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ABSTRACT

Background

Lung cancer is the leading cancer in the world. In this study, we aim to describe recent trends of lung
cancer incidence in men and women in Bavaria stratified by age, tumour stage, and histological
subtype.

Methods and analysis

The study is an observational, retrospective study based on data from the Bavarian Cancer Registry.
Incident lung cancer cases are retrieved for the period from 2006 to 2023 to calculate age-standadised
incidence rates by sex, age, tumour stage according to the Union of International Cancer Control
(UICC), and histological subtype. The analysis uses Joinpoint regression to estimate short- and long-
term trends based on annual percent change (APC) and average annual percent change (AAPC),
respectively. Missing data on tumour stage and histological subtype will be addressed by multiple
imputation.

Ethics and dissemination

This observational study of routine registry data was deemed not to require formal Ethics Committee
approval by the Bavarian State Chamber of Physicians (reference number: 2025-1037). The results of

the study will be published in the form of scientific articles in peer-reviewed journals.



BACKGROUND

Lung cancer is the leading cause of cancer-related morbidity and mortality in the world. The World
Health Organization reported 2.48 million incident lung cancer cases worldwide in 2022.% In
Germany, approximately 56,600 individuals were diagnosed with lung cancer and 45,200 died due to
this cancer in 2022.2 Lung cancer is typically diagnosed at an advanced stage of disease with more
than 50% of annual cases being diagnosed at stage 1V according to the Union of International Cancer
Control (UICC).® Lung cancer incidence trends differ between men and women. In most countries
including Germany, incidence rates in men have been constantly declining over the last decades, while

rates in women have been increasing.?*

Changes in lung cancer incidence trends are mainly driven by changes in smoking prevalence in the
population. In Germany, smoking rates in men have been declining since the late 1970ies, whereas
rates in women were increasing until the early 2000s and started to decline afterwards.®> Considering a
lag time of 20 to 30 years until changes in smoking prevalence are reflected in lung cancer incidence,®
the increasing incidence trend in women is expected to level off in upcoming years. Changes in lung
cancer incidence have also been described with respect to histological subtypes.” For Germany,
however, there is a lack of recent data on lung cancer incidence trends by histological subtype and

there are no population-based studies examining long-term incidence trends by tumour stage.

Objective of the study:
The objective of the present study is to determine recent trends of lung cancer incidence in men and

women in Bavaria, Germany, stratified by age, tumour stage, and histological subtype.

METHODS

Study design and setting

This study is a retrospective, population-based observational study on lung cancer incidence. It will be
conducted using data from the Bavarian Cancer Registry, covering the entire population of Bavaria in
the period from 2006 to 2023. Bavaria is the second most populous federal state of Germany with

about 13 million inhabitants. Population data will be obtained from mid-year census estimates.

Case definition

Eligible cases include all incident primary lung cancers among residents of Bavaria diagnosed between
2006 and 2023. Incident lung cancer cases are defined by the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10, codes C33-C34). Death Certificate
Only (DCO) cases are included to avoid underestimation of incidence. Cases with unknown sex and
cases, for which information on tumour staging is only available after neoadjuvant chemotherapy are

excluded from the analysis.



Variables and measures

The primary outcome are annual incident lung cancer cases based on ICD-10. Further extracted
variables include sex, year of diagnosis, age at diagnosis, TNM classification at time of diagnosis,
histological subtype according to the International Classification of Diseases for Oncology, Third
Edition (ICD-0-3),2 and DCO status. Age at diagnosis will be categorised into the age groups “0-49
years”, “50-59 years”, “60-69 years”, “70+ years” for trend analysis. TNM classification includes
tumour size, nodal status, presence of distant metastasis, grading, and tumour stage (stages I, I, 1lI,
IV) according to the UICC.® Histological subtype will be categorised into adenocarcinoma
(histological ICD-0O-3 codes 8140, 8211, 8230-8231, 82508260, 8323, 84808490, 85508552,
8570-8574, 8576), squamous cell carcinoma (8050-8078, 8083-8084), small-cell carcinoma (8041
8045), large-cell carcinoma (80118012, 8014-8031, 8035, 8310), neuroendocrine neoplasms (8013,
8240, 8246, 8249), sarcoma (88008811, 8830, 8840-8921, 8890-8991, 9040-9044, 9120-9133, 9150,
9540-9581) and other malignancies (remaining histological codes except 8000-8005, 8010). Not
otherwise specified malignant neoplasms (8000-8005) and not otherwise specified carcinoma (8010)

will be treated as missing values.

Bias

The study on incidence trends is based on cancer registry data. Since variation in data completeness is
a potential source for bias, we limit our study period to calendar years, where completeness of
coverage, which is defined as the extent of capturing all incident cancer cases occurring in the registry
population, exceeds 90% for lung cancer. Since we also aim to describe incidence trends by tumour
stage and histological subtype, missing data may lead to underestimation of incidence, if the missing
data mechanism is not “missing completely at random”. Missing data on tumour stage and histological
subtype has been shown to be associated with higher age and higher comorbidity index.*® We will

address this issue using multiple imputation to avoid exclusion of certain subgroups.

Last, our study period includes years of the COVID-19 pandemic. Studies have shown a significant
underreporting of cancer cases during the pandemic.!* Tumour entities appear to have been impacted
to varying degrees, lung cancer incidence seems to have been impacted less compared to other entities
such as cancers of the colorectum and the liver.! However, in a sensitivity analysis, we will include an
additional variable for the COVID-19 pandemic into our imputation model to allow for potential
changes of the association between missingness of tumour stage and histological subtype, respectively,

and covariates during the pandemic.



Study size
The study size is determined by the total number of lung cancer cases recorded in the cancer registry
during the study period. As this is a descriptive population-based study, no formal sample size

calculation is required.

Quantitative variables

Age at diagnosis will be used both as quantitative variable for case description and as categorical
variable for stratification of incidence rates by age groups. Annual incidence rates will be reported per
100,000 persons.

Statistical analysis

For descriptive analysis, frequencies and percentages of cases will be reported for each categorical
variable. For quantitative variables (age at diagnosis), the median and interquartile range will be
reported.

Multiple imputation by chained equations? will be used to handle missing data on tumour stage and
histological subtype. All covariates, which are either associated with the missingness of these
variables, or with the variables themselves, will be included into the imputation model. Associations
will be assessed using Pearson’s X2 test at a significance level of 0.05. The strength of the
associations will be furthermore evaluated using Cramer’s V statistic. The number of imputed datasets
will be determined according to the fraction of missing information.*® Convergence of the imputation
models will be assessed using trace plots. Furthermore, we will compare the distribution before and
after imputation to identify and examine any unexpected abnormalities. For sensitivity analysis, we
will additionally include a dummy variable for the COVID-19 pandemic into the imputation model.
Age-standardised incidence rates with 95% confidence intervals will be calculated for each calendar
year based on the old European Standard Population. Rates will be calculated separately for each
imputed dataset and will be pooled according to Rubin’s Rule.'* Incidence rates will be stratified by
sex, age group, tumour stage, and histological subtype. Joinpoint regression analysis will be performed
to identify any significant joinpoints and to estimate short- and long-term trends (APC and AAPC with
respective 95% confidence intervals). Analyses will be carried out using the software package R and

Joinpoint Regression Software by the National Cancer Institute.'®

DISCUSSION

This population-based study will provide recent estimates on lung cancer incidence trends for a study
region in Germany, covering more than 13 million inhabitants. It will on the one hand follow up on
previous studies regarding incidence trends by sex, and, on the other hand, add valuable information
on recent incidence trends by histological subtype and by tumour stage, for which data is particularly
scarce. The multiple imputation approach addresses underlying patterns of missingness in the data and

helps to avoid underestimation of incidence rates.



Limitations refer to the possibility of late notifications subsequent to the date of data extraction, and to
the generalisability of our results. Although Bavaria covers a substantial part of the population of
Germany, results cannot simply be extrapolated to overall Germany due to differences in

socioeconomic factors and differences in smoking patterns.
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