) iminn

w g

1RELEE
Mn..lu.:i.

LR

2lplibd)
=t

LT

ik

L

_ammw_mm.

=
it




TECHNICAL REPORT SERIES
¥ WM OB 5 F %

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC ¥ 513, ABCCOBHAABLURABMEA, HM, FBL BFLsPIIR
MOMEHEHEOERICG U220 OHXEBMBIZL 2T TH L. FEHRMEHBL THL OERD
HEBRIRILOTIRE W,



TECHNICAL REPORT
17-66

-

SPLEEN SHIELDING IN SURVIVORS OF THE ATOMIC BOMB
BB W% B LEFEICE T B B K E K

PETER B. GREGORY, M.D.t*

ROY C. MILTON, Ph.D.?

MARIE-LOUISE T. JOHNSON, M.D., Ph.D.!
TADASHI TAURA, M.D.! Hili &

Approved 7RER 7 June 1966

AB%CC

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKI, JAPAN

A Cooperative Research Agency of

U.S.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL
and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds provided by
U.S.A. ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.S.A. PUBLIC HEALTH SERVICE

F ® # ® B E F R =

sk U

Kk EH ¥ LR - FW 2 W FEHEETTNHE N RN
o B K HEOMEFREEREM

KB FHERAR, EERENLTHMCERRN S & CRELRGENOFRRIZLS

Departments of Medicine! and Statistics ?
BRIRER Y & & USSR ?

tSurgeon, US Public Health Service, The National Center for Radiological Health, Population Studies Program, assigned to ABCC
He[E 4 gl 4 B HOATHE R EE v 4 — A O3 35§l AR P AT R BE AT T ABCC iR GE



A paper based on this report has been accepted for publication by Radiation Research.

AL 2 H-5 { #L1E Radiation Research (2 FE & i /-,



CONTENTS

B X
Intiodirction B B s e I N e T e T R R 1
Methiods andMaterials BB S RBE o niin i s s R S s 2
Results B TR e T e R R R T S e 4
Discussion &' B onriraie e i i oy i s ooy T 5 AN oS s b LT A s 8
Summary o TR s T 0 e S A A e e S AR AT A i o 10
Appendix Sequential analysis of spleen shielding daca [ B3 i ¥ 4 0 3B KB HT ...l 11
i & Listof Cases FE— 00 L e e 16

References B 3MA o it 18
TABLES £
1. Population evaluated for study

BEASE & LT E BB . oveionnssmrmnns snesnss snsmssnnessnesns s Sas AR5 S HT R S S O 4
2. Study sample by age, sex, and quadrant

s R s T 6
3. Hiroshima sample by distance and quadrant

IEMEA: HEREEME o BB DU B it or s s e ot s S 0 0 WV e R e IS R S e e 6
4, Hiroshima sample by age, sex, quadrant, and distance

B SERE S s MREFEO IR BT i st s s e e i b g b 7
5. Hiroshima sample with acute radiation symptoms

B BERERE S DB i iiiiniinii i v dosavanva s omis sssv'es se s v sous ruiedaasns s avsens 7
FIGURES &
1. Cross section of body at epigastrium level showing quadrants

ROBBESFE R T ORI D ..o svbias srassbs bbb dan s aiar s re e sos sy s sanas 3

2. Sequential test of hypothesis C for distance group <1300 m
ERRECI300mM I 2V TITL o S ERCOBRME .ovtiiciiininiiishivereae s ive s ivesaiaias s iv s ns siivns 15



SPLEEN SHIELDING IN SURVIVORS OF THE ATOMIC BOMB
RBEBEFTECS U 3 8 HE&K

INTRODUCTION

In 1949, Jacobson! first reported that lead shielding
of the exteriorized mouse spleen would increase the
LDy, of ionizing radiation from 550 R to 925R.
Increased survival in the spleen-shielded mouse was
later found to parallel a rapid recurn of bone marrow
funcrion, not seen in the control group.2.3 Both the
migration of splenic hematopoietic cells to the bone
marrow and the production of a ‘myelostimulatory
factor’ 30 by the nonirradiated spleen have been
postulated to explain this phenomenon. Transplan-
tation of spleens to splenectomized and intact mice
enhanced their survival after irradiation,’ further
confirming the radioprotective ability of the normal
mouse spleen. Spleen-shielding experiments in other
species demonstrated enhancement of survival in the
rat, but not in the rabbit or dog.”:8

Surgical removal of the spleen prior to irradiation
failed to reduce survival in the mouse? and increased
survival in the guinea pig.'® These findings, at
odds with the demonstrated radioprotective effect of
the shielded mouse spleen, may be explained by the

known myelodepressive effect of splenic irradia-
tion, 11-13

Although the enhancement of survival in the spleen-
shielded, irradiated mouse varies with age, this is
considered to reflect an age dependent susceptibility
to radiation rather than a variation in the radio-
protective ability of the spleen.”’

The above work suggests that the spleen, whether
shielded or not, can influence the recovery of some
experimental animals after irradiation. The splenic
influence may be complicated and considerably
modified by species variation. Any implication
derived from these data that the human spleen
functions in a similar manner must of necessity
be tenuous.

This paper reports the results of efforts to detect an
influence of the spleen on the recovery of persons
exposed to ionizing radiation in Hiroshima and
Nagasaki. Included in this study are 291 such
persons. The results indicate that Hiroshima
survivors with scars who were under 30 years of age
at the time of the bomb (ATB) and exposed within
1300 m from the hypocenter twwlerated splenic
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irradiation poorly. In addition, splenic irradiation was
accompanied by more frequent epilation and fever in
survivors with scars over age 30 ATB.

The conclusions drawn are based on the assumptions
that the oriencation of scarred survivors with respect
to the hypocenter ATB was random, that distance
from the hypocenter is a reliable index of exposure,
that any shielding was either negligible or distributed
uniformly among the scarred population and finally
that any observed effects were actually due to an
influence of the spleen.

METHODS AND MATERIALS

This investigation was undertaken with the knowledge
that the body itself is an effective shield,!? that the
spleen is located far to one side in the human and
that the flash burn scars of some persons exposed to
radiation established their orientation with respect
to the hypocenter with reasonable accuracy ( +459).
Insofar as most thermal energy and radiation reached
each survivor rapidly, and before the shock wave, 13
it was assumed that the area of scarring indicated
both the survivors’ position relative to the bomb and
the general direction from which they received the
bulk of the ionizing radiation. Through internal
shielding, the dose to the spleen was considered to
vary inversely with the thickness of body tissue
interposed between it and the ionizing radiation. It
was proposed that fewer people would have survived
if irradiated directly over the spleen. Survivors with
flash burns indicating body protection to the spleen
would be more numerous by comparison.

The method was simply to estimate the survivor's
orientation towards the hypocenter from the position
and extent of his scarring. Only survivors whose
body scarring was extensive and consistent with
a reasonable posture or attitcude towards the source

of radiation could be considered.

This evaluation was made during routine dermatol-
ogical examination of ABCC-JNIH Adule Health
Study !0 members seen at ABCC from 24 August
1964 to 3 March 1966 in Hiroshima and from 16
December 1964 to 10 January 1966 in Nagasaki. The
dermatological evaluation team was composed of
three members conversant with the purpose and
method of the study. On occasions, separate evalua-
tions of the same subject were made by two or three
investigators. These estimates agreed within £45°.

For the purposes of analysis, a cross section of the
body at the level of the epigastrium was divided into
four quadrants, ( Qq, Q,, Q3, and Q4 ) one of which
(Q3) included the spleen (Figure 1). The location of
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FIGURE 1 CROSS SECTION OF BODY AT EPIGASTRIUM LEVEL SHOWING QUADRANTS
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the spleen in the Japanese is based on the best
estimates of the internists and pathologists at ABCC.
Survivors were then assigned to four groups corre-
sponding to the quadrant of the body in which they
received their irradiation. Those survivors for whom
the estimated direction of the hypocenter fell on a
line between quadrants were considered to be half
in one quadrant and half in the other.

For purposes of discussion, survivors irradiated in
Qr, Qj. or Q4 are considered a ‘spleen-shielded’
group and those irradiated in Q3 are considered as
‘spleen-irradiaced.’

The analysis compares survivors by quadrant, age
ATB, sex, and distance from the hypocenter. The
analysis further compares the survivors in quadrants
with respect to the presence and type of radiation
symptoms, occurring less than 2 months after
exposure. Probability estimates are presented
where significant. A preliminary analysis based on
sequential methods provided no additional informa-
tion.

For ease of comparison, the proportions,

%

P: = and P2

LT U 4,y

are included in most tables in the text. The quanti-
ties Qq through Q; are the number of persons exposed
in quadrants 1 through 4 respectively.

P compares the number of survivors irradiated in the
quadrant containing the spleen, Qj3, to the number
irradiated in the quadrant opposite to the spleen, Q.
This ratio compares survivors in whom internal
shielding of the spleen was maximal to those in

Q;
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whom it was minimal and does not include those in
Qy and Q4. P; will equal 0.50 if there are an equal
number of survivors in both gquadrants, and it will be
greater than 0,50 if there are fewer survivors in the
quadrant containing the spleen.

p2 compares the number of survivors irradiated in
the quadrant containing the spleen to those irradiated
in all other quadrants. [t includes all survivors in
the study sample. P2 will equal 0.75 if 25% of all
survivors were irradiated in the quadrant containing
the spleen and it will be greater than 0.75 if less
than 25% is in the spleen quadrant.

Although the data from both cities are presented, the
analyses do not include data from
Nagasaki, because the numbers in this city were
considered too small to be meaningful. Analyses of

subsequent

combined Hiroshima and Nagasaki data were not
warranted because the radiation spectrum from the
two bombs differed.17
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TABLE 1 POPULATION EXPOSED WITHIN 2000 m FROM THE HYPOCENTER
EVALUATED FOR SPLEEN SHIELDING STUDY

#l BOHLA 52000m R TR LIMRGERFATOMR L L TR EAE

Hiroshima J& &

Nagasaki F# Total &t

Category
B % Male Female Total Male Female Total Male Female Total
5 % &#t 5 * frit % b's & at
Dermatologic examination
B RE B %R 1167 2125 3292 370 580 950 1537 2705 4242
Subjects with scars (10 + cm)
B (10+em) 2 H+ 56 8% 194 306 500 35 45 80 229 351 580
Subjects included in study
A R H 99 156 255 16 20 36 115 176 291
RESULTS w ®

During the period of study 4242 survivors exposed to
radiation within 2000 m from the hypo-
center were examined in both cities. Of these,
580 were found to have scars over 10 cm in size.
From this group, 291 were scarred in such a manner
as to allow an accurate estimate of their position
relative to the hypocenter. Table 1 presents the
number of survivors examined, the number with
scars over 10 cm in size and the number included in
It is apparent that relatively

ionizing

this study in each city.
few survivors exposed within 2000 m were heavily
scarred and that survivors selected for this study
represent only a small fraction of the total exposed
population.

WA A, W T, EROH 2 52000 m il ¢ HEK
IS5 s R AOEBREFERHEOBE MTabh
. ZhooElEo Y 5, 580 A210em % il 2 2 H5IR
bt ZmH b 291 NMIEHROIRE RO H T
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MEIZGENLMAOMEBEHEORETRT. 2000m KT
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Table 2 gives the age ATB, sex, and quadrant
distribution of the survivors in both cities. In
Hiroshima, the survivors, age and sex groups com-
bined, are almost equally divided among the four
quadrants and the ratios, P; and P, closely ap-
proximate the figure expected from random distribu-
tion. The findings in Nagasaki parallel those in
Hiro shima, although the distribution within quadrants
is less even. There appears to be no consistent
difference between age and sex groups in either city.

Table 3 presents survivors grouped cumulatively by
distance from the hypocenter and by quadrant. The
only significant difference between the observed and
expected values of P, and P, in these distance
groups is found for P, for the 60 survivors exposed
within 1300 m (P <0.10). Other groupings either
demonstrate no difference or are too small to be
conclusive.

In Table 4, the data are separated into two distance
groupings by age ATB, sex, and quadrant. The
group of 136 survivors exposed at 1500 m or more
from the hypocenter fails to deviate significantly or
consistently from a random distribution. In contrast,
the distribution of survivors in the group within
1300 m is skewed with fewer exposed in the quadrant
containing the spleen than expected on a random
basis.  The ratios P, and P, demonstrate this
finding for the group within 1300 m and emphasize that
it is restricted to both sexes who were under 30
vears of age ATB. Although the numbers are small,
the male survivor under 30 ATB appears less likely
to have received radiation in the spleen quadrant
than the female.

For those under 30 years of age ATB (sexes com-
bined), who were exposed within 1300m, the difference
between the observed and expected values of P, is
significant (P <0.05). Although a similar difference
for all ages combined can also be shown to be
significant (P < 0.10), this is due solely to the large
difference displayed by the younger age groups.

Survivors under age 30 ATB were less likely to have
received irradiation in the spleen quadrant in most
distance groups within 1300 m. Beyond this distance,
survivors of any age, sex, or distance from the
hypocenter received radiation randomly in all
quadrants.

The average age of survivors under age 30 ATB who
were exposed within 1300 m was somewhat lower in
those exposed in Q3 (15.4 years of age ATB) when
compared to those exposed in Qp, Qp, and Q4 (20.2,
20.8, and 18.5 years of age ATB, respectively), but
the dif ference was not statistically significant.
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TABLE 2 SPLEEN SHIELDING STUDY SAMPLE BY AGE ATB, SEX, AND QUADRANT <2000 m
#2 MBOERCGEAA: FUREEEM - 1% - BEKSE, <2000m

pl* Pz**
Sex Age Quadrant X% Q; Q+Qy+ Q4
ft: i #
Ql Q'Z Q3 Q4 Total &t Q1+Q3 Q1 +Q2+ Q3+Q4
Hiroshima 5 &
Male % <30 10.5 9.0 10.5  13.0 43 .50 76
Male % 30+ 205 105 13.0 12.0 56 .61 77
Total & & 31.0 19.5  23.5  25.0 99 .57 .76
Female % <30 170 325 2000 21.5 91 (46 78
Female & 30+ 155 160 165 17.0 65 .48 75
Total & it 32,5 48,5  36.5  38.5 156 47 77
Male and Female % # & 0% <30 27.5 41.5 30.5 34.5 134 47 77
Male and Female 5+ U'% 30 + 36.0 26.5 29.5 29.0 121 55 76
Total & it 63.5 68.0 60.0 63.5 255 51 76
Nagasaki &
Male % <30 0 3.0 4.0 4.0 11 . G4
Male % 30+ 0.5 1.0 1.0 2:5 5 .33 .80
Total # it 0.5 4.0 5.0 65 16 .09 .69
Female # <30 3.0 15 2.5 4.0 11 55 T
Female & 30+ 2.0 2.0 2.0 3.0 9 .50 .78
Total & 5.0 35 4.5 7.0 20 .53 .78
Male and Female % # & 0% <30 3.0 4.5 6.5 8.0 22 32 .70
Male and Female B # & 0% W+ 2.5 3.0 3.0 54 14 .45 .79
Total # it 5.5 78 9.5 13.5 36 .37 74

If direction of bypocenter was on a line between quadrants subject was considered to be balf in one quadrant and balf in
another. LD HEHRFMOBECHE5BEEHRELHHOE G EGFoORTEEH 1.

* If Py = 0.50; random distribution L4553 ** If Py = 0.75; random distribution E8 2 5 15
P; > 0.50; less in Q4 than expected Q3 M WiF & b A Py > 0.75; less in Q4 than expected Qi it L1 |
Bj < 0.50; more in 93 than expected Qs W £ DK Py < 0.75; more in st than expected Qg MNILMIFE &1 4

TABLE 3 HIROSHIMA SAMPLE GROUPED CUMULATIVELY BY DISTANCE AND QUADRANT
#3  EBEAORM M PRI - RS 55

PI* Pz**
Distance EBE Quadrant [X 5 Q Q1+ Qa2+ Q4

" Q Qs Q5 Q4 Total &t Qq + Q4 Q+ Q2+ Q3+ Qy
<1000 4.0 3.5 1.5 1.0 10.0 7B .85
<1100 5.0 745 5.0 4.5 22.0 .50 A7
<1200 9.0 13.5 2.0 T 39.0 50 7
<1300 16.0 20.0 10.5 13.5 60.0 .60 .83t
<1400 22.5 26.5 19.5 16.5 85.0 .54 T
<1500 25:5 36.5 27.5 2055 119.0 .48 A7
<1600 36.5 42.0 44.5 43.0 166.0 45 <3
<1700 49.0 49.0 51.0 5310 202.0 .49 oy
<1800 56.5 58.5 54.5 58.5 228.0 W] 76
<1900 63.0 61.5 58.0 60.5 243.0 .52 .76
<2000 63.5 68.0 60.0 63.5 255.0 51 .76

* *x Footnote Table 2 %2 OMiEIZF L
tThe probability of a value this large or larger under random behavior is less than 0.10 (Binomial Test)

HRABIIEOTHA T ETHAMEFF0.10E 0 E v (2HiFE)
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TABLE 4 HIROSHIMA SAMPLE BY AGE ATB, SEX, AND QUADRANT <1300 m vs 1500+ m
x4 RBEAROWRIEER - D & CREHE SRS, <1300m 1500+ m

plt pz**
Sex Age Quadrant X% Q1 Q1 +Q5+ Qy
1% i iy
g Ql Q2 Q3 Q4 Total &#f Ql + Q3 Q1+Q2 +Q3 +Q4
<1300 m
Male % <30 215 2.5 0.5 1.5 8.0 .88 .94
Male % 30+ 6.0 5.0 4.0 2.0 17.0 .60 F7
Total &t ais 7.5 4.5 2.5 25.0 .68 .81
Female # <30 6.0 9.0 3.5 7.9 26.0 .63 .87
Female % 30+ 0.5 35 2.5 2.5 9.0 a17 .72
Total & it 6.5 12.5 6.0 10.0 35.0 52 .83
Male and Female & & 0% <30 9.5 11.5 4.0 9.0 34.0 .70 .88t
Male and Female % & & 0'#% 30+ 6.5 8.5 6.5 4.5 26.0 .50 .75
Total it 16.0 20.0 10.5 13.5 60.0 .60 .83
1500 + m

Male % <30 5.0 3.5 5.5 7.0 21.0 .48 .74
Male % 30+ 105 3.5 6.5 6.5 27.0 .61 .76
Total it 15.5 7.0 12.0 1355 48.0 .56 75
Female %« <30 10.5 17.0 9.0 11.5 48.0 .54 .81
Female # 30 + 12.0 75 11.5 9.0 40.0 .51 71
Total #it 22.5 24.5 20.5 20.5 88.0 52 AT
Male and Female B & & &k <30 15.5 20.5 14.5 18.5 69.0 .52 .79
Male and Female W&k 0% 30 + 225 11.0 18.0 15.5 67.0 .56 73
Total it 38.0 31.5 32.5 34.0 136.0 .54 .76

* % Footnote Table 2 L2 oMiEizfL

TThe probability of a value this large or larger under random bebavior is less than 0.05 (Binomial Test)
RGBT NI ETHSMH30.05& DD E 0 (2 HHRE)

TABLE 5 PROPORTION OF SAMPLE WITH ACUTE RADIATION SYMPTOMS BY AGE ATB AND QUADRANT
#5 BUEBSEREER 2 U 80 o MRS, RAX SRR, B

Symptom Age Q1. Q2, Q4 Q; Test fi *
R @  Number % %  Number # % Q3V314Qy, Qi Q4
Oropharyngeal Lesions [P % <30 25.5 25 2.5 8 0.02
30+ 14.0 15 6.0 14 NS
Purpura  $H[ <30 34.5 33 8.5 28 NS
30t 27.5 30 8.5 29 NS
Epilation &% <30 54.0 52 16.0 52 NS
30+ 46.5 51 215 73 0.05
Fever 5 Bk <30 58.0 56 14.0 406 NS
30t 48.0 52 22.0 75 0.05
Vomiting Mt <30 37.0 36 9.0 30 NS
30+ 30.5 33 10.5 36 NS
Nonbloody Diarrhea 3 it T # <30 27.5 27 6.5 21 NS
30+ 27.5 30 9.5 32 NS
Bloody Diarthea {4 <30 6.0 6 6.0 20 0.10
30+ 8.5 9 3.5 12 NS
Total Population “4f &% <30 103.5 30.5
30t 91.5 29.5

* Significance values for observed difference between % with symptoms,

HEMOERIZ Aspin-Weleh HEZBMR &4 TMELL.H®

NS - Not significant #HET 4w

. determined by application of the Aspin-Welch test.20



The proportion of survivors demonstrating acurte
radiation symptoms by age ATB and quadrant of
exposure is presented in Table 5. Oropharyngeal
lesions were less common and bloody diarthea more
common in those less than 30 years of age ATB who
were irradiated in Qg, in comparison to those irradiat-
ed in Qp, Q; and Q4. In survivors 30 years of age
or over ATB, both fever and epilation were more
frequent in those irradiated in Q3. Other symptoms
were not influenced by age or quadrant of exposure.
These findings were similar in both sexes for most
symptoms and age groups. Where the sexes differed,
the male irradiated in Q4 was usually more sympto-
matic than the female.

The quadrant of exposure did not appreciably modify
the frequency of acute radiation symptoms when
distance from the hypocenter was the sole variable
considered.

DISCUSSION

The distribution of the Hiroshima study population
within quadrants approaches closely the expected
(Table 2). That an effect of splenic irradiation or
spleen shielding was not demonstrated in this group
is not surprising because all survivors exposed at
1300 m or more from the hypocenter received a total
dose probably no greater than 90 rad.18 In the mouse,
at least, this dose would be insufficient to interfere
with the radioprotective ability of the spleen.3
The demonstrated random distribution of all survivors
within quadrants is reassuring, moreover, because
bias in subject selection and quadrant assignment
would appear to be small.

Disproportionately few survivors exposed within
1300 m were irradiated in Q3 which suggests that
irradiation over the spleen— was detrimental to
survival. The absence of a similar distribution in
other distance groups and the low degree of statistical
significance for the obseryed difference make this
isolated finding uncertain. When survivors exposed
within 1300 m are compared to those exposed at
1500 m or more from the hypocenter with respect to
age, sex, and quadrant of exposure, the findings
are somewhat more conclusive. These data (Table 4)
emphasize that irradiation in the quadrant containing
the spleen (Q3) was uncommon only in those survivors
within 1300 m who were less than age 30 ATB and the
finding is statistically significant.

Insofar as all investigators were ignorant of the
survivors’ exposure status and not aware of an age
or sex influence on the spleen shielding effect at the
time of examination, this finding is free of observer
bias. Because this is not seen in survivors beyond
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1500 m, it might be concluded that the rtotal dose
beyond 1300 m (estimated at less than 90 radl®)
was too low to demonstrate this effect,

Assuming a random orientation to the hypocenter ATE,
the results suggest either decreased survival in
persons under age 30 ATB who were irradiated in Qg
and exposed within 1300 m, or increased survival in
those exposed in other quadrants. Whether the
results reflect an influence on acute or long-term
survival cannot be determined.

The reason for this difference in age response in the
human is not known, although one might speculate
that splenic irradiation in those survivors under age 30
ATB destroyed immunologically functioning cells,
thereby rendering them more susceptible to over-
whelming infection and early death. The radio-
sensitivity of antibody-forming spleen cells has been
previously demonstrated.1?  The relative immuno-
logic incompetence2? of the immature organism and
the suspected susceptibility of splenectomized
children to severe infection?! are evidence in
support of the contention that those under age 30 ATB
would tolerate the loss of the immunologic function
of the spleen less well than those 30 years of age or
over ATB. The finding that survivors under age 30
ATB who were irradiated in Q3 were somewhat younger
than those irradiated in the other quadrants makes
the preceding explanation less likely, however,
because only the youngest irradiated in Q3 would be
expected not to survive, thus those who did survive
irradiation in Qz would be older on the average
than those irradiated in the other quadrants.

A more likely explanation for these findings might
be that bone marrow depression and failure with
consequent death was responsible for decreased
survival of those under age 30 ATB who were irradiat-
ed in Q3. The known myelodepressive effect of splenic
irradiation !l in man is consistent with this contention.

Furthermore, if epilation and purpura are considered
to reflect a severe leukopenia and thrombocytopenia
in the survivor, 2?2 the finding that these two symptoms
were comparably frequent in survivors under age 30
ATB in all quadrants of exposure could be interpreted
to reflect failure of symptomatic persons irradiated in
Q3 to survive. Definitive support for this explanation
requires knowledge of the survivor’s bone marrow
status shortly after irradiation, which is unfortunately
not available.

And finally, it may be that these findings reflect an
enhancement of survival, comparable to that in the
spleen-shielded mouse, in survivors under age 30 ATB
who were irradiated in any quadrant but that contain-
ing the spleen. If we consider man’s response to
radiation to correspond with that of cthe larger
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experimental animal,?3 the failure to demonstrate a
radioprotective effect of spleen-shielding in the dog8
makes this last explanation unlikely.

That the spleen may nonetheless influence sympto-
matology is suggested by an increase in epilation and
fever in survivors 30 years of age or over ATB who
were irradiated in Qjz, rather than Q, Q; and Q.
Because a comparable increase in those two symptoms
was not found in subjects under 30 years ATB, the
older age group was apparently more sensitive to
this 'splenic influence.” Although a spleen shielding
effect on symptoms per se has not been reported,
increased sensitivity to other effects of radiation in
the older experimental animal has been demonse
raced. 24 Other symptoms either show no effect of
age or quadrant of exposure or contradictory results
in those under 30 years ATB. This contradiction
may reflect the failure to include symptomatic
survivors under 30 years ATB irradiated in Q3 who
did not survive, rather than demonstrating any
influence of the spleen.

Although there is justification for the assumption
that the spleen, rather than the splenic area, is
responsible for these findings,”''3 it is recognized
that other unknown factors essential to survival, may
also have been influenced by the orientation of the
survivor to the source of radiation. It is not felt,
however, that other radioprotective tissues were
important, because many are bilaterally represented
in the body and others exert comparatively little
radioprotective effect. 37123

Because this study was necessarily restricted to a
small group of heavily scarred survivors, the results
cannot be interpreted as applying to the entire
exposed population without considerable caution.

SUMMARY

The oriencation towards che hypocenter of 291 heavily
scarred survivors of the atomic bombs was determined
on routine dermatological examination in Hiroshima
and Nagasaki. Assuming that the area of scarring
indicated the general direction from which they
received the bulk of the ionizing radiation, it was
expected that disproportionately few people, who
were irradiated directly over the spleen, would have
survived if spleen shielding had been radioprotective
or splenic irradiation harmful. The results suggest
that both sexes who were less than 30 years of age
ATB tolerated splenic irradiation poorly. This
observation depends on a number of assumptions
stated in the text.
failure secondary to spenic irradiation is offered as
the most likely explanation for this finding.

Bone marrow depression and
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APPENDIX
i §2

Introduction  The originally planned procedure for
this stdy was based on Wald’s sequential analysis,*
Use of this method was suggested by the sequential
nature of the observani_ons as obtained during the
regular Adult Health Study examination schedule. An
appealing feature of sequential analysis is that it
provides for continuous monitoring of the progress of
the experiment and that it is possible to reach a
conclusion using fewer observations than required for
fixed sample size procedures.

If there is a beneficial effect from spleen shielding
in humans, somewhat comparable to that in mice, it
may act in one of several ways:

Spleen shielding may reduce early mortality (death
from acute radiation injury within 1 or 2 months of
exposure), at all levels of exposure, or athigh levels
of exposure;

Spleen shielding may produce lower
mortality (death during 1946-65)
unshielded mortality, at all levels of exposure, or at
high levels of exposure.

long-term
compared to

L.et p be the proportion of scarred persons examined
who were exposed from the three quadrants that do not
(Q1, Qa, Qy)- Suppose it is
desired to be able to detect a p-value which exceeds

include the spleen
Pg = .75 (the value expected under random behavior)
by .10 or more. The situation is that of testing the
hypothesis Hp of no difference from random behavior,
against the hypothesis H; of a departure from random
behavior by .10 or more:

Hy:p=pg<.75

The conclusion will be either p <.75 or p > .85.

If this test is used on observations on all scarred
persons, the conclusion p > .85 infers that the effect
of spleen shielding is to reduce the combined effects
of radiation on early and long-term mortality, indepen-
dent of dose. The conclusion p < .75 infers that no
spleen shielding effects exist or that those which
exist mask or counterbalance each other in this

sample.

vs
it

SEQUENTIAL ANALYSIS OF SPLEEN SHIELDING DATA
B M OB AR E H O & R BE AR

HE LW, AMEORMITE Wald 0 E Kk i
TBTI A 9 & FEE . A RREEI T E 2 ns
CAFEhABESROMBENER Z2A YA, 2ok
EOFHFRE S BREIOH S LB ERED
RmEAMBEOCHETSZLANTE, UL BEMA:
HET2L08 05 vHREREEH THEGRCETZ L
HTEZEVNIILTHS.

L, MEEODREIAAMIIEVTE Y2 LFEUTE
EHzLblE, thitRkovwFnroEirTsEbhn
5. T4&bsb,

i e e 12 PRAHRE R OSBRI b5 T, H5 040
BROAEZTTEEGIIEVT, W ORECE (#
Bkl -2 »BLIAIICEZ 3 B RatEmEIc L 3
FEC) #E T & 5.

IR HE i 1 B AR RO ERE 12h ST, 50 EE
MMOAEZ T AEEIZEWT, EHELCE (1946 -
CSEMMIET ) %, IEER OB GO EE g L
TEFE 5.

ML &E2VESEO45703 (Q1, Qz, Qq4) iz M4
B, BAXEBRIEOHHETBELRILLEOOE0S
#EEpETH. 22T Po=.75 (EELBER-ILTT
Hahad)ze, LW FAEFzhllEopfidsrni
FTZeHEF LW, vy, BELEREPVA
WEIIEITAEN, WEFLEFFhLLETHS LR
i H o L TEEBEALDEI VLV Hod BT
TaZETHhB. Thbb,

Hy:p=p;2 85

FEMIE T NT P75 212 P=.85Th 5.

L, MEAZATAL0EAII20TOBREERICH L
TIOMEHREBVL L, EiHr=.850881201%, K
B D b B SR RSP R L S & URMSEC FC
MEAMHABOBEMNEEER L3 LN TE
B. 7, BHP=.750HBEICEREEKORE L
{hud, brVvikdboELTE, ZOERIZEVT
BEWIEE ZIEHEET 2 LI HRIET 5.

* Wald A: Sequential Analysis. New York, J. Wiley & Sons, 1947
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Ideally, subjects would be divided into high and low
dose groups for the sequential analysis, but this
requires twice as many observations and may extend
the study coo long. If the test is done separately for
persons with high dose and persons with low dose,
the possible conclusions are:

MEMLFEE LTI, BRERCHZ . THERELH
it s & AR R ’;}ca‘é:t'{&:éﬁ Zhiziz 2z
DWEHREFEL, L2 ABLEU»E25FZ 0P H
5. EfiEEMERREZZO L0 LTl & 108
HETL->ABAEITRENIERIKRDLEBENTHS.

Conclusion High Dose Low Dose
et 0 i {5t it
1 p> .85 p> .85
2 p> .85 p<.75
3 p<.75 p<.75
4 p<.75 p>.85

Conclusion 1 gives the same inference as for p > .85
in the combined sample. Conclusion 2 infers that
spleen shielding for persons with high dose reduces
the combined effect of early and long-term mortality,
while shielding in low dose cases has no effect or
its effects mask or counterbalance each other.
Conclusion 3 gives the same inference as p < .75
in the combined sample except that the inference is
now dose-independent. Conclusion 4 infers the same
as Conclusion 2 but with the reversal of the roles of
high and low dose.

The expected (or average) number of observations,
N, required to reach a conclusion in this procedure,
with Type I and Type II errors a and 8 equal to .05,
is shown for three possible true values of p:

Note that it is possible for the procedure to terminate
with N smaller or larger than these numbers, accord-
ing to sequential theory. Using the estimates that
about 1100 persons with scars would be seen during
the current Adult Health Study examination cycle in
Hiroshima and 290 persons in Nagasaki; and thart
about 50% of those examined would have scarring
which enables a determination of direction of the
bomb, it was expected that about 20 observations per
month in Hiroshima and 6 in Nagasaki would be added
to the sample under study.

Adjusting these estimates to the actual examination
periods employed (18 months in Hiroshima and 13
months in Nagasaki) and comparing the results with
Table 1, it is seen that the estimate of the number of
scarred persons to be examined was too large,
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probably because of a difference in criteria for WOMELENHBIZI L2460 LEBbNE, LL, I

reporting scars. However, about 50% of the subjects BMIZFHLAESIZ, BEE2Z2HA2L0T10ml) o
tlexammed with scars over 1(.} <l ih £l5e yere included HEBTAMREONNG A ZOFECEEN-. Z0
in the study, as was originally estimated. Con- o Pt TN, BT ) S
sequently, an average of 14 subjects in Hiroshima and &'EE’ EATEEGIAN, RETEI ADKEEFER
3 in Nagasaki were added to the study each month. WEIZMZ Sh.

FHE HAFOLEIT Wald @ BE KERHT % ( Open se-

The Procedure Various modifications of Wald’s open

sequential procedure have been suggested in the quential analysis ) D WA VWA LTEHEARENT LS,
statistical literature, but it is doubtful chat they FNHOEEY, COMBE RO LERNGEL ) LE
possess advantages over the standard procedure for hTtwsdtidFEzonzv. ZoORETHuLRE ik
this study. The procedure used is as follows. The RO EENTHA. BB OIRERT S & O AR 3102
null and alternative hypotheses, as previously KOES3I2Fah3:

mentioned, are denoted

Ho:p=py and Hj:p=py py<Ppi.
bXU

& U
Let A=(1-£)/aand B= /(1 - a) where 0<B<I<A WKBC1I<ATEHY, a, SHFERTh]1 LU 2
and a and B are Type I and II errors, respectively. /N ThHhhiE, A=(1-8)/a, B=8/(1-a)
1t Sa fs e shube aF aubj et posel D G ow ol tks A EBELEAMOAHRE(n=1, 2,3
the first n subjects observed (n = 1, 2, 3, etc.), : G
5 -BAHEE S
then the probability of obtaining any given value of F)035 QRHERBLLOOBETRE, B2 5

d,, when Hg is true, is N7l do B 28EFE L, HoHE LIThiE

_/n dn R n-d
pﬂn_(dn) By Q=pg

and when Hj is true, Hi#'iE L T hid,
pid 5 n - d
Pra= (§) 0 e R
The logarithm of the likelihood ratio is La, REOSHIL

p I-p
x= log(?ﬂ_) =d, log (_1) + (n-dp) log( ! )
Pon P 1=8

After each subject is examined (thac is, forn =1, 2, LhB BHRBEOBEZT L7206 (+t4bs, n=
3, etc.), one of the following actions is taken: 1, 2, 3%F1220T), ROLBEDI>bD12%T% 5.

i) if x < log B, accept H, i) x =<log B'("%ﬂ;iiﬁo&‘t%-
ii) if x > log A, accept Hy, and ii) x=2log ATHNIFH1 &2 L 5. -
iii) if log B < x <log A, examine another subject. iii) ]’;g%B <x<log ATHNTHIO R H &L
It is sometimes convenient to express the inequalities COMEDNY 7 7HEAEERIIT 0L, HEI2E-
i) and ii) in a slope-intercept form to facilitate a TIAENX )LV i) & Slope-Intercept F TH b+
graphical application of the test: OHFERTHS.
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1 d s log B
e

and  i1) dn ] log A
BLU &

The only problem remaining is to choose values of

Py, P1> @ and B, This is not always an easy task
for it can be very difficule to so formalize one’s
evaluation of an experimental situation. The values
used in this sctudy were:

Hypothesis fiii A
Hypothesis i B
Hypothesis & C

The choice of distance groups for the test was
somewhat arbitrary and based on two competing
factors - the desire to have as many observations as
possible included in the rtest and the desire to
include only high dose cases when looking for a

possible dose relationship.

Results Since the number of subjects in Nagasaki
was so small, only the Hiroshima data is discussed
here. When testing without regard to sex the sequen-
tial procedure led to the following:

i) for subjects within 1300m, accept p =pj = .80
(Hypothesis C); (Figure 2)

ii)  for subjects within 2000 m, accept p = pj =.75
(Hypothesis B).

No other distance divisions led to conclusions.
Since the sequential collection of data was allowed
to continue in order fo get as many observations as
possible in the low distance (high dose) groups, it is
necessary to qualify statement ii). This sequential
series first went into the region for accepting p =
Py = .85 (Hypothesis B) but then fell decisively back
into the region for accepting p = Byi= 75
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FIGURE 2 SEQUENTIAL TEST OF HYPOTHESIS C FOR DISTANCE GROUP <1300 m
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When testing males and females separately, the
sequential procedure provided similarly few con-
clusions:

iii)  for females within 1500 m, accept p = py =
.75 (Hypothesis B);

iv) for females within 2000 m, accept p = Py =
.75 (Hypothesis A); and

v) for males within 2000 m, accept p = Py =
.75 (Hypothesis B).

Again, no other distance groups led to conclusions.

Summary The sequential test generally supports the
hypothesis of no dose-independent spleen shielding
effect, and hints at the possibility of a spleen
shielding effect for high dose. However, due to the
small number of observations and the apparently
small difference (if any) between the true value of p
and .75, the tests are regarded at best as merely
suggestive. The 1300 m distance group, correspond-
ing to a total air dose of about 90 rad, showed the
largest difference from expected random behavior. If
there is a real high dose effect it is unfortunate that
the number of subjects in the 1200 m group (total air
dose greater than 150 rad) was too small to sub-
stantiate this fact.
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