ew | -- h1,500] 75| 9044 26| 2906 | 7| 1 | o] 350,000
6h -~ | 4.153,400 75| 10,050 {20{ 2680 | 4| 1 | o] 300,000
1d -1 aa1h1,700{ 78| o126 l1s| 1785 { s! 2 | o 310,000
24 w | - l1z,900! 81| 10,449 {23| 1677 ['si 1 | o/ 530,000
44 - -- }12,400] 85| 10,064 |12 1488 | 2 o | o]. 509,000
8d  J13.0| 4.c1f10,300; 85| 8795 {13| 1399 | 2| e | o] 480,000
15¢  |12.z| 3.96[12,900] 80| 9520 {14 1666 | 6! -0 | 0| 500,000
" 39a  |12,5| s.e0)11,000{ 71} 7810 |24] 2640 | 4] 1 | o} 370,000
50d |10.6] 3.57[15,700] 89| 13,973 [11] 1727 | o] o | o] 220,000

1066803 wse-
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/aneth Counts in Case VIII,

Table X,

10bb8OY

Tine Arpeth Count
ol FPost _! :
Rx Rx 1 2 3 J[ 4 5 Total Nunber Lobdes
) 9 44 | B4 11 4 253
2h 10 | 39 42 8 1 251
4h 12| 34 | 43 11 0 258
6h 9 43 | 36 12 0 251
14 6! 35 | 43 14 2 269
| 24 131 34 | 33 19 1 266
44 12| 32 | 43 7 0 245
8d 19 34 | 42 5 0 £33
15¢ | 15| 4c | 32 8 | o 232
\ 39d 18} 43 | 35 6 1 232
504 17| 42 | 34 7 0 231
~36-
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Figure 8. Cese VIII . Raaponees of blood elements following &
Single expsure of the entire body to 120 r,
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39

Tha first und cecond treetnents were given on Novenmber 26 ——f"
end 27, and the third to the sixth treotments were given on .
December'lﬁ, 17, 18, and 20,

Transient nasucey and vormiting were noted after the first two
treatménts and eguin ufter the eixth, "Bectuse of the condition
of the feticnt (see TFigure 9), 3750 cc of citrated whole blood
was giver to him between the 26th and ¥0th days. His general
condition was poor for one week after the completion of the treat-
ments, The clinicel rocovery'wab preceied by en incroase in the
white blood cell levels, |

The henetolopical deta ers prescrted in Table XI end Figure 9,
The totel white Llood cell count was §omewhnt dgpressed by thé first
tvo treatments, the general level fallinn by sbout 2,500 cells per mmse
A profourd effect wus noted Tollowineg the third and subsequent treat-
ments; the totul white hlood eell count dropped steadily from the 1Bth
day to the 31lst duy at wh}ch tine i1t rcached a low of 350, The
polymorgphonucleur ¢ell reuctions closely puralleled thut of the totsl
vhite blood cell count, Tne lynphocytes were markedly reduced in
nunbers after the first two ti'eatments and did not appreach to pre-
radiation levels until the 50th day efter therapy wos begun, Of the
blodd elements studied, the lymphocytes‘were affected the éarliest
and the longest.

Case X, 4 67-ycur old white female hed hud chronie
theunntolid arthritis since‘194l. No provious radintion therapy ie
known. Tétallbody irradiution to & totul of 300 r was given in 39 days

in October and and Novomber, 1944. No narked change in the course of

the disecse vas roted durinz cr after the treatnents,

- ~39-
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Teble XI,

' KBematological Studies in Case IX,

U ;
Time o : ; |
¥re  Post :  WBS/ Poly Lynph Moj Eos | Plet/m®
l Rx Rx s % 1 Avo - % . Abs | %
3d 7800 72 | 8616 | 25 2008 | © 2 280,000
. 3Ch | 9200 79 j 9268 ) 18| 1655 | 3 0 190, 000
23 2750 67 | 5159 | 25| 1925 | 2 6 223, 000
| S islalel 9 | 8963, 23| 1655 5 3 150,000
: . T355 22 { 4896 | 27 137 3 1 160, 000
I * o B5C:0 5 15720 <o 2461 4 2 200, 000
i £ 950 7% | 5028 22| 1817 | 1 1 i%0, 058
€h 1 7550 79 {59251 20! 1500 | © 1 185,000
1€h 8600 . | 75 | 6450 | 18| 128 | 5 2 200,000
® 2¢h 7350 74 | 5402 1 22 | 1606 3 1 180,000
< 8300 84 1 6972 | 14 1162 0 2 190,000
| < 4700 80 | 4136 | 10 470 | O 2 200,000
i 2d 6900 B9 | 6141 | 10 690 | 1 0 -——
X 4@ 5300 { 72 | s251 ! 1» 590 (o] 0 220,000
l re | 5200 75 | 3744 | 17 624 | 1 .6 | .210,000
' €d | 5% 77 | 4345 | 22 935 { © 3 230,000
Ed | 5550 79 | 4235 { 17| 1210 | 2 1 200,000
124 | 5550 75 | 4345 { 17 935 | @ 2 230,000
174 4800 | 85 | 4080 : 13 624 1 1 180,000
1€4 6400 85 | 5440 15 960 | 0 0 |.200,000
1¢d 4500 81 | 38314 18 810 | 1 0 180,000
2cd 3090 g6 | 2580 | 11 335 2 1 i 150,000
* 2rd 3EEQ 82 | 3157 | 16 608 | 2 0 -
* 21d 3500 | 85 | 3060 14 506 | O 1 -—-
* 224 3400 83 | 2822 | 15 570 | 1 1 -180, 000
2:d 2700 84 | 2268 | 13| - 351 1 2 170,000
» 244
2¢d 1250 84 | 1050 | 12 150 { © 4 230,000
274 1000 51 510} 36 260 0 13 Lem—
2td 500 -- - -- - - -- i 160,000
3ld 350 - -- -- e - -- f 150,000
3id 350 .- o= - . “ - 150,000
3id 350 30 105 70 245 - - -
3¢d 400 - .- - .- - -- 190,000
304 1550 70 1.1085 | 30 465 | © 0 150,000~
3€d 1100 74 814 | 24 260 2 200,000 -
44 3000 87 | 2610 | 12 360 0 1 110,000
4%a 5500 91 | 5005 8 440 0 0 120,000
54 9000 84 | 7560 | 16 1440 0 ] 100,000

* Pays on which radistion was given.

-40-
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FPigure 9. Cese I- . Responses of blood elements following
exposure of the entire body to 522 r
in divided doses.
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T1e henatological datn are given in Table XII and Figure 10.
The toinl vwhite hlood celi count bogan to docline about 20 days
after the treatnents vore begun, The depression was maxinsl ape
proxiritely 50 ders af'ter the heginning of therapy and pereisted
until approxirmately thoe 80th day.

T5e polymorphonuclear cells, treir maturity measured by the
nurber of iobee in the nuecleus (Arneth count), showed a shift to
the mcre irrsture forss, The totel number of lolLes began to de-
creusc by the 15th dey after the expcsures began, the low point
being roacled on tke 63rd doy after the trestnments were begun.

. Recovecy was slow, preuirraQiation valuas were not yet ettulned
wlken tie studies vicre tercinoted oz the 83rd day, when the putient
wes dischurged from the hospitel.

Tie absolute lynphucyte count fell shortly ufter the treutments
begen 4nd remeined lew throughout the period qf observution. The
averaz: of the ﬁbsolu{e_number of' lymphocytoes in the pro-redistion
period is 5220 cells rer mm3° Tight days ufter x-ruy therupy'wae
begun, the lymphocyte value had dropped to apnroximately one-third
of the pre-radiation value, For the remeinder of the pefiod of
treatrant, the nurtuer of lymphocytes varied, but usually ves low,
The p¢riod followins treatment wes creracterized by a persistent
lymphcparnie. Tiro last three recorded lymphocrtic cqunts everaged
1661, approximntely 50 por cent of the pro-radiution velue. The
pre-rediotion value 15 abnorrelly ﬁigh and is prsbubly e reflection

of the chronic infectious process, The post-radiation vulue may be

43
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Figure 1{, Case X . Responses of blood elements following ex=
' Josure of the entire body to 300 r in
divided doses.

Y-

10bbB 15 . | | ' DOE/HQ



OH/ 304

g/ §7130

o1 sindys 9189901
NOILVIOVY 13SNO y3ldV SAVQ
oc! 021 80l 96 v8 oL 09 av 9¢ v 2l 0
| ] 1 | | B ! | | | | 1
- . ) = 00¢C -
- IR TS T B YT Y I TR B O 1
[~ \/ ( b
- -
— —{ 0001
. -1 0003
~ — 0oos
N 4
- INIWLIVIYL = - .
B INNOD ' NWd :e — 000%I
NOILVIGVY3IHd 3OVYIAV s +— 08M 0
L1 | ] 1 | | ] _ l 1



10bb8 11

Tavlo X111,

41

Res.alts of Nenns Nerrow Differentials in Case X,

: -k
| 9-23-44 [10-5-4411-2-44 " 21-13-44 [11-20-44
|
L% % £ £ £
¥ysloblests 1.3 1.6 0.6 0.8 0.15
Promyslocytos £,6 1.4 0.4 0.2 0.9
Myelocyles: Neutrophiles i7.0 15.1 16.0 10.2 5.9
Basophtles 1.0 1.6 1.8 2.2 1.0
Eosinophiles 0.2 0 0 0.2 0
Netemyelocytes 16.5 15,6 16,0 12,4 3.6
Stave ) 6.8 a,el 32,6 6.0 1.5
N Neutropl?i]ea 15.0 19.4 ‘ 34,6 39,3
v Eos{nophiles’ 1.8 | 1,6 1.6 1,0 8.8
1Y Bacophiles 0,26 0 o 0] LY
Lyrphocytes 11,6 | 12.8 | 7. 8.6 | 18.5
Flusre Cells 0.4 0.4 0.6 0.4 0.86
Mrnocyves 0,3 0 0.6 0.4 2,7
siculun Cells 0 0 0 0 0
Yegakaryocyt.es o] 0 ) 0 0
Proarythyroblests 0.2 0 0 Oo2z 15,5
Exythyroblasts 24,9 22,9 | 21.3 ?AOB)
Ncgaloblasts ‘ 0 0 0 | o] 0
4G~
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lower eitrer 83 o direct effact of the redistion or as an indirect
effoct resulting from improvement in the generel condition of the
patient, which clintoslly, liowdver, wes not marked,
Bcne marrow studies revealed that tha reletive number of
promyelocytes, noutrophilic myelocytes, and metamyelocytes de-
creasc¢ durings thr period of observation (see Teble XIII), This
decreuse was matchod b an increase in the relative numbers of stab
forms, polvmorphonucleer neuatrophiles and eosinophiles,
4 ZHeyocr old white forsle | with a history of
pein and stiffness of the Joints of four roars duretion was Tirst
seen ir 1941l. Iocal radiution therany to the left knee wes given
in Octcber &na liovusber of thgt ye&gr. In nine days in November; 1945,
eight treztments of totcl body rediezion were giQen, to & total of
87.5 r. For sore tins prior to tre=iment the patient had teen confined
to bed decause of her arthritic lesions. Hor general condition, which
was poo.r, was unchanged during and folloviing her total body irrsdistion, -
Th2 hexnatolegical éaga are given i{n Table XIV end Figure 1ll. |
- The tot1l white blood cell count, always low, was further depressed
during :he ten days follow“ing the comrletion of the treatments. Sub-
soqucnt.y, other periods of depression in the total white blood count
werc noed, the nost merkad Leing on the 94th dsy. The absolute number
of ncutrophiles rcuzkly paralloled the totel white blood cell counts,
The numwer of Jotes in the polymorrhkonuclear colls showed & definite
decreéso, which was rost marked on the thirty-fifth day after treate
ment wa3 bogun; tlie rise to pre-radiction levals wAs prolonged, The
absolute number of lymphocytes fell trgnsiently durinc end intermit-

-

tently following the irradietion period, returned to more normal values

—50-
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Figure 11. Case X1 . Resronses c¢f blood elements following
: ‘ ex)oeure of the entire btody to 87 r 4in
di7ided doses, .
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betwiren 17th end 30th deys, and then fell to low vilues agein
betw.en BOth &nd 120th deys, The hemoglobin, hematocrit, end

rod lood cell velues doclined steadily throughout the period

of osservation, The platelet count wus depreaéod from the 38th
io te 50tk days, recovered to mora normael values transiently,
and vas a@galn depreesed from thoievth to the 108th days, Normal
velu s were avain recorded before the study was terminated,

Group 111

The three paracns forning this grcup wera young mele foluntoors
whp yere chosen to receive totel lLody irradiation because théy were
norr il in very knowr respect, A total of 21 r was given to each of
the subjects, |

Cesy X11. A Z5-yezr old white nale, Toceived 3 Aoses
of totel body 1rrad1;tion of 7 r esch on October 16, 17, and 18, 1944,
Tbe results of the coelluler hematological atgdies are given in
Tabla XV, Mo evicdence {s seen of elierations in the elements of the
blool reprrted here, It will be seen that the total white blood cell
coun.s, the percerte3o end the absolute number of neutrbphilea_
fluccuste more thun in Cases XIII and XIV,

Case XIII, A 23-year old white mele | ; ¥&80 given 7 r totel
body radietion per Cey on October 30, 31, &and Novembor 1, 1944, The
rosults of the cae)luler homatologicel studics are given in Tablo XVI,
No evidence of alteration in the elements of the blood repo;ted here

is roted,
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Cese XIV, A 23-yser oid white molei?f?f&, an employoe
of the Metsllurgicol labLorutory, volunteered to receive 7r to%al
body radistion per day on Novernher 70, 21; and 22, 1944, The
results cf the cellular Lemntoldgical stuﬁies aro given in
Tabls XV1I, lone of the fluctuutions otserved in the various
cellular elencnts cof the tloocd are felt to be due to the effacts

of the rediation given to the subject,
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Discuseion

Group 1. The rmost remarkable feature o!"the heratological
studiés of the eight putients receiving single déses c'>f x-rays is
the lack of any uniform persietent effect on the elements of blood,
.Prior to the onset of this study it seemed likely that one should
see a narked effect on one or mors of the cellular elenents-of the
blcod following exjosure3 of pcrhepslsor of~tb§h1'bbdynrsdibt£ono
It was becuuse of the luck.or this effect thet 1% was decided to
increase the acse in Cases VI, VII, and VIII to 1207, However, no
maTked uniform effect was noted as a result of the increased dose,

The lymphocyvtes slowed the orly uniform résponse of any of the
blcod elements that were studied in this group. In every instance
but one {Case V) there vas a dro» in the numder of the lymphocytes
ia the periphersl tload during the first four days, In Cases I,

11, v, end VIII—thc lvmphocyte level was somevwhet lower throughout
the period of skudy followinz irrndistion than before, Arneth
counts were done on 5ix of the eight cases in this group., No change
10 either ‘the total numbsr of lobes por 100 cells or in the per=
centage of cells with a given number of lobes wa3 noted,

Clinically, nc deliterious effect which wes attributed tq the
treatseat was notec by the petient dﬁring the periods of observetion,
Particularly, no rediaticn sickness was induced in any of these
patients. Indeed, one pctient spontoancously remnrked thag tho trvate
mort mude him fosl decidedly better, and wanted to know if he could

huve some furiher troatnsnts, -

P P
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Group II. The zkfeg cuses of -this pgroup Giffer in all
respects except thut they raccivad nultiple dones. Case ¥,
who received tro larzeat total doae {500 r) reaéhed a low.in
both pclymorphoauclears and lymphocytes on the P8th to 34t1 days
aftef sturtine trcatment but g;purently recovered after traus-
fustons, Case 7 reacksd & low in polymosrphonucliar count on
the 53rd day after starting troatment urd thereafter & gradual
rise occurred.

Cuse XI had relstively small numders of &ll thc blood
elerents und £o 15 not cusy to grouy with Cases IX &nd X, A low
point in polymorphonucicer and lympheocytic values wes roached
ebout the 50tk dar, rollcueﬁ by a grudual riss toward.normal values.
Recovery of thé l'mphocytes was slower thez for the polymorphonucleer
cells, |

The marked, though transiant depession in the neutrophiloe,
lymphocyte, and rlatelet counts noted in Case XI about 100 days
after the onsot of thefépy, i3 interesting in thbe liéht of' the
findirgs of R, S, Stone and B, V, A, Loguneer(lz) who feel that
their casos indicate traut this drop may be a delryed résult of the
X~-ray exposures,

Group III. o evidence of change in the cellulur elerents of
tiie blood wus notid in exy of'thusc cuges, It will be ranémbored
th#t the individuals wore all nomal nales insofar as.could be dea-
oustrated, These casas were of particular interest to us {nusruch
as thoy indicated that ecute exposure to far more than tha maximum

pormis3ible level of 0.1 r par working day could not be expocted to
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prodice diagnostic changes in the elements of th; peripheral
blooi which were studied.

From the pructical point. of view, those studiea_ahould‘
have been extended to include the exariinaticn of ifndividuals
sudbjucted to from 0.1 %o 1 r por day.x-ray exposuse for long
periods of time, For obvious reassns these studies were not
undortaker with humans, Sipce, however, the data discussed
above checks In a gereral wey with experimeniel dets on animals
with comrarable rates and amounts of exposure(14) it 1s psrhaps
reasoaable to assume that the aniral data ohtained at low levels
of exposure for protracted reriods of time are applicadle, at
least aprroximately, teo the effects which might he ceen in humens,
Tuese data are preserted in Volumes 22-.4i'end 5 of tris series

and summerized in & perer.in this volune,

Surpary

1} Results of ux&minstions of eleacnts of the peripheral blood
in fcurteen individuunls following exposure to total boay radiation
are prosented. Thre individuels are divided into three groups:
Group I consists of eight inaividuuls who were irradieted with x-rays
at ore sitling; Gro&p I1I conosista of three individuals Who were 1r¥
radisted with x-rays in divided douses; énd Group 1II consists of
thires normal indivicueluy who were irrediated with x-rays by 3 dosos
of 7 r each,

2) 1In Group I the most persistert abnormality noted was &
dimination in the number of lymphocytes shortly after the completion

of the treatnent,
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3) 1n Group II depression in the lymphocytic count was also

the moat marked single chango,
4) 1In Group III no ‘alterations were noted in the slenents

of the peripheral blood which were studied,
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