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Abstract

Background: Immigrants make up an important share of European populations which has led to a growing
interest in research on migrants’ health. Many studies have assessed migrants’ cancer mortality patterns, yet few
have studied incidence differences. This paper will probe into histology-specific lung cancer incidence by migrant
origin aiming to enhance the knowledge on lung cancer aetiology and different risk patterns among population
groups.

Methods: We used data on all lung cancer diagnoses during 2004-2013 delivered by the Belgian Cancer Registry
individually linked with the 2001 Belgian Census and the Crossroads Bank for Social Security. Absolute and relative
inequalities in overall and histology-specific lung cancer incidence have been calculated for first-generation Italian,
Turkish and Moroccan migrant men aged 50-74 years compared to native Belgian men.

Results: Moroccan men seemed to be the most advantaged group. Both in absolute and relative terms they
consistently had lower overall and histology-specific lung cancer incidence rates compared with native Belgian
men, albeit less clear for adenocarcinoma. Turkish men only showed lower overall lung cancer incidence when
adjusting for education. On the contrary, Italian men had higher incidence for overall lung cancer and squamous
cell carcinoma, which was explained by adjusting for education.

Conclusions: Smoking habits are likely to explain the results for Moroccan men who had lower incidence for
smoking-related histologies. The full aetiology for adenocarcinoma is still unknown, yet the higher incidence among
ltalian men could point to differences in occupational exposures, e.g. to carcinogenic radon while working in the
mines.

Keywords: Belgium, Immigrants, Lung Cancer, Incidence, Inequalities, Histology-specific

* Correspondence: Katrien.Vanthomme@vub.be

'Interface Demography, Department of Social Research, Faculty of Economic
and Social Sciences & Solvay Business School, Vrije Universiteit Brussel,
Pleinlaan 2, 1050 Brussels, Belgium

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08038-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Katrien.Vanthomme@vub.be

Vanthomme et al. BMC Cancer (2021) 21:328

Background

Background of the study

Immigrants make up an important share of the European
populations nowadays [1]. This has led to a growing interest
in research on the health of immigrants. Several studies on
migrant mortality have observed a migrant mortality advan-
tage (MMA) [2]. Despite their often more disadvantaged liv-
ing situation, migrants tend to have lower mortality
compared with the host population. This advantage is espe-
cially pronounced for lifestyle-related diseases whereas mi-
grants’ mortality from infectious diseases tends to be higher
than that of the native population [1, 3, 4]. Moreover, this
mortality advantage is in particular evident for migrants
moving from less- to more-industrialized countries [5]. In
addition, with increasing length of stay in the host country,
the mortality patterns of migrants seem to converge towards
those of the host population as they are exposed to physical,
social and environmental influences in the host country [1-
3, 5-7]. Mortality can be considered as the ‘ultimate inequal-
ity outcome’ [8]. Yet it often remains unclear whether the
observed patterns reflect inequalities in incidence or in case-
fatality (survival) [9]. Therefore, it is particularly interesting
to study differences in disease occurrence and survival to see
whether this migrant advantage holds also for these health
outcomes. Studies on migrants’ incidence, survival and mor-
tality can produce additional knowledge on disease aetiology
which is important for prevention and treatment programs,
and to identify migrants’ health care needs [1, 3, 4, 10-16].
As migrants have been exposed to multiple environments
before, during and after migration, they are a particularly apt
group to study health differences in order to reveal novel in-
sights on the causes of diseases [1, 15, 17-19].

Belgium is a particularly suitable setting to analyse mi-
grant health differences, as it has a long history of migration
[12, 20, 21]. In the 1950s and 1960s, Belgium was in strong
need of labour migrants to overcome the labour shortages
in certain heavy industries such as mining [20, 21]. As a re-
sult of this labour migration, large groups of especially
Southern European, Turkish and Moroccan men immi-
grated to Belgium, later permanently settling as their wives
followed. These labour migrants generally find themselves
in the lower socioeconomic strata [3, 21, 22]. Nowadays the
traditional first-generation (FG) labour migrants have reached
the older age groups, making their health status and health
care issues an increasingly important aspect to follow-up [15].
It is necessary to document the health status of these FG mi-
grants as they make up an important part of the population
and as they may face different health risks [22]. Furthermore,
disease-specific analyses are essential to disentangle the various
mechanisms at play, be it lifestyle, genetics, environmental ex-
posure or access to and quality of health care [12]. In addition
to different health risks and exposures, immigrants’ individual
socioeconomic and sociodemographic circumstances also play
a role in health-related behaviour and disease risk [5, 23, 24].
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In this paper we focus on lung cancer among men, as
it is the second most common cancer and the most
common cause of cancer death in Belgium and Europe
among men [25, 26]. As lung cancer is especially preva-
lent in high-income countries, previous reports on lung
cancer mortality by migrant group have observed a
MMA in several European countries [10, 27] as well as
in Belgium [11]. Among the traditional labour migrant
groups in Belgium, the MMA for lung cancer has been
especially confirmed for Turkish and Moroccan men
[11]. Lung cancer is known to be a highly fatal disease,
with 5-years relative survival proportions of about 18%
among Belgian men [25]. Considering this, we may ex-
pect a migrant advantage for lung cancer incidence as
well. However, since we focus on FG migrants who im-
migrated to Belgium decades ago, we can expect a cer-
tain degree of convergence towards the host country’s
disease patterns due to acculturation [4, 13, 28—31]. Pre-
vious research on migrant differences in lung cancer in
Norway for example have shown increasing lung cancer
incidence rates among migrants converging to the host
country’s levels [30].

In this study we dig deeper than previous studies as
we probe into lung cancer incidence patterns by migrant
group as well as by histological subtype. Lung cancer ap-
pears in several histological subtypes, for which the risk
factors are somewhat different [32-38]. The dominant
role of cigarette smoking in lung cancer occurrence has
been well established [32-36, 39, 40]. Cigarette smoking
is associated with all main histological types of lung can-
cer, although the strength of the association differs by
subtype: the association is strongest for small-cell lung
carcinoma (SCLC) and squamous cell carcinoma (SCC)
and less strong for adenocarcinoma (ADC) [32-36]. In
addition, ADC is the most common lung cancer type
among non-smokers, which suggest that there are other
(still unknown) factors involved in ADC aetiology than
smoking [32, 36, 40, 41]. Studying migrant lung cancer
incidence patterns by histological subtypes enhances the
knowledge on the aetiology of lung cancer and on the
different risk patterns among population groups.

Study aims

This study is the first one to document lung cancer inci-
dence rates in males during 2004—2013 by migrant group (as
measured by country of origin) and histological subtype. We
look into three research questions: First, do overall and
histology-specific lung cancer incidence rates among male
Belgian residents differ by migrant group as compared to na-
tive Belgian men? Second, are there differences in tumour
characteristics between migrant groups and native Belgian
men, taking the histological subtype into account? For in-
stance, are there differences in stage at diagnosis, which is an
important prognostic factor [42]. Third, does accounting for
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sociodemographic and socioeconomic variables alter the asso-
ciation between country of birth and histology-specific lung
cancer incidence? Immigrants are often in the lower socioeco-
nomic strata, but are deprived migrants equally affected by
their socioeconomic position than deprived natives [43]?

Methods

Dataset and study population

This population-based study used individually-linked data
from three administrative sources: (i) the Belgian Cancer
Registry including all lung cancer diagnoses between 2004
and 2013, together with key information on the tumour hist-
ology and stage at diagnosis; (ii) the Belgian census of Octo-
ber 1st 2001  containing  socioeconomic  and
sociodemographic information (i.e. age, gender, migrant ori-
gin, civil status, educational attainment, home ownership
and region of residence); (iii) the Crossroads Bank for Social
Security (CBSS) with data on mortality and emigration until
December 31st 2013. The linkage of the three data sources
was performed by a trusted third party (e-Health) delivering
the merged dataset in a pseudonymized format.

For this study we selected FG migrant men from the trad-
itional labour migrant groups in Belgium. We choose this
group as they undertook the migration journey and therefore
experienced exposures in different settings while at the same
time, they have been residing long enough in Belgium to
have adopted the natives’ lifestyle. Migrant group was based
on the individual’s nationality at birth (available in the cen-
sus) to define their country of origin. If this information was
missing, current nationality was used. In this study we in-
cluded the three largest groups of traditional labour mi-
grants, i.e. migrant men from Italian, Turkish and Moroccan
descent [20], and compared them with Belgian men without
a migration background (from now on referred to as native
Belgian men). To catch the group of FG traditional labour
migrants, we selected only migrants who have been residing
more than 10 years in Belgium at the moment of the census.

A retrospective register-based cohort study was conducted
based on all Belgian men and FG Italian, Turkish and Mo-
roccan migrant men residing in Belgium for more than 10
years, aged between 50 to 74 at the start of the follow-up
period (January 1st, 2004). This population cohort was
followed until one of the following events occurred: lung
cancer diagnosis, emigration, death, reaching the age of 75
years or end of follow-up (December 31st, 2013). This age
group was chosen to ensure to have a sufficient number of
lung cancer cases (lower age limit) as well as a sufficient
number of immigrant men (upper age limit).

Variables

The outcome event in this study was being diagnosed with
lung cancer during the follow-up period of 20042013 ac-
cording to the International Classification of Diseases (ICD-
10) code C34. If patients had multiple tumours within the
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study period, only the first one was taken into account. All
lung cancer diagnoses during the follow-up period were con-
sidered for the incidence analyses. Making use of the data of
the Belgian Cancer Registry, we were able to classify the lung
cancer diagnoses by histological subtype. We thus studied
not only overall lung cancer but also small-cell lung carcin-
oma (SCLC); three types of non-small-cell lung carcinoma,
i.e. squamous cell carcinoma (SCC), adenocarcinoma (ADC)
and large-cell lung undifferentiated carcinoma (LCLC); and
‘other’ histology containing other and unspecified lung can-
cers. The corresponding ICD-O-3 codes for the subtypes
based on histology are listed in Appendix. Next to histo-
logical subtype, we disposed of information on the stage at
diagnosis, which is a combination of tumour, nodes and me-
tastasis (known as TNM-stage, classified according to the ap-
plicable versions for the studied period) [44]. Staging
information relied on combined stage, which is a combin-
ation of clinical and pathological stage prioritizing the latter,
except in case of distant metastases which were always con-
sidered stage IV. Since the number of lung cancer cases were
rather limited by migrant group and histological subtype, we
decided to distinguish early stage (stages I-II) from late stage
cancers (stages III-IV). Patients for whom the stage at diag-
nosis was missing were reported separately.

In this study we aimed to assess whether migrant origin
was associated with lung cancer incidence, as well as the
role of different sociodemographic and socioeconomic
variables in this regard. Two sociodemographic variables
were included: civil status and region of residence. ‘Civil
status’ was operationalized as being married, divorced, sin-
gle or widowed and measured at the 2001 census. ‘Region
of residence’ at the 2001 census was also adjusted for,
comprising Flanders, Wallonia and the Brussels-Capital
Region (BCR). Additionally, to take into account individ-
uals' socioeconomic reality during different life stages [9],
two indicators of socioeconomic position (SEP) were in-
cluded: educational attainment and home ownership. Edu-
cational attainment reflects chances early in life and is
related to job chances later in life. However, it may not be
the best suitable indicator for FG immigrants [45, 46] and
therefore home ownership, which refers to the economic
assets at the household level was also included. ‘Educational
attainment’ was operationalized according to the Inter-
national Standard Classification of Education (ISCED): pri-
mary education or no diploma (ISCED 0-1), lower
secondary education (ISCED 2), upper secondary education
(ISCED 3-4), and tertiary education (ISCED 5-6). Home
ownership differentiated home owners from tenants of a
dwelling. Missing categories were treated as separate cat-
egory for all variables as this might be not randomly distrib-
uted according to migrant origin. For educational
attainment for instance, the percentage of missing values
was larger among migrants than native men, which could
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be due to the fact that education outside Belgium had not
been registered [45].

Statistical analyses

Both absolute and relative measures of overall and
histology-specific lung cancer incidence inequalities by
migrant origin were assessed. The person-time at risk by
5-year age groups was calculated for each person in the
study cohort between 2004 and 2013 in order to calcu-
late truncated (50-74 years) age-standardized lung can-
cer incidence rates (ASRs) and 95% confidence intervals
(CI) by histological subtype and migrant group. We con-
sidered the age distribution of the total population at the
start of the follow-up period (January 1st, 2004) as the
standard population. The weights in the age range under
study equalled the age-specific reference population
numbers divided by the total reference population be-
tween the ages of 50 and 75. Rates were calculated for
all groups. For all histology-specific lung cancers, mean
age at diagnosis and combined TNM stage at diagnosis
were calculated for each migrant group.

In addition, we calculated relative lung cancer incidence
rate ratios (IRR) and 95% CI by migrant group, using a Pois-
son distribution with the log of the person-time as offset.
These relative inequalities were calculated for all histological
subtypes of lung cancer as well as overall lung cancer, com-
paring the cancer incidence rates of migrant men with those
of native Belgian men. All relative models were adjusted for
age at the start of the follow-up on 01/01/2004, which was
included as a continuous variable. The sociodemographic
and socioeconomic variables have been added separately to
the additional models. Model 1 was adjusted for age only;
Model 2 for age and civil status; Model 3 for age and educa-
tional attainment; Model 4 for age and home ownership;
Model 5 for age and region at census; and Model 6 was ad-
justed for all variables of interest. All analyses have been per-
formed using SAS 9.3 (SAS Institute Inc.).

Results

Description of the study population

The study population contained all Belgian and FG Ital-
ian, Turkish and Moroccan men aged 50 to 74 years at
the start of the follow-up, as described in Table 1. Turkish
and Moroccan men were on average a bit younger than
their Belgian and Italian counterparts and had on average
arrived about 6 to 7 years later in Belgium than the Italian
migrants. The majority of Italian migrants lived in Wallo-
nia, Turkish in Flanders and Moroccan in the Brussels-
Capital Region. Among all groups, the majority was mar-
ried, although with lower percentages among Belgian and
Italian men. Migrant men were much often lower edu-
cated compared with their Belgian counterparts. Also, the
percentage of missing values on this variable was much
higher among migrants. Finally, the majority of men in all
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Table 1 Description of the study population aged 50 to 74
years at the start of the follow-up (01/01/2004), by country of
origin, Belgium

Belgian Italian Turkish Moroccan

Number of persons 1,791,275 45572 13,901 25,880
Mean age at start follow-up 5531 5703 5213 53.65
Mean years since immigration - 3376 2623 2691
Region of residence (%)

Flanders 65.46 1333 4797 29.84

Brussels-Capital Region 518 1072 2557 5173

Wallonia 29.36 7595 2645 1844
Civil status (%)

Married 7598 8272 9501 91.26

Single 1061 6.64 140 328

Divorced 10.78 824 2.86 493

Widow 263 240 0.73 053
Educational attainment (%)

Primary or less 16.74 2812 3156 13.96

Lower secondary 2661 2507 1730 15.39

Upper secondary 23.66 1286 1022 11.59

Tertiary 22.65 546 442 7.98

Missing 10.34 2848  36.50 51.08
Home ownership (%)

Owner 79.09 7755 6751 54.46

Tenant 16.74 1730 2319 36.44

Missing 417 515 9.30 9.10

The number of persons, mean age and mean years since migration were
measured at the start of the follow-up (01/01/2004). Information of region of
residence, civil status, educational attainment and home ownership was
measured at the census (01/10/2001)

groups were owners of a dwelling, although the percent-
age was lower among Turkish and Moroccan men.

Description of the lung cancer cases and absolute
incidence inequalities by histological subtype and
migrant group in Belgium

In this paper we included lung cancers diagnosed between
2004 and 2013 in the male study population. We performed
the analyses for overall lung cancer as well as histology-specific.
ADC was the most common histological subtype, closely
followed by SCC, whereas LCLC was the least common lung
cancer subtype (Table 2). Only among men from Turkish des-
cent, the incidence rates for SCC and ADC were similar.

In absolute terms, some differences by migrant origin were
observed (Table 2). Migrant men from Moroccan descent
had a significant lower overall lung cancer truncated ASR
compared with all other groups. To illustrate, about 200 Mo-
roccan men per 100,000 person-years were diagnosed with
lung cancer during the study period (95% CI: 177.6—220.5)
compared with about 250 Belgian men (95% CL 251.0—
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Table 2 Number of cases, person-years and truncated age-standardized incidence rates (ASR) with 95% confidence intervals (95%
C.) per 100,000 person-years among the study population aged 50 to 74 years, by histological subtype and country of origin,

Belgium, 2004-2013

Nr. of cases Person-years ASR (95% C.l.)
Overall lung cancer Belgian 30,008 11,922,223 253.8 (251.0-256.7)
[talian 937 335,372 2709 (253.3-288.5)
Turkish 199 84,828 2719 (233.6-310.3)
Moroccan 333 171,470 199.1 (177.6-220.5)
Small-cell lung carcinoma Belgian 4818 11,922,223 40.7 (39.6-41.9)
[talian 129 335372 37.5 (30.9-44.1)
Turkish 37 84,828 51.6 (34.7-684)
Moroccan 49 171,470 294 (21.2-37.7)
Squamous cell carcinoma Belgian 9361 11,922,223 79.5 (77.8-81.1)
I[talian 303 335372 88.3 (78.2-984)
Turkish 68 84,828 91.8 (69.6-113.9)
Moroccan 87 171,470 532 (42.0-644)
Adenocarcinoma Belgian 10,829 11,922,223 91.2 (89.5-92.9)
[talian 392 335372 1128 (101.4-124.1)
Turkish 67 84,828 90.1 (68.2-112.0)
Moroccan 157 171,470 929 (783-107.4)
Large-cell undifferentiated carcinoma Belgian 1485 11,922,223 126 (12.0-13.2)
[talian 26 335372 7.5 (46-104)
Turkish N<10 84,828 86 (1.6-15.5)
Moroccan N<15 171,470 75 (34-116)
Other/unknown Belgian 3515 11,922,223 29.9 (28.9-30.9)
[talian 87 335372 24.9 (196-30.2)
Turkish <25 84,828 299 (17.0-42.8)
Moroccan 27 171,470 16.1 (10.0-22.2)

256.7). This advantage for Moroccan men compared with
native Belgian men was significant for all histological sub-
types, except for ADC. For SCLC, migrant men from Mo-
roccan descent had lower incidence rates compared with
native Belgian men: the latter had an ASR of 40.7 per 100,
000 person-years (95% CI: 39.6—-41.9) whereas migrant men
from Moroccan descent had an ASR of 29.4 (95% CI: 21.2—
37.7). In addition, for SCC, Moroccan men had lower inci-
dence rates compared to all other origin groups: e.g. native
Belgian men had an ASR of 79.5 per 100,000 person-years
(95% CI: 77.8—81.1) whereas migrant men from Moroccan
descent had an ASR of 53.2 (95% CI: 42.0—64.4). Similar to
Moroccan men, Italian immigrant men had favourable
LCLC incidence rates compared with native Belgians with
7.5 new diagnoses per 100,000 person-years among Italians
(95% CI: 4.6-10.4) versus 12.6 among native Belgian men
(95% CI: 12.0-13.2). Finally, also lung cancer incidence
rates with unknown or other histology were lower among
Moroccan men as compared to Native Belgian men.

The only exception to this advantageous incidence pat-
tern among Moroccan men was ADC for which there was

no difference with native Belgian men. Inversely, among
men from Italian descent, ADC incidence was significantly
higher compared with native Belgians with 112.8 Italian
men newly diagnosed per 100,000 person-years (95% CI:
101.4-124.1) compared with 91.2 among Belgian men
without a migration background (95% CI: 89.5-92.9).
Table 3 describes the mean age at diagnosis and the
TNM stage of the newly diagnosed lung cancer cases.
Turkish and Moroccan men in the studied age group
were on average a bit younger at lung cancer diagnosis.
Stage at diagnosis for overall lung cancer incidence was
generally most favourable among Turkish migrant men,
whereas the percentage of missing TNM information
was highest among Italian migrants. Moreover, the re-
sults showed that SCC (for all origin groups) and ADC
(in particular for Turkish and Moroccan men) were
most often diagnosed at earlier stages. In addition, we
observed fluctuations in stage at diagnosis across mi-
grant group as well. For instance, Turkish men were
more often diagnosed in advanced stages for SCC com-
pared with the other men, whereas this was the case for
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Table 3 Description of lung cancer cases among the study
population aged 50 to 74 years, by histological subtype and
country of origin, Belgium, 2004-2013

Belgian Italian Turkish Moroccan
Overall lung cancer
Mean age at diagnosis 67.35 67.62 65.71 65.40
Combined TNM stage (%)
I 21.53 2263 26.50 19.94
-1V 57.35 4824 54.00 5833
Missing 21.12 29.14 19.50 21.73
Small-cell lung carcinoma
Mean age at diagnosis 64.84 64.35 65.51 6392
Combined TNM stage (%)
-l 471 543 541 4.08
-1V 61.58 4961 5135 6122
Missing 33.71 44.96 4324 3469
Squamous cell carcinoma
Mean age at diagnosis 65.81 65.83 63.94 65.83
Combined TNM stage (%)
i 3044 2838 27.94 25.00
-V 5091 4521 61.76 51.14
Missing 18.65 264 10.29 23.86
Adenocarcinoma
Mean age at diagnosis 64.33 65.13 63.54 6259
Combined TNM stage (%)
i 2217 26.79 36.76 2342
-V 61.12 50.26 4559 58.86
Missing 16.71 22.96 17.65 17.72
Large-cell undifferentiated carcinoma
Mean age at diagnosis 65.26 64.85 65.79 59.12
Combined TNM stage (%)
-l 11.85 11.54 N<10 N<15
-V 63.37 50.00 N <10 N<15
Missing 24.78 3846 N <10 N<15
Other/unknown
Mean age at diagnosis 65.72 65.24 66.21 65.81
Combined TNM stage (%)
I 23.02 12.64 3333 14.81
-V 54.52 4713 52.38 66.67
Missing 2245 4023 14.29 1852

native Belgian and Moroccan men for SCLC (the latter
not statistically significant though).

Relative lung cancer incidence inequalities by histological
subtype and migrant group in Belgium

The results from the relative incidence inequalities models
were somewhat different by histological subtype, therefore
we will discuss the results by origin group (Table 4). For all
histological subtypes, six statistical models were performed:
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from only age-adjusted (model 1) to fully adjusted for age,
sociodemographic and socioeconomic variables (model 6).

For overall lung cancer, men from Moroccan descent con-
sistently had a lower incidence risk compared with native
Belgians, no matter which indicators were controlled for.
Yet, the advantage was largest when adjusting for the indica-
tors of SEP, in particular for educational attainment. For ex-
ample, in the fully-adjusted model, their overall lung cancer
rate was 37% lower compared with native Belgians (IRR:
0.63; 95% CI: 0.56—0.70). This persisting incidence advantage
was also observed for SCLC, SCC and lung cancers with un-
known/other histology whereas for both ADC and LCLC
this advantage was less clear, only in one of the six models.

Migrant men from Turkish descent had 18% lower
overall lung cancer incidence (IRR: 0.82; 95% CI: 0.71—
0.95) compared with native Belgian men, but only when
adjusting for educational attainment (models 3 and 6).
Histology-specific, their incidence risk was not statisti-
cally different from that of native Belgian men, with only
one exception: after taking into account all of the con-
founders (model 6), they had a 24% lower risk to be di-
agnosed with ADC (IRR: 0.76; 95% CI: 0.60-0.96)
compared with native Belgians.

For men with an Italian background, the pattern was
very histology-specific. Their overall lung cancer inci-
dence risk was higher compared with native Belgian
men. Yet, when accounting for educational attainment
(model 3 and 6), this pattern reversed showing in the
final model a lung cancer incidence rate that was 15%
lower compared to native Belgians (IRR: 0.85; 95% CI:
0.80-0.91). This change of direction after adding education
to the model also appeared for SCC incidence. Educational
attainment also seemed to play an important role in SCLC
and lung cancer incidence with unknown/other histology.
Italian men showed similar SCLC incidence risks as native
Belgians, but by adding education and region of residence,
this association had turned into an advantage with in the
final model an IRR of 0.70 (95% CI: 0.58—0.83) compared to
native Belgian men. On the other hand, Italians showed ele-
vated ADC incidence rates compared with native Belgians in
models 1 to 5. Only in the full-adjusted model, this associ-
ation was no longer significant. Finally, the incidence pattern
of LCLC was lower among Italian migrants compared to na-
tive Belgians, yet this advantage was explained by adding re-
gion of residence to the models (5 and 6).

For all four histological subtypes, all confounders
showed similar associations, with higher relative inci-
dence with increasing age, not being married, and
among the deprived categories (i.e. lower education and
tenants). Generally living in Wallonia was associated
with a higher incidence risk compared with living in
Flanders, except for LCLC for which the association was
reversed. The incidence risk of living in Brussels as com-
pared to living in Flanders varied by histological subtype.
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Table 4 Incidence rate ratios (with 95% confidence interval) by histological subtype and country of origin, adjusted for age and

sociodemographic and socioeconomic indicators - Belgian male residents aged 50-74 years, 2004-2013

Overall lung cancer
Migrant origin
Belgian
[talian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment
Primary or less
Lower secondary
Upper secondary
Tertiary
Missing
Home ownership
Tenant
Owner
Missing
Region of residence
Flanders
Brussels-Capital Region
Wallonia
Small-cell lung carcinoma
Migrant origin
Belgian
Italian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment
Primary or less
Lower secondary
Upper secondary
Tertiary
Missing
Home ownership
Tenant
Owner

Missing

Model 1

(ref)

1.08 (1.01-1.15)
1.05 (0.91-1.21)
081 (0.72-0.90)
1.07 (1.07-1.07)

Model 1

(ref.)

092 (0.78-1.10)
1.20 (0.87-1.66)
0.73 (0.55-0.97)
1.07 (1.06-1.07)

Model 2

(ref)

1.09 (1.02-1.16)
1.10 (0.96-1.26)
0.84 (0.75-0.93)
1.07 (1.07-1.07)

1.11 (1.06-1.15)
143 (1.39-148)
121 (1.14-1.28)
(ref)

Model 2

(ref)

093 (0.78-1.11)
1.25 (091-1.73)
0.75 (0.57-1.00)
1.07 (1.07-1.07)

1.08 (0.97-1.20)
140 (1.28-1.52)
1.15 (0.99-1.34)
(ref)

Model 3

(ref)

0.90 (0.84-0.96)
0.82 (0.71-0.94)
0.63 (0.57-0.71)
1.06 (1.06-1.06)

244 (234-253)
1.93 (1.85-2.00)
1.52 (145-1.58)
(ref)

2.52 (241-263)

Model 3

(ref)

0.75 (0.63-0.90)
091 (0.65-1.25)
0.56 (0.42-0.74)
1.06 (1.05-1.06)

3.03 (2.73-3.37)
2.32 (209-2.57)
1.75 (1.57-1.96)
(ref)

3.08 (2.75-3.45)

Model 4

(ref)

1.07 (1.00-1.14)
097 (0.84-1.11)
0.70 (0.63-0.78)
1.07 (1.07-1.07)

1.72 (1.67-1.76)
(ref)
1.56 (1.48-1.64)

Model 4

(ref)

0.92 (0.77-1.09)
1.12 (0.81-1.55)

0.64 (0.48-0.85)
1.07 (1.07-1.07)

1.68 (1.57-1.80)
(ref)
1.39 (1.22-1.59)

Model 5

(ref.)

0.99 (0.92-1.05)
1.05 (0.91-1.21)
081 (0.73-0.91)
1.07 (1.07-1.07)

(ref)

1.03 (0.98-1.08)
1.20 (1.17-1.23)
Model 5

(ref)

0.84 (0.70-1.00)
1.21 (0.88-1.68)
0.75 (0.56-1.00)
1.07 (1.07-1.07)

Model 6

(ref)

0.85 (0.80-0.91)
0.82 (0.71-0.95)
0.63 (0.56-0.70)
1.07 (1.06-1.07)

0.95 (0.91-0.99)
1.19 (1.15-1.23)
1.09 (1.03-1.16)
(ref)

232 (2.22-241)
1.86 (1.79-1.93)
149 (1.43-1.56)
(ref)

226 (2.16-2.36)

1.54 (1.50-1.59)
(ref)
1.30 (1.23-1.37)

(ref)

0.98 (0.93-1.03)
1.19 (1.17-1.22)
Model 6

(ref)

0.70 (0.58-0.83)
091 (0.66-1.26)
0.55 (041-0.74)
1.06 (1.06-1.06)

0.93 (0.83-1.03)
1.17 (1.07-1.28)
1.03 (0.89-1.20)
(ref)

292 (262-3.24)
2.24 (2.02-2.49)
1.73 (1.55-1.94)
(ref)

284 (253-3.19)

149 (1.39-1.60)
(ref)
1.13 (0.98-1.29)
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Table 4 Incidence rate ratios (with 95% confidence interval) by histological subtype and country of origin, adjusted for age and
sociodemographic and socioeconomic indicators - Belgian male residents aged 50-74 years, 2004-2013 (Continued)

Region of residence
Flanders
Brussels-Capital Region

Wallonia

Squamous cell carcinoma

Migrant origin
Belgian
Italian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment
Primary or less
Lower secondary
Upper secondary
Tertiary
Missing
Home ownership
Tenant
Owner
Missing
Region of residence
Flanders
Brussels-Capital Region
Wallonia
Adenocarcinoma
Migrant origin
Belgian
talian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment
Primary or less
Lower secondary
Upper secondary
Tertiary

Missing

Model 1

(ref)

1.12 (1.00-1.25)
1.17 (0.92-1.49)
0.68 (0.55-0.84)
1.09 (1.09-1.09)

Model 1

(ref.)

1.25 (1.13-1.38)
0.96 (0.76-1.22)
1.04 (0.89-1.21)
1.05 (1.05-1.06)

Model 2

(ref)

1.13 (1.01-1.27)
1.24 (0.97-1.57)
0.72 (0.58-0.88)
1.09 (1.09-1.09)

1.25 (1.16-1.34)
144 (1.36-1.53)
1.26 (1.14-1.39)
(ref)

Model 2

(ref)

1.26 (1.14-139)
0.99 (0.78-1.26)
1.06 (0.91-1.24)
1.05 (1.05-1.06)

0.98 (0.91-1.05)
1.36 (1.28-1.44)
1.16 (1.05-1.29)
(ref)

Model 3

(ref)

0.90 (0.80-1.00)
0.86 (0.68-1.09)
0.51 (041-0.63)
1.08 (1.07-1.08)

321 (2.97-3.46)
237 (2.20-2.56)
1.74 (1.60-1.89)
(ref)

3.34 (3.08-3.63)

Model 3

(ref)

1.11 (1.00-1.23)
081 (0.64-1.03)
0.88 (0.75-1.03)
1.05 (1.04-1.06)

1.79 (1.68-1.90)
1.57 (1.48-1.66)
135 (1.27-1.44)
(ref)

1.88 (1.75-2.01)

Model 4

(ref)

1.11 (0.99-1.24)
1.06 (0.83-1.35)
0.59 (0.47-0.72)
1.09 (1.09-1.09)

1.78 (1.70-1.86)
(ref)
1.71 (1.57-1.87)

Model 4

(ref.)

1.24 (1.12-1.38)
0.90 (0.71-1.14)
091 (0.78-1.07)
1.05 (1.05-1.06)

(ref.)

1.00 (0.88-1.13)
123 (1.16-1.31)
Model 5

(ref)

1.02 (091-1.14)
1.21 (0.95-1.53)
0.73 (0.59-0.91)
1.09 (1.09-1.09)

(ref)

0.89 (0.81-0.98)
122 (1.17-1.28)
Model 5

(ref.)

1.12 (1.01-1.24)
091 (0.72-1.15)
0.93 (0.79-1.09)
1.05 (1.05-1.06)

(ref)

0.98 (0.87-1.12)
123 (1.16-1.31)
Model 6

(ref)

0.85 (0.75-0.95)
0.89 (0.70-1.14)
0.54 (043-0.67)
1.08 (1.08-1.08)

1.05 (0.97-1.13)
1.18 (1.11-1.26)
1.12 (1.02-1.24)
(ref)

3.02 (2.80-3.26)
228 (2.11-246)
1.71 (1.57-1.86)
(ref)

294 (2.70-3.19)

1.58 (1.50-1.66)
(ref)
1.38 (1.26-1.50)

(ref)

0.86 (0.78-0.94)
122 (1.17-1.28)
Model 6

(ref)

1.01 (091-1.12)
0.76 (0.60-0.96)
0.76 (0.64-0.89)
1.05 (1.05-1.05)

0.85 (0.79-0.91)
1.13 (1.07-1.20)
1.06 (0.96-1.18)
(ref)

1.73 (1.62-1.84)
1.53 (144-1.62)
1.34 (1.26-143)
(ref)

1.72 (1.60-1.85)
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Table 4 Incidence rate ratios (with 95% confidence interval) by histological subtype and country of origin, adjusted for age and
sociodemographic and socioeconomic indicators - Belgian male residents aged 50-74 years, 2004-2013 (Continued)

Home ownership
Tenant
Owner
Missing

Region of residence
Flanders
Brussels-Capital Region

Wallonia

Large-cell undifferentiated carcinoma

Migrant origin
Belgian
Italian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment
Primary or less
Lower secondary
Upper secondary
Tertiary
Missing
Home ownership
Tenant
Owner
Missing
Region of residence
Flanders
Brussels-Capital Region
Wallonia
Other/unknown
Migrant origin
Belgian
[talian
Turkish
Moroccan
Age
Civil status
Single
Divorced
Widow
Married
Educational attainment

Primary or less

Model 1

(ref.)

0.60 (0.41-0.89)
0.65 (0.29-1.46)
069 (041-1.16)
1.09 (1.08-1.10)

Model 1

(ref)

0.85 (0.69-1.06)
0.96 (0.63-1.48)
0.56 (0.38-0.81)
1.09 (1.08-1.09)

Model 2

(ref)

0.61 (0.42-0.90)
068 (0.31-1.53)
0.71 (042-1.21)
1.09 (1.08-1.10)

1.11 (0.92-1.35)
144 (1.23-1.68)
1.37 (1.08-1.75)
(ref)

Model 2

(ref)

0.87 (0.70-1.08)
1.03 (0.67-1.59)
0.59 (0.40-0.86)
1.09 (1.09-1.09)

1.20 (1.06-1.35)
1.72 (1.57-1.89)
1.21 (1.03-143)
(ref)

Model 3

(ref)

057 (0.35-0.75)
0.52 (0.23-1.15)
0.56 (0.33-0.96)
1.08 (1.07-1.09)

254 (2.12-3.03)
1.90 (1.59-2.27)
142 (1.17-1.73)
(ref)

230 (1.88-2.81)

Model 3

(ref)

0.70 (0.57-0.87)
0.73 (047-1.12)
042 (0.29-0.62)
1.08 (1.07-1.08)

250 (2.23-2.82)

1.69 (1.62-1.76)
(ref)
141 (1.29-1.53)

Model 4

(ref.)

0.60 (0.41-0.89)
0.60 (0.27-1.35)
061 (0.36-1.03)
1.09 (1.08-1.10)

1.62 (1.43-1.82)
(ref)
144 (1.14-1.82)

Model 4

(ref)

0.85 (0.68-1.05)
0.87 (0.56-1.33)
048 (0.33-0.70)
1.09 (1.08-1.09)

(ref)

1.33 (1.23-143)
1.23 (1.18-1.28)
Model 5

(ref)

0.84 (0.56-1.24)
0.74 (0.33-1.65)
0.90 (0.53-1.54)
1.09 (1.08-1.10)

(ref)

046 (0.35-0.62)
0.57 (0.50-0.65)
Model 5

(ref)

0.75 (0.60-0.93)
1.01 (0.66-1.56)
0.63 (043-0.93)
1.09 (1.08-1.09)

1.55 (1.48-1.62)
(ref)
124 (1.13-1.36)

(ref)

1.25 (1.16-1.35)
1.22 (1.17-1.27)
Model 6

(ref)

0.73 (0.49-1.08)
0.60 (0.27-1.33)
0.72 (0.42-1.24)
1.08 (1.07-1.09)

1.00 (0.82-1.21)
1.31 (1.11-153)
1.28 (1.01-1.63)
(ref)

2.24 (1.87-2.68)
1.78 (149-2.13)
1.33 (1.10-1.63)
(ref)

2.08 (1.70-2.56)

151 (1.33-1.71)
(ref)
1.30 (1.02-1.65)

(ref)

044 (0.33-0.59)
0.57 (0.50-0.65)
Model 6

(ref)

0.65 (0.53-0.81)
0.80 (0.52-1.23)
049 (0.34-0.73)
1.08 (1.08-1.09)

1.02 (0.90-1.15)
142 (1.29-1.57)
1.09 (0.92-1.29)
(ref)

2.36 (2.10-2.65)
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Table 4 Incidence rate ratios (with 95% confidence interval) by histological subtype and country of origin, adjusted for age and
sociodemographic and socioeconomic indicators - Belgian male residents aged 50-74 years, 2004-2013 (Continued)

Lower secondary
Upper secondary
Tertiary
Missing

Home ownership
Tenant
Owner
Missing

Region of residence
Flanders
Brussels-Capital Region

Wallonia

1.92 (1.71-2.16) 1.84 (1.63-2.06)
142 (1.26-1.62) 140 (1.23-1.59)
(ref) (ref.)

265 (234-3.01) 2.26 (1.98-2.58)

1.75 (1.62-1.89)
(ref.) (ref)
1.89 (1.65-2.16) 154 (133-1.77)

1.54 (1.42-1.66)

(ref.) (ref)
0.80 (0.68-0.95) 0.75 (0.63-0.88)
1.33 (1.24-142) 1.31 (1.22-141)

Model 1 is adjusted for age at start of follow-up; Model 2 is adjusted for age at start of follow-up and civil status; Model 3 is adjusted for age at start of follow-up
and educational attainment; Model 4 is adjusted for age at start of follow-up and home ownership; Model 5 is adjusted for age at start of follow-up and region of
residence; Model 6 is adjusted for all variables of interest. Number of observations = 1,876,628

Discussion and conclusion

Methodological reflections

This study was the first one in Belgium and Europe to
precisely assess lung cancer incidence rates by histo-
logical subtype and migrant group (country of birth), as
well as the extent by which these differences were asso-
ciated with sociodemographic and socioeconomic char-
acteristics. Belgium represents a unique setting for such
a study given the large share of migrants and the avail-
ability of a nationwide cancer registry.

We used individually-linked nationwide data combining
administrative information on sociodemographics, socioeco-
nomics, mortality and emigration with clinical and patho-
logical information on cancer occurrence during a 10-year
follow-up period. Previous research proved it to be import-
ant to examine histological subtypes separately as their asso-
ciation with risk factors (e.g. smoking) is different [38], which
was also observed in our results. In addition, migrants are a
very heterogeneous group in terms of exposures, language,
cultural and religious background, social situation, health be-
haviour and health literacy [47], which are all related to
health outcomes and make it therefore essential to study mi-
grant differentials by country of origin [48]. For this study,
we conducted a retrospective register-based cohort study,
based on the legal population of Belgian men, and FG mi-
grant men from Italian, Turkish and Moroccan descent res-
iding in Belgium for more than 10 years, between the ages of
50-74 years at the start of the follow-up. We followed this
cohort 10 years over time until they got diagnosed with lung
cancer; disappeared from the cohort because of reaching the
age of 75years, death or emigration; or until the end of
follow-up. Such a cohort study design has been shown to be
apt to study differences in incidence [49]. The downside of
this design is that we made use of a semi-closed cohort, in
which no new entries were allowed. Another challenge

associated with this study design is selection bias in the com-
position of the cohort, as well as in the population that is lost
to follow-up [49]. We did not consider the first one to be an
issue since we disposed of population-wide data. Bias in lost
to follow-up would be problematic if migrants who would
feel ill -but who would not be diagnosed yet- would return
to their home country. Yet, previous research has shown that
the salmon-bias hypothesis -migrants leaving the host coun-
try due to illness or imminent mortality- was not observed
in Belgium, definitely not among migrants being longer than
10 years in Belgium [12].

In addition to documenting cancer incidence patterns
by country of origin, we also assessed the role of differ-
ent indicators of the social situation into this. As mi-
grants often are situated in the more disadvantaged
strata, it is important to study whether SEP can explain
the observed differences, and more specifically which in-
dicators of SEP, as they represent different forms of dis-
advantages during different life stages [9]. It is essential
to study the contributions of both migration, SEP and
sociodemographic variables as they are all associated
with disease [43, 50]. Also, to provide clues on policy
priorities it is essential to disentangle these factors.

Another merit of this linked dataset was the 10-year
observation period for lung cancer incidence, based on
cancer registration information covering more than 95%
of the Belgian population, together with detailed tumour
information [51]. This allowed us to look into stage at
diagnosis, which is an important marker of survival [42].
Yet, about one in five of the overall cancers had missing
information on this variable, with variation by histo-
logical subtype and migrant origin. Stage at diagnosis
was in particular likely to be missing for new diagnosed
SCLC as well as for Italian migrant men. This may sug-
gest differences in the process of diagnosing between the
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different origin groups [42] and perhaps also histological
subtypes, a topic that definitely needs further
consideration.

The linked database however did not contain informa-
tion on individual-level smoking characteristics such as
smoking history, intensity of smoking, second-hand
smoke, smoking behaviour of partner, type of tobacco
product, all key indicators in lung cancer onset [36].
Additionally, no data were available on other possible
carcinogens such as air pollution, radon exposure, envir-
onmental exposures, occupational exposure to certain
chemicals or history of lung disease and genetic factors.
Including such variables would be helpful to enhance
the knowledge on the reasons behind the differences in
histology-specific lung cancer incidence rates. Because of
this lack of individual-level risk factors, we need to be
prudent in the interpretation of the mainly descriptive
results. Additionally, in this paper we took the native
Belgians as a reference to compare the incidence pat-
terns of migrants with. However, comparing with inci-
dence patterns in the home countries could be
informative as well but was not possible due to the lack
of nationwide cancer registries in the home countries
where cancer registries operate more as regional initia-
tives [52, 53]. Though, taking a glimpse at the most
recent overall lung cancer incidence figures on
the Globocan website for Belgian, Italian and
Turkish men aged 50-74years suggested lower
lung cancer incidence among Italian men com-
pared with Belgian men, but higher incidence
among Turkish men [54]. In contrast, among the
migrant population in Belgium, we did not ob-
serve these differences in overall lung cancer inci-
dence. Yet, we need to be cautious with
comparing to these data as the Globocan data did
not report for the same follow-up period, but
only for 4 years; as both studies used a different
standard population: the Globocan wused the
World Standard Population whereas we used the
total Belgian population at the start of the follow-
up period; as there were no data available for
Morocco; and as the data for Italy came from 33
different regional registries and for Turkey from
four regional registries. Next, we should be aware
of the fact that taking the opportunity to analyse
lung cancer incidence patterns in detail by break-
ing down the histological subtype and migrant
origin caused low numbers in some groups. Cau-
tion in the interpretation of some of these figures
is thus definitely needed. Finally, another caveat
of this study was the fact that undocumented mi-
grants were not included in this study since we
made use of linked administrative data on official
residents of Belgium.
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Reflections on the main findings of the study

We recall the three research questions when discuss-
ing the main findings of this study. The first issue we
wanted to find out was whether overall and histology-
specific lung cancer rates differed between migrant
and native Belgian men. The answer was yes, we
clearly observed some differences in incidence rates
by country of origin. Moroccan men seemed to be
the most advantaged group in terms of lung cancer
incidence. Both in absolute and relative terms, Mo-
roccan men had consistently lower overall and
histology-specific incidence rates as compared with
native Belgian men, albeit less clear for ADC and
LCLC. The fact that the advantage was very out-
spoken for SCLC and SCC but less for ADC, points
to the fact that the observed differences may be re-
lated to smoking, as the first types are strongly re-
lated to tobacco smoking and ADC only to a lesser
extent [32-34, 36, 40]. This suggests that Moroccan
men probably consume less often tobacco or in lower
amounts [20, 27]. In addition, their religious beliefs
which involve alcohol abstinence may be a protective
factor that offsets the negative consequences of smok-
ing [2]. Yet even if it is very likely that they share the
same religious practices, Turkish men did not differ
significantly with Belgian men for SCLC and SCC in-
cidence, and only in the fully adjusted model they
had lower ADC incidence. This observation was also
reflected in Belgian mortality figures [20]. Also when
comparing World Health Organization data on the
prevalence of current tobacco smoking in adults in
Belgium and Turkey, the percentages were quite simi-
lar with 27.6% smokers in Turkey and 28.3% in
Belgium in 2016 [55]. Similarly, in France and
Germany, a convergence of lung cancer incidence
rates of Turkish migrants to that of the natives was
observed, probably due to the adaptation of a more
western lifestyle when it comes to levels of tobacco
consumption [1, 15, 29]. On the contrary, Italian men
had no advantageous lung cancer incidence pattern.
They showed higher ADC incidence compared with
Belgian men, both in absolute and relative terms, as
well as a higher overall lung cancer incidence in rela-
tive terms. As mentioned before, ADC is the lung
cancer subtype which is the least strong associated
with smoking, and for which the full aetiology is not
yet known [32]. A possible explanation for the ele-
vated ADC incidence pattern among Italian men may
be their labour history and more specifically the ex-
posure to carcinogenic radon while working in the
mines [36]. The observation that Italian migrants did
have similar smoking-related incidence rates than Bel-
gian men contrasts the existing smoking patterns in
Italy, which are lower (23.8) than in Belgium [55].
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This may suggest that Italian men may have adapted
their smoking habits to the Belgian lifestyle.

Secondly, we wanted to examine whether there were
differences in tumour characteristics between the different
migrant groups and native Belgian men, taking the histo-
logical subtype into account. A first observation in this re-
gard was that within our study population of Belgian male
residents, ADC was the most common histological type of
lung cancer, followed by SCC and SCLC. This finding may
be related to the chemical composition of cigarettes [33, 39,
40, 56]. More specifically, filter cigarettes may be associated
with deeper inhalations of smoke to satisfy the need for nico-
tine, which affects the more peripheral regions in the lung
where ADC develop [36, 39, 40, 56]. The incidence of ADC
may also be related to non-tobacco carcinogens such as en-
vironmental pollution that are inhaled more deeply and
therefore also reach the peripheral regions of the lung [40].
Additionally, in line with previous findings [25], this study
showed that SCLC was more often diagnosed in later stages
than the other histological subtypes, which may have impli-
cations for the disease prognosis [42], which is already worst
in terms of survival for SCLC [57]. In some cases, migrants
were diagnosed at later stages as well, e.g. Turkish men with
SCC, whereas in other cases native Belgians were diagnosed
later, e.g. for SCLC. Nonetheless, differences in delayed diag-
nosis, but also differences in missing stage at diagnosis, or
even differences in smoking prevalence, may reflect differ-
ences in health care access and utilization [42].

The third objective of this study was to assess whether
accounting for sociodemographic and socioeconomic vari-
ables altered the association between country of birth
and histology-specific lung cancer incidence. Adding
these variables to the relative models did alter the associ-
ation. In particular educational attainment proved to be
an important indicator related to lung cancer incidence
differences. The strong association between education
and lung cancer, has also been shown for lung cancer
mortality [58]. This association reflects differences in re-
sources that can be used to maximize one’s health [59]
such as health literacy; being receptive to prevention
messages; being able to change health behaviour; and
making proper use of the health system [60, 61]. A strik-
ing example to illustrate this was SCC incidence among
Italian men. In the models adjusted for age and civil sta-
tus only, Italian men had an elevated risk for SCC inci-
dence compared with native Belgian men, however
adjusting for educational attainment reversed the associ-
ation to their advantage. As SCC incidence is related to
smoking behaviour, the association with education can
be explained by the smoking epidemic [62]. Belgium has
gone through all four phases of the smoking epidemic,
which means that knowledge about the negative impact
of smoking on health is widespread and that smoking is
more common among the lower socioeconomic strata
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[58, 62]. These results proved the importance of adding
other variables of interest into the models, in particular
indicators of SEP, that clearly played a role in the ob-
served lung cancer incidence differences between mi-
grants and the Belgian host population. However, even
after accounting for the social situation, differences in lung
cancer incidence by origin group remained, which sug-
gests there must be other factors at play as well.

Implications and conclusion

We deemed this study to be an interesting step in
unravelling the puzzle of lung cancer incidence dif-
ferences by migrant group and SEP. Bearing in
mind the delayed diagnosis among certain groups,
we need to ensure that access to health care is
spread equally across cultural boundaries. Consider-
ing the increasing ages of the labour migrant popu-
lation in Belgium, urgent actions are needed in this
regard as well as the continuously monitoring of
their health status and health needs. In addition, it
is important to investigate risk factor patterns (i.e.
smoking patterns) among migrant groups in
Belgium [3] to see which groups need to be tackled
in terms of primary prevention. To date, no such
figures are available for Belgium, yet, a study in
France showed converging rates of smoking pat-
terns among migrants after arrival in the host coun-
try [63].The striking results for elevated ADC
incidence among Italian migrants need to be further
examined in order to identify associated risk fac-
tors. The full aetiology for adenocarcinoma is still
unknown [32], yet the higher incidence among Ital-
ian men could point to differences in occupational
exposures, e.g. to carcinogenic radon while working
in the mines [36]. Future research is also needed to
continue on this path of trying to identify the miss-
ing pieces. It would be worthwhile to look into
histology-specific lung cancer incidence patterns
among various migrant and/or social groups while
controlling for other relevant factors that may im-
pact the incidence patterns. Suggested factors that
may play a role are for instance air pollution [36,
40], occupation [37, 64] or diet and body mass
index [36, 56, 65-67]. Moreover, future studies
should repeat this exercise by comparing migrant
women’s histology-specific lung cancer incidence
patterns with those of native Belgian women. As
most migrant women did not work in similar indus-
tries as migrant men did, such studies might en-
hance the knowledge on the aetiology of ADC and
other histologies. Besides, such studies are needed
as we cannot ignore the fact that overall and
histology-specific lung cancer incidence (except for
LCLC [25]) is increasing among women [32].
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Appendix
Table 5 ICD-O-3 codes defining the histological subtypes
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Histological subtype ICD-0-3 code

8041-8045,8246
8050-8078, 8083-8084

Small-cell lung carcinoma
Squamous cell carcinoma
Adenocarcinoma

Large-cell undifferentiated
carcinoma

8010-8012, 8014-8031, 8035, 8310

Other (other and
unspecified)
8577-9999, 8000-8005

8140, 8211, 82308231, 8250-8260, 8323, 8480-8490, 8550-8551, 8570-8574, 8576

8013,8032-8034,8036-8040,8046-8049,8079-8082,8085-8139,8141-8210,8212-8229,8232-8245,8247-8249,8261-8309,8311-
8322,8324-8479,8491-8549,8552-8569,8575
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