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The Japan Radiological Society
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FIG. 5. Excess relative nsk per Gy (ERR/Gy) for all solid cancer
for selected dose ranges. The figure shows the ERR/Gy and 95% CI
for a dose range from zero to a given dose based on the linear model
for the full data that allowed for different ERRs below and above the
given dose and taking radiation effect modifiers as common to the two
dose ranges. The increased ERR/Gy in the low-dose levels less than
0.1 Gy comesponds to the estimates of ERR higher than the expected
linear line in Fig. 4.



Suzuki and Yamashita Review Articles
Jon J Clin Oncol 2012;42(7)563-568

* LOW-DOSE RADIATION AND CARCINOGENESIS

— EPIDEMIOLOGICAL STUDY
* A-BOMB SURVIVORS

— In the dose range 0—-150 mSy, the excess risk of solid cancer
seems to be linear; however, there is no statistically significant
elevation in risk at doses below 100 mSwv.

— So far, the dose—response relationship supported the LNT
model in principle; however, the dose—response relationship
below 100 mGy tends to fluctuate, which limits statistical
significance in the increase in the incidence of cancer at lower
doses.




Suzuki and Yamashita Review Articles
Jon J Clin Oncol 2012;42(7)563-568

* LOW-DOSE RADIATION AND CARCINOGENESIS

— EPIDEMIOLOGICAL STUDY

* CHERNOBYL ACCIDENT AND CHILDHOOD THYROID
CANCER

— A large case—control study of Belarusian and Russian children
showed a very strong dose—response relationship, and the risk
appeared to increase linearly with doses up to 1.5-2 Gy,
whereas a statistically significant increase in risk was not
observed below 200 mGy (49).

— In both the cases, no statistically significant increase in risk
was observed below 100 mGy.




Suzuki and Yamashita Review Articles
Jon J Clin Oncol 2012;42(7)563-568

* LOW-DOSE RADIATION AND CARCINOGENESIS

— EPIDEMIOLOGICAL STUDY
* THYROID CANCER RISK BY MEDICAL EXPOSURE

— An elevated risk of thyroid cancer was observed at doses as
small as 100 mGy; however, it was no longer statistically
significant below this level.

* CONCLUSION

— While epidemiological studies have demonstrated the dose—
response relationships for cancer induction following
exposure to moderate-to-high doses of low-LET radiation, a
statistically significant increase has hardly been described
with radiation doses below 100 mSv.
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Freiman JA, Chalmers TC, Smith H, and Kuebler RR: 1

The importance of beta, the type Il error and sample size

in the design and interpretation of the randomized

control trial. Survey of 71 “Negative” trials.
N Engl J Med 1978; 299: 690-694.

LTOEEMLEA—DNFEEDAIZEET B/ TIL. |
TR ESZ (Vote Counting) | EL TREITHARETHELHEH

Greenland S: Quantitative methods
in the review of epidemiologic literature.

Epidemiologic Reviews 1987; 9: 1-30.
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LERIBEREDBIIERDLER

e Life Span Study (LSS) cohort

Total <5mGy 5-100mGy 100- 200- 500mGy 1-2Gy 2GyLl L

200mGy 500mGy -1Gy
Total 86,611 38,509 29,961 5,974 6,356 3,424 1,763 624
Hiroshima 58,494 21,697 22,733 5,037 5,067 2,373 1,152 435
Nagasaki 28,117 16,812 7,228 937 1,289 1,051 611 189
Male 35,687 15,951 12,342 2,382 2,482 1,414 813 303
Female 50,924 22,558 17,619 3,592 3,592 2,010 950 321

EERERREERNEODTER2FERMNE, B M, mEEH. FEh., IR,

ILEPHT, MIEET, ERET. JIINET, KEET, BEHE. RIHT, SEHT. SREFN D

0EMD L I8EDAREITTHAL, I6ATHY ., TD 55, 38 114N (79. 8%) %2
DFY, WEIEDHIE, LERBIY., BERDANT 2£5%5
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CardisDEEH

Summary by Cardis E (CREAL: Center for
Research in Environmental Epidemiology)

(mSv)

PREEXRE . BRESIUVRETEY —VOER

600,000 A 66 4,000 A\ 3.5%
BRLEESE .. BEERIUVREEEY —VDERITSRIFERMGE* DER
~ 6,000,000 A 14 9,000 A 0.9%
H—D\y/{***
~570,000,000 0.5 16,000 A (6,700- 0.01%
38,000)
R 30,000-60,000 A
200,000 A (GP)
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INR TOXERmEZEALL (2003)
i B 7 Z 7
22D : :

WRE| AV [ MEE| Ayt
(95%15 %8 X [H]) (95%15 %8 X [H])

L 43215 1.00 377451 1.00

112 15745 1.17 106451 1.11
(0.79-1.73) (0.78-1.78)

2B L E | 19645 1.41 10445 1.67
(0.99-2.01) (1.01-2.74)

Infante-Rivard C: Diagnostic X rays, DNA repair genes and childhood acute
lymphoblastic Leukemia. Health Phys 2003: 85; 60-64.




H A 2 DXEREZ T EALL (2010)

p &t AR A XL, 95%{E %& X &
CEE{517211451)
HL 1.00

1[a] HNin2[a]

1.06

0.83-1.36

3[EILLE

1.85

1.22-2.79

Bartley K: Diagnostic X-ray and risk of childhood leukaemia.
Int J Epidemiol. 2010; 39: 1628-1637.
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X$REZET ECMLD Ay X B (1989)

ﬁﬂFﬁﬁW@%ﬁﬁ% XIREZHT R DO FRIEFT THDE
*ﬁﬁa’_"(]r\fgffﬁz 3-5% | 6-104F | 11-20% | 3-20%
0-0.99 10 | 10 | 10 | 10
1-9.99 11 | 09 | 11 | 14
101999 | 17 | 31% | 08 | 16
20msvBlE | 21 | 27¢ | 397 | 2.4~

*:p<0.10(rE{Al) . **:p<0.05

Preston-Martin S et al. : Diagnostic radiography as a risk factor for chronic myeloid
and monocytic Leukaemia. Br J Cancer 1989; 59: 639-644.
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3N S FOMOBEER
ol RO AuX OwE  FHOM  AuX 9wl

el el w0 BER g g K BER
& 42N 24N 192 112- 43N 21A 228 131

3.28 3.97
Zoftt 25X 23N 1.19 065> 33A 32A 1.15 0.68-
2.16 1.94

BmE 202N 222N 1.00 - 202N 225N  1.00

FL



PEORP DIMSTIRE/DNRIEDVAVLE

(Doll & Wakeford : Br J Radiol 1997)

w3 (BRZE AR SBOFEH | EHRER | 9S%EEXM
(REAE)

Oxford/|N R JZEf & (1953-1981) 852.4 1.39 1.30-1.49
JLE &R United States (1947-1967) 114.7 1.47 1.22-1.77
Inter-regional study, UK (1980-1982) 39.0 1.23 0.90-1.68
Los Angeles (1950-1957): 5 {5 D & 23.9 1.34 0.90-2.00
Louisiana (1951-1955) 18.3 1.70 1.08-2.69
Helsinki (1959-1968) 17.9 1.18 0.74-1.87
California (1955-1956): B I f& 0D &+ 17.8 1.68 1.06-2.67
Tri-state (US) (1959-1962): F M9/ D & 16.6 1.40 0.87-2.27
Swedish twins (1952-1983) 11.6 1.38 0.78-2.46
Minnesota (1953-1957): B [ J& D & 10.2 1.28 0.69-2.37
All other 42.4 1.13 0.84-1.53
All except Oxford /MR iERE 312.4 1.37 1.22-1.53

All 1164.8 1.38 1.31-1.47



b 4 o OD ST R BR A &/ N R 2

v, Y.k vl IV I,F SRS (1953 1967)

RADTEE *E')'df" 95%{E #E X i
| ? = W BE 5+ B & IR

)\ B M E 2007 290 1.54 1.34-1.78
B RE T B MR 866 120 1.47 1.20-1.81
fthREE DB MK 1179 159 1.43 1.19-1.71
JRPYAV 719 92 1.35 1.07-1.69
D4 ILLRES 590 87 1.59 1.25-2.01
bk EA 1332 179 1.42 1.20-1.69
R 720 99 1.46 1.17-1.83

& 244 26 1.11 0.74-1.66

fth 856 129 1.63 1.33-1.67

£ RaM% 4052 569 1.49 1.33-1.67
2ERNA 1161 612 1.45 1.30-1.62

EhA 8513 1181 1.47 1.34-1.62



CTRAE v &/NRE B IMNE

CTAF¥¥> | Q¥R [k MFEERL
DIEIE REH | BHMAE (95% IS RERX E])

2|8

5

Nicd

O

ol Ll E

45451

22451
745

1,239,170 1
429,324 1.41(0.85-2.35)

52,493 3.67(1.66-8.14)

(Pearce MS et al. Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:a retrospective cohort study.
Lancet 2012; June 7:D01:10.1016/S0140-6736(12)60815-0)
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B P B FAEE
D EIH RAEY | BHAE <95%1=.s|sﬁ|zr'aﬂ>
118

72151 862,661

2B M is4[E 5045l 291,192 2.19(1.19-4.04)

EIY s 1345 34,354 4.51(2.50-8.14)
&%t 1354 1,188,207

(Pearce MS et al. Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:a retrospective cohort study.
Lancet 2012; June 7:D0I1:10.1016/S0140-6736(12)60815-0)
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* Itis concluded that radiation doses of the order of 10mGy
received by the fetus in utero produce a consequent increase
in the risk of childhood cancer. (Doll R and Wakeford R. BrJ
Radiol 1997; 70: 130-139.)

e Use of CT scans in children to deliver cumulative doses of
about 50mGy might almost triple the risk of leukaemia and
doses of about 60 mGy might triple the risk of brain cancer.
(Pearce MS et al. Lancet 2012; June 7:D0I:10.1016/S0140-
6736(12)60815-0)

 For every 10mSv of low-dose ionizing radiation, there was a
3% increase in the risk of age- and sex-adjusted cancer over
mean follow-up period of five years (hazard ration 1.003 per
mSv; 95%Cl 1.002-1.004). (CMAJ 2011: 183(4); 430-436.)
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Suzuki and Yamashita Review Articles
Jpn J Clin Oncol 2012;42(7)563-568
J)CONCLUSION

While epidemiological studies have demonstrated the dose—response relationships
for cancer induction following exposure to moderate-to-high doses of low-LET
radiation, a statistically significant increase has hardly been described with
radiation doses below 100 mSv. An LNT model has been applied to assessment of
the risks resulting from exposure to ionizing radiation; however, epidemiological
studies are insufficient to elucidate the shape of the dose— response relationship
at low doses. Therefore, a clear understanding of the mechanisms of radiation
carcinogenesis is essential to gain further insights into the health effects of low-
dose radiation (66). Furthermore, current models for radiation carcinogenesis have
paid much attention to the stochastic process of energy deposition in cells, but
accumulating evidences have shown that the nature of the target cells, i.e. tissue
stem cells and progenitor cells, needs to be taken into consideration (67). Such
information should improve our assessment of the likely form of the dose—
response at exposure below 100 mSwv.

667 D XHkA EREICLTLVH D (. DDREFDEIZEE I HEETHY (ICRPT2,
BEIRAY1.5), FHRD K542 ETH, 100mSVEL TN AHFEZ 5740 (DDREFAHVEE
BRR)ELSTES. BIRBIZHEDTULVELY,
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