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Introduction
Lung cancer has developed from a rare disease into a com-
mon cause of death in many countries, including Swit-
zerland. Lung cancer is the most common cancer related 
death among men in Switzerland, and the second most 
common among women, causing 2,000 deaths every year 
among men, and 1,080 deaths among women, respec-
tively [1]. The lifetime risk of developing lung cancer in 
Switzerland among men is close to seven out of hundred, 
six of which will die from it [1]. The corresponding values 
among women are four out of hundred, three of which 
will die from it [1]. Because tobacco smoking is the pre-
dominant risk factor for lung cancer, we expect lung can-
cer trends to mirror smoking patterns in the population, 
albeit with several decades delay for the effect of tobacco 
to manifest into a detectable cancer [2]. Most smokers be-
gin the habit before age 18, mainly as a consequence of 
societal and peer-related factors [3]. Persons born around 
the same time and forming a so-called birth cohort, share 
general views about socially acceptable or desirable behav-
ior, such as smoking. These views may slowly change in 
successive birth cohorts, e.g., because the health hazard of 
smoking became public knowledge since the 1950s [4], 
giving rise to decreased lung cancer incidence rates for all 
members of successive birth cohorts.

There is little information available on smoking prevalence 
in Switzerland before the inception of the Swiss Health 
Survey SHS [5, 6]. An early estimate of smoking preva-
lence in Swiss doctors (at least 1 cigarette daily) for 1955 
yielded 52% among men and 24% among women [7]. 
In 1975, the smoking prevalence, representative for the 
Swiss population, was 52% among men, which declined 
to 46% (1981), 39% (1997), and 32% (2012) [5, 8]. The 
corresponding values for women were 29% (1975), 28% 
(1981), 28% (1997), and 24% (2012), respectively, thus, 
with only recent indication of a decline, mainly seen in 

women < 45 years of age [5, 8]. The data also showed that 
the smoking prevalence is lower in the German- than in 
the French/Italian-speaking parts of Switzerland, among 
both men and women [5, 8]. 

There are three main histologic subtypes of lung cancer: 
squamous cell carcinoma, adenocarcinoma, and small cell 
carcinoma [9]. Smoking can induce them all, but the as-
sociation is stronger with squamous cell and small cell 
carcinoma than with adenocarcinoma, which is the lea- 
ding subtype in never smokers [10]. The type of tobacco 
product consumed has been shown to exert different risks 
for different subtypes of lung cancer. Filter-tip cigarettes 
began replacing un!ltered cigarettes in the 1950s, accom-
panied by the introduction of low tar, low nicotine brands 
of tobacco in the markets [11]. Although !lter tips and 
decrease in tar yield have contributed to downward trends 
of squamous cell and small cell carcinomas, the decrease in 
nicotine yield may have caused a more complex outcome. 
Smokers compensated for lower nicotine content with 
deeper inhalation, which increased the risk for lung cancer 
at the bronchioloalveolar regions and the smaller bronchi, 
where adenocarcinoma generally arises [12]. 

Despite widespread public awareness of the risks associ-
ated with smoking, supporting smoking cessation and 
preventive actions against smoking initiation are still 
needed, and careful monitoring of lung cancer is one of 
the key requirements in planning and evaluation of the 
progress against tobacco-related diseases. This report pro-
vides a comprehensive description of lung cancer inci-
dence trends in Switzerland, with a focus on birth cohort-
speci!c changes, strati!ed by histologic subtype, sex, age 
at diagnosis, and language region. 

Materials and methods

Data sources
Cases of primary malignant lung cancer, de!ned as codes 
C33-C34 based on the International Classi!cation of 
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Diseases, 10th revision (ICD-10) were extracted from the 
national Swiss cancer dataset, which combines pseudony-
mized data collected by the cantonal Cancer Registries 
(CR), and is managed by the National Institute for Cancer 
Epidemiology and Registration (NICER) [14]. CRs with 
at least 23 years of consecutive data since 1989 were se-
lected: CR Zürich and Zug (ZH/ZG), CR Sankt Gallen 
and Appenzell (SG/AR/AI), CR Basel-Stadt and Basel-
Land (BS/BL), CR Graubünden and Glarus (GR/GL), CR 
Geneva (GE), CR Neuchâtel and Jura (NE/JU), CR Vaud 
(VD), and CR Valais (VS). These data covered 53% of the 
total Swiss population in 1989 to 2011, 48% in 2012, 
and 39% in 2013, due to delayed submission of data to 
the national dataset by a few registries. In each calendar 
year, the proportion of cases registered from death certi!-
cates only, i.e., with true date of diagnosis unknown, was 
< 4%, and the proportion of cases with microscopically 
con!rmed diagnosis was > 90%.

Histologic subtypes
Lung cancers were grouped based on the International 
Classi!cation of Diseases for Oncology, 3rd ed. (ICD-
O-3) morphology into adenocarcinoma (AD): M8050, 
M8140-41, M8143-44, M8190, M8200, M8211, 
M8230, M8250-55, M8260, M8290, M8310, M8323, 
M8333, M8430, M8470, M8480-81, M8490, M8550, 
M8560; squamous cell carcinoma (SQ): M8052, M8070-
76, M8078, M8082-84; small cell carcinoma (SM): 

M8002, M8041-45; large cell carcinoma (LA): M8012-
14, M8082, M8123; other speci!ed cancer: M8003-04, 
M8021-22, M8030-33, M8200, M8210, M8240-41, 
M8243-44, M8246, M8249, M8263, M8380, M8507, 
M8570, M8572, M8574, M8576; and un- or poorly speci- 
!ed cancer: M8010, M8020, M8046, M8000-1 [9]. The 
lists include only cancer types that were encountered in 
the dataset. 

Statistical methods
CRs were divided into two groups: predominantly Ger-
man-speaking (ZH/ZG, SG/AR/AI, BS/BL, GR/GL), and 
predominantly French-speaking (GE, NE/JU, VD, and 
VS). Observed cases in the German and French regions 
of Switzerland were multiplied by the inverse population 
coverage factor to estimate the number of cases expected 
for the ideal situation of full coverage of cancer registra-
tion in each language region, assuming equal cancer risk 
in the regions not covered as in the regions covered. Es-
timation of the expected number of cases was speci!c for 
language region, sex, year of diagnosis, and 5-year age 
group. Switzerland was estimated as the sum of both esti-
mated language regions. 
Incidence rates are expressed as events per 100,000 person-
years (py) of mid-year risk population. All rates, includ-
ing age group-speci!c rates, were age-standardized with 
the direct method using the European standard popula-
tion [15]. For easier visual separation of incidence trends in 
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Fig. 1. Age-adjusted 
incidence rates 
for lung cancer 
by diagnosis 
year, gender, 
main histologic 
subtype (AD: 
adenocarcinoma; 
SQ: squamous 
cell; SM: small cell; 
LA: large cell; oth: 
other speci�ed 
lung cancer), and 
Swiss language area 
(SL: predominantly 
French speaking; 
SA: predominantly 
German speaking). 
Age-adjustment 
based on the 
European standard 
population.    
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Fig. 2. Incidence trends in lung cancer by age 
at diagnosis, year of birth, main histologic 
subtype, and gender in Switzerland. SQ: 
squamous cell carcinoma; SM: Small cell 
carcinoma; AD: adenocarcinoma.
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Figs. 1 and 2, locally weighted regression 
of data points was used [13]. Annual per-
centage change (APC), average annual per-
centage change (AAPC) in incidence rates, 
and points in time («joinpoints») when a 
linear trend signi!cantly alters direction, 
were estimated with the Joinpoint Regres-
sion Program v4.4.0.0 [16]. In short, a het-
eroscedastic simple linear regression model 
for logarithmic transformed rates was used 
which assumed a linear trend between, and 
continuity at, the joinpoints. To determine 
the location of a joinpoint, the grid search 
method was applied which creates a «grid» 
of all possible locations for joinpoints speci-
!ed by the settings, and tests the sum square 
of errors at each one to !nd the best possible 
!t [17]. We allowed for 3 joinpoints in our 
analysis (maximally 4 are recommended for 
time series of 25 points), restricted to mini-
mally 3 data points away to either end of 
the time series, with a minimum of 4 points 
between joinpoints. 
Year of birth was estimated by subtracting 
the age group mid-point from the diagno-
sis year. 
  

Results

In the 25-year diagnosis period 1989 to 
2013, we observed 32,733 cases of lung 
cancer among men and 15,050 among 
women. These lead to nation-wide esti-
mates of 61,550 cases of lung cancer among 
men (about 2,460 annually), and 28,045 
among women (about 1,120 annually) 
(Table 1). We observed different temporal 
trends for different subtypes of lung can-
cer, which also depended on sex (Fig. 1 and 
Table 1). 
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Men were predominantly diagnosed with SQ in the be-
ginning of the observation period, the associated age-ad-
justed risk being twice as high as for AD or SM (Fig. 1 
and Table 1). At the end of the observation period, AD 
has become predominant among men, while the risks for 
SQ and SM dropped to about half of the initial values. The 
corresponding rates during 1989-1991 were: 30.6 per 
100,000 py for SQ, 13.5 for SM, and 15.8 for AD, respec-
tively (Table 1). Later, during 2011-2013, the rates have 
changed to only 12.4 per 100,000 py for SQ and 6.9 for 
SM, but have increased to 20.5 for AD (Table 1). The as-
sociated average annual percentage changes (AAPCs) were 
-4.4% (SQ), -3.0% (SM), and +0.8% (AD) (Table 1). 
Rates and rate changes for LA, other remaining speci!ed 
types of lung cancer, and un-speci!ed types were smaller, 
except for a reduction in LA, restricted to the German-
speaking part of Switzerland (SA) (Fig. 1 and Table 1). 
Overall, lung cancer incidence rates among men declined 
from 74.7 per 100,000 py to 49.5 per 100,000 py, an av-
erage reduction of 1.8% annually (Table 1). 

The histologic pattern of lung cancer among women is 
different with AD always being the predominant type 
(Fig.  1), contributing 44.5% of all cases during 1989-
2013 (Table 1). The overall proportion of SQ was only 
14.2%, as compared with 30.6% among men (Table 1). 
The proportions of SM (14.9%), LA (4.5%), other speci-
!ed (4.1%), and un-speci!ed (17.7%) were almost identi-
cal to those among men (15.2%, 4.9%, 2.4%, and 17.0%, 
respectively, Table 1). Rates and rate changes among 
women for all non-AD groups were smaller as compared 

with AD (Fig. 1 and Table 1).  Overall, lung cancer in-
cidence rates among women almost doubled from 15.0 
per 100‘000 py in 1989-1991 to 28.9 per 100‘000 py 
in 2011-2013, an increase of 3.4% annually on average 
(Table 1). The lung cancer rate ratio for women as com-
pared with men was 0.20 (95% con!dence interval: 0.19, 
0.22) in 1989-1991, and increased to 0.58 (0.55, 0.62) in 
2011-2013. Sex-speci!c distribution of lung cancer sub-
types became more similar over time (Fig. 1). 

Incidence rates in the predominantly French-speaking re-
gion of Switzerland (SL) were slightly higher than rates in 
the SA region, but trend pattern by histologic subtype or 
sex were very similar (Fig. 1). The SL region differed from 
the SA region by a larger proportion of cases falling into 
the group of un-speci!ed histology (22.7% versus 14.4% 
among men, 23.5% versus 14.9% among women, Table 1). 

We observed that most patients were diagnosed between 
age 60 and 79 (63% of all lung cancer cases among men 
and 57% among women), that AD seemed to be diagnosed 
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Tab. 1. Temporal trend, estimated numbers (N) and 
proportions (%) of lung cancer diagnoses in Switzerland 
between 1989 and 2013, by lung cancer histologic subtype, 
gender, and Swiss language region. The overall trend of 
age-adjusted incidence rates is presented as average 
annual percentage change (AAPC), and by comparing age-
standardized rates (ASR) in the beginning (1989-1991) and 
the end of the observation period (2011-2013). 

# Age-standardized incidence rate (ASR) per 100,000 person years. 95% con"dence interval in brackets.

## Average annual percentage change. Signi"cant AAPC marked with asterix.

Blue color % refers to column totals. Green color % refers to row totals.
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more often in younger men or women, whereas SQ seemed 
to be associated with diagnosis at higher ages (Table 2). 
There was a clear increase in proportions of un-speci!ed 
lung cancer with age, reaching values of 32.7% among men 
and 35.1% among women at age 80 and older (Table 2). 
For this reason, we excluded ages 80 and older from our 
lung cancer subtype-speci!c trend analyses by age group. 

Age-speci!c lung cancer trends are preferentially presented 
as (logarithmic transformed) rates versus year of birth in-
stead of year of diagnosis, as shown in Fig. 2, because the 
risk is strongly determined by societal and peer-related fac-
tors shared within birth cohorts. The data spans 55 calen-
dar years but is not complete: it lacks lung cancer rates at 
an early age for early birth cohorts because CRs were not 
yet established at the time. Similarly, lung cancer rates at 
old age for recent birth cohorts are still unobserved because 
members have not yet reached old age. But there is suf!cient 
data for birth cohorts 1930 to 1960 to generate the impres-
sion that their age-speci!c curves run in parallel, indicating 
the in$uence of generation on risk (Fig. 2). We sought to 
identify birth cohorts associated with changes in the slopes 
of age-speci!c curves, possibly indicating the outcome of 
alterations in smoking habits. SQ trends among men were 
uniformly falling but slopes appeared to become increas-
ingly negative for younger birth cohorts, with APC -3.5% 
at age 70-79 and old birth cohorts to -6.0% at age 40-49 
and young birth cohorts (Table 2). This was also observed 
for SQ among women, but trends were still positive for ages 
≥ 60 and old birth cohorts (+2.0% and +1.0% for age 70-
79 and 60-69, respectively), turning into non-signi!cant 
negative trends for ages < 60 and young birth cohorts (APC 

# Annual percentage change (APC). Signi"cant APC marked with asterix. Year of birth for cohort associated with change in APC is indicated.

Blue color % refers to total N (all ages). Green color % refers to row totals.

Tab. 2. Estimated numbers (N) and proportions (%) of 
lung cancer diagnoses in Switzerland between 1989 and 
2013, by lung cancer histological subtype, gender, and 
age at diagnosis. Age-speci�c trend pattern is reported as 
the annual percentage change (APC) of the age-speci�c 
incidence rates. The year of birth for the cohort associated 
with a statistically signi�cant change in APC is indicated.

-0.6% and -2.1% for age 50-59 and 40-49, respectively) 
(Table 2). Among women, the slope seemed to turn since 
around 1950 for SQ and SM (Fig. 2), but was statistically 
signi!cant only for the case of all histologic types combined: 
APC changed from +1.5% to -5.5% for women aged 40-49 
at diagnosis and the cohort born 1961 (Table 2). SM trends 
were similar to SQ trends for both genders, albeit gener-
ally less negative at each age group and birth cohort: among 
men, the trend was even $at for age 70-79 and the oldest 
birth cohorts until 1926 (APC 0.0%), after which the trend 
became negative (APC -3.9%) (Table 2). AD trends among 
men were positive in older age groups and birth cohorts, but 
switched to negative in birth cohort 1945 (APC went from 
+1.7% to -1.5%; age 50-59) (Table 1). Among women, 
AD trends observed were uniformly positive, albeit increas-
ingly less steep in younger age groups and birth cohorts.

Discussion

This presentation of lung cancer trends by histologic sub-
type and sex is the !rst on the Swiss national level and 
our main !ndings are: (1) overall decreasing lung cancer 
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rates among men, but increasing rates among women; 
(2) increasing proportions as well as rates of AD subtypes 
among both sexes; (3) peak risks for SQ in men have oc-
curred among cohorts born before 1915 (the !rst cohort 
in our analysis), for SM among cohorts born in the mid-
1920s (a signi!cant change point in 1926 for age 70-79), 
and for AD among cohorts born in the mid-1940s (signi!-
cant change point in 1945 for age 50-59); (4) indication of 
peak risks in women for SQ as well as SM among cohorts 
born in the late 1950s, and AD risks reaching a plateau 
among cohorts born in the early 1960s. These !ndings 
con!rm regional studies in Switzerland [18, 19], and more 
comprehensive analyses for other countries with a longer 
history of public health databases [20, 21]. Trends in the 
US in particular have been scrutinized extensively, based 
on cancer incidence records since the 1970s from the Sur-
veillance, Epidemiology, and End Results (SEER) Program 
[22] as well as smoking prevalence data going back to the 
1880s [23]. Among U.S. whites, SQ incidence rates were 
the !rst to show a downward turn among men associated 
with birth cohorts around 1905, a little later for SM around 
1915, and again later for AD around 1930. Subtype-spe-
ci!c incidence trends among women also expressed a tem-
poral sequence, but with a 10-30 year delay as compared 
with men (SQ peaked around the 1930 cohort, SM peaked 
around the 1935 cohort, and AD peaked around the 1940 
cohort) [20, 21]. When incidence trends for U.S. whites 
are analyzed based on the time of diagnosis, SQ trends 
among men peaked around 1970, SM in the 1980s, and 
AD in the 1990s, while the turning points for subtypes 
among women were the 1990s for SQ and SM, and around 
the year 2000 for AD rates [20]. These data become com-
prehensible using the simple but reasonable assumptions 
of an average age of 20 years at smoking initiation plus 
45 years latency to cancer manifestation [2], which is close 
to the median age of lung cancer patients [1, 24]. Apart 
from temporal shifts, white women experienced a diffe- 
rent subtype distribution of lung cancer compared to men, 
with AD always being predominant, whereas SQ was pre-
dominant among men until about 1995 when SQ rates 
were surpassed by AD rates [20]. This sex-speci!c distri-
bution of subtypes has been reported in many other coun-
tries, including Switzerland [18, 19]. Not only did women 
start smoking cigarettes later, they also smoked lower-tar 
brands as compared with men and consequentially deve- 
loped a different pro!le of histologic subtypes [25]. The 
International Agency for Research on Cancer (IARC) un-
dertook a comprehensive age-period-cohort analysis of in-
ternational lung cancer trends for SQ and AD histologic 
subtypes, including Australia, Canada, U.S. Blacks and 
Whites, and 4 European countries (Denmark, France, 
Spain, and the Netherlands) [21]. Apart from Spain, in-

cidence trends in the studied European countries were ra- 
ther similar: among men, SQ rates peaked around the 1910 
birth cohort, and AD around 1950 in Denmark, while 
France and the Netherlands remained on a plateau until at 
least 1963. SQ rate peaks among women were associated 
with cohorts around 1940 in Denmark and the Nether-
lands, but in France trends were increasing until the 1963 
cohort. AD trends among women in these three European 
countries were positive until the 1963 cohort. The Euro-
pean countries are apparently delayed in the phase of the 
lung cancer epidemic by 5 to 30 years as compared with 
U.S. whites. An early age-period-cohort analysis for two 
CRs in Switzerland (VD and NE) also revealed a peak in 
SQ rates among men born around 1910 and increasing 
AD rates among men and women until the last birth co-
hort studied (1952) [18]. SQ rates among women seemed 
to have plateaued since the mid-1930 cohorts [18]. The 
study reported unexpectedly stable age-speci!c SM trends 
among all birth cohorts, possibly caused by small num-
bers of cases available on the regional level [18]. Another 
regional study of lung cancer trends by subtype indicated 
that SQ and SM incidence trends among men in the can-
ton ZH started falling around diagnosis year 1985, thus 
also suggesting an association with the late 1910s / early 
1920s birth cohorts using a 65 year median age at diagno-
sis of lung cancer patients [19]. Our study adds the novel 
observation of peak lung cancer risk among Swiss women 
associated with the 1961 birth cohort. Thus, lung cancer 
incidence rates among women might be expected to start 
decreasing in the late 2020s.

There are a number of limitations to our study. The avail-
able data covered only half of the Swiss population, about 
45% of the SA, and about 70% of the SL language regions, 
respectively, depending on diagnosis year. We assumed 
that these data were nationally representative. The extent 
to which changes in classi!cation and coding impact on 
the interpretation of trends is an obvious concern. Follow-
ing the introduction of the ICD-O-3 classi!cation in 2001, 
a new code had been introduced for non-small cell carci-
noma (M8046) [26]. This has likely contributed to the ob-
served reduction in LA incidence rates, seemingly con!ned 
to the SA language region [19]. Incidence rates are also 
affected by developments in diagnostic techniques. Several 
new bronchoscopic technologies improved diagnostic tis-
sue yield from peripheral lesions where most AD arise [27]. 
Although contributing to increasing incidence rates, it is 
unlikely to explain the magnitude of the observed change.  

The continuing increase in lung cancer among women, 
and the relative and absolute increase of AD among both 
sexes, are of concern. Further dissemination of detailed 
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trends by lung cancer subtypes are needed to help in the 
planning and evaluation of public health interventions to 
!ght the lung cancer epidemic. 
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