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ABSTRACT

Background While many high-income countries
including Australia have successfully implemented a
range of tobacco control policies, smoking remains the
leading preventable cause of cancer death in Australia.
We have projected Australian mortality rates for cancer
types, which have been shown to have an established
relationship with cigarette smoking and estimated
numbers of cancer deaths attributable to smoking to
2044.

Methods Cancer types were grouped according to
the proportion of cases currently caused by smoking:
8%—-30% and >30%. For each group, an age—period—
cohort model or generalised linear model with cigarette
smoking exposure as a covariate was selected based on
the model fit statistics and validation using observed
data. The smoking-attributable fraction (SAF) was
calculated for each smoking-related cancer using
Australian smoking prevalence data and published
relative risks.

Results Despite the decreasing mortality rates projected
for the period 2015-2019 to 2040—-2044 for both men
and women, the overall number of smoking-related
cancer deaths is estimated to increase by 28.7% for
men and 35.8% for women: from 138 707 (77 839 men
and 60 868 women) in 2015-2019 to 182 819 (100
153 men and 82 666 women) in 2040—2044. Over the
period 2020—2044, there will be 254 583 cancer deaths
(173 943 men and 80 640 women) directly attributable
to smoking, with lung, larynx, oesophagus and oral
(comprising lip, oral cavity and pharynx) cancers having
the largest SAFs.

Interpretation Cigarette smoking will cause over
250 000 cancer deaths in Australia from 2020 to

2044. Continued efforts in tobacco control remain a
public health priority, even in countries where smoking
prevalence has substantially declined.

INTRODUCTION

Decreasing trends in cigarette smoking and tobacco
consumption have been observed in many high-
income countries that have successfully imple-
mented tobacco control initiatives, including
Australia. However, globally over one-third of men
and approximately 1 in 10 women were current
smokers in 2015," and estimates from the most
recent Global Burden of Disease study suggest
that tobacco smoking killed more than 8.7 million
people in 2019.% Australia has successfully imple-
mented many tobacco control interventions, which
have resulted in a marked decline in the preva-
lence of smoking in Australian men since the 1950s

WHAT IS ALREADY KNOWN ON THIS TOPIC

= A range of tobacco control interventions have
reduced smoking prevalence over time in
Australia. Prior analyses have estimated the
associated past and future reductions in lung
cancer mortality.

= There are limited data on long-term projections
of mortality rates for all smoking-related cancer
types or the estimated all-cancer deaths directly
attributable to cigarette smoking.

WHAT THIS STUDY ADDS

= Taking into account historical smoking patterns,
this study estimated mortality rates for all
smoking-related cancers to 2044 in Australia.
The findings predict that there will be more
than 250 000 cancer deaths directly attributable
to smoking in the period 2020-2044.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These projections can serve as benchmarks
against which to measure the impact of future
cancer control initiatives.

= This study highlights the ongoing and future
impact of smoking on the cancer burden.
Continued efforts in tobacco control remain an
urgent public health priority, even in countries
such as Australia, where smoking prevalence
has substantially declined.

and in women since the 1980s. There has been a
subsequent reduction in lung cancer mortality,’
although projections indicate that the number of
lung cancer deaths will continue to be substantial
in 2040.> Over many years, from early studies
establishing the association with lung cancer? ’
through the International Agency for Research on
Cancer (IARC) monograph® to a systematic review
in 2013,” smoking has become causally associated
with an increasing number of cancers, including
lung, larynx, liver, oesophagus, bladder, pancreas,
lip, oral cavity, pharynx, stomach, colorectum,
kidney, cervix, uterus, myeloid leukaemia, gall-
bladder and biliary tract. These cancers at least in
part attributable to smoking are hereafter referred
to as ‘smoking-related cancers’. However, little is
known about past and future trends in mortality
rates for cancers other than lung cancer in relation
to smoking.

A number of different statistical models have
been developed and used to project future cancer
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mortality rates, ranging from a simple assumption of a constant
cancer mortality rate to more complex methods such as age-
period-cohort (APC) models, and extended methods that
account for changes in exposure to risk factors.® To project lung
cancer mortality rates, we have previously validated a gener-
alised linear model (GLM), which included tobacco consump-
tion as a covariate.” This method may also be applied to other
cancers with an established association with cigarette smoking.
We previously developed statistical models for the projections of
all cancers combined and 21 individual cancer types.” However,
to our knowledge, there have not yet been any published studies
that report long-term projections of mortality rates for all
smoking-related cancers in relation to past smoking behaviour,
nor have there been estimates of the future number of cancer
deaths directly attributable to smoking in Australia.

In this study, we have projected Australian mortality rates for
all smoking-related cancers combined by taking into account
historical smoking patterns, and also estimated the number
of deaths from these cancers directly attributable to cigarette
smoking for the period 2020-2044.

METHODS

Data sources

We obtained national tabulated data on the numbers of deaths
from cancer in Australia from 1955 to 2019 by sex, age and
calendar year from the WHO’s Mortality Database'® sourced
from the Australian Institute of Health and Welfare (online
supplemental material 1)."! Australian population data by sex,
S-year age group and calendar year from 1955 to 2044 (Series
B, based on medium population growth) were obtained from
the Australian Bureau of Statistics.'? ' Smoking data for 1945-
2004 were obtained from the International Smoking Statis-
tics Web Edition'* and the National Drug Strategy Household
Survey (NDSHS) data for 2007-2019." Sex—age—period-specific
smoking prevalence and cigarette tar exposure per capita in
Australia were reconstructed backwards to 1920 and forwards
to 2044. For the purposes of our analyses, all data were aggre-
gated into 5-year age groups and 5-year calendar periods. All
age-standardised rates were standardised to the 2001 Australian
population. Here, we use the terms men and women to denote
males and females, given that the majority of deaths occur in
people over the age of 18 years.

Selected cancer types and grouping of smoking-related
cancers

We included all cancers listed by the IARC as causally related to
smoking,® and also included gallbladder and biliary tract cancer
based on more recent evidence.” We grouped cancer types into
two groups according to the current proportion of cases caused
by smoking. These groups were cancer types with >30% of cases
currently caused by smoking, including lung, bladder, larynx,
oesophagus and oral (comprising lip, oral cavity and pharynx)
cancers and cancer types with 8%-30% of cases currently caused
by smoking, including liver, stomach, gallbladder and biliary tract,
pancreas, colorectal, kidney and ureter, myeloid leukaemia, uterus,
cervix and ovarian cancers (online supplemental table $1).°

Statistical methods used for mortality rate projections

The outcomes of interest were the mortality rate and the number
of deaths attributable to smoking for all smoking-related cancers.
The selection of the most appropriate statistical projection
model for each cancer group was based on the Bayesian Infor-
mation Criterion and model validation using observed mortality

rates (online supplemental material 2). For the group of cancer
types with >30% of cases currently caused by smoking, GLMs
including age, cohort and cigarette tar exposure (lagged 27
years for men and 29 years for women) were used to project
mortality rates (online supplemental figure S1).* For the group
of cancer types with 8%-30% of cases currently caused by
smoking, APC models incorporating cigarette smoking exposure
(lagged 32 years for men and 33 years for women)'® were used
to project mortality rates (online supplemental figure S2). The
estimated numbers of deaths for these two cancer groups were
then combined to estimate the overall projected mortality rate
for all smoking-related cancers. To project the mortality rate for
lung cancer, we used previously validated GLMs including age,
cohort and cigarette smoking exposure.® A standard APC model
was used to project the mortality rate for each remaining cancer
types (online supplemental table S2).

Number of cancer deaths directly attributable to smoking
The smoking-attributable fraction (SAF) is the proportion of deaths
that are directly attributable to smoking.!” The total number of
cancer deaths directly attributable to smoking for people aged 35
years and above was calculated by multiplying the SAF and the
corresponding numbers of cancer deaths for each cancer type, age
group and sex category and then aggregating these.
The SAF is calculated using the standard formula:
Py x (RRy—1)+P,x (RR,—1
SAF = 1+P, i (RR; —)1) +sz( (RR, —)1)

where P is the prevalence of current smokers and P, is the prev-
alence of former smokers (both available from the NDSHS data),
RR; and RR; are the relative risks of death from cancer for current
and former smokers compared with never smokers, respectively.
Sex-specific relative risks for each cancer type were derived from
the American Cancer Society’s Cancer Prevention Study II (CPS-
11).Y ¥ Due to the lack of reliable relative risk data, we did not
calculate the numbers of smoking-attributable deaths for ovarian,
gallbladder and biliary tract cancers. Due to the limited data on
the past prevalence of current and former smokers in the popula-
tion, smoking-attributable deaths were only calculated from 2000
onwards. All statistical analyses were performed using Stata (V.17,
Stata Corporation, College Station, Texas).

RESULTS

Projections of mortality rates for cancers related to smoking
For both men and women, the age-standardised mortality rates
for all smoking-related cancers combined are projected to
decline continuously over the period 2015-2019 to 2040-2044,
from 114.1 to 84.8 per 100 000 men and 76.5 to 57.8 per 100
000 women (figure 1 and table 1). For both men and women,
the mortality rates are consistently lowest (<15 per 100 000) for
those aged less than 55 years. The mortality rates for men in the
older age groups showed a steady decline from the mid-1980s.
Different patterns were observed for women, with lower rates
overall and the decline occurring at a slower pace and starting
later than was observed for men (figure 1). The decline in the
mortality rate for women aged 55-64 years began in the 1990s,
but for women in the older age groups (65 years and above) the
decline began 5-20 years later.

Despite the decreasing mortality rates, due to population
growth and ageing, the overall number of smoking-related
cancer deaths is projected to increase by 31.8% (28.7% for men
and 35.8% for women) from 138 707 (77 839 men and 60 868
women) in 2015-2019 to 182 819 (100 153 men and 82 666
women) in 2040-2044 (table 1).
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Figure 1 Observed and projected age-standardised mortality rates for smoking-related cancers by age group and sex in Australia, 1970-2044. All
rates are age-standardised to 2001 Australian population. The shaded area represents the 95% confidence interval.

Estimated number of cancer deaths directly attributable to
smoking

Figure 2 shows the total estimated numbers of cancer deaths
directly attributable to smoking by age group and sex for people
aged 35 years and above in Australia in 2000-2044. For both men
and women, the numbers of cancer deaths directly attributable

to smoking for the youngest age group (35-54 years) are consis-
tently low (=11% of the total), and the numbers of cancer deaths
directly attributable to smoking for the 55-64 and 65-74 year
age groups showed a steady decline over the projection period
2020-2044. In contrast to the younger age groups, the numbers
of cancer deaths directly attributable to smoking for those aged

Table 1

cancers combined by sex and 5 year period, 2015-2044

Observed and predicted age-standardised mortality rates and numbers of deaths (with 95% confidence intervals) from all smoking-related

Age standardised rate per 100 000t

Men
<55 years
55-64 years
65-74 years
75+ years
Women
<55 years
55-64 years
65-74 years

75+ years

Total

Men
<55 years
55-64 years
65-74 years
75+ years
Women
<55 years
55-64 years
65-74 years

Observed Projected %
2015-2019  2020-2024 2025-2029 2030-2034 2035-2039 2040-2044 Change*
114.1 104.1 (100.2-108.3) 97.0 (92.7-101.5) 92.0 (87.3-97.2) 88.0 (82.8-93.8) 84.8 (79.0-91.2) -26.3
12.9 12.0 (11.0-13.1) 11.5(10.4-12.9) 11.2 (10.0-12.6) 11.2(10.4-12.2) 11.1(10.3-12.1) -14.6
178.9 165.3 (158.1-172.9) 153.1 (144.0-162.8) 143.8 (132.7-155.9) 137.3 (121.9-155.7) 133.2 (118.3-151.3) -28.2
4323 405.5 (393.4-418.1) 384.7 (371.1-398.9) 364.4 (347.8-381.8) 343.8 (322.9-366.1) 325.7 (300.5-353.4) -243
1005.5 898.8 (870.3-928.4) 824.6 (796.8-853.5) 782.7 (753.7-812.8) 747.5(717.3-779.1) 720.6 (685.9-757.1) —-28.8
76.5 71.8 (68.6-75.2) 67.5 (63.9-71.4) 64.0 (60.1-68.3) 60.9 (56.7-65.4) 57.8 (53.6-62.5) -245
10.7 9.4 (8.7-10.2) 8.8 (8.1-9.6) 8.7 (7.9-9.6) 8.5(7.8-9.2) 8.4 (7.8-9.1) =229
17.7 108.8 (102.6-115.5) 96.9 (90.5-103.7) 87.5 (80.8-94.7) 83.0 (75.0-92.1) 83.0(73.9-93.7) -30.3
292.5 265.9 (254.7-2717.6) 248.8 (234.6-263.8) 234.1 (218.2-251.1) 215.2 (199.8-231.9) 196.0 (180.4-213.1) =313
646.7 629.0 (606.6-652.2) 603.0 (577.4-629.7) 576.2 (548.8-605.1) 553.6 (522.5-586.6) 524.5 (492.6-558.6) -19.5
Number of deaths from all smoking-related cancers
138707 146 716 (140 952-152 815) 157 046 (149 822-164 760) 167)784 (158 964-177 176 497 (166 011-187 918) 182 819 (170 702-196 155) 31.8
296,
77 839 81572 (78 611-84 700) 86 808 (83 161-90 695) 92 232 (87 756-97 066) 96 639 (91 212-102 569) 100 153 (93 748-107 239)  28.7
5730 5557 (5107-6082) 5617 (5079-6259) 5902 (5319-6611) 6424 (5925-6999) 6799 (6294-7375) 18.7
13 008 12315 (11 779-12 878) 11790 (11 093-12 531) 11433 (10 542-12 420) 11 346 (10 134-12 783) 11971 (10 68913 514) -8.0
22370 23 639 (22 932-24 369) 24 268 (23 391-25 181) 24 415 (23 290-25 602) 23 842 (22 389-25 400) 23 383 (21 521-25 451) 45
36732 40 061 (38 793-41 371) 45 133 (43 598-46 724) 50 482 (48 605-52 433) 55027 (52 764-57 387) 58 000 (55 244-60 899) 57.9
60 868 65 144 (62 341-68 115) 70 238 (66 661-74 065) 75552 (71 208-80 230) 79 858 (74 799-85 349) 82 666 (76 954-88 916) 358
4934 4471 (4146-4846) 4419 (4060-4844) 4685 (4270-5180) 4990 (4593-5456) 5216 (4840-5656) 5.7
8711 8511 (8028-9028) 7921 (7402-8479) 7424 (6852-8049) 7230 (6548-8008) 7813 (6989-8768) -103
15358 16 484 (15 778-17 226) 17 059 (16 091-18 091) 17134 (15 988-18 369) 16 427 (15 240-17 709) 15549 (14 288-16 933) 1.2
31865 35678 (34 389-37 015) 40 839 (39 108-42 651) 46 309 (44 098-48 632) 51211 (48 418-54 176) 54 088 (50 837-57 559) 69.7

75+ years

*Overall percentage change in the age standardised rates and numbers of deaths projected for 2040-2044 compared with the age standardised rates and numbers of deaths in 2015-2019.
tAge-standardised to 2001 Australian population.
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Figure 2 Total numbers of cancer deaths directly attributable to smoking by age group and sex in Australia, 2000-2044.

75 years and above are expected to continue to increase to 2044.
We estimate that in Australia over the period 2020-2044, there
will be 254 583 cancer deaths (173 943 men and 80 640 women)
directly attributable to smoking, representing 32.3% (37.2% for
men and 25.2% for women) of the total deaths from cancers,
which are known to be related to smoking (table 2). Lung cancer
is estimated to remain the cancer type with the largest number of
deaths directly attributable to smoking, accounting for 61.7% of
the total cancer deaths directly attributable to smoking in 2020—
2044 (figure 3 and table 2). For every smoking-related cancer
type, the SAF decreased over the period 2000-2044 (table 2).
Cancer types with the largest SAFs for the period 2020-2044
are cancers of the lung, larynx, oesophagus and oral cancers
(comprising lip, oral cavity and pharynx).

Discussion

Using Australia as an example of a high-income country with
successfully implemented tobacco control initiatives, resulting
in declining cigarette smoking and tobacco consumption, we
have projected the future national burden of cancer deaths from
smoking-related cancers. Our projections indicate that mortality
rates for smoking-related cancers for both men and women in
Australia are expected to continuously and gradually decline to
2044, to a large extent reflecting the success and velocity of past
and current tobacco control measures. Despite these declining
mortality rates, our results project that the overall number of
deaths from smoking-related cancers are likely to increase by
32% over the period 2015-2019 to 2020-2044, as a result of
the ageing population and increasing population size.

We estimate that there will be more than 250 000 cancer
deaths directly attributable to smoking between 2020 and
2044, accounting for one-third of the total number of deaths
from smoking-related cancers. Fortunately, the number of
cancer deaths directly attributable to smoking for people aged
less than 75 years is expected to decrease over the 25 years to
2044. A decline in the proportion of deaths directly attribut-
able to smoking was apparent overall and for each individual
cancer type, although the SAFs were still high for cancers of
the lung, larynx, oesophagus and oral cancers. Lung cancer is

estimated to remain the leading cause of smoking-related cancer
death in Australia and will account for 61.7% of the total esti-
mated number of cancer deaths directly attributable to smoking
over the period 2020-2044. Notably, cancer is only one of
many health problems associated with tobacco smoking.'” '’
The Australian Burden of Disease study estimated that cancer
was responsible for ~56% of all deaths directly attributable to
smoking in Australia in 2018,%° thus the total number of deaths
directly attributable to smoking in Australia will be substantially
greater than estimated in this work for cancer alone.

Given the strong association between smoking and lung
cancer mortality,”' there has been increasing interest in incor-
porating information on smoking in lung cancer mortality
projections.’ 8 However, these methods have not been used for
projecting mortality rates for all smoking-related cancer types.
By grouping smoking-related cancer types together based on
the proportion of cases currently attributable to smoking, we
were able to include historical and current smoking patterns
in the projection models for cancer types, which could not be
individually fitted using such a model due to the small numbers
of deaths.” We confirmed that the models were reliable by
providing validation of the 20-year projections using observed
data. As there is a 26-33 year lag between changes in smoking
behaviour and any subsequent impact on cancer mortality rates,’
our projections to 2044 are likely to be robust as they are based
on past tobacco consumption up to 2019.

The successful implementation of a range of tobacco control
programmes has been crucial in the reduction in smoking prev-
alence and cigarette consumption evident in many high-income
countries, including Australia.** ** The findings from this study
confirmed that historical patterns in tobacco smoking are a
strong predictor of mortality rates for smoking-related cancers.’
The earliest research that revealed the link between smoking and
cancer was published in the 1950s*° and eventually initiated the
introduction of tobacco control interventions internationally.’ *
In Australia, mandatory health warnings on all cigarette packs
were first implemented in 1973, and all cigarette advertising on
radio and television was banned in 1976 with more comprehen-
sive advertising and promotion bans in subsequent decades.**
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Table 2 Observed and projected numbers of cancer deaths directly attributable to smoking and smoking attributable fraction by cancer type for
people aged 35 years and above in 2015-2044 in Australia, ranked by the total number of cancer deaths directly attributable to smoking in 2015—

2019
Number of cancer deaths directly attributable to smoking Smoking attributable fraction (%)
% Total in
2015-2019 2020-2024 2030-2034 2040-2044 change* 2020-2044 2015-2019 2020-2024 2030-2034 2040-2044 2020-2044

Totalt 50 467 50 500 51828 49726 -1.5 254 583 39.5 36.8 325 28.6 323

Men 34809 34732 35336 33919 -2.6 173 943 453 42.2 373 33.1 37.2
Lung 21092 20586 20276 18 760 -11.1 99 698 84.0 82.5 79.5 76.2 79.4
Oesophagus 3261 3435 3812 4028 235 18 851 66.9 64.5 60.1 55.6 59.7
Lip, oral cavity 2180 2311 2545 2687 233 12 608 66.8 64.4 59.8 55.2 59.4
and pharynx
Bladder 1439 1369 1406 1458 13 7043 38.5 36.5 323 283 32.0
Colon and 1251 1180 1101 992 -20.7 5460 8.8 8.0 6.7 5.7 6.7
rectum
Pancreas 1228 1277 1326 1275 3.8 6502 15.7 14.2 11.8 9.9 1.7
Liver 1219 1450 1736 1714 40.6 8290 18.6 171 14.5 124 143
Kidney and 993 990 1019 1028 35 5068 31.9 29.7 25.9 22.4 25.7
ureter
Stomach 802 786 782 762 -5.0 3887 223 20.5 17.6 15.0 17.5
Larynx 696 654 596 559 -19.7 3005 77.8 75.8 722 68.6 723
Myeloid 650 694 738 656 0.9 3529 17.6 16.0 13.5 1.4 134
leukaemia

Women 15658 15768 16 492 15 807 1.0 80 640 30.7 28.7 25.4 221 25.2
Lung 10903 11 200 11798 11229 3.0 57 479 62.6 58.6 52.8 473 52.6
Pancreas 1284 131 1414 1394 8.6 6914 17.9 15.8 13.4 1.4 13.3
Colon and 900 795 736 680 -24.4 3681 14 6.6 5.6 4.7 5.6
rectum
Oesophagus 798 741 756 752 -5.8 3762 45.1 413 36.5 32.0 36.3
Lip, oral cavity 483 478 505 507 5.0 2494 37.2 34.1 29.6 25.7 29.4
and pharynx
Liver 402 453 537 546 35.8 2591 122 10.6 9.0 7.8 8.9
Bladder 325 272 245 225 -30.8 1232 21.4 19.0 16.6 14.6 16.6
Myeloid 237 218 218 195 -17.7 1062 9.6 8.3 7.1 6.1 7.1
leukaemia
Stomach 198 182 185 191 -35 930 9.6 85 7.2 6.1 71
Larynx 79 70 61 55 -30.4 307 63.7 60.3 56.0 51.4 55.9
Kidney and 49 43 37 33 -32.7 188 29 2.6 2.1 1.7 2.1
ureter

*Overall percentage change in the numbers of deaths projected for 2040-2044 compared with the numbers of deaths in 2015-2019.

tThe numbers of deaths directly attributable to smoking were not estimated for cancers of ovary, uterus, cervix, gallbladder and biliary tract. Only certain subtypes of ovarian cancer are
associated with smoking, and the relative risks for cancers of uterus, gallbladder and biliary tract were not available. Individual projections for cervical cancer mortality were not available due to
lack of data on the new protocol and screening technology introduced in 2017 and the human papilloma virus vaccination programme.

More recent tobacco control measures in Australia include media
campaigns, plain packaging, a 25% increase in tobacco excise in
2010 and an annual 12.5% increase in tobacco excise imple-
mented from 2013 to 2020.** All these measures have resulted in
decreases in the prevalence of smoking, beginning in the 1950s
for Australian men and in the 1980s for Australian women.’
Despite the success of tobacco control in Australia, the most
recently published estimates of smoking prevalence in Australia
show that over 11% of Australians aged 18 years and over are
daily smokers and that an additional 1% smoke less frequently
(noting that these data have been collected during the COVID-19
pandemic and may not be directly comparable to previous esti-
mates).” Data have also shown considerable differences in
smoking behaviour across sociodemographic groups in Australia,
with higher smoking rates observed for those of lower socioeco-
nomic status or with a lower level of education®® and also among
Aboriginal and Torres Strait Islander peoples and other priority
populations.”’?’ The estimates presented demonstrate the effects
of ‘business as usual’ and show that continuing current tobacco
control efforts are likely to result in relatively slow declines in

cancer rates and in increasing deaths over time. Without accel-
erated action, supported by adequate resources, it is expected
that the positive effects of existing tobacco control measures will
lessen over time.*° There are also concerns regarding the impacts
of online promotion,* ! and that electronic cigarettes (e-ciga-
rettes) and other novel tobacco products may have an adverse
impact on smoking initiation rates.’ It is, therefore, important
to strengthen and implement even more effective tobacco
control programmes as soon as possible. A comprehensive time
series analysis of the effectiveness of tobacco control measures in
Australia in 2008 concluded that the most effective population
level interventions were price control through excise and hard-
hitting mass media antismoking campaigns, with a synergistic
benefit when used in tandem.*®> Over the past decade, while
excise has reached best-practice levels, there has been little or no
commensurate investment in antismoking campaigns, other than
targeted campaigns to tackle smoking by Aboriginal and Torres
Strait Islander peoples.>*

In this study, only cancer types which have been shown to
have an established relationship with cigarette smoking were
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Figure 3  Numbers of cancer deaths directly attributable to smoking by cancer type, sex and age group to 2044 in Australia, ranked by the number
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included,® but it should be acknowledged that smoking may
also increase mortality from cancers for which there is limited
evidence that smoking is a risk factor.* For example, previous
studies reported that smokers diagnosed with prostate cancer
have poorer survival outcomes than non-smokers,'” and it has
also been reported that women who were smokers at the time
of breast cancer diagnosis are more likely to develop systemic
recurrence after surgery.’® In addition, smoking can decrease the
effectiveness of many cancer treatments, so quitting smoking is
likely to have a range of benefits for smokers who are diagnosed
with cancer.®” Furthermore, as tobacco smoking is also known
to increase the risk of developing many non-cancer diseases,”®
which are not included in this study, the wider benefits from
tobacco control on all deaths directly attributable to smoking
will be even greater than we have estimated here.

While this study focused on the impact of changing patterns
in smoking behaviour on cancer deaths in the future, it is also
important to acknowledge that this is only one factor of many
which are likely to contribute to the decrease in mortality rates
for these cancer types. It is likely that changes in cancer screening
and cancer management, and improvements in treatment are all
playing a role in the estimated declines in mortality we have
reported.>” Moreover, as the results from this study revealed that
the proportion of cancer deaths directly attributable to smoking
appears to have declined over time, interventions for other risk
factors are also important, as is improving and implementing
cancer screening and developing effective treatments, so that
cancer mortality not attributable to smoking can also be reduced.
As a substantial number of cancer deaths occur among former
smokers, ongoing investment in the feasibility of targeted lung
cancer screening will also be critical for at-risk former smokers.

As with all modelled projections, this study has some limita-
tions, which should be considered when interpreting the results.
The main limitation is that the projections are dependent on the
assumptions made. The models did not include possible changes
in other factors that can contribute to cancer mortality, including
other risk factors, and cancer screening or treatment patterns.’
In practice, these effects could plateau as they either decrease or

impact only a small proportion of cases, respectively, or in the case
of new treatment availability, further reduce cancer mortality.
Also, the projection models did not capture the impact of the
recent COVID-19 pandemic, which led to disruptions in health-
care provision that may contribute to future excess deaths even
for those who did not contract COVID-19.*°*! Estimating these
impacts will be the subject of future work. Another limitation of
this study is that the SAFs were based on adjusted relative risks
from the CPS II, which may not be representative of the Austra-
lian population. However, results from a previous study suggest
that the relative risk for all-cause mortality for current smokers
from the large Australian 45 and Up Study is similar to those for
cohorts in the USA.” Despite these limitations, the study also
has many strengths. Most notable are: the use of long-term high-
quality observed data with population coverage'’; the model
design accounted for detailed data on cigarette tar consumption
and the degree of association between cancer risk and smoking
and the validation of the projections using observed data (online
supplemental figure S3). The validated methods presented in this
study can be applied to other countries to provide better esti-
mates of cancer mortality related to smoking.

This is the first study to provide longer term national-level
projections for the mortality rates for all smoking-related
cancers taking into account detailed historical smoking intensity
data. These projections for smoking-related cancers can serve
as benchmarks against which to measure the impact of future
cancer control initiatives, and these projections could also help
inform health service planning to meet the future requirements
for cancer care and treatment. Recognising that there are other,
additional causes of mortality attributable to smoking, our
research highlights the ongoing and future impact of smoking
on the cancer burden, even in a country with major declines
in smoking prevalence. Continued efforts in tobacco control
remain an urgent public health priority.
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