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Introduction

1 Introduction

1.1 Epidemiology of cancer in Germany

1.1.1 Incidence and mortality

For 2018, the GLOBOCAN project estimated 17.0 million new cancer cases and 9.5 million
cancer deaths worldwide (excluding non-melanoma skin cancer), with lung, female breast,
colorectal and prostate cancer being the most common cancer sites (Bray et al. 2018). The
leading causes of cancer death were lung, colorectal, stomach, and liver cancer (Bray et al.
2018). Although Europe represents only 9.0 % of the global population, it accounts for 23.4 %

of the total cancer cases and 20.3 % of the cancer deaths (Bray et al. 2018).

For Germany, the Robert Koch-Institute (RKI) estimated almost 500,000 new cancer cases for
both men and women in 2016 (RKI 2019). The age-standardized incidence rates (ASR) were
348.3 and 422.9 cases per 100,000 with a median age at diagnosis of 69 and 70 years for
women and men, respectively (RKI 2019). A projection of cancer incidence using German
cancer registry data for 27 cancer sites estimated the overall incidence rate to increase by
5.0 % (95 %-credible interval 0.0-13.0 %) and newly diagnosed cases to increase by 23.0 %
(95 %-credible interval 17.0-29.0 %) until 2030, the latter mainly driven by demographic
change (Stock et al. 2018).

After cardiovascular diseases, cancer is the second most common cause of death in Germany
(Statistisches Bundesamt 2017). For 2016, the RKI estimated 230,000 cancer deaths (RKI
2019). The age-standardized mortality rates were 125.1 and 188.3 per 100,000 with a median

age at death of 76 and 75 years for women and men, respectively (RKI 2019).

In 2016, the most common cancer sites were breast, colorectal and lung cancer in women and
prostate, lung and colorectal cancer (CRC) in men in Germany, being as well the most common
cancers among all cancer deaths (RKI 2019). For cancers of the lung (International
classification of diseases, 10th revision (ICD-10) C33-C34), ASRs for women and men were 31.4
and 57.5 per 100,000 and mortality rates were 22.6 and 45.7 per 100,000 in 2016, respectively
(RKI 2019). From 1995 to 2015, lung cancer incidence and mortality rates in Germany
decreased in men, whereas in women, there was an increase for both new diagnoses and the
chance of dying of lung cancer (Wienecke and Kraywinkel 2018). For female breast cancer
(ICD-10 C50), age-standardized incidence and mortality rates were 112.2 and 23.4 per 100,000
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in 2016, respectively (RKI 2019). The implementation of the German mammography screening
program from 2005 to 2009 probably resulted in a reduction in late-stage breast cancer
incidence at the cost of moderate increase in the diagnosis of earlier stages in women aged
50-69 years (Katalinic et al. 2020). However, mortality in female breast cancer patients
decreased by about one fifth to one fourth after implementing the screening program
(Katalinic et al. 2020). Regarding CRC (ICD-10 C18-C20), ASRs for women and men were 31.8
and 50.7 per 100,000 and mortality rates were 11.8 and 33.0 per 100,000 in 2016, respectively
(RKI 2019). After the implementation of screening colonoscopy as cancer screening program
in Germany in 2002, age-standardized CRC (ICD-10 C18-C21) incidence declined in persons
over age 55 by 17.0-26.0 % from 2003-2012 (Brenner et al. 2016b). In persons under age 55,
CRC incidence decreased by 3.0 % in men and increased by 14.0 % in women (Brenner et al.
2016b). Age-standardized CRC mortality decreased by more than 20.0 % within the same time
period (Brenner et al. 2016b).

1.1.2 Survival

According to the global CONCORD-3 study (Global surveillance of trends in cancer survival
2000-2014), 5-year net survival after a cancer diagnosis was highest in the United States (USA),
Canada, Australia, New Zealand, Finland, Iceland, Norway, and Sweden (Allemani et al. 2018).
Across all cancer sites, survival trends were increasing in most countries from 2000 to 2014
(Allemani et al. 2018). However, 5-year net survival showed wide ranges internationally
(Allemani et al. 2018). For example, 5-year net survival for female breast cancer ranged from
66.1 % to 90.2 %, and for lung cancer, survival was in the range of 10.0 % to 20.0 % in most
countries (Allemani et al. 2018). Within Europe, the EUROCARE-5 study (European cancer
registry-based study on survival and care of cancer patients) showed that relative cancer

survival was highest for northern, central, and southern Europe (De Angelis et al. 2014).

For Germany, the RKI estimated the 5-year relative survival (RS) rate for all cancer sites
combined to be 65.0 % in women and 59.0 % in men in 2016 (RKI 2019). A study including 11
German population-based cancer registries estimated RS for 24 common and 11 less common
cancer sites diagnosed in 2002-2010 (Jansen et al. 2015). For most cancer sites, the prognosis
of cancer patients improved from 2002 to 2010, which might be due to improvements in the

quality of cancer care on the population level (Jansen et al. 2015).
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The RKI estimated the 5-year RS rate in Germany in 2016 to be 87.0 % for female breast cancer,
63.0 % for CRC and 21.0 % for lung cancer (RKI 2019). Regarding female breast cancer, age-
standardized RS for German patients improved from 1992 to 2008 (Holleczek et al. 2011). In
CRC, 5-year RS rates for patients registered in 11 German cancer registries in 1997-2006
increased over the period 2002-2006 from 60.6 % to 65.0 % (Majek et al. 2012). In lung cancer,
5-year RS rates for patients registered in 11 German cancer registries in 2002-2010 were
20.3 % in women and 15.5 % in men, showing that compared to other cancer sites, survival

rates were rather stable since the early 2000s (Eberle et al. 2015).

Regional variation in cancer survival has been investigated in Germany (Geiss and Meyer 2019;
Jansen et al. 2012; Nennecke et al. 2014). A comparison between Eastern and Western
Germany in patients diagnosed in 1997-2006 revealed that 5-year RS rates were comparable
between both regions showing that the former gap in survival of cancer patients in Eastern
Germany has been overcome (Jansen et al. 2012). In 2011, a regional comparison across
federal states showed no excess variation in 5-year RS for colorectal, lung, female breast, and
prostate cancer in relation to the German survival estimate (Geiss and Meyer 2019). A study
including patients registered in 11 German cancer registries from 1997-2006 compared 5-year
RS rates across urban and rural areas and showed no consistent trend and only little variation
across regions. The study reported a slightly better prognosis in female breast cancer patients

and male malignant melanoma patients resident in urban regions (Nennecke et al. 2014).

Prognostic factors for cancer patient survival have been discussed frequently in research and
can be categorized as patient-related such as age, sex, comorbidities and life-style factors,
tumor-related such as stage at diagnosis, grading, or histologic subtype but as well screening,
access to cancer care and cancer treatment in accordance with guidelines (Brenner et al.

2016a; Eberle et al. 2015; Majek et al. 2013; Wolters et al. 2015).

1.2 Socioeconomic measures

1.2.1 Definition of individual and aggregated measures

The individual socioeconomic status (SES) of a person is often referred to as social class or
social position (Quaglia et al. 2013). In his philosophical theory, Max Weber defined a person’s
social position on the three domains class, state and power (Weber 1946). Class refers to
economic factors, state is determined by the prestige rank of a person within the community

and power corresponds to a political context (Quaglia et al. 2013; Weber 1946). In
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epidemiology, three indicators corresponding to Weber’s definition are used: occupation,
education and income (Quaglia et al. 2013). Occupation corresponds to state and covers first
public opinion and second the degree of esteem for social class (Quaglia et al. 2013). Education
refers to both state and class as it influences the lifestyle and social networks of a person
(Quaglia et al. 2013). Lastly, income corresponds to class, lifestyle as well as power (Quaglia
et al. 2013). In addition to the three main components of SES, epidemiologic studies use other
social determinants such as gender, race, ethnicity, marriage status, or housing status which
could be a proxy for occupation, education and income but could also be investigated as factor

itself (Quaglia et al. 2013).

If individual SES is not available, aggregated measurements can be applied as a proxy measure
(Maier 2017; Schuurman et al. 2007). When these measures are aggregated on area-level,
investigations considering the context of the region where a person is resident are possible
and would be another reason to use area-based socioeconomic measures (Maier 2017;
Quaglia et al. 2013). This can be important for example in health research, where interventions
aimed to reduce social inequalities might be implemented on regional level if the health care
system is organized accordingly (Geuter et al. 2017). Areas can comprise administrative
regions such as municipalities, districts, federal states, or even whole countries which are not
explicitly created for research purposes and therefore can have wide ranges in terms of
population size (Schuurman et al. 2007). Other examples for pre-defined spatial units are
Census Collection Districts (CD, average population: 547 residents) and Statistical Local Areas
(SLA, median population: 21,000 residents) in Australia (Tervonen et al. 2017). In some
countries, regions were created for statistical purposes such as Lower Super Output Areas
(LSOA, mean population: 1,500 residents) in the United Kingdom (Exarchakou et al. 2018) or
Zip Code (average population: 30,000), Census Block Group (CBG, average population: 1,000),
and Census Tract (CeT, average population: 4,000) in the USA (Krieger et al. 2002). In
correspondence to individually measured SES, area-based measures can comprise the
percentage of residents with high school diploma, a certain household-income or blue-collar
workers (Brenner et al. 1991; Cheyne et al. 2013; Khullar et al. 2015; Quaglia et al. 2013). If
social inequalities in health are investigated on the level of whole countries, the GDP (Gross
domestic product) expenditure on health for each country could be used as aggregated

socioeconomic measure (Evans and Pritchard 2000).
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In many countries, several factors are combined to a composite index measure which is ought
to reflect the advantage, disadvantage or deprivation of a region (Exarchakou et al. 2018;
Tervonen et al. 2017). For example, Australia implemented a set of four indices named
Socioeconomic Indexes for Areas (SEIFAs) that comprise relative socioeconomic disadvantage
regarding access to material and social resources and the ability for social participation
(Tervonen et al. 2017). The data to create the SEIFAs is collected in the Census of Population
and Housing every five years (Tervonen et al. 2017). In Europe, the European Deprivation
Index (EDI) was created using results from the European Union Statistics on Income and Living
Conditions survey (EU-SILC) and census information (Guillaume et al. 2016; Pornet et al. 2012).
However, the EDI is not available throughout Europe probably as the socioeconomic
information was not available on smaller area levels in all countries (Guillaume et al. 2016).
The United Kingdom was one of the first countries, for which a deprivation index was
implemented (Quaglia et al. 2013). For example, the Townsend deprivation index was created
in 1988 and the Carstairs index in 1991, both based on census data (Carstairs and Morris 1989;
Quaglia et al. 2013; Townsend et al. 1988). In the early 2000s, the Index of Multiple
Deprivation (IMD) was created by Noble and colleagues (Noble et al. 2006). The IMD was
defined as multidimensional, meaning that it summarizes different topics regarding
deprivation, so-called domains (Maier 2017). It was based on routinely collected
administrative data instead of censuses which makes it easier and faster to update with more
recent data (Maier 2017). In Germany, two deprivation indices are available: The German
Index of Socioeconomic Deprivation (Hoebel et al. 2018) and the German Index of Multiple
Deprivation (GIMD, (Maier 2017)). The latter is described in more detail in the following
chapter. In general, deprivation indices have been used frequently in cancer research to
investigate social inequalities in cancer incidence, mortality and survival around the world
(Aarts et al. 2010; Hoebel et al. 2018; Klein and von dem Knesebeck 2015; Kogevinas and Porta
1997; Manser and Bauerfeind 2014; Miki et al. 2014; Tervonen et al. 2017; Tron et al. 2019).

1.2.2 German Index of Multiple Deprivation

The GIMD is based on data of official statistics and consists of seven single domains (income,
employment, education, municipality revenue, social capital, environment, and security
deprivation), and a composite index (Maier 2017; Maier et al. 2012). The domains income,

employment and education comprise the indicators total revenue by tax payers,
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unemployment rate, and residents without vocational training, respectively (Maier et al.
2012). Municipality revenue refers to gross earnings minus expenditure and debts (Maier et
al. 2012). Social capital describes net migration change and voter participation in national
elections (Maier et al. 2012). Environment refers to areas used by industry and traffic and
security comprise traffic accidents and criminal offenses (Maier et al. 2012). Up to now, two
editions of this deprivation index are available based on data from 2006 and from 2010 (or
the next year available), respectively (Maier 2017; Maier et al. 2012). The GIMD was measured

on the level of German administrative district as well as on municipality level (Maier 2017).

The index has been used in various studies to examine social inequalities in health in Germany
(Grundmann et al. 2014; Hofmeister et al. 2016; Jansen et al. 2014; Kuznetsov et al. 2012;
Maier 2017; Spix et al. 2017). For example, using the GIMD on municipality level, Grundmann
and colleagues reported an association between socioeconomic deprivation and the
prevalence of type 2 diabetes and obesity (Grundmann et al. 2014). Another study reported
an elevated risk of total and premature mortality in districts with highest deprivation
compared to districts with lowest deprivation (Hofmeister et al. 2016). But the GIMD has also
been used in cancer research (Jansen et al. 2014; Kuznetsov et al. 2012; Spix et al. 2017). Using
data from German population-based cancer registries, Jansen and colleagues investigated the
association between socioeconomic deprivation and survival after cancer diagnosis (Jansen et
al. 2014). The study is described in more detail in the following chapter. The GIMD has been
established in current health research to investigate social inequalities on area-level in

Germany (Maier 2017).

1.3 Socioeconomic differences in cancer survival

Social inequalities in cancer survival have been investigated and reported for both individual
and area-based socioeconomic measures (Aarts et al. 2010; Berglund et al. 2010; Coughlin
2019; Dalton et al. 2019; Dalton et al. 2015; Galvin et al. 2018; Jansen et al. 2020; Jansen et al.
2014; Singer et al. 2017; Tervonen et al. 2017). This chapter briefly introduces to individual
socioeconomic differences in cancer survival but is then mainly focused on area-based

measures.

The three mostly studied individual socioeconomic measures are education, income and
occupation (Quaglia et al. 2013). A study from Denmark investigated differences in RS for
income groups among patients diagnosed with the 15 most common cancer sites and all
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cancers combined in 1987-2009 (Dalton et al. 2019). The study showed significantly lower 5-
year RS for 9 out of 15 cancer sites in the lowest compared to the highest income group
(Dalton et al. 2019). A systematic review restricted to patients aged 65 years or older reported
lower cancer-specific and overall survival (OS) in patients with lower income or lower SES in
general (Galvin et al. 2018). Associations between individual SES and cancer survival have in
particular been shown in patients diagnosed with the most common cancers such as breast
(Coughlin 2019; Lundqvist et al. 2016), lung (Berglund et al. 2010; Dalton et al. 2015), and
colorectal cancer (Aarts et al. 2010; Manser and Bauerfeind 2014). In Germany, a multicenter
cohort study including 1,633 cancer patients investigated the association between the
individual socioeconomic measures education, job grade, job type, and equivalence income
and survival with 10-year follow-up (Singer et al. 2017). The study reported lower survival in
lower socioeconomic groups regarding job type and equivalence income and no association

with education and job grade (Singer et al. 2017).

Area-based socioeconomic inequalities in cancer survival have been reported in several
countries and for several cancer sites showing that cancer patients living in affluent regions
have better survival compared to those living in deprived regions (Coughlin 2019; Jansen et al.
2014; Klein and von dem Knesebeck 2015; Kogevinas and Porta 1997; Lundqvist et al. 2016;
Manser and Bauerfeind 2014; Quaglia et al. 2013; Tervonen et al. 2017). Such associations
have even been reported in countries with comprehensive access to health care for all
population groups, such as Australia (Lyle et al. 2017), England (Exarchakou et al. 2018) and
France (Tron et al. 2019). An English study investigated cancer survival trends and
socioeconomic inequalities measured by the IMD on Lower-layer Super Output Area level
(Exarchakou et al. 2018). The authors reported improved 1-year net survival from 1996-2013
for most cancer sites but persisting differences between deprivation groups with lower
survival in most deprived areas (Exarchakou et al. 2018). A French study including all registered
cancer sites used the EDI and reported lower 5-year net survival for patients resident in most
compared to least deprived areas for almost all cancers (Tron et al. 2019). Regarding breast
cancer, two systematic reviews included studies with different socioeconomic measures and
reported inequalities in cancer survival for instance for neighborhood disadvantage, area-
based education or occupation and the unemployment rate (Coughlin 2019; Lyle et al. 2017).
Two other systematic reviews focused on CRC (Aarts et al. 2010; Manser and Bauerfeind

2014). Both reviews reported lower survival in patients resident in areas categorized to be of
7
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lower SES, irrespective if it was a single socioeconomic measure or combined into an index
(Aarts et al. 2010; Manser and Bauerfeind 2014). A French study investigated OS after lung
cancer diagnosis and socioeconomic deprivation on municipality level (Chouaid et al. 2017).
The authors showed a gradual decrease in 2-year OS the higher the deprivation of the
municipality was in both metastatic and non-metastatic lung cancer patients (Chouaid et al.
2017). A study conducted in Florida (USA) reported socioeconomic disparities in OS in patients
diagnosed with non-small cell lung cancer (NSCLC) (Tannenbaum et al. 2014). The
socioeconomic deprivation was measured as percentage of residents in a CeT living below the
federal poverty line (Tannenbaum et al. 2014). Internationally, there has been a wide range
of studies investigating social inequalities in cancer survival but only few studies have been

conducted in Germany regarding this issue.

Five studies investigated area-based socioeconomic differences in cancer survival in Germany
(Brenner et al. 1991; Jansen et al. 2020; Jansen et al. 2014; Jansen et al. 2021a; Jansen et al.
2021b). The first study was conducted in the early 1990ies in the federal state of Saarland and
investigated the SES on municipality level and the association with RS in CRC patients (Brenner
et al. 1991). The analysis showed lower survival in patients resident in municipalities of lower
SES (Brenner et al. 1991). In a more recent study, the association between regional
socioeconomic deprivation and cancer survival was analyzed for 25 cancer sites using data
from population-based cancer registries covering 200 of 439 districts (median population:
126,000 residents in 2006) in Germany (Jansen et al. 2014). Results showed that survival in
2002-2006 was comparable among deprivation groups except lower RS for patients living in
the most deprived districts. These survival differences persisted after adjustment for stage
and were strongest for cancer sites with good prognosis and in the first months after
diagnosis. However, measurement of socioeconomic deprivation at county level does not take
potential variation of socioeconomic deprivation across municipalities within counties into
account. Furthermore, possible interventions to reduce differences in cancer survival could be
organized on municipality level. To approach this issue, a following study investigated
socioeconomic deprivation on municipality level (median population: 2,200 residents) and
CRC overall survival by using data from three population-based clinical cancer registries in
Regensburg, Dresden and Erfurt (Jansen et al. 2020). The authors reported lower 5-year OS of
about 4.8 % units in most deprived compared to least deprived municipalities, which persisted

after adjustment for stage, surgery and screening colonoscopy uptake rates (Jansen et al.
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2020). Differences in socioeconomic deprivation were largest in younger patients, rectal
cancer patients, stage |, in the latest period of diagnosis, and with longer follow-up (Jansen et
al. 2020). Another study estimated the number of avoidable deaths attributable to
municipality-level socioeconomic deprivation in cancer survival in 2013-2016 using data from
11 German population-based cancer registries (Jansen et al. 2021b). The authors reported that
3.0 % of all excess deaths per year could have been avoided if RS in all regions was similar with
the RS in the least deprived regions (Jansen et al. 2021b). Lastly, one study investigated
socioeconomic inequalities in RS in Hamburg (1.84 million residents) for colorectal, lung,
female breast, and prostate cancer for the period 2014-2018 (Jansen et al. 2021a). The study
found strong associations of a lower cancer survival in most deprived city districts which were

partly attenuated by stage adjustment for breast and prostate cancer (Jansen et al. 2021a).

Previous studies have shown that the strength of association might depend on the resolution
of the deprivation index (Krieger et al. 2002; Tervonen et al. 2017; Woods et al. 2005). An
Australian study investigating deprivation differences in cancer survival reported stronger
associations when using the smaller area-level of CDs (average population: 547 residents)
instead of SLAs (median population: 21,000 residents) (Tervonen et al. 2017). Hazard ratios
(HR) for the most deprived regions compared to the least deprived regions were 1.25 (95 %
confidence interval (Cl) 1.22-1.29) for CD level and 1.16 (95 % ClI 1.13-1.20) for SLA level, both
adjusted for age, sex, year of diagnosis, remoteness, country of birth, cancer site and stage
(Tervonen et al. 2017). A previous Australian study compared a socioeconomic index on CD
level with the larger Local Government Area level (LGA, average population: 35,954 residents)
and reported similar results regarding cancer survival (Stanbury et al. 2016b). A study
conducted in the USA showed fewer social gradients or reverse gradients for most
investigated health outcomes (e.g., cause-specific mortality rates, cancer incidence rates)
when using socioeconomic measures on the larger zip code level (average population: 30,000)
compared to smaller CBG (average population: 1,000) or CeT (average population: 4,000)

measures (Krieger et al. 2002).

To investigate the underlying reasons for social disparities in cancer survival, it might be
helpful to look at a possible pathway from socioeconomic deprivation to inequalities in cancer
survival (Quaglia et al. 2013). A lower individual as well as area-based SES could impact timely

access to health care (Quaglia et al. 2013). For example, due to the allocation of resources,
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waiting lists, difficulties in transport, or lack of communication with health care personnel,
there could be a delay in seeking medical advice after initial symptoms (Quaglia et al. 2013).
This could lead to a delay in the diagnosis of a cancer and therefore a later stage at diagnosis
affecting a patient’s prognosis (Quaglia et al. 2013). In succession, cancer patients resident in
a more deprived area could get less, later or different treatment compared to patients
resident in less deprived areas, leading again to inequalities in cancer survival (Quaglia et al.
2013). Hence, it is necessary to examine clinical prognostic factors and cancer care as possible

reasons for social disparities in cancer survival.
1.3.1 Differences with regard to clinical prognostic factors

Differences in comorbidities, life style factors, utilization of primary and secondary prevention
and overall access to health care between socioeconomic groups could be the origin of
disparities in clinical factors that affect the prognosis of a patient (Quaglia et al. 2013). More
deprived areas could have less health care resources which might lead to fewer offers
regarding disease prevention and larger distances to the nearest health care professional
(Quaglia et al. 2013). Probably one of the most important clinical factors regarding
socioeconomic differences in the prognosis of patients is stage at diagnosis (Quaglia et al.
2013; Woods et al. 2006). An Australian study showed a higher chance of being diagnosed
with distant stage when resident in a more deprived area for several cancer sites (Tervonen
et al. 2017). A study from England reported that inequalities in breast cancer survival by
deprivation could be reduced by one-third if adverse stage distributions in patients resident
in the most compared to the least deprived areas would be eliminated (Li et al. 2016). Studies
from other countries support these findings by showing an impact of stage at diagnosis on the
association between socioeconomic deprivation and breast cancer survival (Coughlin 2019;
Lundgvist et al. 2016; Yu 2009). In lung cancer patients, a French study showed similar
associations between area-based socioeconomic deprivation and OS for both metastatic and
non-metastatic disease (Chouaid et al. 2017). A Danish study revealed that stage at diagnosis
could only partly explain the association between a lower individual SES and lower OS in lung

cancer patients (Dalton et al. 2015).

A later stage at diagnosis might not only be the result of reduced access to diagnostic facilities
but also inequalities of access to screening programs (Quaglia et al. 2013). It has been shown

that socioeconomic deprivation could be associated with a lower rate of adherence to
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screening offers (Aarts et al. 2011; de Klerk et al. 2018; Quaglia et al. 2013), although literature
is still inconclusive (Lyle et al. 2017). A Dutch study showed a gradual increase in attending the
mammography screening program with increasing individual educational status (Aarts et al.
2011). Furthermore, women in the lower education group had an unfavorable stage at
diagnosis compared to other women, irrespective of the mode of detection (Aarts et al. 2011).
However, a review including only Australian studies reported no differences in mammography
screening attendance by SES (Lyle et al. 2017). A review revealed lower participation rates in
CRC screening programs among lower socioeconomic groups (de Klerk et al. 2018). Although
screening attendance and the following stage at diagnosis showed to be important factors
with regard to socioeconomic inequalities in cancer survival, it is not a thorough explanation

for these disparities (Quaglia et al. 2013).

Biological characteristics of the tumor have been investigated to explain the association
between socioeconomic deprivation and cancer survival (Woods et al. 2006). In breast cancer,
tumor characteristics such as morphology, grade, estrogen receptor status (ER) and triple
negative breast cancer subtype have been shown to be prognostic factors (Allemani et al.
2004; Pierga et al. 2003; Twelves et al. 1998) and have at least some impact on social
disparities in cancer survival (Kaffashian et al. 2003; Lian et al. 2014; Thomson et al. 2001;
Woods et al. 2006). Whereas in CRC, anatomic site, morphology and grade were not different

across socioeconomic deprivation groups (Lyratzopoulos et al. 2003).

In Germany, Jansen and colleagues (Jansen et al. 2014) reported no change in RS differences
between socioeconomic deprivation groups when additionally adjusting for stage at diagnosis.
However, information on stage at diagnosis was only available for 52.0 % of the patients
(Jansen et al. 2014). A more recent German study on CRC survival included more complete
data regarding the tumor from clinical cancer registries (Jansen et al. 2020). Effect estimates
increased when adjusting for stage at diagnosis but social disparities persisted and

associations were stronger in stage | cancer (Jansen et al. 2020).

Despite the reported socioeconomic differences in stage at diagnosis, in many studies and for
most cancer sites, tumor extension could not entirely explain socioeconomic disparities in
cancer survival (Quaglia et al. 2013; Tervonen et al. 2017). In addition, biological

characteristics could only explain some part of the association (Woods et al. 2006).
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1.3.2 Differences with regard to cancer care

Differences in comorbidities, age at diagnosis, biological characteristics of the tumor and stage
at diagnosis could affect the chosen cancer treatment and lead to social disparities in cancer
survival (Li et al. 2016; Quaglia et al. 2013). Social inequalities in cancer treatment and care
have been reported for several cancers and in several countries (Quaglia et al. 2013; Woods

et al. 2006).

Patients resident in more deprived regions received less often cancer treatment according to
guidelines (Aarts et al. 2010; Lyle et al. 2017; Quaglia et al. 2013; Riba et al. 2019). A systematic
review on social disparities in CRC treatment showed consistently that colon cancer patients
in the lower socioeconomic group had a lower chance of receiving curative treatment such as
chemotherapy, radiotherapy and surgery (Aarts et al. 2010). Regarding rectal cancer patients,
this was partly true for chemotherapy and radiotherapy (Aarts et al. 2010). A study from the
USA showed that breast cancer patients with lower household income received more often
mastectomy instead of breast conserving therapy and less often immediate breast
reconstruction or systemic therapy (Riba et al. 2019). A review supporting these findings
revealed that breast cancer patients resident in more deprived areas were more likely to
receive mastectomy and less likely to receive reconstructive surgery compared to patients

resident in least deprived areas (Lyle et al. 2017).

These differences in cancer therapy could affect social inequalities in cancer survival (Quaglia
et al. 2013; Woods et al. 2006). After adjustment for patient- and tumor-related factors and
cancer treatment, some studies still reported social differences in cancer survival (Berglund et
al. 2012; Jansen et al. 2020; Le et al. 2008; Li et al. 2016; Riba et al. 2019; Yu 2009), whereas
other studies reported no associations after adjustment (Quaglia et al. 2013; Rapiti et al.
2009). A study from the USA reported lower cancer-specific survival in breast cancer patients
in the lower area-based socioeconomic group with attenuated but remaining associations
after adjusting for stage at diagnosis and first course treatment (Yu 2009). This was supported
by a review investigating social inequalities in breast cancer survival (Lundgvist et al. 2016). In
contrast, an English study reported no change in breast cancer survival disparities across area-
based deprivation mediated through differential treatment (Li et al. 2016). A Swiss study
including prostate cancer patients showed that patients with lower individual SES had a lower

cancer-specific survival compared to the higher socioeconomic group but differences wore off
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after adjusting for patient-, tumor- and treatment-factors (Rapiti et al. 2009). OS was lower in
colon or rectal cancer patients resident in more deprived regions in the USA, even after
adjusting for race, stage at diagnosis, surgery, chemotherapy and radiotherapy (Le et al. 2008).
In lung cancer patients, OS was higher in patients living in more deprived regions in England
irrespective of the stage of diagnosis and adjustment for resection, chemotherapy and

radiotherapy, however, social disparities decreased (Berglund et al. 2012).

One German study including CRC patients reported persisting disparities in OS between
deprivation groups after adjusting for utilization of surgery (Jansen et al. 2020). Subgroup
analyses restricting to patients receiving guideline concordant cancer treatment revealed that

inequalities were mostly still present (Jansen et al. 2020).

Although tumor characteristics and cancer treatment could not entirely explain social
inequalities in cancer survival, these factors belong to the most important influencing factors
within the association between socioeconomic deprivation and cancer survival (Quaglia et al.

2013; Woods et al. 2006).
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1.4 Aims of the dissertation
First, a comprehensive summary of the current literature on socioeconomic differences in lung

cancer survival is given, with a focus on the impact of aggregation and adjustment level.

The second aim was to investigate the association between area-based socioeconomic
deprivation on municipality level (median population of included area: 1,194 residents in
2006) (Statistisches Bundesamt 2006) and cancer survival for 25 cancer sites in Germany by
using data from population-based cancer registries. As complementay aims, it was
investigated whether deprivation-associated inequalities changed over time and whether the
association between area deprivation and cancer survival depends on the age, sex or stage at

diagnosis of the cancer patients.

The third aim was to investigate possible reasons for social disparities in cancer survival in
Germany. To accomplish this, the association between area-based socioeconomic deprivation
on municipality level (median population of included area: 2,200 residents in 2006)
(Statistisches Bundesamt 2006) and cancer survival was investigated by using data from lung
and breast cancer patients registered in three German population-based clinical cancer
registries. As clinical cancer registries provide more comprehensive data on clinical factors and
therapy, it was examined whether the association between area deprivation and lung or
breast cancer survival depended on factors related to patient characteristics, clinical

prognostic factors or utilization of cancer therapy.

The fourth aim was to explore if socioeconomic differences in cancer survival are comparable
when using either individual or area-based information on SES. It is assumed that the
association of an individual socioeconomic measure is diluted when using an area-based
measure instead (Woods et al. 2005). Therefore, it was investigated if individual or area-based
education were associated with CRC survival by using data of the nationwide population-
based Finnish cancer registry (FCR). Finally, these results were discussed in relation to area-

based deprivation differences in cancer survival in Germany.
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2 Methods

2.1 Systematic review and meta-analysis!

The systematic review was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Moher et al.
2010) and the extended version for equity-focused systematic reviews PRISMA-E 2012 (Welch
et al. 2016). This review has been registered in the international prospective register for
systematic reviews PROSPERO (www.crd.york.ac.uk/PROSPERO, registration number:
CRD42017072607).

2.1.1 Literature Search

The main information sources for the literature search were four databases: Medline/PubMed
(1966 to December 6, 2017), Web of Science (Science Citation Index Expanded, Social Science
Citation Index, 1945 to December 7, 2017), The Cochrane Library (1992 to December 6, 2017)
and GESIS Sowiport (1910 to December 8, 2017). The online portal Sowiport was organized by
the GESIS Leibniz Institute for the Social Sciences (GESIS 2018) and included several social
science related databases until its termination in December 2017. For the search strategy, a
combination of key words regarding lung cancer survival and SES was applied. The detailed
search strategies for all databases including the respective thesaurus terms are displayed in

Table 1. In addition, reference lists of included papers have been searched.

Table 1 Search strategies

Database Search strategy
Cochrane ((MeSH descriptor: [Mortality] explode all trees) OR (MeSH descriptor: [Survival]
Library explode all trees) OR (MeSH descriptor: [Survival Rate] explode all trees) OR (MeSH
descriptor: [Disease-Free Survival] explode all trees) OR mortality OR survival)
AND

((MeSH descriptor: [Lung Neoplasms] explode all trees) OR (MeSH descriptor:
[Carcinoma, Non-Small-Cell Lung] explode all trees) OR (MeSH descriptor: [Small
Cell Lung Carcinoma] explode all trees) OR (small-cell lung cancer) OR (non-small
cell lung cancer) OR (lung AND (cancer OR carcinoma OR neoplasm)))

AND

(MeSH descriptor: [Healthcare Disparities] explode all trees) OR (MeSH descriptor:
[Health Status Disparities] explode all trees) OR (MeSH descriptor: [Socioeconomic
Factors] explode all trees) OR (MeSH descriptor: [Social Class] explode all trees) OR
(MeSH descriptor: [Income] explode all trees) OR (MeSH descriptor: [Occupations]
explode all trees) OR socioeconomic OR deprivation OR disparit* OR segregation OR

! The different parts of this chapter are based on and were presented in the article Finke et al. 2018.
The author’s contribution to the different parts is declared in section 7.1.
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Database Search strategy
education OR income OR occupation OR (social AND (status OR class OR position OR
inequalit*®))

PubMed (mortality OR survival OR ("mortality"[Subheading]) OR ("Mortality"[Mesh] OR
"Survival"[Mesh] ) OR ("Survival Analysis"[Mesh]))
AND
((lung AND (Cancer OR carcinoma OR neoplasm)) OR “small-cell lung cancer” OR
“non-small cell lung cancer” OR ("Lung Neoplasms"[Mesh]))
AND
((social AND (status OR class OR position OR inequalit*)) OR socioeconomic OR
deprivation OR disparit* OR segregation OR education OR income OR occupation
OR ("Healthcare Disparities"[Mesh]) OR ("Health Status Disparities"[Mesh]) OR
("Social Class"[Mesh]) OR ("Socioeconomic Factors"[Mesh]) OR ("Social
Determinants of Health"[Mesh]))

Sowiport (Alle Felder®:(survival OR mortality))
AND
(Alle Felder®:(lung AND cancer))
AND
(Alle Felder®:(socioeconomic OR deprivation OR social OR segregation OR education
OR income OR occupation))

Web of (survival OR mortality)

Science AND
((lung AND (cancer OR carcinoma OR neoplasm)) OR “small-cell lung cancer” OR
“non-small cell lung cancer”)
AND
(socioeconomic OR deprivation OR disparit* OR segregation OR education OR
income OR occupation OR (social AND (status OR class OR position OR inequalit*)))

aAlle Felder (engl. all fields)

2.1.2 Inclusion and exclusion criteria

2.1.2.1 Population
To be eligible, studies had to investigate a population of patients with a primary diagnosis of
lung cancer. If other cancer sites were additionally investigated, studies were only included if

results for lung cancer patients were reported separately.

2.1.2.2 Exposure(s)

The focus of the search was on the main socioeconomic factors education, income and
occupation as explanatory variable, measured either on an individual or area-based level. As
many area-based studies used combined SES measurements, also called indices, all combined
measures or indices were additionally included. Categorical and continuous measurements of

socioeconomic measures were included.
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2.1.2.3 Outcome

The primary outcome of interest was survival after lung cancer diagnosis reported stratified
by socioeconomic group. The focus was on effect estimates from survival regression models
(Cox or Poisson), 1-, 3- or 5-year survival rates and median survival time after diagnosis. Other
measures of survival were additionally included. The description of the results in the text

focused on the regression models.

2.1.2.4 Types of studies

Observational studies published in a peer-reviewed journal in English or German language
were eligible for inclusion in the review. Non-original articles, such as guidelines, comments,
book-chapters, editorials, reviews and methods-papers were excluded. There was no further

restriction regarding the period of publication or the study design.

2.1.2.5 Meta-analysis

To be eligible for inclusion in the meta-analysis, included studies had to fulfill further criteria.
First, a study had to report HRs including respective 95 % Cls. Second, the studies should report
on the same socioeconomic measure in a comparable manner to be able to combine the
results in a meta-analysis. Third, socioeconomic measures had to be reported as categorical
variables to identify low SES and high SES groups. Lastly, studies had to have a quality score of
at least 6 out of 8 stars (for definition of the score see quality assessment below). This criterion
was defined after writing the review protocol but before study results were summarized and
interpreted. A cut-off of 6 was chosen by trading off the aim to include as many studies as
possible against the aim to guarantee a high quality of the included studies. However,
sensitivity analyses were additionally conducted including all studies irrespective of the quality
score. In case of overlapping populations, it was decided to hierarchically include the study
with the most comprehensive inclusion of all stage groups, the longest period of diagnosis,

and the longest follow-up period.
2.1.3 Study selection and data extraction/screening

Titles, abstracts, and full texts retrieved were screened by the author of this dissertation. If no
full text was available, studies were excluded if published before 1980, otherwise retrieved
from The German National Library of Medicine (ZB MED) (ZB-MED 2018). EndNote
software X7 was used to remove duplicates, retrieve full text articles, and manage citations.

Data extraction of relevant information from included studies was performed by the author
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of this dissertation and additionally by another reviewer for each study. Disagreements were
resolved through discussion with another member of the review team. If relevant information
was not reported in a study, the corresponding author was contacted via email. Sixteen
authors were contacted and ten answered to the request. Data items extracted from articles
included the following: First author, publication year, country, study type, study setting,
sample characteristics (n, age, gender), measure of SES (education, income, occupation,
index), level of measurement (individual/area-based), outcome measure, prognostic factors,
risk of bias evaluation and main results. If a study used two different SES measurements
separately, results for both measures were extracted. Model results were reported for the full

model including all adjustments.
2.1.4 Quality assessment

To assess the methodologic and reporting quality of included studies, a modified version of
the Newcastle-Ottawa-Scale (NOS) was used (Wells et al.). The NOS consists of seven items to
judge the quality of a study regarding the selection and comparability of study groups and
ascertainment of the outcome (cohort studies) or exposure (case-control studies). One star
was awarded for each item, except the comparability item which was modified so studies
controlling for age in their analysis were awarded with one star and one additional star if any
other factor was controlled for. In total, a study could be awarded with a maximum of 8 stars.
The coding manual was not restricted to a specific follow-up length, as the assessment of an
adequate follow-up period refers to the study aim of the respective article. For example, if a
study reported three months survival rates, the follow-up period had to be at least three

months. The coding manual of the modified NOS can be found in Appendix A.
2.1.5 Statistical analysis and sensitivity analysis

Random effects models were computed and heterogeneity was assessed across studies by
using 1> and Q statistics (DerSimonian and Laird 1986). The inverse variance method was used
to assign the weight of each study in the analysis. For each study, HRs of the lowest SES group
were compared with the highest SES group as a reference. This was necessary as the
categorizations of socioeconomic measures were very heterogeneous between the studies.
Subgroup analyses were performed if possible, by adjustment for smoking status, stage and
treatment. To assess the possible risk of bias and heterogeneity across studies included in the

meta-analyses, funnel plots were generated and Begg’s and Egger’s test of plot asymmetry
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was performed. All analyses were performed in the R statistical software (version 3.3.1) by

using the metafor library (version 2.0-0).

2.2 Data sources/study population?

2.2.1 German epidemiological cancer registries

For this register-based cohort study, data were used from seven population-based cancer
registries in Germany covering 10 of 16 German federal states (Schleswig-Holstein, Lower
Saxony, North Rhine-Westphalia, Rhineland-Palatinate, Bavaria, Saarland, Brandenburg,
Mecklenburg-Western Pomerania, Saxony, and Thuringia, Figure 1). A common record layout
was used to collect the data, which were checked for plausibility and pooled for analysis. Data
of those districts with a proportion of death certificate only (DCO) cases of less than 13 % in
2002-2014 were used and covered a population of about 31.9 million residents in 2006
(Table 2) (Statistisches Bundesamt 2006). Patients aged > 15 years with invasive malignant
tumors of 25 most common cancer sites (which account for approximately 94 % of all cancers;
codes of the ICD-10: C00-C14, C15, C16, C18-21, C22, C23-C24, C25, C32, C33-C34, C43, C49,
C50 (females), C53, C54, C56, C61, C62, C64, C67, C71-C72, C73, C81, C82-C85, C90, C91-C96)
who have been diagnosed between 1998 and 2014 were included into the analyses. DCO or
autopsy only cases were excluded from the survival analyses (Figure 2).

Table 2 Overview on years of diagnosis, case numbers and death certificate only proportions
by cancer registry

Cancer Registry Years of Diagnosis Cases
Including DCO Excluding DCO % DCO cases

Schleswig-Holstein? 1998-2014 141,453 118,356 16.3 %
Lower Saxony 2003-2014 555,553 497,952 10.3 %
North Rhine-Westphalia® 1998-2014 236,360 217,738 7.5%
Rhineland-Palatinate® 1998-2014 170,676 144,368 15.4%
Bavaria“ 2002-2014 384,433 349,916 9.0%
Saarland 1998-2014 102,251 97,149 41%
Brandenburg 1998-2014 228,336 208,507 8.7%
Mecklenburg-Western 1998-2014 155,049 143,456 7.5%
Pomerania

Saxony 1998-2014 402,939 376,507 6.5%
Thuringia 1998-2014 202,442 179,598 113 %

@Districts Flensburg, Kiel, Neumiinster, North Frisia, East-Holstein, PI6én, Rensburg-Eckernférde, Schleswig-
Flensburg; PRegion Miinster; “Districts Koblenz, Bad Kreuznach, Birkenfeld, Cochem-Zell, Mayen-Koblenz, Rhein-
Hunsriick-Kreis, Trier, Bernkastel-Wittlich, Eifelkreis Bitburg-Priim, Vulkaneifel, Trier-Saarburg, Mainz, Worms,
Alzey-Worms, Mainz-Bingen; 9Regions Swabia (Aichach Friedberg, Augsburg city, Augsburg district), Upper
Franconia (Bayreuth city, Bayreuth district, Forchheim), Middle Franconia (Erlangen Hochstadt, Erlangen,

’The different parts of this chapter are based on and were presented in three articles: Finke et al.
2020; Finke, Seppa et al. 2021; Finke, Behrens et al. 2021. The author’s contribution to the different
parts is declared in section 7.1.
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Nirnberg, Furth), Upper Palatinate (all districts), Upper Bavaria (all districts except Berchtesgadener Land,
Muhldorf am Inn, Landsberg am Lech, Eichstadt, Ingolstadt, Pfaffenhofen a.d. Ilm, Neuburg-Schrobenhausen),
and Lower Bavaria (Landshut city, district Landshut); Abbreviation: DCO, death certificate only.

GIMD 2006 Quintile

Q1 (least deprived)
Q2
Q3
Q4
Q5 (most deprived)

Figure 1 Distribution of GIMD quintiles across German regions included in the analysis on area-
based deprivation differences in cancer survival. Regions in white were not included in
analyses. Abbreviations: GIMD, German Index of Multiple Deprivation; Q, quintile
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Total: 2,343,132

Missing data

.| Sex N =27 (0.0 %)
" | Municipality information N = 1,406 (0.1 %)
End of follow-up year N=25 (0.0 %)

vy

NRW Data N= 236,360 » N=20578,054

#» DCO or autopsy only N = 244,507 (9.5 %)

\ 4

Final dataset: N = 2,333,547

Figure 2 Flow diagram of exclusions for the analysis on area-based deprivation differences in
cancer survival. NRW data was categorized (person years and number of deaths by GIMD
quintile, year of diagnosis, year of follow-up, age, sex and stage at diagnosis) and contained
no missing data. Abbreviations: DCO, death certificate only; GIMD, German Index of Multiple
Deprivation; N, number of observations; NRW, North Rhine-Westphalia

2.2.2 German clinical cancer registries

For this retrospective cohort study, data were used from three regional population-based
clinical cancer registries in Germany (located in Regensburg, Erfurt, and Dresden and covering
parts of the German states Bavaria, Thuringia and Saxony, respectively, Figure 3). Nationwide
clinical cancer registration is currently being implemented for all German regions. However,
during the conduction of this analysis, only few registries were able to provide cancer data for
a longer period of diagnosis as well as sufficient data completeness and quality which is why
these three clinical cancer registries were chosen to be included. The three cancer registries
cover regions in the south and east of Germany (Population size = 4 million residents in 2015)
(Statistisches Bundesamt 2019). The cities of Dresden (523,058 residents), Erfurt (204,994
residents) and Regensburg (135,520 residents) comprise 13.4 %, 5.2 % and 3.5 % of the total
underlying study population, respectively (Statistisches Bundesamt 2019). The catchment
areas of the Erfurt and Regensburg registries include five other cities with a population of
42,000 to 51,000 residents. Death certificate or autopsy only cases were excluded (Figures 4
(lung cancer) and 5 (breast cancer)). Patients at the age of 15 years or older and resident in
the catchment areas of one of the above-mentioned registries with a malignant primary tumor
of the lung (ICD-10 C34) diagnosed in 2000-2015 or female breast cancer (ICD-10 C50)

diagnosed in 2006-2016 were eligible for the analyses.
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GIMD 2010 Quintiles

Q1 (=least deprived)
Q2
Q3
Q4
Q5 (=most deprived)
No resident population

Figure 3 GIMD 2010 Quintiles for all included municipalities within the three German federal
states Thuringia, Bavaria and Saxony. Abbreviations: GIMD, German Index of Multiple
Deprivation; Q, quintile.

First diagnosis of lung cancer N = 25,688
Regensburg n = 11,923 (46.4 %)
Erfurtn=6,111 (23.8 %)

Dresden n = 7,654 (29.8 %)

Not first lung cancer n=273 (1.1 %)
. | Missing ICD-10 Diagnosis n=28 (0.1 %)
" | Death certificated/autopsy only n=2310 (9.0 %)
Subtype undefined n =293 (1.1 %)
L 4

Final dataset: N = 22,905
Regensburg n = 10,780 (47.1 %)
Erfurt n = 5,373 (23.5 %)
Dresden n = 6,752 (29.5 %)

Figure 4 Flow diagram of inclusions and exclusions for a study population of lung cancer
patients registered in three German clinical cancer registries. Abbreviations: ICD, International
Classification of Diseases; N, number of observations.
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First diagnosis of breast cancer N = 31,848
Regensburg n = 16,455 (51.7 %)

Erfurt n = 5,691 (17.7 %)
Dresden n = 9,702 (30.5 %)

v

Missing follow-up n=114
Zero month follow-up n=217
Stage 0 at diagnosis n=105
Missing side of the body n =65

Final dataset: N = 31,357

Regensburg n = 16,184 (51.6 %)

Erfurt n = 5,585 (17.8 %)
Dresden n = 9,588 (30.6 %)

Figure 5 Flow diagram of inclusions and exclusions for a study population of breast cancer
patients registered in three German clinical cancer registries. Abbreviation: N, number of
observations.

2.2.3

Finnish Cancer Registry

Inclusion criteria comprised patients diagnosed with CRC (ICD-10 C18-20) in 2007-2016,

followed up in 2012-2016 and registered in the FCR which is estimated to cover 96.0 % of all

solid malignant tumours diagnosed in Finland (Figure 6) (Leinonen et al. 2017). Patients had

to be at least 25 years old at diagnosis until which age most persons reached their highest

level of education. Cases identified solely by death certificates or autopsy were excluded

(1.9 % since 2007).

First diagnosis of colorectal cancer N = 101,219

Second primary of same site N =249
» Unknown individual education N = 16,388
Unknown municipality N=14
v
| N = 84,568 |
_| Age below 25 years N =521
"| Years of diagnosis < 2007 N = 54,988
v
| N = 29,059 |
| Do not contribute to 5-year survival
" | within period window 2012-2016 N = 4,597
v
| N = 24,462 |

Diagnosed in 2007-2011
and contributed to 5-year survival N =15,584

with a late entry
N = 8,878

Diagnosed in 2012-2016

Figure 6 Flow chart of included patients diagnosed with colorectal cancer in Finland in 1953-
2016. Abbreviation: N, number of observations.
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2.3 Socioeconomic measures?

2.3.1 German Index of Multiple Deprivation

In the analyses using German cancer registry data, the area-based socioeconomic deprivation
of the patients was assessed using the GIMD (Maier et al. 2012) on municipality level. All

included municipalities were assigned the composite index as deprivation score.

2.3.1.1 Epidemiological cancer registries

In the analysis including epidemiological cancer registry data, area-based deprivation status
of the patients on municipality level was assessed using the GIMD 2006 (Fairburn et al. 2016;
Maier 2017). Scores of the composite index were assigned to all included municipalities of the
study area and new deprivation quintiles were computed over these municipalities so that the
underlying population was distributed evenly over the quintiles. These deprivation quintiles
were assigned to each patient according to the municipality of residence at the time of
diagnosis. In the catchment areas of included registries, there were 6,524 municipalities with
a median population of 1,194 residents (range 8-1,294,608, interquartile range (IQR): 517-
3,494 residents) in 2006 (Statistisches Bundesamt 2006). Figure 1 shows a map of Germany

displaying the distribution of GIMD quintiles across all municipalities included.

2.3.1.2 Clinical cancer registries

In the analyses including clinical cancer registry data, the GIMD 2006 for all patients diagnosed
before January 1, 2009, and the GIMD 2010 for all patients diagnosed on January 1, 2009 or
later was used. For the composite index of the GIMD, deprivation quintiles based on the
underlying population of the included municipalities were calculated so that each GIMD
quintile contains approximately 20 % of the total population in the three registry regions. To
overcome the uneven distribution of the quintiles when stratifying the GIMD by the three
cancer registries, region-specific deprivation quintiles were created separately for each
registry. The quintiles were built according to the same method as the quintiles across the
total study area but the large cities Dresden and Erfurt were assigned a separate category.
These region-specific quintiles were used for stratified analyses by cancer registry in the lung
cancer analysis. All patients were assigned to a deprivation quintile according to the

municipality of residence at the time of diagnosis. In the catchment areas of included

3 The different parts of this chapter are based on and were presented in three articles: Finke et al.
2020; Finke, Seppa et al. 2021; Finke, Behrens et al. 2021. The author’s contribution to the different
parts is declared in section 7.1.
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registries, there were 792 municipalities with a median population of 2,205 residents (IQR
1,138-4,276; range 137-504,795) in 2006 and 779 municipalities with a median population of
2,189 residents (IQR 1,137-4,303; range 128-523,058) in 2010 (Statistisches Bundesamt 2019).
Table 3 shows cutoffs for the categorized GIMD quintiles and the original GIMD quintiles and
Figure 3 shows a map of the categorized 2010 GIMD quintiles over all included municipalities.
Table 3 Cutoffs for GIMD quintiles categorized according to catchment areas of three

German clinical cancer registries and GIMD quintiles originally categorized according to the
whole of Germany.

Deprivation quintile
Range of GIMD values

Q1 Dresden/Erfurt Q2 Q3 Q4 Q5
GIMD version and (Least (Most
registry deprived) deprived)
Categorized GIMD 2006
All registries 4.73-17.00 - 17.01-17.75 17.80-21.53 21.55-26.06 26.08-57.20
Dresden 8.90-17.28 17.59 18.53-22.65 22.67-25.09 26.03-32.57 32.99-46.82
Erfurt 9.83-20.13 20.07 20.34-24.28 24.33-25.96 26.14-27.79 27.96-57.20
Regensburg 4.73-15.22 - 15.23-17.55 17.55-21.31 21.33-25.56 25.70-39.57
Categorized GIMD 2010
All registries 4.94-17.86 - 17.87-24.10 24.15-26.06 26.17-30.64 30.65-60.44
Dresden 10.37-20.08 26.06 20.33-26.98 27.12-31.86 32.02-38.87 39.05-47.24
Erfurt 12.09-24.38 26.17 24.39-29.44 29.51-32.67 32.38-36.93 37.22-60.44
Regensburg 4.94-14.20 - 14.34-18.24 18.25-22.46 22.59-26.30 26.32-43.89
GIMD 2006 2.22-12.35 - 12.35-17.22 17.23-22.59 22.59-29.99 30.00-70.44
GIMD 2010 1.64-11.61 - 11.61-16.40 16.40-22.15 22.15-30.95 30.96-74.01

Abbreviations: GIMD, German Index of Multiple Deprivation; Q, quintile.

2.3.2 Education

For analyses of the Finnish cancer registry data, information on education was retrieved from
Statistics Finland (TK-53-675-17) (Statistics Finland 2019b). Individual education was
categorized into three groups (basic, secondary, high) based on the most recent education
information prior to the cancer diagnosis. High education included lowest level tertiary, lower-
degree level tertiary, higher-degree level tertiary, and doctorate or equivalent level (lasting
typically 13 years or more). Secondary education included upper secondary level (10-12 years)
and basic education included anything below (<10 years). Area-based education was defined
as the proportion of residents with basic education only by municipality and available by
calendar year. The population data were sorted by the average proportion of basic educated
residents from 2012-2016 and categorized into four groups such that the overall population
size in each group of municipalities was similar (Q1-Q4, Q1: low education and Q4: high

education). These quartiles were applied to the patient data. Sensitivity analyses were
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conducted by categorizing area-based education as the proportion of residents with high

education for each municipality.

2.4 Statistical analyses®

2.4.1 Overview analysis of data from epidemiological cancer registries in Germany

Period analysis was used to calculate RS for each of the 25 most common cancer sites (Brenner
et al. 2004). RS quantifies survival of cancer patients relative to expected survival in the overall
population. Expected survival was estimated using the Ederer Il method (Ederer and Heise
1959) and life tables stratified by age, sex, calendar period, and area-based socioeconomic
deprivation. Life tables were derived from population and mortality data on municipality level
(RDC 2018a; RDC 2018b). Population and mortality data were aggregated according to GIMD

quintiles from which life tables were calculated.

For each cancer site and GIMD quintile, five-year age-standardized RS was estimated for the
period 2012-2014. Age-standardization was conducted following the International Cancer
Survival Standards (Corazziari et al. 2004). For colorectal, lung, breast and prostate cancer,
age-, sex- and stage-specific survival was calculated additionally. Analyses including all cancer
sites combined additionally adjusted for case mix (Storm et al. 2010). Furthermore, trend
analyses of age-standardized five-year RS for the time periods 2003-2005, 2006-2008, 2009-
2011 and 2012-2014 were conducted. Additional analyses comprised short-term survival (3-
month and 1-year) as well as 5-year survival conditional on 1-year survival. Differences in
cancer survival with respect to quintiles of the composite index of area-based deprivation
were tested for statistical significance by model-based period analysis adjusted for follow-up
time, age, and stage (Brenner and Hakulinen 2006). Models adjusting for stage included only
patients with available stage information, all other models included the total study
population. All analyses were carried out with SAS software (version 9.4), using publicly
available and commonly used macros for period analysis as in previous studies (Brenner et al.

2002; Brenner and Hakulinen 2006; Jansen et al. 2014).

Due to data protection provisions, the cancer registry North Rhine-Westphalia could not

provide individual record data of the cancer patients. Therefore, SAS scripts for analyses were

4 The different parts of this chapter are based on and were presented in three articles: Finke et al.
2020; Finke, Seppa et al. 2021; Finke, Behrens et al. 2021. The author’s contribution to the different
parts is declared in section 7.1.
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provided to the registry to sum up person years and number of deaths by GIMD quintile, year
of diagnosis, year of follow-up, age, sex, and stage at diagnosis. These data were then

incorporated in the respective analysis.

In sensitivity analyses, age- and sex-specific survival was calculated only for patients with
available stage information of their tumors. To consider that some registries provided data
only for years of diagnosis starting after 1998, trend analysis were repeated as sensitivity
analyses by including only registries which provided data for all years of diagnosis. In an
additional sensitivity analysis, the main analysis was repeated adjusting for either federal state

or East/West-Germany, respectively.
2.4.2 Analyses of data from clinical cancer registries in Germany

2.4.2.1 Covariates

Cancer registries provided information on age, sex, place of residence, year of diagnosis,
tumor-related variables, vital status of cancer patients, and primary treatment, which referred
to first treatment of the primary tumor. During data quality checks, strong differences in
treatment utilization proportions across registries and calendar periods were detected which
could not be excluded to be based on differences in the completeness of treatment
registration and might result in biases in regional analyses. However, if the treatment variable
explicitly indicated that a specific therapy was actually given, this information was expected
to be reliable. Treatment factors for subgroup analyses were used by restricting the sample to
patients receiving specific treatments. Additionally, cancer registry (Dresden, Erfurt,

Regensburg) was included as adjustment or stratification variable in the models.

For lung cancer, tumor-related variables comprised stage at diagnosis (I, Il, Ill, and 1V),
histology (SCLC and NSCLC) and grading (low/intermediate, high, undetermined). Primary
treatment was defined as either receiving surgery, chemotherapy or radiotherapy (treatment

combinations were not considered).

For breast cancer, tumor-related variables comprised stage at diagnosis (I, II, 1ll, and V),
grading (low, intermediate, high, undetermined), and ER status (positive or negative). Primary
treatment was defined as surgery, radiotherapy, chemotherapy, and hormone therapy. As

almost all patients received surgery, this variable was not considered as a covariate.
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2.4.2.2 Outcome

Lung cancer

0OS was computed from date of cancer diagnosis to death from any cause. Vital status was
ascertained using death certificates and information from the registration offices. Patients lost
to follow-up before death or still alive at the last vital status assessment were right-censored

at the date of the last vital status assessment or end of 2015 whichever came first.

Breast cancer

RS was computed using period analysis (Brenner et al. 2004). Expected survival was estimated
using the Ederer Il method (Ederer and Heise 1959) based on life tables stratified by age, sex,
calendar period and deprivation quintile on municipality level. Life tables were derived from
population- and mortality data on municipality level aggregated according to GIMD quintiles
(RDC 2018a; RDC 2018b). Patients were right-censored at the date of the last vital status

assessment or end of 2016 (whichever came first).

2.4.2.3 Statistical methods and analyses

Lung cancer

Demographic and clinical characteristics by area-based deprivation quintile were described
and distribution across deprivation quintiles were compared using Chi-square tests. Missing
data on stage, grading, subtype, chemotherapy and localization were imputed using Multiple
Imputation by Chained Equations in R (van Buuren and Groothuis-Oudshoorn 2011). The
imputation model included: cancer registry, sex, age, ICD-10 diagnosis, year of diagnosis,
month of diagnosis, stage at diagnosis (single TNM variables and summary stage), histological
subtype, localization, grading, chemotherapy, radiotherapy, surgery, GIMD (overall and
region-specific), municipality code, event variable, and survival time estimated by Nelson-
Aalen estimator. Using 40 iterations, 30 complete datasets were generated. Convergence of
the models was checked graphically. The datasets were analyzed separately and results were
pooled according to Rubin’s rules in SAS using PROC MIANALYZE (Mulla et al. 2009). There
were no differences in the distribution of the variables before and after imputation, except

for grade (Table 4). Slightly more patients were categorized into high grade after imputation.

OS curves by area-based deprivation quintile were computed with the Kaplan-Meier method.
The median follow-up length was estimated with reverse Kaplan-Meier method (Shuster
1991). Cox proportional hazards regression was used to investigate the association between
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area-based deprivation and survival in detail. Various models were fitted and compared: The
base model included adjustment for age, sex and year of diagnosis. The second model
additionally included cancer subtype and grading. In a third model, cancer stage was added.
Using the third model, subgroup analyses were conducted by restricting the patient sample to
patients who received specific treatments. Additionally, subgroup analyses were performed
stratified by patient and tumor characteristics. Results were visualized by showing adjusted
survival curves which are estimated using marginal survival functions (Zhang et al. 2007). An
additional fourth model adjusted for registry. In a sensitivity analysis, the Cox models were
calculated by using a category for Dresden city additionally to area-based deprivation
quintiles. To account for immortal time bias, the analysis stratified by treatment was repeated
using fixed follow-up start dates at 30, 60, and 90 days after diagnosis. Additionally, patients
who received their first treatment more than one year after diagnosis were excluded. Multiple
imputation was conducted in R (Version 3.5.2) (R-Core-Team 2013), all other analyses were

conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Table 4 Study characteristics before and after multiple imputation.

Before multiple imputation After multiple imputation
% %

Stage at diagnosis
| 16.2 16.8
Il 7.9 7.6
1] 26.3 26.4
v 49.5 49.3
Missing 10.8 -
Histological subtype
NSCLC

Adenocarcinoma 30.2 30.2

Squamous cell carcinoma 31.0 30.9

Other 215 215
SCLC 17.4 17.4
Missing 0.1 -
Grading
Low/intermediate 50.0 44.4
High 50.0 55.6
GX or missing 37.5 -
Chemotherapy
Yes! 50.6 50.5
No? 49.4 49.5
Missing 6.7 -

Abbreviations: NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer;
Yncludes: ,initiated, but discontinued”, ,intended”; ?Includes: ,,contraindication”, “No”
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Breast cancer

The distributions of patient, tumor and therapy characteristics stratified by area-based
deprivation quintile were described and compared using Chi-square tests. The main outcome,
five-year RS, was estimated for the calendar period 2011-2016. Age-standardization was
conducted following the International Cancer Survival Standards (Corazziari et al. 2004). RS
for 1 to 5 years of follow-up by socioeconomic deprivation was displayed in a figure. Relative
excess risks of death (RER) stratified by socioeconomic deprivation quintiles were computed
for 5-year RS by model-based period analyses adjusted for age and year of diagnosis in the
basic model. The second model additionally included stage at diagnosis. In the third model,
grading and ER status were added. The third model was additionally calculated for stage
subgroups and the subgroups of stage | to lll patients receiving either hormone therapy
(estrogen receptor positive only), chemotherapy or radiotherapy. The therapy subgroup
analyses included only patients who received their first therapy within one year after
diagnosis. Analyses stratified by cancer registry were conducted. Furthermore, cancer registry
was added as a covariate to the third model for the total study population. Model-based
analysis was repeated including cancer registry without adjusting for the analysis-specific
GIMD quintiles. Both models (including cancer registry but with and without analysis-specific
GIMD quintiles) were calculated for all stage and therapy subgroups described above. In a
sensitivity analysis, Dresden city was added as additional category to the deprivation quintiles
to consider the large population size compared to other municipalities. All analyses were

conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
2.4.3  Analysis of data from the Finnish Cancer Registry

2.4.3.1 Covariates

Age at diagnosis was categorized into five groups: 25-44, 45-54, 55-64, 65-74, and 75+ years.
Region specific variables included 313 municipalities (median population in 2016: 6,068
residents; IQR: 2,854-14,575) and 21 hospital districts (median population in 2016: 173,244
residents) (Statistics Finland 2019c). Stage at diagnosis was defined as unknown, local stage
(UICC (Union International Contre le Cancer) stages | and IlI) and non-local stage (UICC stages
IIl and IV). Cancer site was categorized as colon (C18) or rectal/rectosigmoid (C19-20) cancer.
Urbanity was defined as urban, semi-urban and rural municipalities according to the

proportion of people living in urban settlements (urban >90 %, semi-urban 60-<90 %, rural
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<60 %, details see Statistics Finland (Statistics Finland 2020)). Follow-up time in years was
included as intervals: from 0 to <3 months, 3 months to <1 year, and annual intervals from 1

to 5 years.

2.4.3.2 Statistical methods and analyses

All analyses were stratified by sex and education using individual and area-based education,
respectively. Number and proportions of patients by individual and area-based education
were calculated for all covariates, as well as crude and age-standardized incidence rates for
the total population and hospital districts. Patients were followed up from diagnosis until
death or emigration within the period window 2012—-2016, and survival times were censored
at 5 years. Age-standardized 5-year RS was calculated using Ederer Il method and the period
approach (Brenner and Gefeller 1996). Population mortality data were retrieved from
Statistics Finland stratified by sex, age, calendar year, education and hospital district (Statistics

Finland 2019a).

RER were estimated between education groups by using the generalized linear model with a
Poisson error structure (Dickman et al. 2004). The basic model included education, age, follow-
up time and interaction terms between age and follow-up time. Models were fitted including
individual and area-based education separately as well as models including multiplicative
effects of RERs of both measures. In addition, a series of models were fitted including region
(hospital and municipality), stage at diagnosis, cancer site and urbanity to investigate changes
in the estimates of the association of education with survival. Regional variation in survival
was modelled using random effects. The hospital district specific effects were drawn from a
common normal distribution. Variation between municipalities were described by a BYM
(Besag, York and Mollié) model that includes both a spatially structured effect and an
unstructured normally distributed effect (see (Seppa et al. 2019) for details). The Integrated

Nested Laplace Approximation (INLA) approach was used in the estimation (Seppa et al. 2019).

In sensitivity analyses, area-based education was recategorized by the proportion of high
educated residents instead of low education and survival analyses including modelling were
repeated. Missing data on stage at diagnosis was imputed using Multiple Imputation by
Chained Equations in R (van Buuren and Groothuis-Oudshoorn 2011) and the analyses of the
basic model and the analyses adjusted for region and stage were repeated. The imputation

model included: education, age, cancer site, stage at diagnosis, urbanity, event variable, and
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survival time estimated by Nelson-Aalen estimator. Using 40 iterations, 15 complete datasets
were generated. Convergence of the models was checked graphically. The datasets were
analysed separately and the pooled results were based on the pooled posterior simulations of
the 15 analyses. The distribution of stage at diagnosis before and after imputation was similar
with slightly a higher proportion of non-local stage after imputation (Table 5).

Table 5 Distribution of stage at diagnosis before and after the imputation by sex and
education for colorectal cancer patients diagnosed in Finland in 2007-2016.

Distribution of stage (%)

Men Women
Unknown Local Non-local Unknown Local Non-local
All patients 23.3 28.6 48.1 24.7 26.9 48.4
Unknown excluded 37.3 62.7 35.8 64.2
Unknown imputed 34.7 65.3 34.2 65.8
Individual education
Basic 22.9 28.2 48.9 24.8 271 48.1
Unknown excluded 36.6 63.4 36.0 64.0
Unknown imputed 34.1 65.9 34.0 66.0
Secondary 23.6 28.8 47.5 25.0 26.4 48.7
Unknown excluded 37.8 62.2 35.1 64.9
Unknown imputed 35.1 64.9 34.5 65.5
High 23.6 29.3 471 24.1 27.3 48.5
Unknown excluded 38.4 61.6 36.0 64.0
Unknown imputed 35.5 64.5 34.6 65.4
Area-based education
Q1 23.8 28.8 47.4 24.9 26.8 48.4
Unknown excluded 37.8 62.2 35.6 64.4
Unknown imputed 34.6 65.4 33.9 66.1
Q2 23.0 29.7 47.4 23.4 29.0 47.6
Unknown excluded 38.5 61.5 37.9 62.1
Unknown imputed 36.6 63.4 36.5 63.5
Q3 21.3 28.7 50.0 23.5 27.0 49,5
Unknown excluded 36.5 63.5 35.2 64.8
Unknown imputed 33.8 66.2 33.9 66.1
Q4 24.9 27.1 48.0 27.4 24.6 48.0
Unknown excluded 36.0 64.0 33.9 66.1
Unknown imputed 334 66.6 32.5 67.5
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3 Results

3.1 Systematic review and meta-analysis®

3.1.1 Study selection and characteristics

Based on the search strategy, the initial search resulted in 5,532 publications potentially
relevant for the systematic review (Figure 7). After title and abstract screening, 196 articles
were selected for full-text screening. Assessment of the full-texts led to the exclusion of 117
articles, mainly due to not investigating survival after lung cancer or not using a measure of
education, income, occupation or an index. Fifteen publications were identified by reviewing
of reference lists of included articles (Campbell et al. 2000; Chirikos et al. 1984; Coleman et al.
2004; Fujino 2007b; Gorey et al. 1997; Greenwald et al. 1994; Jansen et al. 2014; Jeffreys et
al. 2009; Kwak 2017; Lipworth et al. 1970; Pokhrel et al. 2010; Rachet et al. 2010; Sloggett et
al. 2007; Smailyte et al. 2016; Zhang-Salomons et al. 2006). In total, 94 articles (Tables 6 and
7) were included in the qualitative synthesis and 17 of these were eligible to be included in
the meta-analyses (Aarts et al. 2013; Berglund et al. 2010; Chang et al. 2012; Clement-
Duchene et al. 2016; Dalton et al. 2015; Hussain et al. 2008; Johnson et al. 2014; Khullar et al.
2015; Kravdal 2000; Niu et al. 2010; Pagano et al. 2010; Tannenbaum et al. 2014; Wang et al.
2017a; Wang et al. 2017b; Yeole 2005; Yeole and Kumar 2004; Yim et al. 2012).

Characteristics of included studies are shown in Tables 6 and 7. There were 23 studies
reporting on socioeconomic measures on individual level (Table 6), 70 studies reporting on
area-based level (Table 7) and one study reporting on both levels (Greenwald et al. 1994)
(Table 7). One study included both individual and aggregated measures and performed a
multilevel analysis (Greenwald et al. 1994) (Table 7). Most studies have been published within
the last ten years. Studies on individual SES measures used mostly data from Scandinavia, the
USA and Italy, while the majority of studies including area-based SES measures used data from
the USA, Great Britain and Australia/New Zealand. Data sources for cancer survival were
usually national cancer registries but also cohort studies and clinical trials (Di Maio et al. 2012;
Herndon et al. 2008). Most studies reported on all types of lung cancer, but 20 studies
restricted analyses to non-small-cell lung cancer (NSCLC) patients (Aarts et al. 2013; Aarts et

al. 2015; Berglund et al. 2010; Booth et al. 2010; Caposole et al. 2014; Currow et al. 2014; Di

>The different parts of this chapter are based on and were presented in the article Finke et al. 2018.
The author’s contribution to the different parts is declared in section 7.1.
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Maio et al. 2012; Erhunmwunsee et al. 2012; Greenwald et al. 1994; Greenwald et al. 1998;
Johnson et al. 2014; Johnson et al. 2016; Khullar et al. 2015; Lara et al. 2014; McMillan et al.
2017; Melvan et al. 2015; Ou et al. 2007; Ou et al. 2008; Pagano et al. 2010; Tannenbaum et
al. 2014; Wang et al. 2017b) and three studies were restricted to small-cell lung cancer (SCLC)
patients (Lara et al. 2017; Ou et al. 2009; Wang et al. 2017a).

Regarding individual SES, 16 studies measured educational attainment, eight studies
measured income and eight studies assessed the occupation of the patients. Studies
investigating area-based SES most often used an index (42 studies) or income measures (30
studies) with diverse levels of aggregation from postal codes in The Netherlands
(approximately 8-17 households) (Aarts et al. 2015; Louwman et al. 2010; Schrijvers et al.

1995a) to comparisons of whole countries (Evans and Pritchard 2000; Vercelli et al. 2006).

—
Records identified through database searching
s
i) ; :
= PubMed Web of Science Cochrane Sowiport
= (n = 3,641) (n = 2,349) (n = 644) (n=177)
®
Y A J Y Y
R Records after duplicates removed
(n=5,532)
E v
5
g Titles screened Records excluded
n (n=5,532) »  (Title screening n = 4,125
Abstracts screened Abstract screening n = 1,403)
(n =1,599)
| —
¥
; Full-text articles excluded
Full-text articles assessed n=117
= ieibili = . :
2 for eligibility (No survival estimate n=77
= (n =196) No SES n =23
= No lung cancern=11
No original paper n=6)
¥
i = Additional records Studies included in
| identified through cross- > qualitative synthesis
referencing of included (n=94)
studies
- {n = 15]
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E
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{meta-analysis)
(n=17)
L

Figure 7 PRISMA flow diagram of study selection process for a systematic review and meta-
analysis on socioeconomic differences and lung cancer survival. Abbreviations: N, number of
observations; SES, socioeconomic status.
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Table 6 Characteristics of included studies with individual measurements of socioeconomic status.

Paper, Data source? Country  Years of diagnosis, Follow-up length, Age  Sample size? SES indicator(s)3 Outcome Adjustment*
(range)
Survival
=
c .0
S o ® c &
TES 3 2 e £ 3
5 88 3 e s w2 ox @ 2 £
228 E £s9 8¢ 8 & & 3 § 8

Europe, north

(Dalton et al. 2008), PBC (REG) Denmark  1994-2003, FU: 2006, 30-79 yrs 21492 3 3 3,6° 1,5,KM X X X 8
(Dalton et al. 2015), PBC (REG) Denmark 2004-2010, FU: 2011, 51-81 yrs 13045 3 3 X X X X X 8
(Pokhrel et al. 2010), PBC(REG) Finland 1971-2005, FU: 2005, 225 yrs 66014 3 5 X X X X 8
(Kravdal 2000), PBC (REG) Norway 1955-1986, FU: 1960-1991, 50-79 yrs NA® 4 147 X X X X 7
(Skyrud et al. 2016), PBC (REG) Norway  2002-2011, FU: 2013, 230 yrs 24565 3 3 X8 X X X 8
(Berglund et al. 2010), PBC Sweden 1996-2004, FU: 2006, 30-94 yrs 3370 (NSCLC) 3 2 2 X 1,3 X X X X X 8
(REG)
(Hussain et al. 2008), PBC(REG) Sweden 1990-2004, FU: 2004, <30 yrs 17936 4 X X X X 7
(Vagero and Persson 1987), Sweden 1961-1979, FU: 1979, 20-64 yrs 7817 3 5,KM X X
PBC (REG)
Europe, other
(Grivaux et al. 2011), PCo France 2000, FU: 2005-2006, all ages 5447 7 5 X
(Di Maio et al. 2012), CT Italy 1996-2005 (conduction of trials), 1680 (NSCLC) 2 X X KM X X X

FU: median 26.3 mths, 29-86 yrs
(Pagano et al. 2010), PBC (REG) Italy 2000-2003, FU: 2006, all ages 2259 (NSCLC) 3 X X X X X
(Pastorino et al. 1990), PBC Italy 1976-1979, FU: > 9 yrs, 34-85 yrs 222 3 5 X
(REG)
(Smailyte et al. 2016), PBC Lithuania 2001-2009, FU: 2009, 30-74 yrs 8812 3 5 X X X
(REG)
(Aarts et al. 2013), PBC (REG)  NL 1991-2008, FU: 2009, 15-75 yrs 274 (NSCLC) 4 X 1,3,KM X X X X X
USA
(Chirikos et al. 1984), PBC(REG) USA 1977-1981, FU: NA, Age: NA NA® 2 2 1,3,KM X X
(Clement-Duchene et al. 2016), USA 2003-2005, FU: 2012, all ages 3410 3 4 X X X X X1
PCo
(Herndon et al. 2008), CT USA 1988-2001%, FU:2005, all ages 1577 5 X X KM X
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Paper, Data source? Country  Years of diagnosis, Follow-up length, Age  Sample size? SES indicator(s)3 Outcome Adjustment* Qs
(range)
Survival

e S

28 g 2

o S x 5 - v X @
Asia
(Yeole and Kumar 2004), PBC  India 1987-1991, FU: until 1996, all ages 1995 4 X 5 X X X X8
(REG)
(Yeole 2005), PBC (REG) India 1992-1994, FU: until 1999, all ages 1230 4 X 5 X X X X< 8
(Fujino 2007a), CoS Japan 1988-1990%, FU: 2003, 40-79 yrs 1098 3 X X X X 5
(Fujino 2007b), CoS Japan 1988-1990%2, FU: 2003, 40-79 yrs NA 6,3,4° X X X X 5
(Yim et al. 2012), RCo Korea 2000, FU: < 48 mths, all ages 261 3 X 3,KM X X X X X xm 7
(Chang et al. 2012), PGB (INS)  Taiwan 2002, FU: 5 years, all ages 4698 6 X 5KM X X X X X" 8

Abbreviations: CSS = Cause-specific survival; CoS = Cohort study; CT = Data from clinical trials; FU = Follow-up length; HR = Hazard ratio; mths =
months; INS = Insurance; KM = Study provided Kaplan-Meier-Curve(s) or other survival curves stratified by SES; NA = Not available; NL = The
Netherlands; NSCLC = Non-small cell lung cancer; OS = Overall survival; PBC = Population-based cohort; PCo = Prospective cohort; QS = Quality score;
RCo = Retrospective cohort; REG = Registry; RS =Relative survival; SEER = Surveillance, Epidemiology, and End Results Program; SES = Socioeconomic
status; Yrs = years of age; 'Data sources for survival data; 2Only lung cancer patients; 3Numbers indicate number of groups, excluding
unknown/missing; “Adjustment by stratification and standardization was also considered; if both model and survival rates were calculated, only
model adjustments are reported; °Study assessed two (three) indicators for occupation; ®Sample size: 114000 (all cancers); “Combination of
education and occupation; 8Study reported relative excess risk; °Sample size: 1180 (all cancers, only men); °Study included only non-smokers;
UEnrollment dates; 2Study start; 2Comorbidities, first-line treatment, performance status, period; PHistologic type/grade, period/year, sub-site;
‘Health services region, radiotherapy, surgery; “Histopathology, performance status, treatment; ®Period; 'Birth cohort, histology, performance
status; 8Comorbidity, marital status, pattern of care; "Alcohol, comorbidities, period, physical activity; ‘Race, comorbidity, insurance, health care
setting, histology, surgery, chemotherapy, radiotherapy; IMarital status, treatment; “Marital status, religion, treatment; 'Area of study; ™Family
history, out-patient-visits per month, performance status; "Comorbidities, hospital characteristics, treatment modality
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Table 7 Characteristics of included studies with aggregated measurements of socioeconomic status.

Paper, Data source? Country  Years of diagnosis, Follow-up Sample SES indicator(s)3 SES Level* Outcome Adjustment® Qs
length, Age (range) size?
Survival
[=
§ 3 o
.‘é g § x .E ] _g °
Europe
(Chouaid et al. 2017), RCo France 2011, FU: 2013, all ages 41115 4 Com- X 1,2 X X X x2 7
mune
(Jansen et al. 2014), PBC (REG) Germany 1997-2006, FU: 2006, NA 105688 5  District 5 X8 X X 8
(Aarts et al. 2015), PBC (REG) NL 2001-2012, FU: 2014, all ages 5428 4 PC X X 1 X X X X° 8
NSCLC
stage IV
(Louwman et al. 2010), PBC NL 1997-2006, FU: NA, all ages 12945 3 PC X 1 X X X X 8
(REG)
(Schrijvers et al. 1995a), PBC NL 1980-1989, FU: 1991, all ages 4591 5 PC X 5 X X X x¢ 8
(REG)
(Pollock and Vickers 1997), PBC  England 1987-1992, FU: 1992, 40-99 yrs 22842 10 ED 5,KM X X X 8
(REG)
(Schrijvers et al. 1995b), PBC England 1980-1989, FU: 1992, 30-99 yrs 40279 5 ED X 5 X X X X Xt 8
(REG)
(Berglund et al. 2012), PBC (REG) England 2006-2008, FU: 2009, 0-80+ yrs 15582 5 LSOA X 3,KM X X X X xf 8
(Nur et al. 2015), PBC (REG) England 2001-2005, FU: 2011, 15-99 yrs 145532 5 LSOA 1,5,10 X8 X X 8
KM
(Rachet et al. 2010), PBC (REG) England 1996-2006, FU: 2007, 15-99 yrs 303422 5 LSOA X’ X X X& 8
(Riaz et al. 2011), PBC England 2003-2007, FU: 2008, all ages 150939 5 LSOA 1 X X X" 7
(Rich et al. 2011), PBC England 2004-2008 (data entry), FU: 2008, 60059 5 LSOA X X X X X 8
all ages
(Coleman et al. 2001), PBC (REG) England/ 1971-1990, FU: 1995, all ages 144604 5 ED 1,5 X X 7
Wales
(Rachet et al. 2008), PBC (REG) England/ 1986-1999, FU: 2001, 15-99 yrs 392000 5 LSOA 5 X X8 6
Wales
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Paper, Data source? Country  Years of diagnosis, Follow-up Sample SES indicator(s)3 SES Level* Outcome Adjustment® Qs
length, Age (range) size?
Survival
< S
§ ek s £
o 3 3 5 = @ = @
(Sloggett et al. 2007), PBC England/ 1981-1997, FU: 2000, 245 yrs 4271 6 5 Ward/ X6 X X X 8
Wales IND
(Coleman et al. 2004), PBC (REG) England/ 1986-1990, FU: 2001, 15-99 yrs 107317 5  Electoral X’ X 7
Wales ward
(Campbell et al. 2000), PBC (REG) Scotland  1991-1995, FU: 1995, all ages 19449 5 OA 1 X 8
(Shack et al. 2007), PBC (REG) Scotland  1986-2000, FU: 2004, 15-99 yrs 20851 5 Postcode 5 X X X 8
sector
(lyen-Omofoman et al. 2011) UK 2000-2009, FU: 2009, all ages 12135 5 OA X X 1,5 X 6
2011, PCo
(O'Dowd et al. 2015), PCo UK 2000-2013, FU: 3 mths, 230 yrs 20142 5 OA 13 X 6
mth
(Cheyne et al. 2013), RCo UK 2008-2010, FU: NA, 31-97 yrs 1432 5 5 LSOA X 1 X 4
(Ellis et al. 2014), PBC (REG) UK 2001-2005, FU: 2009, 235 yrs 145206 5 LSOA 1,5 X’ X X 8
(Forrest et al. 2015), PBC (REG) UK 2006-2009, FU: > 2 yrs, all ages 22967 5 LSOA 2 X 8
(Jack et al. 2006), PBC (REG) UK 1998, FU:NA, all ages 695 5 Ward 1 X 8
(Vercelli et al. 2006), PBC (REG)  Europe 1990-1994, FU: > 5 yrs, 65-84 yrs 657541 X8 Country 5 X X 7
(Evans and Pritchard 2000), PBC  Europe/U Europe: 1983-1985, USA: 1983- 10 X8 Country 5 X X X 8
SA 1989, FU: 1995,0-84 yrs countries
Canada/USA
(Mackillop et al. 1997), PBC Canada 1982-1991, FU: NA, Age: NA 357530 all 5 Postal X 5,KM X X X X< 8
(REG) cancers code
(Booth et al. 2010), PBC (REG) Canada 2003-2007, FU: > 1 year, Age: NA 12276 5 Com- X 3,5 X X X X 8
NSCLC munity
(Dabbikeh et al. 2017), PBC (REG) Canada 1993-2009, FU: 2013, all ages 122889 5 5 EA/DA X 5 X X X 8
(Boyd et al. 1999), PBC Canada/U 1987-1992, FU: 1994, >20 yrs NA° 5 USA: X 5,KM X X X X8 8
(REG/SEER) SA CeT,
Canada:
EA
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Paper, Data source? Country  Years of diagnosis, Follow-up Sample SES indicator(s)3 SES Level* Outcome Adjustment® Qs
length, Age (range) size?
Survival
c
§ 4 3 c 5
® £ 2 x K o = -
Q > - ()
(Gorey et al. 1997), PBC Canada/U Canada:1986-1992, FU: 1993, >25 Canada: 3 CeT 1,5% X 8
(REG/SEER) SA yrs 58202
USA:1984, FU: 1991, 225 yrs USA:
76055
(Zhang-Salomons et al. 2006), Canada/U Canada:1989-1993, FU: 1998, >25 Canada: 5 CeT X 5 X X X 8
PBC (REG/SEER) SA yrs 8209,
USA: 1988-1992, FU: 1997, USA:
225 yrs 15261
(Gomez et al. 2016), PBC (REG) USA 2000-2010, FU: 2012, all ages 3832 5 CBG X X X X X X X 8
Chinese
ethnicity
(Hastert et al. 2015), PBC (SEER) USA 2000-2002, FU: 2010, 50-76 yrs 52186 4 5 5 CBG X X X X" 8
(Lara et al. 2017), PBC (REG) USA 1998-2012, FU: 2013, all ages 22863 2 CBG X X X X X X" 8
SCLC
(Ou et al. 2007), PBC (REG) USA 1989-2003, FU: median 53 mths, 197021 5 CBG X X X X xN 8
all ages NSCLC,
stage |
(Ou et al. 2008), PBC (REG) USA 1989-2003, FU: median 53 mths, 19702 5 CBG X X 5KM X X X X 8
all ages NSCLC,
stage |
(Ou et al. 2009), RCo USA 1991-2005, FU: > 77 mths, all ages 3428 ED- 5 CBG X X 1,2 X X X X Xr 7
SCLC
(Caposole et al. 2014), PBC (REG) USA 1998-2012, FU:>12 yrs, all ages 3531 4 CeT X X 6
NSCLC
(Erhunmwunsee et al. 2012), PBC USA 1995-2007, FU: > 2 yrs, 20-105 yrs 4820 2 2 CeT X 6,KM X 5
(REG) NSCLC
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Paper, Data source? Country  Years of diagnosis, Follow-up Sample SES indicator(s)3 SES Level* Outcome Adjustment® Qs
length, Age (range) size?
Survival
c
§ 4 3 c 5
® £ 2 x K o = -
Q > - ()
(Greenwald et al. 1994), PBC USA 1980-1982, FU: 1987, Mean age 78 (NSCLC, X Multi-level X X X 8
(REG) 67.6 yrs stage Il) (CeT+
IND)
(Greenwald et al. 1998), PBC USA 1978-1982, FU: 2 10 yrs, <75 yrs 5132 10 CeT X 5 X X X X4 8
(SEER) NSCLC
(Johnson et al. 2014), PBC (REG) USA 2000-2009, FU: 2011, 50-85 yrs 32711 4 4 CeT X X X X X X 8
NSCLC
(Johnson et al. 2016), PBC (REG) USA 2000-2009, FU: 2012, 30-85 yrs 8322 early 4 4 CeT X X X X 8
stage
NSCLC
(Lara et al. 2014), PBC (REG) USA 1998-2009, FU: 2011, 114451 3 CeT X X X X X X Xt 8
all ages NSCLC
(Lipworth et al. 1970), PBC (REG) USA 1959-1963, FU: 3 yrs, 246 2 CeT 1,3 X X 5
all ages
(Niu et al. 2010), PBC (REG) USA 1986-1999, FU: 2004, all ages 64206 4 CeT X 5 X X X X X4 8
(Shugarman et al. 2008), PBC USA 1995-1999, FU: NA, > 65 yrs 26073 3 CeT X X X X X 7
(SEER)
(Tannenbaum et al. 2014), PBC USA 1996-2007, FU: > 3 yrs, 18-104 yrs 98541 4 CeT X X 135 X X X X Xxv 8
(REG) NSCLC KM
(Yang et al. 2010), PBC (REG) USA 1998-2002, FU: 2006, all ages 97046 4 CeT X X KM X X X X X X< 8
(Yu et al. 2014), PBC (SEER) USA 2000-2002, FU: 2 5 yrs, Age: NA 97046 5 CeT X 7
(Khullar et al. 2015), PBC (NCDB) USA 2003-2006, FU: NA, Mean 66.0 yrs 92929 4 4 Zip code X KM X X X X X 8
+SD 10.33 yrs NSCLC
(McMillan et al. 2017), PBC USA 2004-2012, FU: 2013, all ages 14154 2 Zip code X X X X Xt 8
(NCDB) NSCLC,
stage lll
(Melvan et al. 2015), PBC (NCDB) USA 2003-2011 (resection date), FU: 30 215645 4 4 Zip code 30day X 6
days, 2 60 yrs NSCLC

40



Results

Paper, Data source? Country  Years of diagnosis, Follow-up Sample SES indicator(s)3 SES Level* Outcome Adjustment® Qs
length, Age (range) size?
Survival
< S
§ ek s £
o 3 3 5 = @ = @
(Wen and Christakis 2005), PBC  USA 1993, FU: 1999, all ages NA X1 Zipcode X X 6
(REG)
(Wang et al. 2017a), PBC (SEER)  USA 1983-2012, FU: NA, 30-75+ yrs 293471 3 County X 1 X X X X 8
NSCLC
(Wang et al. 2017b), PBC (SEER)  USA 1983-2012, FU: NA, all ages 56220 3 County X 1,2,3,5 X X X X4 8
SCLC
Australia/New Zealand
(Bonett et al. 1984), PBC (REG) Australia  1977-1982, FU: 1983, all ages 2934 X CcD X X 8
(Hall et al. 2004), PBC Australia  1982-1996, FU: > 5 yrs, all ages 9080 5 CD X 5 X X X XA 8
(Tervonen et al. 2017), PBC (REG) Australia  2000-2008, FU: 2008, all ages 26415 5 CD/SLA X X X X X8 8
(Currow et al. 2014), PBC (REG)  Australia  2003-2007, FU: 2008, all ages 3040 5 POA X X X X0 8
NSCLC
(Denton et al. 2017), PCo Australia  2001-2014 (case discussion), FU: 2369 5 POA X 5 X X X X XE 7
NA, Mean age 68 + 11 (SD) yrs
(Hui et al. 2005), PBC (REG) Australia 1996, FU: >4 yrs, 32-91 yrs 526 5 POA X KM X X 6
(Stanbury et al. 2016a), PBC Australia  1991-2008, FU: 2008, 15-89 yrs 33942 5 LGA 5 X8 X X X xXF 8
(REG)
(Yu et al. 2008), PBC (REG) Australia  1992-2000, FU: 2001, 15-89 yrs 15251 5 LGA 5 Xe X X X xF 8
(Jeffreys et al. 2009), PBC (REG) Nz 1994-2003, FU: 2004, 15-99 yrs 13643 4 MB X’ X 7
(Sutherland and Aitken 2008), NZ 1997-1999, FU: 2 5 yrs,27-92yrs 102 10 MB X12 X 4
RCo
(Haynes et al. 2008), PBC NZ 1994-2001, FU: 2004, 12420 4 CAU X X X X X¢ 8
Mean age 69 yrs
Asia
(Ito et al. 2014), PBC (REG) Japan 1993-2004, FU: > 5 yrs,Age:NA 39621 5 Cho-Aza 1,5 x13 X xt 7
(Kwak and Kim 2017), PBC (REG) Korea 2010-2011, FU: 2014, all ages 1426 4  Dong X 1,35 X X X X X Xt 8
(Kwak 2017), PBC (REG) Korea 2000-2011, FU: 2013, all ages 13801 4  Dong X X 123 X X X 8
KM
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Abbreviations: BMI = Body mass index; CAU = Census Area Unit; CBG = Census block group; CD = Census Collection District; CeT = Census tract; CSS = Cause-
specific survival; DA = Dissemination area; EA = Enumeration area; ED = Enumeration district; ED-SCLC = Extensive disease small-cell lung cancer; FU = Follow-up
length; HR = Hazard ratio; IND = Individual; IQR = Inter quartile range; KM = Study provided Kaplan-Meier-Curve(s) or other survival curves stratified by SES; LGA
= Local Government Area; LSOA = Lower Super Output Area; MB = Meshblock; mth(s) = month(s); NA = Not available; NCDB = National Cancer Data Base (American
Cancer Society); NL = The Netherlands; NSCLC = Non-small cell lung cancer; NZ = New Zealand; OA = Output area; OS = Overall survival; PBC = Population-based
cohort; PC = Postal code; PCo = Prospective cohort; POA = Postal code area; QS = Quality score; RCo = Retrospective cohort; REG = Registry; RS =Relative survival;
SCLC = Small-cell lung cancer; SEER = Surveillance, Epidemiology, and End Results Program; SES = Socioeconomic status; SLA = Statistical Local Area; UK = United
Kingdom; wks = Weeks; yrs = Years of age; 'Data sources for survival data; 20Only lung cancer patients; 3Numbers indicate humber of groups, excluding
unknown/missing; *Indicates abbreviated name of area-level; ®> Adjustment by stratification and standardization was also considered; if both model and survival
rates were calculated, only model adjustments are reported; °Study reported relative excess risk; ’Study reported deprivation gap; 8Rank order of % Gross
domestic product expenditure on health; °Sample size for all cancers: USA n = 486327, Canada n = 187650; °Study reported survival rate ratios; !SES index has
been measured on a continuous scale; ?Survival rate: 6 weeks, 3 and 6 months, 1, 2, and 5 years, according to correspondence with author; *Study reported net
survival; “Studies included same patient population; *Comorbidities, population density; "Chemotherapy, comorbidity, grade, histology, location of metastasis,
period; ‘Presence of concomitant diseases; “Follow-up period, histology, treatment; Follow-up period, period of diagnosis; ‘{Comorbidity, resection, radiotherapy,
chemotherapy; &Year of diagnosis; "Urban/rural; Histology, performance status; IMarital status, north/south geographic zone, period of diagnosis, year of follow-
up; “Cancer center catchment area, year of diagnosis; 'Cancer center, chemotherapy, health insurance, histologic subtype, marital status, nativity, neighborhood
ethnic enclave, radiation, surgery type, urban/rural, year of diagnosis; ™Race/ethnicity, marital status; "Race, treatment, urban/rural, year of diagnosis;
°Chemotherapy, ethnic origin, histologic grade, histology, marital status, radiation, surgery, tumor lobar location; PChemotherapy, ethnicity, marital status,
radiation, surgery; 9Race, surgery; "Race, treatment, tumor grade; *Elderly concentration, place of residence, race, racial segregation, random census tract effect,
surgery, tumor grade; 'Histology, race, treatment, urban/rural, year of diagnosis; “Race; YUrban/rural, race, marital status, Medicaid, comorbidity, year of
diagnosis, treatment, English speaking, health professional shortage area, health care provider supply characteristics; YComorbidities, geographic location, grade,
histological type, hospital volume, insurance status, lymph node status, marital status, race/ethnicity, teaching hospital, treatment; *Comorbidities, grade,
insurance, lymph node status, race/ethnicity, tumor size, histology, surgery, radiation, chemotherapy; YComorbidity, facility type, grade, histology, insurance,
lymph nodes, primary tumor site, race, radiation before surgery, surgery, urban/rural, year of diagnosis; “‘Comorbidity, distance between residence and hospital,
facility type, grade, histology, insurance, race , TN classification, tumor location, tumor size, chemotherapy, radiation fractions, radiation treatment time;
ACalendar period, comorbidity, histology, indigenous status, insurance status, location/status of hospital, marital status, remoteness, surgical status; BCountry of
birth, remoteness, year of diagnosis; °Comorbidity, country of birth, histology, insurance status, local health districts, lung location, remoteness, resection; tPlace
of residence; "Follow-up year; ®Ethnic group, travel to primary care, travel to cancer center; "Period of diagnosis; "BMI, diagnosis path (by regular checkup, by
chance, by symptom), drinking; NChemotherapy, ethnic origin, histologic grade, histology, radiation, surgery, tumor lobar location, tumor size, period of diagnosis
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3.1.2 Association of individual SES and survival — modelling results

Detailed modelling results for all studies with individual measures are displayed in Table Al,

Appendix. The majority of studies adjusted for age, gender, stage, and treatment. Three

studies adjusted for smoking (Aarts et al. 2013; Berglund et al. 2010; Clement-Duchene et al.

2016) (Table 6). Overall, there was no consistent difference in survival between studies with

different levels of adjustment for prognostic factors (Figure 8).

First author, year, subgroup, country

Hazard Ratio (95% Confidence Interval)

Individual education

Berglund 2010 NSCLC Sweden
Hussain 2008 women Sweden
Hussain 2008 men Sweden

Dalton 2015 low stage Denmark
Dalton 2015 high stage Denmark
Kravdal 2000 women Norway

Kravdal 2000 men Norway

Aarts 2013 NSCLC The Netherlands
Pagano 2010 early stage NSCLC ltaly
Pagano 2010 advanced stage NSCLC Italy
Clement-Duchene 2016 USA

Yeole 2004 India

Yeole 2005 India

Random effects model (1?’=54.76%, p=0.02)
Individual income

Berglund 2010 NSCLC Sweden
Dalton 2015 low stage Denmark
Dalton 2015 high stage Denmark
Clement-Duchene 2016 USA

Chang 2012 age <65 years Taiwan
Chang 2012 age >=65 years Taiwan
Yim 2012 Korea

Random effects model (1*=0.00%, p=0.81)

T hJiII e LI LI rEypl—

0.98 (0.84, 1.15)
1.12 (1.00, 1.28)
1.15 (1.04, 1.27)
1.00 (0.88, 1.15)
1.05 (0.98, 1.13)
0.87 (0.75, 1.01)
1.22 (1.08, 1.39)
0.90 (0.50, 1.50)
1.01 (0.84, 1.21)
0.87 (0.73, 1.04)
0.61 (0.34, 1.10)
1.09 (0.82, 1.45)
0.96 (0.66, 1.41)

1.03 (0.96, 1.10)

112 (1.03, 1.20)
1.18 (0.99, 1.42)
1.12 (1.05, 1.19)
1.19 (0.65, 2.17)
1.23 (1.00, 1.52)
1.03 (0.76, 1.41)
1.46 (0.99, 2.14)

1.13 (1.08,1.19)

0.25 115 3

Hazard ratio (log scale)

Figure 8 Meta-analyses of studies on the association of individual education / income
(reference: high income/education) and survival after lung cancer. Abbreviation: NSCLC, non-
small cell lung cancer. Kravdal 2000: highest educational group, men = 17+ years, women =
13-17+ years. Chang 2012: high income category = high individual AND high neighborhood
income (reference), low income category = low individual AND low neighborhood income.

For individual education (Figure 8), nine studies (Aarts et al. 2013; Berglund et al. 2010;
Clement-Duchene et al. 2016; Dalton et al. 2015; Hussain et al. 2008; Kravdal 2000; Pagano et
al. 2010; Yeole 2005; Yeole and Kumar 2004) were included in the meta-analysis. The summary

estimate from the random effects model revealed no association between education and lung
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cancer survival (HR 1.03, 95 % Cl 0.96-1.10). The results of these studies were rather
heterogeneous (I = 54.76 %, p = 0.02). A stratified meta-analysis by stage at diagnosis was
possible with three studies (Berglund et al. 2010; Dalton et al. 2015; Pagano et al. 2010), but
no significant associations were observed (early stage: HR 1.03, 95 % Cl 0.92-1.15; late stage:
HR 0.94, 95 % Cl1 0.81-1.08; Figure A1, Appendix). Stratified meta-analyses were conducted for
studies that included stage, smoking or treatment in Cox models (Figures A2, A3, and A4,
Appendix). These analyses showed smaller effect estimates in studies that adjusted for stage
(stage adjustment: HR 1.00, 95 % Cl 0.92-1.08; no stage adjustment: HR 1.14, 95 % ClI 1.05-
1.23, Figure A2, Appendix) or smoking status (smoking adjustment: HR 0.91, 95 % C1 0.72-1.14;
no smoking adjustment: HR 1.04, 95 % Cl 0.97-1.12, Figure A3, Appendix), but Cls were wide
and overlapping. Stratified meta-analyses by studies that included treatment in Cox models
did not suggest a difference in effect estimates (Figure A4, Appendix). Three studies (Di Maio
et al. 2012; Fujino 2007a; Herndon et al. 2008) were not included in the meta-analysis because
of low scores for quality assessment. A sensitivity analysis was conducted by including these
three studies into the meta-analysis. Results were similar to the main analysis (HR 1.05, 95 %

Cl 0.99-1.12, Figure A5, Appendix).

For individual income (Figure 8), five studies (Berglund et al. 2010; Chang et al. 2012; Clement-
Duchene et al. 2016; Dalton et al. 2015; Yim et al. 2012) were included in the meta-analysis
showing a lower survival after lung cancer diagnosis for patients in the lowest income group
compared to patients in the highest income group (HR 1.13, 95 % CI: 1.08-1.19). The studies
were homogeneous (1> = 0.00%, p = 0.81). All studies included in the meta-analysis of
individual income adjusted for stage (Table 6). A stratified meta-analysis by smoking
adjustment gave similar estimates as for the main analysis (smoking adjustment: HR 1.12, 95 %
Cl 1.03-1.22; no smoking adjustment: HR 1.14, 95 % Cl 1.07-1.20, Figure A6, Appendix).
Exclusion of one study not adjusting for treatment (Yim et al. 2012) resulted in a marginal
change of estimate (HR 1.13, 95 % Cl 1.08-1.18, Figure A7, Appendix). One study was not
included in the meta-analysis because of reporting on a continuous scale (Greenwald et al.
1994) and indicated an association between higher income and lower risk of death after lung

cancer diagnosis (Table A1, Appendix).

Individual occupation was investigated in three studies (Berglund et al. 2010; Fujino 2007b;

Kravdal 2000) (Table A1, Appendix). As the measures were very heterogeneous, a meta-
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analysis was not possible. In summary, no lower survival with decreasing SES was reported for
occupational groups. Fujino (Fujino 2007b) conducted analyses stratified by gender and
reported a higher risk of dying after lung cancer diagnosis for housewives (women) and
unemployed women compared to employed women but he did not consider other
confounding factors besides gender. Kravdal (Kravdal 2000) stratified occupational groups by
education and reported for the low educational group a lower risk of death in non-manual
occupations and a lower survival in farmers compared to manual occupations within the same
educational group (Table Al, Appendix). High-level non-manual occupations with medium

education had a lower risk compared to low educated manual occupations (Kravdal 2000).

No study reported HRs for the association between an individually measured SES index and

lung cancer survival (Table 6).
3.1.3 Association of area-based SES and survival — modelling results

Characteristics of SES exposure of most studies on area-based SES measurements were too
heterogeneous to conduct meta-analyses. However, for studies reporting HRs for SES group
comparisons, the HRs for low SES versus high SES (reference) are shown in Figure 9
(education), 10 (income) and 11 (index), sorted by region and area-level (small to large).
Figure 12 additionally displays a meta-analysis for studies on area-based income from the US.
Ten studies were not displayed in figures because they did not report Cls (Dabbikeh et al. 2017;
Haynes et al. 2008; Shugarman et al. 2008; Zhang-Salomons et al. 2006), did not show results
(Bonett et al. 1984), assessed SES on a continuous scale (Greenwald et al. 1994; Greenwald et
al. 1998; Ou et al. 2007; Wen and Christakis 2005) or did not use low or high SES as reference

category (Boyd et al. 1999). Results of all studies are reported in detail in Table A2, Appendix.

Three studies (Johnson et al. 2014; Johnson et al. 2016; Khullar et al. 2015) investigated area-
based measurements of education and all reported a lower survival after lung cancer diagnosis
in areas with the lowest education levels (Figure 9, Table A2, Appendix). All studies adjusted
for age, sex and stage at diagnosis and included patients diagnosed with NSCLC residing in the
USA. The extent of the association did not depend on the size of area-level (Figure 9). Results
of area-based studies were more homogeneous and reported stronger associations compared

to studies investigating individual education.
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First author, year, subgroup Hazard Ratio (95% Confidence Interval)

USA
Census tract (1500-8000 residents)

Johnson 2014 stage I+Il NSCLC = 1.36 (1.24, 1.50)

Johnson 2014 stage Il NSCLC H—! 1.13 (1.02, 1.25)
Johnson 2016 early stage NSCLC : [ 1.30 (1.16, 1.46)

Zip code (30000 residents)
Khullar 2015 NSCLC Y 1.11 (1.08, 1.16)
I \ T 1
075 1 15 3
Hazard ratio (log scale)

Figure 9 Association of area-based education (reference: high education) and survival after
lung cancer. Order: small to large area level. NSCLC = non-small cell lung cancer.

First author, year, subgroup 7 Hazard Ratio (95% Confidence Interval)

United Kingdom
Lower super output area (median 1500 residents)

Berglund 2012 early stage NSCLC h—l—« 1.24 (0.98, 1.56)
Berglund 2012 stage llI - 1.16 (1.01,1.34)
Berglund 2012 adv. stage/SCLC Pme 1.12 (1.05, 1.20)
Canada i

Postal code (mean 50 residents) F

Mackillop 1997 Do 1.13 (1.06, 1.22)
Electoral enumeration area (650 residents)

Booth 2010 NSCLC ey 1.09 (1.02, 1.16)
USA :

Census tract (1500-8000 residents) :

Johnson 2014 stage |+1l NSCLC »—-i—< 1.03 (0.94, 1.12)
Johnson 2014 stage Ill NSCLC D 1.12 (1.03, 1.23)
Johnson 2016 early stage NSCLC ——— 1.06 (0.94, 1.18)
Niu 2010 Men : —a— 1.23 (1.15,1.31)
Niu 2010 Women S 1.18 (1.09, 1.28)
Tannenbaum 2014 NSCLC DoFm 1.15 (1.10, 1.19)
Yang 2010 s 1.05 (1.02, 1.09)
Zip code (30000 residents) ;

Khullar 2015 NSCLC s 1.08 (1.03,1.13)
McMillan 2017 stage Il NSCLC i 1.06 (1.01,1.12)
County (90000 residents)

Wang 2017a NSCLC u 1.06 (1.06, 1.07)
Wang 2017b SCLC im 1.07 (1.06, 1.08)

0.75 1 125 3

Hazard ratio (log scale)

Figure 10 Association of area-based income (reference: high income) and survival after lung
cancer. Order: small to large area level. NSCLC = non-small cell lung cancer; SCLC = small cell
lung cancer.

The association between area-based income and lung cancer survival was investigated in 19
studies (Berglund et al. 2012; Bonett et al. 1984; Booth et al. 2010; Boyd et al. 1999; Dabbikeh
et al. 2017; Greenwald et al. 1994; Greenwald et al. 1998; Johnson et al. 2014; Johnson et al.
2016; Khullar et al. 2015; Mackillop et al. 1997; McMillan et al. 2017; Niu et al. 2010;

Shugarman et al. 2008; Tannenbaum et al. 2014; Wang et al. 2017a; Wang et al. 2017b; Yang
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et al. 2010; Zhang-Salomons et al. 2006). Twelve studies displayed in Figure 10 in general show
a lower survival for the lowest income group compared to the highest group (range: HR 1.03-
1.24, Figure 10). Estimates of seven studies (Berglund et al. 2012; Johnson et al. 2014; Johnson
et al. 2016; Khullar et al. 2015; Niu et al. 2010; Tannenbaum et al. 2014; Yang et al. 2017)
adjusting for stage at diagnosis were similar to estimates of studies not adjusting for stage
(Table 7, Figure 10). The meta-analyses of six US studies (Johnson et al. 2014; Khullar et al.
2015; Niu et al. 2010; Tannenbaum et al. 2014; Wang et al. 2017a; Wang et al. 2017b) revealed
a slightly larger summary estimate for the smaller area-level of CeTs (HR 1.15, 95 % ClI 1.09-
1.21, Figure 12) than for the two larger area-levels zip code and county (zip code: HR 1.08,
95 % Cl 1.03-1.13; county: HR 1.06, 95 % Cl 1.06-1.07, Figure 12). However, not all of these
studies adjusted for stage, which hampers their comparability. Two studies had been excluded
from this meta-analysis due to overlapping study populations. The study by McMillan et al.
(McMillan et al. 2017) has overlapping population with the study by Khullar et al. (Khullar et
al. 2015). It was decided to include Khullar et al. (Khullar et al. 2015) in the meta-analysis as
all stages were analyzed compared to McMillan et al. (McMillan et al. 2017) which included
solely patients diagnosed with stage Ill. The study by Yang et al. (Yang et al. 2010) was excluded
because there is overlapping population with the study by Tannenbaum et al. (Tannenbaum
et al. 2014). Although Tannenbaum et al. (Tannenbaum et al. 2014) included solely patients
diagnosed with NSCLC, they included a longer period of diagnosis compared to Yang et al.

(Yang et al. 2010).

The majority of studies reported lower survival in lower income areas (Table A2 Appendix).
Twenty-two studies reported HRs on the association between an area-based SES index
measure and lung cancer survival (Table A2, Appendix). Group comparisons of eighteen
studies showed significant associations between lower income areas and a lower survival after
lung cancer diagnosis in ten studies (Chouaid et al. 2017; Gomez et al. 2016; Hastert et al.
2015; Kwak 2017; Lara et al. 2017; Lara et al. 2014; O'Dowd et al. 2015; Ou et al. 2008;
Schrijvers et al. 1995a; Tervonen et al. 2017), with a range of HR 1.05-2.21 (Figure 11). Nine
studies (Denton et al. 2017; Gomez et al. 2016; Kwak and Kim 2017; Lara et al. 2017; Lara et
al. 2014; Ou et al. 2007; Rich et al. 2011; Schrijvers et al. 1995b; Tervonen et al. 2017) adjusted
for stage at diagnosis (Table 7). Notably, no study reported an HR below 1.00. Within-country
comparisons did not reveal a tendency for larger or smaller estimates depending on the size

of the area-level (Figure 11).
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First author, year, subgroup Hazard Ratio (95% Confidence Interval)

Europe

The Netherlands: postal code (8-17 households) :

Aarts 2015 NSCLC stage IV L 1.09 (1.02, 1.18)

Louwman 2010 Men —— 1.11 (1.00, 1.20)

Louwman 2010 Women —— 1.09 (1.00, 1.20)

Schrijvers 1995a P 1.16 (1.03, 1.31)

UK: output area (150 households) i

lyen-Omofoman 2011 —m— 1.01 (0.94, 1.09)

UK: enumeration district (400 households) i

Schrijvers 1995b - 1.11 (1.00, 1.23)

UK: lower super output area (mean 1534 residents)

Rich 2011 -—-—« 1.00 (0.95, 1.06)

France: commune (mean 1815 residents)

Chouaid 2017 2-year survival metastatic disease —.— 1.19 (1.13,1.25

Chouaid 2017 2-year survival non-metastatic disease : —a— 1.21 (1.13,1.30

USA

Census block group (1070 residents) i

Gomez 2016 Men — 1.16 (0.98, 1.38)

Gomez 2016 Women H — 1.38 (1.10,1.72)

Hastert 2015 H . 2.21 (1.69, 2.90)

Lara 2017 SCLC HE S 1.05 (1.02, 1.09)

Ou 2007 NSCLC stage 1A H i 1.27 (1.13,1.43

Ou 2007 NSCLC stage IB : —— 1.34 (1.22, 147

Ou 2008 NSCLC stage | H —a— 1.29 (1.19, 1.38)

Census tract (1500-8000 residents)

Lara 2014 NSCLC P 1.11 (1.08, 1.12)

Australia

Collection district (200-300 households) !

Hall 2004 [ — 1.05 (0.93,1.20

Tervonen 2017 H - 1.21 (1.15,1.27

Postal code area (median 3708 residents) H

Currow 2014 NSCLC H—— 1.24 (0.97, 1.59)

Denton 2017 —_—— 1.10 (0.89, 1.30)

Statistical local area (21000 residents) H

Tervonen 2017 e 1.14 (1.08,1.19)

Asia i

Korea: dong (24723 residents) i

Kwak 2017a —— 1.06 (0.87,1.30)

Kwak 2017b —a— 1.08 (1.01,1.15)
0.75 1 1.5 3

Hazard ratio (log scale)
Figure 11 Association of area-based index measures (reference: high socioeconomic group)
and survival after lung cancer. Order: region and small to large area level. NSCLC = non-small
cell lung cancer; SCLC = small cell lung cancer; UK = United Kingdom.

First author, year, subgroup Hazard Ratio (95% Confidence Interval)

Census tract (1500-8000 residents)

Johnson 2014 stage I+l NSCLC I——l—( 1.03 (0.94,1.12)
Johnson 2014 stage Il NSCLC —=— 1.12 (1.03, 1.23)
Niu 2010 Men = 1.23 (1.15,1.31)
Niu 2010 Women ; = 1.18 (1.09, 1.28)
Tannenbaum 2014 NSCLC - 1.15 (1.10, 1.19)

&

Random effects model for census tract (1500-8000 residents) 1.15 (1.09, 1.21)

Zip code (30000 residents)

Khullar 2015 NSCLC () 1.08 (1.03,1.13)

County (90000 residents)

Wang 2017a NSCLC L} 1.06 (1.06, 1.07)

Wang 2017b SCLC [] 1.07 (1.06, 1.08)
Random effects model for county (90000 residents) [] 1.06 (1.06, 1.07)
r I T 1
0.75 1 1.25 3

Hazard ratio (log scale)
Figure 12 Meta-analysis of studies from the United States on the association of area-based
income (reference: high income) and survival after lung cancer. Order: small to large area
level. NSCLC = non-small cell lung cancer; SCLC = small cell lung cancer.
48



Results

The majority of studies adjusted for age, gender and stage. Two income studies (Tannenbaum
et al. 2014; Yang et al. 2010) and two SES index studies (Kwak and Kim 2017; Ou et al. 2009)
included smoking status in their models (Table 7). The latter two studies reported slightly

lower estimates than studies without adjustment for smoking (Table A2, Appendix).
3.1.4 Combined effects of individual and area-based SES — modelling results

Two studies investigated both individual and area-based SES (Greenwald et al. 1994; Hastert
et al. 2015). However, only one study investigated directly combined effects of individual and
area-based income (Greenwald et al. 1994). These analyses are based on a population size of
N=78 patients with stage Il NSCLC and showed a significantly lower survival only for higher
individual income. In the combined model, the area-level variable did not add any explanatory
power to the model including individual income (Greenwald et al. 1994) (Table A2, Appendix).
The other study analyzed area-based SES with adjustment for individual SES in the Cox model
(Hastert et al. 2015). The study reported a significant association between lower area-level
SES and lung cancer survival in both models with and without adjustment for individual SES
(Hastert et al. 2015). The estimate of the model including individual SES adjustment was
considerably smaller (including individual SES: HR 1.43, 95 % Cl 1.07-1.91; without individual
SES: HR 2.21, 95 % Cl 1.69-2.90).

3.1.5 SES and survival time, survival rate and other survival measures

Overall, 67 studies reported median survival time or survival rates after lung cancer stratified
by SES. Fifteen and 52 studies used an individual or area-based SES measure, respectively.
Nine individual and 45 area-based SES studies reported lower lung cancer survival in lower SES
groups. The remaining 6 individual (Aarts et al. 2013; Grivaux et al. 2011; Herndon et al. 2008;
Pastorino et al. 1990; Yeole 2005; Yeole and Kumar 2004) and 9 area-based studies (Chouaid
et al. 2017; Coleman et al. 2001; Evans and Pritchard 2000; Jeffreys et al. 2009; Kwak and Kim
2017; Rachet et al. 2008; Shack et al. 2007; Vercelli et al. 2006; Yu et al. 2008) reported no

difference or no gradient across socioeconomic categories in survival time or survival rates.

One individual study (Skyrud et al. 2016) and four area-based studies (Jansen et al. 2014;
Sloggett et al. 2007; Stanbury et al. 2016a; Yu et al. 2008) calculated the RER and indicated a
lower risk for higher SES groups. Eight area-based studies (Coleman et al. 2001; Coleman et al.

2004; Ellis et al. 2014; Ito et al. 2014; Jeffreys et al. 2009; Rachet et al. 2010; Rachet et al. 2008;
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Shack et al. 2007) used the deprivation gap which indicates the survival difference between
the highest and lowest SES group and is mostly used in the UK. All of these studies reported a
negative deprivation gap, meaning that the highest SES group has a higher survival rate than

the lowest SES group.
3.1.6 Risk of bias

Table A3 (Appendix) displays the risk of bias assessment for included studies according to a
modified NOS. Overall, the mean quality scores of individual and area-based studies were
rather in line, both ranging from 7-8 out of 8 points. As the majority used data of national or
regional cancer registries, many studies scored high within the categories selection and
outcome, representing for example adequacy of follow-up or representativeness of study

population.

Both funnel plots for the meta-analyses of individual education and income studies did not
reveal any asymmetry (Education: Begg’s test p = 0.13, Egger’s test p = 0.07, Figure A8,
Appendix; income: Begg’s test p = 0.38, Egger’s test p = 0.34, Figure A9, Appendix). The funnel
plot of individual education analysis appeared to be cylindrical which might be due to the

larger heterogeneity between these studies (Figure 8 and Figure A8, Appendix).
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3.2 Overview analysis of data from epidemiological cancer registries in Germany®

In total, records of 2,333,547 cases were included in the overview analysis of epidemiological
cancer registries (Figure 2, Table 8). Table 8 shows characteristics of the study population
according to the area-based socioeconomic deprivation of their municipalities. The proportion
of DCO cases was similar across area-based socioeconomic deprivation quintiles. Patients
resident in the least deprived municipalities were slightly younger (67 years) and showed a
marginally higher proportion of microscopically confirmed cases (97.3 %) compared to all

other patients.

For all cancer sites combined, there was a gradient across area-based socioeconomic
deprivation quintiles in 5-year age-standardized RS (Table 9, Table 10). This clear survival
gradient was also present for stomach, colorectal, and prostate cancer. Compared to the least
deprived GIMD quintile (Q1), the most deprived quintile (Q5) had a lower five-year RS for 17
of 25 cancer sites and for all cancer sites combined (RER 1.16, 95 % CI 1.14-1.18). Adjusting
for stage at diagnosis attenuated the association for eight out of 17 cancer sites, but increased

effect estimates for cancers of the oral cavity, lung, breast, ovary, testis, and bladder.

Table 11 shows subgroup analyses of 5-year RS for female breast, prostate, colorectal, and
lung cancer stratified by age group, stage, and sex (where applicable). The association of lower
survival in the most deprived group was stronger for younger patients for breast and prostate
cancer but comparable across age groups for colorectal and lung cancer. However, after
adjustment for stage, the age difference resolved for prostate cancer but became apparent
for CRC. In general, adjusting for stage attenuated the associations in prostate and CRC but
increased effect estimates for breast cancer. In colorectal and lung cancer, associations were
stronger in male patients. Associations were weakest in advanced stage in prostate,
colorectal, and lung cancer but not in breast cancer. Restricting the analyses to patients with
available stage information attenuated the association in prostate, colorectal, and lung cancer

but increased effect estimates in younger breast cancer patients (Table 12).

Table 13 shows RERs estimates for 3-month, 1-year and 5-year conditional on 1-year survival
for the most deprived compared to the least deprived quintile adjusted for age and for age

and stage. Tables 14, 15, and 16 show the corresponding RS rates. With adjustment for age,

The different parts of this chapter are based on and were presented in the article Finke, Behrens et
al. 2021. The author’s contribution to the different parts is declared in section 7.1.
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association strengths weakened continuously from 3-month to 1-year to 5-year conditional
on 1-year survival for 16 of 25 cancer sites. For all cancer sites combined, the RER decreased
from 1.31to 1.19 to 1.12. With additional adjustment for stage, this pattern was observed for
14 out of 20 cancer sites with RERs decreasing for all cancers combined from 1.36 to 1.18 to

1.14.

Table 17 compares 5-year RS rates and RER for the most and the least deprived quintiles
between the periods 2003-2005 and 2012-2014. The association was slightly attenuated from
the earlier to the most recent period for most cancer sites and all cancer sites combined (2003-
2005: RER 1.20, 95 % Cl 1.18-1.23; 2012-2014: RER 1.16, 95 % CI 1.14-1.18). In Figure 13,
differences in 5-year RS rates across GIMD quintiles are shown for lung, breast, colorectal, and
prostate cancer for the periods from 2003-2005 to 2012-2014. In general, survival improved
from the earliest to the most recent period but survival differences across GIMD quintiles

remained.

In sensitivity analyses, associations were attenuated when adjusting for federal state and to a
lesser extent when adjusting for East-/West-Germany (Tables 18 and 19). RERs for all cancer
sites combined for Q5 vs. Q1 were 1.11 (95 % Cl 1.09-1.13) and 1.13 (95 % Cl 1.11-1.15) with
these adjustments compared to 1.16 (95 % Cl 1.14-1.18) without such adjustments. Restricting
the trend analysis to registries providing data for all years of diagnosis 1998-2014 slightly
decreased effect estimates in 2003-2005 and slightly increased estimates in 2012-2014 for
most cancer sites. This resulted in a slight increase rather than decrease of the RER estimate
over time for all cancer sites combined which was 1.14 (95 % Cl 1.11-1.17) in 2003-2005 and
1.18 (95 % Cl 1.15-1.22) in 2012-2014 (Table 20).
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Table 8 Number of patients with 25 common forms of cancer according to their area-based socioeconomic deprivation (in quintiles) assigned by
their residence at diagnosis

GIMD score, Underlying population  Cases diagnosed Cases in the analysis, Median age at Microscopically

GIMD Quintile mean (range) in 2006 (million) in 1998-2014° % DCO cases” N (%)° diagnosis confirmed cases (%)*
Q1, least deprived 9 (2-13) 6.33 423,114 9.0 384,883 (16.5) 67 97.3
Q2 15 (13-18) 6.52 494,740 9.8 446,372 (19.1) 68 96.0
Q3 20 (18-24) 6.32 504,691 10.8 450,300 (19.3) 68 95.7
Q4 26 (24-30) 6.42 559,118 9.1 508,430 (21.8) 68 95.7
Q5, most deprived 39 (30-70) 6.37 596,391 8.9 543,562 (23.3) 68 95.7
Total 22 (2-70) 31.95 2,578,054 9.5 2,333,547 (100.0) 68 96.0

3Due to different coverage of years of diagnosis across GIMD quintiles, case numbers across GIMD quintiles are not directly comparable; °DCO or autopsy only
cases among included cancer sites; “Exclusions are shown in the flow chart (Figure S2); 9DCO cases and cases with missing information on confirmation were
excluded; Abbreviations: DCO, death certificate only; GIMD, German Index of Multiple Deprivation; N, number.
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Table 9 Five-year age-standardized relative survival in 2012-14 by GIMD quintile and cancer site for cancer patients in Germany

GIMD Quintiles (Q)

5-year relative survival rate (standard error)

Relative excess risk for Q5 compared to Q1
(95 % confidence interval)

Number Ql Q5 Adjusted forage  Adjusted for age and
Cancer site ICD-10 code  of cases (least deprived) Q2 Q3 Q4 (most deprived) Q1-Q5° stage
Oral C00-C14 40,971 52.0(1.1) 52.9(1.1) 50.2 (1.0) 48.5 (1.0) 46.0 (1.0) 6.0 1.36 (1.25-1.48) 1.45 (1.32-1.59)
Esophagus C15 18,629 25.3(1.2) 23.9(1.2) 26.1(1.1) 22.7 (1.1) 21.0(1.0) 4.3 1.16 (1.06-1.27) 1.12 (1.00-1.25)
Stomach Cl6 48,850 34.2 (0.8) 34.1(0.8) 33.9(0.8) 33.3(0.7) 30.8 (0.7) 3.4 1.11 (1.04-1.18) 1.11 (1.02-1.20)
Colon and rectum C18-C21 190,434 65.7 (0.4) 64.2 (0.4) 63.4 (0.4) 63.0 (0.4) 62.0(0.4) 3.7 1.23 (1.18-1.29) 1.18 (1.12-1.24)
Liver C22 22,069 19.7 (1.1) 18.2 (1.1) 17.5(1.0) 15.0(0.9) 15.5(0.9) 4.2 1.21(1.11-1.31) 1.11 (0.97-1.28)
Gallbladder C23-C24 14,645 25.4 (1.6) 24.6 (1.6) 22.4(1.5) 24.7 (1.4) 22.0(1.4) 3.4 1.15 (1.04-1.28) 1.15 (1.00-1.32)
Pancreas C25 42,841 13.3(0.7) 13.3(0.7) 11.2 (0.6) 13.1(0.7) 11.3 (0.6) 2.0 1.12 (1.06-1.18) 1.09 (1.02-1.16)
Larynx C32 11,021 65.7 (2.0) 63.0(1.9) 64.2 (1.8) 58.1(1.8) 60.2 (1.7) 5.5 1.24 (1.02-1.50) 1.10(0.88-1.37)
Lung C33-C34 143,935 19.5 (0.4) 19.5 (0.4) 18.3 (0.4) 18.3(0.4) 17.7 (0.4) 1.8 1.08 (1.05-1.12) 1.10 (1.06-1.14)
Melanoma Cc43 60,379 93.2(0.4) 93.5(0.4) 93.2 (0.4) 91.2 (0.5) 91.9 (0.5) 13 1.34 (1.10-1.63) 1.00 (0.82-1.23)
Soft tissue C49 8,024 67.4(2.0) 68.2 (2.0) 68.1(1.9) 67.8 (2.0) 68.0 (2.0) -0.6 1.05 (0.85-1.29) 1.16 (0.83-1.63)
Breast C50 205,897 85.1(0.4) 84.8 (0.4) 83.9(0.4) 84.2 (0.4) 83.5(0.4) 1.6 1.20(1.11-1.29) 1.58 (1.45-1.71)
Cervix C53 14,538 66.0 (1.4) 66.5 (1.4) 66.6 (1.4) 64.4 (1.2) 64.0 (1.4) 2.0 1.13(0.96-1.32) 1.19 (0.98-1.43)
Corpus uteri C54 33,449 79.1(0.9) 80.3(0.9) 78.8 (0.9) 78.4(0.8) 78.6 (0.8) 0.5 1.05(0.91-1.21) 1.08 (0.91-1.30)
Ovary C56 21,945 44.8 (1.1) 41.3(1.1) 41.5(1.1) 40.6 (1.1) 37.9(1.1) 6.9 1.36 (1.23-1.50) 1.37 (1.21-1.56)
Prostate C61 194,052 90.4 (0.6) 89.7 (0.6) 89.0 (0.5) 88.4 (0.8) 87.7 (0.7) 2.7 1.61 (1.41-1.84) 1.12 (0.99-1.26)
Testis C62 12,700 92.2(2.3) 92.7 (2.1) 93.2 (2.1) 92.7 (2.2) 90.9 (2.6) 1.3 2.28 (1.23-4.21) -¢
Kidney Co64 47,578 76.5 (0.9) 76.2 (0.8) 75.8 (0.8) 74.3(0.7) 74.9 (0.7) 1.6 1.11 (0.99-1.25) 1.04 (0.90-1.20)
Bladder Cc67 46,880 56.6 (1.0) 56.3(0.9) 57.1(0.9) 54.9 (0.9) 55.0(0.9) 1.6 1.02 (0.94-1.11) 1.12 (1.00-1.24)
Brain C71-C72 18,710 30.1 (1.0) 28.1(1.0) 27.6(1.0) 29.4(1.0) 30.5(1.0) -0.4 1.06 (0.97-1.15) n/a¢
Thyroid C73 17,869 91.9(0.9) 92.0(1.0) 90.4 (1.0) 89.8 (0.9) 87.8 (1.0) 4.1 2.06 (1.45-2.93) 1.64 (1.12-2.40)
Hodgkin lymphoma c81 6,078 86.4 (1.3) 86.9 (1.4) 86.4 (1.3) 85.4 (1.3) 85.3(1.4) 1.1 0.98 (0.68-1.43) n/a¢
Non-Hodgkin lymphoma C82-C85 43,743 69.7 (0.8) 70.0 (0.8) 67.7 (0.8) 68.7 (0.8) 66.1(0.8) 3.6 1.21 (1.09-1.34) n/a¢
Multiple myeloma C90 18,157 54.5 (1.4) 54.0 (1.3) 50.9 (1.3) 53.3(1.2) 52.0(1.3) 2.5 1.21 (1.07-1.37) n/a¢
Leukemia C91-C96 34,506 57.0(1.0) 59.1(1.0) 58.7 (0.9) 59.1(0.9) 57.7 (0.9) -0.7 1.00 (0.91-1.10) n/a¢
All cancer sites? 1,317,900 61.6 (0.2) 61.2 (0.2) 60.4 (0.2) 59.9 (0.2) 59.0 (0.2) 2.6 1.16 (1.14-1.18) 1.16 (1.14-1.19)

aDifference of GIMD quintiles; ®PAnalyses for all cancer sites combined are weighted (survival rates) or adjusted (relative excess risks) for case mix. ‘Results not shown due to low
number of cases of death; “No adjustment for stage as no stage information was available (mostly not applicable) for these cancer sites; Abbreviations: GIMD, German Index of
Multiple Deprivation, ICD-10, International Classification of Diseases Version 10; n/a, not applicable; Q, quintile.
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Table 10 Relative excess risks for 5-year age-standardized survival in 2012-2014 by GIMD quintile and cancer for cancer patients in Germany

GIMD Quintiles
Relative excess risk of 5-year relative survival (95 % Confidence Intervals)®
Q5

Cancer site Q2 Q3 Q4 (most deprived)
Oral 1.06 (0.97-1.16)  1.18(1.08-1.29)  1.24(1.14-1.35)  1.36 (1.25-1.48)
Esophagus 1.02 (0.93-1.12) 0.97 (0.88-1.07) 1.09 (0.99-1.20) 1.16 (1.06-1.27)
Stomach 0.99 (0.93-1.06) 1.01 (0.95-1.08) 1.06 (1.00-1.13) 1.11 (1.04-1.18)
Colon and rectum 1.08 (1.03-1.13) 1.13 (1.08-1.19) 1.16 (1.10-1.21) 1.23(1.18-1.29)
Liver 1.05 (0.96-1.15) 1.13 (1.04-1.23) 1.21 (1.12-1.32) 1.21(1.11-1.31)
Gallbladder 1.09 (0.97-1.22)  1.17(1.05-1.31)  1.16(1.05-1.29)  1.15(1.04-1.28)
Pancreas 1.03 (0.97-1.08)  1.09 (1.03-1.15)  1.06(1.00-1.12)  1.12 (1.06-1.18)
Larynx 1.19 (0.97-1.46) 1.01(0.82-1.24)  1.39(1.15-1.68)  1.24 (1.02-1.50)
Lung 1.00 (0.97-1.04)  1.05(1.01-1.08)  1.05(1.01-1.08)  1.08 (1.05-1.12)
Melanoma 0.95 (0.77-1.18) 1.02 (0.83-1.25) 1.43 (1.18-1.73) 1.34 (1.10-1.63)
Soft tissue 0.89 (0.72-1.11) 0.93 (0.75-1.16) 0.94 (0.76-1.16) 1.05 (0.85-1.29)
Breast 1.00 (0.92-1.08) 1.12 (1.03-1.21) 1.08 (1.00-1.16) 1.20(1.11-1.29)
Cervix 0.99 (0.83-1.17) 1.01 (0.85-1.19) 1.11 (0.95-1.30)  1.13 (0.96-1.32)
Corpus uteri 0.91 (0.77-1.06) 1.04 (0.90-1.21) 1.07 (0.93-1.24)  1.05(0.91-1.21)
Ovary 1.19 (1.08-1.32)  1.18(1.06-1.30)  1.22(1.10-1.35)  1.36 (1.23-1.50)
Prostate 1.18 (1.02-1.36)  1.46 (1.27-1.67)  1.46 (1.28-1.67)  1.61(1.41-1.84)
Testis 0.99 (0.48-2.03) 1.05 (0.51-2.18) 1.66 (0.87-3.15) 2.28 (1.23-4.21)
Kidney 0.98 (0.86-1.11) 1.02 (0.90-1.15) 1.11 (0.99-1.25) 1.11 (0.99-1.25)
Bladder 1.00 (0.92-1.09) 0.96 (0.88-1.04) 1.04 (0.96-1.13) 1.02 (0.94-1.11)
Brain 1.08 (0.99-1.18) 1.08 (0.99-1.18) 1.05 (0.96-1.15) 1.06 (0.97-1.15)
Thyroid 1.33(0.90-1.95)  1.52(1.03-2.22)  1.79(1.25-2.56)  2.06 (1.45-2.93)

Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma

Leukemia
All cancer sites

0.86 (0.59-1.26)
1.01 (0.91-1.12)
1.08 (0.95-1.22)
0.96 (0.87-1.06)
1.03 (1.01-1.05)

0.96 (0.66-1.40)
1.14 (1.03-1.26)
1.20 (1.06-1.36)
0.97 (0.88-1.08)
1.08 (1.07-1.10)

1.14 (0.80-1.64)
1.07 (0.97-1.19)
1.13 (1.00-1.28)
0.94 (0.85-1.04)
1.10 (1.09-1.12)

0.98 (0.68-1.43)
1.21 (1.09-1.34)
1.21 (1.07-1.37)
1.00 (0.91-1.10)
1.16 (1.14-1.18)

2Reference: Q1 (least deprived); Abbreviations: GIMD, German Index of Multiple Deprivation; ICD-10, International Classification of Diseases Version 10; Q, quintile.
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Table 11 Subgroup analysis of 5-year relative survival in 2012-2014 across GIMD quintiles by age, sex, and stage for the four most common cancer
sites

Relative excess risk

Cancer site, Number 5-year relative survival rate (standard error)? (95 % confidence interval)
subgroup of cases Q1 Q2 Q3 Q4 Q5 Q1-Q5° Qs5° Q5

Breast cancer
Age < 65 years 112,839 66.0 (0.4) 64.7(0.5) 65.0(0.5) 65.6(0.4) 64.7(0.5) 1.3 1.26(1.14-1.41)  1.86 (1.65-2.10)
Age > 65 years 90,721  46.4(0.4) 46.3(0.3) 455(0.3) 45.7(0.3) 45.4(0.3) 1.0 1.14(1.03-1.27) 1.34(1.19-1.51)
Local stage 105,045  96.3(0.5) 96.1(0.5) 95.6(0.5) 96.5(0.4) 95.1(0.5) 1.2 1.49(1.12-1.97) n/a
Regional stage 55271  85.0(0.7) 84.0(0.7) 83.8(0.7) 82.8(0.7) 83.1(0.7) 1.9  1.24(1.07-1.43) n/a
Advanced stage 26,508 65.9(1.0) 60.7(1.1) 60.3(1.1) 56.3(1.1) 55.9(1.1) 10.0  1.60 (1.44-1.78) n/a
Prostate cancer
Age < 65 years 53,614 68.2 (0.6) 67.3 (0.6) 67.3 (0.6) 66.5 (0.8) 65.8 (0.8) 2.4 2.11 (1.60-2.79) 1.11 (0.88-1.40)
Age > 65 years 129,589 51.1(0.3) 50.6 (0.3) 49.7 (0.3) 50.0 (0.3) 49.5 (0.3) 1.6 1.47 (1.27-1.70) 1.11 (0.96-1.29)
Local stage 93,560 100.3(0.7) 99.9(0.5) 99.5(0.5) 98.9(0.5) 97.8(0.5) 2.5  1.82(0.81-4.09) n/a
Regional stage 6,282  84.1(2.8) 78.3(3.3) 80.0(3.2) 76.3(2.9) 82.8(2.9) 1.3 1.30(0.69-2.47) n/a
Advanced stage 11,136  26.0(1.7) 30.8(2.5) 23.3(1.5) 25.4(1.6) 28.6(2.9) 2.6 1.08(0.95-1.22) n/a
Colorectal cancer
Men 105,330 64.6 (0.6) 63.2 (0.6) 62.0 (0.6) 61.8 (0.6) 60.1 (0.6) 4.5 1.28 (1.21-1.37) 1.24 (1.15-1.32)
Women 85,104 67.0 (0.6) 65.5 (0.6) 64.9 (0.6) 64.7 (0.6) 64.5 (0.6) 2.5 1.17 (1.09-1.25) 1.10 (1.02-1.19)
Age < 65 years 56,468 49.9 (0.8) 47.8 (0.8) 48.8 (0.8) 48.9 (0.8) 47.2 (0.8) 2.7 1.24 (1.14-1.35) 1.23 (1.13-1.35)
Age > 65 years 130,617 35.1(0.3) 34.4 (0.3) 33.6(0.3) 33.3(0.3) 32.9(0.3) 2.2 1.23 (1.17-1.30) 1.16 (1.09-1.23)
Local stage 60,578  87.9(0.6) 86.9(0.6) 85.3(0.6) 86.1(0.6) 85.1(0.6) 2.8 1.45(1.23-1.70) n/a
Regional stage 36,577 70.2(1.0) 69.5(0.9) 69.1(0.9) 68.6(0.9) 67.0(0.9) 3.2 1.19(1.06-1.33) n/a
Advanced stage 60,716  42.0(0.8) 41.9(0.7) 43.1(0.7) 37.7(0.7) 38.6(0.7) 34 1.12(1.05-1.19) n/a
Lung cancer
Men 98,875 18.5 (0.6) 18.0 (0.5) 16.5 (0.5) 16.6 (0.4) 15.8 (0.4) 2.7 1.09 (1.05-1.14) 1.11 (1.06-1.16)
Women 45,060 21.5(0.7) 22.3(0.7) 21.3(0.6) 21.4 (0.6) 21.3(0.7) 0.2 1.04 (0.98-1.09) 1.04 (0.98-1.11)
Age < 65 years 53,999 15.2 (0.7) 16.0 (0.7) 15.4 (0.7) 15.1 (0.6) 15.6 (0.7) -0.4 1.07 (1.02-1.12) 1.09 (1.03-1.15)
Age > 65 years 84,383 9.6(0.3) 9.4(0.3)  83(0.2) 8.9(0.2) 8.3(0.2) 1.3 1.09(1.05-1.14)  1.11(1.06-1.16)
Local stage 18,776  57.2(1.5) 57.0(1.5) 54.7(1.4) 54.7(1.3) 55.2(1.2) 20 1.12(0.99-1.27) n/a
Regional stage 24,481 23.5(1.2) 23.6(1.1) 21.8(1.0) 20.9(0.9) 20.2(0.9) 3.3 1.16 (1.07-1.25) n/a
Advanced stage 60,748 9.6(0.5) 10.8(0.5) 10.5(0.5) 9.0 (0.4) 8.4 (0.4) 1.2 1.07 (1.02-1.12) n/a

2age-standardized; PDifference of GIMD quintiles; ‘Reference: Q1 (least deprived), adjusted for age at diagnosis, including patients with missing stage information; “Reference:
Q1 (least deprived), adjusted for age at diagnosis and stage at diagnosis, excluding patients with missing stage information. Abbreviations: GIMD, German Index of Multiple
Deprivation; n/a, not applicable; Q, quintile.
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Table 12 Subgroup analysis of 5-year relative survival in 2012-2014 across GIMD quintiles by age and sex for the four most common cancer sites,
including only patients with available stage information

GIMD Quintiles Relative excess risk
Cancer site, Number 5-year relative survival (standard error) (95 % confidence interval)
subgroup of cases Ql Q2 Q3 Q4 Q5 Q1-Q5° Qs®

Breast cancer
Age < 65 years 105940 67.2(0.4) 66.0(0.5) 65.9(0.5) 66.4(0.4) 65.2(0.5) 2.0 1.42 (1.26-1.61)
Age > 65 years 80884 48.3(0.4) 48.3(0.4) 47.6(0.4) 47.9(0.3) 47.4(0.4) 0.9 1.13 (1.00-1.29)
Prostate cancer
Age < 65 years 36366 67.9(0.9) 67.2(0.8) 67.7(0.7) 66.0(1.2) 65.7(0.9) 2.2 1.78 (1.29-2.44)
Age > 65 years 74612 51.8(0.6) 52.0(0.5) 51.2(0.5) 51.0(0.4) 51.3(0.4) 0.5 1.22 (0.95-1.57)
Colorectal cancer
Men 87763 65.2(0.7) 63.8(0.6) 62.7(0.6) 63.1(0.6) 61.6(0.6) 3.6 1.23 (1.14-1.31)
Women 70108 67.2(0.7) 66.9(0.7) 66.3(0.7) 66.1(0.6) 66.0(0.7) 1.2 1.09 (1.01-1.18)
Age < 65 years 48201 49.1(1.0) 47.7(0.9) 48.6(0.9) 49.2(0.9) 46.9(0.9) 2.2 1.18 (1.08-1.29)
Age > 65 years 109670 36.3(0.4) 35.8(0.4) 35.0(0.3) 349(0.3) 34.7(0.3) 1.6 1.16 (1.09-1.24)
Lung cancer
Men 71948 19.9(0.6) 20.3(0.6) 18.6(0.6) 18.2(0.5) 17.4(0.5) 2.5 1.09 (1.04-1.14)
Women 32057 24.0(0.9) 26.1(1.0) 24.5(0.8) 24.1(0.8) 23.9(0.8) 0.1 1.02 (0.96-1.09)
Age <65 years 43309 15.8(0.8) 17.2(09) 16.4(0.8) 16.1(0.8) 16.6(0.8) -0.8 1.06 (1.00-1.12)
Age > 65 years 60696 11.1(0.4) 11.5(0.4) 10.2(0.3) 10.4(0.3) 9.9 (0.3) 1.2 1.09 (1.04-1.15)

aDifference of GIMD quintiles; PReference: Q1 (least deprived), adjusted for age at diagnosis; Abbreviations: GIMD, German Index of Multiple Deprivation; n/a, not
applicable; Q, quintile.
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Table 13 Comparison of 3-month, 1-year and 5-year conditional on 1-year age-standardized relative survival in 2012-2014 for the most deprived
quintile (Q5) by cancer site

Relative excess risk (95 % confidence interval) for Q5 versus Q1

Without stage adjustment With stage adjustment

Cancer site 3-month RS 1-year RS 5-year conditional on 1-year RS 3-month RS 1-year RS 5-year conditional on 1-year RS
Oral 1.46 (1.11-1.93)  1.41(1.24-1.60) 1.33 (1.19-1.48) 1.74 (1.21-2.49)  1.60 (1.37-1.86) 1.34 (1.19-1.51)
Esophagus 1.16 (0.92-1.45)  1.20(1.07-1.35) 1.10 (0.95-1.26) 1.55(1.09-2.18)  1.27 (1.09-1.48) 0.95 (0.81-1.12)
Stomach 1.27 (1.09-1.47)  1.08 (1.00-1.18) 1.14 (1.03-1.26) 1.40 (1.13-1.74)  1.11(1.00-1.23) 1.08 (0.96-1.21)
Colon and rectum 1.35(1.21-1.51)  1.32(1.24-1.41) 1.16 (1.09-1.23) 1.30 (1.14-1.49)  1.23(1.14-1.33) 1.14 (1.06-1.22)
Liver 1.28 (1.08-1.52)  1.19 (1.08-1.31) 1.24 (1.07-1.43) 1.21(0.89-1.64)  1.14(0.96-1.36) 1.07 (0.85-1.33)
Gallbladder 1.21(0.96-1.51)  1.19 (1.04-1.36) 1.11 (0.94-1.32) 1.29 (0.93-1.80)  1.21(1.01-1.45) 1.07 (0.87-1.32)
Pancreas 1.32(1.18-1.48)  1.16 (1.09-1.24) 1.03 (0.93-1.14) 1.39 (1.20-1.61)  1.13(1.04-1.22) 0.99 (0.89-1.11)
Larynx 3.00 (1.26-7.12)  1.27(0.91-1.76) 1.23(0.97-1.55)  5.22 (0.89-30.65)  1.45 (0.94-2.24) 0.98 (0.76-1.27)
Lung 1.25(1.16-1.34)  1.11(1.07-1.16) 1.03 (0.98-1.09) 1.31(1.19-1.43)  1.12(1.07-1.17) 1.05 (0.99-1.11)
Melanoma <4 2.11(1.32-3.36) 1.18 (0.95-1.47) 2.25(1.03-4.89)  1.01(0.70-1.45) 0.98 (0.77-1.24)
Soft tissue 2.23(1.18-4.23)  1.12(0.83-1.52) 0.97 (0.72-1.30) 1.58 (0.60-4.19)  1.44 (0.85-2.45) 0.92 (0.58-1.45)
Breast 1.53 (1.05-2.23)  1.43(1.22-1.68) 1.14 (1.05-1.24) 1.31(0.93-1.86)  1.27 (1.07-1.50) 1.57 (1.43-1.73)
Cervix 1.77 (0.95-3.31)  1.17(0.92-1.48) 1.11 (0.90-1.37) 2.15(0.85-5.45)  1.21(0.90-1.64) 1.15 (0.90-1.46)
Corpus uteri 1.28 (0.79-2.06)  1.09 (0.87-1.38) 1.01 (0.84-1.22) 1.10(0.63-1.92)  1.02 (0.76-1.36) 1.06 (0.85-1.33)
Ovary 1.44 (1.10-1.89)  1.45 (1.24-1.70) 1.28 (1.12-1.45) 1.20(0.78-1.83)  1.36(1.09-1.71) 1.35 (1.16-1.57)
Prostate 2.17 (1.14-4.15)  1.97 (1.52-2.55) 1.48 (1.27-1.72) 1.28 (0.66-2.49)  1.43(1.10-1.85) 1.02 (0.89-1.18)
Testis 1.98 (0.49-8.00)  2.78 (1.20-6.47) 2.21(0.84-5.84) e - d
Kidney 1.42(1.05-1.91)  1.03 (0.88-1.20) 1.23 (1.03-1.48) 1.14 (0.75-1.71)  0.86 (0.70-1.04) 1.28 (1.03-1.58)
Bladder 1.16 (0.92-1.47)  1.09 (0.98-1.21) 0.94 (0.84-1.06) 2.12(1.37-3.27)  1.21(1.05-1.41) 0.98 (0.85-1.14)
Brain 1.23(0.97-1.55)  1.14(1.02-1.28) 0.95 (0.83-1.09) n/af n/af n/af
Thyroid 1.68 (0.85-3.32)  2.15(1.41-3.26) 1.90 (1.02-3.52) 1.06 (0.49-2.32)  1.58(0.97-2.57) 1.77 (0.98-3.21)
Hodgkin lymphoma 1.28 (0.47-3.51)  0.83(0.51-1.36) 1.32 (0.75-2.31) n/af n/af n/af
Non-Hodgkin lymphoma 1.31(1.04-1.66) 1.17 (1.03-1.33) 1.28 (1.09-1.50) n/af n/af n/af
Multiple myeloma 1.76 (1.17-2.65)  1.58 (1.28-1.94) 1.04 (0.89-1.21) n/af n/af n/af
Leukemia 1.10 (0.87-1.40)  1.08 (0.96-1.23) 0.89 (0.77-1.04) n/af n/af n/af

All cancer sites®

1.31 (1.25-1.36)

1.19 (1.16-1.21)

1.12 (1.09-1.15)

1.36 (1.28-1.44)

1.18 (1.15-1.20)

1.14 (1.11-1.18)

aReference: Q1 (least deprived), adjusted for age at diagnosis, total population; "Reference: Q1 (least deprived), adjusted for age at diagnosis and stage at diagnosis, excluding
patients with missing stage information. “Analyses for all cancer sites combined are weighted (survival rates) or adjusted (relative excess risks) for case mix; “Results not shown
due to low number of cases of death; ®Model did not converge; fNo adjustment for stage as no stage information was available for these cancer sites; Abbreviations: RS,
relative survival; Q, quintile.
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Table 14 Three-month age-standardized relative survival in 2012-2014 by GIMD quintile and cancer site for cancer patients in Germany

GIMD Quintiles
3-months relative survival (standard error)

Number Q1 Q5 Q1-Q5?
Cancer site of cases (least deprived) Q2 Q3 Qa4 (most deprived)

Oral 15,825 95.2 (0.5) 95.1 (0.4) 94.7 (0.4) 95.0 (0.4) 93.6 (0.5) 1.6
Esophagus 7,487 87.6 (0.8) 88.5 (0.8) 87.7 (0.8) 86.7 (0.8) 85.9 (0.8) 1.7
Stomach 18,096 89.0 (0.5) 88.7 (0.5) 88.2 (0.5) 88.1 (0.5) 86.8 (0.5) 2.2
Colon and rectum 69,332 95.0(0.2) 94.7 (0.2) 94.5(0.2) 94.3 (0.2) 94.0(0.2) 1.0
Liver 9,154 81.4 (1.0) 80.0(1.0) 79.4 (1.0) 77.1(1.0) 77.6(0.9) 3.8
Gallbladder 5,701 84.0(1.2) 82.4(1.2) 82.5(1.1) 82.4(1.0) 81.9(1.1) 2.1
Pancreas 17,983 80.8 (0.7) 78.9 (0.7) 78.3(0.7) 78.2 (0.6) 77.3 (0.6) 3.5
Larynx 4,020 97.5(0.7) 97.0(0.7) 96.5 (0.8) 96.6 (0.7) 95.7 (0.7) 1.8
Lung 57,411 83.9 (0.4) 83.1(0.4) 82.7 (0.3) 82.2 (0.3) 81.6 (0.3) 2.3
Melanoma 23,747 100 (0.1) 100.0 (0.1) 99.9 (0.1) 99.8 (0.1) 99.6 (0.1) 0.4
Soft tissue 3,157 96.6 (0.8) 96.1 (0.8) 96.7 (0.7) 96.2 (0.7) 94.0 (1.0) 2.6
Breast 78,031 99.3 (0.1) 99.2 (0.1) 99.2 (0.1) 99.1(0.1) 99.1(0.1) 0.2
Cervix 5,197 97.3 (0.6) 97.0 (0.6) 95.7 (0.6) 95.3 (0.6) 96.2 (0.6) 1.1
Corpus uteri 12,161 97.9 (0.3) 98.2 (0.3) 97.8 (0.3) 98.0(0.3) 97.8 (0.3) 0.1
Ovary 7,975 91.5 (0.7) 90.1 (0.7) 90.3 (0.7) 89.7 (0.7) 89.6 (0.7) 1.9
Prostate 69,340 99.7 (0.1) 99.7 (0.1) 99.4 (0.1) 99.5 (0.1) 99.5 (0.1) 0.2
Testis 4,650 98.4 (1.1) 98.8 (1.0) 98.3 (1.0) 98.0 (1.0) 98.5 (0.9) 0.1
Kidney 18,153 96.5 (0.4) 96.8 (0.3) 96.6 (0.3) 96.1 (0.3) 95.6 (0.3) 0.9
Bladder 18,604 95.4 (0.4) 95.4 (0.4) 95.2 (0.4) 94.5 (0.4) 94.6 (0.4) 0.8
Brain 7,325 90.9 (0.6) 90.7 (0.6) 90.1 (0.6) 89.8 (0.6) 89.8 (0.6) 1.1
Thyroid 6,122 98.2 (0.4) 97.6 (0.5) 97.6 (0.5) 97.3(0.5) 97.3(0.5) 0.9
Hodgkin lymphoma 2,362 98.7 (0.5) 98.2 (0.5) 97.7 (0.6) 97.8 (0.5) 98.2 (0.5) 0.5
Non-Hodgkin lymphoma 16,834 94.4 (0.4) 94.1 (0.4) 93.5 (0.4) 93.9 (0.4) 93.6 (0.4) 0.8
Multiple myeloma 7,095 95.8 (0.6) 94.7 (0.5) 94.2 (0.5) 94.6 (0.5) 94.3 (0.5) 1.5
Leukemia 13,444 92.7 (0.5) 92.5 (0.5) 91.7 (0.5) 92.2 (0.5) 92.5(0.5) 0.2
All cancer sites® 499,206 93.9(0.1) 93.6 (0.1) 93.2 (0.1) 93.0(0.1) 92.8 (0.1) 1.1

aDifference of GIMD quintiles; ®Analyses for all cancer sites combined are weighted (survival rates) for case mix. Abbreviations: GIMD, German Index of Multiple Deprivation; Q, quintile.

59



Results

Table 15 One-year age-standardized relative survival in 2012-2014 by GIMD quintile and cancer site for cancer patients in Germany

GIMD Quintiles
1-year relative survival (standard error)

Number Ql Q5 Q1-Q5?
Cancer site of cases (least deprived) Q2 Q3 Qa4 (most deprived)

Oral 20,372 78.4 (0.9) 78.3(0.8) 76.6 (0.8) 76.7 (0.8) 75.1(0.8) 3.3
Esophagus 9,384 55.4 (1.3) 53.1(1.2) 53.7 (1.2) 51.4 (1.2) 50.6 (1.2) 4.8
Stomach 23,455 61.9 (0.8) 62.1(0.8) 62.1(0.7) 60.4 (0.7) 59.5(0.7) 2.4
Colon and rectum 90,640 85.4 (0.3) 84.5 (0.3) 84.0 (0.3) 83.6 (0.3) 82.8 (0.3) 2.6
Liver 11,481 48.9 (1.3) 48.0 (1.3) 45.8 (1.2) 433 (1.1) 43.2 (1.1) 5.7
Gallbladder 7,301 55.5 (1.7) 53.4 (1.6) 53.2 (1.3) 51.1(1.3) 52.9 (1.4) 2.6
Pancreas 22,407 42.3(0.9) 41.1(0.8) 38.8(0.8) 40.1 (0.8) 37.3(0.8) 5.0
Larynx 5,289 86.8 (1.4) 83.4 (1.5) 85.3 (1.3) 84.9 (1.3) 84.9 (1.2) 1.9
Lung 72,233 48.8 (0.5) 48.6 (0.5) 47.7 (0.4) 47.0 (0.4) 45.8 (0.4) 3.0
Melanoma 30,789 99.1(0.2) 99.0 (0.2) 98.5(0.2) 98.2 (0.2) 98.3 (0.2) 0.8
Soft tissue 4,057 86.6 (1.4) 87.5(1.3) 87.9(1.2) 87.6(1.2) 85.2 (1.4) 1.4
Breast 99,009 96.7 (0.2) 96.6 (0.2) 96.2 (0.2) 95.9 (0.2) 95.8 (0.2) 0.9
Cervix 6,835 85.3 (1.1) 85.9 (1.1) 84.7 (1.1) 83.7 (1.0) 83.6 (1.1) 1.7
Corpus uteri 15,932 91.9 (0.6) 92.7 (0.5) 92.4 (0.5) 92.3(0.5) 92.1(0.5) -0.2
Ovary 10,278 76.9 (1.0) 73.9(1.0) 73.4(0.9) 72.6 (1.0) 71.8 (1.0) 5.1
Prostate 91,033 97.7 (0.3) 97.6 (0.2) 97.2 (0.2) 96.9 (0.5) 96.9 (0.2) 0.8
Testis 6,021 95.2 (1.7) 95.7 (1.6) 95.4 (1.4) 94.1(1.5) 93.1(1.7) 2.1
Kidney 23,320 87.9 (0.6) 88.5 (0.5) 88.5 (0.5) 86.9 (0.5) 87.5(0.5) 0.4
Bladder 23,461 79.9 (0.7) 79.2 (0.7) 79.3(0.7) 77.9(0.7) 77.6(0.7) 2.3
Brain 9,320 62.3 (1.0) 60.0 (1.0) 59.8 (1.0) 60.6 (1.0) 60.6 (0.9) 1.7
Thyroid 8,433 95.2 (0.7) 94.6 (0.7) 94.0 (0.7) 92.3(0.7) 92.2 (0.7) 3.0
Hodgkin lymphoma 3,004 92.9(1.0) 94.5 (0.9) 92.5(0.9) 92.5(0.9) 93.5(0.9) -0.6
Non-Hodgkin lymphoma 21,764 82.9(0.6) 82.9(0.6) 81.9 (0.6) 82.3(0.6) 81.4 (0.6) 1.5
Multiple myeloma 9,178 85.6 (1.0) 84.3 (0.9) 82.6 (0.9) 84.0(0.8) 81.1(0.9) 4.5
Leukemia 17,299 76.4 (0.8) 76.3 (0.8) 76.2(0.7) 76.2 (0.7) 76.1(0.7) 0.3
All cancer sites® 642,295 80.0(0.1) 79.6 (0.1) 79.0(0.1) 78.5(0.1) 77.9(0.1) 2.1

aDifference of GIMD quintiles; *Analyses for all cancer sites combined are weighted (survival rates) for case mix. Abbreviations: GIMD, German Index of Multiple Deprivation;
Q, quintile.
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Table 16 Five-year conditional on one-year age-standardized relative survival in 2012-2014 by GIMD quintile and cancer site for cancer patients in
Germany

GIMD Quintiles
5-year conditional onl-year relative survival (standard error)

(o)} Q1-Q5°
Number (least Q5
Cancer site of cases deprived) Q2 Q3 Qa4 (most deprived)

Oral 40,971 65.4 (1.2) 66.9 (1.2) 64.8 (1.2) 62.5(1.2) 60.5 (1.2) 4.9
Esophagus 18,629 44.4 (1.9) 43.9 (2.0) 47.0 (1.9) 43.4 (1.9) 40.6 (1.9) 3.8
Stomach 48,850 54.6 (1.1) 54.5(1.1) 54.0 (1.0) 54.3 (1.0) 51.1(1.0) 3.5
Colon and rectum 190,434 76.3 (0.4) 75.3(0.4) 74.9 (0.4) 74.7 (0.4) 74.2 (0.4) 2.1
Liver 22,069 39.1(1.9) 36.7 (1.8) 36.4 (1.8) 33.0(1.7) 33.9(1.7) 5.2
Gallbladder 14,645 43.7 (2.3) 43.7 (2.4) 40.0 (2.2) 45.1(2.1) 40.5 (2.1) 3.2
Pancreas 42,841 29.1(1.3) 30.0(1.4) 27.0(1.3) 30.5(1.3) 28.0(1.3) 1.1
Larynx 11,021 74.8 (2.0) 74.7 (2.0) 74.3 (1.9) 67.8 (1.9) 69.8 (1.8) 5.0
Lung 143,935 39.2(0.7) 39.4(0.7) 37.2(0.7) 38.2(0.7) 37.7 (0.7) 1.5
Melanoma 60,379 93.7 (0.4) 94.1(0.4) 94.2 (0.4) 92.5(0.4) 93.1(0.4) 0.6
Soft tissue 8,024 77.3(1.9) 77.4 (1.9) 77.0 (1.9) 76.9 (1.9) 79.1(1.9) -1.8
Breast 205,897 87.6 (0.4) 87.4 (0.3) 86.7 (0.3) 87.4 (0.3) 86.6 (0.3) 1.0
Cervix 14,538 76.0 (1.5) 76.4 (1.5) 77.4 (1.4) 75.0 (1.3) 75.1(1.5) 0.9
Corpus uteri 33,449 85.5(0.9) 86.1(0.9) 84.8 (0.8) 84.5 (0.8) 84.9 (0.8) 0.6
Ovary 21,945 56.6 (1.4) 53.6 (1.4) 54.8 (1.4) 54.1(1.4) 50.6 (1.4) 6.0
Prostate 194,052 91.7 (0.5) 91.1(0.5) 90.7 (0.5) 90.4 (0.7) 89.7 (0.7) 2.0
Testis 12,700 96.0 (2.4) 96.2 (1.9) 97.5(1.9) 98.6 (1.8) 98.1(2.4) 2.1
Kidney 47,578 86.3 (0.8) 85.3(0.8) 84.8 (0.7) 84.6 (0.7) 84.9 (0.7) 1.4
Bladder 46,880 69.9 (1.0) 70.2 (1.0) 71.0(0.9) 69.6 (0.9) 70.0(0.9) -0.1
Brain 18,710 41.2 (1.5) 41.0 (1.6) 39.3(1.5) 41.8 (1.5) 43.7 (1.7) 2.5
Thyroid 17,869 95.7 (0.8) 96.9 (0.9) 95.4 (0.9) 96.6 (0.8) 94.5 (1.0) 1.2
Hodgkin lymphoma 6,078 91.7 (1.4) 91.0(1.4) 92.1(1.3) 90.8 (1.4) 90.0 (1.5) 1.7
Non-Hodgkin lymphoma 43,743 82.8 (0.9) 83.1(0.8) 81.3(0.8) 82.0(0.8) 79.7 (0.8) 3.1
Multiple myeloma 18,157 62.3 (1.5) 62.6 (1.4) 60.1(1.4) 61.5(1.3) 62.6 (1.4) -0.3
Leukemia 34,506 73.1(1.2) 76.0 (1.1) 75.3 (1.0) 76.1(1.0) 74.2 (1.0) -1.1
All cancer sites® 1,317,900 72.0(0.2) 71.9(0.2) 71.1(0.2) 71.1(0.2) 70.4(0.2) 1.6

aDifference of GIMD quintiles; PAnalyses for all cancer sites combined are weighted (survival rates) for case mix. Abbreviations: GIMD, German Index of Multiple Deprivation; Q,
quintile.
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Table 17 Comparison of 5-year age-standardized relative survival by GIMD quintile and cancer site for German cancer patients, period 2003-2005
and 2012-2014

Period 2003-2005 Period 2012-2014
5-year relative survival rate Relative excess risk 5-year relative survival rate Relative excess risk
(standard error) (95 % confidence interval)? (standard error) (95 % confidence interval)®
Cancer site Q1 Q5 Q1-Q5° Q5 (most deprived) Q1 Q5 Ql-Q5° Q5 (most deprived)

Oral 46.6 (1.7) 43.7 (1.3) 2.9 1.19 (1.09-1.29)  52.0(1.1)  46.0(1.0) 6.0 1.36 (1.25-1.48)
Esophagus 20.8 (1.6) 16.3 (1.1) 4.5 1.19 (1.08-1.31)  25.3(1.2)  21.0(1.0) 4.3 1.16 (1.06-1.27)
Stomach 31.3(1.0) 27.4(0.7) 3.9 1.19 (1.12-1.26)  34.2(0.8)  30.8(0.7) 3.4 1.11 (1.04-1.18)
Colon and rectum 61.1 (0.6) 57.6 (0.4) 3.5 1.28 (1.22-1.34) 65.7 (0.4) 62.0 (0.4) 3.7 1.23 (1.18-1.29)
Liver 15.7 (1.4) 10.3 (0.9) 5.4 1.33 (1.20-1.46) 19.7 (1.1) 15.5(0.9) 4.2 1.21(1.11-1.31)
Gallbladder 20.2 (1.8) 16.5(1.2) 3.7 1.26 (1.13-1.40) 25.4 (1.6) 22.0(1.4) 3.4 1.15 (1.04-1.28)
Pancreas 10.0(0.8) 7.7 (0.6) 2.3 1.19(1.11-1.26) 13.3(0.7) 11.3(0.6) 2.0 1.12 (1.06-1.18)
Larynx 67.0 (2.9) 58.6 (2.2) 8.4 1.51(1.21-1.88)  65.7(2.0)  60.2(1.7) 5.5 1.24 (1.02-1.50)
Lung 15.9 (0.5) 13.8 (0.4) 2.1 1.12 (1.08-1.16)  19.5(0.4) 17.7 (0.4) 1.8 1.08 (1.05-1.12)
Melanoma 88.3(0.9) 85.3 (0.8) 3.0 1.79 (1.45-2.22)  93.2(0.4)  91.9(0.5) 1.3 1.34 (1.10-1.63)
Soft tissue 61.1 (2.5) 56.8(2.2) 4.3 1.22 (0.97-1.54) 67.4 (2.0) 68.0 (2.0) -0.6 1.05 (0.85-1.29)
Breast 80.9 (0.6) 79.8 (0.4) 1.1 1.19 (1.10-1.30) 85.1(0.4) 83.5(0.4) 1.6 1.20(1.11-1.29)
Cervix 63.3(1.8) 61.5(1.3) 1.8 1.12 (0.94-1.32) 66.0 (1.4) 64.0 (1.4) 2.0 1.13 (0.96-1.32)
Corpus uteri 78.4 (1.2) 79.0 (0.9) -0.6 0.98 (0.84-1.16) 79.1(0.9) 78.6 (0.8) 0.5 1.05 (0.91-1.21)
Ovary 37.1(1.3) 37.3(1.0) -0.2 1.14 (1.03-1.26)  44.8(1.1)  37.9(1.1) 6.9 1.36 (1.23-1.50)
Prostate 85.5 (0.9) 82.7(0.7) 2.8 2.07(1.76-2.43)  90.4(0.6)  87.7(0.7) 2.7 1.61 (1.41-1.84)
Testis 85.1(1.3) 85.2 (2.7) 0.1 2.10(1.27-3.44)  92.2(2.3)  90.9(2.6) 1.3 2.28 (1.23-4.21)
Kidney 73.1(1.3) 68.2 (0.9) 4.9 1.29 (1.14-1.47)  76.5(0.9)  74.9(0.7) 1.6 1.11 (0.99-1.25)
Bladder 57.3(1.2) 56.1(0.9) 1.2 1.07 (0.98-1.17) 56.6 (1.0) 55.0(0.9) 1.6 1.02 (0.94-1.11)
Brain 27.8 (1.4) 25.9(1.1) 1.9 1.11 (1.01-1.22) 30.1 (1.0) 30.5(1.0) -0.4 1.06 (0.97-1.15)
Thyroid 87.9 (1.5) 86.8 (1.2) 1.1 1.52 (1.05-2.20) 91.9 (0.9) 87.8 (1.0) 4.1 2.06 (1.45-2.93)
Hodgkin lymphoma 83.5(2.0) 81.5 (1.5) 2.0 1.82 (1.15-2.88)  86.4(1.3)  85.3(1.4) 1.1 0.98 (0.68-1.43)
Non-Hodgkin lymphoma 59.3 (1.3) 56.8 (1.0) 2.5 1.23(1.10-1.37)  69.7(0.8)  66.1(0.8) 3.6 1.21 (1.09-1.34)
Multiple myeloma 42.6 (1.9) 38.2 (1.5) 4.4 1.27 (1.10-1.46)  54.5(1.4)  52.0(1.3) 2.5 1.21 (1.07-1.37)
Leukemia 47.4 (1.4) 48.8 (1.1) -1.4 1.10(0.99-1.23)  57.0(1.0)  57.7(0.9) 0.7 1.00 (0.91-1.10)
All cancer sites® 57.0(0.2) 54.5(0.2) 2.5 1.20(1.18-1.23) 61.6 (0.2) 59.0(0.2) 2.6 1.16 (1.14-1.18)

2Reference: Q1 (least deprived), adjusted for age at diagnosis; Difference of GIMD quintiles; “Analyses for all cancer sites combined are weighted (survival rates) or adjusted
(relative excess risks) for case mix. Abbreviations: GIMD, German Index of Multiple Deprivation; ICD-10, International Classification of Diseases Version 10, Q, quintile.
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Figure 13 Five-year age-standardized relative survival rates across GIMD quintiles for the four most common cancer sites stratified by calendar
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Table 18 Relative excess risks for 5-year age-standardized relative survival in 2012-2014 by
GIMD quintile and cancer site for cancer patients in Germany, adjusted for federal state

GIMD Quintiles
Relative excess risk of 5-year relative survival (95 % Confidence Intervals)?

Q5

Cancer site Q2 Q3 Q4 (most deprived)
Oral 1.05 (0.95-1.15) 1.17 (1.07-1.28) 1.19(1.09-1.31)  1.32(1.20-1.45)
Esophagus 0.99 (0.90-1.09) 0.93 (0.85-1.03) 1.00 (0.91-1.11) 1.05 (0.94-1.16)
Stomach 0.94 (0.87-1.00) 0.95 (0.88-1.01) 0.97 (0.91-1.04)  0.99 (0.93-1.07)
Colon and rectum 1.03 (0.98-1.09) 1.08 (1.03-1.13) 1.07 (1.02-1.13)  1.14(1.08-1.20)
Liver 0.99 (0.90-1.09) 1.06 (0.97-1.16) 1.09 (0.99-1.20) 1.08 (0.98-1.19)
Gallbladder 1.06 (0.94-1.19) 1.14 (1.01-1.28) 1.10 (0.98-1.23) 1.07 (0.95-1.21)
Pancreas 0.99 (0.94-1.05) 1.05 (0.99-1.11) 1.01(0.95-1.07)  1.07 (1.01-1.14)
Larynx 1.27 (1.03-1.57) 1.07 (0.87-1.33) 1.49(1.21-1.83) 1.37(1.10-1.70)
Lung 0.99 (0.95-1.02) 1.03 (0.99-1.07) 1.03 (1.00-1.07)  1.07 (1.03-1.11)
Melanoma 0.94 (0.76-1.16) 0.98 (0.79-1.22) 1.25 (1.01-1.55) 1.13 (0.90-1.42)
Soft tissue 0.90 (0.72-1.13) 0.93 (0.74-1.17) 0.95 (0.75-1.20) 1.03 (0.81-1.31)
Breast 1.00 (0.92-1.08) 1.12 (1.03-1.21) 1.08 (0.99-1.18) 1.20(1.10-1.31)
Cervix 0.99 (0.83-1.17) 1.00 (0.83-1.19) 1.11(0.93-1.32)  1.16 (0.96-1.39)
Corpus uteri 0.91 (0.78-1.07) 1.07 (0.91-1.25) 1.10(0.93-1.29) 1.08 (0.91-1.28)
Ovary 1.14 (1.02-1.26) 1.12 (1.01-1.25) 1.14(1.02-1.27)  1.22(1.09-1.37)
Prostate 1.15(1.00-1.33) 1.41 (1.23-1.63) 1.43(1.24-1.66) 1.62(1.40-1.88)
Testis 0.84 (0.40-1.76) 1.03 (0.49-2.17) 1.41(0.71-2.81) 1.74 (0.86-3.51)
Kidney 0.94 (0.83-1.08) 0.99 (0.86-1.13) 1.06 (0.93-1.21)  1.02 (0.89-1.17)
Bladder 0.97 (0.89-1.06) 0.94 (0.86-1.02) 1.00 (0.92-1.10 0.99 (0.91-1.09)
Brain 1.07 (0.98-1.17) 1.07 (0.97-1.17) 1.04 (0.94-1.14)  1.04 (0.94-1.15)
Thyroid 1.13 (0.75-1.70) 1.20(0.80-1.82) 1.58 (1.05-2.37)

Hodgkin lymphoma

Non-Hodgkin lymphoma

Multiple myeloma
Leukemia
All cancer sites

0.82 (0.55-1.21)
1.01 (0.90-1.12)
1.09 (0.96-1.25)
0.99 (0.90-1.10)
1.01 (0.99-1.03)

0.91 (0.61-1.34)
1.13 (1.02-1.26)
1.20 (1.05-1.37)
0.99 (0.90-1.10)
1.05 (1.03-1.07)

1.05 (0.94-1.18
1.15 (1.00-1.32
1.00 (0.90-1.11
1.06 (1.04-1.08

( )

( )

( )
1.24 (0.83-1.85)
1.00 (0.67-1.51)
( )

( )

)

)

0.89 (0.58-1.37)
1.19 (1.06-1.33)
1.23 (1.07-1.41)
1.08 (0.96-1.20)
1.11 (1.09-1.13)

aReference: Q1 (least deprived); Abbreviations: GIMD, German Index of Multiple Deprivation; ICD-10,
International Classification of Diseases Version 10; Q, quintile.
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Table 19 Relative excess risks for 5-year age-standardized relative survival in 2012-2014 by
GIMD quintile and cancer site for cancer patients in Germany, adjusted for East/West

Germany

Cancer site

GIMD Quintiles
Relative excess risk of 5-year relative survival (95 % Confidence Intervals)?®

Q2

Q3

Q4

Q5

(most deprived)

Oral
Esophagus
Stomach
Colon and rectum
Liver
Gallbladder
Pancreas
Larynx
Lung
Melanoma
Soft tissue
Breast
Cervix
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain
Thyroid

Hodgkin lymphoma
Non-Hodgkin lymphoma

Multiple myeloma
Leukemia
All cancer sites

1.04 (0.95-1.14)
0.99 (0.90-1.09)
0.98 (0.92-1.05)
1.06 (1.01-1.11)
1.03 (0.94-1.12)
1.06 (0.95-1.19)
1.02 (0.96-1.08)
1.19 (0.97-1.46)
1.00 (0.97-1.04)
0.91 (0.73-1.12)
0.89 (0.71-1.10)
1.00 (0.92-1.08)
0.99 (0.83-1.17)
0.91 (0.78-1.07)
1.18 (1.06-1.30)
1.19 (1.03-1.37)
0.92 (0.45-1.91)
0.97 (0.85-1.10)
1.00 (0.92-1.09)
1.07 (0.98-1.17)
1.19 (0.80-1.75)
0.81 (0.55-1.20)
1.00 (0.90-1.12)
1.07 (0.94-1.21)
0.98 (0.89-1.09)
1.03 (1.01-1.04)

1.16 (1.06-1.27)
0.94 (0.85-1.03)
1.00 (0.93-1.07)
1.11 (1.06-1.16)
1.09 (1.00-1.19)
1.14 (1.02-1.27)
1.08 (1.02-1.14)
1.01 (0.82-1.25)
1.05 (1.02-1.09)
0.95 (0.77-1.17)
0.93 (0.75-1.16)
1.12 (1.04-1.21)
1.01 (0.85-1.19)
1.06 (0.91-1.23)
1.16 (1.05-1.28)
1.48 (1.29-1.70)
0.98 (0.47-2.04)
1.01 (0.89-1.14)
0.96 (0.88-1.04)
1.08 (0.99-1.18)
1.35 (0.92-1.99)
0.92 (0.63-1.34)
1.13 (1.02-1.25)
1.19 (1.05-1.35)
1.00 (0.91-1.11)
1.07 (1.06-1.09)

1.19 (1.09-1.30)
1.00 (0.90-1.10)
1.03 (0.96-1.10)
1.10 (1.05-1.16)
1.13 (1.03-1.23)
1.10 (0.98-1.23)
1.03 (0.97-1.10)
1.39 (1.14-1.70)
1.05 (1.02-1.09)
1.21 (0.98-1.48)
0.93 (0.74-1.17)
1.09 (1.01-1.18)
1.11(0.93-1.31)
1.10 (0.94-1.29)
1.18 (1.06-1.31)
1.51 (1.31-1.74)
1.42 (0.72-2.78)
1.09 (0.96-1.24)
1.03 (0.95-1.12)
1.04 (0.95-1.15)
1.40 (0.95-2.04)
1.01 (0.69-1.49)
1.05 (0.94-1.17)
1.11 (0.97-1.26)
1.01 (0.91-1.12)
1.08 (1.07-1.10)

1.30 (1.19-1.42)
1.05 (0.95-1.15)
1.06 (0.99-1.14)
1.17 (1.11-1.23)
1.12 (1.02-1.22)
1.08 (0.97-1.22)
1.09 (1.03-1.16)
1.24 (1.01-1.52)
1.09 (1.05-1.13)
1.12 (0.91-1.39)
1.03 (0.83-1.30)
1.21 (1.12-1.32)
1.12 (0.95-1.33)
1.08 (0.92-1.27)
1.30 (1.17-1.45)
1.68 (1.46-1.93)
1.88 (0.96-3.66)
1.08 (0.95-1.23)
1.01 (0.93-1.10)
1.05 (0.95-1.15)
1.54 (1.05-2.26)
0.85 (0.57-1.28)
1.19 (1.07-1.32)
1.19 (1.04-1.35)
1.08 (0.97-1.20)
1.13 (1.11-1.15)

aReference: Q1 (least deprived); Abbreviations: GIMD, German Index of Multiple Deprivation; ICD-10,
International Classification of Diseases Version 10; Q, quintile.
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Table 20 Five-year age-standardized relative survival by GIMD quintile and cancer site for cancer patients in Germany, period 2003-2005 and
2012-2014, including only registries providing data for all years of diagnosis 1998-2014

Period 2003-2005 Period 2012-2014
5-year relative survival Relative excess risk 5-year relative survival Relative excess risk
(standard error) (95 % confidence interval)? (standard error) (95 % confidence interval)®
Cancer site Q1 Q5 Q1-Q5° Q5 (most deprived) Q1 Q5 Ql-Q5° Q5 (most deprived)

Oral 44.1 (2.0) 43.3 (1.3) 0.8 1.17 (1.02-1.34)  49.7 (1.6) 46.1 (1.0) 3.6 1.40 (1.21-1.62)
Esophagus 19.5(1.9) 15.4 (1.1) 4.1 1.18 (1.00-1.38)  25.2(1.7) 21.1(1.1) 4.1 1.15 (1.00-1.33)
Stomach 28.1(1.2) 27.4(0.7) 0.7 1.08 (0.98-1.19)  31.8(1.2) 30.8 (0.8) 1.0 1.06 (0.96-1.18)
Colon and rectum 58.8 (0.7) 57.3(0.5) 1.5 1.19(1.11-1.28) 64.8 (0.6) 61.9 (0.4) 2.9 1.22 (1.14-1.32)
Liver 13.5(1.6) 10.3 (1.0) 3.2 1.22 (1.04-1.42) 17.0 (1.7) 15.3 (1.0) 1.7 1.11(0.97-1.27)
Gallbladder 17.3(2.1) 16.4 (1.3) 0.9 1.09 (0.93-1.29) 30.7 (2.6) 21.6 (1.5) 9.1 1.37 (1.14-1.64)
Pancreas 9.2 (1.0) 7.6 (0.6) 1.6 1.13 (1.01-1.25) 14.7 (1.1) 11.4 (0.7) 3.3 1.11 (1.01-1.21)
Larynx 62.7 (3.4) 58.3(2.2) 4.4 1.37(0.98-1.92)  64.3(2.8) 60.4 (1.9) 3.9 1.33 (0.96-1.85)
Lung 15.0 (0.5) 13.7 (0.4) 1.3 1.13 (1.07-1.19)  20.3 (0.6) 17.9 (0.4) 2.4 1.10 (1.05-1.16)
Melanoma 87.6 (1.1) 85.1(0.8) 2.5 1.95 (1.38-2.76)  94.2(0.7) 91.5 (0.5) 2.7 2.07 (1.38-3.08)
Soft tissue 57.3(3.2) 56.3 (2.2) 1.0 0.96 (0.70-1.33) 68.3 (3.0) 68.2 (2.2) 0.1 0.95 (0.69-1.30)
Breast 80.1 (0.6) 79.6 (0.5) 0.5 1.16 (1.03-1.30) 84.2 (0.5) 83.5(0.4) 0.7 1.17 (1.03-1.32)
Cervix 62.9 (2.3) 61.8 (1.3) 1.1 1.10 (0.83-1.46) 68.4 (2.2) 63.9 (1.4) 4.5 1.32 (0.99-1.75)
Corpus uteri 78.1(1.5) 78.6 (0.9) -0.5 0.93 (0.73-1.18) 79.0 (1.4) 78.6 (0.9) 0.4 1.06 (0.83-1.35)
Ovary 35.6 (1.5) 36.8 (1.0) -1.2 1.15(0.99-1.34)  42.2(1.7) 37.5(1.1) 4.7 1.35 (1.15-1.60)
Prostate 82.8 (1.0) 82.2(0.7) 0.6 1.49 (1.23-1.80)  89.9(1.0) 87.8(0.7) 2.1 1.84 (1.44-2.35)
Testis 82.1(2.0) 86.0 (3.0) -3.9 2.51(1.05-5.99)  90.8 (3.0) 89.5 (2.6) 1.3 2.80 (0.85-9.28)
Kidney 69.3 (1.5) 67.8 (0.9) 1.5 1.05 (0.88-1.25)  74.4(1.3) 74.4 (0.8) 0.0 1.05 (0.87-1.26)
Bladder 50.7 (1.5) 56.1(1.0) -5.4 0.86 (0.75-0.98) 56.9 (1.3) 54.4 (0.9) 2.5 1.10 (0.97-1.25)
Brain 24.1(1.7) 26.1(1.2) -2.0 0.86 (0.74-0.99) 31.3(1.5) 31.0(1.1) 0.3 1.09 (0.95-1.25)
Thyroid 87.9 (2.0) 86.9 (1.2) 1.0 2.19 (1.00-4.79) 91.7 (1.5) 88.1(1.1) 3.6 2.87 (1.31-6.27)
Hodgkin lymphoma 81.5 (2.4) 81.3 (1.5) 0.2 1.90 (0.97-3.71)  85.9(2.1) 84.7 (1.5) 1.2 1.21 (0.66-2.22)
Non-Hodgkin lymphoma 56.2 (1.5) 55.9 (1.0) 0.3 1.15(0.99-1.35)  71.6(1.2) 66.0 (0.8) 5.6 1.59 (1.33-1.90)
Multiple myeloma 40.9 (2.1) 37.6 (1.5) 3.3 1.34 (1.10-1.65)  56.9 (1.9) 51.4 (1.4) 5.5 1.47 (1.19-1.82)
Leukemia 45.3 (1.7) 49.1(1.1) 3.8 1.06 (0.90-1.25)  58.0(1.5) 58.6 (1.0) -0.6 1.05 (0.89-1.22)
All cancer sites® 53.9(0.3) 53.3(0.2) 0.6 1.14 (1.11-1.17) 60.4 (0.3) 58.0(0.2) 2.4 1.18 (1.15-1.22)

aReference: Q1 (least deprived), adjusted for age at diagnosis; Difference of GIMD quintiles; “Analyses for all cancer sites combined are weighted (survival rates) or adjusted
(relative excess risks) for case mix.
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3.3 Analyses of data from the clinical cancer registries in Germany’

3.3.1 Lung cancer survival

Overall, 22,905 patients were included (Figure 4) of whom 47.1 % were registered in the
clinical cancer registry located in Regensburg, 72.9 % were male, 23.8 % were over 75 years of
age, 49.5 % had stage IV cancer, 45.3 % had a lung cancer of the upper lobe and 82.7 % had a
NSCLC (Table 21). Chi-square tests revealed significant differences for all factors except
subtype, however, there were only marginal differences for most factors when comparing
across area-based socioeconomic deprivation groups (Table 21). Patients resident in most
deprived municipalities were more often males, less often diagnosed with an
adenocarcinoma, more often diagnosed with squamous cell carcinoma or SCLC and had more
often undetermined grading. Within the catchment areas of registries, municipalities in the
Dresden and Erfurt region were more deprived on average than municipalities in the
Regensburg region (Table 21). Median time from diagnosis to first neoadjuvant or adjuvant
treatment was 20, 21, 26, 24, and 23 days for Q1 (least deprived), Q2, Q3, Q4, and Q5 (most

deprived), respectively.

For the total population, the number of observed deaths was 18,277 (79.8 %) and median
follow-up time in months was 72.0 (69.0-73.0). Figure 14 shows non-standardized OS curves
for the total study population stratified by stage and area-based deprivation quintiles. The
corresponding one-, three-, and five-year OS rates are displayed in Table 22. For the total study
population, survival was at each time point lowest for most deprived areas but no gradient
across deprivation groups was observed (5-year survival difference to Q1: Q2 1.3 %, Q3 0.5 %,
Q4 1.5 %, Q5 2.8 %, Figure 14, Table 22). In patients with stage I/Il, survival was highest in the
least deprived quintiles and in patients with stage Ill, survival was lowest in the most deprived
quintile. There was no difference for other quintiles in these subgroups and no difference in

patients with stage IV patients (Figure 14, Table 22).

"The different parts of this chapter are based on and were presented in the article Finke et al. 2020.
The author’s contribution to the different parts is declared in section 7.1.
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Table 21 Characteristics of the total study population of lung cancer patients stratified by
area-based socioeconomic deprivation quintiles

Deprivation quintile

Total Q1 Q2 Q3 Q4 Q5
(Least deprived) (Most deprived)  p-value?
N (%) N (%) N (%) N (%) N (%) N (%)

Cases 22,905 (100.0) 3,904 (17.0) 4,662 (20.4) 4,690 (20.5) 4,622 (20.2) 5,027 (22.0)
Cancer Registry
Dresden 6,752 (29.5) 551(14.1) 1,730(37.1) 1,722 (36.7) 794 (17.2) 1,955 (38.9)
Erfurt 5,373 (23.5) 160 (4.1) 260(5.6) 1,270(27.1) 1,893 (41.0) 1,790 (35.6)
Regensburg 10,780 (47.1) 3,193 (81.8) 2,672(57.3) 1,698(36.2) 1,935 (41.9) 1,282 (25.5) <.0001
Sex
Men 16,690 (72.9) 2,816 (72.1) 3,298 (70.7)  3,391(72.3) 3,335(72.2) 3,850 (76.6)
Women 6,215 (27.1) 1,088 (27.9) 1,364 (29.3) 1,299 (27.7) 1,287 (27.8) 1,177 (23.4) <.0001
Age at diagnosis
(years)
15-54 3,007 (13.1) 581 (14.9) 584 (12.5) 587 (12.5) 617 (13.3) 638 (12.7)
55-59 2,508 (10.9) 467 (12.0) 475 (10.2) 512 (10.9) 516 (11.2) 538 (10.7)
60-64 3,452 (15.1) 565 (14.5) 720 (15.4) 675 (14.4) 714 (15.4) 778 (15.5)
65-69 4,099 (17.9) 710 (18.2) 831 (17.8) 828 (17.7) 831 (18.0) 899 (17.9)
70-74 4,398 (19.2) 714 (18.3) 922 (19.8) 928 (19.8) 853 (18.5) 981 (19.5)
75+ 5,441 (23.8) 867(22.2) 1,130(24.2) 1,160 (24.7) 1,091 (23.6) 1,193 (23.7) 0.022
Mean (years + SD) 67.2+10.3 66.4+10.4 67.5+10.3 67.5+10.3 67.1+10.3 67.3+10.2
Period of Diagnosis
2000-2010 14,769 (64.5) 2,383 (61.0) 2,873 (61.6) 3,107 (66.2) 2,982 (64.5) 3,424 (68.1)
2011-2015 8,136 (35.5) 1,521(39.0) 1,789(38.4) 1,583(33.8) 1,640 (35.5) 1,603 (31.9) <.0001
Diagnosis (ICD-10)
€34.0 Main bronchus 2,765 (12.1) 539 (13.8) 607 (13.0) 504 (10.7) 538 (11.6) 577 (11.5)
C34.1 Upper lobe 10,375 (45.3) 1,730 (44.3) 2,155 (46.2) 2,150 (45.8) 2,097 (45.4) 2,243 (44.6)
€34.2 Middle lobe 947 (4.1) 162 (4.1) 176 (3.8) 181 (3.9) 215 (4.7) 213 (4.2)
C34.3 Lower lobe 5,591 (24.4) 925(23.7) 1,139(24.4) 1,153 (24.6) 1,125 (24.3) 1,249 (24.8)
€34.8 Overlapping 838 (3.7) 129 (3.3) 163 (3.5) 204 (4.3) 142 (3.1) 200 (4.0)
lesion
C34.9 Unspecified 2,389 (10.4) 419 (10.7) 422 (9.1) 498 (10.6) 505 (10.9) 545 (10.8) <.0001
Stage at diagnosis
| 3,321 (16.2) 532 (15.3) 654 (15.5) 748 (18.0) 684 (16.9) 703 (15.5)
I 1,625 (7.9) 298 (8.6) 319 (7.6) 323(7.8) 328(8.1) 357 (7.9)
I 5,384 (26.3) 924 (26.6) 1,068 (25.3) 1,076 (25.9) 1,047 (25.9) 1,269 (28.0)
\Y 10,111 (49.5) 1,723 (49.6) 2,184 (51.7) 2,011 (48.4) 1,987 (49.1) 2,206 (48.6)
Missing 2,464 (10.8) 427 (10.9) 437 (9.4) 532 (11.3) 576 (12.5) 492 (9.8) 0.003
Histological subtype
NSCLC

Adenocarcinoma 6,912 (30.2) 1,243 (31.9) 1,566 (33.6) 1,405(30.0) 1,345(29.1) 1,353 (26.9)

Squamous cell 7,081 (31.0) 1,165(29.9) 1,389(29.8) 1,403(30.0) 1,419 (30.7) 1,705 (34.0)

carcinoma

Other 4,910 (21.5) 803 (20.6) 897(19.3) 1,091(23.3) 1,063 (23.0) 1,056 (21.0)
scLc3 3,975 (17.4) 685 (17.6) 807 (17.3) 785 (16.8) 791 (17.1) 907 (18.1)
Missing 27 (0.1) 8(0.2) 3(0.1) 6(0.1) 4(0.1) 6(0.1) 0.522b
Grading
Low/intermediate 7,168 (41.1) 1,313 (47.9) 1,475 (45.7) 1,470 (40.3) 1,346 (35.6) 1,564 (38.9)
grade
High grade 7,158 (41.1) 1,319 (48.1) 1,572 (48.7) 1,427(39.1) 1,476 (39.1) 1,364 (33.9)
Undetermined 3,094 (17.8) 109 (4.0) 180 (5.6) 751 (20.6) 961 (25.4) 1,093 (27.2)
Missing 5,485 (23.9) 1,163 (29.8)  1,435(30.8) 1,042 (22.2) 839 (18.2) 1,006 (20.0) <.0001
Chemotherapy 10,819 (50.6) 2,065 (54.5) 2,123 (48.7) 2,141(49.8) 2,083 (48.2) 2,407 (52.3) NA
Radiotherapy 6,928 (30.2) 1,060 (27.2) 1,396 (29.9) 1,450(30.9) 1,376 (29.8) 1,646 (32.7) NA
Surgery 5,752 (25.1) 990 (25.4) 1,100 (23.6) 1,227 (26.2) 1,207 (26.1) 1,228 (24.4) NA

Abbreviations: ICD, International Classification of Diseases; N, number of observations; NA, not

applicable; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; SD, standard deviation;
3N=12 patients had an additional diagnosis of NSCLC; ®P-value from Chi-square test comparing the
distribution of the factors and deprivation quintiles; °Comparing NSCLC and SCLC.
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Pre-defined multivariable models for the total study population consistently showed a
statistically significantly lower survival in the most deprived quintile (HR 1.06, 9 5% CI 1.01-
1.11, Figure 15, Table 23). Adjusting for cancer registry attenuated the association (Table 23).
Stratified analyses showed lower survival in the most deprived municipalities for patients with
stage /11 (HR 1.13, 95 % Cl 1.00-1.28) and stage Il1 (1.13, 1.03-1.24) lung cancer but no gradient
across area-based deprivation quintiles (Figure 15, Table 23). Medium-sized differences in
survival were observed between the most and least deprived municipalities for these
subgroups and no difference for patients with stage IV lung cancer (stage I+11: 2.2-4.1 % units,
stage Ill: 3.0-4.0 % units, Figure 15 and Table A4, Appendix). When adjusting for cancer
registry, effect estimates were slightly larger in the subgroup diagnosed with stage I/Il (Table
23). Stratified analyses by patient and tumor factors revealed lower survival in the most
deprived municipalities for men, age group 15-69 years, low/intermediate grade, NSCLC,
period of diagnosis 2011-2015, and follow-up length of 1 year and 5 years (Table 24). A
significant trend towards lower survival in the most deprived areas in subgroups with overall
better prognosis was observed (Tables 23 and 24).

Table 22 Kaplan-Meier estimates stratified by area-based socioeconomic deprivation and by
stage at diagnosis for the total population of lung cancer patients registered in three German
clinical cancer registries.

Area-based Overall Survival in % (95 % Confidence Interval)
socioeconomic deprivation quintile 1 year 3 years 5 years

Total population

Q1 (=least deprived) 48.8 (47.2-50.4) 22.6 (21.1-24.0) 17.2 (15.8-18.5)
Q2 47.7 (46.2-49.2) 22.0(20.7-23.3) 15.9 (14.8-17.2)
Qa3 47.9 (46.5-49.4) 23.5(22.2-24.8) 16.7 (15.5-17.9)
Q4 47.7 (46.2-49.1) 22.6 (21.3-23.9) 15.7 (14.5-16.9)

Q5 (=most deprived)
Stage | + I

Q1 (=least deprived)
Q2

Qa3

Q4

Q5 (=most deprived)
Stage lll

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Stage IV

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)

46.6 (45.2-48.0)

81.3 (78.4-83.9)
80.2 (77.4-82.7)
79.3 (76.7-81.7)
76.8 (74.0-79.3)
78.3 (75.6-80.7)

53.7 (50.3-56.9)
54.2 (51.2-57.2)
52.5 (49.4-55.4)
53.6 (50.5-56.5)
47.9 (45.1-50.7)

30.6 (28.4-32.8)
29.4 (27.5-31.4)
28.9 (26.9-30.9)
29.3 (27.3-31.3)
30.3 (28.4-32.3)

20.7 (19.6-22.0)

59.0 (55.3-62.5)
58.3 (54.9-61.5)
55.3 (52.2-58.4)
52.8 (49.5-55.9)
52.5 (49.3-55.6)

21.1(18.4-23.9)
18.8 (16.4-21.3)
20.9 (18.4-23.4)
20.7 (18.3-23.2)
17.7 (15.6-19.9)

6.2 (5.0-7.5)
7.1(6.0-8.4)
8.1(6.9-9.4)
7.8 (6.6-9.2)
7.0 (5.9-8.2)

14.4 (13.3-15.5)

48.1 (44.2-51.9)
46.9 (43.4-50.4)
42.9 (39.7-46.2)
40.1 (36.8-43.4)
40.7 (37.5-43.9)

15.2 (12.8-17.8)
12.0 (10.0-14.2)
14.2 (12.0-16.6)
13.5 (11.4-15.8)

10.9 (9.2-12.8)

3.7 (2.8-4.9)
3.9 (3.0-5.0)
4.3 (3.4-5.4)
4.0 (3.0-5.2)
3.6 (2.8-4.6)

Lowest overall survival among the quintiles is printed in bold.
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Figure 14 Kaplan Meier curves stratified by area-based socioeconomic deprivation and by
stage at diagnosis for the total population of lung cancer patients registered in three German
clinical cancer registries.
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Figure 15 Adjusted survival curves stratified by area-based socioeconomic deprivation and by
stage at diagnosis for the total population of lung cancer patients registered in three German
clinical cancer registries.
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Table 23 Association between area-based socioeconomic deprivation and lung cancer survival overall and stratified by stage at diagnosis with
different levels of adjustment.

Subgroup Events Model Adjusted 5-year Model 3 plus cancer registry®
(deprivation quintile) N (%) Hazard ratio (95% confidence interval)* survival rate %°¢ Hazard ratio
Model 1° Model 2 Model 3¢ (95% confidence interval)*

Total population 18,277 (79.8)

Q1 (Least deprived) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 17.1(16.2-18.0) 1.00 (ref.)
Q2 1.02 (0.97-1.07) 1.02(0.97-1.07) 1.02(0.97-1.07) 16.7 (15.9-17.5) 1.00 (0.96-1.06)
Q3 1.00(0.95-1.05) 1.01(0.96-1.06) 1.02(0.97-1.07) 16.7 (15.9-17.5) 1.00 (0.95-1.05)
Q4 1.03(0.98-1.08) 1.03(0.98-1.08) 1.05(1.00-1.10) 16.1 (15.3-17.0) 1.02 (0.97-1.08)
Q5 (Most deprived) 1.06 (1.01-1.11) 1.06 (1.01-1.11) 1.06 (1.01-1.11)  15.9 (15.1-16.7) 1.03 (0.98-1.08)
Stage /Il 3,182 (56.8)

Q1 (Least deprived) 1.00 (ref.) 1.00 (ref.) 47.0 (43.7-50.2) 1.00 (ref.)
Q2 0.93 (0.82-1.06) 0.94 (0.83-1.07) 49.0 (45.9-51.9) 0.97 (0.85-1.10)
Q3 1.10(0.97-1.24) 1.11(0.98-1.26) 43.5 (40.7-46.3) 1.14 (1.00-1.30)
Q4 1.16 (1.03-1.31) 1.17 (1.04-1.32) 41.8 (38.9-44.6) 1.19 (1.05-1.35)
Q5 (Most deprived) 1.12 (0.99-1.26)  1.13 (1.00-1.28) 42.9 (40.0-45.6) 1.17 (1.03-1.32)
Stage IlI 4,978 (82.3)

Q1 (Least deprived) 1.00 (ref.) 1.00 (ref.) 15.6 (13.6-17.8) 1.00 (ref.)
Q2 1.00(0.91-1.10) 1.00(0.91-1.10) 15.6 (13.7-17.6) 1.00 (0.91-1.10)
Q3 1.03(0.94-1.13) 1.03(0.94-1.14) 14.8 (12.9-16.7) 1.02 (0.92-1.12)
Q4 1.02 (0.93-1.12) 1.01(0.92-1.12) 15.3 (13.4-17.3) 0.99 (0.90-1.10)
Q5 (Most deprived) 1.13 (1.03-1.23) 1.13(1.03-1.24) 12.6 (11.0-14.2) 1.11 (1.00-1.22)
Stage IV 10,117 (89.9)

Q1 (Least deprived) 1.00 (ref.) 1.00 (ref.) 4.7 (3.9-5.6) 1.00 (ref.)
Q2 1.03 (0.97-1.11)  1.03 (0.96-1.10) 4.3 (3.6-5.0) 1.01 (0.94-1.08)
Q3 1.00 (0.93-1.07)  1.00 (0.93-1.06) 4.8 (4.1-5.6) 0.96 (0.89-1.03)
Q4 1.03 (0.97-1.10)  1.02 (0.96-1.10) 4.4 (3.7-5.2) 0.99 (0.93-1.06)
Q5 (Most deprived) 1.01 (0.94-1.07) 1.00 (0.94-1.07) 4.7 (4.0-5.4) 0.96 (0.89-1.03)

Abbreviations: N, number of events; 2Adjusted for age group (15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years), sex (males, females) and year of
diagnosis. "Same adjustment as model 1 plus cancer subtype (NSCLC, SCLC) and grading (well- or moderately differentiated, poorly or undifferentiated). “Same adjustment as
model 2 plus stage at diagnosis (I, Il, Ill, IV). In stage stratified analyses, this is the same model as model 2. Same adjustment as model 3 plus registry (Dresden, Erfurt,
Regensburg). *Hazard ratios with p<0.05 are printed in bold;
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Patients receiving surgery showed a lower survival when resident in the more deprived
municipalities (Q4: HR 1.13. 95 % ClI 1.00-1.27, Table 24). This association strengthened for
Q4, when further restricting to patients with stages I-lll for whom surgery is indicated
according to German recommendations (Q4: 1.19, 1.05-1.36, Supplementary Table 25).
Further restriction to patients receiving chemotherapy or radiotherapy changed effect
estimates which were not statistically significant. However, Cls were large for these subgroups

(Tables 24 and 25).

Table 26 shows the association of the area-specific socioeconomic deprivation quintiles with
survival within each region. In neither region, significant differences between the least and
most deprived areas were observed. Survival was significantly lower than in Q1 in Erfurt city

but not in Dresden city.

The sensitivity analysis for the Cox models including an additional category for Dresden city
revealed similar results for deprivation quintiles compared to the main analysis (Table 23, 24,
and Table A5, Appendix). Dresden city had significantly lower survival in subgroups with high
grading and SCLC and better survival in subgroups receiving chemotherapy or surgery

compared to the least deprived municipalities (Table A5, Appendix).

The sensitivity analysis for treatment groups using follow-up start 30, 60, and 90 days after

diagnosis showed marginal differences to the main analysis (Table 24 and Table A6, Appendix).
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Table 24 Association between area-based socioeconomic deprivation and lung cancer survival stratified by patient and tumor characteristics with

full adjustment.

Events Deprivation quintile Deprivation quintile
Subgroup N (%) Hazard ratio (95% confidence interval)*? Adjusted 5-year survival rate %?
ai . Q2 Q3 Q4 Qs . at . s .

(Least deprived) (Most deprived) (Least deprived) (Most deprived)
Men 13,677 (82.0) 1.00 (ref.) 1.03(0.97-1.09) 1.03(0.98-1.09) 1.06(1.00-1.12) 1.08(1.02-1.14) 15.7 (14.7-16.7) 14.1 (13.3-15.0)
Women 4,600 (74.0) 1.00 (ref.) 0.98 (0.89-1.08) 0.96 (0.87-1.06) 1.01(0.91-1.11) 0.99 (0.90-1.10)  20.7 (18.9-22.5) 20.8 (19.1-22.6)
Age 15-69 years 10,136 (77.6) 1.00 (ref.) 0.98(0.92-1.05) 0.98 (0.92-1.05) 1.02 (0.96-1.09) 1.07 (1.00-1.14)  19.7 (18.5-20.9) 18.3 (17.3-19.4)
Age 70+ years 8,141 (82.7) 1.00 (ref.) 1.07 (0.99-1.15) 1.08(1.00-1.16) 1.09(1.01-1.17) 1.06(0.99-1.14)  13.3(12.1-14.7) 12.7(11.6-13.8)
Low/intermediate grade 18,277 (79.8) 1.00 (ref.) 1.00(0.92-1.08) 1.00(0.93-1.09) 1.08 (1.00-1.18) 1.09(1.00-1.18)  23.1(21.5-24.7) 21.1(19.6-22.5)
High grade 10,558 (83.4) 1.00 (ref.) 1.03(0.96-1.10) 1.03(0.96-1.10) 1.02 (0.95-1.09) 1.04 (0.97-1.11) 12.4(11.3-13.5) 11.7 (10.8-12.8)
NSCLC 14,756 (78.0) 1.00 (ref.) 1.02(0.97-1.08) 1.01(0.95-1.06) 1.05(0.99-1.11) 1.06 (1.00-1.12) 19.1 (18.1-20.1) 17.8(16.9-18.7)
SCLC 3,521 (88.5) 1.00 (ref.) 1.02(0.91-1.14) 1.08(0.97-1.21) 1.03(0.92-1.16) 1.07(0.96-1.19) 8.2 (6.7-9.8) 7.2 (6.0-8.5)
Period 2000-2010 13,228 (89.6) 1.00 (ref.) 1.01(0.95-1.07) 1.02(0.96-1.08) 1.03(0.97-1.09) 1.03 (0.98-1.09) 16.0 (15.0-17.0) 15.4(14.5-16.2)
Period 2011-2015 5,049 (62.1) 1.00 (ref.) 1.04(0.95-1.13) 1.01(0.92-1.11) 1.09 (0.99-1.19) 1.12(1.03-1.23) n/a’ n/a’
Chemotherapy 9,759 (84.3) 1.00 (ref.) 0.96(0.90-1.02) 0.95(0.89-1.02) 0.96 (0.90-1.02) 0.97 (0.91-1.03)  11.1(10.1-12.2) 11.7 (10.8-12.8)
Radiotherapy 5,733 (82.8) 1.00 (ref.) 1.02(0.94-1.12) 0.98(0.90-1.07) 0.97 (0.89-1.07) 1.05(0.96-1.14)  15.1(13.4-17.0) 14.0(12.6-15.6)
Surgery 3,121 (54.3) 1.00 (ref.) 0.95(0.84-1.08) 1.08 (0.96-1.21) 1.13(1.00-1.27) 1.10(0.98-1.24)  49.5(46.4-52.5) 46.5 (43.8-49.1)
FU length: 3 months 4,385 (19.1) 1.00 (ref.) 1.09 (0.99-1.20) 1.03 (0.94-1.14) 1.13(1.02-1.25) 1.09 (0.99-1.21) n/as n/as
FU length: 1 year 11,510 (50.3) 1.00 (ref.) 1.03(0.97-1.10) 1.04(0.98-1.11) 1.06 (1.00-1.13) 1.06 (1.00-1.13) n/at n/at
FU length: 3 years 16,452 (71.8) 1.00 (ref.) 1.03(0.98-1.08) 1.02(0.97-1.07) 1.04(0.99-1.10) 1.05(1.00-1.10) n/at n/at
FU length: 5 years 17,420 (76.1) 1.00 (ref.) 1.04(0.98-1.09) 1.03(0.98-1.08) 1.06(1.00-1.11) 1.06(1.01-1.11) 17.7 (16.8-18.6) 16.4(15.6-17.2)

Abbreviations: FU, follow-up; N, number of events; n/a, not applicable; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; °Adjusted for age group
(15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years), sex (males, females), year of diagnosis, cancer subtype (NSCLC, SCLC), grading
(well- or moderately differentiated, poorly or undifferentiated) and stage at diagnosis (I, II, llI, IV). *Hazard ratios with p<0.05 are printed in bold; No 5-year
survival rates available, as follow-up time is below 5 years
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Table 25 Association between area-based socioeconomic deprivation and lung cancer survival among patients with stage I-1ll cancer, overall and
among patients with specific therapies.

Events Deprivation quintile
Subgroup N (%) Hazard ratio (95% confidence interval)?*
Q1 Q5

(Least deprived) Q2 a3 Q4 (Most deprived)
Stage I-11I 8,160 (70.1) 1.00 (ref.) 0.99(0.92-1.07) 1.08(1.00-1.16) 1.08 (1.00-1.16) 1.14 (1.06-1.22)
Stage I-IIl + surgery 2,618 (51.4) 1.00 (ref.) 0.93(0.81-1.07) 1.12(0.99-1.27) 1.19(1.05-1.36) 1.11(0.98-1.26)
Stage I-lll + surgery + chemotherapy 937 (58.2) 1.00 (ref.) 1.01(0.81-1.27) 1.17(0.95-1.44) 1.20(0.96-1.49) 1.20(0.97-1.48)
Stage I-lll + surgery + radiotherapy 690 (67.3) 1.00 (ref.) 0.96(0.73-1.27) 0.98(0.76-1.27) 1.11(0.86-1.43) 1.01(0.78-1.31)

N, number of events; *Hazard ratios with p<0.05 are printed in bold; *Adjusted for age group (15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years,

75+ years) and sex (males, females), year of diagnosis, cancer subtype (NSCLC, SCLC), grading (well- or moderately differentiated, poorly or undifferentiated), and
stage at diagnosis (1, 11, lI).

Table 26 Association between region-specific area-based socioeconomic deprivation and lung cancer survival stratified by three German clinical
cancer registries.

Events Deprivation quintile
Registry N (%) Hazard ratio (95% confidence interval)®*
Q1 Qs .
(Least deprived) Q2 a3 a4 (Most deprived) Dresden/Erfurt city®
Dresden 5,470 (81.0) 1.00 (ref.) 0.94(0.83-1.05) 1.00(0.89-1.12) 0.91 (0.82-1.02) 1.09 (0.98-1.21) 0.94 (0.85-1.03)
Erfurt 4,344 (80.9) 1.00 (ref.) 1.10(0.97-1.25) 1.11(0.98-1.26) 1.08 (0.95-1.22) 1.11 (0.98-1.26) 1.15 (1.04-1.29)
Regensburg 8,463 (78.5) 1.00 (ref.) 0.97 (0.90-1.04) 1.01(0.94-1.08)  0.98(0.92-1.06)  0.99 (0.92-1.06) -

Abbreviations: N, number of events; *Adjusted for age group (15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years) and sex (males,
females), year of diagnosis, cancer subtype (NSCLC, SCLC), grading (well- or moderately differentiated, poorly or undifferentiated), stage at diagnosis (1, I, IlI,
IV); °For the cancer registry Dresden and Erfurt, the cities Dresden and Erfurt were classified separately, as they would otherwise dominate the classification of

the quintiles. The deprivation value for Dresden lies between Q1 and Q2 in 2006 and in Q2 in 2010. For Erfurt, it lies in Q1 in 2006 and in Q2 in 2010; *Hazard
ratios with p<0.05 are printed in bold
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3.3.2 Breast cancer survival

In total, 31,357 patients were included in the analysis (Table 27, Figure 5). Chi-square tests
showed significant differences across GIMD quintiles for the distribution of all factors except
tumor side and grading (Table 27). However, comparing the relative frequencies across the
GIMD quintiles, these differences were rather small, except for cancer registry. Patients
resident in least deprived municipalities were slightly younger and more often diagnosed in
the most recent period of diagnosis 2012-2016 compared to all other patients. Most patients
were diagnosed with stage | and Il breast cancer. Around 96 % of the patients received
hormone therapy, half of the patients received chemotherapy, more than 60 % received
radiotherapy and the vast majority received surgery (Table 27). There was a small gradual
increase in receiving chemotherapy from the least to the most deprived quintile but no clear

relation for hormone therapy and surgery.

Figure 16 shows RS rates for the period 2011-2016 stratified by GIMD quintiles. Survival
differences between deprivation quintiles were more pronounced in later follow-up years.
Five-year RS was slightly lower for the most compared to the least deprived regions (RS and
standard error; Q5: 79.5 % (1.0) vs. Q1: 82.0 % (0.9); Table 28), but the difference did not reach
statistical significance in model-based analysis. The corresponding RER for the most compared
to the least deprived regions was 1.14 (Cl 0.98-1.33). There was no gradual increase or
decrease in RS across GIMD quintiles. RS was highest in the third quintile, which included

mainly the large city of Dresden (84.4 % (0.9).

Stage-stratified RS are shown in Figure 17 and Table 28. RS was lowest for the most deprived
quintilesin stage 1 (93.6 (1.8) vs. 98.1 % (1.4)) and stage |1 (84.5 (1.6) vs. 88.4 % (1.5)). However,
standard errors were generally wide. Consequently, model-based analyses showed no
significant RERs for any deprivation quintiles (compared to the most affluent quintile) except

for Q3 and Q4 in stage lll (Table 28).
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Table 27 Characteristics of the total study population of breast cancer patients stratified by

area-based socioeconomic deprivation quintile

Deprivation quintile

Characteristic? Total Q1 Q2 Q3 Qa Q5
(Least deprived) (Most deprived)  p-valueb
N (%) N (%) N (%) N (%) N (%) N (%)
Cases 31,357 (100.0) 6,365 (20.3) 6,596 (21.0) 6,447 (20.6) 5,909 (18.8) 6.040 (19.3)
Cancer Registry
Dresden 9,588 (30.6) 841(13.2) 2,070(31.4) 3,123 (48.4) 905 (15.3) 2,649 (43.9)
Erfurt 5,585 (17.8) 123 (1.9) 387 (5.9) 936 (14.5) 2,222 (37.6) 1,917 (31.7)
Regensburg 16,184 (51.6) 5,401 (84.9) 4,139(62.8) 2,388(37.0) 2,782 (47.1) 1,474 (24.4)  <0.0001
Age at diagnosis
(years)
15-44 2,954 (9.4) 682 (10.7) 637 (9.7) 612 (9.5) 535(9.1) 488 (8.1)
45-54 6,466 (20.6) 1,406 (22.1) 1,354 (20.5) 1,322(20.5) 1,168 (19.8) 1,216 (20.1)
55-64 7,006 (22.3) 1,451 (22.8) 1,491 (22.6) 1,365(21.2) 1,323(22.4) 1,376 (22.8)
65-74 7,763 (24.8) 1,482 (23.3) 1,586(24.0) 1,653(25.6) 1,525(25.8) 1,517 (25.1)
75+ 7,168 (22.9) 1,344 (21.1)  1,528(23.2) 1,495(23.2) 1,358(23.0) 1,443 (23.9)  <0.0001
Mean (years + SD) 63.4 (13.8) 62.5(13.8)  63.5(14.0) 63.6(13.9) 63.8(13.7) 63.9 (13.5)
Period of Diagnosis
2006-2011 16,890 (53.9) 3,264 (51.3) 3,472(52.6) 3,391 (52.6) 3,353(56.7) 3,410 (56.5)
2012-2016 14,467 (46.1) 3,101 (48.7) 3,124 (47.4) 3,056 (47.4) 2,556 (43.3) 2,630 (43.5)  <0.0001
Diagnosis (ICD-10)
C50.0 334 (1.1) 74 (1.2) 88 (1.3) 57 (0.9) 65 (1.1) 50 (0.8)
€50.1 1,418 (4.5) 242 (3.8) 275 (4.2) 313 (4.9) 275 (4.7) 313 (5.2)
C50.2 3,297 (10.5) 695 (10.9) 687 (10.4) 740 (11.5) 603 (10.2) 572 (9.5)
C50.3 1,711 (5.5) 351 (5.5) 367 (5.6) 339(5.3) 304 (5.1) 350 (5.8)
C50.4 11,103 (35.4) 2,121(33.3) 2,279(34.6) 2,420(37.5) 2,100 (35.5) 2,183 (36.1)
€50.5 2,483 (7.9) 471 (7.4) 501 (7.6) 532 (8.3) 457 (7.7) 522 (8.6)
C50.6 69 (0.2) 13 (0.2) 10 (0.2) 21(0.3) 11 (0.2) 14 (0.2)
C50.8 6,007 (19.2) 1,480 (23.3) 1,469 (22.3) 1,206 (18.7) 831 (14.1) 1,021 (16.9)
C50.9 4,935 (15.7) 918 (14.4) 920 (13.9) 819 (12.7) 1,263 (21.4) 1,015 (16.8)  <0.0001
Side of the body
Both sides 843 (2.7) 163 (2.6) 176 (2.7) 186 (2.9) 166 (2.8) 152 (2.5)
Left 15,838 (50.5) 3,258 (51.2) 3,278 (49.7) 3,243 (50.3) 3,006 (50.9) 3,053 (50.5)
Right 14,676 (46.8) 2,944 (46.3) 3,142 (47.6) 3,018 (46.8) 2,737 (46.3) 2,835 (46.9) 0.69
Stage at diagnosis
[ 12,224 (41.9) 2,317 (39.6) 2,558 (41.9) 2,689 (44.2) 2,280 (42.0) 2,380 (41.9)
Il 10,548 (36.2) 2,148 (36.7) 2,213 (36.2) 2,148 (35.3) 1,954 (36.0) 2,085 (36.7)
Il 4,157 (14.3) 871 (14.9) 869 (14.2) 834 (13.7) 785 (14.4) 798 (14.1)
v 2,231 (7.7) 513 (8.8) 471(7.7) 419 (6.9) 415 (7.6) 413 (7.3) 0.0003
Grading
Low grade 4,152 (13.8) 824 (13.6) 883 (13.9) 905 (14.5) 788 (13.8) 752 (12.9)
Intermediate 18,178 (60.3) 3,669 (60.6) 3,804 (60) 3,751(60.2) 3,381(59.2) 3,573 (61.2)
grade
High grade 7,838 (26.0) 1,562 (25.8) 1,648 (26.0) 1,575(25.3) 1,544 (27.0) 1,509 (25.9) 0.16
Estrogen receptor
status
Negative 4,429 (15.4) 854 (14.7) 906 (14.7) 924 (15.2) 875 (16.3) 870 (16.1)
Positive 24,417 (84.6) 4,968 (85.3) 5,271(85.3) 5,161 (84.8) 4,477 (83.7) 4,540 (83.9) 0.03
Hormone therapy 21,421 (96.3) 4,428 (94.7) 4,734 (96.0) 4,964 (97.2) 3,123 (95.3) 4,172 (98.2) NA
Chemotherapy 14,516 (46.3) 2,834 (44.5) 2,846(43.1) 2,933 (45.5) 2,974 (50.3) 2,929 (48.5) NA
Radiotherapy 19,818 (63.2) 4,133 (64.9) 4,169(63.2) 4,171(64.7) 3,566 (60.3) 3,779 (62.6) NA
Surgery
No 140 (0.5) 48 (0.9) 53(0.9) 11(0.2) 23(0.4) 5(0.1)
Yes 28,442 (99.5) 5,597 (99.1) 5,892(99.1) 5,887(99.8) 5,426 (99.6) 5,640 (99.9) <0.0001

Abbreviations: ICD, International Classification of Diseases;

N, number of observations; NA, not

applicable SD, standard deviation; °Number (proportion) of missing/undetermined values: Stage at
diagnosis: 2,197 (7.0 %); Grading: 1,189 (3.8 %); Estrogen receptor status: 2,511 (8.0 %); Surgery: 2,775
(8.8 %); PP-value from Chi-square test comparing the distribution of the factors and deprivation

quintiles;
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Figure 16 Relative survival of breast cancer patients registered in three German clinical cancer
registries for the period 2011-2016 stratified by area-based socioeconomic deprivation

quintiles

Table 28 Five-year relative survival rates for breast cancer patients for the period 2011-2016
and relative excess risks by area-based socioeconomic deprivation quintiles

Deprivation quintiles®

Subgroup  Measure® Q1 Q5
(least deprived) Q2 Q3 Q4 (most deprived)
Total RS 82.0(0.9) 82.9(0.9) 84.4 (0.9) 79.3 (1.0) 79.5 (1.0)
RER® 1.00 (ref.)  0.95(0.82-1.10)  0.86 (0.74-1.00)  1.11(0.96-1.29)  1.14 (0.98-1.33)
Stage | RS 98.1 (1.4) 98.9 (1.5) 98.6 (1.3) 94.7 (1.9) 93.6 (1.8)
RER® 1.00 (ref.) 0.53(0.22-1.32) 0.81(0.39-1.68) 1.05 (0.49-2.25) 1.48 (0.75-2.94)
Stage ll RS 88.4 (1.5) 89.6 (1.4) 91.4 (1.4) 87.5(1.7) 84.5 (1.6)
RER® 1.00 (ref.) 0.99 (0.71-1.38) 0.80(0.56-1.14) 1.03 (0.72-1.47) 1.27 (0.91-1.77)
Stage Il RS 72.9 (2.5) 70.5 (2.5) 66.3 (2.6) 64.8 (2.9) 68.2 (2.8)
RER® 1.00 (ref.)  1.18(0.89-1.58)  1.44(1.09-1.90) 1.49(1.12-1.99)  1.32(0.98-1.78)
Stage IV RS 27.3(3.0) 29.4 (3.0) 24.2 (3.2) 25.6 (3.2) 24.5 (3.5)
RER® 1.00 (ref.) 0.96 (0.78-1.19) 1.01 (0.82-1.25) 1.03 (0.83-1.29) 1.07 (0.85-1.34)

Abbreviations: Q, quintile; RER, relative excess risk; RS, relative survival. ?Relative excess risks with
p<0.05 are printed in bold; °RS: 5-year relative survival in % (standard error); RER: Relative excess risk
for 5-year relative survival (95 % confidence interval) compared to the least deprived group (Q1);

‘Adjusted for age and follow-up year.
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Figure 17 Relative survival of breast cancer patients registered in three German clinical cancer registries for the period 2011-2016 stratified by
area-based socioeconomic deprivation quintiles and stage at diagnosis. Ordinate scales are reduced to different ranges.
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Table 29 shows the change in RERs for 5-year RS with different levels of adjustment. The RER
for the most deprived quintile was significant after adjustment for stage (RER 1.20 (95 % Cl
1.02-1.40)). Further adjustment for grading and ER status attenuated the association and it
lost significance (1.16 (0.98-1.37)). The association was completely resolved when additionally
adjusting for cancer registry (0.94 (0.78-1.13)). In this model, RS was lower in the catchment
areas of the Dresden and Erfurt registries compared with the Regensburg registry. This was
still present when repeating the analyses without adjusting for the GIMD quintiles. The
comparisons of the other quintiles (Q2-Q4) with the most affluent quintile did not show

significant differences in any analyses.

Table 30 shows subgroup analyses by stage, ER status and treatment for models including
both GIMD quintiles and region as well as models separately including GIMD or region. When
adjusting for region, no significant association was found between the GIMD quintiles and RS.
Compared to the Regensburg region, RS was lower in the Erfurt region in all subgroups.
Differences were most pronounced for patients with stage I-lll ER positive cancers. RS was
lower in the Dresden region for stage I-1ll breast cancer patients in total and when restricted
to patients who received radiotherapy and to ER positive patients who received hormone
therapy, respectively. These associations were present in both models including or excluding

the GIMD quintiles.

As Dresden city had a very large population size compared to all other municipalities, model-
based analyses for the most recent calendar period were repeated in sensitivity analyses.
Results were overall comparable, the city of Dresden had significantly better RS compared to

the least deprived regions (Table 31).

Table 32 shows the 5-year RS and RER estimates separately for each cancer registry using the
same deprivation quintiles as in the main analyses. No significant association between
deprivation and RS was observed in any registry. In general, RS was lowest in the cancer
registry Erfurt and similar in the registries Dresden and Regensburg. In the Dresden cancer
registry, RS was lowest for the most and second most deprived quintiles and highest in Q3,
which was driven by the city of Dresden. In the Erfurt cancer registry, RS was only estimable
for Q3 to Q5 and was in all quintiles lower than the RS estimates in any quintile of the other

two registries. No consistent pattern was observed for Regensburg.
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Table 29 Five- year relative excess risk for deprivation quintile for breast cancer patients for the period 2011-2016 with different levels of
adjustment

Deprivation quintiles
5-year relative excess risk (confidence interval)?

Model/Subgroup Q1 Q5
RER for region (least deprived) Q2 Q3 Q4 (most deprived)

Adjustment: age+ FU 1.00 (ref.)  0.95(0.82-1.10) 0.86(0.74-1.00) 1.11(0.96-1.29)  1.14 (0.98-1.33)
+ stage 1.00 (ref.)  1.01(0.88-1.18) 1.07(0.92-1.24) 1.15(0.99-1.34)  1.20 (1.02-1.40)
+grading + ER 1.00 (ref.) 1.01(0.87-1.18) 1.09(0.93-1.27) 1.08(0.92-1.28)  1.16 (0.98-1.37)
+ cancer registry 1.00 (ref.) 0.96(0.82-1.13) 0.96(0.81-1.13) 0.93(0.78-1.12) 0.94 (0.78-1.13)

Dresden 1.24 (1.09-1.42)

Erfurt 1.51 (1.28-1.78)

Regensburg 1.00 (ref.)
+ cancer registry (without GIMD)®

Dresden 1.22 (1.08-1.37)

Erfurt 1.47 (1.27-1.70)

Regensburg 1.00 (ref.)

Abbreviations: FU, follow-up year; ER, estrogen receptor status; Q, quintile; RER, relative excess risk. °Relative excess risks with p<0.05 are printed in bold;
®Same model as before but without GIMD quintiles;
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Table 30 Five- year relative excess risk by deprivation quintile and by region for breast cancer patients for the period 2011-2016 with and without
adjustment for region and after stratification by treatment

Municipality characteristic 5- year relative excess risk (confidence interval)?
Stage I-11I° Stage I-lll Stage I-1ll Stage I-11l ER positive® Stage I-1ll ER positive
+ chemotherapy®* + radiotherapy®* + hormone therapy*?
Adjusted for region Adjusted for region Adjusted for region Adjusted for region Adjusted for region
No Yes No Yes No Yes No Yes No Yes
Q1 (least) 1.00 (ref.)  1.00 (ref.) 1.00 (ref.)  1.00(ref.)  1.00(ref.)  1.00(ref)  1.00(ref)  1.00(ref)  1.00(ref)  1.00 (ref.)
Q2 1.05 0.99 1.18 1.11 0.97 0.92 0.89 0.83 0.87 0.79
(0.85-1.31) (0.79-1.23) (0.86-1.60) (0.81-1.53) (0.72-1.30) (0.68-1.24) (0.68-1.17) (0.62-1.10) (0.64-1.20) (0.57-1.09)
Q3 1.13 0.96 1.22 1.04 1.04 0.87 0.98 0.84 0.99 0.80
Deprivation (0.91-1.40) (0.76-1.21) (0.90-1.64) (0.75-1.45) (0.77-1.39) (0.63-1.20) (0.74-1.28) (0.63-1.12) (0.72-1.35) (0.57-1.11)
Q4 1.13 0.89 1.24 0.98 0.99 0.82 1.07 0.80 0.93 0.72
(0.90-1.42)  (0.69-1.13) (0.91-1.69) (0.70-1.38) (0.72-1.35) (0.59-1.14) (0.81-1.43) (0.59-1.08) (0.65-1.34) (0.49-1.06)
Q5 (most) 1.20 0.94 1.37 1.08 1.29 1.04 1.09 0.79 1.16 0.80

(0.96-1.51) (0.73-1.20)  (1.01-1.86) (0.77-1.52) (0.96-1.74) (0.75-1.43) (0.82-1.44) (0.58-1.08) (0.84-1.60) (0.56-1.14)

Regensburg 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Dresden 1.23 1.20 1.28 1.22 1.44

Region (1.04-1.47) (0.94-1.53) (1.02-1.62) (0.98-1.52) (1.13-1.85)
Erfurt 1.87 1.81 1.86 2.44 2.70

(1.52-2.30) (1.36-2.41) (1.38-2.50) (1.88-3.16) (1.92-3.82)

Regensburg 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

Region only Dresden 1.20 1.22 1.25 1.14 1.33
(no GIMD) (1.02-1.41) (0.98-1.51) (1.01-1.54) (0.93-1.40) (1.06-1.67)
Erfurt 1.77 1.84 1.81 2.22 2.44

(1.48-2.13) (1.45-2.34) (1.40-2.34) (1.77-2.80) (1.79-3.32)

Abbreviations: ER, estrogen receptor status; Q, quintile. Relative excess risks with p<0.05 are printed in bold; ®’Adjusted for age, follow-up year, stage, grading,
ER; “Only patients who received their first therapy within one year after diagnosis; “Adjusted for age, follow-up year, stage, grading
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Table 31 Relative excess risk for 5-year relative survival in breast cancer patients registered in three German clinical cancer registries for the
period 2011-2016 stratified by area-based socioeconomic deprivation quintiles, with Dresden city as additional category

Deprivation quintiles

5-year relative excess risk (confidence interval)?

Model/ Q1 (013 Dresden city
Subgroup (least deprived) Q2 Q3 Q4 (most deprived)

Adjustment: age+ FU 1.00 (ref.) 1.02 (0.88-1.18) 1.07(0.90-1.27) 1.11(0.96-1.29) 1.14(0.98-1.32) 0.65 (0.54-0.79)
+ stage 1.00 (ref.)  1.04 (0.89-1.21) 1.08(0.91-1.29) 1.15(0.99-1.34) 1.19(1.02-1.39) 0.99 (0.83-1.18)
+grading + ER 1.00 (ref.) 1.00(0.84-1.18) 0.99(0.81-1.21) 0.97(0.81-1.15) 1.06(0.89-1.26) 0.63 (0.51-0.78)
Subgroups 1°

Stage I-Ill 1.00 (ref.) 1.05(0.82-1.34) 1.14(0.88-1.49) 1.16(0.92-1.47) 1.27(1.01-1.60) 0.69 (0.52-0.92)
Stage I-lll

+ chemotherapy® 1.00 (ref.) 1.15(0.83-1.59) 1.36(0.97-1.91) 1.15(0.85-1.57) 1.23(0.90-1.67) 0.69 (0.48-0.99)
Stage I-lll

+ radiotherapy® 1.00 (ref.) 0.91(0.65-1.27) 1.12(0.80-1.57) 0.96(0.69-1.32) 1.32(0.98-1.77) 0.56 (0.38-0.84)
Subgroups 2¢

Stage I-lll + ER positive 1.00 (ref.) 0.95(0.70-1.30) 1.05(0.75-1.46) 1.06(0.78-1.43) 1.22(0.91-1.63) 0.55(0.37-0.82)
Stage I-Ill + ER positive

+ hormone therapy® 1.00 (ref.)  1.00(0.70-1.42) 1.13(0.78-1.65) 0.88(0.60-1.31) 1.33(0.96-1.84) 0.59 (0.39-0.89)

Abbreviations: FU, follow-up year; ER, estrogen receptor status; Q, quintile. *Relative excess risks with p<0.05 are printed in bold; *Adjusted for age, follow-up
year, stage, grading, ER; Only patients who received their first therapy within one year after diagnosis; “Adjusted for age, follow-up year, stage, grading
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Table 32 Five-year relative survival rates for breast cancer patients for the period 2011-2016 and relative excess risks by area-based
socioeconomic deprivation quintiles for each cancer registry

Deprivation quintiles®

Total Q1 Q5
Subgroup  Measure® region (least deprived) Q2 Q3 Q4 (most deprived)
Dresden RS 83.5(0.8) 83.4 (2.7) 82.6 (1.9) 86.1(1.2) 79.0(2.9) 79.3 (1.6)
RER® - 1.00 (ref.) 0.95 (0.65-1.39) 0.80 (0.56-1.14) 1.16 (0.75-1.80) 1.23(0.86-1.74)
Erfurt RS 74.8 (1.2) - - 70.4 (3.3) 73.1(2.0) 76.1(2.1)
RER® - 1.00 (ref.) 2.67 (0.55-12.95) 2.66 (0.56-12.53) 2.49 (0.53-11.62) 2.34 (0.50-10.93)
Regensburg RS 82.6 (0.6) 81.8 (1.0) 82.6(1.1) 85.3 (1.5) 81.8 (1.4) 81.4(2.2)
RER® - 1.00 (ref.) 0.95 (0.81-1.12) 0.83 (0.67-1.03) 0.96 (0.79-1.16) 0.95 (0.73-1.24)

Abbreviations: GIMD, German Index of Multiple Deprivation; Q, quintile; RER, relative excess risk; RS, relative survival. ?Relative excess risks with p<0.05 are
printed in bold; ®RS: 5-year relative survival in % (standard error) ; RER: Relative excess risk for 5-year relative survival (95 % confidence interval) compared to
the least deprived group (Q1); “Adjusted for age and follow-up year; “Relative survival estimates with a standard error larger than 5 are not shown.
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3.4 Analysis of data from the Finnish cancer registry®

In total, 24 462 CRC patients were included in the analysis. Tables 33, 34 and Table A7
(Appendix) show the number and proportion of patients diagnosed in 20072016 stratified by
sex and individual or area-based education level, respectively. Compared to men, women
were more frequently represented in the basic education group which also had marginally
more often unknown stage (Table 33). Patients with basic education were older and more
often resident in rural or semi-urban municipalities compared to more educated patients
(Table 33). In comparison with other hospital districts, there were more high educated
patients resident in the capital (Helsinki) and less high educated patients resident in sparsely
populated districts (Keski-Pohjanmaa, Kainuu, and Pohjois-Karjala; Table 34). Almost one third
of the patients were resident in a municipality categorized in the low educational quartile Q1
(Table A7, Appendix). The mean proportion of basic educated residents per quartile were
34.6 % (Q1), 28.1 % (Q2), 24.7 % (Q3), and 21.0 % (Q4), respectively. Most high educated
patients were resident in municipalities categorized into Q3 or Q4 (Table 35). Within sex
strata, incidence rates (ASR) were highest in basic educated men and women with secondary
education (Table 33). Among hospital districts, ASR ranged from 49.6 to 115.4 per 100 000
residents (Table A8, Appendix).

Survival

Median OS was 58, 78, and 87 months for basic, secondary and high educated CRC patients,
respectively. There was a gradient across individual education levels for 5-year RS with clear
differences between basic and high education (men: 6.9 % units, women: 9.5 % units;
Table 36). The gradient was more consistent across follow-up time for women than for men
(Figures 18A and B). Differences and gradients were still present when stratifying by cancer
site (colon, men: 7.8 % units, women: 9.6 % units; rectum, men: 5.9 % units, women: 9.6 %
units; Table 36). For area-based education, there was no gradient across quartiles and no clear
difference for men (Table 36, Figure 18C and D). In women, the lowest education quartile had

the lowest survival (Table 36, Figure 18D).

8The different parts of this chapter are based on and were presented in the article Finke, Seppi et al.
2021. The author’s contribution to the different parts is declared in section 7.1.
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Table 33 Number of colorectal cancer patients diagnosed in Finland in 2007-2016, stratified
by sex, individual education, site, age, stage and urbanity.

Men, N (%)?

Women, N (%)?

Basic Secondary High Basic Secondary High
Number of cases (%) 7362 (48.6) 4165 (27.5) 3634 (24.0) 7218 (51.9) 3820 (27.5) 2860 (20.6)
Age-standardized incidence rate 80.4 79.6 78.6 67.9 69.3 68.5
Cancer site
Colon 4361 (49.0) 2363 (26.5) 2184 (24.5) 5059 (53.1) 2539 (26.7) 1924 (20.2)
Rectum, rectosigmoid 3001 (48.0) 1802 (28.8) 1450 (23.2) 2159 (49.3) 1281 (29.3) 936 (21.4)
Age group
25-44 65 (16.9) 177 (46.0) 143 (37.1) 48 (11.6) 161 (38.9) 205 (49.5)
45-54 206 (20.8) 456 (46.0) 330(33.3) 140 (13.4) 485 (46.5) 418 (40.1)
55-64 1088 (33.5) 1283 (39.5) 878 (27.0) 695 (28.9) 933 (38.8) 777 (32.3)
65-74 2364 (47.0) 1382 (27.5) 1280 (25.5) 1747 (48.6) 1086 (30.2) 759 (21.1)
75+ 3639 (66.1) 867 (15.7) 1003 (18.2) 4588 (71.2) 1155 (17.9) 701 (10.9)
Stage at diagnosis
Unknown 1764 (48.6) 995 (27.4) 873 (24.0) 1868 (52.8) 981 (27.7) 692 (19.5)
Local 2035(47.3)  1198(27.9)  1065(24.8) 1924 (51.9) 1000 (27.0) 781 (21.1)
Non-local 3563 (49.3) 1972 (27.3) 1696 (23.5) 3426 (51.5) 1839 (27.6) 1387 (20.9)
Urban/rural area
Urban municipality 4237 (43.5) 2665 (27.4) 2840 (29.2) 4491 (48.7) 2555 (27.7) 2181 (23.6)
Semi-urban municipality 1456 (54.8) 755 (28.4) 444 (16.7) 1302 (55.9) 640 (27.5) 386 (16.6)
Rural municipality 1669 (60.4) 745 (27.0) 350 (12.7) 1425 (60.8) 625 (26.7) 293 (12.5)
Abbreviations: N, number of observations; SD, standard deviation. *Percentages refer to distribution of
education by sex.
Table 34 Number and proportion of patients diagnosed with colorectal cancer in Finland in
2007-2016, stratified by sex, individual education and hospital district.
Men, N (row %)? Women, N (row %)?
Hospital district Basic Secondary High Basic Secondary High
Karjala 241 (56.6) 97 (22.8) 88(20.7) 232 (57.0) 110 (27.0) 65 (16.0)
Etela-Pohjanmaa 343 (56.8) 155 (25.7) 106 (17.5) 308 (54.8) 161 (28.6) 93 (16.5)
Eteld-Savo 189 (53.7) 96 (27.3) 67 (19.0) 218 (59.4) 102 (27.8) 47 (12.8)
Helsinki 483 (35.6) 314 (23.2) 558 (41.2) 641 (42.8) 358 (23.9) 498 (33.3)
Itd-Savo 70 (52.2) 40 (29.9) 24 (17.9) 59 (50.4) 36 (30.8) 22 (18.8)
Kainuu 109 (52.4) 56 (26.9) 43 (20.7) 99 (55.6) 52(29.2) 27 (15.2)
Kanta-Hame 261 (44.5) 191 (32.5) 135(23.0) 263 (54.8) 134 (27.9) 83 (17.3)
Keski-Pohjanmaa 110 (54.2) 65 (32.0) 28 (13.8) 109 (55.3) 56 (28.4) 32 (16.2)
Keski-Suomi 366 (51.0) 202 (28.1) 150 (20.9) 363 (55.0) 182 (27.6) 115 (17.4)
Kymenlaakso 339 (49.5) 198 (28.9) 148 (21.6) 312 (53.5) 177 (30.4) 94 (16.1)
Lappi 153 (49.7) 90 (29.2) 65 (21.1) 137 (51.3) 85 (31.8) 45 (16.9)
Lansi-Pohja 101 (52.6) 57 (29.7) 34 (17.7) 82 (51.6) 42 (26.4) 35 (22.0)
Pirkanmaa 700 (47.4) 457 (30.9) 321 (21.7) 710 (53.0) 382 (28.5) 247 (18.4)
Pohjois-Karjala 274 (54.2) 149 (29.4) 83 (16.4) 215 (52.4) 126 (30.7) 69 (16.8)
Pohjois-Pohjanmaa 402 (50.2) 218 (27.2) 181 (22.6) 405 (52.3) 225(29.1) 144 (18.6)
Pohjois-Savo 369 (52.4) 199 (28.3) 136 (19.3) 307 (48.8) 202 (32.1) 120(19.1)
Paijat-Hame 403 (54.8) 178 (24.2) 154 (21.0) 355 (57.8) 161 (26.2) 98 (16.0)
Satakunta 392 (51.9) 227 (30.1) 136 (18.0) 388 (57.1) 169 (24.9) 122 (18.0)
Uusimaa 970 (43.1) 587 (26.1) 694 (30.8) 948 (46.5) 564 (27.7) 525 (25.8)
Vaasa 323 (53.5) 164 (27.2) 117 (19.4) 302 (58.8) 121 (23.5) 91 (17.7)
Varsinais-Suomi 719 (49.4) 398 (27.3) 339 (23.3) 723 (53.8) 346 (25.7) 275 (20.5)
Aland 45 (45.5) 27 (27.3) 27 (27.3) 42 (50.0) 29 (34.5) 13 (15.5)

Abbreviations: N, number of observations; SD, standard deviation. Percentages refer to sex-specific

distribution of individual education within hospital districts.
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Table 35 Cross tabulation of individual and area-based education for colorectal cancer
patients diagnosed in Finland in 2007-2016.

Individual Education

Q4 (high) 1557 (17.1)

852 (20.5) 936 (25.8) 1225 (17.0)

Men, N (row %)? Women, N (row %)?
Basic Secondary High Basic Secondary High

- Ql(low)  ;g99(39.4) 1324(31.8)  732(20.1) 2546 (35.3) 1136(29.7) 586 (20.5)
@ 5 )

_f§ b= Q 1814 (24.6) 1120 (26.9) 898 (24.7) 1860 (25.8) 987 (25.8) 637 (22.3)
T

§ -ucs-;' Q3 1392 (18.9) 869 (20.9) 1068 (29.4) 1587 (22.0) 879 (23.0) 899 (31.4)
<

818 (21.4) 738 (25.8)

Abbreviations: N, number of observations. 2Percentages refer to sex-specific distribution of
individual education within hospital districts.

Table 36 Five-year age-standardized relative survival in 2012-2016 by individual and area-
based education and sex for colorectal cancer patients in Finland.

5-year Relative Survival (95 % Confidence Interval)

Men Women
Individual Education
Colorectal
Basic 61.8 (59.6-64.0) 61.2 (59.0-63.5)
Secondary 64.3 (61.2-67.5) 67.2 (64.2-70.3)
High 68.7 (65.7-71.8) 70.7 (67.2-74.5)
Colon
Basic 61.2 (58.4-64.1) 59.4 (56.7-62.2)
Secondary 62.8 (58.7-67.2) 66.7 (62.9-70.6)
High 69.0 (65.0-73.1) 69.0 (64.6-73.6)
Rectum
Basic 62.3 (59.1-65.7) 64.6 (60.8-68.7)
Secondary 65.9 (61.5-70.7) 68.3 (63.5-73.3)
High 68.2 (63.7-73.0) 74.2 (68.3-80.6)
Area-based Education
Colorectal
Q1 (low) 63.9 (61.4-66.5) 60.4 (57.8-63.1)
Q2 64.7 (61.8-67.7) 66.5 (63.7-69.5)
Q3 64.4 (61.3-67.6) 69.1 (66.1-72.2)
Q4 (high) 62.4 (59.2-65.9) 64.9 (61.7-68.3)
Colon
Q1 (low) 63.9 (60.5-67.4) 58.1 (55.0-61.5)
Q2 65.1 (61.3-69.2) 64.8 (61.3-68.4)
Q3 63.5 (59.4-67.8) 69.0 (65.4-72.9)
Q4 (high) 61.4 (57.1-66.0) 64.7 (60.8-68.8)
Rectum, rectosigmoid
Q1 (low) 63.6 (59.9-67.5) 64.8 (60.6-69.3)
Q2 63.8 (59.7-68.3) 70.6 (65.7-75.8)
Q3 65.9 (61.3-70.9) 69.5 (64.5-74.8)
Q4 (high) 63.7 (58.9-69.0) 65.4 (60.0-71.3)
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Figure 18 Age-standardized relative survival of colorectal cancer patients diagnosed in Finland in 2007-2016 and followed in 2012-2016 by
education and sex. A Individual education, men; B Individual education, women; C Area-based education, men; D Area-based education, women.
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Relative excess risk

Table 37 shows RERs for models including both individual and area-based education, Table 38
shows the same models including either individual or area-based education. Results were
similar irrespective of the model including both education measures or models only including
individual or area-based education separately (Tables 37 and 38). Compared to the reference
group of low educated patients, the secondary or high educated group showed a lower risk of
death in both men and women (Table 38). Adjusting for hospital district and municipality had
a small effect on the differences between education groups. Adjusting for stage decreased the
differences. Further adjustment for cancer site and urbanity changed estimates by 0.01 to
0.02. Regarding area-based education, RER were attenuated and revealed associations only in
women. Including region, stage, cancer site and urbanity in the models had little impact on
the estimates (Tables 37 and 38).

Table 37 Relative excess risk of death (95% posterior interval) between education groups

(basic and Q1 as reference) for colorectal cancer patients diagnosed in Finland in 2007-2016
and followed in 2012-2016.

Relative Excess Risk (95% posterior interval)

Adjusted for

Region

Region + stage

Region + stage +
cancer site

Region + stage +
cancer site +
urbanity

Basic model
Men
Individual Education
Secondary 0.86 (0.78-0.96)
High 0.72 (0.64-0.81)
Area-based education
Q2 0.99 (0.89-1.11)
Q3 1.03 (0.91-1.16)
Q4 (high) 1.02 (0.90-1.16)
Women
Individual Education
Secondary 0.80 (0.67-0.96)
High 0.76 (0.59-0.96)
Area-based education
Q2 0.82 (0.70-0.96)
Q3 0.87 (0.74-1.02)

Q4 (high) 0.87 (0.73-1.04)

0.86 (0.78-0.96)
0.73 (0.65-0.82)

1.00 (0.88-1.14)
1.05 (0.91-1.21)
1.01 (0.88-1.16)

0.81 (0.72-0.90)
0.68 (0.59-0.78)

0.82 (0.71-0.95)
0.80 (0.67-0.95)
0.89 (0.75-1.04)

0.90 (0.81-1.00)
0.77 (0.68-0.86)

1.04 (0.92-1.18)
1.04 (0.90-1.19)
1.02 (0.89-1.17)

0.82 (0.73-0.91)
0.70 (0.61-0.80)

0.85 (0.73-0.98)
0.78 (0.65-0.94)
0.89 (0.75-1.05)

0.90 (0.81-1.00)
0.77 (0.68-0.86)

1.04 (0.92-1.18)
1.03 (0.89-1.19)
1.02 (0.89-1.16)

0.82 (0.73-0.91)
0.70 (0.61-0.80)

0.84 (0.72-0.97)
0.78 (0.64-0.93)
0.89 (0.75-1.05)

0.90 (0.81-1.00)
0.76 (0.68-0.85)

0.98 (0.84-1.13)
0.97 (0.82-1.14)
0.94 (0.79-1.11)

0.82 (0.73-0.91)
0.70 (0.61-0.80)

0.82 (0.69-0.98)
0.76 (0.62-0.93)
0.86 (0.70-1.05)

Basic model: Individual education + area-based education + age + follow-up interval +

interaction age x follow-up interval; Statistically significant estimates are printed in bold.
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Table 38 Relative excess risk of death (95% posterior interval) between education groups
(either individual or area-based education, basic and Q1 as reference) for colorectal cancer
patients diagnosed in Finland in 2007-2016 and followed in 2012-2016.

Relative Excess Risk (95% posterior interval)

Adjusted for

Region + stage +

Region + stage +
cancer site +

Basic model Region Region + stage cancer site urbanity
Individual Education
Men
Secondary 0.87 (0.78-0.96) 0.86(0.78-0.96) 0.90(0.81-1.00) 0.91(0.81-1.01) 0.90(0.81-1.00)
High 0.73 (0.65-0.81) 0.73 (0.65-0.82) 0.77 (0.69-0.86) 0.77 (0.69-0.86) 0.76 (0.68-0.85)
Women
Secondary 0.80(0.72-0.90) 0.81(0.72-0.90) 0.81(0.73-0.91) 0.81(0.73-0.91) 0.82(0.73-0.91)
High 0.66 (0.58-0.76) 0.67 (0.59-0.77) 0.69(0.61-0.79) 0.69 (0.61-0.79) 0.70 (0.61-0.79)
Area-based Education
Men
Q2 0.97 (0.86-1.08)  0.98 (0.86-1.11)  1.02 (0.90-1.16)  1.02 (0.90-1.15)  0.98 (0.84-1.13)
Q3 0.98 (0.87-1.10)  1.02 (0.88-1.18) 1.01(0.87-1.16) 1.00(0.87-1.16)  0.96 (0.81-1.13)
Q4 (high) 0.98 (0.87-1.11)  0.98 (0.85-1.12) 0.99 (0.86-1.13)  0.98 (0.86-1.13)  0.93 (0.78-1.10)
Women
Q2 0.82(0.72-0.92) 0.81(0.70-0.93) 0.84(0.72-0.97) 0.83(0.72-0.96) 0.82 (0.69-0.98)
Q3 0.79 (0.70-0.90) 0.78(0.65-0.93) 0.77 (0.64-0.92) 0.77 (0.64-0.92) 0.76 (0.62-0.93)
Q4 (high) 0.84 (0.74-0.95) 0.85(0.72-0.99) 0.85(0.72-1.00) 0.86(0.73-1.01) 0.83 (0.68-1.02)

Basic model: Education + age + follow-up interval + interaction age x follow-up interval;
Statistically significant estimates are printed in bold.

Figures 19 and 20 show municipality-specific RERs for men and women excluding (Figure 19)
and including (Figure 20) adjustment for stage. In men, variation in RERs across municipalities
was mostly related to variation across hospital districts, whereas in women, there was
variation within hospital districts, too, when using individual education (Figure 19A). When
including stage in the model, regional differences are less obvious in men but almost
unchanged in women (Figure 20A). Variation across municipalities was smaller but the pattern
did not change when RERs by municipality were adjusted for area-based education instead of

individual education (Figure 19B and Figure 20B).

In sensitivity analyses, the recategorized area-based education (proportion of high educated
residents) revealed similar results regarding both survival estimates and RERs (Tables 39, 40,
and Figure 21). Models using imputed stage information showed similar results compared to

main analyses. (Table 41).
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Figure 19 Relative excess risks (RER) by municipality adjusted for individual (A) or area-based
(B) education and age for colorectal cancer patients diagnosed in Finland in 2007-2016 and
followed in 2012-2016.
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Figure 20 Relative excess risks (RER) adjusted for individual (A) or area-based (B) education,
age and stage at diagnosis for colorectal cancer patients diagnosed in Finland in 2007-2016
and followed up to 2012-2016.
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Table 39 Five-year age-standardized relative survival in 2012-2016 by recategorized area-
based education and sex for colorectal cancer patients in Finland.

5-year Relative Survival (95 % Confidence Interval)

Men Women
Area-based Education*
Colorectal
Q1 (low) 63.5 (60.9-66.1) 61.2 (58.6-63.9)
Q2 64.4 (61.7-67.2) 65.2 (62.4-68.1)
Q3 63.3 (60.0-66.7) 67.3 (64.1-70.7)
Q4 (high) 64.1 (60.9-67.4) 67.5 (64.5-70.6)
Colon
Q1 (low) 63.5 (60.0-67.1) 59.1 (55.9-62.5)
Q2 64.6 (60.9-68.4) 65.1 (61.7-68.6)
Q3 62.5 (58.3-67.0) 64.6 (60.7-68.8)
Q4 (high) 63.0 (58.9-67.5) 67.5 (63.8-71.3)

Rectum, rectosigmoid

Q1 (low) 63.0 (59.2-67.0) 65.1 (60.7-69.8)
Q2 63.6 (59.6-67.8) 65.6 (61.0-70.6)
Q3 64.3 (59.2-69.8) 73.8 (68.5-79.4)
Q4 (high) 65.7 (61.0-70.8) 67.2 (62.1-72.7)

*Recategorized as proportion of high educated residents per municipality

Table 40 Relative excess risk of death (95% posterior interval) between area-based
education groups (Q1 as reference) for colorectal cancer patients diagnosed in Finland in

2007-2016 and followed in 2012-2016.

Relative Excess Risk (95% posterior interval)

Adjusted for

Basic model Region Region + stage
Area-based Education*
Men
Q2 0.94 (0.84-1.05) 0.94(0.84-1.07) 0.97 (0.86-1.10)
Q3 0.95(0.84-1.07) 0.97(0.84-1.12) 1.01(0.88-1.16)
Q4 (high) 0.92 (0.82-1.04) 0.97 (0.82-1.14) 0.97 (0.83-1.14)
Women
Q2 0.84 (0.75-0.95) 0.85(0.74-0.97) 0.84 (0.73-0.96)
Q3 0.82(0.72-0.93) 0.83(0.71-0.98) 0.83 (0.71-0.97)
Q4 (high) 0.81(0.72-0.92) 0.84(0.70-1.02)  0.85 (0.70-1.04)

*Recategorized as proportion of high educated residents per municipality; Basic model:
Education + age + follow-up interval + interaction age x follow-up interval; Statistically
significant estimates are printed in bold.
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Figure 21 Age-standardized relative survival of colorectal cancer patients diagnosed in
Finland in 2007-2016 and followed in 2012—-2016 by recategorized area-based education
(proportion of high educated residents per municipality) and sex.

Table 41 Sensitivity analysis using multiple imputation for unknown stage: Relative excess
risk of death (95% confidence or posterior interval) between education groups (basic and Q1

as reference) for colorectal cancer patients diagnosed in Finland in 2007-2016.

Relative Excess Risk (95% posterior interval) adjusted for region and stage

Multivariate education?

Univariate education?

Men

Women

Men

Women

Individual Education

Secondary 0.90 (0.81, 1.00)
High 0.76 (0.68, 0.85)
Area-based education

Q2 1.04 (0.92, 1.18)
Q3 1.03 (0.90, 1.19)
Q4 (high) 1.01(0.88, 1.16)

0.82 (0.73, 0.91)
0.70 (0.61, 0.80)

0.85 (0.73, 0.98)
0.79 (0.65, 0.94)
0.87 (0.74, 1.02)

0.91 (0.81, 1.01)
0.77 (0.68, 0.86)

1.02 (0.90, 1.16)
1.01 (0.87, 1.16)
0.99 (0.86, 1.12)

0.81(0.73, 0.91)
0.69 (0.60, 0.78)

0.85 (0.73, 0.98)
0.77 (0.64, 0.92)
0.84 (0.72, 0.98)

IModel: Individual education + area-based education + region + stage + age + follow-up interval + interaction
age x follow-up interval; 2Model: Individual or area-based education + region + stage + age + follow-up interval
+ interaction age x follow-up interval; Statistically significant estimates are printed in bold.
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4 Discussion

4.1 Systematic review and meta-analysis®

This systematic review provides a comprehensive overview of the current literature on
socioeconomic differences in lung cancer survival by including both individual and area-based
measurements of SES. Meta-analyses for individual SES and lung cancer survival revealed a
weak association for studies using income measures but no consistent association for
education measures. For studies using individual income measures, no consistent difference
across level of adjustment for smoking status was observed and stratified meta-analyses by
stage and treatment were not possible. For individual education, results indicated that
adjusting for stage and smoking status might result in smaller effect estimates. Studies using
occupational measures did not report lower lung cancer survival with decreasing SES. Group
comparisons for HRs of area-based studies indicated lower survival for lower SES irrespective
of the socioeconomic measure. Meta-analyses for US studies reporting on area-based income
showed a slightly larger estimate for the smaller geographical unit CeT compared to zip code
and county level. However, comprehensiveness of adjustment was different across these
studies. For the remaining area-based studies, the extent of association did not depend on the
size of area-level but most studies reported an HR above 1.00 for lower-income areas.
Compared to model results of individual SES studies, area-based studies in general reported
stronger associations between SES and survival. Most studies reporting on survival time and
survival rates revealed lower lung cancer survival in lower socioeconomic groups, not

depending on individual or different area levels.

Compared to results for other cancer types, the association between individual income and
survival after lung cancer diagnosis was weak. Cancers occurring in lung tissue are mostly
detected in later stages (SEER 2018) which limits opportunities for cancer therapy (Cheng et
al. 2016). Nevertheless, despite good treatment options for some patients, survival is still
rather low (Cheng et al. 2016). Given these circumstances, the effect of SES on differences in
lung cancer survival might not be as relevant as for other cancer types. The smaller effect
estimates for individual education studies adjusting for stage at diagnosis supports this

assumption, as this cancer type is mainly diagnosed at later stages (SEER 2018). For cancers of

The different parts of this chapter are based on and were presented in the article Finke et al. 2018.
The author’s contribution to the different parts is declared in section 7.1.
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intermediate or good prognosis, such as colorectal or breast, higher relative risks were

observed (Aarts et al. 2010; Lundqvist et al. 2016).

Results of meta-analyses including individual education compared to income were rather
different. This was an unexpected finding as other systematic reviews reported lower survival
in low educational groups for several cancer types (Quaglia et al. 2013), such as breast
(Lundqvist et al. 2016) and prostate cancer (Klein and von dem Knesebeck 2015). Furthermore,
educational attainment influences occupational status which as well determines income
(Quaglia et al. 2013). One explanation might be that many income studies were conducted in
countries where income has a higher impact on access to and quality of health care; however,
significant associations were as well reported in Scandinavian countries with universal health

care systems.

Summary estimates of meta-analyses for individual and area-based income were similar,
especially in studies using the smaller geographical unit US CeT. This was an unexpected
finding as all area-based studies included in the meta-analyses were conducted in the USA, a
country with a non-universal health care system, and individual income studies included both
types of health care systems. Therefore, larger effect sizes for studies conducted in the USA
were expected but due to area-based measurements of income, effects might have been
diluted. The comparisons of different area-level income studies revealed a slightly higher
summary estimate for the smaller US CeT unit. However, not all of these studies adjusted for
stage at diagnosis. The results of the present systematic review partly confirm results of a
study comparing SES measures for different geographical units in two US states in which CeT
SES measures detected gradients in all-cause mortality more consistently compared to zip
code level SES measures (Krieger et al. 2002). In contrast, another study examining area-based
SES variables at CeT and zip code level reported small differences in effect estimates of self-
rated health (Geronimus and Bound 1998). In other countries, larger effect sizes could not be
observed for studies using smaller areas consistently, but studies reported rather
heterogeneously. Group comparisons of area-based studies using composite measures of SES
did not reveal stronger or more consistent associations depending on the size of the
geographical unit, although no study reported a HR below 1.00 for those with lower SES. This
result does not confirm the discussion about the importance of the use of smaller area-levels

to minimize or avoid ecological fallacy (Quaglia et al. 2013; Schuurman et al. 2007). Due to the
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lack of individual index studies, it was not possible to compare area-based index studies with

individual studies, thus ecological bias cannot be excluded.

One study (Greenwald et al. 1994) included in the systematic review investigated directly
combined effects of individual and area-based income and reported the aggregated median
income on US CeT level to not add any explanatory power to the model including individual
income. In this study, area-based income was not valuable as proxy measure for individual
income, however, it might be reasonable to interpret area-based income as its own concept,
for example regarding access to health care. The study by Greenwald and colleagues
(Greenwald et al. 1994) included only a small number (N = 78) of patients diagnosed with stage
Il lung cancer resident in the US. To further explore differences and relationships between
individual and aggregated SES measures in the context of lung cancer survival, larger studies

conducted in different countries are required.

The level of adjustment for prognostic factors was very heterogeneous across studies. Most
studies adjusted for age, gender, and stage and many studies additionally included variables
for treatment and comorbidity. Although strongly associated with lung cancer incidence,
mortality and survival (Torre et al. 2016), smoking was only considered by three individual
(Aarts et al. 2013; Berglund et al. 2010; Clement-Duchene et al. 2016) and five area-based
studies (Ellis et al. 2014; Kwak and Kim 2017; Ou et al. 2009; Tannenbaum et al. 2014; Yang et
al. 2010). The meta-analyses stratified by adjustment for smoking suggested lower effect
estimates for individual education studies adjusting for smoking status which indicates the
importance of controlling for this prognostic factor. A recent analysis confirmed the
contribution of smoking to socioeconomic inequalities in mortality among fourteen European
countries (Gregoraci et al. 2017). Since many individual studies, especially in Scandinavia, used
cancer registry data and linked these data to other registries for the SES, there might be no
information on individual smoking status. Area-based studies using census data could have
linked their data to area-based information on smoking status by other censuses or

administrative sources. Such an approach should be considered in future studies.

Mechanisms that might lead to socioeconomic differences in lung cancer survival can include
factors related to diagnosis, treatment modalities, and patients themselves (Quaglia et al.
2013). Access to health care can be both influenced by the affluence of a country or a

residential area and the individual. More deprived areas can have less health care resources
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which could result in a delay in diagnosis and delay in start of treatment (Quaglia et al. 2013).
However, a meta-analysis on the effect of SES on stage at lung cancer diagnosis did not reveal
an association (Forrest et al. 2017). The stratified meta-analysis of individual education studies
in the present review did as well not show any differences which confirms the results of
Forrest and colleagues (Forrest et al. 2017). For cancer therapy, socioeconomic differences
have been reported regarding the administration of specific treatments as well as the referral
to specialists or to oncology centers (Quaglia et al. 2013). For instance, lung and breast cancer
patients belonging to deprived groups were less frequently treated by surgery in a study from
England (Pollock and Vickers 1998). Due to the lack of studies stratifying by treatment in the

present review this issue could not be investigated here.

4.2 Socioeconomic differences in cancer survival in Germany*©

4.2.1 Overview analysis of data from epidemiological cancer registries

This population-based study investigated the association of area-based socioeconomic
deprivation on municipality level and survival in 25 most common cancers in Germany. The
results show a survival gradient from least to most deprived municipalities in the included
study regions for all cancers combined. Overall, patterns were different across cancer sites.
However, for most cancer sites, patients living in municipalities belonging to the most
deprived quintile had significantly lower survival compared to patients from the least deprived
quintile, and these differences persisted after adjusting for stage. Furthermore, the survival
disadvantage of patients from the most deprived quintile was generally more pronounced in
the first year after diagnosis, especially in the first three months after diagnosis, than in the
longer run. Analyses by calendar periods showed increasing survival rates from earlier to more

recent periods but also remaining inequalities.

The results of the present analysis are in line with findings from previous studies revealing
lower cancer survival in most deprived areas (Aarts et al. 2010; Exarchakou et al. 2018; Jansen
et al. 2014; Klein and von dem Knesebeck 2015; Kogevinas and Porta 1997; Lundgvist et al.
2016; Lyle et al. 2017; Manser and Bauerfeind 2014; Quaglia et al. 2013; Tron et al. 2019),

even in countries with comprehensive health insurance coverage (Exarchakou et al. 2018; Lyle

YThe different parts of this chapter are based on and were presented in two articles: Finke et al.
2020; Finke, Behrens et al. 2021. The author’s contribution to the different parts is declared in
section 7.1.
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et al. 2017; Tron et al. 2019). In most countries, a gradual decrease of cancer survival with
increasing area-based deprivation has been shown, in line with the present observations for
several individual cancer sites and all cancers combined (Aarts et al. 2010; Exarchakou et al.
2018; Klein and von dem Knesebeck 2015; Kogevinas and Porta 1997; Lundqvist et al. 2016;
Lyle et al. 2017; Manser and Bauerfeind 2014; Quaglia et al. 2013; Tron et al. 2019). The
previous study by Jansen et al. (Jansen et al. 2014) using deprivation quintiles on district level
(median 126,000 residents) reported no gradient across deprivation quintiles. The authors of
the study discussed a higher heterogeneity within the units when using a larger area-level as
possible reason for the previous findings (Jansen et al. 2014; Stanbury et al. 2016b; Woods et
al. 2005). This could still be true for the absence of a survival gradient for some cancer sites in
the current study despite using a much smaller area-level (median 1,194 residents). As the
previous study compared the most deprived area with all other areas combined, a direct
comparison of effect sizes with the present study is not possible (Jansen et al. 2014). However,
the present analysis supports previous findings of stronger associations between RS and area-
based socioeconomic deprivation during short term follow-up and that stage at diagnosis only

partly explained the associations (Jansen et al. 2014).

Adjusting for stage at diagnosis affected derived survival estimates differently, depending on
the cancer site. In prostate cancer, the association between area-based socioeconomic
deprivation and lower RS was only present when not adjusting for or stratifying by stage at
diagnosis. This might reflect overdiagnosis of lower stage tumors in least deprived
municipalities as a result of opportunistic prostate-specific antigen screening (Spek et al.
2015). This pattern was reversed for breast cancer survival, which showed stronger
associations with area-based socioeconomic deprivation after stage adjustment or
stratification. Studies from the USA (Sprague et al. 2011; Yu 2009), England (McKenzie et al.
2012), and the Netherlands (Aarts et al. 2011) analyzing overall, cancer-specific or RS reported
lower survival in breast cancer patients resident in more-deprived areas but attenuated
associations when adjusting for stage at diagnosis. One Dutch study (Aarts et al. 2011)
reported decreased effect estimates in interval and non-screen-detected breast cancer cases
but slightly increased effect estimates in screening attendees after stage adjustment. In
Germany, an organized mammography screening has been implemented starting in 2005 and
being fully implemented in 2009 (Katalinic et al. 2020). In the age group invited for screening,

late-stage breast cancer incidence and disease-specific mortality were reduced at the cost of
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moderate occurrence of overdiagnosis (Katalinic et al. 2020). To explain increasing survival
inequalities between area-based socioeconomic deprivation groups when adjusting for stage,
more detailed analyses on breast cancer patients including information on screening

attendance would be desirable.

A recent study from Germany investigated the association between area-based
socioeconomic deprivation and cancer survival in colorectal patients using data from three
clinical cancer registries (Jansen et al. 2020). In contrast to the present analysis, Jansen et al.
(Jansen et al. 2020) reported stronger disparities in longer follow-up periods for CRC patients.
However, it has to be considered that only overall survival has been calculated while the
present analysis used RS (Jansen et al. 2020). Both the present and the previous study
reported stronger associations in younger patients and in lower stages (Jansen et al. 2020). In
general, the present results for CRC are in line with results from other countries such as the
United Kingdom (Exarchakou et al. 2018; Pollock and Vickers 1997; Shack et al. 2007), the
Netherlands (Schrijvers et al. 1995a), and France (Tron et al. 2019) reporting differences in 5-

year RS between area-based deprivation groups.

Analyses on trends of area-based socioeconomic deprivation inequalities in RS over time
showed inconsistent results across cancer sites. Although inequalities seemed to slightly
decrease over time for all cancer sites combined in analyses including all cancer registries, this
could not be confirmed by the sensitivity analyses restricted to cancer registries providing data
for all years of diagnosis (1998-2014). In sensitivity analyses, the association for the period
2003-2005 was not as strong as in the main analyses. It is not possible to finally assess the
changes from early to recent periods because first, case numbers were too low for the rather
small strength of association and second, some registries could only provide data for some
years of diagnosis and when only registries providing all years of diagnosis were included, the
results were different. Therefore, trends of area-based socioeconomic deprivation
inequalities could depend on the region in this analysis. Increasing or persistent survival
disparities by area-based socioeconomic deprivation have been reported previously (Stanbury
et al. 2016a) but evidence on underlying reasons and contributing factors regarding the

patient, diagnosis and treatment is limited (Quaglia et al. 2013; Woods et al. 2005).

Hypothesized reasons for social inequalities in cancer survival comprise insurance status,

tumor characteristics, stage, treatment, life style factors, and comorbidity (Woods et al. 2005).
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As almost all German residents have access to a comprehensive health insurance program,
lack of insurance is unlikely to be the reason for social inequalities. To account for variations
in background mortality due to differences in life style factors and comorbidity, RS was
calculated using life tables stratified by area-based socioeconomic deprivation quintiles, sex,
age, and calendar year. However, it was not possible to adjust for life style factors and
comorbidity beyond their impact on overall mortality. Adjusting for stage at diagnosis had only
marginal effects on survival differences between area-based socioeconomic deprivation
groups. It was not possible to account for differences in treatment or access to treatment. A
recent study from Germany investigated the impact of treatment on CRC survival differences
between area-based socioeconomic deprivation groups by using more comprehensive clinical
cancer registry data, but less regions were included and overall survival was calculated (Jansen
et al. 2020). CRC survival disparities between area-based socioeconomic deprivation groups
persisted after adjustment for utilization of surgery as well as in subgroups receiving

treatment according to guidelines (Jansen et al. 2020).
4.2.2 Analyses of data from clinical cancer registries

The analyses regarding lung and breast cancer investigated the association between small-
area socioeconomic deprivation and overall (lung) or relative (breast) survival in Germany
considering clinical prognostic factors and cancer therapy. Only marginal differences in
patients’ characteristics across municipality-level deprivation quintiles were observed.
Regarding lung cancer, no clear gradient across deprivation quintiles was observed but
analyses showed lowest survival in the most deprived areas. After full adjustment, a significant
association between area-based socioeconomic deprivation and lung cancer survival was
found for all stages combined. There was an indication for a lower overall survival for the most
deprived municipalities in subgroups diagnosed in stage I-1ll, lower grading and with NSCLC.
In contrast to lung cancer, the analysis regarding breast cancer did not show significant
associations between municipality-based socioeconomic deprivation and RS. A tentative
slight, but nonsignificant gradient towards lower survival in more deprived municipalities
entirely disappeared when adjusting for cancer registry. By contrast, strong, statistically
significant associations with poorer survival in breast cancer patients living in the catchment
areas of the Erfurt und Dresden cancer registries, which include higher proportions of more

deprived municipalities than the catchment area of the Regensburg cancer registry, were
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observed. These differences persisted after adjustment for municipality-level socioeconomic
deprivation. Taken together, these patterns suggest that larger area characteristics may be
more important than municipality-level socioeconomic deprivation with respect to breast

cancer survival in the included regions in Germany.

One previous study investigated associations between socioeconomic deprivation and lung
and breast cancer survival in 200 of 439 districts in Germany using a broader assignment of
deprivation on district rather than municipality level and computing relative survival. This
study reported lower survival in lung and breast cancer patients living in the most deprived
districts compared to all other districts, only adjusting for age and stage (Jansen et al. 2014).
The analysis of the epidemiological cancer registries in this dissertation used municipality-level
socioeconomic deprivation and confirmed the results of the previous study. However, these
analyses had not controlled for district-level regional variation. The present analysis including
clinical cancer registry data revealed a significant association for lung cancer overall survival
but not for breast cancer relative survival after adjusting for a wider range of factors. In the
analysis of breast cancer patients, the impact of deprivation on the municipality level
essentially disappeared after adjusting for regional variation. The predominance of regional
differences over small area socioeconomic differences observed in the present breast cancer
analysis suggest that even larger-area characteristics may play a major role. The catchment
areas of the Dresden, Erfurt and Regensburg registries are located in three different federal
states of Germany (Saxony, Thuringia, and Bavaria), the former two being Eastern states that
previously belonged to the German Democratic Republic. Despite major economic growth,
socioeconomic development in the Eastern states has kept lagging behind the one in the
Western states, as also reflected in the much higher proportions of municipalities in the lower
GIMD quintiles in the Dresden and Erfurt registry catchment areas than in the Regensburg
catchment area. A previous study showed worse 5-year RS in patients resident in Eastern
Germany compared to patients resident in Western Germany for 20 out of 25 analyzed cancer
sites with the largest differences for cancers of the oral cavity, oesophagus and gall bladder
and skin melanoma (Jansen et al. 2012). In breast cancer patients, 5-year RS was statistically
significantly lower with 82.7 % in Eastern and 83.2 % in Western Germany (0.5 %-units
difference, 95 % Cl: 0.1-0.9) (Jansen et al. 2012).
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It is important to investigate the underlying reasons for the reported survival differences. For
lung cancer, hypothesized determinants for socioeconomic inequalities in cancer survival
were age, sex, year of diagnosis, stage, subtype, grading, and treatment (Berglund et al. 2010;
Dalton et al. 2015). Cox models consistently revealed significantly lower survival for most
deprived municipalities across all levels of adjustment unless cancer registry was added. It is
therefore assumed that subtype, grading and stage might not have an impact on the
association between socioeconomic deprivation and lung cancer survival in this study
population. However, since the distribution of socioeconomic deprivation of municipalities
was quite different across registries, the attenuation of associations by adjusting for registry
catchment area or in analyses stratified by cancer registry suggests that part of the deprivation
differences might be mediated by factors acting on the “supra-municipality-level”. Such
factors might include, for example, quality of hospital care, which would be assumed to act on
a district rather than municipality level because most municipalities do not have their own
hospital. In contrast to this, the analysis of breast cancer patients showed no association with
deprivation but persistent survival differences between cancer registries after adjusting for
the patient level factors age, stage, grading and ER. To investigate whether differences in
medical care might explain the survival differences, subgroup analyses were conducted for
stage I-lll patients who received certain therapies. However, RS was still lower for the Dresden
and Erfurt cancer registry compared to the Regensburg cancer registry in subgroups of
patients receiving chemotherapy and radiotherapy. For patients diagnosed with stage I-lll and
ER positive breast cancer, the association of lower RS for the Dresden and Erfurt compared to
the Regensburg registry even strengthened when restricting to patients who received
hormone therapy. In contrast to these findings, a Swiss study reported no significant
differences in breast cancer specific survival between the catchment areas of cancer registries
after adjusting for age, stage, histological subtype, grading, comorbidities, and cancer therapy
(Ess et al. 2018). In summary, the present results do not indicate that differences in treatment
administration account for the differences in RS across the cancer registries. However, future
studies with more detailed information on treatment and cancer subtype could give further
insights to the causes of these regional differences in breast cancer survival. This will be

possible after the full implementation of the national clinical cancer registration in Germany.

Due to data quality, it was not possible to investigate the probability of receiving a certain

therapy. Recent studies on lung cancer from England reported lower odds for receiving
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surgery (Belot et al. 2019; Tataru et al. 2018) but a higher probability of receiving radical
radiotherapy (Tataru et al. 2018) in more deprived regions. Inequalities in treatment explained
area-based socioeconomic differences in lung cancer survival for both universal and non-
universal health care systems (Berglund et al. 2010; Forrest et al. 2015; Mahase et al. 2018).
The present analysis revealed lower lung cancer survival for most deprived municipalities in
patients receiving surgery after restricting to patients with stage I-lll but effects were
attenuated by further restricting to patients who received chemotherapy or radiotherapy. This
might indicate survival differences by receipt of treatment. Sensitivity analyses revealed a
better lung cancer survival in patients receiving chemotherapy or surgery and resident in
Dresden city compared to the least deprived municipalities. As there is a comprehensive
cancer center in Dresden city, access to health care might be better compared to less deprived
municipalities. However, it is unclear why patients residing in Dresden city and diagnosed with
high grading or SCLC have a worse survival in comparison with less deprived municipalities. In
order to provide reliable evidence for all of Germany and appropriately adjust for treatment,

a larger sample size and high-quality data is needed.

When comparing the present analysis of lung cancer patients to area-level index studies using
similar levels of adjustment, effect estimates were larger in countries both with and without
universal health care systems (e.g. The Netherlands: HR for low SES vs. high SES 1.09-1.16,
(Aarts et al. 2015; Schrijvers et al. 1995a), USA: HR for low SES vs. high SES 1.05-1.38, (Gomez
etal. 2016; Lara et al. 2017; Lara et al. 2014; Ou et al. 2007; Ou et al. 2008), this analysis: 1.06).
Two US studies that were restricted to patients with a better prognosis (NSCLC stage 1),
observed overall stronger associations (HR for low SES vs. high SES 1.27-1.34) (Ou et al. 2007;
Ou et al. 2008). In contrast to one US study (Gomez et al. 2016), the present analysis showed
lower survival for the most deprived compared to the least deprived municipalities for men
but not for women. A possible explanation might be the higher all-cause mortality (RKI 2011)
and higher smoking prevalence (Zeiher and Kuntz 2017) in men compared to women in
Germany. Due to missing life tables and information on smoking behavior, it was not possible
to account for this in the current analysis. Adjusted 1-, 3- and 5-year survival rates were 1.7,
1.5, and 1.2 % units lower for the most compared to the least deprived regions and effect
estimates were smaller than for other cancer types (Klein and von dem Knesebeck 2015;
Lundqvist et al. 2016; Manser and Bauerfeind 2014). Compared to other common cancers,

such as breast or colon cancer, lung cancer has a much poorer prognosis (Allemani et al. 2018),
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leaving less room for the impact of socioeconomic deprivation on survival differences and
resulting in smaller effect sizes for lung cancer (Quaglia et al. 2013). Supporting this
hypothesis, a French study reported lower age-standardized net survival in patients resident
in the most deprived areas for almost all 19 solid tumor sites with smaller differences for lung
cancer patients (Tron et al. 2019). Future analyses should focus on lung cancer patients with

better prognoses to further investigate social inequalities reported for these patients.

The area level on which socioeconomic differences might be relevant is subject to ongoing
debate and might strongly vary between countries (Woods et al. 2005). Both municipality as
well as district level analyses have advantages for investigating socioeconomic differences. On
the one hand, assuming that quality of hospital care, which might be related to the
socioeconomic situation in hospitals’ catchment areas, might play a major role, socioeconomic
deprivation on the district level may be a relevant indicator as hospitals typically serve a large
number of municipalities. On the other hand, analyses on municipality level might be closer
to the individual socioeconomic status of patients. That local and regional hospital care
facilities might play a major role for breast cancer survival is also supported by the present
findings of much better survival of breast cancer patients living in the city of Dresden, which
is served to a large extent by the University Clinic of Dresden, compared to patients living in
other municipalities, even though this city was classified as belonging to the third GIMD
quintile only. However, this hypothesis has to be verified by further studies including factors
such as regional density of hospitals and physicians or distance to a specialized breast cancer

center.

Currently, there are only few other analyses in Germany regarding regional differences in
cancer survival (Geiss and Meyer 2019; Nennecke et al. 2014). A study including data from 11
population-based German registries investigated differences in 5-year cancer RS between
urban and rural areas (Nennecke et al. 2014). The authors reported a significantly better RS
for breast cancer patients resident in city core regions compared to all other region types,
with 85.4 % 5-year RS vs. around 82.0 % 5-year RS in other regions. When applying similar
region types to the catchment areas of the clinical cancer registries in the present analysis, it
could be categorized as follows: the region of the Dresden cancer registry is extremely urban,
the Erfurt cancer registry is less urban than Dresden and the Regensburg cancer registry

comprises all regions types (BBSR 2017). Combined with the results from the study by
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Nennecke et al. (Nennecke et al. 2014), this categorization into region types supports the
present findings of a lower RS in the Erfurt region compared to the Dresden and Regensburg
region, but does not provide an explanation for the other findings of the analysis. Another
study compared cancer incidence, mortality, and survival between German federal states by
using funnel plots (Geiss and Meyer 2019). In general, this study did not report a difference in
relative survival between the regions, however, the federal state of Bavaria was not included
in survival analyses. For breast cancer patients, it could be shown that relative survival was
slightly higher in Saxony compared to Thuringia, which is in line with the present findings
(Geiss and Meyer 2019). To investigate regional variations in cancer survival, the level of
federal states is probably too large. Further regional factors which might explain survival
differences shown in the present analysis should be examined, for example regional cancer

care situation.

4.3 Comparison to Finland: Education and colorectal cancer survival'!

This analysis showed an association between lower individual educational level and lower
survival of CRC patients diagnosed in 2007-2016 and followed up to 2012-2016 in Finland.
This association could partly be explained by stage but not by regional variation on hospital
district or municipality level. When using area-based education, educational inequalities were
present only in women, although RER estimates were closer to unity. The impacts of region
and stage on the association were similar to those based on individual education. In women,
associations of both individual and area-based education with CRC survival were generally
stronger and more consistent across models adjusting for different covariates. Results were

comparable when including both individual and area-based education in the models.

In Finland, municipalities are self-governing units, have the right to levy taxes and are
responsible for providing the basic services for their residents. Most of the municipalities are
small (median 6,000 residents), but there are eight large municipalities with between 110,000
and 280,000 residents and the capital municipality Helsinki with a population of 630,000. The
Finnish health system is highly decentralized as municipalities were obliged to organize
primary care through municipal health centres since the Primary Health Care Act of 1972

(Iversen et al. 2016; Keskimaki et al. 2019). Specialist care is provided by 21 hospital districts

"The different parts of this chapter are based on and were presented in the article Finke, Seppa et al.
2021. The author’s contribution to the different parts is declared in section 7.1.
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funded by their member municipalities (lversen et al. 2016). Each hospital district comprises
one or several hospitals, including one central hospital. Five of these central hospitals are
university hospitals. Residents of a given municipality needing hospital treatment are primarily
treated in their own central hospital. In addition, the Ministry of Social Affairs and Health
regulates the centralization of certain treatments such as demanding surgical treatments
(Iversen et al. 2016). In the treatment of CRC, rectal cancer surgery was mainly centralized to

the five university hospitals in 2017 (Government Decree 582/2017) (Keskimaki et al. 2019).

Irrespective of the socioeconomic measure, studies using either individual or area-based
measures reported higher survival for CRC patients in higher socioeconomic groups (Aarts et
al. 2010). It has been shown that measures based on large area-levels may dilute the
association of social inequalities with cancer survival (Tervonen et al. 2017; Woods et al.
2005). The present study is the first to investigate this hypothesis for a comparison between
individual and area-based education. The analysis demonstrated stronger associations with
CRC survival differences by individual compared to area-based education. Studies
investigating individual education reported higher effect estimates (HR range 1.10-2.49) (Aarts
et al. 2013; Frederiksen et al. 2009; Hussain et al. 2008; Menvielle et al. 2013; Olsson and
Granstrom 2014) compared to studies using area-based socioeconomic measures (HR range
1.09-1.40) (Antunes et al. 2016; Brenner et al. 1991; Dejardin et al. 2006). However, the
differences in estimates might arise due to inequalities across countries and various levels of
adjustment. Because area-based education only reflects the proportion of basic educated
residents within a municipality, the dilution effect of area-based measures is a possible
explanation for the present results. For instance, more high educated patients were
categorized into Q3 than in Q4 which might induced the better survival in the Q3 group.
Therefore, area-based education was not an adequate proxy measure for individual education

in the analysis presented here.

Instead of considering area-based education as a substitute for individual information, it could
be interpreted as a separate covariate that describes the education level in the reference
population of a patient. Because differences in survival between groups of area-based
education were smaller than those of individual education, it may indicate that Finnish health
care system organized on area-level was able to outweigh survival inequalities between

education groups. However, results for individual and area-based education were comparable
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when including both measures in the models. There are two studies (Chang et al. 2012;
Hagedoorn et al. 2018) combining both individual and area-based SES measures in multilevel
analyses investigating CRC survival and one study (Antunes et al. 2016) comparing the single
effects of both levels. A Taiwanese study using individual and neighbourhood income reported
lower survival for CRC patients aged <65 years with lower income, irrespective of their
residence in a high or low income neighbourhood (Chang et al. 2012). A multilevel study from
Belgium showed higher mortality in women living in highly deprived neighbourhoods after
controlling for individual SES (Hagedoorn et al. 2018). A Portuguese study investigating CRC
survival confirmed the present results showing stronger associations with individual education
compared to the area-based EDI (Antunes et al. 2016). Future studies with Finnish registry
data should investigate the underlying reasons for the reported differences in area-based

education in women even after adjustment for individual education.

Hypothesized determinants for educational inequalities in CRC survival were age, sex, stage,
urbanity, cancer site, hospital district and municipality (Auvinen 1992; Hussain et al. 2008;
Menvielle et al. 2013; Nur et al. 2015; Sjostrom et al. 2018). Region and urbanity had no
impact, stage had only a slight impact on the association of either individual or area-based
education with CRC survival, supporting previous research (Brenner et al. 1991; Frederiksen
et al. 2009; Jansen et al. 2014; Sjostrom et al. 2018). In contrast to the present analysis, other
studies reported either stronger associations and clearer gradients between educational
groups in men (Antunes et al. 2016; Hussain et al. 2008; Menvielle et al. 2013) or similar effects
between sexes (Tron et al. 2019). Factors not mediated through stage such as a patient’s
health condition and comorbidities but also preferences in choice of treatment could explain
sex differences in the present analysis. These factors might be considered in future analyses

regarding educational inequalities in CRC survival.

A direct comparison between the analysis with FCR data and the analyses with German clinical
and epidemiological cancer registry data is not possible. In the analyses with German data, a
socioeconomic deprivation index was used which was composed using different domains of
deprivation such as education, income, municipality revenue and security (Maier 2017). The
analysis with Finnish data used an individual measure of education and applied this measure
to create an area-based measure of education on municipality level. Furthermore, the

population structure and urbanization are different in both countries. Although the
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organization of the health care system is somewhat different, both countries offer universal
access to health care, therefore, similar access to cancer care can be assumed. Despite the
mentioned differences, the analysis of the Finnish data was a unique chance to give an
example for the difference between individual and area-based socioeconomic measures. It
demonstrated the importance of using an individual measure when investigating the
association between socioeconomic deprivation and cancer survival. The analyses showed
stronger associations with cancer survival when using individual education instead of
municipality-level education, even in models including both educational measures. In the
analyses with German cancer registry data, it could not be shown that a smaller area level
resulted in stronger associations with cancer survival (Jansen 2014). However, there was still
the chance of ecological bias due to the heterogeneity of socioeconomic distribution in a
population within a region. Additionally, the deprivation-associated differences in cancer
survival in Germany cannot entirely be attributed to area-effects as it was not possible to
adjust for individual SES. Currently, only one small multicentre study has been conducted to
investigate individual SES and cancer survival in Germany (Singer 2017). The study population
was not large enough to stratify by cancer site (Singer 2017). In the analysis of the FCR data,
it was possible to link individual education to each cancer patient due to nationwide data on
education. Although it might not be possible to collect nationwide data in Germany, individual
SES measures should be implemented in Germany for larger regions for example federal states

to further investigate survival disparities.

4.4 Strengths and Limitations

4.4.1 Systematic review and meta-analysis'?

The systematic review including meta-analysis has important strengths and some limitations.
The current literature search was conducted in four databases, which might have missed out
relevant articles. The search terms were restricted to only “lung cancer” due to the large
amount of search results when using the term “cancer”. This might be the reason why the
number of articles found through searching reference list of included papers was high.
Nevertheless, the amount of detected literature through database search was still large and

it was possible to include databases specialized to the social sciences to assure inclusion of

12The different parts of this chapter are based on and were presented in the article Finke et al. 2018.
The author’s contribution to the different parts is declared in section 7.1.
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articles not only indexed in biomedical science focused databases. In addition, the quality of
extracted data was enhanced by contacting authors if results were not reported clearly or
incompletely to give a comprehensive view of all included studies. While the presence of a
publication bias cannot completely be ruled out, which would lead to an overestimation of
socioeconomic differences in cancer survival, the funnel plots for the meta-analyses did not

reveal asymmetries suggesting that the probability of publication bias is rather low.

In general, studies were very heterogeneous, not only in the use of socioeconomic measures
and aggregated levels but also in reporting of survival measures and in the level of adjustment.
The studies have been conducted in several countries around the world including very
different settings. The adjustment for key prognostic factors such as stage was often not
possible. Thus, like in most epidemiologic studies, it cannot be ruled out that findings might
be influenced by confounding. Furthermore, the comparison of summary estimates across
subgroups (e.g. by adjustment and aggregation level) were not based on statistical tests and
observed trends might be chance findings. Thus, comparison of results across studies and the

conclusions derived from this review must be interpreted with caution.

The generalizability of the results to low-income countries is limited, as they were highly
underrepresented and no study from Africa or South America was found. One reason for this
might be the restriction to publications in English or German language in the literature search.
In the present study, most individual studies were conducted in Scandinavian countries and
most area-based studies were conducted in the US or United Kingdom. For other European

countries as well as Asian countries, further studies are needed.

Meta-analyses stratified by gender have not been carried out. Considering papers with the
largest study populations included in the review, studies reported in general a higher survival
in women compared to men. However, the majority of these studies also reported similar
results for women and men regarding a potential gradient according to SES. This was true for

both individual and aggregated SES measurements.

Although the NOS is a tool for quality assessment of studies which is widely used, there is
some critique about its validity (Stang 2010). However, the NOS gives an overview of the
quality of included articles and helps to exclude studies that are not suitable to be included in
a meta-analysis. Three studies were excluded from the meta-analyses because of a low quality

score. These studies were also less comparable to the other studies due to other reasons: The
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first study used data from clinical trials (Di Maio et al. 2012) and was therefore not
representative of the underlying population, the second study only reported univariate HRs
without adjustment (Herndon et al. 2008) and the third study used data of 24 institutions
which could voluntarily participate in the study (Fujino 2007a). As the cut-off quality score was
not set a priori, a sensitivity analysis including these three studies was conducted and revealed
similar estimates. Another limitation was that there is no specific NOS coding manual for
studies relying on registry data. The manual for cohort studies was used, therefore many
registry studies were rated too low in the outcome section because they did not describe how
mortality data were collected although it could be assumed that these data were retrieved by
administrative sources with good quality (Bray and Parkin 2009). On the other hand, studies
using registry data might be awarded too many points (stars) in the comparability section as
their quality of measurement of potential confounders might not be as high as in usual cohort

studies.

The interpretation and summary of both model and survival rate results among studies
remained difficult due to diversity in SES measurements used, in particular across different
countries or continents. In their review on socioeconomic differences and the risk of lung or
colorectal cancer, Kuznetsov and Mielck (Kuznetsov and Mielck 2012) already found very
heterogeneously reported SES measurements and therefore could not conduct a meta-
analysis. However, it was still possible to perform meta-analyses in the present study by using
HRs of the lowest and highest socioeconomic group which was reported by most studies.
Furthermore, the focus was on model results of the studies, as most studies that reported
survival rates showed age-standardized rates without any further adjustment for other
prognostic factors. The restriction of using the highest and lowest SES categories for
comparing the model results enabled to conduct meta-analyses with studies assessing the SES
on different categories like tertiles or quintiles. The downside of this approach is that different
levels of SES were compared (e.g. the lower quintile might correspond to a lower SES as
compared to the lower tertile). However, as studies reported SES measures heterogeneously,
this was the only way to show summarized measures for the effect of SES on lung cancer

survival.

Another limitation was that it was not possible to perform stratified meta-analyses by

subtypes of lung cancer because no individual study reported on SCLC patients only.
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Nevertheless, meta-analyses of other important prognostic factors (stage, treatment and

smoking) were conducted and revealed no major differences compared to the main analyses.

4.4.2 Overview analysis of data from epidemiological cancer registries®?

A limitation of the present study was that it was not possible to include Germany as a whole
in the analyses as no small-area level was available in federal states comprising only one city
and data quality for other excluded regions was not yet sufficient for survival analyses. In total,
61 % of the German population was excluded, however, the included 39 % comprised an
underlying population of about 32 million residents. The distribution of the GIMD quintiles
were comparable between included and excluded areas (Jansen et al. 2014). A previous study
investigating a similar study region showed that the included areas were in general
representative for whole Germany regarding socioeconomic deprivation (Jansen et al. 2015).
Since the previous study, data quality of German cancer registries has improved, therefore a
lower cutoff value for DCO cases as inclusion criterion could be used in the present study
(Jansen et al. 2014). As the proportion of DCO cases was not different across area-based
socioeconomic deprivation quintiles, DCO cases should not have affected the observed
gradients in survival. Another limitation was that the GIMD based on data mainly from 2006
was used and therefore changes in the distribution of area-based socioeconomic deprivation
across municipalities could not be considered, especially in trend analyses. Due to data
protection restrictions, it was not possible to link more than one area-based index to the
cancer registry data, although the GIMD was also available for 2010. However, there were
only minor changes between the GIMD 2006 and the GIMD 2010 in the distribution across
municipalities. Furthermore, only the GIMD for the municipality of residence at the time of
diagnosis could be considered in the present analysis. However, the time period right after
diagnosis is the most critical time regarding cancer survival. Additionally, residence at time of
diagnosis might represent best a patients’ access to resources for cancer early detection,
diagnosis and treatment. Also, the present study intended to investigate municipality-level
deprivation but due to the lack of individual SES data, it could neither be concluded about the
impact of individual SES on cancer survival nor the interaction of individual and area-based
socioeconomic deprivation. Studies examining both measures showed that they are

independently associated with cancer survival (Chang et al. 2012; Honjo et al. 2014; Wu et al.

13The different parts of this chapter are based on and were presented in the article Finke, Behrens et
al. 2021. The author’s contribution to the different parts is declared in section 7.1.
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2016). Interventions to reduce social inequalities in cancer survival would mostly be
implemented on area-level and not on individual-level, hence, it is reasonable to investigate
area-based socioeconomic deprivation. Currently, the information on stage at diagnosis is
missing for more than 35 % of the patients and the stage-groups were rather crude
(localized/regional/distant). However, the completeness of stage information has strongly
increased since the previous study in which missing information on stage was present for 48 %
of the patients (Jansen et al. 2014). Hence, data quality of German cancer registries has
improved and is going to improve through the implementation of clinical cancer registries

(Arndt et al. 2019; Holleczek and Katalinic 2017).

A strength of the present analysis was the large cohort of the cancer patients of a population
of 32 million German residents. Furthermore, this analysis used data from population-based
cancer registries with a completeness of more than 90 % in 2014 (Arndt et al. 2019). It was
possible to investigate survival differences in the 25 most common cancer sites. Area-based
socioeconomic deprivation in the study region was assessed on a relatively small area-level
(median population for included municipalities: 1,194 residents (Statistisches Bundesamt
2006)) which is comparable to studies from England (mean 1,500 residents (Exarchakou et al.
2018)) although the range of residents is a lot larger in the German administrative areas (IQR:
517-3,494 residents) which were not explicitly created for statistical purposes. General
mortality was accounted for by computing RS using life tables stratified by sex, age, calendar

year and GIMD on municipality level.

4.4.3 Analyses of data from clinical cancer registries*

For the lung cancer analysis, one limitation was potential residual confounding by smoking
due to the lack of data on smoking behavior which is associated with SES (Avci et al. 2017).
Due to missing life tables or cause of death information during the conduction of this analysis,
overall survival was calculated and therefore it cannot be distinguished between cancer and
other causes of death. However, as the prognosis of lung cancer patients is generally poor,
survival might be similar to cause-specific or relative survival (RKI 2019). If cause-specific or
relative survival instead of overall survival would have been used, the effect could be smaller

compared to HRs reported in the present analysis. A reason could be differences between

14This chapter is based on and was presented in the article Finke et al. 2020. The author’s
contribution is declared in section 7.1.
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deprivation groups in, for example, comorbidities (Maier et al. 2014). However, as most lung
cancer patients die from lung cancer (Abdel-Rahman 2017; Janssen-Heijnen et al. 2015), this

is unlikely to affect the results to a relevant degree.

For the breast cancer analysis, it was likewise not possible to include data on cause of death
or comorbidities. However, it was possible to compute RS which accounts for background
mortality and therefore indirectly considers comorbidities. In addition, detailed life tables
stratified by age, sex, calendar year, and deprivation on municipality level were used. The
national statistical office could provide data on population and deaths only after the
completion of the lung cancer analysis but before the start of the breast cancer analysis. For
this reason, life tables for RS could only be used in the analysis including breast cancer patients
but not for lung cancer. Information on detection mode (screen-detected or non-screen-
detected cases) was not available in the clinical cancer registry data. Despite a universal
screening program in Germany (Katalinic et al. 2020), there might be socioeconomic
deprivation differences in screening attendance between municipalities. However, the
analysis showed only marginal differences in the distribution of stage at diagnosis across
deprivation quintiles. Lastly, a classification into molecular subtypes was not possible due to

missing data on relevant data such as progesterone receptor status and HER2 status.

The following limitations apply to both the lung and the breast cancer analysis. Although all
included cancer registries verify the vital status of the patients with registration offices
regularly and reported to have complete data, it cannot be excluded that the here reported
survival differences originate from differences in the quality of this verification and insufficient
completeness of data. Due to large proportions of missing data, no clear distinction could be
made between patients not receiving a specific treatment and patients for whom such specific
treatment was not recorded. However, if the treatment variable explicitly indicated that a
specific therapy was actually given, this information was expected to be reliable and usable
by restricting the analyses to subgroups receiving certain therapies. The use of two GIMD
editions based on data from 2006 and 2010 might have affected the results regarding a change
of the distribution of the GIMD across registries. From 2006 to 2010, the underlying
population changed towards a slightly higher proportion in less deprived municipalities. Data

from only three clinical cancer registries were included in the analyses but nationwide clinical
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cancer registration is currently being implemented allowing the inclusion of more German

regions in future studies.

One main strength of the analyses is the inclusion of data from three population-based clinical
cancer registries with an underlying population of about 4,000,000 residents. Compared to
epidemiological registries, the completeness of variables for important prognostic factors is
higher in clinical cancer registries and further variables like treatment are available with
improving data quality (Holleczek and Katalinic 2017; Jansen et al. 2014). Another strength is
that it was possible to investigate for the first time in Germany the association between lung
or breast cancer survival and socioeconomic deprivation at the municipality level (median
population: 2,200 residents; IQR: 1,137-4,303 in 2010) (Statistisches Bundesamt 2019) which
is comparable to countries routinely using small-area levels such as England (median
population = 1,500 residents) (Forrest et al. 2015). Although only including three registries,
the analyzed cohort was still large and comparable to other studies investigating lung or breast
cancer survival. Lastly, it was possible to include more recent periods of diagnosis from 2000-
2015 for lung cancer and from 2006-2016 for breast cancer compared to the previous analysis

using data from epidemiological cancer registries (Jansen et al. 2014).

4.4.4 Analysis of data from the Finnish cancer registry®

The analysis including data from the FCR also has some limitations. First, stage at diagnosis
was only available as local or non-local and there was a rather high proportion (25 %) of
unknown stage. Sensitivity analyses using multiple imputation for stage at diagnosis showed
only marginal differences compared to the main analyses. The Finnish CRC screening program
started in 2004 and was likely to impact regional variation in CRC survival, because only a part
of the municipalities participated in the program (Malila et al. 2005). There was no information
available on the patients’ comorbidities in the present study. Research on the impact of
comorbidities on regional or socioeconomic variations in cancer survival is still inconclusive

(Frederiksen et al. 2009; Skyrud et al. 2016).

One strength of this analysis was the high quality of population-based data provided by the
FCR. Compared to other registries, the FCR has a high completeness of about 96 % for all solid

tumours and 97.4 % for CRC (Leinonen et al. 2017). Furthermore, due to the social security

1>This chapter is based on and was presented in the article Finke, Seppa et al. 2021. The author’s
contribution is declared in section 7.1.
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number which is available for each resident in Finland, it was possible to link both individual
and area-based education to cancer registry data and include both measures in the models. It
was possible to account appropriately for general population mortality by using RS with life
tables stratified by sex, age, calendar year, individual education and hospital district. In
addition to variation in survival across hospital districts, it was also possible to adjust for small
area variation across municipalities. The two regional units are relevant in terms of cancer
survival, because primary health care is organized by municipalities and more advanced care

by hospital districts.
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4.5 Conclusionst®

The aims of this dissertation were to first give a comprehensive summary of the current
literature on socioeconomic differences in lung cancer survival and then mainly to investigate
deprivation-associated differences in cancer survival in Germany and if these differences
depend on patient characteristics, clinical prognostic factors or cancer care. Furthermore, a
comparison of survival disparities was made between individual and area-based education by

using data from the FCR.

To accomplish these aims, first, a systematic review including meta-analysis was conducted.
It showed that both individual income and area-based indices were associated with lower lung
cancer survival but no association for individual education. These results could also be
reported for Germany in this dissertation. The overall analysis including 25 cancer sites
showed a lower cancer patient survival for the most deprived municipalities compared to the

least deprived municipalities in Germany.

To further investigate the underlying reasons for deprivation-associated cancer survival
differences, analyses including data of lung and breast cancer patients from three German
clinical cancer registries were conducted. The analyses revealed different results. Regarding
lung cancer, there was a lower OS in most deprived regions for the total study population even
after adjusting for clinical prognostic factors. Furthermore, associations between OS and area-
based deprivation for patients diagnosed in earlier stages, lower grading and with NSCLC were
observed. Thus, social inequalities in cancer survival might especially be relevant for lung
cancer patients with better prognoses. Regarding breast cancer, the analysis showed no
statistically significant association between socioeconomic deprivation on municipality level
and RS. Much more clearly shown were regional differences in RS between the three cancer
registries. Recorded factors related to the tumor as well as cancer treatment did not
consistently explain region-associated survival inequalities. Future research on socioeconomic
differences in lung cancer survival and regional differences in breast cancer survival should
focus on these patients and explore possible inequalities in the receipt of cancer treatment in

detail.

%This chapter is based on and was presented in four articles: Finke et al. 2018; Finke et al. 2020;
Finke, Seppa et al. 2021; Finke, Behrens et al.2021. The author’s contribution is declared in section
7.1.
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The comparison between area- and individual socioeconomic measure in the analysis of the
FCR showed that municipality-level education revealed smaller effect estimates than
individual education in CRC survival. Associations for individual education persisted even after
adjustment for municipality-level education. These results underline the importance to

investigate individual socioeconomic measures as well in Germany.

The results of this dissertation show that a further approach for Germany should be to include
individual SES as well as area-based indices in analyses of cancer survival disparities. These
future studies should include region, prognostic factors, complete data on cancer treatment
but also other possibly relevant factors such as comorbidities. Furthermore, these analyses
should be conducted stratified by cancer site as the present analyses showed different

patterns for different cancer types.
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5 Summary

5.1 English Summary
Area-based socioeconomic inequalities in cancer survival have been reported in several

countries and for several cancer sites showing that cancer patients living in affluent regions
have better survival than those living in deprived regions. It has been shown that deprivation-
associated survival disparities might be more apparent when using smaller area-level
deprivation measures. Possible reasons for these survival disparities could originate in
differences in clinical prognostic factors or cancer care. The aims of this dissertation were to
first give a comprehensive summary of the current literature on socioeconomic differences in
lung cancer survival and then mainly to investigate deprivation-associated differences in
cancer survival in Germany and if these differences depend on patient characteristics, clinical
prognostic factors or cancer care. Furthermore, a comparison of survival disparities was made
between individual and area-based education by using data for patients with colorectal cancer

from the Finnish Cancer Registry.

First, a systematic review and meta-analysis was conducted including studies reporting a
measure of lung cancer survival in relation to education, income, occupation, or composite
measures on individual or area-based level. In total, 23 studies measured the socioeconomic
status on individual level and 71 on area-based level. The meta-analyses revealed a poorer
prognosis for lung cancer patients with low individual income. Group comparisons of area-
based studies indicated a poorer prognosis for lower socioeconomic groups. A consistent
relationship between level of aggregation and effect size could not be confirmed due to

heterogeneous reporting of measurements.

To investigate the association between municipality-level socioeconomic deprivation and
cancer survival in Germany, data for the 25 most common cancer sites from seven population-
based cancer registries (covering 32 million inhabitants) were used. Patients were diagnosed
in 1998-2014 and socioeconomic deprivation was assessed using the categorized German
Index of Multiple Deprivation on municipality level. Relative survival was estimated using the
period approach for 2012-2014 and model-based period analysis to calculate relative excess
risk adjusted for age and stage. In total, 2,333,547 cases were included. For most cancer sites,
the most deprived quintile had lower 5-year relative survival compared to the least deprived
quintile even after adjusting for stage (all cancer sites combined, relative excess risk 1.16, 95 %

confidence interval 1.14-1.19).
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To further investigate the underlying reasons for deprivation-associated survival disparities in
Germany, data from three clinical cancer registries (Regensburg, Dresden, and Erfurt, covering
4 million inhabitants) were used. Patients diagnosed with lung cancer in 2000-2015 and female
patients diagnosed with breast cancer in 2006-2016 were included. For lung cancer, the
association of deprivation with overall survival was investigated using Cox regression models.
For breast cancer, 5-year relative survival using the period approach for 2011-2016 and model-
based period analysis to calculate relative excess risk was used. Both models were adjusted
for age, stage, and grading, the breast cancer models additionally for estrogen receptor status.
Region-specific analyses and subgroup analyses for patients receiving specific types of
treatment were conducted. Overall, 22,905 lung cancer and 31,357 breast cancer cases were
included. For lung cancer, the most deprived group had a lower overall survival compared to
the least deprived group in the fully adjusted model. Patients diagnosed with stage I-llI
showed a lower survival in the most deprived quintile which persisted when further restricting
to surgery but was attenuated for chemo- or radiotherapy subgroups. For breast cancer, the
fully adjusted model showed no association between deprivation and 5-year relative survival.
By contrast, there was an association between region and breast cancer survival, even after

adjustment for socioeconomic deprivation.

Regarding the comparison of cancer survival disparities between individual and municipality-
level education, data of colorectal cancer patients diagnosed in 2007-2016 in Finland were
used. Relative survival and relative excess risk were estimated by sex using period approach
adjusted for age, stage at diagnosis, cancer site, urbanity, hospital district and municipality. In
total, 24,462 cases were included. Area-based education revealed smaller effect estimates
than individual education in colorectal cancer survival. Associations for individual education

persisted even after adjustment for municipality-level education.

The results of this dissertation show that a further approach for Germany should be to include
individual socioeconomic status as well as area-based indices in analyses of cancer survival
disparities. These future studies should include region, prognostic factors, complete data on
cancer treatment but also other possibly relevant factors such as comorbidities. Furthermore,
these analyses should be conducted stratified by cancer site as the present analyses showed

different patterns for different cancer types.
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5.2 Deutsche Zusammenfassung
Regionsbasierte soziookonomische Unterschiede im Krebsiliberleben wurden in mehreren

Landern fiir unterschiedliche Krebsarten berichtet. Diese Studien zeigen, dass Krebspatienten
aus wohlhabenderen Regionen ein hdheres Uberleben haben als Patient/-innen aus eher
benachteiligten Regionen. Diese Uberlebensunterschiede waren gréRer, je kleiner die
Gebietseinheit war, anhand welcher Deprivation erhoben wurde. Unterschiede in klinischen
Faktoren oder der Krebsbehandlung kénnten mégliche Griinde fiir Uberlebensunterschiede
sein. Ziel dieser Dissertation war es, zunachst eine umfassende Literaturzusammenfassung zu
soziobkonomischen Unterschieden im Lungenkrebsiiberleben zu erstellen und dann vor allem
die mit Deprivation verbundenen Unterschiede beim Krebsiberleben in Deutschland zu
untersuchen und festzustellen, ob diese Unterschiede von Patienteneigenschaften, klinischen
Prognosefaktoren oder der Krebsbehandlung abhdangen. Dariliber hinaus wurden am Beispiel
von Darmkrebspatient/-innen Unterschiede im Krebsuberleben zwischen individueller und

gebietsbezogener Bildung anhand von Daten des finnischen Krebsregisters untersucht.

Das systematische Review umfasste Studien, in denen Lungenkrebsiberleben bezlglich
Bildung, Einkommen, Beruf oder soziokonomischer Indizes auf individueller oder
gebietsbezogener Ebene berichtet wurde. Insgesamt erhoben 23 Studien den
soziobkonomischen Status auf individueller und 71 auf gebietsbezogener Ebene.
Metaanalysen zeigten schlechtere Prognosen fur Lungenkrebspatient/-innen mit niedrigem
Einkommen. Studien mit gebietsbezogener sozio6konomischer Deprivation zeigten eine
schlechtere Prognose fiir benachteiligte Gruppen. Eine Beziehung zwischen Aggregationsgrad

gebietsbezogener Deprivation und EffektgroRe konnte nicht bestatigt werden.

Um den Zusammenhang zwischen soziodkonomischer Deprivation auf Gemeindeebene und
Krebsiberleben in Deutschland zu untersuchen, wurden Daten der 25 haufigsten Krebsarten
von 2.333.547 Félle aus sieben bevolkerungsbezogenen Krebsregistern (32 Millionen
Einwohner) fir den Diagnosezeitraum 1998-2014 verwendet. Deprivation wurde anhand des
,German Index of Multiple Deprivation“ auf Gemeindeebene erhoben. Relatives Uberleben
wurde anhand des Periodenansatzes fiir 2012-2014 geschatzt und ,,Relative Excess Risk” (RER)
wurden anhand der modellbasierten Periodenanalyse berechnet, adjustiert fiir Alter und
Stadium. Fir die meisten Krebsarten hatte die am starksten benachteiligte Gruppe ein
niedrigeres 5-Jahres Uberleben im Vergleich zur am wenigsten benachteiligten Gruppe, selbst

nach Stadiumsadjustierung (Krebs gesamt, RER 1,16, 95 %-Konfidenzintervall 1,14-1,19).
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Um Griinde fiir Deprivationsabhingige Uberlebensunterschiede in Deutschland weiter zu
untersuchen, wurden Daten aus drei klinischen Krebsregistern (Regensburg, Dresden und
Erfurt, 4 Mio. Einwohner) verwendet. Eingeschlossen wurden von 2000-2015 diagnostizierte
Lungenkrebspatient/-innen, und von 2006-2016 diagnostizierte Brustkrebspatientinnen. Bei
Lungenkrebs wurde der Zusammenhang zwischen Deprivation und Gesamtiiberleben mithilfe
von Cox-Regressionsmodellen untersucht. Fir Brustkrebs wurden relatives 5-Jahres
Uberleben anhand des Periodenansatzes fiir 2011-2016 und modellbasierte Periodenanalysen
zur Berechnung der RER verwendet. Die Modelle fiir beide Krebsarten wurden adjustiert fur
Alter, Stadium und Grading, die Modelle fiir Brustkrebs zusitzlich fiir Ostrogenrezeptorstatus.
Es wurden Regionen-spezifische Analysen und Subgruppenanalysen fir Patient/-innen
durchgefiihrt, die bestimmte Behandlungsarten erhielten. Insgesamt wurden 22.905
Lungenkrebs- und 31.357 Brustkrebsfdlle untersucht. Bei Lungenkrebs wies die am starksten
benachteiligte Gruppe im voll adjustieren Modell ein geringeres Uberleben auf. Patient/-innen
mit Stadium I-ll zeigten ein geringeres Uberleben in der am stirksten benachteiligten Gruppe,
auch nach Einschrankung auf die Subgruppe, die eine Operation erhalten hatte, die
Assoziation in Chemo- oder Strahlentherapie Subgruppen wurde jedoch abgeschwacht. Die
Brustkrebsanalyse zeigte keinen Zusammenhang zwischen Deprivation und relativem 5-Jahres
Uberleben. Im Gegensatz dazu bestand ein Zusammenhang zwischen Krebsregister-Region

und Brustkrebstiberleben, auch nach Adjustierung fiir Deprivation.

Uberlebensunterschiede zwischen Bildungsgruppen auf individueller und Gemeindeebene
wurden mit Daten von Darmkrebspatient/-innen, diagnostiziert 2007-2016 in Finnland,
analysiert. Relatives Uberleben und RER wurden fiir 24.462 Fille anhand des Perioden-
ansatzes geschatzt, adjustiert flir Alter, Stadium, Krebsart, Urbanitdt und Region. Gebiets-
bezogene Bildung ergab niedrigere Effektschatzer als individuelle Bildung. Die Assoziation fiir

individuelle Bildung blieb nach Adjustierung fir Bildung auf Gemeindeebene bestehen.

Ein weiterer Ansatz fiir Deutschland sollte darin bestehen, sowohl den individuellen
soziobkonomischen Status als auch gebietsbezogene Indizes in Analysen von Unterschieden
im Krebsliberleben einzubeziehen. Zukiinftige Studien sollten Region, prognostische Faktoren,
vollstdndige Daten zur Krebsbehandlung, aber auch andere moglicherweise relevante
Faktoren wie Komorbiditaten einbeziehen. Dies sollten krebsartspezifische Analysen sein, da

vorliegende Analysen unterschiedliche Muster fiir verschiedene Entitdten zeigten.
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Appendix

Supplementary material of the systematic review (methods)
CODING MANUAL MODIFIED NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability.

SELECTION

1) Representativeness of the cohort

a. Truly representative of the average residents in the community*
Defined catchment area/geographic boundaries, whole area (complete enumeration) or
random sample/census

b. Somewhat representative of the average residents in the community*
Membership in health maintenance organizations

c. Selected group of users e.g. nurses, volunteers

d. No description of the derivation of the cohort

2) Ascertainment of exposure (Socioeconomic status or Index measure)

a. Secure record*
E.g. surgical records, registry data, data from national/official statistics (aggregated or
individual data from census)

b. Structured interview*

c. Written self-report (questionnaire)

d. No description

3) Demonstration that outcome of interest was not present at start of study
a. Yes*

In the case of mortality/survival studies, outcome of interest is still the presence of a
disease/incident, rather than death. That is to say that a statement of no history of
disease or incident earns a star.
Cancer registries always get a “yes” because they only register incident cases.

b. No

COMPARABITLITY

1) Comparability of cohorts on the basis of the design or analysis

A maximum of 2 stars can be allotted in this category. Both exposed and non-exposed individuals
must be matched in the design and/or confounders must be adjusted for in the analysis.
Statements of no differences between groups or that differences were not statistically significant
are not sufficient for establishing comparability. Note: If the relative risk (or hazard ratio, HR) for
the exposure of interest is adjusted for the confounders listed, then the groups will be considered
to be comparable on each variable used in the adjustment. Stratification of results e.g. by age
groups or gender is also considered as adjustment.

a. Study controls for age*

b. Study controls for any additional factor (for example: sex/gender, smoking, stage,

treatment)*
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OUTCOME

1) Assessment of outcome

a. Independent blind assessment*
Independent or blind assessment stated in the paper, or confirmation of the outcome by
reference to secure records (medical records etc.)

b. Record linkage*
E.qg. identified through ICD codes on database records (= registry data), death certificates

c. Self-report

. No description
2) Was follow-up long enough for outcomes to occur

a. Yes (adequate follow-up period: long enough to reach study aim, for example, if study
reported 3 month survival rates, follow-up has to be at least 3 months)*

b. No

3) Adequacy of follow up of cohorts

This item assesses the follow-up of the cohort to ensure that losses are not related to
either the exposure or the outcome.

a. Complete follow up — all subjects accounted for*
E.g. Information was ascertained through registration of other administrative offices

b. Subjects lost to follow up unlikely to introduce bias — small number lost -> 90% follow up,
or description provided of those lost*

c. Follow up rate <90 % and no description of those lost
No statement
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Supplementary material of the systematic review (results)

First author, year, subgroup, country Hazard Ratio (95% Confidence Interval) First author, year, subgroup, country Hazard Ratio (95% Confidence Interval)

Stage adjustment
Low stage

Berglund 2010 NSCLC Sweden = 0.98 (0.84, 1.15)

Berglund 2010 NSCLC Sweden f—— 1.43 (0.97,2.13) Dalton 2015 low stage Denmark fof 1.00 (0.88, 1.15)
i , 1, 98, 1.

Dalton 2015 Denmark b 1.00 (0.88, 1.15) Dalton 2015 high stage Denmark ] 05 (0.98, 1.13)

Kravdal 2000 women Norway = 0.87 (0.75, 1.01)
Pagano 2010 NSCLC ltaly gl 1.01 (0.84,1.21) Kravdal 2000 men Norway [ 1.22 (1.08, 1.39)

Aarts 2013 NSCLC The Netherlands P 0.90 (0.50, 1.50)
Random effects model for low stage ¢ 1.03 (0.92,1.15)

Pagano 2010 early stage NSCLC Italy

I

1.01 (0.84, 1.21)
0.87 (0.73, 1.04)
0.61 (0.34, 1.10)
1.09 (0.82, 1.45)
0.96 (0.66, 1.41)

[
Pagano 2010 advanced stage NSCLC ltaly fo—

High stage Clement-Duchene 2016 USA e
Yeole 2004 India —

Yeole 2005 India —e

4

L=

Berglund 2010 stage Il NSCLC Sweden — 0.77 (0.61, 0.97)

Random effects model for stage adjustment b 1.00 (0.92, 1.08)

Berglund 2010 stage IV NSCLC Sweden }—-—{ 1.02 (0.80, 1.30)
Dalton 2015 Denmark ﬂ 1.05 (0.98, 1.13) No stage adjustment
Pagano 2010 NSCLC Italy b 0.87 (0.73, 1.04)
Hussain 2008 women Sweden =3 1.12 (1.00, 1.28)
Random effects model for high stage 0 0.94 (0.81,1.08) Hussain 2008 men Sweden tei 115 (1.04.1.27)
Random effects model for no stage adjustment * 1.14 (1.05, 1.23)
[ I | 1
0.25 115 3 r T T |
0.25 115 3
Hazard ratio (log scale) Hazard ratio (log scale)
Figure A1 Meta-analyses of the association between individual Figure A2 Meta-analysis of the association between individual
education (reference: high education) and lung cancer survival education (reference: high education) and lung cancer survival
stratified by stage (low stage = stage I/l (TNM version 5/6) and high stratified by stage adjustment, order by region: Europe, USA, Asia.
stage = stage Ill/IV). NSCLC = non-small cell lung cancer. Clement-Duchene 2016 included

non-smokers only in their analysis.
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First author, year, subgroup, country

Hazard Ratio (95% Confidence Interval)

Smoking adjustment

First author, year, subgroup, country

Hazard Ratio (95% Confidence Interval)

Treatment adjustment

Berglund 2010 NSCLC Sweden o 0.98 (0.84, 1.15)
Aarts 2013 NSCLC The Netherlands I—'—| 0.90 (0.50, 1.50)
Clement-Duchene 2016 USA }—-—1 0.61 (0.34, 1.10)
Random effects model for smoking adjustment - 0.91 (0.72, 1.14)
No smoking adjustment
Hussain 2008 women Sweden fu 1.12 (1.00, 1.28)
Hussain 2008 men Sweden iz 3| 1.15 (1.04, 1.27)
Dalton 2015 low stage Denmark o 1.00 (0.88, 1.15)
Dalton 2015 high stage Denmark I 1.05 (0.98, 1.13)
Kravdal 2000 women Norway L 0.87 (0.75, 1.01)
Kravdal 2000 men Norway s 2 1.22 (1.08, 1.39)
Pagano 2010 early stage NSCLC ltaly coa 1.01 (0.84, 1.21)
Pagano 2010 advanced stage NSCLC Italy [ 0.87 (0.73, 1.04)
Yeole 2004 India Ha 1.09 (0.82, 1.45)
Yeole 2005 India e 0.96 (0.66, 1.41)
Random effects model for no smoking adjustment [ 1.04 (0.97,1.12)
T T 1
0.25 115 3

Hazard ratio (log scale)
Figure A3 Meta-analysis of the association between individual
education (reference: high education) and lung cancer survival
stratified by smoking adjustment, order by region: Europe, USA, Asia.
NSCLC = non-small cell lung cancer. Clement-Duchene 2016 included
non-smokers only in their analysis.
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Berglund 2010 NSCLC Sweden 0.98 (0.84, 1.15)
Dalton 2015 low stage Denmark 1.00 (0.88, 1.15)
Dalton 2015 high stage Denmark L 1.05 (0.98, 1.13)
Clement-Duchene 2016 USA l—-—% 0.61 (0.34, 1.10)
Yeole 2004 India )——-—| 1.09 (0.82, 1.45)
Yeole 2005 India I—-—( 0.96 (0.66, 1.41)
Random effects model for treatment adjustment ’ 1.03 (0.97, 1.09)
No treatment adjustment
Hussain 2008 women Sweden |—-—1 1.12 (1.00, 1.28)
Hussain 2008 men Sweden }-1 1.15 (1.04, 1.27)
Kravdal 2000 women Norway l—-—l 0.87 (0.75,1.01)
Kravdal 2000 men Norway I--I 1.22 (1.08, 1.39)
Aarts 2013 NSCLC The Netherlands I—-—| 0.90 (0.50, 1.50)
Pagano 2010 early stage NSCLC ltaly I—-—{ 1.01 (0.84, 1.21)
Pagano 2010 advanced stage NSCLC lItaly )—-—| 0.87 (0.73, 1.04)
Random effects model for no treatment adjustment 0 1.04 (0.93, 1.16)
I I T 1
0.25 115 3

Hazard ratio (log scale)
Figure A4 Meta-analysis of the association between individual
education (reference: high education) and lung cancer survival
stratified by treatment adjustment, order by region: Europe, USA,
Asia. NSCLC = non-small cell lung cancer. Clement-Duchene 2016
included non-smokers only in their analysis.
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Authors, year HR (95% CI)
Berglund 2010 NSCLC Sweden I—-—i 0.98 (0.84, 1.15)
Hussain 2008 women Sweden R 1.12 (1.00, 1.28)
Hussain 2008 men Sweden - 1.15 (1.04, 1.27)
Dalton 2015 low stage Denmark - 1.00 (0.88, 1.15)
Dalton 2015 high stage Denmark - 1.05 (0.98, 1.13)
Kravdal 2000 women Norway l—-—i 0.87 (0.75, 1.01)
Kravdal 2000 men Norway e 1.22 (1.08, 1.39)
Aarts 2013 NSCLC The Netherlands I—h—| 0.90 (0.50, 1.50)
Di Maio 2012 NSCLC ltaly Pw 1.18 (1.01, 1.37)
Pagano 2010 early stage NSCLC ltaly - 1.01 (0.84, 1.21)
Pagano 2010 advanced stage NSCLC lItaly - 0.87 (0.73, 1.04)
Clement-Duchene 2016 USA e 0.61 (0.34, 1.10)
Herndon 2008 USA I—H 1.00 (0.81, 1.23)
Fujino 2007a women Japan —— 1.34 (1.08,1.72)
Fujino 2007a men Japan I——-—| 1.18 (0.68, 2.04)
Yeole 2004 India b 1.09 (0.82, 1.45)
Yeole 2005 India r—-—| 0.96 (0.66, 1.41)
Random effects model for all studies . 1.05 (0.99, 1.12)
I l I 1
0.25 115 3

Hazard ratio (log scale)

Figure A5 Sensitivity analysis: Meta-analysis of the association between individual education (reference: high education) and lung cancer survival,
including three studies excluded in main analysis because of low quality score. NSCLC = non-small cell lung cancer. Kravdal 2000: highest educational
group, men = 17+ years, women = 13-17+ years.
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First author, year, subgroup, country Hazard Ratio (95% Confidence Interval)

Smoking adjustment

Berglund 2010 NSCLC Sweden i 1.12 (1.03, 1.20)
Clement-Duchene 2016 USA e 1.19 (0.65, 2.17)
Random effects model for smoking adjustment ¢ 1.12 (1.03, 1.22)
No smoking adjustment
Dalton 2015 low stage Denmark bad 1.18 (0.99, 1.42)
Dalton 2015 high stage Denmark ] 1.12 (1.05, 1.19)
Chang 2012 age <65 years Taiwan Coe 1.23 (1.00, 1.52)
Chang 2012 age >=65 years Taiwan — 1.03 (0.76, 1.41)
Yim 2012 Korea | 1.46 (0.99, 2.14)
Random effects model for no smoking adjustment ’ 1.14 (1.07, 1.20)
\ 1 1
0.25 115 3

Hazard ratio (log scale)
Figure A6 Meta-analysis of the association between individual income (reference: high
income) and lung cancer survival stratified by smoking adjustment, order by region: Europe,
USA, Asia. NSCLC = non-small cell lung cancer. Clement-Duchene 2016 included non-smokers
only in their analysis.

First author, year, subgroup, country Hazard Ratio (95% Confidence Interval)

Berglund 2010 NSCLC Sweden |I1 1.12 (1.03, 1.20)
Dalton 2015 low stage Denmark I—-—| 1.18 (0.99, 1.42)
Dalton 2015 high stage Denmark ﬁ 1.12 (1.05, 1.19)
Clement-Duchene 2016 USA l—-—{ 1.19 (0.65, 2.17)
Chang 2012 age <65 years Taiwan )—-—| 1.23 (1.00, 1.52)
Chang 2012 age >=65 years Taiwan )—-—1 1.03 (0.76, 1.41)
Random effects model for all studies Q 1.13 (1.08, 1.18)

[ I T 1

0.25 115 3

Hazard ratio (log scale)
Figure A7 Meta-analysis of the association between individual income (reference: high
income) and lung cancer survival including studies with treatment adjustment, order by
region: Europe, USA, Asia. NSCLC = non-small cell lung cancer. Clement-Duchene 2016
included non-smokers only in their analysis.
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0.075

Standard Error
0.15

0.226

0.301

T
0

Log Risk Ratio
Figure A8 Funnel plot of the meta-analysis on individual education and survival after lung
cancer. Begg’s test: p = 0.13, Egger’s test: p = 0.07.

0.077

Standard Error
0.154

0.231

0.309

Log Risk Ratio

Figure A9 Funnel plot of the meta-analysis on individual income and survival after lung
cancer. Begg’s test: p = 0.38, Egger’s test: p = 0.34.
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Table Al Association (hazard ratios) of individual measurements of socioeconomic status
with survival after lung cancer.

Paper, Country Level Hazard Ratio (95 % Confidence Interval)®
Education
Europe, north
(Dalton et al. 2015) All-cause survival:
Denmark Low stage High stage
Short 1.00 (0.88-1.15) 1.05 (0.98-1.13)
Medium 1.03 (0.92-1.16) 1.00 (0.94-1.05)
Higher 1.00 1.00
(Kravdal 2000) All-cause survival:
Norway Women Men
7-9 yrs 1.00 1.00
10-12 yrs 1.04 (0.96-1.12) 0.93 (0.89-0.97)
13-16 yrs 0.87 (0.81-0.94)
17+ yrs A (DL 0.82 (0.72-0.93)
(Berglund et al. 2010) Cause-specific survival:
Sweden Low 1.00
Middle 0.99 (0.89-1.09)
High 1.02 (0.87-1.19)
(Hussain et al. 2008) Cause-specific survival:
Sweden Women Men
<9yrs 1.00 1.00
9-11 yrs 0.94 (0.88-1.00) 0.91 (0.86-0.97)
12-13 yrs 0.85 (0.77-0.94) 0.85 (0.80-0.90)

University graduate
Linear trend

0.89 (0.78-1.00) 0.87 (0.79-0.96)
p = 0.0012 p < 0.0001

Europe, other

(Di Maio et al. 2012)
Italy

(Pagano et al. 2010)
Italy

(Aarts et al. 2013)
The Netherlands

Low
High

Low
Intermediate
High

Missing

Level 1 (low)
Level 2
Level 3

All-cause survival:

1.00

0.85 (0.73-0.99)

All-cause survival:

Early stage Advanced stage
1.01 (0.84-1.21) 0.87 (0.73-1.04)
1.12 (0.92-1.37) 0.96 (0.79-1.16)
1.00 1.00
1.15(0.91-1.46) 1.18(0.95-1.47)
All-cause survival:

0.90 (0.50-1.50)

0.70 (0.40-1.20)

0.80 (0.40-1.40)

Level 4 (high) 1.00
USA
(Clement-Duchene et All-cause survival:
al. 2016) Some grade school 1.00
USA High school graduate 1.22 (0.65-2.29)

(Herndon et al. 2008)
USA

Some college or more

Grades 1-8

Grades 9-11

High school graduate
Some college
College degree

2.00 (1.02-3.93)

All-cause survival, unadjusted HRs?
1.00

1.04 (0.86-1.26)

1.06 (0.90-1.26)

0.94 (0.78-1.12)

1.00 (0.81-1.23)

Asia
(Fujino 2007a) Age at graduation All-cause survival:
Japan Women Men
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Paper, Country Level Hazard Ratio (95 % Confidence Interval)®
<15 1.00 1.00
16-18 0.66 (0.47-0.92) 0.84 (0.71-1.01)
>19 0.85(0.49-1.46) 0.73 (0.58-0.93)
(Yeole and Kumar All-cause survival:
2004) None 1.00
India <6yrs 0.85 (0.69-1.02)
6-12yrs 0.97 (0.81-1.15)
>12yrs 0.92 (0.69-1.22)
Unknown 1.18 (1.02-1.38)
(Yeole 2005) All-cause survival:
India None 1.00
<byrs 1.05 (0.79-1.37)
6-12yrs 1.01 (0.79-1.30)
>12yrs 1.04 (0.71-1.51)
Unknown 1.21 (0.97-1.50)
Income
Europe, north
(Dalton et al. 2015) All-cause survival:
Denmark Low stage High stage
Low 1.18 (0.99-1.42) 1.12(1.05-1.19)
Medium 1.14 (0.99-1.32) 1.08 (1.02-1.15)
High 1.00 1.00
(Berglund et al. 2010) Cause-specific survival:
Sweden Low 1.00
High 0.89 (0.83-0.97)
USA
(Clement-Duchene et All-cause survival:
al. 2016) < $20000 1.00
USA $20000-$40000 0.82 (0.45-1.46)

(Greenwald et al.
1994)
USA

$40000-$60000
$60000 or more

Model 1 (only individual)

Income (continuous)

0.71(0.32-1.57)
0.56 (0.26-1.20)

0.82 (0.71-0.95) per $5000 (yearly income)

Asia

(Yim et al. 2012)

Cause-specific survival:

Korea Low 1.46 (0.99-2.14)
Middle 1.11 (0.78-1.57)
High 1.00

(Chang et al. 2012) All-cause survival:

Taiwan Age <65 yrs Advantaged Neighborhood Disadvantaged Neighborhood
Low 1.36 (1.10-1.67) 1.23 (1.00-1.52)
Moderate 1.13(0.90-1.42) 1.24 (0.96-1.60)
High 1.00 0.91 (0.68-1.22)
Age 265 yrs
Low 0.92 (0.67-1.26) 1.03 (0.76-1.41)
Moderate 1.03 (0.72-1.48) 0.84 (0.55-1.29)
High 1.00 0.83 (0.51-1.37)

Occupation

Europe, north

(Berglund et al. 2010) Cause-specific survival:

Sweden Low 1.00
High 0.93 (0.85-1.01)
Unknown 1.11 (0.79-1.57)
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Paper, Country

Level

Hazard Ratio (95 % Confidence Interval)®

(Kravdal 2000)

Occupation (combined with education), only men

Norway All-cause survival:
Low education (7-12 yrs)
Manual (exept §) 1.00
Non-manual (exept §) 0.96*
§: hotel and restaurant
workers, ship’s officers,
deck and engine-room
crew 0.92*
Farmer 1.08*
Fisherman 0.97
No occupation recorded  1.18*
Medium education (13-16 yrs)
(Largely) manual 1.15
Non-manual, low level 0.95
Non-manual, high level 0.84*
Teacher 0.93
High education (17+ yrs)
Teacher 0.90
Physician 0.73
Other groups 0.85*
Medium or high education
No occupation recored 0.68
*p<0.05
Asia

(Fujino 2007b)
Japan

Type of employment
Employed

Part time
Self-employed
Housewife
Unemployed

Others

Type of jobs (1)
Office work
Manual work
Others

Type of jobs (2)
Sedentary work
Sedentary and standing
Standing position
Moving

All-cause survival:
Women Men

1.00 1.00
1.11(0.43-2.82) 1.44 (0.91-2.28)
1.83 (0.89-3.76) 1.13 (0.91-1.41)
2.09 (1.05-4.13) 1.25 (0.17-8.97)
2.13 (1.04-4.38) 1.12 (0.87-1.45)
2.18 (0.94-5.06) 1.17 (0.84-1.62)

1.00 1.00
0.58 (0.32-1.06) 1.07 (0.83-1.36)
0.72 (0.36-1.40) 1.18 (0.82-1.70)

1.00 1.00
0.95 (0.57-1.57) 0.96 (0.74-1.26)
0.39 (0.13-1.11) 0.86 (0.58-1.29)
0.96 (0.62-1.47) 1.06 (0.86-1.31)

lunless otherwise noted, fully adjusted model; 2Multivariable HRs including education were
not significant (results not shown in article); Abbreviations: Cl = Confidence interval; HR =
Hazard ratio; mths = Months; NA = Not available; NSCLC = Non-small cell lung cancer; yrs =

Years of age
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Table A2 Association (hazard ratios) of aggregated measurements of socioeconomic status
with survival after lung cancer.

Paper,Country,SES level Level Hazard Ratio (95 % Confidence Interval)?

Education

USA

(Johnson et al. 2014) All-cause survival:

USA Stage land Il Stage Il

Census tract Q4 (low) 1.36 (1.24-1.50) 1.13 (1.02-1.25)
Q3 1.17 (1.07-1.29) 1.12 (1.02-1.23)
Q2 1.18 (1.08-1.29) 1.17 (1.07-1.28)
Q1 (high) 1.00 1.00

(Johnson et al. 2016) All-cause survival:

USA Q4 (low) 1.30(1.16-1.46)

Census tract Q3 1.13 (1.01-1.26)
Q2 1.12 (1.01-1.24)
Q1 (high) 1.00

(Khullar et al. 2015)
USA

No high school
>29 %

All-cause survival:
1.11 (1.06-1.16)

Zip code 20-28.9 % 1.06 (1.02-1.09)
14-19.9% 1.05 (1.02-1.08)
<14 % 1.00
Income
Europe
(Berglund et al. 2012) All-cause survival:
England Early-stage NSCLC Stage Ill disease Advanced disease/SCLC
Lower super output area Q5 (low) 1.24 (0.98-1.56) 1.16 (1.01-1.34) 1.12(1.05-1.20)
Q4 1.15 (0.91-1.46) 1.15(1.00-1.32) 1.16 (1.08-1.25)
Q3 1.18 (0.93-1.51) 1.14 (0.99-1.32) 1.13(1.05-1.22)
Q2 1.09 (0.85-1.40) 1.20(1.03-1.39) 1.17 (1.08-1.26)
Q1 (high) 1.00 1.00 1.00
Trend p=0.11 p=0.70 p=0.17
Canada/USA
(Mackillop et al. 1997) Cause-specific survival:
Canada <$20000 1.13 (1.06-1.22)

Postal code

(Booth et al. 2010)
Canada
Community

(Dabbikeh et al. 2017)
Canada
Enumeration/
dissemination area
(Boyd et al. 1999)
Canada/USA

USA: census tract
Canada: enumeration
area

$20000-$30000
$30000-$40000
$40000-$50000
>$50000

p Trend

Q1 (low)

Q2

Q3

Q4

Q5 (high)
Constant dollar
(per $10000)

Q5 (low)
Q4
Q3
Q2
Q1 (high)

1.14 (1.08-1.21)
1.14 (1.08-1.22)
1.10(1.03-1.17)
1.00

1.10 (1.07-1.14)
All-cause survival:
1.09 (1.02-1.16)
1.05 (0.98-1.12)
1.03 (0.96-1.10)
0.98 (0.91-1.05)
1.00

All-cause survival:
1.00 (p = 0.60)

Cause-specific survival:

Canada USA

1.04 (1.01-1.08) 1.13(1.10-1.16)
1.04 (1.00-1.07) 1.05 (1.02-1.08)
1.01 (0.98-1.05) 1.00 (ref)

0.98 (0.94-1.02) 0.95 (0.93-0.98)
0.93 (0.89-0.98) 0.93 (0.90-0.96)
p <0.0001
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Paper,Country,SES level

Level

Hazard Ratio (95 % Confidence Interval)®

(zhang-Salomons et al.
2006)

Canada/USA

Census tract

(Khullar et al. 2015)
USA
Zip code

(McMillan et al. 2017)
USA
Zip code

(Greenwald et al. 1994)
USA
Census tract

(Greenwald et al. 1998)
USA

Census tract

(Johnson et al. 2014)

USA Stage land Il Stage Il
Census tract Q4 (low) 1.03(0.94-1.12) 1.12(1.03-1.23)
Q3 1.06 (0.97-1.15) 1.10(1.01-1.20)
Q2 1.08 (1.00-1.17) 1.08 (0.99-1.18)
Q1 (high) 1.00 1.00
(patients who died within 2 weeks of diagnosis excluded, n = 1889)
(Johnson et al. 2016) All-cause survival:
USA Q4 (low) 1.06 (0.94-1.18)
Census tract Q3 1.05 (0.96-1.15)
Q2 1.04 (0.96-1.13)
Q1 (high) 1.00

(Niu et al. 2010)
USA
Census tract

(Shugarman et al. 2008)
USA
Census tract

(Tannenbaum et al.
2014)
USA
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Income (quintiles)
Q1 (low)

Q5 (high)

Poverty (quintiles)
Q1 (high)

Q5 (low)

Poverty (tertile)
T1 (high)

T3 (low)

<$30000
$30000-$34999
$35000-45999
$46000+

<$63000

>$63000
Unknown

Model 2

(only census tract)
Median income
Model 3

(both individual and
census tract)
Individual income
Median income

Median income

Poverty level
>20 %

10-20 %
5-10 %

<5%

<$29 000
$29 000-41 000
>$41 000

Low
Middle-low

Cause-specific survival:

Canada USA
1.13 1.39
1.00 1.00
1.07 1.38
1.00 1.00
1.05 1.29
1.00 1.00

All-cause survival:
1.08 (1.03-1.13)
1.07 (1.03-1.11)
1.05 (1.02-1.09)
1.00

All-cause survival:
1.00

0.94 (0.89-0.99)
1.74 (1.53-1.98)
All-cause survival:

0.87 (0.65-1.15) per USS$5000 increment

0.82 (0.71-0.95) per US$5000 increment

1.01 (0.77-1.32)
All-cause survival:

HR = 0.98 (p < 0.0003) per decile increase

All-cause survival:

Cause-specific survival:
Men Women

1.23 (1.15-1.31) 1.18 (1.09-1.28)
1.09 (1.04-1.14) 1.12 (1.06-1.18)
1.05 (1.00-1.09) 1.04 (0.99-1.09)

1.00

All-cause survival:
1.00

0.98

0.95

p <0.05

All-cause survival:
1.00

0.96 (0.94-0.99)

1.00
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Paper,Country,SES level Level Hazard Ratio (95 % Confidence Interval)®
Census tract Middle-high 0.92 (0.89-0.94)
High 0.87 (0.84-0.91)

(Yang et al. 2010)
USA

Poverty level
215 %

All-cause survival:
1.05 (1.02-1.09)

Census tract 10-15 % 1.03 (1.00-1.06)
5-10 % 1.01 (0.98-1.03)
<5% 1.00
(Wang et al. 2017a) Poverty Cause-specific survival:
USA Medium-high 1.06 (1.06-1.07)
County Low 1.00
(Wang et al. 2017b) Poverty Cause-specific survival:
USA Medium-high 1.07 (1.06-1.08)
County Low 1.00
Australia
(Bonett et al. 1984) No difference in CSS by income (results not shown in article)
Australia
Collection district
Index
Europe
(Chouaid et al. 2017) 1-year all-cause survival
France Non-Metastatic Metastatic
Commune disease disease
Q1 (low) 1.25(1.16-1.35) 1.19 (1.13-1.26)
Q2 1.19(1.10-1.29) 1.13(1.07-1.20)
Q3 1.14 (1.05-1.24) 1.11(1.04-1.18)
Q4 (high) 1.00 1.00
2-year all-cause survival
Non-Metastatic Metastatic
disease disease
Q1 (low) 1.21(1.13-1.30) 1.19 (1.13-1.25)
Q2 1.15(1.08-1.23) 1.14 (1.08-1.20)
Q3 1.10(1.03-1.18) 1.10(1.04-1.16)
Q4 (high) 1.00 1.00
(Aarts et al. 2015) All-cause survival:
The Netherlands Low 1.00
Postal code Intermediate 0.90 (0.90-1.00)
High 0.92 (0.85-0.99)2
Institutionalized 1.00 (0.80-1.10)
Unknown 0.90 (0.70-1.00)
(Louwman et al. 2010) All-cause survival:
The Netherlands Men Women
Postal code Lowest SES 1.11(1.0-1.2) 1.09 (1.0-1.2)
Highest SES 1.00 1.00
(Schrijvers et al. 1995a) All-cause survival:
The Netherlands Q5 (low) 1.16 (1.03-1.31)
Postal code Q4 1.15 (1.02-1.30)
Q3 1.07 (0.94-1.21)
Q2 1.02 (0.87-1.19)
Q1 (high) 1.00
Trend 1.04 (1.01-1.07)
(lyen-Omofoman et al. All-cause survival, HR unadjusted
2011) Q5 (low) 1.01 (0.94-1.09)
United Kingdom Q4 0.94 (0.88-1.01)
Output area Q3 1.03 (0.96-1.10)
Q2 0.98 (0.91-1.05)
Q1 (high) 1.00
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Paper,Country,SES level Level Hazard Ratio (95 % Confidence Interval)®
Missing 0.78 (0.68-0.88)
(Schrijvers et al. 1995b) All-cause survival:
England Q5 (low) 1.11 (1.00-1.23)
Enumeration district Q4 1.13 (1.04-1.22)
Q3 1.09 (1.01-1.18)
Q2 1.04 (0.96-1.12)
Q1 (high) 1.00
(Rich et al. 2011) All-cause survival:
England Q5 (low) 1.00 (0.95-1.06)
Lower super output area Q4 1.03 (0.99-1.06)
Q3 1.02 (0.99-1.05)
Q2 1.03 (1.00-1.06)
Q1 (high) 1.00
Canada/USA
(Dabbikeh et al. 2017) All-cause survival:
Canada Q1 (low) 1.00 (p = 0.80)
Enumeration/ Q2 0.97 (p=0.19)
dissemination area Q3 0.99 (p =0.70)
Q4 0.97 (p=0.23)
Q5 (high) 1.00
(Gomez et al. 2016) All-cause survival:
USA Men Women
Census block group Q1 (low) 1.16 (0.98-1.38) 1.38 (1.10-1.72)
Q2 1.12 (0.95-1.32) 1.22(1.01-1.47)
Q3 1.11 (0.95-1.28) 1.18(0.98-1.41)
Q4 1.06 (0.93-1.22) 0.97 (0.82-1.15)
Q5 (high) 1.00 1.00
(Hastert et al. 2015) Cause-specific survival:
USA Q1 (low) 2.21 (1.69-2.90)
Census block group Q2 2.00 (1.51-2.65)
Q3 1.64 (1.22-2.19)
Q4 1.62 (1.21-2.17)
Q5 (high) 1.00
Trend p<0.001

(Lara et al. 2017)
USA

Census block group
(Ou et al. 2007)
USA

Census block group

(Ou et al. 2008)
USA
Census block group

(Ou et al. 2009)
USA

Census block group
(Lara et al. 2014)
USA

Census tract
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Low SES (Q1-Q3)
High SES (Q4, Q5)

Q1 (low)
Q2
Q3
Q4
Q5 (high)

Q1 (low)
Q2
Q3
Q4
Q5 (high)

Lowest SES
Mid SES
Highest SES

Cause-specific survival:
1.05 (1.02-1.09)

1.00

All-cause survival:

Stage IA Stage IB
1.00 1.00

0.91 (0.81-1.03) 0.91 (0.82-1.003%)
0.87 (0.78-0.98) 0.90 (0.81-0.98)
0.76 (0.68-0.86) 0.86 (0.78-0.94)
0.79 (0.70-0.89) 0.75 (0.68-0.82)
All-cause survival:

1.00

0.91 (0.85-0.98)

0.90 (0.84-0.97)

0.83 (0.77-0.89)

0.78 (0.72-0.84)

All-cause survival:

0.97 ( 0.94-0.99) (increase per SES score)

p (trend) =0.01
Cause-specific survival:
1.00

0.96 (0.94-0.98)

0.90 (0.89-0.92)
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Paper,Country,SES level Level Hazard Ratio (95 % Confidence Interval)?
(Wen and Christakis Cause-specific survival:
2005)* Social index 1.02 (0.94-1.10)°
USA
Zip code
Australia/New Zealand
(Hall et al. 2004) All-cause survival:
Australia Q5 (low) 1.05 (0.93-1.20)
Collection district Q4 1.03 (0.92-1.15)
Q3 1.09 (0.98-1.20)
Q2 1.03 (0.92-1.16)
Q1 (high) 1.00
(Tervonen et al. 2017) SHR (95 % CI) full model, all-cause survival
Australia SLA CcD
Collection district and Q5 (low) 1.14 (1.08-1.19) 1.21 (1.15-1.27)
Statistical local area Q4 1.15(1.09-1.21) 1.13 (1.08-1.19)
Q3 1.13 (1.08-1.19) 1.10 (1.05-1.16)
Q2 1.06 (1.00-1.11) 1.06 (1.01-1.12)
Q1 (high) 1.00 1.00
(Currow et al. 2014) SHR (CSS, 95 % Cl) full model, all-cause survival
Australia Q5 (low) 1.24 (0.97-1.59)
Postal code area Q4 1.19 (0.94-1.52)
Q3 1.00 (0.79-1.27)
Q2 1.02 (0.82-1.28)
Q1 (high) 1.00
(Denton et al. 2017) All-cause survival:
Australia Q1 (low) 1.10 (0.89-1.30)
Postal code area Q2 1.00 (0.84-1.20)
Q3 1.00 (0.83-1.20)
Q4 1.00 (0.85-1.20)
Q5 (high) 1.00
(Haynes et al. 2008) All-cause survival:
New Zealand Low 1.00
Census area unit Medium 1.06
High 1.11 (p<0.05)
Highest 1.21 (p<0.01)
Asia
(Kwak and Kim 2017) All-cause survival:
Korea Q4 (low) 1.06 (0.87-1.30)
Dong Q3 1.18 (1.00-1.40)
Q2 1.01 (0.87-1.17)
Q1 (high) 1.00
(Kwak 2017) Cause-specific survival:
Korea Q4 (low) 1.08 (1.01-1.15)
Dong Q3 1.11 (1.05-1.17)
Q2 1.08 (1.03-1.13)
Q1 (high) 1.00

lunless otherwise noted, fully adjusted model; 2according to correspondence with author; 3upper limit of the
confidence interval is 0.995; “approximated from figure in paper;>derived from log scale; CD = Census collection
district; Cl = Confidence interval; CSS = Cause-specific survival; HR = Hazard ratio; NSCLC = Non-small cell lung
cancer; RS =Relative survival; SEIFA = Socioeconomic indexes for areas; SES = Socioeconomic status; SLA =

Statistical local area
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Table A3 Risk of bias assessment for cohort studies according to a modified Newcastle-Ottawa-Scale.

SES
Level

Paper

Representative-
ness of the
exposed cohort?

Ascertainment
of exposure®

Demonstration that

outcome of interest was not
present at the start of study®

Comparability of cohort
on the basis of the design
or analysis®

Assessment
of outcome®

Was FU long
enough for
outcomes to occur

Adequacy of
FU’s of
cohorts®

Total
score

Individual

(Aarts et al. 2013)

1

0

2

1

1

1

7

(Berglund et al. 2010)

(Chang et al. 2012)

(Chirikos et al. 1984)

R

PR

[ TN N SN

N[NIN

PR

PR

[HENY PN N

00 |00 | 00

(Clement-Duchene et
al. 2016)

(Dalton et al. 2008)

(Dalton et al. 2015)

(Di Maio et al. 2012)

(Fujino 2007a)

(Fujino 2007b)

(Grivaux et al. 2011)

(Herndon et al. 2008)

(Hussain et al. 2008)

(Kravdal 2000)

(Pagano et al. 2010)

RRrRrOo|R|kR[R|O|R|[FR|R

(Pastorino et al. 1990)

[En
>

(Pokhrel et al. 2010)

RRrR[Rr|(R|OlR|[R|R|O[R|R |~

(Skyrud et al. 2016)

[EnN
>

(Smailyte et al. 2016)

RRr|R|R|[R[kR|,r|lO|lO|O|O|O|R|R|F

RIRrRr(R|R|kr[LR|Oo|lOo|lC|O|R |k |k |k

RlR|R(R|R|R[R|O|/R|O|O|O|R|R |k

NIININIOINININIOIOINININININ|IN

RIRrR(R|R|IR[(R(R|R[R[R|R|R R~

=

(0|0 |0 (|||~ |00[(00]|0

(Vagero and Persson
1987)

[y

[uny

[EEY

[EEY

[EEY

[EnY
>

~N

(Yeole and Kumar
2004)

(Yeole 2005)

(Yim et al. 2012)

Aggregated

(Aarts et al. 2015)

(Berglund et al. 2012)

(Bonett et al. 1984)

RlRr|R[R[R|~

[N IR Y [N RN N

(Booth et al. 2010)

RiR[(R|kr|O|kR |+

[ERY [ [N RN JERNY RN Y

[ TN I PN PN P Y

NININININININ

[En
>

[EENY IR Y N FIEN EEN Y

[En
>

00 (00|00 (00| |00 |00
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SES
Level

Paper

Representative-
ness of the
exposed cohort®

Ascertainment
of exposure®

Demonstration that

outcome of interest was not
present at the start of study®

Comparability of cohort
on the basis of the design
or analysis®

Assessment
of outcome®

Was FU long
enough for
outcomes to occurf

Adequacy of
FU’s of
cohorts®

Total
score

Aggregated

(Boyd et al. 1999)

1

2

1

1

(o]

(Campbell et al. 2000)

-
>

(Caposole et al. 2014)

(Cheyne et al. 2013)

(Chouaid et al. 2017)

(Coleman et al. 2001)

(Coleman et al. 2004)

(Currow et al. 2014)

(Dabbikeh et al. 2017)

(Denton et al. 2017)

(Ellis et al. 2014)

RO|lR|R|(R[R|[R|O|R|R

RIRrR(R|IR(R[R|R|(R[(R|R

RR|R|IR[R[R|R|R|R|R |~

NININ[N[R[R(N]|[O|RN

RlIRrR(R|Rr[R[R|R |~

RIRrR(R|Rr(R[(R|R |k~

R|IRrR[(RP|kr|kr|lo|lo|loR |+

O (N|O0 (0 |IN|N([N|~(OOh|©

(Erhunmwunsee et al.
2012)

=

[EEY

[EEY

o

[EEY

w1

(Evans and Pritchard
2000)

(Forrest et al. 2015)

(Gomez et al. 2016)

(Gorey et al. 1997)

N

A

[ T =Y 'S

NINININ

A

00 (00 |00 (00

(Greenwald et al.
1994)

=
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Appendix

Representative- Demonstration that Comparability of cohort Was FU long Adequacy of

SES Ascertainment . . R Assessment Total
Paper ness of the b outcome of interest was not  on the basis of the design R enough for FU’s of
Level a of exposure c . d of outcome § score
exposed cohort present at the start of study or analysis outcomes to occur cohorts®

(Johnson et al. 2014) 1 1 1 2 1 1 1 8
(Johnson et al. 2016) 1 1 1 2 1 1 1 8
(Khullar et al. 2015) 1 1 1 2 1 1 1k 8
(Kwak and Kim 2017) 1 1 1 2 1 1 1 8
(Kwak 2017) 1 1 1 2 1 1 1 8
(Lara et al. 2014) 1 1 1 2 im 1 i 8

S (Lara et al. 2017) 1 1 1 2 im 1 i 8

s (Lipworth et al. 1970) 1 1 1 1 0 1 0 5

ﬁ:? (Louwman et al. 2010) 1 1 1 2 1h 1 1h 8

iﬂ (Mackillop et al. 1997) 1 1 1 2 1 1 1 8
(McMillan et al. 2017) 1 1 1 2 1 1 1 8
(Melvan et al. 2015) 1 1 1 0 1 1 1 6
(Niu et al. 2010) 1 1 1 2 1 1 1 8
(Nur et al. 2015) 1 1 1 2 1 1 1 8
(O'Dowd et al. 2015) 1 1 1 0 1 1 1 6
(Ou et al. 2007) 1 1 1 2 1 1 1 8
(Ou et al. 2008) 1 1 1 2 1" 1 1 8
(Ou et al. 2009) 1 1 1 2 0 1 1 7
(Pollock and Vickers
1997) 1 1 1 2 1h 1 1h 8
(Rachet et al. 2008) 1 0 1 1 1h 1 1h 6
(Rachet et al. 2010) 1 1 1 2 1h 1 1 8
(Riaz et al. 2011) 1 1 1 1 1h 1 1h 7
(Rich et al. 2011) 1 1 1 2 1 1 1 8
(Schrijvers et al.
1995a) 1 1 1 2 1 1 1 8
(Schrijvers et al.
1995b) 1 1 1 2 1h 1 1h 8
(Shack et al. 2007) 1 1 1 2 1 1 1 8
(Shugarman et al.
2008) 1 1 1 2 m 0 m 7
(Sloggett et al. 2007) 1 1 1 2 1 1 1 8
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Representative- . Demonstration that Comparability of cohort Was FU long Adequacy of
SES Ascertainment . h . Assessment , Total
Paper ness of the b outcome of interest was not  on the basis of the design R enough for FU’s of
Level of exposure . d of outcome § score
exposed cohort? present at the start of study® or analysis outcomes to occur cohorts®
(Stanbury et al. 2016a) 1 1 1 2 1 1 1 8
(Sutherland and
Aitken 2008) 1 1 1 0 0 1 0 4
(Tannenbaum et al.
2014) 1 1 1 2 1 1 1 8
- (Tervonen et al. 2017) 1 1 1 2 1 1 1 8
% (Vercelli et al. 2006) 1 1 1 1 1h 1 1h 7
a:? (Wang et al. 2017a) 1 1 1 2 i 1 i 8
2 (Wang et al. 2017b) 1 1 1 2 m 1 im 8
< (Wen and Christakis
2005) 1 1 1 0 1 1 1 6
(Yang et al. 2010) 1 1 1 2 1° 1 1° 8
(Yu et al. 2008) 1 1 1 2 1 1 1 8
(Yu et al. 2014) 1 1 1 1 m 1 im 7
(zhang-Salomons et al.
2006) 1 1 1 2 1h 1 1h 8

Abbreviations: FU = Follow-up; SES=Socioeconomic status; If the study was population-based, a point was assigned; °If socioeconomic status was
assessed by official statistics/registry/census, the study was awarded with one point; °If the study is based on data by a cancer registry, one point
was assigned, as only incident cases were registered, other studies were assigned with one point if it was reported that only incident cases were
included; 9If the study adjusted for at least age one point was assigned. If the analyses were adjusted for additional factors like gender, stage or
smoking one additional point was assigned; ©If there was independent/blind assessment of outcome (survival), record linkage or authors
explained how the outcome was assessed, one point was assigned; fIf follow-up was at least as long as the shortest survival rate (for example 3
months) that was reported in article, one point was assigned; &If FU rate 290 % or information was ascertained through registration or other
administrative offices, one point was assigned; "Information was not given in article but registry is part of EUROCARE or GLOBOCAN; ‘As stated in
Johnson 2014; kAs stated in McMillan 2017; ™Study is part of The Surveillance, Epidemiology, and End Results Program; "As stated in Ou 2007; °As
stated in Tannenbaum 2014
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Supplementary material, analyses of clinical cancer registries (lung cancer)

Table A4 Adjusted? survival rates stratified by area-based socioeconomic deprivation and by
patient and tumor characteristics for the total population of lung cancer patients registered

in three German clinical cancer registries.

Area-based

socioeconomic deprivation quintile

Overall Survival in % (95 % Confidence Interval)

1year

3 years

5 years

Total population

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Men

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Women

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Age 15-69 years

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Age 70+ years

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Low grading

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
High grading

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
NSCLC
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49.6 (48.4-50.8)
49.1 (47.9-50.2)
49.0 (47.9-50.1)
48.3 (47.1-49.4)
47.9 (46.8-48.9)

47.9 (46.5-49.3)
47.0 (45.7-48.3)
46.8 (45.5-48.1)
46.1 (44.8-47.4)
45.6 (44.3-46.8)

54.0 (51.7-56.2)
54.6 (52.5-56.6)
55.2 (53.1-57.3)
53.8 (51.6-55.9)
54.2 (52.0-56.3)

52.8 (51.2-54.3)
53.5(52.0-54.9)
53.5(52.0-54.9)
52.2 (50.7-53.7)
50.9 (49.5-52.3)

45.6 (43.7-47.5)
43.4 (41.7-45.1)
43.2 (41.5-44.8)
43.0 (41.2-44.7)
43.7 (42.1-45.4)

57.8 (55.9-59.6)
57.8 (56.1-59.5)
57.6 (55.7-59.5)
55.5 (53.7-57.2)
55.3 (53.6-57.0)

43.1 (41.4-44.8)
42.2 (40.6-43.8)
42.2 (40.6-43.9)
42.4 (40.7-44.0)
42.0 (40.3-43.6)

23.6 (22.6-24.6)
23.1(22.2-24.1)
23.1(22.2-24.1)
22.5(21.5-23.4)
22.1(21.3-23.0)

22.0(20.8-23.2)
21.3 (20.2-22.4)
21.2 (20.1-22.2)
20.6 (19.6-21.7)
20.1 (19.2-21.1)

27.6(25.5-29.7)
28.1(26.2-30.0)
28.7 (26.8-30.7)
27.4 (25.5-29.4)
27.8(25.8-29.8)

25.8 (24.5-27.2)
26.5 (25.1-27.8)
26.4 (25.1-27.8)
25.3 (24.1-26.6)
24.2 (23.0-25.4)

20.6 (19.1-22.2)
18.9 (17.5-20.2)
18.7 (17.4-20.0)
18.5 (17.2-19.9)
19.1 (17.8-20.4)

31.1(29.3-32.9)
31.2 (29.5-32.9)
31.0 (29.2-32.8)
28.9 (27.2-30.5)
28.8 (27.1-30.4)

17.7 (16.4-19.0)
17.1 (15.9-18.3)
17.1 (15.9-18.3)
17.2 (16.0-18.5)
16.9 (15.7-18.1)

17.1(16.2-18.0)
16.7 (15.9-17.5)
16.7 (15.9-17.5)
16.1(15.3-17.0)
15.9 (15.1-16.7)

15.7 (14.7-16.7)
15.1 (14.2-16.0)
15.0 (14.1-15.9)
14.5 (13.6-15.4)
14.1 (13.3-15.0)

20.7 (18.9-22.5)
21.1(19.4-22.8)
21.6(19.9-23.4)
20.5 (18.8-22.3)
20.8 (19.1-22.6)

19.7 (18.5-20.9)
20.2 (19.1-21.4)
20.2 (19.1-21.4)
19.3 (18.2-20.4)
18.3 (17.3-19.4)

13.5(12.2-14.8)
12.1(11.0-13.2)
12.0 (10.9-13.1)
11.9 (10.8-13.0)
12.3(11.2-13.4)

23.1(21.5-24.7)
23.1(21.6-24.7)
23.0 (21.4-24.6)
21.1(19.7-22.6)
21.1(19.6-22.5)

12.4(11.3-13.5)
11.9 (10.9-13.0)
11.9 (10.9-12.9)
12.0(11.0-13.1)
11.7 (10.8-12.8)
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Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
SCLC

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Period 2000-2010
Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Period 2011-2015
Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Chemotherapy

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Radiotherapy

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)
Surgery

Q1 (=least deprived)
Q2

Q3

Q4

Q5 (=most deprived)

Follow-up length: 5 years

Q1 (=least deprived)
Q2
Q3
Q4
Q5 (=most deprived)

51.7 (50.3-53.0)
51.1(49.9-52.3)
51.5 (50.3-52.7)
50.1 (48.9-51.4)
49.9 (48.8-51.1)

39.8 (36.8-42.7)
39.2 (36.4-41.9)
37.1(34.4-39.8)
38.6 (35.9-41.4)
37.6 (35.0-40.1)

48.5 (47.1-50.0)
48.4 (47.1-49.8)
47.9 (46.6-49.2)
47.8 (46.5-49.2)
47.6 (46.3-48.8)

51.0 (49.0-53.1)
50.0 (48.1-51.9)
50.9 (48.8-52.9)
48.5 (46.5-50.4)
47.5 (45.5-49.5)

47.6 (45.9-49.2)
49.0 (47.4-50.6)
49.1 (47.5-50.7)
49.0 (47.3-50.6)
48.6 (47.1-50.1)

55.8 (53.5-58.0)
55.1(53.1-57.0)
56.4 (54.4-58.3)
56.6 (54.6-58.5)
54.3 (52.5-56.2)

83.7 (82.1-85.1)
84.4 (82.9-85.7)
82.5 (81.0-83.9)
81.8 (80.3-83.3)
82.2 (80.7-83.6)

49.9 (48.7-51.1)
48.9 (47.7-50.0)
49.1 (48.0-50.2)
48.3 (47.1-49.4)
48.1 (47.0-49.2)

26.2 (25.0-27.4)
25.7 (24.6-26.8)
26.1(25.0-27.1)
24.9 (23.8-25.9)
24.7 (23.6-25.7)

11.8 (10.0-13.8)
11.4 (9.8-13.3)
10.3 (8.7-12.0)
11.1(9.5-12.9)
10.5 (9.0-12.1)

22.3(21.1-23.5)
22.2(21.1-23.3)
21.8 (20.7-22.8)
21.7 (20.6-22.8)
21.5 (20.5-22.5)

25.6 (23.8-27.5)
24.7 (23.0-26.5)
25.5 (23.6-27.3)
23.5(21.8-25.2)
22.7 (21.0-24.5)

17.2 (15.9-18.5)
18.4 (17.1-19.7)
18.4 (17.1-19.8)
18.3 (17.0-19.7)
18.0 (16.8-19.3)

23.0(20.9-25.2)
22.4(20.5-24.3)
23.6 (21.7-25.6)
23.8(21.9-25.8)
21.7 (19.9-23.4)

61.0 (58.2-63.6)
62.4 (59.8-64.8)
58.9 (56.4-61.3)
57.5 (55.0-59.9)
58.2 (55.8-60.6)

24.0 (23.0-25.0)
23.1(22.2-24.1)
23.3(22.4-24.3)
22.6 (21.7-23.6)
22.5 (21.6-23.4)

19.1(18.1-20.1)
18.7 (17.7-19.6)
19.0 (18.0-19.9)
18.0 (17.0-18.9)
17.8 (16.9-18.7)

8.2 (6.7-9.8)
7.9 (6.5-9.4)
7.0 (5.7-8.4)
7.6 (6.3-9.1)
7.2 (6.0-8.5)

16.0 (15.0-17.0)
15.9 (15.0-16.9)
15.6 (14.7-16.5)
15.5 (14.6-16.5)
15.4 (14.5-16.2)

11.1 (10.1-12.2)
12.0 (11.0-13.1)
12.1(11.0-13.1)
12.0 (10.9-13.1)
11.7 (10.8-12.8)

15.1 (13.4-17.0)
14.6 (13.0-16.3)
15.7 (14.0-17.4)
15.8 (14.1-17.6)
14.0 (12.6-15.6)

49.5 (46.4-52.5)
51.1(48.2-53.9)
47.2 (44.4-49.9)
45.7 (43.0-48.4)
46.5 (43.8-49.1)

17.7 (16.8-18.6)
16.9 (16.1-17.8)
17.1(16.3-17.9)
16.5 (15.7-17.3)
16.4 (15.6-17.2)

Lowest overall survival among the quintiles is printed in bold.
2Adjusted for age group (15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years)
and sex (males, females), year of diagnosis, cancer subtype (NSCLC, SCLC), grading (well- or moderately
differentiated, poorly or undifferentiated), stage at diagnosis (I, I, llI, IV).
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Table A5 Sensitivity analysis: Association between area-based socioeconomic deprivation (including Dresden city as additional category) and lung

cancer survival overall in a German population and stratified by patient and tumor characteristics with full adjustment.

Events Deprivation quintile
Subgroup (Model) N (%) Hazard ratio (95% confidence interval)*
Ql Q5 Dresden city
(Least deprived) Q2 Qa3 Q4 (Most deprived)
All (Model 1)? 18,277 (79.8) 1.00 (ref.) 1.04(0.98-1.09) 1.03(0.98-1.09) 1.03(0.98-1.08) 1.06 (1.01-1.11) 0.95 (0.90-1.00)
All (Model 2)b 18,277 (79.8) 1.00 (ref.) 1.02(0.97-1.08) 1.03(0.98-1.08) 1.03(0.98-1.08) 1.06(1.01-1.11)  0.99 (0.93-1.04)
All (Model 3)¢ 18,277 (79.8) 1.00 (ref.) 1.02(0.96-1.07) 1.02(0.97-1.08) 1.05(1.00-1.10) 1.06(1.01-1.11)  1.02 (0.96-1.08)
All (Model 4)° 18,277 (79.8) 1.00 (ref.) 1.02(0.96-1.08) 1.00(0.95-1.06) 1.02(0.97-1.08) 1.02 (0.97-1.08)  0.96 (0.90-1.02)
Men 13,677 (82.0) 1.00 (ref.) 1.03(0.97-1.10) 1.03(0.97-1.10) 1.06(1.00-1.12) 1.08(1.02-1.14) 1.03 (0.96-1.09)
Women 4,600 (74.0) 1.00 (ref.) 0.96(0.86-1.06) 0.97(0.88-1.08) 1.01(0.91-1.11) 0.99(0.90-1.10) 0.99 (0.88-1.10)
Age 15-69 years 10,136 (77.6) 1.00 (ref.) 0.97(0.91-1.05) 0.98(0.91-1.05) 1.02(0.96-1.09) 1.07 (1.00-1.14)  1.00 (0.92-1.08)
Age 70+ years 8,141 (82.7) 1.00 (ref.) 1.07 (0.98-1.16) 1.10(1.01-1.19) 1.09 (1.01-1.17) 1.06(0.99-1.14)  1.05(0.97-1.14)
Stage I/l 3,182 (56.8) 1.00 (ref.) 1.01(0.87-1.16) 1.16(1.02-1.32) 1.17(1.04-1.32) 1.13(1.01-1.28)  0.90 (0.78-1.03)
Stage IlI 4,978 (82.3) 1.00 (ref.) 1.00(0.90-1.13) 1.08 (0.97-1.19) 1.01(0.92-1.12) 1.13(1.03-1.24)  0.97 (0.87-1.07)
Stage IV 10,117 (89.9) 1.00 (ref.) 1.01(0.94-1.09) 0.97(0.90-1.05) 1.02(0.96-1.10) 1.00 (0.94-1.07) 1.08 (1.00-1.16)
Low/intermediate grade 18,277 (79.8) 1.00 (ref.) 1.06(0.96-1.16) 1.04(0.95-1.13) 1.08(1.00-1.18) 1.09 (1.00-1.18) 0.92 (0.84-1.01)
High grade 10,558 (83.4) 1.00 (ref.) 0.99(0.92-1.06) 1.01(0.94-1.09) 1.02(0.95-1.09) 1.04(0.97-1.11) 1.11 (1.02-1.20)
NSCLC 14,756 (78.0) 1.00 (ref.) 1.03(0.97-1.10) 1.01(0.96-1.08) 1.05(0.99-1.11) 1.06 (1.00-1.12) 0.99 (0.93-1.05)
SCLC 3,521 (88.5) 1.00 (ref.) 0.95(0.84-1.07) 1.06(0.94-1.20) 1.04(0.93-1.16) 1.07(0.96-1.19) 1.20 (1.05-1.38)
Period 2000-2010 13,228 (89.6) 1.00 (ref.) 1.00(0.93-1.08) 1.02(0.97-1.09) 1.03(0.97-1.09) 1.03(0.98-1.09)  1.01(0.95-1.08)
Period 2011-2015 5,049 (62.1) 1.00 (ref.) 1.04(0.95-1.13) 0.98 (0.87-1.10) 1.09(0.99-1.19) 1.12(1.03-1.23)  1.03 (0.93-1.15)
Chemotherapy 9,759 (84.3) 1.00 (ref.) 0.98(0.91-1.06) 0.97 (0.90-1.04) 0.96 (0.90-1.02) 0.97 (0.91-1.03)  0.91 (0.84-0.98)
Radiotherapy 5,733 (82.8) 1.00 (ref.) 0.97 (0.87-1.08) 0.96 (0.87-1.06) 0.97 (0.89-1.06) 1.05(0.96-1.14)  1.06 (0.96-1.16)
Surgery 3,121 (54.3) 1.00 (ref.) 1.04(0.90-1.19) 1.15(1.02-1.30) 1.13(1.00-1.27) 1.10(0.98-1.24) 0.80 (0.70-0.93)
FU length: 3 months 4,385 (19.1) 1.00 (ref.) 1.04(0.93-1.16) 1.04(0.93-1.16) 1.13(1.02-1.25) 1.10(0.99-1.21) 1.12 (1.00-1.25)
FU length: 1 year 11,510 (50.3) 1.00 (ref.) 1.01(0.95-1.09) 1.05(0.98-1.12) 1.07(1.00-1.13) 1.06(1.00-1.13) 1.06 (0.99-1.14)
FU length: 3 years 16,452 (71.8) 1.00 (ref.) 1.02(0.97-1.08) 1.02(0.96-1.08) 1.04(0.99-1.10) 1.05(1.00-1.10) 1.04 (0.98-1.10)
FU length: 5 years 17,420 (76.1) 1.00 (ref.) 1.03(0.97-1.09) 1.03(0.97-1.09) 1.06(1.00-1.11) 1.06(1.01-1.11) 1.04 (0.98-1.10)

Abbreviations: FU, follow-up; N, number of events; n/a, not applicable; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer; Adjusted for age group (15-54 years,
55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years), sex (males, females) and year of diagnosis; °Same adjustment as model 1 plus cancer subtype (NSCLC, SCLC) and
grading (well- or moderately differentiated, poorly or undifferentiated); ‘Same adjustment as model 2 plus stage at diagnosis (I, I, IlI, IV). This model was used in all stratified
analyses; %Same adjustment as model 3 plus registry (Dresden, Erfurt, Regensburg); *Hazard ratios with p<0.05 are printed in bold
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Table A6 Sensitivity analysis: Association between area-based socioeconomic deprivation and lung cancer survival in a German population

stratified by treatment with different follow-up start.

FU start/
Subgroup

Events
N (%)

Deprivation quintile

Hazard ratio (95% confidence interval)*?

Q1
(Least deprived)

Q2

Q3

Q4

Q5
(Most deprived)

Follow-up start: 30 days after diagnosis

Chemotherapy 9,011 (84.3)
Radiotherapy 5,557 (82.9)
Surgery 2,944 (53.8)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

Follow-up start: 60 days after diagnosis

Chemotherapy 9,011 (84,7)
Radiotherapy 5,557 (83.2)
Surgery 2,944 (54.1)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

Follow-up start: 90 days after diagnosis

Chemotherapy 8,612 (84.7)
Radiotherapy 5,348 (83.2)
Surgery 2,856 (53.9)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

Excluding cases with therapy start after 1 year
Follow-up start: 30 days after diagnosis

Chemotherapy 8,815 (84.3)
Radiotherapy 5,436 (83.1)
Surgery 2,711 (52.3)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

Follow-up start: 60 days after diagnosis

Chemotherapy 8,815 (84.8)
Radiotherapy 5,436 (83.4)
Surgery 2,711 (52.7)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

Follow-up start: 90 days after diagnosis

Chemotherapy 8,416 (84.8)
Radiotherapy 5,228 (83.4)
Surgery 2,623 (52.4)

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

0.95 (0.89-1.02)
1.02 (0.93-1.12)
0.93 (0.82-1.06)

0.95 (0.89-1.02)
1.02 (0.93-1.12)
0.93 (0.82-1.06)

0.95 (0.89-1.02)
1.02 (0.93-1.11)
0.93 (0.82-1.06)

0.95 (0.89-1.02)
1.03 (0.94-1.12)
0.92 (0.81-1.05)

0.95 (0.89-1.02)
1.03 (0.94-1.12)
0.92 (0.81-1.05)

0.95 (0.89-1.02)
1.02 (0.93-1.12)
0.91 (0.80-1.04)

0.96 (0.90-1.03)
0.99 (0.90-1.08)
1.08 (0.96-1.22)

0.96 (0.90-1.03)
0.99 (0.90-1.08)
1.08 (0.96-1.22)

0.96 (0.90-1.03)
0.98 (0.90-1.08)
1.07 (0.95-1.21)

0.97 (0.90-1.03)
1.00 (0.91-1.09)
1.06 (0.93-1.20)

0.97 (0.90-1.03)
1.00 (0.91-1.09)
1.06 (0.93-1.20)

0.97 (0.90-1.04)
0.99 (0.90-1.09)
1.04 (0.92-1.18)

0.97 (0.91-1.04)
0.99 (0.91-1.09)
1.12 (0.99-1.27)

0.97 (0.91-1.04)
0.99 (0.91-1.09)
1.12 (0.99-1.27)

0.98 (0.91-1.05)
0.99 (0.90-1.09)
1.10 (0.97-1.25)

0.97 (0.91-1.04)
1.01 (0.92-1.10)
1.10 (0.97-1.25)

0.97 (0.91-1.04)
1.00 (0.92-1.10)
1.10 (0.97-1.24)

0.98 (0.91-1.05)
1.00 (0.91-1.10)
1.07 (0.94-1.22)

0.98 (0.91-1.04)
1.05 (0.97-1.15)
1.11 (0.98-1.25)

0.98 (0.91-1.04)
1.05 (0.97-1.15)
1.11 (0.98-1.25)

0.97 (0.91-1.04)
1.06 (0.97-1.16)
1.10 (0.98-1.24)

0.98 (0.92-1.04)
1.06 (0.97-1.16)
1.09 (0.97-1.24)

0.98 (0.91-1.04)
1.06 (0.97-1.16)
1.09 (0.97-1.24)

0.97 (0.91-1.04)
1.07 (0.98-1.17)
1.09 (0.96-1.23)

Abbreviations: FU, follow-up; N, number of events; *Adjusted for age group (15-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years, 75+ years), sex (males, females),
year of diagnosis, cancer subtype (NSCLC, SCLC), grading (well- or moderately differentiated, poorly or undifferentiated) and stage at diagnosis (I, II, lll, IV); *Hazard ratios with

p<0.05 are printed in bold;
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Table A7 Number of colorectal cancer patients diagnosed in Finland in 2007-2016, stratified by sex, area-based education, site, age, stage,
urbanity and hospital district.

Men, N (row %)? Women, N (row %)?

Q1 Q4 Q1 Q4

(low edu.) Q2 Q3 (high edu.) (low edu.) Q2 Q3 (high edu.)
Cases 4955 (32.7)  3832(25.3) 3329 (22.0) 3045(20.1) 4268(30.7) 3484 (25.1) 3365(24.2) 2781 (20.0)
Cancer site
Colon 2835 (31.8) 2235 (25.1) 2050 (23.0) 1788 (20.1) 2883 (30.3) 2416 (25.4) 2323 (24.4) 1900 (20.0)
Rectum, rectosigmoid 2120(33.9) 1597 (25.5) 1279 (20.5) 1257(20.1) 1385(31.6) 1068 (24.4) 1042 (23.8) 881 (20.1)
Age group
25-44 78 (20.3) 94 (24.4) 116 (30.1) 97 (25.2) 89 (21.5) 103 (24.9) 103 (24.9) 119 (28.7)
45-54 272 (27.4) 242 (24.4) 237 (23.9) 241 (24.3) 285 (27.3) 261 (25.0) 257 (24.6) 240 (23.0)
55-64 1034 (31.8) 829 (25.5) 712 (21.9) 674 (20.7) 649 (27.0) 616 (25.6) 615 (25.6) 525 (21.8)
65-74 1614 (32.1) 1299 (25.8) 1106 (22.0) 1007 (20.0) 1093 (30.4) 920 (25.6) 885 (24.6) 694 (19.3)
75+ 1957 (35.5) 1368 (24.8) 1158 (21.0) 1026(18.6) 2152(33.4) 1584 (24.6) 1505 (23.4) 1203 (18.7)
Stage at diagnosis
Unknown 1211 (33.3) 901 (24.8) 742 (20.4) 778 (21.4) 1093 (30.9) 840 (23.7) 821 (23.2) 787 (22.2)
Local 1412 (32.9) 1124 (26.2) 944 (22.0) 818 (19.0) 1127(30.4) 1004 (27.1) 892 (24.1) 682 (18.4)
Non-local 2332(32.3) 1807 (25.0) 1643 (22.7) 1449(20.0) 2048(30.8) 1640 (24.7) 1652 (24.8) 1312 (19.7)
Urban/rural area
Urban municipality 970(10.0) 3123(32.1) 2846 (29.2) 2803 (28.8) 835(9.0) 2866 (31.1) 2918 (31.6) 2608 (28.3)
Rural municipality 2477 (89.6) 161 (5.8) 108 (3.9) 18(0.7) 2122 (90.6) 122 (5.2) 90 (3.8) 9(0.4)
Densely populated municipality 1508 (56.8) 548 (20.6) 375 (14.1) 224 (8.4) 1311 (56.3) 496 (21.3) 357 (15.3) 164 (7.0)
Hospital district
Etela-Karjala 205 (48.1) 207 (48.6) 14 (3.3) - 207 (50.9) 191 (46.9) 9(2.2) -
Eteld-Pohjanmaa 379 (62.7) 74 (12.3) - 151 (25.0) 361 (64.2) 63 (11.2) - 138 (24.6)
Eteld-Savo 177 (50.3) - 175 (49.7) - 193 (52.6) - 174 (47.4) -
Helsinki - - 1355 (100.0) - - - 1497 (100.0) -
[td-Savo 134 (100.0) - - - 117 (100.0) - - -
Kainuu 97 (46.6) 29 (13.9) 82 (39.4) - 70 (39.3) 23 (12.9) 85 (47.8) -
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Kanta-Hime 173 (29.5) 391 (66.6) 23(3.9) - 128 (26.7) 326 (67.9) 26 (5.4) -
Keski-Pohjanmaa 90 (44.3) 113 (55.7) - - 88 (44.7) 109 (55.3) - -
Keski-Suomi 308 (42.9) 22 (3.1) 50 (7.0) 338 (47.1) 281 (42.6) 28 (4.2) 43 (6.5) 308 (46.7)
Kymenlaakso 143 (20.9)  542(79.1) - - 95(16.3)  488(83.7) - -
Lappi 125 (40.6) 57 (18.5) - 126(40.9) 111 (41.6) 43 (16.1) - 113 (42.3)
Lansi-Pohja 46 (24.0) 71 (37.0) 75 (39.1) - 30(18.9) 63 (39.6) 66 (41.5) -
Pirkanmaa 488 (33.0) 111 (7.5) 93 (6.3) 786 (53.2) 417 (31.1) 89 (6.6) 88 (6.6) 745 (55.6)
Pohjois-Karjala 250 (49.4) - 36 (7.1) 220 (43.5) 183 (44.6) - 38(9.3) 189 (46.1)
Pohjois-Pohjanmaa 218 (27.2)  145(18.1) 68(8.5)  370(46.2)  195(25.2)  162(20.9) 55(7.1) 362 (46.8)
Pohjois-Savo 252 (35.8) 137 (19.5) - 315(44.7) 211 (33.5) 127 (20.2) - 291(46.3)
P3ijat-Hame 311(42.3) 424 (57.7) - - 246(40.1)  368(59.9) - -
Satakunta 295(39.1) 460 (60.9) - - 248(36.5)  431(63.5) - -
Uusimaa 415 (18.4)  813(36.1) 410(18.2)  613(27.2)  352(17.3)  755(37.1) 373(18.3)  557(27.3)
Vaasa 291 (48.2) 41 (6.8) 197 (32.6) 75(12.4) 249 (48.4) 27 (5.3) 185 (36.0) 53(10.3)
Varsinais-Suomi 468 (32.1) 186 (12.8) 751 (51.6) 51 (3.5) 407 (30.3) 186 (13.8) 726 (54.0) 25(1.9)
Aland 90 (90.9) 9(9.1) NA (NA) NA (NA) 79 (94.0) 5(6.0) NA (NA) NA (NA)

Abbreviations: edu, education; N, number of observations; SD, standard deviation. ?Percentages refer to distribution of area-based education by sex.
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Table A8 Crude and age-standardized incidence rates for colorectal cancer patients diagnosed in Finland in 2007-2016, stratified by sex and

education.
Incidence (per 100,000)
Men Women
CIR ASR CIR ASR
Basic Sec. High Basic Sec. High Basic Sec. High Basic Sec. High
Total 131.9 52.8 65.4 80.4 79.6 78.6 122.6 52.6 39.9 67.9 69.3 68.5
Hospital district
Etela-Karjala 153.7 46.4 72.4 81.1 72.6 78.6 138.0 57.1 42.7 60.9 73.6 81.2
Eteld-Pohjanmaa 146.2 49.1 70.8 74.9 71.5 81.9 131.5 57.5 42.9 66.9 77.2 72.7
Etela-Savo 143.5 56.6 76.4 71.3 68.0 75.5 168.6 62.0 38.9 90.5 69.4 56.9
Helsinki 88.8 45.7 65.9 83.2 81.7 83.2 104.1 52.3 44.5 69.1 70.7 73.8
Itd-Savo 116.8 53.4 70.1 55.9 68.9 63.2 102.4 51.6 43.8 49.6 56.1 59.2
Kainuu 116.5 42.2 68.8 55.9 61.2 76.1 105.7 42.2 33.0 49.8 53.6 61.6
Kanta-Hame 142.2 72.0 82.6 80.3 104.5 92.1 128.5 53.4 39.3 65.8 70.1 66.1
Keski-Pohjanmaa 119.7 56.6 49.9 61.1 90.2 65.7 122.7 52.4 37.0 57.1 78.4 91.2
Keski-Suomi 145.8 53.9 60.3 78.8 88.6 76.2 140.8 53.6 36.4 75.9 74.7 68.1
Kymenlaakso 174.9 66.9 96.5 100.2 86.9 94.3 145.5 65.4 48.1 80.1 77.7 72.9
Lappi 115.2 44.8 64.3 61.0 64.0 76.4 111.9 47.7 31.2 60.6 58.6 58.2
Lansi-Pohja 145.0 49.3 69.9 69.4 64.5 76.9 114.3 44.7 50.8 60.2 55.3 73.3
Pirkanmaa 143.1 58.6 58.0 81.1 85.9 73.5 129.0 53.7 36.1 70.5 69.7 62.5
Pohjois-Karjala 140.5 51.6 60.5 75.5 66.5 68.8 112.0 48.2 36.3 58.3 57.2 60.4
Pohjois-Pohjanmaa 112.4 35.9 48.0 64.4 59.9 67.9 117.0 43.0 31.0 64.5 63.3 61.0
Pohjois-Savo 134.8 48.9 63.5 74.9 68.3 70.6 115.2 54.5 39.8 60.9 64.4 63.8
Paijat-Hame 163.7 55.1 83.1 99.8 76.1 88.3 133.7 50.3 40.2 71.0 60.3 62.2
Satakunta 145.8 62.1 71.1 80.6 86.3 75.5 133.3 50.4 47.5 69.2 58.8 79.8
Uusimaa 109.3 49.7 59.8 86.3 85.9 74.8 101.0 51.1 37.0 69.6 76.1 67.4
Vaasa 179.0 68.3 70.9 98.2 93.7 88.6 160.3 59.9 433 74.7 80.9 75.2
Varsinais-Suomi 142.9 56.8 70.9 85.5 81.8 81.4 129.6 53.6 44.7 67.4 71.5 71.6
Aland 121.6 72.3 106.0 89.0 100.3 101.0 112.0 72.4 47.1 65.1 1154 75.6

Abbreviations: ASR, age-standardized incidence rate; CIR, crude incidence rate; Sec., secondary;
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