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Next Generation Risk Assessment
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A Framework for the Next Generation of Risk Science

Daniel Krewski,"? Margit Westphal,” Melvin E. Andersen,? Gregory M. Paoli,? Weihsueh A. Chiu,?
Mustafa Al-Zoughool,” Maxine C. Croteau,’ Lyle D. Burgoon,* and lla Cote*

McLaughlin Centre for Population Health Risk Assessment, University of Ottawa, Ottawa, Ontario, Canada; 2Risk Sciences International,
Ottawa, Ontario, Canada; Institute for Chemical Safety Sciences, The Hamner Institutes for Health Sciences, Research Triangle Park,
North Carolina, USA; *National Center for Environmental Assessment, U.S. Environmental Protection Agency, Washington, DC, USA
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Group 1 Radiation Agents in Volumes 100A-F, 105, 106, 107 and 109

Fission products including Sr-90; Haematite mining with
exposure to radon (underground); lonizing radiation (all types):;
Neutron radiation; Phosphorus-32, as phosphate; Pu-239;
Radioiodines, including I-131; Internalized radionuclides that emit
alpha particles; Internalized radionuclides that emit beta
particles; Ra-224 and its decay products; Ra-226 and its decay
products; Ra-228 and its decay products; Rn-222 and its decay
products; Solar radiation; Th-232 (as Thorotrast); UV radiation
(bandwidth 100-400 nm, encompassing UVC, UVB and UVA);
UV-emitting tanning devices; X- and Gamma radiation

100D |Radiation 18

Radiation well-studied in humans and animals

McLaughlin Centre for Population Health Risk Assessment uOttawa




Key Characteristics of 86 Group-1 Agents

by Type of Agent

Pharmaceutical Agents (20)

Key Charachensfic

Biological Agents (10)
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Exposure to lonizing Radiation
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Exposure to lonizing Radiation in the United States

Industrial < 0.1%
Consumer 2%
Terrestrial 3%

Internal 5%

Occupational < 0.1%

Space 5%

Computed Tomography 24%

Medical Background

Nuclear Medicine 12% Radon & Thoron 37%

Interventional Fluoroscopy 7%

Conventional Radiography/Fluoroscopy 5%

https://www.epa.gov/radiation/radiation-sources-and-doses



Computed Tomography

Examination Effective dose
(mSv)
Head CT 2
Chest CT 7
Abdomen CT 8
Pelvis CT 6
Coronary artery calcification CT 3
Coronary CT angiogram 16

C. H. McCollough, J. T. Bushberg, J. G. Fletcher, and L. J. Eckel. Answers to Common
Questions About the Use and Safety of CT Scans. Mayo.Clin.Proc. 90 (10):1380-1392, 2015.

McLaughlin Centre for Population Health Risk Assessment uOttawa




“Answers to Common Questions About the Use of CT Scans”

ok W e

How is radiation dose in CT quantified?

How much radiation does CT use?

How much radiation is dangerous?

Is there any direct evidence that CT scans cause cancer?

Are estimates of how many people exposed to CT will die of radiation-induced
cancer accurate?

Children are much more sensitive to radiation than are adults: is it appropriate to
use examinations like CT in children?

What is being done to lower radiation exposures and why?
Why do the doses provided in radiation reports vary so much?

At what point does the cumulative dose from repeated examinations become
dangerous? Should previous examinations be considered when ordering new
examinations?

10. Should | order examinations that use lower doses of radiation (such as chest

radiographs) or nonionizing radiation (such as ultrasound and magnetic
resonance imaging) rather than CT scans?

11.What important points should | consider discussing with patients concerned about

radiation exposure?

C. H. McCollough et al. Mayo.Clin.Proc. 90 (10):1380-1392, 2015.



“Is there any direct evidence that CT scans cause cancer?”’

FULL PAPER

British Journal of Cancer (2016) 114, 388-394 | doi: 10.1038/bjc.2015.415

Keywords: cancer; computed tomography; ionising radiation

Relationship between paediatric CT scans and
subsequent risk of leukaemia and brain
tumours: assessment of the impact of
underlying conditions

Amy Berrington de Gonzalez®', Jane A Salotti?, Kieran M::Hughs. Mark P Little!, Richard W Harbron?,
Choonsik Lee', Estelle Ntowe', Melissa Z Braganza', Louise Parker®, Preetha Rajaraman’, Charles Stiller®,
Douglas R Stewart’, Alan W Craft? and Mark S Pearce®

'Radiation Epidemiology Unit, Division of Cancer Epidemiology and Genetics, NCI, Bethesds, MD, USA; “Institute of Health and
Society, Newcastle University, Sir James Spence Institute, Royal Victoria Infirmary, Newcastle upon Tyne NET 4LP, UK: *Great
Ormond Street Hospital for Children NHS Trust, London WC1N 3JH, UK; ”Depanments of Medicine and Paediatrics, Population
Cancer Research Program, Dalhousie University, Halifax, Nova Scotia, Canada and “New College, University of Oxford, Oxford, UK

“ .. .increased cancer risk after low-dose radiation exposure from CT scans in young patients.”



Occupational Radiation Exposure
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National Dose Registry of Canada

_ American Journal of Epidemiology ' Vol. 148, No. 6
M Copyright © 1988 by The Johns Hopkins University School of Hygiene and Public Health Printed in U.S.A,

All rights resarved

First Analysis of Mortality and Occupational Radiation Exposure based on
the National Dose Registry of Canada

J. P. Ashmore,” D. Krewski,>? J. M. Zielinski,” H. Jiang,* R. Semenciw,? and P. R. Band?

« 206, 620 workers (105,456 males and 101,164 females)
monitored between 1951 and 1983

 Average cumulative dose 6.3 mSv
 Mortality follow-up 1951-1987
« 5,426 deaths; 1,632 cancer deaths

McLaughlin Centre for Population Health Risk Assessment uOttawa
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National Dose Registry of Canada

- American Journal of
2 & EPIDEMIOLOGY

Copyright © 2001 by The Johns Hopkins University

Volume 153 ) ]
School of Hygiene and Public Health

Number 4 Sponsored by the Society for Epidemiologic Research

February 15, 2001 Published by Oxford University Press

ORIGINAL CONTRIBUTIONS

First Analysis of Cancer Incidence and Occupational Radiation Exposure
Based on the National Dose Registry of Canada

W. N. Sont,” J. M. Zielinski,? J. P. Ashmore,” H. Jiang,® D. Krewski,* M. E. Fair,5 P. R. Band,” and E. G.
Létourneau’

« 191,333 workers (95,643 males and 95,690 females)
monitored between 1969 and 1983

« Cancer incidence data for the period 1969-1988
« 3,737 cancer cases

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Decreases in Occupational Exposure to Ionizing

Radiation among Canadian Dental Workers

« Jan M. Zielinski, PhD -

+ Michael J. Garner, MSc «
« Daniel Krewski, PhD -

s ]. Patrick Ashmore, PhD «
- Pierre R. Band, MD -
« Martha E. Fair, MSc »

» Huixa Jiang, PhD »
« Ernest G. Letourneau, MD) -

« Robert Semenciw, MSc »

- Willem N. Sont, PhD -
] Can Dent Assoc 2005;: 71(1):29-33

o 42,175 dental workers (9,051 males and 33,124 females)

o Study period 1951-1987 for mortality and 1969-1987 for cancer
Incidence

« 558 deaths from all causes and 656 incident cases of cancer

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Figure 2: Mean annual radiation dose received by dental workers in
the National Dose Registry between 1951 and 1987.

Average annual exposure to Canadian dental workers
has decreased markedly in recent decades

McLaughlin Centre for Population Health Risk Assessment uOttawa



Radiation Hormesis
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DRCA: Database of Radiogenic Caner in Animals

Copyright © 2012 Crown copyright faylor & Erancis Group
ISSN: 1093-7404 print / 1521-6950 online
DOI: 10.1080/10937404.2012.659136

Journal of Toxicology and Environmental Health, Part B, 15:186-209, 2012 .
> Taylor & Francis

DATABASE OF RADIOGENIC CANCER IN EXPERIMENTAL ANIMALS EXPOSED
TO LOW DOSES OF IONIZING RADIATION

Philippe Duport', Huixia Jiang? Natalia S. Shilnikova?, Daniel Krewski*?, Jan M. Zielinski**

TInstitute of the Environment, University of Ottawa, Ottawa, Ontario, Canada

2McLaughlin Centre for Population Health Risk Assessment, University of Ottawa, Ottawa,
Ontario, Canada

*Department of Epidemiology and Community Medicine, Faculty of Medicine, University of
Ottawa, Ottawa, Ontario, Canada

*Environment Health Science and Research Bureau, Health Canada, Ottawa, Ontario, Canada
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Characteristics of the Database

A comprehensive database Distribution of Datasets by Radiation Type
contains data from 262 X-rays, 154 Alpha, 143
experiments: ‘ ’

- 800 datasets on the incidence of ABeta' 80
specific tumours;

- 87,982 exposed animals; Neutrons, D

- 37,111 control animals. > semma. 112

Distribution of Datasets by Animal Species Distribution of datasets by mode of radiation administration
Hamster, 2 Inhalation, 86

Dog, 119

Rat, 102 ‘: \

' Injestion , 12 |
/anjection, 120

\

Instillation, 3

Mouse, 577 External, 579

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Examples of Dose-Response with No Evidence of an
Effect or a Decrease in Cancer Incidence
at Low Doses

No cancers in control and exposed animals; Deringer et al 1955 No apparent effect; Maisin et al 1988
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Examples of Dose-Response with
Some Evidence of a Radiation Effect
at Low Doses

Cancer incidence increases with increasing dose; Ulrich et al 1984 Inverse U-shape; Benjamin et al 1998
0 —
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Numbers of Datasets with VVarious Dose-
Response Shapes

Type of dose-response Number of datasets (%)
U-shape 245
J-shape 98

No apparent effect 127

No cancers in exposed and control animals 42

Total with no evidence of an effect or a decrease in 512 (64%)
cancer incidence at low doses

Increase in cancer incidence with dose 214 |
Inverse U-shaped 74

Total with some evidence of a radiation effect at low 288 (36%)
doses

Total 800 (100%)

McLaughlin Centre for Population Health Risk Assessment o
— A AVV O




Meta-analysis of the DRCA:
What is the Empirical Evidence for Radiation Hormesis?

Journal of Toxicology and Environmental Health, Part B, 15:210-231, 2012
Copyright © 2012 Crown copyright e
ISSN: 1093-7404 print / 1521-6950 online

DOI: 10.1080/10937404.2012.659140

Taylor & Francis

Taylor & Francis Group

A META-ANALYSIS OF EVIDENCE FOR HORMESIS IN ANIMAL RADIATION
CARCINOGENESIS, INCLUDING A DISCUSSION OF POTENTIAL PITFALLS IN
STATISTICAL ANALYSES TO DETECT HORMESIS

Kenny S. Crump', Philippe Duport?, Huixia Jiang’, Natalia S. Shilnikova®, Daniel Krewski**,
Jan M. Zielinski*®

'Department of Mathematics and Statistics, Louisiana Tech University, Ruston, Louisiana, USA
2International Centre for Low Dose Radiation Research, Institute of the Environment, University
of Ottawa, Ottawa, Ontario, Canada

3McLaughlin Centre for Population Health Risk Assessment, University of Ottawa, Ottawa,
Ontario, Canada

“Department of Epidemiology and Community Medicine, Faculty of Medicine, University of
Ottawa, Ottawa, Ontario, Canada

*Environment Health Science and Research Bureau, Health Canada, Ottawa, Ontario, Canada
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Defining a U-Shaped Dose-response Relationship
(Hunt-Bowman Quadratic Model Below NOEL)
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Examine Empirical Evidence for Hormesis

Under the hypothesis of hormesis, an excess of
decreased tumour responses at low doses would be
expected: the DRCA provides an opportunity to
compare the observed number of decreases and
Increases in tumour response at low doses

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Compare Increases and Decreases in Risk at Low Doses

[ Neutron
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Similar results for A: Alpha; B: Beta; C: Gamma; and E: X-ray



Conclusions from Meta-analysis

 The meta-analysis of this large database of radiation
tumourigenesis experiments in animals provides
limited evidence of hormesis

« This finding should not be interpreted as providing
strong evidence against the hypothesis of radiation
hormesis, since the power to detect a hormetic effect
In the currently available animal carcinogenicity
literature is limited by the moderately small number of
studies with data points in the low dose range

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Occupational Exposure to Radon
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Modeling Lung Cancer Risks
In Colorado Uranium Miners Exposed to Radon

Radon, Cigarette Smoke, and Lung Cancer:
A Re-analysis of the Colorado Plateau Uranium
Miners’ Data

Suresh H. Moolgavkar,' E. Georg Luebeck,' Daniel Krewski,”> and Jan M. Zielinski’

S. H. Moolgavkar, G. Luebeck, D. Krewski, and J. M. Zielinski. Radon, cigarette smoke, and lung
cancer: a reanalysis of the Colorado plateau uranium miners' data. Epidemiology 4:204-217, 1993.

McLaughlin Centre for Population Health Risk Assessment uOttawa




Two-stage Clonal Expansion Model of Carcinogenesis

Normal ﬂ Initiated ﬂ Malignant
1 2

v
\ 4
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Model Parameters to be Estimated

Mutation Rates

A4 =vd,.d

>r

y=a,+ad +ad.
ﬂ2 :ﬂ(dsﬂ'dr) — bO +bsds +brdr
Promotion

o=(a—-pPd,.d)=c,+c (l1-explc,d,|)+c,(1-explc,,d,])

and B/a = constant

McLaughlin Centre for Population Health Risk Assessment uOttawa



Parameter Estimate Standard Error
a,=b, 1.11*10°7 2.14*10°
a 1.44*108 5.70%10-°
a, 2.51*10° 1.44*108
Co 1.10*101 7.41*103
Cqq 4.93*102 0.28*103
Ceo 1.67*101 8.15*102
Cq 4.16*101 6.42*102
Cry 7.09*102 1.82*102
B/a 9.93*101 1.80*10-3

No effect of radon or smoking on the second stage (bs=b, =0)

McLaughlin Centre for Population Health Risk Assessment uOttawa



Interaction Between Radon and Tobacco Smoke
In Colorado Uranium Miners Data

Radon? TobaccoP Relative Risk | Relative Risk At Age=60
WLM/m Cigarette/day for Radon For Tobacco Combined
1.0 10 1.3 5.3 6.4
1.0 30 1.3 10.0 12.0
1.0 40 1.3 11.6 14.1
50.0 10 12.3 5.3 26.6
50.0 30 12.3 10.0 44.1
50.0 40 12.3 11.6 52.0

a. Exposure to radon between 30 and 40 years of age
Cigarette smoking between 25 and 60 years of age

=3

McLaughlin Centre for Population Health Risk Assessment uOttawa




Application of Two-stage Model
to the National Dose Registry of Canada

Journal of Toxicology and Environmental Health, Part 4. 69:1013-1038. 2006
Copyright© Taylor & Francis Group, LLC Ly b s
ISSN: 1528-7394 print / 1087-2620 online

DOI: 10.1080/00397910500360202

BIOLOGICALLY BASED ANALYSIS OF LUNG CANCER
INCIDENCE IN A LARGE CANADIAN OCCUPATIONAL COHORT
WITH LOW-DOSE IONIZING RADIATION EXPOSURE, AND
COMPARISON WITH JAPANESE ATOMIC BOMB SURVIVORS

William D. Hazelton', Suresh H. Moolgavkar', Stanley B. Curtis',
Jan M. Zielinski?, . Patrick Ashmore®, Daniel Krewski*

'Fred Hutchinson Cancer Research Center, Seattle, Washington, USA
‘Healthy Environments and Consumer Safety Branch, Health Canada,
Ottawa, Ontario, and Department of Epidemiology and Community
Medicine, Faculty of Medicine, University of Ottawa, Ottawa, Ontario,
Canada

3Radiation Protection Bureau, Health Canada, Ottawa, Ontario, Canada |
*Department of Epidemiology and Community Medicine, Faculty of
Medicine, University of Ottawa, Ottawa, Ontario, and McLaughlin Centre
for Population Health Risk Assessment, University of Ottawa, Ottawa,
Ontario, Canada

Useful in describing temporal patterns of exposure and risk,
and in demonstrating compatibility with atomic bomb survivors

McLaughlin Centre for Population Health Risk Assessment uOttawa




Residential Exposure to Radon
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Early Large-scale Case-control Study

® | American Joumal of Epidemioclogy Vol. 140, No. 4
E Copyright © 1994 by The Johns Hopkins University School of Hygiene and Public Health Printed in U.S.A.
All rights reserved .

ORIGINAL CONTHIBUTIONS

Case-Control Study of Residential Radon and Lung Cancer
in Wmmpeg, Manitoba, Canada

Létourneau,’ D. Krewski,"? N. W. Choi,* M. J. Goddard," R. G. McGregor,'

E. G.
J. M Zielinski,' and J. Du®

/50 cases-control pairs
In city with highest radon levels in Canada
with multiple one year integrated radon measurements in all homes

McLaughlin Centre for Population Health Risk Assessment uOttawa




TABLE 4. Odds ratios for residential radon exposure and lung cancer based on cumulative radon
exposure in all residences occupied: Winnipeg, Manitoba, Canada, 1992

-Area monitored | | All participants - At least 75% coverage*
e No.of  No.of ~ No.of  No. of
_Tﬁﬁ?m%m? Ccases  comiols  OFGE 9SO R s OB 95%C
5-30 years before enroliment in the study
Bedroom |
- 0-1,800 92 84 1.0 | - B 38 1.0 |
-~ 1,801-3,600 488 453 097 0.63-1.48 93 102 061 0.31-1.22
.3,601-7,200 118 153 0.84) 051-1.39 64 68 0.76) 0.37-1.56
=7,201 40 48 1.00| 0.69-1.46 19 19 1.56| 0.92-2.66
Basement | | .- - |
- 0-2,800 108 93 1.0 52 44 1.0
2,801-5,600 494 487 0.82| 0.55-1.22 109 115 0.76| 0.42-1.37
- 5,601-11,200 106 113 0.85 0.51-1.41 49 46 0.90| 0.43-1.89
=11,201 | 30 45 060 042-086 17 22 1.03| 0.65-1.62

Large case-control study with extensive exposure monitoring
fails to identify lung cancer risk

McLaughlin Centre for Population Health Risk Assessment uOttawa




Residential Radon and Lung Cancer

ORIGINAL ARTICLE

Epidemiology (2005), V16, pp. 137-145

Residential Radon and Risk of Lung Cancer
A Combined Analysis of 7 North American Case-Control Studies

Daniel IKH’H.SAI " Jay H. Lubin,” Jan M. Zielinski,* Michael Alavanja,® Vanessa S. Catalan,!
R. William Field,”™ Judith B. Klotz,"" Emm‘ G. Létourneau,”™ Charles F. le h,7 Joseph 1 Lyon,” 5§
Dale P. SandlerV Janet B. Schoenberg,”" Daniel J. Steck,™ Jan A. Stolwijk,”™™ Clarice Weinberg,”’
una’ Homer B. Wilcox™"

Combining data from multiple studies identifies lung cancer risk

McLaughlin Centre for Population Health Risk Assessment uOttawa




EXxposure-response Relationships
for Radon and Lung Cancer

3 -
A. All data B. Restricted data

2 2. T -
2 o
: g
[} ]
3 $

1 © .

OR =1.11 (1.00 — 1.28) at 100 Bg/m?3 { OR=1.18(1.02 — 1.43) at 100 Bg/m?3
IJ T T T T T T L 1 l] T T T 1
0 100 200 300 400 0 100 200 300 400

Radon concentration (BqlmB)

Reducing measurement error increases lung cancer risk estimate

McLaughlin Centre for Population Health Risk Assessment uOttawa




Large-scale Cohort Study of Residential Radon

Published OnlineFirst January 6, 2011; DOI:10.1158/1055-9965.EPI-10-1153

Cancer

Epidemiology,
Biomarkers
& Prevention

Research Article

Radon and Lung Cancer in the American
Cancer Society Cohort

Michelle C. Turner'#, Daniel Krewski***, Yue Chen®, C. Arden Pope III°,
Susan Gapstur®, and Michael J. Thun®

811,961 participants in American Cancer Society CPS-Il Study,
With radon exposure based on county level radon surveys

McLaughlin Centre for Population Health Risk Assessment uOttawa




Table 3. Adjusted HRs (95% Cls) for lung cancer mortality in relation to mean county-level residential
radon concentrations (LBL; Ba/m®) at enrollment (1982), follow-up 1982-1988, CPS-Il cohort, United
States
Radon concentration Lung cancer Person-years Death  Minimally Fully adjusted Fully adjusted
(Bg/m®) deaths rate®  adjusted HR (1) (95% CI)°*  HR (2) (95% CI)°
HR (95% CI)°
Categorical
<25 856 1,062,216.23 77.79 1.00 1.00 1.00
25-<50 1,312 1,767,001.74 75.59 0.97 (0.89-1.06)  0.96 (0.88-1.04) 1.01 {0.90-1.13)
50-<75 632 863,881.31 74.09 0.96 (0.86-1.06)  1.00 (0.90-1.10) 1.083 [0.89-1.19)
75-<100 274 428,430.94 64.47 0.82 (0.72-0.94) 0.90 (0.79-1.03) 0.97 [0.82-1.16)
100-<150 332 526,638.30 62.49 0.80 (0.70-0.90) 0.97 (0.85-1.10) 1.15 [0.95-1.39)
150-<200 53 62,903.34 83.53 1.07 (0.81-1.41)  1.27 (0.96-1.68) 1.58 (1.10-2.13)
=200 34 42,084.48 82.20 1.07 (0.76-1.50)  1.24 (0.88-1.75) 1.38 [0.95-2.00)
Pirand. 0.006 0.44 0.02
EPA guideline value
<148 3,396 4,631,071.50 73.31 1.00 1.00 1.00
=148 97 122,084.84 80.82 1.10 (0.90-1.34)  1.24 (1.02-1.52) 1.34 {1.07-1.68)
Continuous
per 100 Bg/m® 3,493 4,753,156.34 7349  0.88(0.80-0.96) 1.03 (0.94-1.13)  |[1.15 [1.01-1.31)

Ecologic measure of radon, adjusting for individual smoking habits,

confirms residential radon lung cancer risk

uOttawa
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Comparison of Radon Risk Estimates

Study Population

Odds/Hazard Ratio (95% Cl)

Adjusted Odds Ratio (95% Cl)

Occupational Cohort Studies

Underground Miners
(NRC, 1999)

1.12 (1.02 - 1.25)

Residential Case-control Studies

North American Residential
(Krewski et al., 2005, 2006)

1.11 (1.00 - 1.28)

1.18 (1.02 - 1.43)

European Residential
(Darby et al., 2005)

1.08 (1.03 - 1.16)

1.16 (1.05 - 1.31)

Chinese Residential
(Lubin et al., 2004)

1.33 (1.01 - 1.36)

Residential Cohort Studies

North American Residential
(Turner et al., 2011)

1.15 (1.01-1.31)

Radon risk estimates highly consistent across diverse studies

uOttawa
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Exposure to Non-ionizing Radiation
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Sources of Diagnhostic Exposure to Non-ionizing Radiation

« Electromagnetic fields
o0 Magnetic resonance imaging (MRI)
o Transcranial magnetic stimulation (TMS)
o0 RF identification (RFID)
o0 Wireless signal transfer
o Radar for vital functions
o Radar imaging or MW tomography
o Electromagnetic (EM) movement tracking
o Volumetric EMF phase-shift spectroscopy (VEPS)
o Microwave-induced thermo-acoustic echography

» Optical radiation
 Ultrasound

ICNIRP statement on diagnostic devices using non-ionizing radiation.
Health Phys. 112(3):305-321; 2017
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INTERPHONE
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WHO INTERPHONE Study

Eur I Epidemiol
DOI 10.1007/s10654-007-9152-z
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The INTERPHONE study: design, epidemiological methods,
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Interphone Study Results

Published by Oxford University Press on behall of the International Epidemiological Association Intermational Journal of Epidemiology 2010;1-20
© The Author 2010; all rights reserved. doi: 10.1093/ije/dyq079

Brain tumour risk in relation to mobile
telephone use: results of the INTERPHONE
International case-control study

The INTERPHONE Study Group* .

Corresponding author. Elisabeth Cardis; CREAL, Doctor Aiguader 88, 08003 Barcelona, Spain. E-mail: ecardis(@creal.cat
*List of members of this study group is available in the Appendix.
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Interphone Study Results

Meningioma Glioma

Cumulative call time with no hands-free devices (h)"

Never regular user 1147 1174 1.00 1042 1078 1.00
<5h 160 197 0.90 (0.69-1.18) 141 197 0.70(0.52-0.94)
5.0-12.9 142 159 0.82 (0.61-1.10) 145 198 0.71(0.53-0.94)
13-30.9 144 194 0.69 (0.52-091) 189 179 1.05((0.79-1.38)
31-60.9 122 145 0.69 (0.51-0.94) 144 196 (.74 (0.55-0.98)
61-114.9 129 162 0.75 (0.55-1.00) 171 193 0.81(0.61-1.08)
[15-199.9 96 155 0.69 (0.50-0.96) 160 194 (.73 ((0.54-0.98) ,
200-359.9 108 133 0.71 {0.51-0.98) 138 194 0.76(0.57-1.01)
360-734.9 123 133 0.90 (0.66-1.23) 189 205 0.82(0.62-1.08)
735-1639.9 108 103 0.76 (0.54-1.08) 159 164 0.71(0.53-0.96)
= 1640 130 107 [.15 (0.81-1.62) 210 154 1.40(1.03-1.89)

McLaughlin Centre for Population Health Risk Assessment uOttawa




Interphone Study Conclusions

“[1] Overall, no increase in risk of glioma or meningioma
was observed with the use of mobile phones. [2] There
were suggestions of an increased risk of glioma at the
highest exposure levels, but biases and errors prevent a
causal interpretation. [3] The possible effects of long-
term heavy use of mobile phones require further
Investigation.”

The INTERPHONE Study Group. Int. J. Epidmiol. 35 (453):464, 2011.
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Recall bias in the assessment of exposure to mobile phones
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Table 5. Ratio of self-reported to operator-recorded mobile phone use.

Cases Controls F for difference
cases/controls®
N Ratio® 35% conhidence N ratio 35% conhidence
interval interval
Number of calls
Crverall 212 051 071, 093 296 081 0.73, 0.91 052
Up to 1 vear before interview 176 (1R 077, L6 274 RS 075, 0.94 027
Excluding Australia 133 0,98 L83, 1.15 183 .91 0.79, 1.05 .43
By counery
Australia i) 060 047, 076 113 .65 0.538, 0.79 0.61
Canada 5 0.89 0.70, 1.13 77 095 0.76, 1.19 0.54
Ttaly Fi, 1.04 &84 1.29 106 0.EE 0.73, 1.07 0.19
P* <0001 P* =0.02
Crennlative dvration of calls
Orverall 212 1.40 1.18, 1.67 205 1.39 1.21, 1.60 0.76
Up to 1 vear before interview 176 1.55 1.27, 1.89 273 1.42 1.23, 1.65 0.34 .
Excluding Australia 133 1.51 1.21, 1.87 183 1.42 1.18, 1.72 0.60
By couriry
Australia i 1.24 0.92, L.66 112 1.33 1.09, 1.62 0.94
Canada 5 1.30 098, 1.73 77 1.83 1.37, 243 0.20
Ttaly 9 1.67 1.22, 227 106 1.19 092, 1.53 0.09
P* =023 P*=0.10
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U 2006 Matre Publishing Group Al vights veserved 13390631 06/530.00

WL nature.com ji.‘i

The effects of recall errors and of selection bias in epidemiologic studies of
mobile phone use and cancer risk

MARTINE VRIJHEID®, ISABELLE DELTOUR®, DANIEL KREWSKI*", MARIE SANCHEZ" AND
ELISABETH CARDIS®

*ntemarional Agency for Research on Cancer, Lyon, France
"MeLaughlin Centre for Population Health Risk Assessment, University of Ottawa, Ottawa, Ontario, Canada

This paper examines the etfects of systematic and random errors i recall and of selection bias in case—control studies of mobile phone use and cancer.
These sensitivity analyses are based on Monte—Cardo computer simulations and were camied out within the INTERPHONE Study, an mternational
collaborative case—control study m 13 countries. Recall error scenanos smulated plausible values of random and systematic, non-differential and
differential recall emrors in amount of mobile phone use reported by study subjects. Plansble values for the recall error were obtamed from vahdation
studies. Selection bias scenarios assumed varying selection probabilities for cases and controls. mobile phone users. and non-users. Where possible these
selection probabilities were based on existing mformation from non-respondents in INTERPHONE. Simulations used exposure distnbutions based on
existing INTERPHONE data and assumed varying levels of the true risk of brain cancer related to mobile phone use. Results suggest that random recall
errors of plausible levels can lead to a large underestimation in the risk of bram cancer associated with mobile phone use. Random emors were found to
have larger impact than plausible systematic errors. Differential errors in recall had very little additional impact in the presence of large random errors.
Selection hias resulting from underselection of unexposed controls led to J-shaped exposure—response patterns, with risk apparently decreasing at low to
moderate exposure levels. The present results, in conjunction with those of the validation studies conducted within the INTERPHONE study, will play an
important role in the interpretation of existing and future case—control studies of mobile phone use and cancer risk. including the INTERPHONE study.
Jowrnal of Exposure Science and Environmenial Epidemiology advance online publication, 14 June 2006; doi:10. 1038/ 5.)es.7 500509

Keywords: mobile phones, recall bias, measurement error, selection bias, sensitivity analyses, Monte—Carlo simulations, case—control studies.
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Figure 1. J-shaped exposure-response relationship in the case of underselection of unexposed controls, based on 64% users among participants,
50% among non-participants. (see Table 7 for values of the ORs).
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Risk of brain tumours in relation to estimated RF dose
from mobile phones: results from five
Interphone countries

E Cardis,' B K Armstrong,” J D Bowman,? G G Giles,** M Hours,® D Krewski,”
M McBride,® M E Parent,” S Sadetzki,'®'" A Woodward,'* J Brown,” A Chetrit, "
J Figuerola,' C Hoffmann,'™ A Jarus-Hakak,' L Montestrug,® L Nadon,®

L Richardson," R Villegas," M Vrijheid'

Table 2 0Rs for brain tunours with level of total cumulative specific mdio frequency energy (total
cunulative specific energy) (in joules per kilogram)®
Subjects wath tumour centre estimated by Only subjects with tumowr centre estimated
a mewroradiologist or computer algort hkmt by a mewroradiol ogist

hihs (¥=TE

Cases Controls OR [95% Cl| Cases Controls OR [95% Cl}

Glioma E
Newer ragular wsar 196 617 1.00 117 E 1.00 m
<T6.7 67 265 076 (053 o 1.09) 36 150 084 (0.51 to 1.36)
T6.7 648 2 094 (066 o 1.35) 43 128 1.00 (.62 to 1.60) E
284.1 60 07 080 (054 o 1.18) 39 102 1.15 {0.69 to 1.90) E
978.9 57 187 089 (061 o 1.30) 14 o9 092 (0.55 to 1.53) I .
32394 103 207 1.35 (0.96 = 1.90) 57 BiG 1.66 (1.03 to 2.67) :“I

Meningioma E
Never ragular wsar 254 643 1.00 156 196 1.00 ---
<76.7 103 261 0.90 (6T o 1.21) 51 150 LBG (057 to 1.29) |T|
76.7 n 189 0.74 (053 o 1.04) 47 127 U85 |0.62 to 1.44) u
2841 56 233 056 (039 o 8D 29 136 0U53 (0.32 to 0UBT)

978.9 62 il 072 (051 o 1032 3 1n? 10U5%5 10032 to 093 D
32394 b8 251 090 (UGG o 1.24) 35 114 1.01 {0.63 to 1.62) E
=

"Analyzes bazad on uncondibonal bogestic regression stratified on age, sex and region and adjusted for education and tming of
ariaw.
tCamra iz as estimatad by a newromdiobogist when avalabla or as estimated by computar algorithm othanwize.

M o a6 B &0 ol s el i e
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Multiple Bias Modeling in INTERPHONE

>
Table 5: Conditional Logistic and Bias-Adjusted Odds Ratios for Phone Use by Tumor Type, INTERPHONE smd'j@da (Monireal, Ottawa,

Vancouver), 2001-2004 #‘C\k
§
B w&&nz

D,
Adjustment for bias due to W vent for Adyustment for recall
\\H'\.
recall error ¥ \N::mhmbus B and selechon biases,
, '
Tumor tvpe and MNo.of Mo of \'-. with random error
exposure metric Cases Contrals OR* 95%CI OR Q;K*nir}' OF  95% limuts OF 05%% lomits
. Y
GLIOMA ’

% )

Reforance leval © 89 339 10 f% 10 1.0

Regular use 81 314 10 0715 /j‘\u‘ NA 11 10,12 1.1 07,16
ﬁx

Cumulative howrs

=40 14 77 09 0 08 07,09 10 07,13 0.9 04,18
b,
40-558 35 163 0.7 u.ﬁ 0.7 0608 08 06,10 0.8 04,14
550+ 32 74 z.K ) 12,34 20 1821 23 19,18 22 1.3,4.1
MENINGIOMA ,\:?7
Reference level © 52 \ET“ 1.0 1.0 1.0 1.0
Regular use ::3 ("~ ) 314 1.3 08,20 HMA Na 14 12,16 1.4 0.8,22

F Momoli, J Siemiatycki, ML McBride, M.-E. Parent, L Richardson, D Bedard, R Platt, M Vrijheid, E Cardis, D
Krewski; Probabilistic multiple-bias modelling applied to the Canadian data from the INTERPHONE study of
mobile phone use and risk of glioma, meningioma, acoustic neuroma, and parotid gland tumors. Am J Epidemiol
2017 kwx157. doi: 10.1093/aje/kwx157
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Use of Cellular Telephones by Children and Young Adults

. i METHODS ARTICLE . ©
PUBLIC HEALTH gl

The MOBI-Kids study protocol: challenges in assessing
childhood and adolescent exposure to electromagnetic
fields from wireless telecommunication technologies and
possible association with brain tumor risk

Siegal Sadetzki'?*, Chelsea Eastman Langer345, Ravital Bruchim', Michael Kundi®, Franco Merletti’,
Roal Vermeulen®, Hans Kromhout®, Ae-Kyoung Laa®, Myron Maslanmy ¥, Makolm R. Sim", Masao Bki'?,
Joe Wiart ©, Bruce Armstrong™, Elizabeth Mine', Geza Benke", Rosa Schattner", Hans-Peter Hutter®,
Adelheid Woehrer', Daniel Krewski™®, Chammaine Mohipp®-®, Franco Momali®'#?, Paul Ritvo™, John
Spinalli**, Brigitte Lacour™®, Dominique Dalmas=, Thomas Ramen™, Katja Radon™, Tobias Weinmann®,
Swaante Klostermann®, Sabine Hainrich¥, Elani Petridou®, Evdoxia Bouka®®, Paraskevi Panagopoulou®,
Rajash Dikshit=*, Rajini Nagrani®, Had as Even-Nir ', Angela Chetrit', Milana Maule’, Enrica Migliora®,
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Mina Ha=, Kyung-Hwa Choi’®, Andrea ‘t Mannetje®’, Amanda Eng®, Alistair Woodwand**,

Gama Cametaro®**, Juan Alguacil ®*°, Nuria Aragones**?, Maria Morales Suare-Varela“#, Geartje
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Risk Communication
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Media Messages on Interphone

CELL PHONES LINKED T CANCER HEADLINES

-- Ten-year worldwide study links mobile phone use to cancer - The
Daily Mail

-- Studvy links mobile phone yse to brain tumours - Scotsman

-- Heavy mobile users risk ancer - Time Online

-- Study can't rule out brain cancer link to mobiles - The Sydney
Moming Herald

-- Landmark study set to show potential dangers of heavy mobile
phone use - The Telegraph

-- Heavy use of cell phones may increase tumour risk: study - The
Globe and Mail

BEST BALANCED ARTICLE

CELL PHONE CANCER RISKE INCONCLUSIVE HEADLINES

-- Study: Cell phone-brain cancer link incondusive - AP

-- WHO study has no clear answer on phones and cancer - Reuters

-- INTERPHONE finds no increased rvisk of brain cancer from mobile

phone use - Wire Up Date

-- Largest cellphone-cancer study to date darifies little - arstechnica
-- 10-year Cell Phone Cancer Study Proves Nothing but 3 Major
Waste of Time - Digital Trends

-- Phone-cancer link ‘inconclusive’ - BBC

-- Study finds no link in cell phone use, brain tumors - CHN

-- Cell Phones and Cancer: 3 Study's Muddled Findings TIME

http://www.textually.org/textually/archives/2010/05/026019.htm

McLaughlin Centre for Population Health Risk Assessment
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The Sunday Edition | April 25, 2010: MediaPhiles - God and the Media, The Living Heart of the Lake, An Air of Uncertainty Over Cell Phones

ﬁfy d:c.ﬁa News Sports Radio TV My Region m

An Air of Uncertainty Over Cell Phones

Michael Enright was in conversation with Dr. Magda Havas is a professor of Environmental
Studies at Trent University. Henry Lai is a medical researcher from the University of
Washington and Frank Gilbert is the President of Lakehead University in Thunder Bay,
Ontario. All three were in our Thunder Bay studio.

An Air of Uncertainty Over Cell Phones - Dr. Daniel Krewski

Most of the medical community disagrees with the three researchers we just heard.

Dr. Daniel Krewski is in that majority . He is the director of the McLaughlin Centre for
Population Health Risk Assessment at the University of Ottawa and professor of
epidemiology and community medicine at the University.

He is one of Canada's leading scientists responsible for the Interphone study When the
study finally comes out, it is expected to be the definitive word on cellphone use and cancer.

http://www.cbc.ca/thesundayedition/2010/04/april-25-2010.html
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Risk Perception
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Journal of Risk Research é Routledge

2012, 1-25, 1First Article Taylor & Francis Group

Expert vs. public perception of population health risks in Canada

Daniel Krewski®**, Michelle C. Turner™, Louise Lemyre™® and Jennifer E.C. Lee'

“McLaughlin Center for Population Healrh Risk Assessment, Institute of Population Health,
University of Ottawa, Ottawa, Canada; "Department of Epidemiology and Community

Medicine, Faculty of Medicine, Unn ersity of Ottawa, Ottawa, Canada; “Risk Sciences
International, Ottawa, Canada; “Faculty of Graduate and Postdoctoral Studies, University
of Ottawa, Ottawa, Canada, “Faculty of Social Sczences School of Psychology, GAP-Santé
Research Unit, University of Ottawa, Ottawa, Canada; Faculf} of Social Sciences,
GAP-Santé Research Unit, University of Ottawa, Ottawa, Canada
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Risk Decision Making
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Application of Principles of Risk Decision Making
In Different Risk Contexts

Risk Decision Principle
Risk Context P1. Risk-based |P2. Precautionary| P3.Balancing P4, Cost- P5. Acceptable Pé. Zero P7. Equity P8. Stakeholder | P9.Openness | P10. Flexibility
Decision Making Principle  |Risks and Benefits|  effectiveness Risk Risk Engagement  |and Tranparency

RC1. Air Pollution

RC2. Radon

RC3. Artificial Sweeteners

RC4. Climate Change

RC5. Ebola

RC6. Chemotherapeutic Agents
RC7. Tsunami

RC8. Terrorism

RC9. Prion Disease

RC10. Pandemic Influenza

Legend:_Higth relevant I:ISomewhat relevant:ILa rgely irrelevant :IUniversally relevant

Different risk decision principles more relevant in different risk contexts
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Conclusions

1. Human exposure to ionizing and non-ionizing radiation, both
natural and anthropogenic, occurs under many circumstances

2. Medical applications of radiation, for both diagnosis and treatment,
can be beneficial for the patient

3. Because radiation has been associated with potential health risks,
Including cancer, even at low doses, it is important that radiation
risks be well-characterized

4. Radiation risk assessment is well-supported by a rich body of
evidence derived from epidemiological, toxicological, and other
sources

5. Exposure-response modeling can be used to better understand
exposure-response relationships for radiation

6. Fundamental principles of risk assessment and risk management
can inform risk decision making regarding radiation exposure limits

McLaughlin Centre for Population Health Risk Assessment uOttawa
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