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ARTICLE INFO ABSTRACT

Keywords: Although previous studies have examined the burden of cancer attributable to tobacco smoking, updated esti-
Cancer mates are needed given the dramatic changes in smoking behaviours over the last 20 years. In this study, we
Tobacco estimate the proportion of cancer cases in 2015 attributable to past tobacco smoking and passive exposure in

Population attributable risk
Smoking

Second-hand smoke
Potential impact fraction
Prevention

Canada and the proportion of cancers in the future that could be prevented through the implementation of
interventions targeted at reducing tobacco use. Data from the Canadian Community Health Survey (2003) were
used to estimate the prevalence of active tobacco smoking and passive exposure. Population attributable risk
estimates were employed to estimate the proportion of cancers attributable to tobacco in 2015. The prevalence
of active tobacco smoking and passive exposure was projected to 2032 and cancer incidence was projected from
2016 to 2042 to estimate the future burden of cancer attributable to tobacco. In 2003, 30% and 24% of
Canadians were former and current smoker, respectively and 24% had been exposed to tobacco smoke in the
past. We estimated that 17.5% (32,655 cases; 95% CI: 31,253-34,034) of cancers were attributable to active
tobacco smoking and 0.8% (1408 cases; 95% CI: 1048-1781) to passive tobacco exposure in never smokers.
Between 41,191 and 50,696 cases of cancer could be prevented by 2042 under various prevention scenarios. By
decreasing passive tobacco exposure by 10-50%, between 730 and 3650 cancer cases could be prevented by
2042. Strategies focused on reducing the prevalence of tobacco smoking are crucial for cancer control in Canada.

1. Introduction Evaluation of Carcinogenic Risks to Humans, 1986). The IARC working
group concluded that tobacco smoking is associated with cancers of the

In 1986, the International Agency for Research on Cancer (IARC) lung, oral cavity, larynx, esophagus, bladder and pancreas. Cancers of
determined that there was sufficient human evidence to classify tobacco the stomach, paranasal sinus, nasopharynx, liver, kidney, ureter,
smoking and second-hand smoke as carcinogenic to humans (Group 1) uterine cervix, ovary, colorectum and myeloid leukemia have since
(International Agency for Reseach on Cancer Working Group on the been added to the list in subsequent IARC monographs (International
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Table 1
Relative risks of cancers for active tobacco smoking and passive exposure.

Level of
exposure

Cancer site Relative risk (95% confidence interval)

Men Women

Active tobacco smoking

Lung® Current smoker 8.96 (6.73-12.10) 8.96 (6.73-12.1)
Former smoker 3.85 (2.77-5.34) 3.85 (2.77-5.34)
Colorectal” Current smoker 1.20 (1.07-1.34) 1.20 (1.07-1.34)
Former smoker 1.20 (1.15-1.25) 1.20 (1.15-1.25)
Breast® Current smoker - 1.11 (1.06-1.12)
Former smoker - 1.09 (1.06-1.12)
Bladder® Current smoker 2.77 (2.17-3.54) 2.77 (2.17-3.54)
Former smoker 1.72 (1.46-2.04) 1.72 (1.46-2.04)
Kidney" Current smoker 1.52 (1.33-1.74) 1.52 (1.33-1.74)
Former smoker 1.25 (1.14-1.37) 1.25 (1.14-1.37)
Pancreas” Current smoker 1.70 (1.51-1.91) 1.70 (1.51-1.91)

a

Oral cavity®

Former smoker
Current smoker
Former smoker

1.18 (1.04-1.33)
3.57 (2.63-4.84)
1.18 (0.73-1.91)

1.18 (1.04-1.33)
3.57 (2.63-4.84)
1.18 (0.73-1.91)

Stomach® Current smoker 1.64 (1.37-1.95) 1.64 (1.37-1.95)
Former smoker 1.31 (1.17-1.95) 1.31 (1.17-1.95)
Ovaryd Current smoker - 1.06 (1.00-1.13)
Former smoker - 1.06 (1.00-1.12)
Liver® Current smoker 1.56 (1.29-1.87) 1.56 (1.29-1.87)
Former smoker 1.49 (1.06-2.10) 1.49 (1.06-2.10)
Esophagus” Current smoker 2.50 (2.00-3.13) 2.50 (2.00-3.13)
Former smoker 2.03 (1.77-2.33) 2.03 (1.77-2.33)
Cervix” Current smoker - 2.24 (1.14-4.39)
Former smoker - 1.26 (1.11-1.42)
Larynx® Current smoker 6.98 (3.14-15.5) 6.98 (3.14-15.5)
Former smoker 4.65 (3.35-6.45) 4.65 (3.35-6.45)
Ureter® Current smoker 3.96 (3.07-5.09) 3.96 (3.07-5.09)

Myeloid leukemia®

Former smoker
Current smoker
Former smoker

Passive tobacco exposure

2.25 (1.74-2.91)
1.52 (1.10-2.14)
1.45 (1.08-1.94)

2.25 (1.74-2.91)
1.52 (1.10-2.14)
1.45 (1.08-1.94)

Lung?® Ever exposure 1.34 (1.24-1.45) 1.34 (1.24-1.45)
Colorectal” Ever exposure 1.14 (1.05-1.2) 1.14 (1.05-1.2)
Breast® Ever exposure - 1.20 (1.07-1.33)
Cervix! Ever exposure - 1.73 (1.35-2.21)
2 Estimates from Gandini et al. (2008).

b

Estimates from Ordonez-Mena et al. (2016).
Estimates from Macacu et al. (2015).
Estimates from Beral et al. (2012).
Estimates from Bjerregaard et al. (2006).

f Estimates from Colamesta et al. (2016).

& Estimates from Kim et al. (2014).

b Estimates from Yang et al. (2016).

' Estimates from Zeng et al. (2012).

Agency for Reseach on Cancer (IARC), 2012; International Agency for
Research on Cancer (IARC), 2004). A recent large meta-analysis showed
that active tobacco smoking is also associated with breast cancer
(Macacu et al., 2015). In addition, IARC concluded that there is suffi-
cient evidence that secondhand smoke exposure (i.e. passive smoking)
causes lung cancer (International Agency for Reseach on Cancer (IARC),
2012). Since the most recent IARC monograph on tobacco use in 2012,
large meta-analyses have shown that secondhand smoke exposure (i.e.
passive tobacco exposure) is also associated with an increased risk of
colorectal, breast and cervical cancers (Macacu et al., 2015; Yang et al.,
2016; Zeng et al., 2012).

There are many complex biological mechanisms hypothesized that
link tobacco smoke to cancer. The most widely accepted mechanism
involves the binding of inhaled carcinogens to DNA and forming DNA
adducts, which in turn can cause miscoding and permanent mutations.
These mutations can cause the loss of normal cell proliferation and lead
to cancer when mutations occur in oncogenes or tumor suppressor
genes (International Agency for Reseach on Cancer (IARC), 2012).

In 2012, an estimated 45,464 deaths from all causes in Canada were
attributable to smoking tobacco and the total costs of tobacco use were
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Table 2
Prevalence of active tobacco smoking and passive tobacco exposure in Canada®,
2003.

Age (years)  Prevalence (95% confidence interval)

Active tobacco smoking Passive tobacco exposure

Former smoker

Current smoker

Ever exposure

Men 33.3(32.6-33.9)  26.6 (25.9-27.2) 28.4 (27.3-29.5)
20-34 15.3 (14.3-16.3)  33.5 (32.1-34.8) 37.9 (35.8-39.9)
35-44 25.3 (24.0-26.6)  31.1 (29.7-32.5) 26.7 (24.7-28.7)
45-64 42.3 (41.2-43.5)  24.3 (23.3-25.3) 23.4 (21.6-25.2)
=65 59.1 (57.7-60.5)  11.4 (10.6-12.2) 13.8 (11.9-15.8)

Women 25.8 (25.3-26.3)  21.7 (21.1-22.2) 21.3 (20.6-22.1)
20-34 16.4 (15.4-17.3)  26.3 (25.2-27.5) 30.3 (28.5-32.0)
35-44 25.1 (23.7-26.4)  25.3 (24.0-26.6) 19.7 (17.9-21.5)
45-64 31.6 (30.6-32.6)  21.6 (20.7-22.4) 19.9 (18.6-21.3)
=65 29.9 (28.8-30.9) 10.4 (9.7-11.1) 12.4 (11.4-13.4)

Total 29.5(29.0-29.9)  24.1 (23.6-24.5) 24.3 (23.7-25.0)
20-34 15.8 (15.1-16.5)  29.9 (29.0-30.8) 33.9 (32.5-35.2)
35-44 25.2 (24.2-26.1)  28.2 (27.3-29.2) 23.0 (21.7-24.3)
45-64 36.9 (36.1-37.7)  22.9 (22.3-23.6) 21.4 (20.3-22.4)
=65 42.7 (41.8-43.6)  10.8 (10.3-11.4) 12.8 (11.9-13.7)

@ Data from the Canadian Community Health Survey (2003).

$16.2 billion, including both direct and indirect health care costs
(Dobrescu et al., 2017). Given these statistics, reducing the prevalence
of smoking through prevention strategies should be a top priority for
public health agencies. Previous analyses conducted in the United
Kingdom (Parkin, 2011), Australia (Pandeya et al., 2015) and globally
(Reitsma et al., 2017) have estimated the burden of cancer attributable
to smoking tobacco. In addition, previous estimates for Canada and the
provinces of Ontario and Alberta estimated that 15-16% of cancer is
attributable to tobacco smoking (Cancer Care Ontario, 2014; Krueger
et al., 2016; Poirier et al., 2016). However, current detailed estimates
for Canada and individual provinces are not available. Previous studies
did not estimate the proportion of cancer that could be prevented in the
future with reductions in smoking prevalence.

Given the strong, consistent relationships between active and pas-
sive tobacco smoking and the associated cancer sites, we aimed to es-
timate the proportion of incident cancer cases in 2015 that can be at-
tributed to past tobacco exposure in Canada (attributable burden). We
also estimated the proportion of cancers in the future (to 2042) that
could potentially be prevented through the implementation of one of
several intervention scenarios targeted at reducing the prevalence of
active tobacco smoking and passive exposure (avoidable burden).

2. Methods

The detailed methodological framework for the current study was
previously published (Brenner et al., 2018). A brief overview of the
methods is included in this supplement. To estimate the attributable
and avoidable burden of cancer in Canada, three measures of data were
required: 1) risk estimates (i.e. relative risks, RRs) for the association
between smoking and each cancer, 2) the prevalence of active tobacco
smoking and passive exposure in Canada and provinces, and 3) age- and
sex-specific cancer incidence data (as described in the Methods sum-
mary in this issue).

2.1. Current population attributable burden

2.1.1. Latency period

It is well documented that cancer risk attributable to tobacco
smoking is the result of past exposure and therefore. Large cohort stu-
dies have shown that the latency period for tobacco smoking and cancer
can range from 3 to 33 years. Therefore, a latency period within this
range was identified for active tobacco smoking and passive exposure.



st1 9[qeIngrmie uonendod = Yvd ‘dnoid xos-o8e 1od sased paAIasqo JO IOqWINU [€10} = 'SqQ ‘SISOuSeIp = X ‘©msodxa 0} anp sased A[qeINqLIe = DY SUONRIADIGQY

Preventive Medicine 122 (2019) 9-19

81T 0S S€T €08 9€L 0601 €Te 6'ST  0SCI VLT 9'1T 0421 €28 0Cy 0961 €S  T¥C S61C 1L 8T 00SC ¥89  L'61 SLYE el
zS €Ly 01T €1c TTL S6¢C 0C VLT SIT S6 1T 0St ¥9C 9'6€ S99 evl €'€T S19 ST T 009 ¥SC 841 STYl SL= §9=<
LS 1'CS 01T LIS bvL S69 6 29T 09¢€ (498 ScT S8S 981 v'ey  0TIL T€EE  6VC 0€el 8¢ T'e sect vve T'IC  0€91 ¥/—SS ¥9-St
9 T'SS o1 29 S'€L S8 S8 y'LT 01€ 8T £0T Sel <9 Ty SST Ly 6'CC {04 141 6°C 09 99 0'1T S1€ ¥S-Sb yv—G€
€ faras) S o1 +'89 ST 124" 1492 S9 61 981 00T 8 ¥'8¢ 0T 6 00T 14 S ST (114 0C Z61 SOt vr—0€ ¥€-0C
[eoL
14 9'Sy SOt LT1 ¥'89 S8T €Te 6'ST  0SCI 66 9'81 GES CLT §'se S8Y 66 L'61 S0S 1L 8°C 00ST 20T S91 0seL [eoL
81 tali}4 14 S€ 9'€9 SS 0C vLT ST 6T 291 08T SL 8'1¢ S€T 9€ VLT S0CT ST T 009 9L L€T 09S SL= §9=<
0€ 9'6¥ 09 1L L'0L 00T 6 29T 09¢€ (514 1°0C 124 88 0'6€ 44 zs ¥'1c ST 8¢ e Sect 00T 881 0€s v/—SS ¥9-St
0 y'1s 0 14! T'1L 0T S8 ¥'LT 01€ 141 861 0L o1 v'6e 14 o1 1T 14 14 6C 09 €T S61 0zt ¥S-Sy yv—G€
0 S'6v 0 L €49 o1 1448 192 So L LT ot 0 09¢ 0 4 81 0T S ST S0C L ST ot yv—0€ Y€-0C
USWOAA
0L 9'€S 0€T 949  L'VL S06 VLT L'€C S€L 159 vy Sivl 1€y  §'SC 0691 LLy ST Sclc [eo],
ve c'Ts S9 8.1 TvL ove 99 Sve 04T 681 6y (534 0T 29T (184 LLT 0T S98 SL= §9<
8¢ Z'SS 0S 9y  0'SL S6S Z8 ta 24 ove 66€ 9vy S68 6L  L'ST S80T 1444 2C7¢ 0011 v/—SS ¥9-St
9 2SS o1 14 TYL <9 14 81T S9 95 LTy 0€T LE ¥'eT 091 194 6'1C S61 ¥S-Sy yv—G€
€ fara) S 14 L0L S C1 61 09 8 ¥'8€ 0C L 0T se €1 €0T <9 yv—0€ Y€-0C
Ul
oV 4vd 'sq0 OV 4¥vd 'Sq0 oV 9vd 'sq0 ov uvd 'sq0 oV 4vd '$q0 oV ¥vd 'sq0 OV 4¥vd 'Sq0 oV 4vd 'sq0
193210 Xukre| XIAIRD RIWANNI] PIOPAN sn3eydosy JOATT AreaQ YorWOIS X e 23y amsodxa Je a8y
¥8LT oy 444 TEL 91 oSty 86 TL1 0§48 L¥8E 0'6€ 0486 TI1T 9'v SL0VT [ 7444 01 S/8°1C ¥TL8T 0'CcL S10°92 el
0€ 0ce 0S6 9ze ber 0691 €61 T'ST S/l 91ST €'9¢ 081 94T 8¢ 029 164 00T 0684 °Ty9 £'89 Sve6 SL= §9<
CTL0T 8’y G9ST 91y T'8T S0€T 695 841 S61E 800T 6°0v S06% 209 6V 0zTc 8811 601 GS8°01 9€6°01 L'EL or8v1 v/—SS ¥9-St
€1e 'St S69 1L 661 Ggse 991 LLT 0€6 [414 L'y S09 1844 8y S00S 0€eT 8'6 oveT L4121 6'vL G291 ¥S-Sy yv—G€
S6 (444 S1C 61 061 00T LS €91 0s€ 1L €'6€ 08T 26 |84 0€CT 99 €8 064 0ST 0'€L (014 yv—0€ y€-0C
TeloL
20S ¥'9e 08€L 1ce 144! 0cee 90€ 671 0902 €84 g'ee SEET TI1T 4 SL0'vT 9€8 9'8 0896 81¢8 169 006°TT [eloL
00T S'LT S9€ 01T s S96 19 8'IL 0zs 96¢C 8'8C 0€0T 9T 8¢ 029 €6C 9L S98¢ T€9T 0'v9 SITy SL= §9=<
€8¢ 8'8¢ 0€L LT S91 SSOT €LT 6'ST 0601 0¥ T'LE 080T 209 6t 0TTCL {984 S'6 Svey 6981 9'1L G089 /-GS ¥9-S¥
06 6'ly S1C 6T €81 091 zS ¥91 (1743 9 6'8¢ g9t 1874 8y S00S 86 €6 0901 6€9 v'eL 048 ¥S-Sy yv—G€
6T L0y 0L L TLT ov 61 8PI 0€T (44 o€ 09 6 |84 0€eT (4 8L (54 6L v'is 01T yv—0€ ¥€-0C
USWOA
Z8C1 1Ty Sv0€ 1844 81 0€eT 849 81 069¢ S90¢€ L'0v SESL 8ev 1 8’11 S61°CT 90501 vyl SITYI e
€0C 8've S8S 91T 091 SCL zel v LT SSL ocer L'8¢€ 0S1E 861 &4t Scoy 064E S'TL 0€Ts SL= §9=<
68L 0'ey GE8L e €61 0scT 96€ 881 S0TCT 8091 (44 Gz8e YLL 6'TT 0159 9909 G'SL GE08 v/—SS y9-St
€TT S99y 08t 184 1T S61 ZIt 81 019 881 LTy oy zel €01 08C1 84S 9'9L SSL ¥S-Sy yv—GE
99 8'Sh ShT t4s 20T 09 8¢ TLT (1144 (614 8'0v oct ve 6'8 08¢ 1L 8vL S6 Yr—0€ ¥€-0C
U
ov uvd 'sq0 ov avd 'Sq0 ov uvd '$q0 ov uvd 'Sq0 ov avd 'sq0 ov avd 'Sq0 ov avd '$q0
eI1I0 seanued Asupry Iapperg Isearg [e1931010D) Sun x( e 28y aImsodx? je a8y

A.E. Poirier, et al.

*S[EAISIU] DUIPYUOD ON:.» (GT0Z) BPEURD UL SUDOUIS 000B]O) dATIE 0] d[qeInqrmie suontodord pue sased 1edue)
€ dIqeL

11



A.E. Poirier, et al.

Preventive Medicine 122 (2019) 9-19

Table 4
Summary of cases and proportions of cancer in Canada in 2015 attributable to active tobacco smoking®.
Exposure Cancer site Total Men Women
Observed Attributable % Attributable’ Observed Attributable % Attributable Observed Excess % Attributable
cases” cases® cases cases cases attributable
cases
Active tobacco  Lung 25,235 18,120 71.8 12,945 9632 74.4 12,290 8488 69.1
smoking Colorectal 22,610 2354 10.4 12,665 1495 11.8 9945 859 8.6
Breast 24,555 1133 4.6 24,555 1133 4.6
Bladder 9870 3847 39.0 7535 3065 40.7 2335 783 335
Kidney 5930 1015 17.1 3815 701 18.4 2115 314 14.8
Pancreas 4405 731 16.6 2320 428 18.4 2085 303 14.6
Oral cavity 4425 1784 40.3 3045 1282 42.1 1380 502 36.4
Stomach 3475 684 19.7 2225 477 21.5 1250 207 16.5
Ovary 2550 73 2.8 2550 73 2.8
Liver 2205 533 24.2 1690 431 25.5 515 101 19.7
Esophagus 1960 823 42.0 1475 651 44.1 485 172 35.5
Myeloid 1270 274 21.6 735 174 23.7 535 99 18.6
leukemia
Cervix 1250 323 25.9 1250 323 25.9
Larynx 1145 843 73.6 945 706 74.7 200 137 68.6
Ureter 235 118 50.0 130 70 53.6 105 48 45.6
All associated 111,120 32,655 29.4 49,525 19,111 38.6 61,595 13,543 22
cancers®
All cancers 187,070 32,655 17.5 94,910 19,111 20.1 92,160 13,543 14.7
@ Data on prevalence of active tobacco smoking from the Canadian Community Health Survey (2003).
> Number of observed cancer cases in Canada in 2015 at individual cancer site from the Canadian Cancer Registry.
¢ Number of cancer cases at individual cancer sites that can be attributed to active tobacco smoking.
4 Proportion of cancers at individual cancer sites attributable to active tobacco smoking.
¢ All associated cancers includes all cancers known to be associated with active tobacco smoking (as listed in the current table).
£ All cancers include all incident cancer cases in Canada for all ages in 2015.
Table 5
Cancer cases and proportions attributable to passive tobacco exposure in Canada (2015) ***No Confidence Intervals.
Age at exposure Age at Dx Lung Colorectal Breast Cervix
Obs. PAR AC Obs. PAR AC Obs. PAR AC Obs. PAR AC
Men
20-34 30-44 19 9.9 2 340 4.6 16
35-44 45-54 165 8.5 14 1116 3.6 41
45-64 55-74 1892 7.3 138 6015 3.1 188
=65 =75 1238 4.8 59 3700 2.0 74
Total 3314 6.4 213 11,171 2.9 319
Women
20-34 30-44 36 8.9 3 379 3.7 14 2142 1.8 39 345 17.7 61
35-44 45-54 264 6.4 17 960 2.7 26 4694 1.4 64 230 12.5 29
45-64 55-74 2202 6.3 139 4140 2.7 112 12,101 1.4 166 267 12.7 34
=65 =75 1296 4.4 58 3610 1.8 65 4489 0.9 42 85 8.6 7
Total 3798 5.7 217 9090 2.4 217 23,425 1.3 311 926 14.1 131
Total
20-34 30-44 55 9.2 5 719 4.2 30 2142 1.8 39 345 17.7 61
35-44 45-54 429 7.2 31 2075 3.2 67 4694 1.4 64 230 12.5 29
45-64 55-74 4093 6.8 276 10,156 3.0 300 12,101 1.4 166 267 12.7 34
=65 =75 2534 4.6 117 7310 1.9 139 4489 0.9 42 85 8.6 7
Total 7112 6.0 429 20,260 2.6 536 23,425 1.3 311 926 14.1 131

Abbreviations: AC = attributable cases due to exposure, Dx = diagnosis, Obs. = total number of observed cases per age-sex group, PAR = population attributable

risk.

As described previously (Brenner et al., 2018), the latency period we
used for the burden of cancer in 2015 was based on available pre-
valence data for active tobacco smoking and passive exposure. We used
the 2003 Canadian Community Health Survey (CCHS) exposure data,
resulting in a 12 year latency period relative to incident cases identified
in 2015, for both active tobacco smoking and passive. A fixed latency
period of 10 years was assumed for the future burden of cancer analysis
to facilitate the modelling approach. To apply the latency period, the
age groups used for prevalence estimates were 20-34, 35-44, 45-64
and =65 and the age groups used for cancer incidence were 35-44,
45-54, 55-74 and =75. Previous analyses have used similar methods to

account for a latency period between exposure and cancer diagnosis
(Cancer Care Ontario, 2014; Poirier et al., 2016).

2.1.2. Risk estimates

We collected risk estimates for each smoking-associated cancer site
from large meta-analyses (Table 1) (Beral et al., 2012; Bjerregaard
et al., 2006; Colamesta et al., 2016; Gandini et al., 2008; Macacu et al.,
2015; Ordonez-Mena et al., 2016). For active tobacco smoking, the
relative risk (RR) estimates were stratified by sex and smoking status
(current smoker or ever smoker). For passive tobacco exposure, the risk
estimates were based on ever exposure and stratified by sex (Table 1)
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Table 6
Summary of cases and proportions of cancer in Canada in 2015 attributable to passive tobacco exposure®.
Exposure Cancer site Total Men Women
Observed Attributable % Attributable’ Observed Attributable % Attributable Observed Attributable % Attributable
cases” cases® cases cases cases cases
Passive tobacco  Lung 7112 429 6.0 3314 213 6.4 3798 217 5.7
exposure Colorectal 20,260 536 2.6 11,171 319 2.9 9090 217 2.4
Breast 23,425 311 1.3 23,425 311 1.3
Cervix 926 131 14.1 926 131 14.1
All associated 51,724 1408 2.7 14,484 532 3.7 37,239 876 2.4
cancers®
All cancers' 187,070 1408 0.8 94,910 532 0.6 92,160 876 1.0

a
b

c

Data on prevalence of passive tobacco exposure from the Canadian Community Health Survey (2003).
Number of observed cancer cases in Canada in 2015 at individual cancer sites from the Canadian Cancer Registry.
Number of cancer cases at individual cancer sites that can be attributed to passive tobacco exposure.

4 Proportion of cancers at individual cancer sites attributable to passive tobacco exposure.

e

£ All cancers include all incident cancer cases in Canada for all ages in 2015.

(Kim et al., 2014; Macacu et al., 2015; Yang et al., 2016; Zeng et al.,
2012).

2.1.3. Prevalence of exposure

Data on the prevalence of active tobacco smoking and passive ex-
posure were obtained from the 2003 cycle of the CCHS (Statistics
Canada, 2003). Detailed methods for the CCHS have been published
previously (Béland, 2002). Briefly, the CCHS is a biennial population-
based cross-sectional survey used to collect self-reported information on
the health status, health determinants and health care use of Canadians.
The CCHS sampling frame is representative of 96-98% of the Canadian
population. The 2003 cycle includes weighted data on 135,573 re-
spondents aged 12 and older. In the survey, current smokers are defined
as individuals who smoke cigarettes daily or occasionally at the time of
the interview. Former smokers are those who have smoked > 100 ci-
garettes in their lifetime, but were not smokers at the time of the in-
terview. Those categorized as never smokers had smoked fewer than
100 cigarettes in their lifetime and were not smokers at the time of the
survey. Passive smokers are defined as those who were regularly ex-
posed to tobacco smoke in their home, a vehicle or a public place. The
proportion of missing data on smoking status was negligible (0.6%) and
therefore excluded from the analysis.

2.1.4. Statistical analysis

To estimate the proportion of cancer attributable to active tobacco
smoking, the following population attributable risk (PAR) equation,
which has been used in previous PAR studies (Cancer Care Ontario,
2014; Pandeya et al., 2015; Parkin, 2011) was applied:

PAR = (Pe; X ERRy) + (P; X ERRy)
1+ (p,; X ERRy) + (P, X ERR;)

where P, is the prevalence of current active tobacco smokers, P, is the
prevalence of former active tobacco smokers, ERR; is the excess RR
(ERR; RR - 1) of cancer in current smokers compared with never
smokers and ERR, is the ERR of cancer in former smokers compared
with never smokers.

To estimate the PAR for passive tobacco exposure in never smokers,
the following equation was used:

P(RR-1)

PAR= —¢—~— =~/
1+PR(®RR-1)

where P, is the prevalence of passive tobacco exposure and RR is the
risk of cancer in those exposed to tobacco smoke compared to those
never exposed.

The PAR for each cancer site was then multiplied by the number of
incident cancer cases in 2015 to estimate the number of cancer cases

13

All associated cancers includes all cancers known to be associated with passive tobacco exposure (as listed in the current table).

attributable to active tobacco smoking and passive exposure. For pas-
sive tobacco exposure, we approximated the proportion of incident
cancer cases in 2015 among never smokers to be 1-PAR of active
smoking. Monte Carlo simulation methods were used to estimate 95%
confidence intervals (CIs) around PAR estimates.

2.2. Future avoidable burden

2.2.1. Projected exposure prevalence

To estimate the future burden of cancer attributable to active to-
bacco smoking and passive exposure up to 2042, we projected the crude
prevalence of active tobacco smoking and passive exposure to 2032 (to
account for the 10 year latency period) among all Canadian men and
women aged 20 and over. Data on active tobacco smoking were used
from the 1994, 1996, and 1998 National Population Health Survey
(NPHS) and the 2000, 2003, 2005, 2007 and 2011 cycles of the CCHS to
generate a model to project future prevalence. Because NPHS only
asked whether the participants had ever smoked cigarettes and did not
contain the question regarding whether one has smoked a total of 100
or more cigarettes in lifetime like CCHS, we redefined never smokers as
those who had not smoked a whole cigarette, in order to pool the data
from the two surveys and acquire more information on the historical
trends.

We observed a steadily decreasing trend in current smoking pre-
valence in both sexes among all Canadian provinces. We noticed an
increase in the prevalence of former smokers in all Canadian provinces
until 2000 to 2003, after which the prevalence was stable. We modeled
the current smoking prevalence using a log-linear model (log(pre-
valence) ~ year) and extrapolated the future prevalence. We fitted a
logistic growth curve to the former smoking prevalence using the grofit
package in R (ref). The prevalence of never smokers was derived by
taking the remainder of 100% from the prevalence of current smokers
and the prevalence of former smokers.

The data on ever exposure to passive smoking among the never
smokers are only available from the 2000, 2003, 2005, 2007 and
2011 cycles of the CCHS. We modeled the passive smoking prevalence
using a log-linear model (log(prevalence) ~ year) and extrapolated the
future prevalence. Because the prevalence was assessed among never
smokers, we subtracted the cancer cases due to active smoking in the
future, which were estimated in this study (Table 7), from the projected
cancer incidence. This calculation gave the cancer incidence not attri-
butable to active smoking.

2.2.2. Projected cancer incidence
A brief summary of the methods used to project cancer incidence to
2042 are included in this issue (Brenner et al., 2019). Detailed methods
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Fig. 1. A) Projected annual preventable cancer cases attributable to active tobacco smoking by applying four counterfactual scenarios; B) projected cumulative
preventable cancer cases attributable to active tobacco smoking by applying four counterfactual scenarios.

Supplementary Table 3. PAR results for Canadian provinces are pre-
sented in Supplementary Table 4. In 2015, an estimated 32,655 in-
cident cases of cancer were attributable to active tobacco smoking.

This number corresponds to 29.4% incident cancers at sites asso-
ciated with active tobacco smoking and 17.5% of all incident cancer
cases in 2015 (Table 4). The proportion of incident cancer cases in 2015
attributable to active tobacco smoking was 20.1% in men and 14.7% in
women. Lung cancer accounted for over half (18,120 cases) the number
of cases attributable to active tobacco smoking, followed by bladder
cancer (3847 cases) and colorectal cancer (2354 cases). Aside from
breast, cervical and ovarian cancer, the proportion of cancer attribu-
table to active tobacco smoking was greater for men than women for
each cancer site.

3.2.2. Passive tobacco exposure

The PAR estimates and proportion of cancer cases attributable to
passive tobacco smoke exposure in 2015 by age and sex are presented in
Table 5. Measures of uncertainty (95% CIs) and provincial PAR esti-
mates are presented in Supplementary Tables 5 and 6, respectively. In
2015, 1408 incident cancer cases were attributable to passive tobacco
smoke exposure in never smokers, corresponding to 2.7% of incident
lung, colorectal, breast and cervical cancers and 0.8% of all incident
cancers (Table 6). In men and women, 3.7% and 2.4% of associated
incident cancer cases were attributable to passive tobacco exposure,
respectively. In women, 14.1% of cervical cancer was attributable to
passive tobacco exposure and in men the highest proportion of attri-
butable cases was observed for lung cancer (6.4%).

3.3. Future avoidable burden of cancer

3.3.1. Active tobacco smoking

Based on our projections, the prevalence of current smoking is ex-
pected to continue to decrease in men and women, while the prevalence
of former smoking is expected to remain relatively stable
(Supplementary Fig. 1). In 2042, we estimate that there will be a total
of 185,659 incident cases at sites associated with tobacco smoking
(Table 7). The number of cases for these sites attributable to active
tobacco smoking will be 46,915 in 2042 if no changes in smoking trends
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occur. However, if price increases on tobacco cigarettes were instated to
reduce smoking prevalence by 3.7% in 2018, 3005 cancer cases could
be prevented in 2042, with a cumulative total of 41,191 cases pre-
vented from 2018 and 2042. If smoking prevalence was reduced to 5%
by 2035 and continued to decrease at the same rate thereafter, 6122
incident cancer cases could be prevented in 2042, with a cumulative
total of 50,225 preventable cases by 2042. Assuming a 50% reduction
in tobacco smoking prevalence by 2032, 5824 incident cancer cases
could be prevented in 2042, with a cumulative total of 47,900 avoid-
able cases by 2042. Finally, if the World Health Organization goal of a
30% relative reduction in current smokers by 2020 was achieved, 3494
incident cancer cases in 2042 could be prevented, with a cumulative
total of 50,696 cases by 2042 (Table 7; Fig. 1).

3.3.2. Passive tobacco exposure

The prevalence of never smokers passively exposed to tobacco
smoke is projected to continue to decrease to 2042 (Supplementary
Fig. 2). We projected that in 2042 there will be 94,498 incident cases of
breast, cervical, colorectal and lung cancers in never smokers, of which,
797 would be attributable to passive tobacco smoke exposure. If the
prevalence of passive tobacco smoke exposure was decreased by 10%,
25% and 50% by 2032, 730, 1825 and 3650 cases of cancer could be
prevented by 2042, respectively (Table 8; Fig. 2). Results for provincial
cancer incidence projections and counterfactual scenarios for active and
passive tobacco smoke exposure are presented in Supplementary Tables
7-10.

4. Discussion

Our results suggest that of cancers diagnosed in 2015 associated
with active tobacco smoking and passive exposure, 29.4% (32,655
cases) were attributable to active tobacco smoking and 2.7% (1408
cases) were attributable to passive tobacco exposure in never smokers.
These estimates correspond to 17.5% and 0.8% of all cancers diagnosed
in 2015, respectively. Of the 33,672 cancer cases attributable to to-
bacco exposure, more than half (18,549) were lung cancer cases. Other
than cancer sites specific to women (ovary, breast, cervix), the PAR
estimates were higher for men than women for all associated cancer
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Table 8
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Projected cancer cases and proportions attributable to passive tobacco exposure and the proportion of cancer cases that could be prevented in 2042 with various

changes passive tobacco exposure levels in Canada.

Sex Statistics CTF* Breast Cervix Colorectal Lung All
associ-
ated

Men Projected cases Base 24,870 3944 28,814

PAR (%) 0.9 2.1 1.1
EAC 220 84 303
Women Projected cases 38,713 1496 19,127 6350 65,684
PAR (%) 0.4 4.1 0.8 1.9 0.8
EAC 156 61 154 123 494
Both Projected cases 38,713 1496 43,996 10,294 94,498
PAR (%) 0.4 4.1 0.8 2 0.8
EAC 156 61 374 206 797
Men Projected cases 1 24,848 3936 28,784
PIF (%) 0.1 0.2 0.1
Prevented cases 22 8 30
Cumulative cases 200 82 282
Women Projected cases 38,697 1490 19,111 6337 65,635
PIF (%) 0 0.4 0.1 0.2 0.1
Prevented cases 16 6 15 12 49
Cumulative cases 143 55 136 114 448
Both Projected cases 38,697 1490 43,959 10,273 94,419
PIF (%) 0 0.4 0.1 0.2 0.1
Prevented cases 16 6 37 21 80
Cumulative cases 143 55 336 195 730
Men Projected cases 2 24,815 3924 28,738
PIF (%) 0.2 0.5 0.3
Prevented cases 55 21 76
Cumulative cases 500 204 704
Women Projected cases 38,674 1480 19,088 6319 65,561
PIF (%) 0.1 1 0.2 0.5 0.2
Prevented cases 39 15 38 31 123
Cumulative cases 359 137 341 285 1121
Both Projected cases 38,674 1480 43,903 10,242 94,299
PIF (%) 0.1 1 0.2 0.5 0.2
Prevented cases 39 15 93 52 199
Cumulative cases 359 137 841 489 1825
Men Projected cases 3 24,760 3903 28,662
PIF (%) 0.4 1.1 0.5
Prevented cases 110 42 152
Cumulative cases 1001 408 1408
Women Projected cases 38,634 1465 19,050 6288 65,437
PIF (%) 0.2 2 0.4 1 0.4
Prevented cases 78 30 77 61 247
Cumulative cases 717 274 681 569 2242
Both Projected cases 38,634 1465 43,809 10,191 94,100
PIF (%) 0.2 2 0.4 1 0.4
Prevented cases 78 30 187 103 399
Cumulative cases 717 274 1682 977 3650

Abbreviations: CTF = counterfactual scenario, PAR = population attributable risk, PIF = potential impact fraction.
@ Base = continuing prevalence trends with no change. Scenario 1 = 10% reduction in secondhand smoking by 2032. Scenario 2 = 25% reduction in secondhand
smoking by 2032. Scenario 3 = 50% reduction in secondhand smoking by 2032.

sites, due to the historically higher prevalence of tobacco smoking in
men. Our projections suggest that by 2042, 47,712 cases of cancer will
be attributable to active and passive tobacco smoke exposure.
Depending on the proposed prevention scenario for active tobacco
smoking, we estimated that between 41,191 and 50,696 cases of cancer
could be prevented by 2042, corresponding to PIF estimates between
1.6% and 4.1% for all cancers combined. By decreasing passive tobacco
exposure by 10-50%, between 730 and 3650 cancer cases could be
prevented by 2042.

Two Canadian studies previously estimated the proportion of cancer
attributable to active tobacco smoking using CCHS data from 2000/01
for the provinces of Ontario and Alberta (Cancer Care Ontario, 2014;
Poirier et al., 2016). In Ontario, 15% of incident cancer cases in 2009
were estimated to be attributable to active tobacco smoking (Cancer
Care Ontario, 2014). In Alberta, members of our study group estimated
that 15.7% of cancers diagnosed in 2012 were attributable to active
tobacco smoking. These results are both comparable to our estimate of
17.5% (Poirier et al., 2016). The slightly higher estimate for Canada as
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a whole is partially due to the addition of breast cancer as a site asso-
ciated with tobacco smoking, since the prevalence estimates for Al-
berta, Ontario and Canada as a whole were very similar. When breast
cancer is removed from the analysis, the PAR for Canada is decreased to
16.6%.

In the United Kingdom (UK), Parkin and colleagues estimated that
19.4% of all incident cancers in 2010 were attributable to current,
former or passive tobacco smoking exposure (Parkin, 2011). The in-
clusion of passive tobacco exposure could account for the marginally
higher estimate in the UK. In addition, the RR estimates used in the UK
study were higher for most cancer sites. For example, the RR for lung
cancer used in the UK study was based on the outcome of cancer
mortality, not incidence and for men was more than twice the RR used
in the current study (21.3 vs. 9.0). The PAR estimate for lung cancer in
non-smokers attributable to tobacco smoke exposure was 14.8%, which
is markedly higher than the 6% in our analysis. However, the UK study
estimated much higher prevalence (up to 71% in men) of exposure from
a spouse or at the workplace from other studies previously conducted
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Fig. 2. A) Projected annual preventable cancer cases attributable to passive tobacco smoke exposure by applying four counterfactual scenarios; B) projected cu-
mulative preventable cancer cases attributable to passive tobacco smoke exposure by applying four counterfactual scenarios.

due to a lack of their own prevalence data.

In Australia, it was estimated that 13% of cancers diagnosed in 2010
were attributable to active tobacco smoking and exposure to a partner's
tobacco smoke (Pandeya et al., 2015). In contrast to the current study,
the Australian study included all ages in their analyses, which could
account for the lower overall PAR estimate. In addition, as explained by
Pendaya and colleagues, the lower PAR estimate in Australia is likely
because of a higher denominator in Australia when estimating the
proportion of all incident cancers attributable to tobacco, as the de-
nominator includes all cancer sites and Australia has the highest in-
cidence of prostate cancer and melanoma in the world (Pandeya et al.,
2015).

One pooled analysis of seven Australian cohorts estimated that if the
prevalence of current smoking was reduced to 0, 18.3% of lung cancer
could be prevented over 10 years and 53.7% could be prevented over
40 years (Laaksonen et al., 2018). In our analysis, we did not consider a
shift in prevalence to 0 for tobacco smoking, however, by achieving the
WHO goal of reducing current smoking prevalence by 30% by 2020
(World Health Organization, 2013), Canada could reach a 23% reduc-
tion in the proportion of cancer attributable to active tobacco smoking
by 2042.

To our knowledge, this study is one of the first to examine the future
avoidable burden of cancer attributable to tobacco. However, long-term
projections of exposure prevalence and cancer incidence involve a great
deal of uncertainty. We used high quality population-based, nationally
representative data for the projections and sound modelling approaches
to strengthen the validity of our results. Our intervention targets are
practical and attainable, thus making our estimation of potential impact
fractions relevant to Canadian policy. To help manage some of the
uncertainty inherent in projections, expert opinion was sometimes used
in model selection for projections. Statistically driven projections can
be unrealistic and therefore using expert opinion strengthened the
plausibility of our projections.

Although no data on other tobacco products (smokeless, chewing,
cigars, pipes, etc.) were available for the current analysis, a previous
analysis in the Canadian province of Alberta showed a low prevalence
of other forms of tobacco use and therefore we are confident that the
addition of other tobacco products in our analysis would not have a
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meaningful impact on our results (Poirier et al., 2016). In addition, we
did not have data on the duration of exposure, cumulative tobacco
exposure (such as pack-years), or time since cessation, which are known
to have a substantial impact on the risk of cancer. Specifically, for
former smokers, cancer risk is known to decrease as years since cessa-
tion increase (Reid et al., 2006) and due to lack of data we were unable
to account for this in our estimates. Furthermore, because of prevalence
data availability, we assumed a 12-year latency period between ex-
posure and cancer diagnosis, which is relatively short in comparison to
long biological latency between smoking and lung cancer diagnosis.
The data on tobacco use status and habits were from self-reported
questionnaires, possibly introducing biases, which could lead to an
underestimation of the prevalence of tobacco smoking and con-
sequentially an underestimation of the burden of cancer attributable to
smoking. However, a validation study suggests that both CHMS and
CCHS have excellent sensitivity (92%) and specificity (98%) in mea-
suring smoking status (Wong et al., 2012). In contrast, self-reported
passive smoking has been shown to have limited validity (Fang et al.,
2016). Our prevalence estimates of passive smoking were obtained
from one survey question on whether the participants had been exposed
to second-hand smoke on most days in the past month. We did not have
the information regarding the duration or intensity of this exposure,
which is a limitation of this study. Although the RR estimates used to
estimate PARs were adjusted RRs, we did not take into account the
prevalence of various other factors that may be associated with tobacco
smoking status in Canada such as alcohol consumption. Accounting for
multiple risk factors in PAR analyses involves complicated statistical
modelling, which was beyond the scope of this study and was addressed
in a separate publication (Poirier et al., 2019b).

Our study suggests that no colorectal and ovarian cancer cases could
be prevented under our intervention targets (Table 7). This scenario is
due to the fact that the RRs for current and former smokers are the same
for these two cancer sites, and under our methodological framework,
the proposed interventions would shift current smokers into former
smokers, but not from former smokers to never smokers. This shift
would not therefore lead to a reduction in risk. Similarly, very small
intervention effects were expected for acute myeloid leukemia, liver,
and breast cancer, because of the small differences in the RRs for
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current and former smokers. A more sophisticated model that takes into
account a non-categorical risk reduction over time may improve the
estimates (Soerjomataram et al., 2010). However, this was beyond the
scope of the current study and requires data that are not available for
the Canadian population and for most cancer sites included in this
analysis.

4.1. Conclusion

Estimates of the current and future impact of tobacco in Canada are
essential for planning, implementing prevention policies, and informing
future research. Tobacco remains the leading preventable driver of
cancer incidence in Canada. Over 70% of incident lung cancer, which is
the leading cause of cancer death in Canada (Canadian Cancer Society's
Advisory Committee on Cancer Statistics Canada, 2017), was attribu-
table to active tobacco smoking. By reducing the prevalence of tobacco
smoking using evidence-informed approaches, up to 50,696 cancer
cases could be avoided by 2042. In addition to cancer prevention, re-
ducing the prevalence of tobacco use in Canada would have a sig-
nificant impact on mortality and the economic burden associated with
various other diseases caused by tobacco smoking.
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