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LUNG CANCER AND OTHER CAUSES OF DEATH IN RELATION TO SMOKING: A SECOND REPORT ON THE MORTALITY

OF BRITISH DOCTORS BY RICHARD DOLL, M.D., M.R.C.P., A. BRADFORD HILL, C.B.E., F.R.S.
British Medical Journal, 1956



Lung cancer mortality in women according to the presence or absence of
direct and familial indirect smoking (Hirayama, 1981)
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Lung cancer in life-long non-smokers*

(*<100 lifetime cigarettes)

Smokers

Never-Smokers

Time trend
Geography
Sex

Age

Cell type (s)

Genetics
Symptoms at
diagnosis

5 year survival

stable (Canada)

squamous, adeno-

56%

apparently rising
Asia+++

female predominance
younger at diagnosis
fewer squamous, also
more mixed and
carcinoid, few small
cells

defective DNA repair
higher %

64%



Principal risk factors (excluding occupational exposure) for lung cancer
occurrence and corresponding estimated risks (Couraud, 2012)



American Lung Association — Lung cancer fact sheet, 2015

* 9% total >100



The mortality burden of radon-related lung cancer

http://seer.cancer.gov/csr/1975 2007/results single/sect 01 table.01.pdf



http://seer.cancer.gov/csr/1975_2007/results_single/sect_01_table.01.pdf

Any radon is bad news

Lung cancer risk (relative to
no radon) is calculated on
the basis of life-long radon
exposure

Relative risk of lung cancer
increases ~16% for every 100
Bg/m?3 of life-long radon
exposure

100 Bg/m3 = one hundred
particles of alpha radiation
emitted every second per
cubic metre of air

WHO handbook on indoor Radon, 2009

/
4

3.00+

0.00

T T T T T T T 1
0 200 400 600 800
Long-term average radon (Bg/m?)

Source: Darby et al. 2005
Relative risks and 95% confidence intervals are shown for categorical analyses and also best fitting straight line.
Risks are relative to that at 0 Bg/m?.

Figure 1. Relative risk of lung cancer versus long-term average residential radon
concentration in the European pooling study



Most radon-associated lung cancers occur in smokers

. Adapted from US EPA, A citizen’s Guide to Radon (2013)
Radon Risk If You Smoke

Radon Level If 1,000 people who smoked were exposed to The risk of cancer from radon exposure
Bg/m3 this level over a lifetime* compares to**

750 About 270 people would get radon-related lung cancer 250 times the risk of drowning

500 About 190 would get radon-related lung cancer 250 times the risk of dying in a home fire
200 About 90 would get radon-related lung cancer 22 times the risk of dying in a fall

100 About 42 would get radon-related lung cancer 8 times the risk of dying in a car crash

50 About 21 would get radon-related lung cancer Average indoor radon level

20 About 5 would get radon-related lung cancer Average outdoor radon level

Notes: If you are a former smoker, your risk may be lower.

Bg/m?3 = disintegrations/second/cubic meter

* Lifetime risk of lung cancer deaths from US EPA Assessment of Risks from Radon in Homes (EPA 402-R-03-003).

** Comparison data calculated using the Centers for Disease Control and Prevention’s 1999-2001 National Center for Injury Prevention and Control Reports.

Radon Risk If You Never Smoked

Radon Level If 1,000 people who never smoked were The risk of cancer from radon exposure
Bg/m?3 exposed to this level over a lifetime* compares to**

750 About 36 people would get radon-related lung cancer 35 times the risk of drowning

500 About 24 would get radon-related lung cancer 25 times the risk of dying in a home fire
200 About 10 would get radon-related lung cancer 3 times the risk of dying in a fall

100 About 5 would get radon-related lung cancer the risk of dying in a car crash

50 About 2 would get radon-related lung cancer Average indoor radon level

20 -- Average outdoor radon level

Notes: If you are a former smoker, your risk may be higher.

Bg/m3 = disintegrations/second/cubic meter

* Lifetime risk of lung cancer deaths fromUS EPA Assessment of Risks from Radon in Homes (EPA 402-R-03-003).

** Comparison data calculated using the Centers for Disease Control and Prevention’s 1999-2001 National Center for Injury Prevention and Control Reports.



Gray, BMJ, 2009



Smoking/radon synergy:
consequences

Radon and Smoking are considered to be synergistic on lung cancer occurrence, their
joint risk being more than additive, but less than multiplicative.

As a result, as smoking rates decline, the rate of (radon + smoking) -related lung cancers
will decline proportionally more.

Further, all radon-related cancers (of whom most now are in smokers) will decline
proportionally more than the drop in smoking prevalence.

As a proportion of all lung cancers, the proportion of radon-related lung cancers in non-
smokers will rise.

Lantz et al (A J Pub Hith, 2013): Reducing smoking in the population is the most cost-
effective strategy for reducing the public health burden of radon.



The Canadian Public Health stance on

radon

e Guideline was 800
Bg/m3

e Large-scale testing

e Offered advice,
when asked

e Lobbied for a lower
guideline

200
Bq/m3

Promote the guideline

Encourage test and
remediate

e Build remediator capacity
e  Promote radon measures in the National

Building Code



Canada’s 200 Bq/m3 guideline, at best, offers little population protection

because any
radon is bad news

=13%
of all
Ontario
lung
cancer
deaths
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So, even if all Canadians tested and those
whose homes (day cares, schools and
workplaces) tested over 200 Bq/m3
remediated, most Canadians would continue to
live (sleep, work and learn) in environments
well above outdoor radon levels and most

cases of radon-related lung cancer would not
be averted.

And, while Canadians are increasingly aware of
radon, few test for it in their homes, and most

whose homes test over 200 Bq/m? do not
remediate.



For efficacy, acceptability,
sustainability.....

with
universal
active radon
removal




Gray, BMJ, 2009



Towards an effective Canadian policy
stance on Radon

Current dominant policy
direction

Next steps...

 Encourage test and
remediate build radon out

* Build remediator capacity

e (promote new construction/building
codes)

e (encourage, partner on research)



BC Centre for Disease Control

An agency of the Provincial Health Sen Authority

Lung cancer, smoking (not), and radon:
public health policy for Canada

Tom Kosatsky
tom.kosatsky@bccdc.ca
604 707 2447
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