£ 10. 19581998 I H T HIEBEBHERT IV RV OBRBERIT
(Yamada M, Wong FL, Fujiwara S, Akahoshi M, Suzuki G. Rad Res 161:622~32,2004)

Without smoking and drinking in stratification

Disease No. cases P Estimated RR at 1 Sv
Hypertension 5035 0.14 1.04 (0.99, 1.09y
Hypertension/ 5035 0028 1.03 (i.00, 1.06)
Hypertensive heart disease 1886 0.86 1.01 (092, 1.10)
Ischemic heart disease 1546 047 1.04 (0.94, 1.14)
Myecardial infarction” 117 0.38 1.11 (0.90, 1.46)
Myocardial Infarction<®¢ 78 0.05 1.25 (1.00, 1.69)
Occlusion, stenosis ) 440 0.61 1.05 (0.88, 1.27)
Aortic ancurysm 184 0.74 1.05 (0.88, 1.44)
Stroke 1 531 0.52 1.05 (0.90, 1.25)
Stroke I 729 0.43 1.06 (0.92, 1.23)
Thyroid disease 964 0.0000 1.33 (1.19, 1.49)
.Cataract 3484 0.026 1.06 (1.01, 1.11)
‘Gastric ulcer 930 0.98 1.00 (0.89, 1.13)
Duodenal ulcer 371 0.54 0.95 (0.81, 1.14)
Chronic liver disease and cirrthosis 1774 0.0010 1.15 (1.06, 1.25)
Cholelithiasis 959 0.93 1.00 (0.89, 1.12)
Calculus of kidney and ureter 323 0.07 1.19 (0.98, 1.46)
Uterine myoma (females) 922 0.0000 1.46 (1.27, 1.67)
Cervical polyp (females) 281 0.29 1.14 (050, 1.48)
Hyperplasia of prostate (males) 461 0.26 0.91 (0.79, 1.07)
Dementia 316 0.22 1.17 (0.51, 1.52)
Parkinson's discase 97 0.98 1.00 (0.727, 1.55)
Glaucoma 211 0.025 0.82 (0.80-, 0.97)

= Average PY: total = 2.2 X 10° PY; male = 8.1 X 10* PY; female = 1.5 X 10° PY (actnal numbers depend on the disease).
#95% confidence interval.

< Minimum feasible value.

4Incidence after June 30, 1964, since no ICD codes for MI were available before 1964.

* Based on Wald's confidence interval; no feasible likelihood-based upper bound could be estimated.

/Based on the quadratic dose—response model.

¢ Based on the quadratic dose—response model, for incidence during 1968—1998 and age ATB under 40 years.



1. IRMETHIRE & HBsAg [543
(Fujiwara S, Sharp GB, Cologne JB et al. Rad Res 159:780-786, 2003)

Prevalence (%)

C L] 1 ¥

0 1 2

Dose (shielded kerma, Gy)

2. HWREMSTHRE & HBs iR, HBc Hifk,

Prevalence of HBsAg by radiation dose averaged over birth year
and city. Points display adjusted prevalence in summary dose groups with
95% confidence intervals. The dose groups shown on the plot are: 0
(<0.005) Gy, 0.005-0.25 Gy, 0.251-0.75 Gy, 0.751-1.25 Gy, and 1.251~
4.0 Gy, which were selected to provide approximately equal numbers of
persons in each dose group. The points are plotted at the mean doses in
these groups.

& 1l HBc HuRG =

(Fujiwara S, Sharp GB, Cologne JB et al. Rad Res 159:780~786, 2003)

50

Prevalence (%)

3
Anti-HBs Ab
L P=0.11
sl
Anti-HBc Ab
L P=0.002

-

Dose (shielded kerma, Gy)

Prevalence of anti-HBsAb, anti-HBcAb and high-titer anti-
HBcAb by radiation dose, averaged over birth year and gender. Points
indicate adjusted prevalence in summary dose groups with 95% confi-
dence intervals.

L. Anti-HBc Ab (High titer)
P=0.003

3. HBV BERZEB(CHITAEEMSEE & HBsAg B E - ZMBEFE & ZMEREZTOLE
(Fujiwara S, Sharp GB, Cologne JB et al. Rad Res 159:780~786, 2003)

s § Persons ransfused
between 1845 and 1972
(P =0.039 n=105)

ae= O Persons not transfused
(P=0.168 n=1743)

Proportion HBsAg positive (%)
w
L

sneasabann

0 1T 2

3

Dose (Shietded kerma, Gy, bias adjusted)

Proportions of persons who were unable to clear HBV as a
proportion of HBsAg-+ among ever infected (HBsAg+ or anti-HBsAb+
or anti-HBcAb-+). Comparison between persons transfused between 1945
and 1972 and all others (except those transfused in 1944 or 1973-1974).
Points indicate prevalence in summary radiation dose groups with 95%
confidence intervals. Proportions were adjusted for city and birth year.



Rotative Riak

Relative Risk

Relative Risk

Relative Risk

4, FEVMBEUMBEBEERCTARATOERRICKBZET GERERE) OBERIE
HWIREBFESD & B
(Shimizu Y, Kato H, Schull W] et al. Rad Res 130,249-266, 1992)

Age ATB <40 years Age ATB 40+years
19501965 1950-1965
20 2.0
1.0#‘%%4 1.0 I
0 ol
6 1 2 3 4 5 6 1t 2 3 4 5
3.0, 1966-1975 3.0L 1966-1975
2.0 / 2.0}
1.0 Ay /l\ 1.04
T 1
h o .
o 1+ 2 3 & 5 o 1 2 3 &4 s
4.0r 401
19761985 19761985
3.0 3.0
2.0 2.0f
10844 f 1.0&##—-%
0 S

0 1 2 3 4 5
Radiation Dose (Gy)

[+
0

1 2 3 4
Radiation Dose (Gy)

5

Dose-response curves of mortality from all disease except neo-
plasm and blood disease by age ATB and period. Bars indicate 90% confi-
dence interval of relative risk.

5. FEZREEFEEANBREORERIG
(Yamada M, Wong FL, Fujiwara S et al. Rad Res 161:622-32,2004)

Liver dose (Sv)

3,
Chronic liver disease
and cirrhosis {(P=0.001)
0 T T 1
0 1 3
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Review of report by Toda entitled “The Study of the Causal Relationship of Radiation on
Liver Function Disorders” (14 November 2006)

Acceptable
General evaluation of the paper

The paper is comprehensive and covers the important topics and prior studies on the
relationship between exposure to the atomic bombs in Hiroshima and Nagasaki and liver
damage. The paper presents the uncertainties and inconsistencies that preclude a firm
decision as to whether exposure to radiation at the low to moderate doses experienced are
causally related to liver damage. There are a few areas where the conclusions could be
made more clear and several areas where the discussion might be modified. However,
this is an informative and valuable overview of the state of knowledge of radiation-
induced liver damage among atomic bomb survivors. One request, however, would be
for the author to present his overall conclusion a bit more clearly in the abstract.
Although it is stated that “a poséibility of radiation-induced liver damage due to the
atomic bomb cannot be completely denied”, it seems.that the review would suggest,
nonetheless, that “there are no consistent or conclusive data to support a causal

relationship between radiation and liver damage”.



Comments to Author

Comment 1. The paper is balanced and informative. One suggestion would be to adda
clearer “conclusion” to the abstract that states your opinion as to the causal nature of
atomic bomb radiation and liver damage. Although you state that “a possibility of
radiation-induced liver ciamage due to the atomic bomb cannot be completely denied”, it
seems that your review would suggest, to me, that “there are no consistent or conclusive

data to support a causal relationship between radiation and liver damage”.

Comment 2. 1 agree with many of the evaluations. As you state, it is not necessarily
appropriate to present one-sided tests for non-cancer associations since these non-cancer
evaluations are more hypothesis generating than hypothesis testing. There is a difference
between the Shimizu 1992 paper and the Preston 2003 paper which you dismiss as
possibly related to the smaller numbers in the Preston follow-up. However, the numbers
do not seem that different, unless I have misread the articles. Shimizu had 697 deaths due
to cirthosis (Table X), whereas Preston had 567 (Table 13). The difference in estimated
risks most likely is related to the selection of the calendar years to analyze and also that
the subsequent follow-up apparently did not confirm the suggested positive association of
Shimizu with the shorter follow-up. I agree also that the so-called healthy survivor effect
should be carefully evaluated.

Comment 3. 1 might add the Sharp et al. 2002 and Sharp et al. 2003 articles which
indicate that the hepatitis B and C viruses are strongly associated with cirrhosis and may

play a co-factor role.

Sharp GB, Mizuno T, Cologne JB, Fukuhara T, Fujiwara S, Tokuoka S, Mabuchi K.
Hepatocellular carcinoma among atomic bomb survivors: significant interaction of

radiation with hepatitis C virus infections. Int J Cancer 2003; 103(4):531-7.



In their autopsy series there was no association between radiation and cirrhosis.

" _we found 1o association between acute radiation and cirthosis (OR: 0.51; 95% CL:
0.22-1.12)" Sharp GB, Cologne JB, Tokuoka S. Increased risk of hepatocellular
carcinoma for hepatitis C virus infections among persons with acute radiation exposure.

Am J Epidemiol 2002;155:527.

Comment 4. A paragraph on the differences between Hiroshima and Nagasaki with
regard to hepatitis virus infection, liver damage (cirrhosis) and liver cancer would be

informative.

Comment 5. Iwould change the title, also, from ‘.‘Liver Function Disorders™ to “Liver
Damage”. You apparently intended to do this, as explained on Page 2, but it was not

done. “Liver function disorders™ is too vague, I believe.

Comment 6. I think it might be important to stress the fact that it is only the atomic bomb
survivors study that finds an association between liver cancer and exposure to low-LET
radiation. There are no other studies of medically exposed ér occupationally exposed
populations that find such an association. This implies, and as described in the
UNSCEAR 2000 reports, that the hepatitis viruses likely play an important cofactor role

in the development of radiation-induced liver cancer among atomic bomb survivors.

"104. Epidemiological data on liver cancer associated with external exposures to
low-LET radiation exposure are limited. Far more information is available on internal
high-LET exposure, especially thorotrast (see below). The available data are presented in
Table 9. None of the medically and occupationally exposed populations included in this
review suggest an association between radiation exposure and liver cancer. Where an
increased standardized mortality ratio (SMR) for ﬁver cancer is found, further analyses do

not support a dose-response relationship.”



United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) 2000 Report to the General Assembly, with scientific annexes.
United Nations sales publication E.00.IX.3 and E.00.IX.4. New York: United

Nations.

Comiment 7. 1tmay be of interest to note that in the United States compensation
schemes, liver cancer is not compensatable if cirrhosis or hepatitis virus B infection is

present (NRC 2005).

NRC (2005b). National Research Council (2005). Assessment of the scientific
information for the Radiation Exposure Screening and Eduncation Program.

Washington, DC: The National Academies Press, 2005.

Comment 8. 1 agree that more study is needed to evaluate low-dose low-LET radiation
and liver damage but the lack of internal consistency and the lack of evidence in any other
exposed population should give caution in concluding that a causal association is even

close to being acceptéd.

Comment 9. There is an interesting discussion of the association between radiation and
the hepatitis virus titers and it may, as suggested, be linked to an effect of radiation.
However, this is not entirely clear and I believe it is appropriately discussed with caution

in the report.

Comment 10. The recent chapter by London 2006 on liver cancer that appeared in
Schottenfeld and Fraumeni could be added. The great majority of primary liver cancers
in adults are hepatocellular carcinomas (HCC); about 75-80% of HCC are aetiologically
associated with chronic infection wi%l?hepatitis B virus [London 2006]. Infection with
hepatitis C virus is responsible for about 10-20% of viral-asssociated HCC, and plays an

important role in somie countries, notably in Japan. Other aetiological factors include



