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“And it was so typically brilliant of you to have
invited an epidemiologist.”

The New Yorker, Nov 26, 2001, Wm Hamilton M

.
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Airport “Backscatter” X-ray Scanner

A Reflection on You Transmission Backscatter

The technology of X-rays for whole-body scanning in airports

involves tiny doses of radiation and technology to record how it TYPICAL DOSE 4 millirems TYPICAL DOSE: 005 millirem

bounces off the skin. Here's how it difers from medical X-rays. v 'g

Transmission X-rays, such as  Backscatter X-rays, such as Sources: Heakth Prysics Society: American Science and Engineering inc.
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A Quarter of U.S. Nuclear Plants
Leaking MONTPELIER, Vt., Feb. 1, 2010

27 of 104 Plants Leak Radioactive Tritium, a Carcinogen, Raising Concerns
About Nation's Aging Plants

Vermont Senate Votes to Close Nuclear Plant

@he New Hork Times Febrary 25, 2010

The cooling towers of Three Mile Island's

Unit 1 Nuclear Power Plant pour steam into

the sky in Middletown, Pa_, in this March

17, 2009 file photo. Radioactive tritium, a

carcinogen, now laints at least 27 of the

nation's 104 miclear reactors — raising

concerns about how it is escaping from the

aging nuclear plants. (AP Photo/Carolyn e
Kaster) SIE TR RECOMENE

e Frmont Eenate has otedto block  ficenas extanzion for the ¥ ermort Vankes nuclear plact in Vemmen, e

Epidemiology is the study of the distribution
and causes of disease in humans.

Radiation Epidemiology Dates Back 100 Years

X-Rays Discovered 1895

Medically Treated |
Populations

Skin/Bone Cancer S— e
|Radiologists Underground Miners (Radon)

Radium Dial Painters

A-Bomb Nuclear
Data Workers
Thorotrast Chemobyl
Imaging Duffy
Thyroid
Cancer Cancer
Survivors
(therapy)

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Radiation epidemiology has become so sophisticated that human studies have become the basis for radiation protection standards
as well as compensation schemes developed by governments in response to claims of ill health from prior exposures.
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The First Case of Radiation-Related Death?

In 1896, shortly after Roentgen discovered X-Rays, "..Thomas A.
Edison attempted to use the x-ray tube for development of a
fluorescent illuminating lamp. He soon abandoned these efforts, ..

“... | started to make a number of these
lamps, but | soon found that the x-ray
had affected poisonously my assistant,
Mr. Dally, so that his hair came out and
his skin commenced to ulcerate.

| then concluded it would not do, and
that it would not be a very popular kind
of light, so | dropped it ...”

Mr. Dally died of a metastatic carcinoma in 1904

Quoted from: Upton, A., Cancer Research 1964: Thoughts on the contributions of radiation biology, Cancer Research
24,1861-1868, 1964 (Also Brown P. American Martyrs to Science, 1936)

1898 - Sudan




Leukemia Among Early
Radiologists / Technologists

British USA China  USATech #~
3.0+ 25 24
Relative
Risk 2.0
1.0 0-93
ﬂ Normal Occurrence
0.0 ‘

Years 1897-1979 1915-1954  1926-1985 1926-1980

No. cases 9 17 34 158
Berrington, Br J Radiol 74:507, 2001  Wang, Int J Cancer 45:889, 1990 | L.
Seltzer, Am J Epidemiol 81:2, 1965  Mohan, Int J Cancer, 2003 ] Early radiation workers
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Radium Dial Painters
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Bone Cancer in

Radium Dial Painters

(UNSCEAR 2000)
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10 Gy suggested as a “practical threshold” for bone cancer

L Bone Cancer, not leukemia
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Im Epidemiologic Studies are the Basis
for Cancer Risk Estimates.

“Radiation risk estimates are derived for incidence data for
specific tumour sites when adequate dose response data are
available from the Japanese Life Span Study (LSS), pooled
analyses of multiple studies, or other sources.” ICRP Publ 103,

Solid Cancer Dose Response
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The “solid cancer” dose response combines non-linear age-adjusted [ Preston et al, Rad Res 168:1, 2007 ]
specific sites.




Studies of Low-Dose Exposures
Accumulating to High Dose

=l

Lung collapse therapy for
tuberculosis and associated
multiple chest fluoroscopic
x-rays (1930-1954)

A Comprebensive Cancer Center Designated by the National Cancer Institute

Breast
TB - Fluoroscopy, Massachusetts

Number Exposed: 2,573
Number Unexposed: 2,367
No. Chest Fluoroscopies (ave) 88
Breast Dose (Dale Trout): 79 cGy
Observed Breast Cancer: 147
Expected: 114
RR (95% ClI) 1.29 (1.1 - 1.5)
[ Boice et al, Radiat Res 126:214, 1991 | [__Boice & Monson, J Natl Cancer Inst 59:823 1977 _ |

a m—m A Comprebensive Cancer Center Designated by she National Cancer Institute




Dose Response — Pooled
Analysis of Breast Cancer Studies

lu0]
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( Boice, Radiology 131:589, 1979 |
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LNT — Plausible and Practical
Although Risk Below 100 mSv Uncertain

Dose-Response Relationships

(67) ... the adoption of the LNT
model combined with a judged Probabllity of cancer
value of a dose and dose rate
effectiveness factor (DDREF)
provides a prudent basis for the
practical purposes of -
radiological protection, i.e., the e
management of risks from low-

Dose

Background t

dose radiation exposure. (ICRP ose
PUbl 103’ 2007) Low Dose and

Low Dose-Rate Radiation
Effetts and Models
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“All models are wrong,
some models are useful.”

=l

--- George Box, industrial statistician, 1979
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Lung and Leukemia
TB - Fluoroscopy, Massachusetts

Lung Leukemia
No. exposed 6,285 6,285
No. unexposed 7,100 7,100
No. chest fluoroscopies (ave) 77 77
Dose to lung or marrow 84 cGy 9 cGy
Observed (O) 69 17
Expected (E) 86 19
RR (95% ClI) 0.8 (0.6-1.0) 0.9 (0.5-1.8)
No excess lung or leukemia
 Davis et al, Cancer Res 49:6130, 1989 | Not all tissues respond similarly to fractionation.
@ mtﬂt—]}ugfm A Comprebersive Cancer Center Designeied by the Netionsf Cancer Institmic
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Heart Disease
TB — Fluoroscopy, Massachusetts

Number exposed 6,285
Number unexposed 7,100
Heart dose ~90 cGy
Observed heart disease (O) 826
Expected (E) 908
RR (95% CI) 0.9 (0.8-1.0)
[ Davis et al, Cancer Res 49:6130, 1989 |  No excess heart
-a Vanderbilt-Ingram A Comprebensive Cancer Center Designicd by the Nutionsd Cancer Institmic

Summary
TB Fluoroscopy

=l

Low-dose fractions increase breast cancer
Age at exposure modifies effect
Linearity fits the breast cancer data

Low-dose fractions NOT found to increase
- Lung cancer

- Leukemia
- Heart disease
Be cautious when generalizing
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A4

Breast Cancer Thymus Irradiation

URIVERSITY
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Immature breast tissue at risk but
[ Hildreth et al, NEJIM 321:1281, 1989 ] risk manifests many years later.
a w—m Cancer Center A Camprebensive Cancer Center Designesed by tbe National Cancer Instirure

Radiotherapy for Ringworm A\ Y
5 treatments, 3-12 minutes each e

Fig 1.—Five Treatment fields used in the Adamson-
Kienbock treatment were positioned with the aid of a

“cap'” made from steel bands.
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Thyroid A\ ¥4

Tinea Capitis - Israel T
Number Exposed: 10,834
Number Nonexposed: 16,226
Thyroid Dose (mean): 9 cGy
Observed Thyroid Cancers: 43
Expected: 10.7
RR (95% Cl): 4.0(2.3-7.9)

| Ron etal, Radiat Res 120516, 1989 | Wiggle, Morocco, genetic

a w—m-’.. ncer Center A Comprebensive Cancer Center Designated by the National Cancer Institute

Some Uncertainties ...

| * Effect primarily among immigrants,
mainly from Morocco, not Israeli
born (Ron, Rad Res, 1989)

| « “Irradiation for tinea capitis was
given to many Jews in Morocco

prior to immigration...”(Modan, JNCI ,
1980)

» Genetic susceptibility & family
clustering (4 sisters thyroid disease)

» Wiggle could increase dose x 3

* Immigrants from Morocco came
from Atlas Mt region, and diets
deficient in stable iodine




Thyroid Cancer & External Radiation Risk
Dose Response by Age at Exposure

40 - -
Pooled Analysis

ERR=7.7; EAR =44

30 -
Age at exposure: <15 RISK TO THE
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Ron et al, 1995
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(A Radiotherapy for Breast Cancer
)

\\ ) Breast Cancers in Connecticut (1935-82)
o il Eg_ Second Breast Cancer
|
200 cGy (ave) RR 95% Cl|

All Subjects* 1.19 0.9-1.5

Time After Exposure (Yr)
5-9 0.99 0.7-14
>10 1.33 1.0-1.8

Age at Exposure (Yr)
<35 2.26 0.9-5.7
35 - 1.46 0.9-2.3
>45 1.01 0.8-14

*655 Cases, 1,189 Controls

Risk after 10 years among young.
| Boice et al, NEJM 326:781, 1992 | Example of age modification.

)
-a Vanderbilt-Ingram A Comprebensive Cancer Center Devignated by che National Cancer Instisute

{\<‘\ (‘/,/;1:1
Genetic Susceptibility? A
Second Breast Cancer . w{ﬁﬁ

WECARE, 2" breast (n=~600) to study
Interaction Between Radiation and Genes*

Exposure RR 95%ClI
BRCA1L mutation 4.5 2.8-7.1
Genes < BRCA2 mutation 34 2058
ATM (common variants) 0.8 0.7-1.0
1G <40 1.6 1.1-2.5

Radiation < y (age y)
1 Gy (age >45y) 1.0 0.9-1.3

*BRCAs, ATM, CHEK2*1100delC

Bernstein J. Abstract S303, Rad Res 2009

[ Stovall, IIROBP 72, 2008 |
Concannon et al. Cancer Res 68, 2008

Begg et al, JAMA 2008

|

@ m—lﬂg{m A Comprehensive Cancer Center Designated by the National Cancer Institute
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Cervical Cancer and Leukemia
Blood Studies and Clinical Follow-up
30 Radiotherapy Centers in 9 Countries

Number 30,000 women
Dose 5-15 Gy (marrow)
Leukemia

Observed 13
Expected 15.5

Risk No excess
Boice & Hutchison, INCI 65:115, 1980 | Huge dose, but no risk |
a w—m A Comprehensive Cancer Center Designated by the National Cancer Institute
s Bone Marrow Dosimetry

Downturn at High Doses

=l

Boice et al, INCI 79, 1987

8,000 mg-he
PARrINGonE Acute & Nonlymphocytic Leukemia @— Observed Data
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Average excess RR per gray for leukemia = 0.14

International Cervical Cancer Study
Expansion — 16 Radiotherapy Centers and 17
Cancer Registries in 14 Countries

A Comprebensive Cancer Center Designated by the National Cancer

mritute
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Models Consistent with Mice

=l

Experiments
y
& an
2
E
g,
EE
Daily protracled exposures om E
504 ER 9
Gamma rays and x-rays o0 % ! 4
Single brief exposures o.e -

Neutrons w.m % mylhn‘(rl‘adl “

“The quadratic-exponential model
relating the risk of leukemia to the
square of radiation dose and
accounting for the cell-killing effect
of radiation provides a good fit to
experimental data on radiation-

Incidence (%)

N 500 o0 induced myeloid leukemia in mice.”
ose (rads)

[Upton et al. Rad Res 41, 1970; Major Mole Nature 272, 1978 ] ’Boice etal. INCI 79, 1987 ]
@ w-m A Camprebensive Cancer Center Designesed by tbe National Cancer Instirure

Characteristic wave-like pattern over time

3 24 16 i 3 2 = No.
Leukemias 710

Acute & Nonlymphocytic Leukemia
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Boice et al, INCI 74:955, 1985

a Vanderbili-Ingram A Comprekensive Cancer Center Designated by the National Cancer Institute
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Long Minimum

Latency - Solid Cancers
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Lung Cancer Following Hodgkin Lymphoma
International Case - Control Study ( 2002 )

Definition of Cohort:

Sweden Ontario
National
Finland — Car]cer Denmark
Institute
Netherlands Connecticut
lowa

» Diagnosis of Hodgkin lymphoma: 1965-1994

» Survival of 1 or more years
Final Cohort: 22,977 (222 cases, 444 controls)

Travis et al. INCI 94:182, 2002

& Vanderbili-Ingram

A Comprebensive Cancer

Center Designated by the National Cancer Institute
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Lung Cancer After Hodgkin Lymphoma
Radiotherapy and Environmental Factor Effects

00, Cigarettes 84.9
RR
60+
51 Radiotherapy 337
o3 96 100 30 13.3
10- :
7. 7.2
5 P |
0 = - - - -—Tt=
51 Never Former <1 1- 22
1o 128 Cigarettes (packs/day)
NE= A= AR A NS .y
0 >0 5- 15- 30- 240
Dose to Lung (Gy) N
<1 pack/day has greater risk than >40 Gy
Gilbert et al, Rad Res 159:161, 2003
Travis et al, INCI 94:182, 2002
@ w—m A Comprehensive Cancer Center Designated by the National Cancer Institute

2nd Cancers After Childhood Cancer (CCSS)

5%

LATE EFFECTS Incid . .
TREATMENT nciaence, o year survivors
Sk 1 N =13,581

FOR CHILDHOOD CCSS (2001)
(CANCER |

T T T T T
50 100 15.0 200 250

Years since diagnosis

Neglia, INCI 93:618, 2001

A Comprebensive Cancer Center Designated by the National Cancer Institute




Thyroid Cancers After Childhood Cancer (CCSS)

Cell Killing

357 == Lincar
— Linear ex porential
B Recorded ORs

Relative risk

Sigurdson, Lancet 365:2014, 2005
Tucker, Cancer Res 51:2885, 1991

Meadows, JCO 27, 2009

@ Vanderbilt-Ingram
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Radiation Dose and Breast Cancer Risk in the Childhood
Cancer Survivor Study

Peter D. Inskip, Leslie L. Robison, Marilyn Stovall, Susan A. Smith, Sue Hammond, Ann C. Mertens,
John A. Whitton, Lisa Diller, Lisa Kenney, Sarah S. Donaldson, Anna T. Meadows, and Joseph P. Neglia

Odds Ratio

{1

204

Odds Ratio

0 10 20 30
Dose to Breast (Gy)

40 50 0

= Ovarian dose <5 Gy
v Total
- Ovarian doss > 5 Gy

Ovarian dose
<5 Gy - Total

LT Ovarian dose
e >5 Gy

o 20 30 40 50
Dose to Breast (Gy)

Fig 1. Breast cancer risk by radiation dose to the breast

Competing effect of ovarian dose and
radiation induced early menopause --

Host factor influence

Fig 2. Fitted breast cancer risk by radiation dose to the breast and ovary.

Inskip, JCO 27, 2009

& Vanderbili-Ingram

A Comprebensive Cancer Center Designated by the National Cancer Institute

20



@@ Pregnancy and A-Bomb Radiation

A Comprebensive Cancer Center Designated by the National Cancer Institute

@@ Atomic Bomb Survivors In Utero
and Post-Natal Cancer Risk

B0 4
L% ’
5 Childhood 4
Risk of > B0 irradiation /s
o s
§ / No apparent
Cancer = il increased
Uy / sensitivity
2 d
//
g -
@ 50 4 e In utero .
P e irradiation No Ch'k_jhOOd
3 - leukemia
3 —
0. —
T T T T T T
10 20 30 40 50 &0
attained age
Preston et al. INCI 100:428, 2008
a m—lngmn Cancer Cente A Comprebensive Cancer Center Designated by the National Cancer Institute
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wm  Oxford Prenatal X-ray Survey

Radiology

Is the low-dose association causal?

Childhood cancer Cases % X-ray RR
Leukemia
Lymphatic 2,007 14 15
Myeloid 866 14 1.5
Lymphoma 719 13 1.4
All leukemia/lymphoma 4,771 14 1.47
Wilms 590 15 1.6
CNS 1,332 13 1.4
Neuroblastoma 720 14 1.5
Bone 244 11 1.1
Other solid 856 15 1.6
All solid 3,742 14 1.47
’ Bithell, Stewart, BrJ Cancer 31:271, 1975 ] ’ Biologically plausible to have same RR? ‘
@ w—m A Comprehensive Cancer Center Designated by the National Cancer Institute

ICRP Publication 90 (2003)
Biological Effects after Prenatal
Irradiation (Embryo and Fetus)

“ Although the arguments fall short of being
definitive because of the combination of
biological and statistical uncertainties
involved, they raise a serious question of
whether the great consistency in elevated
RRs, including embryonal tumours and
lymphomas, may be due to biases in the
OSCC study rather than a causal

association.”

Christian Streffer, Chairman

A Comprehensive Cancer Center Designated by the National Cancer Institute

22



Low Dose Studies are More Susceptible to —
Bias and Confounding and Chance

81. ... there are a number of studies of occupationally exposed
persons, who generally receive low doses of ionizing radiation at low
dose rates. For example, in the IARC 15-country study, average
cumulative doses were 19.4 mSyv, and fewer than 5% of workers
received cumulative doses exceeding 100 mSy.

Canada
Cohorts /

Canada _——
Sweden

UK -all

USA - Hanford
USA- NPP
USA- ORNL
All combined —s—

-2 0 2 4 6 8 10

Excess relative risk/Sv

Fig 2 Excess relative risks per Sv for all cancer excluding leukaemia in cohorts
with more than 100 deaths (NPP=nuclear power plants, ORNL=0ak Ridge Cardis et al. BMJ 2005
National Laboratory)

'@ mhﬂt-l‘nglam A Comprebensive Cancer Center Devignased by the National Cancer Inricute

Relative risk

Mortality and Cancer Incidence in the 3™
UK NRRW Analysis 2009

“Within the cohort, mortality and incidence from both leukaemia excluding CLL
and the grouping of all malignant neoplasms excluding leukaemia increased to
a statistically significant extent with increasing radiation dose. Estimates of the
trend in risk with dose were similar to those for the Japanese A-bomb
survivors, with 90% confidence intervals that excluded both risks more than 2—
3 times greater than the A-bomb values and no raised risk.”

4 1.4
= Non-CLL e All cancer,
. - a .
3 Leukemia - ! excluding .
25 ] . leukemia et
2
k]
&

- o

=3
o

5}

08
[} 0.1 0.2 0.3 0.4 0.5 a 0.1 o2 03 04 0s 06
Dosa {Sv)

Dose (Sv)
Muithead et al. BMJ 2009 |
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A JOINT ANALYSIS OF
11 UNDERGROUND MINERS STUDIES
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11 Underground Miner Studies
68,000 Miners — 2,700 Lung Cancers

RR = 1.0 + 0.0049 x WLM

- ok
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v
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s
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500 1000 1500 2000
Cumulative Radon Exposure ( WLM )
Lubin et al, 1993 | 1pCil~0.2 WLM / yr. |
a Wh—lng[m A Comprebensive Cancer Center Designated by the National Cancer Institute

Washington Post, February 6, 1986

New Meaning to “The Nuclear Family

25



Radon Studies in Homes
(Case-Control)

United States Nordic Countries
v New Jersey V Sweden
\ Missouri Finland
lowa China
Connecticut \ Shenyang
Utah/Idaho J Gansu
Canada Pooled
Winnipeg \ Lubin (1997, 1999)
Europe North America (Krewski, 2005)
Southwest England Europe (Darby, 2005)
Western Germany v China (Lubin, 2004)
Czech ( cohort) World (Darby, in progress)

| BEIR VI, 1999; Field, Rev Envir Health 16, 2001 |

1
‘@ erhbﬂt—lngmm A Comprehensive Cancer Center Designated by the National Cancer Institute
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People’s Republic of China
Gansu Province

£ e .
'a Wh—m e ] A Comprehensive Cancer Center Designated by the Navional Cancer Imstitmte

Gansu Province

27



Gansu Province
Underground Dwelling

& Vanderbilt-Ingram oo O

A Comprebensive Cancer Center Designated by the Navional Cancer Imstitmte

Gansu China - Radon Study

4 -

Odds ratio

OR =1+0.0032 X -

OR =1+0.0025 X

Consistent
with linearity

0 T

T T
0 100 200

Radon concentration (X), Bqlm3

[ Wang et al. Am J Epidemiol 155:554 2002 |

T
300

T 1
400 500

[ 4 pCill = 150 Bg/m® ]

| Lubin etal. IntJ Cancer 109:132, 2004 |

@ VanderbiltIngram © oo oo

A Comprehensive Cancer Center Designated by the National Cancer Institute
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Indoor Radon Meta-Analysis
Lung Cancer

Difficult to detect
low-dose risks,
yet significant
trend when
studies combined

Relative risk

I‘ Relative risk = 1

03

T T L T T T
0 100 200 300 400
Rn concentration (Bg/m3)
(Lubin & Boice, INCI, 89:49, 1997 ) | 4 pCill = 150 Bg/m3 |
a Wh—lng[m A Comprehensive Cancer Center Designated by the National Cancer Institute

Radon Interacts with Smoking
to Enhance Risk

A nearly
multiplicative
interaction

NRC, BEIR, 1999 I

‘@ “mkﬂ;ﬂt—lngam A Comprebensive Cancer Center Designesed by the Nesionel Cancer Instivuse
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Smoking
Compared with Radiation/Radon

Radon

Cigarettes A-Bomb Miners Indoor

RR Per Day Dose, Sv WLM Bg/m3
1.0 0 0 0 <40

4.6 1-9 3.4 735 4,500*

*140 pCilL

Smoking <10 cig/day equivalent to being
high dose A-bomb survivor

| Boice, Radiat Res, 146:356, 1996 |

‘a W]t—lﬂm’ ancer Centes A Comprehensive Cancer Center Designated by the National Cancer Institute

Descriptive Studies

Nuclear Facilities (Sellafield, U.K.)

)
‘a W'Ingmm Cancer Centes A Comprebensive Cancer Center Designated by che National Cancer Instisute
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Cancer in Populations

Living Near Nuclear Facilities
JAMA 256: 1991

@ W]t—lnm Cancer Center A Comprehensive Cancer Center Designated by che Nevional Cancer Instinnte

Overall Relative Risk of Leukemia
Before and After Nuclear Facility Startup

2 -
Childhood Leukemia
Leukemia All Ages
g 1.08 1.03 1.02
o T 098
- - B[ B---Z=----
3 g N
& 5 £
(] i
1) n
9 o)
=
@ <
0
Risk higher before than after
[ Jablon et al, JAMA 265:1403-1408, 1991 | facilities began operating
@ w-lngmm Cancer Center A Comprebersive Cancer Center Designeied by the Netionsf Cancer Institmic
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Radiation Worker Studies
Rocketdyne — Atomics International
Santa Susana Field Laboratory

=l

-a W]t_lnglm mncer Uenies A Comprehensive Cancer Center Designated by the National Cancer Institute

Sodium Reactor Experiment - 1956

1 First commercial
power reactor —

{ provided electricity
| for Moorpark.
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Hot Laboratory (1978)

Largest at
the time

-ﬂ Vanderbilt-Ingram A Comprebensive Cancer Center Devignated by che National Cancer Instisute

Uranium, Plutonium
Americium, Polonium

Gamma
X-ray (radiographers) Thorium, Strontium
Neutrons TypeS Of Exposure Cesium, Tritium
External Internal
¥
Uniform dose Non uniform dose
Delivered during exposure Protracted in time
Film (TLD) badge reading Bioassay measurements
‘@ erhbﬂt—lngmm A Comprehensive Cancer Center Designated by the National Cancer Imstivute
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Sources of Radiation Exposure Histories

Rocketdyne Workforce
46,970 5801

Monitored Workers

[
Department of Energy
2,058

I

(

Landauer

Other
Sources

NRC - REIRS
1,039 Dosimetry Co.
| 1,792

| Known Facilities

,— Hanford (1,194)

L Idaho National Engineering Lab (237)
b— Albuguerque Operation (11}

f— Argonne National Lab (74)

— Brookhaven National Lab (8)

[— Chicagu Operations (17}

[ Fermilab (8)

b— Femald (26)

f= Lawrence Berkeley Lab (22)

|— Oak Ridge (66)
I—Malinckrodt (13)
(—Ferrald (11)
t—Savannah River (26)
[— Rochester Files (6)
[ 3 REM Srudy (14)
[—US Army (152)

|—US Air Force (152)
‘—US Navy (26)

— Lawrence Livermore National Lab {73)
— Los Alamos Nationzl Lab (92)

e Mound (13)

[ Nevada Test Site (103)

|— Oak Ridge Reservation (95)

I Oakland Operations (250)

{— PanTex (14)

[ Pittsburgh Naval Reactor (34)

t— Pontsmouth Gaseous Diffusion Plant (6)
[— Rocky Flats (160)

|— Sandia National Lak (38)

[— Savannah River (72}

|— Schenectady Naval Reactor (KAPL) (30)
— Stanford Linear Accelerator (12)

= West Valley (6)

Little evidence that radiation increased
the risk of dying from lung cancer

Vv

but small numbers
UNIVERSITY
40 5 cancers
@ Relative Risk among 102
= 95% Confidence Limits worgers
3.0 +
x
8
74
2 20+
5 917 cancers 96 cancers 17 cancers 28 cancers 5 cancers
3 among among 3,852 among 561 among 976 among
14 41,169 workers workers workers 310 )
workers workers
10— ———— -]t ]— 4 ——-
0.0 t t t t t
Not Monitored <5 59 10-49 50-199 =200
10 year lag Dose to Lung (mSv)

1 mSv =100 mrem

@ Vanderbilt-Ingram

A Comprehensive Cancer Center Designated by the National Cancer Institute




Future Possibilities -
What More Could be Done )

-

=l

Major unanswered question is the risk of low dose, low dose rate exposures

Cancer Survivors — Low Dose Scatter
Nuclear Weapons Test Participants
USA Occupational Studies

High Background Radiation — e.g., China, India

.
@ Vinderbilt-Tngram A Comprebensive Cancer Center Designated by the National Cancer Instisute

A
Cancer Survivors — Low Dose Scatter - .)

-~

Large numbers, great dosimetry, range of
doses outside the primary fields

Genetic predisposition - interaction x genes
Heritable (genetic) effects

Radiation-induced Heart Disease

IMRT and new modalities SO R T

Q m-m A Comprebensive Cancer Center Designated by she National Cancer Institute
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Nuclear Weapons Test

Participant Studies

Large numbers (125,000), complex dosimetry, DOD
$300M, 60 y follow-up, radionuclides

Unique Dept of Veterans Affairs follow-up mechanisms

Doses Accrued by CASTLE Personnel

 mAmy

MNumber of Participants

External Dose Range (rem gamma)

mhavy

DAir Force
iMarnes
mCeawt Guwd
o Cidlan

A Comprebensive Cancer Center Designated by the National Cancer Institute

Department of Energy Cohorts
Could Be Extended

Oak Ridge Group (N=147,134)
- Fernald

- K-25 (Oak Ridge Gaseous Diffusion Plant)
- Linde Ceramics Plant

- Mallinckrodt Chemical Works

- Savannah River Site

- Y-12, Tennessee Eastman (pre 1947)

- Y-12 post 1947

- Oak Ridge National Laboratory (X-10)

- Other ?

Los Alamos Group (N=30,035)
- Los Alamos

- Mound

- Rocky Flats

- Pantex

- Other?

Hanford (N=32,643)

“... the U.S. multi-site cohort
studies seem to have petered
out. This is very disappointing
because if an effect of occupational
exposure among nuclear industry
workforces in the West is to be
found then one would expect the
combined workforce of the US
Department of Energy nuclear sites
to be the prime candidate for its
manifestation. One can only hope
that the results of NRRW-3 will
be the spur for an increased
effort from the USA.”

[ Wakeford, JRP, 2009 ]

& Vanderbili-Ingram

A Comprebensive Cancer Center Designated by the National Cancer Institute
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Alexander V. Litvinenko in his hospital
bed in London on Nov. 20, 2006

George Koval
December 25th, 1913 to January 31st, 2006

@ Vanderbilt-Ingram

A Comprebensive Cancer Cente

r Designated by the National Cancer Institute

USA Occupational Studies

Hall et al. DOE Workshop. Rad Res July 2009

U.S. Early Nuclear Utility Workers
large numbers, good dosimetry, range of doses

5 (N-18 years) rem “rule” allowed 3 rem per quarter
(30 mSv) and up to 12 rem per year (120 mSv)

cumulative doses over 100 rem were possible (1000 mSv)

DOE Cohorts (e.g., Oak Ridge, Hanford)
Nuclear Navy, Navy Shipyard Workers
Early medical workers — interventional fluoroscopy

& Vanderbili-Ingram
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High Background Radiation

“Recent steps taken in China and India to establish cohorts NES
for follow-up and to conduct nested case—control studies may Y
provide useful information about risks in the future, provided T
that careful organ dose reconstruction is possible | A
and information is collected on potential confounding factors.” !

Hendry et al. JRP, 2009. Boice et al. Rad Res 2010 in press. ¢ A

Defined population and dosimetry, low dose
rate, exams possible.

At minimum, exclude
upper level of risk

Nair et al. Kerala. H Physics 96:55, 2009
Wang et al. China. JNCI 82:478, 1990
Zhang Shouzhi. Tibet - Current status of
space radiation research in China, 2000.

@ w—m A Comprehensive Cancer Center Designated by the National Cancer Institute

Karunagappally Study — Kerala, India

400,000 population « radiation measurements in 70,000 homes

* cancer registry, established in 1990 « personal dosimetry and biodosimetry
* questionnaire survey of all residents « individual dose estimates (mean, 161 mGy)
‘@ “mkﬂ;ﬂt—lngam A Comprebensive Cancer Center Designesed by the Nesionel Cancer Instivuse
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Relative Risk of All Cancer Excluding Leukemia by
Cumulative Dose to High Background Radiation in Kerala

Relative Risk
I ' T T
——

——
L 4

0.5

0 200 400 600
Total Dose (mGy)

Nair et al. Health Physics, 2009

.
‘a Vanderbilt-Ingram A Comprebensive Cancer Center Derignsied by the National Cancer Fnstitnte

Epidemiology has shifted the focus from genetic
effects in future generations to somatic effects
on the individuals exposed.

A comprehensive summary on the carcinogenic effects of
radiation was recently published by UNSCEAR (2008).

Radiation epidemiology tells us that:
* a single exposure can increase your cancer risk for life

 the young are more susceptible than the old

* in-utero susceptibility is no greater than early childhood

» females are more susceptible than males.

+ risks differ by organ or tissue and some sites have not been
convincingly increased after exposure.

* risk following chronic exposures not well defined

+ there’s more to be learned !
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