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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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The RERF Technical Reports provide the official bilingual statements required to

meet the needs of Japanese and American staff members, consultants, and advisory

groups. The Technical Report Series is in ne way intended to supplant regular
journal publication.
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SUMMARY

During 1961-75, 128 cases of primary liver
carcinoma (PLC) in the RERF Life Span Study
extended sample and 301 cases of liver cirrhosis
in the RERF Pathology Study sample were
observed. All cases were assessed for hepatitis B
surface antigen (HBg Ag) using orcein and
aldehyde fuchsin staining. The incidence of PLC
was 2.0 times higher in Nagasaki than in
Hiroshima which was statistically significant, but
the prevalence of liver cirrhosis showed hardly
any difference between the two cities. Meaning-
ful findings that may possibly explain the higher
incidence of PLC in Nagasaki were that the
presence of HBg Ag in the liver of patients
without overt liver disease was 2.3 times higher
in Nagasaki than in Hiroshima, and the prevalence
of liver cirrhosis associated with PLC, especially
that of posthepatitic cirrhosis with PLC, was
almost 2.0 times higher in Nagasaki than in
Hiroshima. In both cities a suggestive relationship
of radiation dose with the prevalence of liver
cirrhosis was noted but not with PLC. We
believe that the higher incidence of PLC in
Nagasaki is attributable to HB virus infection,
though other factors, such as immunological
competence affected by radiation, cannot be
excluded.
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INTRODUCTION

A relationship between ionizing radiation and
solid tumors has been found for tumors of the
thyroid, breast, and lung from stpdies of atomic
bomb survivors,! but there has been no suggestive
relationship for liver tumors as a late radiation
effect.® However, ionizing radiation from such
a source as thorotrast has been clinically linked
to liver carcinogenesis.* Recently Shikata et al®
reported that severzl methods using the orcein
and the aldehyde fuchsin stains in particular
could be used to demonstrate the antigen as the
surface coat of the HB virus in formalin-fixed
paraffin sections. The purpose of the present
study was to examine possible relationship
beiween the occurrance of PLC and liver
cirrhosis and the presence of HBg Ag in the Life
Span Study (LSS) extended sample.®

MATERIALS AND METHODS

The study on PLC consists of all possible cases
which occurred during 1961-75 in the LSS
extended sample in Hiroshima and Nagasaki.
Cases for the study of liver cirthosis were
obtained from autopsied cases in the same
sample for the same duration in both cities.

Primary Liver Carcinoma, All possible PLC cases
were obtained from the Tumor and Tissue
Registries of both cities, and RERF surgical
pathology and autopsy files for the period
1961-75. All 128 definite cases, histologically
confirmed by the investigators, were stained by
hematoxylin-eosin and Masson’s trichrome stains
and Van Gieson elastic fiber, periodic acid
Schiff, and argyrophilic fiber techniques. For
assessment of HBg Ag in tissue, two slides stained
by orcein and aldehyde fuchsin, and another two
- slides for immunofluorescence staining test and
its control were prepared.

For the immunofluorescence method the section
was incubated with fluorescein isocyanate
(FITC)-conjugated antihuman HBg serum, then
rinsed with 0.1M phosphate buffer, pH 7.2, and
examined by fluorescence microscopy for
deposition of HBg Ag. An Olympus A-RFL
fluorescence microscope equipped with DM500,
IF490, BG12, and 0515 filters were used with
Kodak high speed Ektachrome film (ASA160).

PLC cases were classified by Edmondson’s
criteria;’ liver cell carcinoma (Grade I, II, ITI, &
IV), bile duct carcinoma, multiple or combined

# B
FEREREOAE, L, BHBHRLAZHEESD
I 5 RRR, ALIREUKRBORE IV TIEHEED
HAEILFFEDH AT EH, FREEZ >V TR
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FEFHE S (IFE, B2 orcein K Faldehyde fuchsin
BeEzBAvIEIrOFEIILST, ALY YT
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primary carcinoma (carcinosarcoma, separate
liver cell and bile-duct carcinoma, and hepato-
biliary carcinoma), and squamous cell carcinoma.
For analysis, hepatobiliary carcinoma was
included in the liver cell carcinoma category, as
done elsewhere.®®

Liver Cirrhosis. Retrospectively studied were
301 liver cirrhosis cases autopsied in the LSS
extended sample during 1961-75 at RERF.
Scctions were stained using the same methods
as for PLC. Immunofluorescence staining was
also used. Liver cirrhosis was classified by both
Gall’s criteria'® and Miyake’s criteria.!! Gall’s
criteria are posthepatitic, postnecrotic, nutritional,
obstructive, pigmentary, and congestive cirrhosis,
and Mivake’s criteria contain Ko, Ko’, Otsu,
Otsw’, F, and special type. Since there were
several cases among types of obstructive,
pigmentary, or congestive cirrhosis in the present
study, they were grouped as other cirrhosis.

Statisticil Methods. Age-sex adjusted prevalence
rates of PLC and liver cirrhosis by exposure dose
groups were tested for linear increase with dose
and homogeneity.12

RESULTS

Primary Liver Carcinoma

A total of 77 Hiroshima and 51 Nagasaki PLC
cases in the LSS extended sample were examined.
Of all PLC cases, liver cell carcinoma including
hepatobiliary carcinoma, comprised 80.5% and
bile duct carcinoma 18.8%, with only cone case
(0.78%) of squamous cell carcinoma. Table 1
shows that Grade III+IV type most frequently
occurred in Hiroshima and Grade I+II in Nagasaki
but no difference was found between the not-in-
city (NIC)+ 0rad group and 1rad or more group
in both cities, PLC was more common in men
than in women; 53 cases in Hiroshima and 34
in Nagasaki were male. The ratio of male to
female was approximately 2.1:1. The average
PLC incidence per year (Table 2) was 0.76 per
10% among a tatal of 1,014,397 person-years in
Hiroshima and 1.51 per 10% among 336,966
person-years in Nagasaki, the latter being 2.0
times higher. This difference was statistically
significant (P<.001). The annual incidence rate
was classified into six dose groups using the
revised estimated dose (T65DR)'3: NIC, 0, 1-49,
50-99, 100-199, and 200+rad. No relationship
between radiation and the incidence of PLC was
demonstrated (Table 3 & Figure 1). The average
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TABLE 1 DIFFERENTIATION OF PRIMARY LIVER CARCINOMA BY CITY, & SEX
#1 RHREEFEOHEBESTER, B EUER

] Male . Female
Type T Total
NIC+0rad 1+rad NIC +0rad 1+rad
Hiroshima
Liver cell carcinoma
Grade [ +1I 10 9 6 1 26
Grade I + IV 15 11 5 2 33
Hepatobiliary 2 1 0 0 3
Squameous cell carcinoma 0 0 1 0 1
Bile duet carcinoma 4 4 5 1 14
Total 31 25 17 4 77
Nagasaki
Liver cell carcinoma
Grade I +1I 6 11 3 3 23
Grade III + IV 5 7 0 3 15
Hepatobiliary 1 1 1 0 3
Bile duct carcinoma 1 1 3 5 10
Total 13 20 7 11 51
Total both cities 44 45 24 15 128

TABLE 2 ANNUAL INCIDENCE RATE/10* OF PRIMARY LIVER CARCINOMA
BY CITY, SEX, AND HISTOLOGIC TYPE, 1961-75
#2 HREEFAOEMIEER (L0 B2n), #hH, ERU
M ERARI, 1961—75f

Hiroshima ’ Nagasaki
- Test for
"Type of Cases Person- Cases Person- city
carcinoma ——————— years Rate —— years Rate difference
No. % 196175 /10* No. % 196175 /10*
Male
Livercell 45 84.9 395370 114 32 94.1 142191 22§ Hokok
Bile duct 8 15.1 0.20 2 59 0.14
Other 0 0 0.00 0 0 0.00
Total 53 100.0 1.34 34 100.0 - 2.39 i
Female
Liver cell 17 70.8 619027 0.27 9 529 194775 0.46 -
Bile duct 6 25.0 0.10 8 47.1 0.41 * bk
Other 1 4.2 0.02 0 0 0.00
Total 24 100.0 0.39 17 100.0 0.87 i
' Total

Liver cell 62 80.5 1014397 0.61 41 80.4 336966 1.22 *oh%
Bile duct 14 18.2 0.14 10 19.6 0.30 *¥
Other 1 1.3 0.01 1} 0 0.00
Total 77 1000 076 31 1000 1.51 *EE
Deaths from all causes 12449  0.6% 3480 1.4%
(proportional mortality)

* 01<P<.05 **.001<P<.01 ***P<.001
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TABLE 3 ANNUAL INCIDENCE RATE/10% OF PRIMARY LIVER CARCINOMA BY
DOSE, SITE, SEX & CITY

#3 ERMEFEOEMBER (100 H2n), B, 0, ERCHHR

T6S5 revised dose in rad Statistical Test
Type of
carcinoma NIC 0 149 5099 100-199 200+ L H
Hiroshima Male
Liver cel No. 14 11 15 4 1 Sug
Rate 1.38 0.81 1.27 3.28 101
Bile duct No. 1 3 4
Rate 0.10 0.22 0.34
Total No. 15 14 19 4 1
Rate 1.48 1.03 1.61 3.19 1.00
Female
Liver cell No. 6 6 5
Rate 0.39 0.26 0.27
Bile duct No. 1 4 1
Rate 0.06 0.17 0.05
Total No. 8 10 6
Rate 0.51 0.44 0.32
Nagasaki Male
Liver cell No. 8 4 13 3 1 3
Rate 2.26 1.40 2.83 3.64 1.15 3.35
Bile duct No. 1 0 1
Rate 0.28 0.22
Total No. 9 4 14 3 1 3
Rate 2.55 1.39 3.05 3.63 1.15 3.35
Female
Liver cell No. 2 2 3 2
Rate 0.44 0.63 0.34 2.10
Bile duct No. 3 0 4 0 1
Rate 0.65 0.44 1.34
Total No. 5 2 i 2 1
Rate 1.09 0.65 0.79 2.04 1.31
Cities and Sexes Combined
Liver cell No. 30 23 36 9 2 3 01<P<.05
Rate 0.89 0.60 0.83 1.57 0.40 0.61
Bile duct No. 6 7 10 0 1 0
Rate 0.18 0.18 0.21 0.26
Total No. 37 30 46 9 3 3 Sug
Rate 1.09 0.78 1.05 1.58 0.62 0.66

L: Linear increase with dose (one-tailed) #SEBIC &k 2{EHMAM)
H: Homogeneity of dose groups regardless of pattern Rtk o vty %

age at the time of the bomb (ATB} of patients
with PLC was 40.1 years. No relationship was
found between age ATB and radiation dose
(Table 4). The age of death among subjects
with PLC in Hiroshima ranged from 29 to 83
years with an average of 65.3 years, and from 26
to 83 years with an average of 61.7 years in
Nagasaki.

RUTFERE O PHEBRIEEDZH0.IKTH - 1.
FRBER:EERBEOB IIMEIF RO R
ok (F4). FREFEREOECHERILLESE
TR TEH6E.3%, RWHTIE06—83ETEY
6l.7iETH = 2.
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TABLE 4 RELATIVE RISK (100+/0 rad) OF PRIMARY LIVER CARCINOMA
LIVER CIRRHOSIS BY AGE ATB

F4 RERUETFRECFEZEOHESHI RS
(100+ / Orad ), BFRREH iR

T6&5 revised dose in rad

Age ATB Relative risk
NIC+0 1-99 100+ C/A
A B C
Primary Liver Carcinoma
10-19 Observed 3 5 0
*Person-years 188230 118893 25575 -
Rate /10* 0.16 0.42 0.00
20-34 Observed 17 9 2
*Person-years 176055 107359 18446 1.11
Rate /10* 0.97 0.84 1.08
35-49 Observed 33 29 3
*Person-years 172367 106617 15650 1.01
Rate /10% 1.91 2.72 1.92
S0+ Qbserved 14 12 1
*Person-years 55112 35355 3738 1.06
Rate /10% 2.54 3.39 2.68
Liver Cirthosis
0-19 Observed 11 10 6
*#Subjects 117 102 33 193
Rate % 9.40 9.80 18.18
20-34 Observed 25 21 2
**Subjects 226 179 44 041
Rate % 11.06 11.73 4.55
3549 Observed 7 61 13
**Zubjects 976 702 125 1.32
Rate % 7.89 8.69 10.4
S0+ QObserved 43 25 3
**Subjects 1167 1038 139 0.59
Rate % 3.68 241 2.16

- *Person-years (1961-75) from LSS extended sample % & #Z A KE O AF (1961 758)

**Persons from autopsy sample #1850

Of the 128 PLC cases, 43 (55.8%) in Hiroshima
and 28 (54.9%) in Nagasaki were associated with
liver cirthosis and no discrepancy in incidence
rates between cities was noted. The proportion
of coexisting cirrhosis in PLC by type was 85.9%
for posthepatitic cirrhosis, 2.8% for postnecrotic
cirthosis, 5.6% for nutritional cirrhosis, and 4.2%
for other cirrhosis. Bile duct carcinoma associated
with liver cirthosis was seen only in fwo cases
(1.5%). No relationship was observed between
radiation and the proportion of PLC with liver
cirrhosis (Table 5).

Hepatocytes positive for HB; Ag were present
mainly in the noncancerous areas of the liver,
and were unevenly distributed. The cellular

IRREEI28(0 5 b 58 T43 (55.8% ), RMT
28l (54.9%) FIFEE 2 ->THY, HHiMOREE
RIEWL ok FREFEIIFELE2$oTV 3
TEERANITR S e, FABMEFEEH85.9%,
BEHMEA2.8%, REHAI5.6%, ZOMIL.2%
Thotk. BEBIFELEZE->TVLERRHTL2
i (1.5%) ThH . FRIETELIFEENHHEE L
BeHioMciBEIREO SN, o2 (£5).

HB; iR # B0 TR E L LT OED S v
gricRoh, FEBHFCHHLTVE. orecein BT
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FIGURE 1 OBSERVED AND EXPECTED RATIO OF PRIMARY LIVER CARCINOMA
ADJUSTED FOR AGE, CITY, & SEX, BY DOSE
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deposition of orcein and aldehyde fuchsin stains
appeared in the cytoplasm but was rarely found
near the cytoplasmic membrane. Some Kupifer
cells contained orcein-positive material (Figure 2).
None of the livers with bile duct carcinoma or
squamous cell carcinoma contained orcein-
positive material. The percentage of PLC
positive for HBg Ag was 20.0% in Hiroshima and
19.6% in Nagasaki. The percentage of positive
HBg Ag in the livers with PLC accompanied by
cirrhosis was 35.5% in Hiroshima and 35.7% in
Nagasaki. The rate of positive HBg Ag seemed
unrelated to radiation dose (Table 6).

HBg Ag was positive in the cytoplasm of tumor
cells in four PLC cases. The cytoplasm of some
giant cells was positive for HBg Ag also. The
cytoplasm in most tumor cells was diffusely
positive and in some the positive material was
localized as a granular mass like an inclusion
boedy (Figure 2). Stained nuclei were never
found. They were classified as Grade III by
Edmondson’s criteria. Table 7 suggests that the
positive tumor cells could not be attributed to
the late effect of A-bomb radiation.

Liver Cirrhosis
There were 225 Hiroshima and 76 Nagasaki liver
cirrhosis cases available in the autopsy series in

aldehyde fuchsin 2@ VM MFHF THREIIR o
A, MBEEMEIZRIELAYRESRE D 12,
Kupffer #2012 1T orcein [BEHMEEZ S L O
Hok(HM2) BERSRTELESEO & 5ITHIT
orcein [EEMBE £ §A TN - /2. HBg iFEIC
Wl Bt REEFEORIEERT20.0%, b
T10.6%Tho/. RREEFBCNBEELHE> L
BFER oy HBg 7 JH Bk X L5 735.5%, HMHT35.7
% THok. HB; HEBERERMHRR L HES %
wEHIZEhNS(£6).

FERMEFE 4ficbwT EEMAROMIEE M HBg
HEFR SN HEoroEMOME K HB, HE
fiETh . £ OREMBOERET IXEEE
BETH -4, —HOLOTEBEHRIEHARE
HoOBERBRCIBELTVA(H2). Bk snk
BIRBohiH o, Zh 51t Edmondson O FET
BEIFICHREsh A Bk BEEn L ER R
DEBBIIZLOTRVIEFETINES>TRE
ahd.

FTiEE
K& - BlFo&) %6l th ik B T2250, RET6HO
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TABLE 5 PROPORTION OF PRIMARY LIVER CARCINOMA ASSOCIATED WITH LIVER
CIRRHOSIS BY CITY, HISTOLOGIC TYPE AND DOSE

%5 FFEE:Eo BERUEFBOIA, £, HMFONE CGRT

T65 revised dose in rad

Type of carcinoma Total NIC +0 1-99 100+
No. % No. % No. % No. %
Hiroshima

Liver cell With 42 67.7 25 67.6 16 66.7 1 100.0
Without 20 12 8 0
Total 62 37 24 1

Bile duct With 1 7.1 1 11.1 0 0.0 0 0.0
Without 13 8 5 0
Total 14 9 5 0

Total With 43 55.8 26 55.3 16 55.2 1 100.0
Without 34 21 13 0
Total rird 47 29 1

Nagasaki

Liver cell With 27 65.9 11 68.8 13 61.9 3 75.0
Without 14 5 8 1
Total 41 16 21 4

Bile duct With 1 10.0 0 0.0 1 20.0 0 0.0
Without 9 4 4 1
Total 10 4 5 1

Total With 28 54.9 11 55.0 14 53.8 3 60.0
Without 23 9 12 2
Total 5% 20 26 5

Hiroshima and Nagasaki. They consisted of 225
(74.8%) posthepatitic cases, 49 (16.3%)
postnecrotic, 16 (5.3%) nutritional, and 11 (3.7%)
cases of the other types of liver cirrhosis; or
21 (7.0%) of Ko type, 60 (19.9%) of Ko’ type,
146 (48.5%) of Otsu type, 45 (14.9%) of Otsu’
type, 16 (5.3%) of F type, and 13 (4.3%) of
special type. The total number of autopsied
cases during 1961-75 was 4,920 (3,857 in
Hiroshima and 1,063 in Nagasaki).14 The
prevalence rate of liver cirrhosis was 5.8% in
Hiroshima and 7.2% in Nagasaki, showing no
difference between the two cities (Table 8).
Of the 301 cases of liver cirrhosis, 156 cases were
in NIC + Orad group, 141 in 1rad or more, and
4 in the dose unknown group. Classifying them
into NIC, 0, 1-49, 50-99, 100-199, and 200+rad
groups, there was a suggestive association
between radiation dose and the prevalence of
liver cirrhosis in both cities (Table 9 and Figure 3).
The association of postnecrotic liver cirrhosis in

FEEEHAEEA T VA, 205 5 2250 (74.8%)
PSR, 498 (16.3% ) A1FEME, 1617 (5.3%)
A EME, 11 (3.7%) FE0mOBUTHD, /-,
21451 (7.0% ) A"HR EY, 60fF] (19.9%) A*H " &I, 146
(48.5%) #° Z. %, 4504 (14.9%) # Z° BY, 16{(5.3%)
AEFRL, 13%(4.3%) PR BHRETH - . 1961=75
EOEFRFIE 4,920 (1K53,857 ), &i41,063 {5)
ThHoh W IFEEOEREILERS.8%, EiE7.2%
<, WHOMIZERIZ LA -7 (%8 ). OUFOIFEE
@3 5, 156 A NIC + Orad B, 14144 1rad L)
ER, AISBRBTEBBTH o, Zh 5 E NICH,
0 rad #, 1—49rad 2, 50—9%rad #, 100—199rad
BERU200+rad BEIZ2H 1 5 &, MM THEMEAES
FEZOHEBEOMIRENZMEF RS vz (9
BRUM3 ). dfiizs i 3BEHRMEEE & RiHi
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Figure 2 A) Oreein-positive material is visible within the cytoplasm of the hepatic cells in liver
cirrhosis; nuclei are unstained. (Orcein stain for HBg Ag. x100). B) Tumor cells contain HBg
Ag in cytoplasm as shown by the intensity of staining. (Orcein stain for HBg Ag. x400).

2 A)FEEZ I B AT MR E I orcein MM A RSN S, HERBEA TS

v ( HBg /5 O orcein et 100{%). B) EORETH S 2 4 & 512, A e AR TR
HBg #i5 % & A T 3 ( HBg #i/E O orcein e 4001%).
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TABLE 6 PROPORTION OF PRIMARY LIVER CARCINOMA CASES WITH POSITIVE HB; Ag BY DOSE
%6 HB; MEREoEEEFEOHE, REH

Total NIC+0 199 100+
No. % No. % No. % No. %

Hiroshima
Positive 11 {11} 20.0 {35.5) 6 6) 194 (37.5) 4 (4 18.2(28.6) 1 (1) 100.0 (100.0)
Negative 44 (20) 25 (10) - 18 (10) 0 (0)
Total §5 (31) 31 (16) 22 (14) 1(1)

Nagasaki
Positive 10¢10) 19.6(35.7) 6 (6) 30.0(54.5) 3 (3 115214 1{(1) 200 (33.3:)
Negative 41 (18) 14 (5) 23 (11) 4(2)
Total 51 (28) 20 (11) 26 (14) 5(3)
Totat

Positive 21(21) 19.8(35.6) 12(12) 235444y 7 (N 16.7(25.0) 2(2) 33.3(50.0)
Negative 85 (38) 39 (15) 42 (21) 4(2)
Total 106 (59 512N 49 (28) 6 )

Cases with liver cirthosis in parentheses () PUIRITEERE % 58 L 2 5EH

TABLE 7 POSITIVE HBg Ag IN PRIMARY LIVER CARCINOMA OF FOUR CASES

#7 HB; HiEEEORES h 2 ERIETESRO 4 EH
Nagasaki Hiroshima Nagasaki Hiroshima
Male, age 65 Male, age 69 Male, age 65 Male, age 56
Gamma 20 63 10 0
Neutron 0 13 0 0
Total dose 90 rad 76 rad 10 rad 0 rad
Edmondson classification 111 1 1IN i
Gall classification Posthepatitic Posthepatitic Posthepatitic Posthepatitic
Miyake classification Otsu Otsu Otsu Otsu

both sexes and cities with radiation dose was
significant (P<.01). Table 4 shows the proportion
of liver cirthosis by age ATB and dose. Liver
cirthosis was most common in ages ATB 0-19
and 35-49. The average age ATB of patients with
liver cirrhosis was 41.4 years in Hiroshima and
37.4 in Nagasaki. No relationship was found
between age ATB and radiation. The average age
at death of patients with liver cirrhosis was 63.2
years in Hiroshima and 60.5 in Nagasaki.

Of the 301 cases of liver cirrhosis, 67 (22.2%)
were accompanied by PLC, including 5% post-
hepatitic, 1 postnecrolic, 4 nutritional, and 3
biliary type. The rate of association with PLC
was 2.0 times higher in Nagasaki than in

10

OHMFUBRLLERTCH - A (P<.01). RL L
W AER e FRgdEmR CHERINICRL 2. I
B IIEMEER 0 —19E - B—VR0EIFEL S
PR TS B o T R REF 8 13 L B T 4148,
BT 4ETH - . FIRESES L BEEROREC
BiEE@Rsohlth o, FELEEDTFHRECHE
EEIIIEEC6S. 2%, BWTH.5ETH - .
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FFBENIHe 5 567H (22.2%) ¥ERIEIFEL
EaTHEY, ZONFRITITAEIEDM, HIEREL
), St 4R, IFEFEI BT H -k, FREFE
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TABLE 8 PREVALENCE RATE/10% OF LIVER CIRRHOSIS BY CITY, SEX,

-& HISTOLOGIC TYPE,

1961-75

#8 IEZoHERR(10? H10), BH, HRV
' a9 IR, 1961 — 754

Hiroshima Nagasaki
Histologic Test for
ltype Cases Autopsies Prevalence Cases Autopsies Prevalence d'ffCitynce
R iffere
No. % 1961-75 Rate (%) No. % 1961-75 Rate (%)
Male
Posthepatitic 112 80.6 1927 5.81 42 724 597 7.04
Postnecrotic 20 14.4 1.04 8 138 1.34
Nutritional 4 2.9 0.21 4 6.9 0.67 Sug
Other 3 2.1 0.16 4 6.9 0.67
Total 139 100 7.21 58 100 9.72
Female
Posthepatitic 62  69.8 1930 3.21 9 500 466 1.93
Postnecrotic 17 19.8 0.88 4 222 0.86
Nutritional 6 7.0 0.31 2 111 043 Sug
Other 1 3.5 0.05 3 167 0.64
Total 86 100 4.46 18 100 3.86
Sexes Combined
Posthepatitic 174 720 3857 4,51 51 671 1063 4.80
Postnecrotic 37 16.4 0.96 12 158 1.13
Nutritional 10 4.4 0.26 6 1.9 0.56 Sug
Other 4 1.2 0.10 7 9.2 0.66
Total 225 100 5.83 76 100 7.15
Ko 14 6.2 3857 0.36 7 9.2 1063 0.66
Ko 47 20.9 1.22 13 171 1.22
Otsu 121 53.8 3.14 25 329 2.35
Otsw’ 28 124 0.73 17 224 1.60
F 10 44 0.26 6 1.9 0.66
Specific 5 2.2 0.13 g8 1035 0.66
Total 225 100 5.83 76 100 7.15

_ Hiroshima (Table 10). No relationship was
observed between radiation dose and the
prevalence of liver cirrhosis with PLC.

Of the 301 cases, 231 were available for the HBg
Ag study. The positive rate was 18.7% in
Hiroshima and 18.4% in Nagasaki, suggesting that
they were of about the same tendency in both
cities. On the other hand positive results were
obtained in livers of 39.3% of patients with both
liver cirrhosis and PLC in Hiroshima and in
33.3% of those in Nagasaki. Especially, in
Nagasaki the positive rate was the highest in
liver cirrhosis cases with PLC in the NIC+Qrad
group (54.4%). There were 25 (22.5%) positive
cases in the NIC+0rad group and 18 (15.5%) in

11

AL AERIEWOAFFIEBIERT ZEE, -
(10). WOTARR & 56 M FFIE % 18 5 BRI ZE & o Al
HFRER e 5 2,

30162315 1-2v» T HBg HIEDREATHET H »
. BUMBRIGS18.7TY%, BFIS.A%T, ML
BEERCERMTH LI L FREs A —H, T8
e RS L HRL T AFRT, BiEERL
IR E39.3%, BER.3%THE R, FIZEN
TIENIC+ Orad BB T 3 HBHAOBERIEL
B o7z (54.4%) . NIC + 0 rad BHC125({22.5%),
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TABLE 9 PREVALENCE RATE/10® OF LIVER CIRRHQSIS BY RADIATION DOSE,
HISTOLOGIC TYPE, SEX, & CITY

#9 HEFOEBFE(W0* L420), REHEE, HEEmnaE, SRUEHH
- T65 revised dose in rad Statistical test T
Histologic type
NIC ) 149 5099  100-199 200+ L H
Hiroshima Male
Posthepatitic No. 37 33 28 7 1 3
Rate 85.06 50.29 45.81 87.62 16.78 53.44
Postnecrotic  No. 2 3 9 2 3 0 *
Rate 4.60 4.63 14.60 26.04 4597
Nutritional  No. 0 0 4 0 0 0
Rate 671
Total No. 39 38 41 10 4 3
Rate 89.66 57.99 67.06 129.20 65.30 53.33
Female
Posthepatitic No. 20 19 14 4 2 3
Rate 4717 31.34 20.72  41.64  40.56 44.10
Postnecrotic No. 4 3 i 1 1 1
Rate 943 491 10.45 10.42 20.30 14.05
Nutritional  No. 1 3 2 0 0 0
Rate 236 487 3.00
Total No. 25 25 24 5 3 4
Rate 58.96 41.10 35.64 51.85 60.64 58.37
Nagasaki Male
Posthepatitic No. 11 4 16 4 3 4
Rate 87.30 44.52 67.60 95.93 75.73 100.86
Postnecrotic No. 2 1 0 3 0 2 * Sug
Rate 15.87 13.85 69.12 43.28
Nutritional  No. 1 1 2 0 0 0
Rate 7.94 8.98 8.67
Total No. 15 7 20 7 3 6 Sug
Rate  119.05 77.72 84.60 168.63 7746 147.40
Female
Posthepatitic No. 3 2 3 1 0 0
Rate 3333 26.12 12.64 46.43
Postnecrotic  No. 1 ] 2 1 0 0
Rate 11.11 9.75 17.07
Nutritional  No. 1 0 1 0 0 0
Rate 11.11 4.30
Total No. 5 2 8 2 1 0
Rate . 55.56 30.86 33.98 70.11 46.48
Cities and sexes combined
Posthepatitic No. 71 53 61 16 6 10
Rate 66.05 40.74 35.44 65.51 33.19 52.64
Postnecrotic  No. 9 7 18 7 4 3 * ¥k
Rate 8.37 5.04 10.45 26.24 21.05 15.68
Nutritional  No. 3 4 9 0 0 0
Rate 279 282 5.16
Total No. 84 72 93 24 11 13 Sug
Rate 78.14 5142 53.57 97.66 59.75 67.19
*D01<P<.05 **.001<P<.01 tSee Table 3 #3 &M

12
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FIGURE 3 RELATIVE RISK OF LIVER CIRRHOSIS BY DOSE & HISTOLOGIC
TYPE, CITIES COMBINED
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TABLE 10 PROPORTION OF LIVER CIRRHOSIS ASSOCIATED WITH PRIMARY LIVER

Histologic

T65 revised dose in rad

type Total NIC +0 199 100+
No. % No. % No. % No.
Hiroshima

Posthepatitic With 37 21.6 24 220 12 22.6 1 11.1
Without 134 85 41 8
Total 171 109 53 9

Postnecrotic  With 0 0.0 0 0.0 0 0.0 0 0.0
Without 36 12 19 5
Total 36 12 19 5

Total With 40 181 . 24 18.9 15 18.8 1 7.1
Without 181 103 65 13
Total 221 127 80 14

Nagasaki

Posthepatitic With 22 43.1 9 450 10 41.7 3 429
Without 29 11 14 4
Total 51 20 24 7

Postnecrotic  'With 1 8.3 1 25.0 0 0.0 o 0.0
Without 11 3 6 2
Total 12 4 6 2

Total With 27 355 11 379 13 35.1 3 30.0
Without 49 18 24 7
Total 16 29 37 10

13
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TABLE 11 PROPORTION OF LIVER CIRRHOSIS CASES WITH POSITIVE HB; Ag BY DOSE
#11 EFEZEO HB; HEREO#HE, S5

T65 revised dose in rad

Total -
NIC+0 1-99 100+
No. % No. % No. % No. %
Hiroshima
Positive 29 (11) 18.7(39.3) 17 (6) 20.7¢(42.9) 7 (4 12.1(30.8) 5(1) 455 (100.0)
Negative 126 (17) 65 (8) 51 (9 6 {0)
Total 155 (28) 82 (14) 58 (13) 11Q1)
Nagasaki
Positive 14 (9) 184(33.3) 8 (6) 27.6(545) 4 () 108(154) 2(1) 200 (33.3)
Negative 62 (18) 21 () 331D 8 (2)
Total 76 (27) 29 (11} 37(13) 10 (3)
Total
Positive 43 (20) 18.6¢(36.4) 25(12) 22.5(48.0) 11 (6) 11.6(23.1) 7(2) 33.3 (50.0)
Negative 188 (35) 86 {13) 84 200 14 (2)
Total 231 (55) 111 (25) 95 (26) 21 (4)

Cases with primary liver cancer in parentheses

() R EBIEITS =4 L EH

TABLE 12 PROPORTION OF HBg Ag POSITIVE IN LIVER CIRRHOSIS BY AGE ATB
#12 EFEZE O HBg HEBEOE &, FIEREE R

Total 0-19 20-34 3549 50+
‘No. % No. % No. % No. %  No. %
Hiroshima
Positive 29 18.7 2 222 1 26.9 16 21.3 4 8.9
Negative 126 7 19 59 41
Total 155 9 26 75 45
Nagasaki
Positive 14 18.4 1 7.7 0 .0 11 28.2 2 13.3
Nagative 62 12 9 28 13
Total 76 13 9 39 15
Total
Positive 43 18.6 3 13.6 7 200 27 23.7 6 10.0
Negative 188 19 28 87 54
Total 231 22 35 114 60

the 1rad or more group (Table 11). The dis-
tribution of positive HBg Ag cases was examined
by age ATB; the highest positive rate was noted
in the age ATB group 35-49 vears and the lowest
in 50 years or more (Table 12).

When the liver of patients without overt liver
disease matched by sex and age ATB in both
cities was examined for HBg Ag, positive results
were found in 5.4% in Hiroshima and 12.5% in

7o (#11). HBg HUR FSIEF O35 & FRERE R 5 12
R3é&, BRLBERIBCOEFEREERS—9%
ORT, EEESORL LOBTS - (F12).

MEEIFRAD 2w AEOFRIEOVTETTY
B UMM % — Bk ¢ HBg HEOHH 2 B~
ke, BHEIRIESEH5.4%, EwH12.5%Th -
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FIGURE 4 RELATIONSHIP BETWEEN PRIMARY LIVER CARCINOMA,
LIVER CIRRHOSIS (LC), AND HBAg

B4 BEREFE, FFEERVHB fREOME

HIROSHIMA

PLC with LC 56%
HBgAg 38%

LC with PLC
19y B9
5%

HBgAg
HBgAg in control

18%
39%

NAGASAKI

PLC with LC 55%
HBgAg 36%

36%
33%

LC with PLC

HB; Ag 18% HBgAg
HBg in control 13%

TABLE 13 HBg Ag POSITIVE RATE IN CONTROLS
#13 8% HB; MIEBHER

Hiroshima Nagasaki
Age ATB
Positive Positive
Total Total
No % No. %o

09 13 1 7.69 21 3 14.29
10-19 23 1 4,35 "33 7 21.21
20-34 21 2 9.52 24 4 16.67
3549 27 1 3.70 21 i 4.76
50+ 18 0 0.00 12 0 0.00
Total 102 5 4.90 111 15 13.51

Age adjusted * 5.37 (indirect} 12.51

5.22 (direct) 12.45

*Test for city difference, .05 <P<.10
Rt M0 20 HE

Nagasaki, Consequently, HBs Ag was 2.3 times
more common in Nagasaki than in Hiroshima
and the lowest positive rate was noted in those
aged 50 or more ATB (Table 13).

DISCUSSION

The delayed effects of radiation on the livef
include various cloudy swelling of hepatic cells,
periportal fibrosis, proliferation of bile ducts,
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and rapid diffuse necrosis of hepatic cells H15:16

However, late effects on the liver of A-bomb
survivors have not yet been confirmed. 2177
Schreiber et al® reported a pogitive association
between radiation and the prevalence of liver
cirrhosis in a prior study of the ABCC autopsy
series, however, in the present study, no effect
on the incidence of PLC by radiation but a
suggestive association between radiation and the
prevalence of liver cirrhosis was noted. The
incidence of PLC in the present study was 0.8%.
In the pathological autopsy cases in Japan, the
rate is approximately 0.7%.>! The prevalence of
liver cirrhosis in autopsy material is 5.5% in
Hiroshima®® and 9.3% in Nagasaki'® and these
rates are almost consistent with those in the
present study (5.8% in Hiroshima and 7.2% in
Nagasaki). A statistically significant difference in
the overall rates of PLC between Nagasaki and
Hiroshima has been reported in a prior study2
and the present study showed the average
incidence per year of PLC was approximately
2.0 times higher in Nagasaki. It is interesting
that the higher incidence of PLC in Nagasaki
cannot be explained by an increased prevalence
of liver cirrhosis, because in the latter there is no
clear difference between the two cities.

The positive rate for HBg Ag was almost 36% in
the liver accompanied by liver cirrhosis using
PLC samples, and it was almost 36% in the liver
accompanied PLC using liver cirrhosis samples in
both cities. Furthermore, HBg Ag occurred at
a significantly higher rate (12.5%) in livers
without PLC or cirrhosis in Nagasaki than in
Hiroshima (5.4%). Kato et al** reported that the
frequency of a positive HBg Ag reaction in the
Adult Health Study sample was about 1.5 times
higher in Nagasaki (3.3%) than in Hiroshima
(2.0%). Belsky et 21%® reported that the positive
hepatitis-associated antigen rate in Nagasaki was
almost 1.4 times that in Hiroshima. McGregor
et al® reported also that 2.6% of postmortem
sera from 194 ABCC autopsies in Hiroshima
were positive for HBg Ag. Okochi et al® found a
2.0% positive rate for Australia antigen among
voluntary donors in Tokyo and the frequency of
Australia antigen in the younger age group was
higher than in the older age group. The relatively
lower positive rate for HBg Ag in this study might
be explained by a bias in the samples which are
composed of relatively older survivors and
restricted to those having their permanent
address in either city as compared with those of
Kanda,?® who reported a positive rate of 54.8%
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in livers with PLC in the Napasaki area. Satoh
et al,'® however, reported a positive rate of 21%.

Thung et al*’ and several others™®*® have
reported that HBg Ag was found in tumor cells.
In our study, HBg Ag positive tumor cells were
detected in 4 of 128 PLC cases. Trevisan et al*'
reported that in a few cases the tumor cells
were positive for core antigen while nontumor
cells were negative. Maupas et al®> ascertained
serologically that the prevalence of anti-HB
core antigen was higher in PLC patients than in
controls, ranging frem 70% to 95% in the
patients and from 20% to 68% in the controls
from Asia and Africa and 24% of PLC patients
and 4% of controls from the U.S. These findings
suggest that HB virus infection might have a
close connection with oncogenicity. Williams®
asserted that the frequency of HBg Ag detection
was greater in the sera of patients living in areas
with a higher incidence rate of PLC than those
with a lower rate. In general, the reports in
several countries*® reveal that there is a
strong correlation between HBg Ag prevalence
and mortality from PLC. In Japan, HBg Ag was
positive in 60% of livers with PLC in Tokushima
Prefecture, where the death rate from PLC is the
highest® It is generally accepted that viral
hepatitis is one of the most important antecedent
lesions which predisposing to posthepatitic or
postnecrotic cirrhosis, although the precise
relationship between HB virus infection and PLC
is uncertain. However, the possibility that HB
is a risk factor for PLC has been proposed
previously on various occasions. In the
international workshop on HB and liver cancer,
Ziegler et a1*’ summarized that susceptibility
factors may include risk of exposure to HB virus,
age of onset of infection (tolerance), duration of
infection, immunological determinants,
nutritional status, or virus strain (virulence).
And they introduced some studies that provided
evidence for HB virus infection in early life in
PLC patients indicating perinatal infection from
mothers who were carriers. Such a condition
was ascertained experimentally by Gyorkey
et al®® who reported that a group of monkeys
giveni only HB virus showed no evidence of PLC,
or HB virus with diethylnitrosamine (DENA) did
not influence the induction period of PLC.
However, multifocal PLC apparently developed in
the postnecrotic cirrhotic nodule, when juvenile
monkeys were given HB virus before the
administration of DENA. In the present study,
22% of posthepatitic cirrhosis was associated
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with PLC in Hiroshima, and 43% in Nagasaki,
despite the fact that the Nagasaki incidence rate
of PLC was higher than Hiroshima whereas the
prevalence of liver cirrhosis was about-the same
in both cities. As summarized in Figure 4, the
high incidence of PLC in Nagasaki might be
attributed to HB virus infection, but further
careful studies on other factors such as immuno-
logical competence and various mycotoxins are

BFaENES, FEZEOHRREMAETRITEL Y
hAdhST, EREITEEFE- AT RBREITEE
RIEBT22%, EWMTE%TH- L. 4IcFL®
REdii, RGO FEREHERERN G0 HB
FALZBRILIILOMELAZVY, RERE

BeOoHEREOL ) ZMOBRII>VWTHELR

MELATZTILENFSH 3.

Necessary.
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