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Abstract

Background: Breast cancer incidence differs between non-immigrants and immigrants from low- and middle-
income countries. This study investigates whether immigrants also have different subtype-specific incidences.

Methods: We used national health registries in Norway and calculated subtype-specific incidence rate ratios (IRRs)
for invasive breast cancer among women aged 20-75 and 20-49 years between 2005 and 2015. Immigrant groups
were classified by country of birth broadly defined based on WHO regional groupings. Subtype was defined using
estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor 2 (HER2) status as luminal
A-like (ER4 PR+ HER2-), luminal B-like/HER2- (ER+ PR- HER2-), luminal B-like/HER2+- (ER+ PR any HER2+-), HER2+ (ER-
PR-HER2+) and triple-negative breast cancer (TNBC) (ER-PR-HER2-).

Results: Compared to non-immigrants, incidence of the luminal A-like subtype was lower in immigrants from
Sub-Saharan Africa (IRR 0.43 95% Cl 0.28-0.66), South East Asia (IRR 0.63 95% Cl 0.51-0.79), South Asia (IRR 0.67

95% C10.52-0.86) and Eastern Europe (IRR 0.86 95% CI 0.76-0.99). Immigrants from South Asia had higher rates of
HER2 +tumors (IRR 2.02 95% Cl 1.26-3.23). The rates of TNBC tended to be similar regardless of region of birth, except
that women from South East Asia had an IRR of 0.54 (95% Cl 0.32-0.91).

Conclusions: Women from Eastern Europe, Sub-Saharan Africa and Asia had different subtype-specific incidences
compared to women from high-income countries (including non-immigrants). These differences in tumor characteris-
tics between immigrant groups should be taken into consideration when planning preventive or screening strategies.
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Background

Breast cancer incidence varies across the world with age-
standardized incidence rates (ASRs) above 73 cases per
100,000 person-years in Western Europe, the United
States (U.S.), Canada, Australia and New Zealand and
below 34 cases per 100,000 person-years in most of
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Sub-Saharan Africa, South Asia and South-East Asia
[1]. Breast cancer can be subdivided into many different
subtypes. Historically, these were defined using results
on hormone receptor status (estrogen receptor [ER] and
progesterone receptor [PR]) from immunohistochemi-
cal (IHC) analyses, and subsequently human epidermal
growth factor 2 (HER2) status was added. Although these
subtypes do not completely overlap the subtypes based
on molecular expression studies [2], clinical practice still
depends largely on these biomarkers. The different breast
cancer subtypes represent distinct biological and clini-
cal behaviors; some have more aggressive behavior and
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worse prognosis, and they respond differently to treat-
ment options [3].

Studies from Africa indicate that African women have a
high proportion of high grade tumors with an aggressive
subtype, e.g., triple-negative breast cancer (TNBC) [4, 5].
These tumors develop at a young age with an advanced
stage distribution [5].

Many studies from the U.S. have demonstrated dif-
ferences in incidence and survival across racial/ethnic
groups (African-American, Hispanic and South-Asian
women compared to non-Hispanic White women) [3,
6—-11]. These racial/ethnic groups are not directly com-
parable to the immigrant groups most commonly seen
in Europe. However, an interesting question is whether
there are similar differences in incidence and survival
between European immigrant groups. We have previ-
ously reported that the incidence of stage-specific breast
cancer was lower in immigrants than in non-immigrants
in Norway [12]. Another Norwegian study found that
immigrant women from low- and middle-income coun-
tries may have more advanced stage of breast cancer
than non-immigrant women [13]. There are not many
studies investigating subtype distribution among immi-
grant women with breast cancer in Western Europe. One
smaller study found that Arab immigrants in Europe tend
to develop cancer at a younger age with more luminal
B-like and less luminal A-like subtypes than European
women [14].

Socioeconomic status (SES) contributes to the racial/
ethnic disparities in breast cancer incidence and survival
in the US. [15, 16]. Such differences across SES could
be due to health care access and could also be present
across immigrant groups in Europe. On the other hand,
there may be less of a difference when access to health
care is universal, or where there are organized screening
programs.

We previously reported that breast cancer incidence in
Norway is higher in non-immigrant women and immi-
grant women from Western Europe and North America,
and lower in women from Asia and Sub-Saharan Africa
[17]. This study investigates breast cancer subtypes
among immigrant groups using national health data in
Norway from 2005 to 2015.

Methods

Cohort data

We used national Norwegian population registries to
define a cohort of women which was linked with the
Cancer Registry of Norway. Eligible women were regis-
tered as residents of Norway for twelve or more months
during the period 2005-2015 (n=3,329,630). We linked
registries using the personal identification number (PIN)
assigned to Norwegian-born at birth and to immigrants
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within six months after immigration. Information on
vital status, including date of death and date of emigra-
tion, country of birth, date of immigration, and SES, such
as education, household income and number of people in
the household, was obtained from the Norwegian Popu-
lation Registry at Statistics Norway.

Definition of immigrant groups

Immigrants were defined as individuals born outside of
Norway with two foreign-born parents and a registered
date of immigration (first generation immigrants), and
non-immigrants were defined as individuals born in Nor-
way or abroad with one or two Norwegian-born parents.
Included in the non-immigrant population were individ-
uals born in Norway of immigrant parents (second gen-
eration immigrants) (0.8% of the study population). The
immigrants were classified according to their country of
birth, which were collapsed into regions broadly defined
consistent with the WHO regional groupings (Non-
immigrants; Immigrants from high-income countries
including Western Europe, U.S.A., Canada, Australia, and
New Zealand; Eastern Europe including Eastern Europe,
Baltics and Balkan countries; Middle East including the
Middle East and North Africa; Sub-Saharan Africa; South
Asia; South-East Asia, Additional file 1: Table S1).

Ascertainment of breast cancer diagnoses

We identified breast cancer cases in the cohort dur-
ing follow-up (January 1 2005 to December 31 2015) by
linking the cohort to the Cancer Registry of Norway. A
primary first invasive breast cancer was classified accord-
ing to the 10th revision of the International Classification
of Diseases (ICD-10), code C50. The Cancer Registry of
Norway has since 1952 systematically collected notifica-
tions on cancer occurrence for the Norwegian popula-
tion, reporting has been mandatory by law since the start,
and the registry is considered to be close to complete
[18].

From the 3,329,630 eligible women, we excluded 9741
women who had a previous diagnosis of breast cancer
and 43,457 women from countries outside the included
birth regions (South America and Eastern Asia due to
few cases of breast cancer [n=181]). There were very
few immigrants over 75 years in Norway and no subtype
information available in this age group because of inter-
nal coding priorities at the Cancer Registry of Norway.
Also, breast cancer is not common in individuals below
the age of 20 years. Hence, we excluded women outside
the age span 20-75 years leaving 1,921,487 women aged
20-75 years for the analysis. Since we did not have infor-
mation on mode of detection in the current dataset, we
also created a non-screened population by restricting to
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women aged 20-49 years who are not yet in screening
age (1,349,942 women).

Ascertainment of breast cancer subtypes

Since 2005, the Cancer Registry of Norway collects
information on hormone receptor status (ER, PR) and
HER?2 based on IHC results from pathology reports for
women with breast cancer. From 2005 to January 2012,
tumors were classified as ER- if there was<10% reactiv-
ity. From February 2012, the threshold for ER- tumors
was changed to<1% reactivity as a result of change in
the treatment protocols for patients attending clinics in
Norway. PR- tumors were defined as those with reactivity
of <10%, and PR+ tumors as those with reactivity >10%
throughout the study period. HER2 expression status was
routinely assessed with IHC and in general with in situ
hybridization if the IHC results were borderline. Breast
cancer subtypes were defined by IHC surrogates for
molecular subtype according to the St Gallen 2013 crite-
ria without using Ki67: luminal A-like (ER+ PR+ HER2-)
n=12,568, luminal B-like/HER2- (ER+PR- HER2-)
n=2984, luminal B-like/HER2+ (ER+PR any HER2+)
n=2205, HER2+ (ER- PR- HER2+) n=1068 and TNBC
(ER- PR- HER2-) n=2050 [19, 20]. Subtype was set to
“unknown” if any of ER, PR or HER2 were missing, or if
ER- PR+HER2 any.

Statistical methods

We used Poisson regression to estimate incidence rate
ratios of invasive breast cancer by subtype and across
regions of birth. Individuals were followed from age 20
or date of immigration, whatever occurred last, until
diagnosis of first invasive breast cancer, death, emigra-
tion, age 76 or December 31, 2015, whichever occurred
first. In the analysis of ages 20—49 the time-to-event was
censored at age 50. The outcome was time to first breast
cancer, hence in the estimated incidence of e.g., luminal
A-like breast cancer, only women with a first breast can-
cer which was luminal A-like contributed events, while
women with a first breast cancer which was another
subtype or unknown were censored at first breast can-
cer. Time-to-event of the other subtypes was defined
similarly. We estimated age-standardized incidence rates
(ASRs) of subtype-specific breast cancer across regions
of birth using the age distribution from the world stand-
ard population [21]. To compare the immigrant groups
to non-immigrants, we estimated subtype-specific inci-
dence rate ratios (IRRs) and confidence intervals (Cls)
using Poisson regression models with regions of birth as
the main covariate and with adjustment for age during
follow-up in 5-year categories (20-24 years, 25-29 years,
etc.) after time-splitting. The IRRs conveyed the relative
risk of developing a particular subtype for an immigrant
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group compared with the non-immigrant population,
and were estimated for ages 20-75 and 20-49 years
separately. In a second step, we also performed separate
age-adjusted Poisson regression models by grade for all
subtypes combined and within luminal A-like breast can-
cer (Table 3), and by ER status (Table 4).

Additional analyses

In sensitivity analyses, we adjusted the Poisson models
for the most recently recorded education level before
diagnosis, and categorized as compulsory (<10 years),
secondary (11-13 years) or tertiary (> 14 years) educa-
tion. We also adjusted for average household income in
quintiles, collected during the 5-year period prior to can-
cer diagnosis. We did not include either of these covari-
ates in the final analyses since they did not change the
results notably. To assess the impact of unknown sub-
type, we performed a sensitivity analysis restricting to
the diagnosis period 2010-2015, where proportion of
unknown subtype was low (6.8%) among both immi-
grant and non-immigrant groups. The sensitivity analysis
included all subtypes combined and the luminal A-like
subtype. Finally, we restricted the analysis to women aged
20-40 years for all subtypes combined and for the lumi-
nal A-like subtype.

All statistical analyses were carried out using Stata ver-
sion 15.1 (StataCorp. 2017. Stata Statistical Software:
Release 15. College Station, TX: StataCorp LLC). The
study was approved by the Regional Committees for
Medical and Health Research Ethics (no. 2013/2376-17).

Results

The study population included 1,611,371 non-immi-
grant women (88.7% of the person-years) and 310,116
immigrant women (11.3% of the person-years) aged
20-75 years. Table 1 shows descriptive characteristics
by immigrant subgroups. Mean age at immigration was
similar across regions of birth, while the year of immigra-
tion, education level and income differed. Age at onset
of breast cancer differed across regions of birth, likely
reflecting differences in follow-up available due to year of
immigration.

Distribution of breast cancer subtypes

The luminal A-like subtype was the most common both
in non-immigrants and immigrant groups (Fig. 1a). The
percentage of the luminal A-like subtype was especially
high in non-immigrants and women from high-income
countries, as well as women from Eastern Europe and
the Middle East. The luminal B-like HER2+ subtype was
more common in Sub-Saharan and in Asian women, and
the HER2+ subtype more common in Asian women.
The TNBC subtype was less common in non-immigrant
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Table 1 Characteristics of the study population by region of birth in women aged 20-75 years

Non-immigrants Immigrants

Non-immigrants High-income Eastern Europe Middle East Sub-Saharan Africa South Asia South East Asia

Total population

Mean age (SD) atimmigra-  N/A 262 (12.4) 30.0(13.3)
tion

Mean year (SD) of immigra- N/A 1995 (17) 2005 (10)
tion

Education (% tertiary)* 14.1 475 459
Income (% lowest quin- 14.0 317 416

tile)*

Cases only

Mean age (SD) when 62.2(14.2) 60.9 (13.6) 518(12.3)
diagnosed

Mean time (SD) from immi-  N/A 304 (14.9) 14.8(11.9)
gration to diagnosis, years

Tumor grade (% high grade 16.0 16.2 19.3

3or4)

242 (14.0) 233(124) 250(142) 274(109)
2003 (9) 2006 (8) 2000 (12) 2004 (10)
34.2 20.7 325 595
62.2 754 443 393
49.1(11.8) 448(11.2) 519(123) 481(10.2)
13.3(88) 14.5(124) 199 (10.7)  16.1(10.6)
216 19.1 21.1 21.1

High-income; Western Europe, USA, Canada, Australia and New Zealand, Eastern Europe; Eastern Europe, Baltics and Balkan, Middle East; Middle East and North Africa,

SD; standard deviation, diag; diagnosis
*Highest level of education or income achieved during the study period

women and women from high-income countries and
South-East Asian countries. These distributions were
similar in the subgroup of women aged 20-49 years,
although women from Asia had even more of the luminal
B-like HER2+ subtype, and Sub-Saharan women more
and Asian women less of the TNBC subtype (Fig. 1b).
The percentage of unknown subtype was lowest in South
Asian and South-East Asian women.

Age-standardized rates within subtypes

For the luminal-A like subtype, women from high-
income countries had the highest ASR and Sub-Saharan
women the lowest (Fig. 2a). Women from South Asia
had the highest ASR of the HER2+and TNBC subtypes,
while women from Sub-Saharan Africa and South-East
Asia had the lowest ASR. In ages 20-49 years, women
from Sub-Saharan Africa had the lowest ASR of lumi-
nal A-like subtype, while women from South Asia and
South-East Asia had the highest ASR of the luminal
B-like HER2 4 and HER2 + subtypes (Fig. 2b).

Age-adjusted incidence rate ratios

In models adjusted for age, women from high-income
countries (IRR 1.07 95% CI 0.99-1.16) and from the Mid-
dle-East (IRR 0.93 95% CI 0.79-1.10) had similar rates
of breast cancer compared to non-immigrants (Table 2).
Women from Eastern Europe, Sub-Saharan Africa and
Asia had significantly decreased rates of cancer com-
pared to non-immigrants. This finding was similar in
women aged 20-75 and women aged 20-49, however

not significant in the latter. For the luminal A-like sub-
type, women from Sub-Saharan Africa had a lower rate
compared to non-immigrant women, with an IRR of
0.43 (95% CI 0.28-0.66) in the age group 20-75 years
and an IRR of 0.44 (95% CI 0.25-0.78) in the age group
20-49 years. Within the luminal B-like HER2- subtype,
women from high-income countries aged 20-75 had
a higher rate (IRR 1.29 95% CI 1.06—1.57) compared to
non-immigrant women, whereas women from the other
regions had about the same rate, except women from
South Asia who had a lower rate (IRR 0.49 95% CI 0.27—
0.92). The pattern was similar among women aged 20—49,
but the differences were not statistically significant in
this group. Within the luminal B-like HER24 subtype,
immigrant women from all regions aged 20-75 years had
almost the same rates as non-immigrant women. Similar
results were found in women aged 20—49, with the excep-
tion of South Asian women who had a significantly higher
rate (IRR 1.72 95% CI 1.06—2.78). Within the HER2+ sub-
type, Eastern European women aged 20-75 years had a
significantly lower rate of the HER2+ subtype compared
to non-immigrant women of the same age (IRR 0.51
0.30-0.89). South Asian women aged 20-75 years had
a significantly higher rate (IRR 2.02 95% CI 1.26-3.23),
as did South Asian women aged 20-49 years (IRR 2.13
95% CI 1.09-4.13). Within the TNBC subtype, immi-
grant women from the different regions had almost the
same rate as non-immigrant women. The exception was
women from South-East Asia, who had half the rate com-
pared to non-immigrant women (20-75 years: IRR 0.54
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Fig. 1 a Distribution of subtypes within regions of birth in women aged 20-75 years. b Distribution of subtypes within regions of birth in women
aged 20-49 years. High-income; Western Europe, USA, Canada, Australia and New Zealand, Eastern Europe; Eastern Europe, Baltics and Balkan,
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Fig. 2 a Age-standardized (world standard) incidence rates for different subtypes by region of birth in women aged 20-75 years. b
Age-standardized (world standard) incidence rates for different subtypes by region of birth in women aged 20-49 years. ASR; age-standardized

rate, PYR; person years, High-income; Western Europe, USA, Canada, Australia and New Zealand, Eastern Europe; Eastern Europe, Baltics and Balkan,
Middle East; Middle East and North Africa, Lum A; luminal A-like, Lum B; luminal B-like, TNBC; triple-negative breast cancer




Hjerkind et al. Breast Cancer Research (2022) 24:4 Page 7 of 14
Table 2 Incidence Rate Ratios (IRRs) for country of birth and invasive breast cancer subtypes

Age 20-75 Age 20-49

Cases/PYR IRR (95% CI) Cases/PYR IRR (95% CI)
All subtypes
Non-immigrants 21,682/14608517 1.00 (ref) 4750/8335077 00 (ref)
High-income 675/477618 1.07 (0.99-1.16) 154/305153 0.94 (0.80-1.10)
Eastern Europe 417/593550 0.85 (0.77-0.93) 195/486627 0.90 (0.78-1.04)
Middle East 136/176786 0.93 (0.79-1.10) 69/147450 097 (0.77-1.23)
Sub-Saharan Africa 60/152194 0.62 (0.48-0.80) 43/136880 0.75 (0.56-1. 2)
South Asia 139/180867 0.78 (O 66-0.92) 61/139461 0.87 (0.68-1.12)
South-East Asia 178/284409 1(0.61-0.82) 101/232898 0.85 (0.70-1.04)
Luminal A-like
Non-immigrants 11,732/14608517 1.00 (ref) 2418/8335077 00 (ref)
High-income 366/477618 1.08 (0.97-1.20) 84/305153 03 (0.83-1.28)
Eastern Europe 222/593550 0.86 (0.76-0.99) 99/486627 0.95 (0.77-1.16)
Middle East 81/176786 1.06 (0.85-1.32) 41/147450 1.18 (0.86-1 60)
Sub-Saharan Africa 21/152194 043 (0.28-0.66) 12/136880 044 (0.25-0.78)
South Asia 63/180867 0.67 (0.52-0.86) 25/139461 0.73 (0.49-1.08)
South-East Asia 83/284409 0.63(0.51-0.79) 46/232898 0.79 (0.59-1.06)
Luminal B-like/HER2-
Non-immigrants 2767/14608517 00 (ref) 377/8335077 1.00 (ref)
High-income 102/477618 29 (1.06-1.57) 11/305153 0.85 (0.46-1.54)
Eastern Europe 55/593550 02 (0.78-1.33) 21/486627 1.20(0.77-1.87)
Middle East 15/176786 0.97 (0.58-1.61) 8/147450 1.41(0.70-2.83)
Sub-Saharan Africa 9/152194 0.93 (0.48-1.80) 6/136880 1.30 (0.58-2.92)
South Asia 10/180867 049 (0.27-0.92) 2/139461 0.36 (0.09-1.43)
South-East Asia 26/284409 0.97 (0.66-1.44) 9/232898 0.95 (0.49-1.84)
Luminal B-like/HER2+
Non-immigrants 2030/14608517 1.00 (ref) 653/8335077 1.00 (ref)
High-income 58/477618 0.96 (0.74-1.25) 17/305153 0.75 (0.46-.21)
Eastern Europe 46/593550 0.84 (0.63-1.13) 30/486627 0.97 (0.67-1.40)
Middle East 12/176786 0.72 (0.41-1.28) 4/147450 0.40 (0.15-1.06)
Sub-Saharan Africa 10/152194 0.85 (0.46-1.59) 8/136880 0.97 (0.48-1.94)
South Asia 20/180867 1.05 (0.68-1.63) 17/139461 1.72 (1.06-2.78)
South-East Asia 29/284409 1.03 (0.71-1.49) 23/232898 1.37 (0.90-2.08)
HER2+
Non-immigrants 984/14608517 1.00 (ref) 274/8335077 1.00 (ref)
High-income 27/477618 0.93(0.63-1.36) 6/305153 0.62 (0.28-1.40)
Eastern Europe 13/593550 0.51 (0.30-0.89) 6/486627 0.45 (0.20-1.01)
Middle East 6/176786 0.79 (0.35-1.76) 4/147450 0.93 (O 35-249)
Sub-Saharan Africa 4/152194 0.75(0.28-2.01) 4/136880 1(0.41-2.99)
South Asia 18/180867 2.02(1.26-3.23) 9/139461 (1 09-4.13)
South-East Asia 16/284409 1.22(0.75-2.01) 9/232898 4 (0.64-2.42)
TNBC
Non-immigrants 1886/14608517 1.00 (ref 582/8335077 00 (ref)
High-income 59/477618 1.03 (O 79-1.34) 23/305153 0(0.73-1.67)
Eastern Europe 47/593550 0.93 (0.69-1.24) 27/486627 0.92 (0.62-1.35)
Middle East 14/176786 0.92 (0.54-1.56) 7/147450 0.74 (0.35-1.56)
Sub-Saharan Africa 9/152194 0.82(0.43-1.58) 8/136880 00 (0.50-2 01)
South Asia 21/180867 9(0.78-1.84) 8/139461 0.87 (0.43-1.79)
South-East Asia 14/284409 0.54 (0.32-0. 91) 8/232898 0.50 (0.25-1.01)
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Table 2 (continued)

Age 20-75 Age 20-49

Cases/PYR IRR (95% CI) Cases/PYR IRR (95% Cl)
Unknown
Non-immigrants 2469/14608517 1.00 (ref) 509/8335077 1.00 (ref)
High-income 69/476027 0.97 (0.76-1.23) 15/305153 0.86 (0.5 43)
Eastern Europe 38/593550 0.68 (0.50-0.94) 13/486627 0.55 (0.32-0. 96)
Middle East 9/176786 0.55 (0.28-1.06) 5/147450 0.65 (0.27-1.58)
Sub-Saharan Africa 8/152194 0.75(0.37-1.49) 6/136880 0.97 (043-2.18)
South Asia 8/180867 0.40 (0.20-0.79) 1/139461 3(0.02-0.94)
South-East Asia 12/284409 043 (0.24-0.75) 7/232898 0.55(0.26-1.15)

PYR; person-years, IRR; incidence rate ratio, Cl; confidence interval, ref; reference, High-income; Western Europe, USA, Canada, Australia and New Zealand, Eastern
Europe; Eastern Europe, Baltics and Balkan, Middle East; Middle East and North Africa

[95% CI 0.32-0.91] and 20-49 years: IRR 0.50 [95% CI
0.25-1.01]).

Age-adjusted incidence rate ratios by grade

For all subtypes, women aged 20-75 years from Sub-
Saharan Africa, South Asia and South-East Asia had
decreased rates of grade I and grade II tumors relative
to the non-immigrant reference group (Table 3). Eastern
European women also had lower rates of grade I tumors
(20-75 years: IRR 0.70 (95% CI 0.54—0.90). For grade
III tumors, the rates across all immigrant groups were
almost the same as in non-immigrants. Similar trends
were observed for the luminal A-like subtype and among
women aged 20—49 years.

Age-adjusted incidence rate ratios by ER status

To provide more robust estimates, we also examined
whether region of birth had an effect on a cruder sub-
type division, simply ER status (Table 4). Sub-Saharan
women had lower rates of ER+tumors compared to
the non-immigrant reference groups, both within ages
20-75 years (IRR 0.57 95% CI 0.42—-0.77) and 20-49 years
(IRR 0.66 95% CI 0.46-0.96). South Asian (IRR 0.67 95%
CI 0.42-0.77) and South-East Asian (IRR 0.71 95% CI
0.60—0.84) women aged 20-75 years also had lower rates
of ER+tumors compared to the non-immigrant refer-
ence group, and South Asian women had a higher rate
of ER- tumors, however only borderline significant (IRR
1.36 95% CI 1.00-1.85). Women from Eastern Europe
aged 20-75 years had lower rates of both ER- (IRR 0.76
95% CI 0.60—0.98) and ER+ (IRR 0.86 95% CI 0.77-0.95)
tumors, compared to the non-immigrant reference

group.

Sensitivity analyses by unknown subtype and young age
The proportion of unknown subtype depended on year of
diagnosis and was lower in the later periods. More Asian

women were diagnosed from 2010 onwards. Subtype
was not available during 2005-2009 for the age group
70-75 years, which had few immigrants, so non-immi-
grant women had the highest proportion of unknown
subtype in our data (12.5%). In Additional file 1: Table S2
we assessed the impact of unknown subtype by restrict-
ing to the diagnosis period 2010-2015 and found esti-
mates to be very similar to results from the full study
period 2005-2015.

To minimize the possible influence of mammographic
screening on our results, we assessed the effect of coun-
try of birth in a subgroup of women aged 20-40 years.
The Norwegian Breast Cancer Screening Program targets
women from age 50 years, and mammograms before age
45 in the Norwegian population are rare. This subgroup
analysis yielded similar results as for 20-75 years (Addi-
tional file 1: Table S3).

Discussion

We found that, in Norway, immigrant women from high-
income countries had the highest incidence of breast
cancer overall and of similar level as non-immigrant
women. Luminal A-like breast cancer was the most com-
mon subtype regardless of region of birth. Compared to
non-immigrant women, women from Eastern Europe,
Sub-Saharan Africa and Asia had lower rates of the lumi-
nal A-like subtype, while Asian women had higher rates
of the HER2+ subtype. The rates of TNBC tended to be
similar regardless of region of birth, except in women
from South-East Asia who had half the rate. Women
from Sub-Saharan Africa and Asia were less likely to have
grade I and grade II tumors and ER+ tumors, and women
from South Asia more likely to have ER- tumors, com-
pared to non-immigrant women. These differences were
primarily driven by incidence above the age of 50 years,
however, results were similar in the subgroup of women
aged 20—49 years.
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Table 4 Incidence Rate Ratios (IRRs) for country of birth and invasive breast cancer by ER status

Age 20-75 Age 20-49

ER- ER+ ER- ER+

Cases IRR (CI) Cases IRR (CI) Cases IRR (CI) Cases IRR (CI)
Non-immigrants 3282 00 (ref) 17,844 1.00 (ref) 959 1.00 (ref) 3645 1.00 (ref)
High-income 94 0.95 (0.78-1.17) 561 1.09 (1.00-1.18) 29 0.85(0.59-1.23) 120 097 (0.81-1.16)
Eastern Europe 66 0.76 (0.60-0. 98) 336 0.86 (0.77-0.95) 35 0.73(0.52-1.03) 155 0.96 (0.82-1.12)
Middle East 23 0.89 (O 59-1.34) 110 0.95(0.78-1.14) 13 0.85 (0.49-1.47) 55 1.03 (0.79-1.34)
Sub-Saharan Africa 13 0.71 ( =1 22) 43 0.57(042-0.77) 12 0.93 (0.53-1.65) 28 0.66 (0.46-0.96)
South Asia 41 6 (1.00-1.85) 96 0.67 (0.55-0.82) 16 1.06 (0.65-1.75) 45 0.85 (0.64-1.14)
South-East Asia 31 0.70 (049 1.00) 142 0.71 (0.60-0.84) 18 0.70 (0.44-1.11) 79 0.89(0.71-1.11)

ER; estrogen receptor, IRR; incidence rate ratio, Cl; confidence interval, ref; reference, High-income; Western Europe, USA, Canada, Australia and New Zealand, Eastern
Europe; Eastern Europe, Baltics and Balkan, Middle East; Middle East and North Africa

In line with our findings, others have found that
women from Western Europe are prone to the more
common luminal subtypes [22], while women from Asia
and Africa have lower incidence of especially the luminal
A-like subtype [5, 23]. In particular, TNBC appears to be
common in African women [4, 5], while HER2+ cancers
may be more common in Asians. One study from New
Zealand found Asian women to be more likely to have
grade III and HER2+ breast cancers compared to women
of European ancestry [24]. Another study found Arab
women living in Australia to be younger and have more
tumors of high grade and HER2+ subtype compared to
non-immigrant women [25].

In Asian countries, incidence rates have been increas-
ing from a young age in later cohorts, which for a while
led to different age-incidence curves in Asia than in
other parts of the world. This birth-cohort effect has
been well described [26, 27] and the increase is likely
partly due to changes in lifestyle over time, and partly to
increased screening. Regardless, our study indicates that
subtypes among the Asian immigrants in Norway are
still somewhat dissimilar to non-immigrants, with more
HER2+ breast cancer among Asian immigrants.

Some of the observed differences across immigrant
groups described above are similar to those described
across broad racial/ethnic groups (African-American,
Asian-American, Hispanic and non-Hispanic White) in
the U.S. [3, 7-11]. In particular, luminal cancers are more
common in Non-Hispanic Whites [3, 28], African-Amer-
icans have more TNBC [28] and Asian-Americans have
higher rates of HER2+ cancers [29, 30].

The incidence of all breast cancer subtypes increase
with age, but some subtypes have less of an incline with
age than others [31]. The greatest increase in incidence
with age is for the ER+ or luminal subtypes. This means
that among young women, HER2+and TNBC subtypes

are proportionally more common [31-33]. Data from the
U.S. suggest that the increase in incidence by age varies
not only by subtype but also by racial/ethnic group [31,
34]. The increase in luminal subtypes by age tends to be
most pronounced in non-Hispanic Whites, and could be
due to a higher level of screening in non-Hispanic Whites
in the U.S.

The observed differences in subtype-specific incidence
across immigrant groups could, similarly to differences
across racial/ethnic groups in the U.S., be due to a num-
ber of factors including variations in genetics, lifestyle,
health seeking behavior or a combination. Data from the
U.S. suggest that mutations in the breast cancer suscepti-
bility genes BRCA1 and BRCA2 may be more prevalent
in African-American compared to non-Hispanic White
women [35], while mutations in other breast cancer genes
may be less common in African-Americans [36]. There is
evidence, although not completely consistent, that BRCA
mutation carriers are more likely to develop TNBC [4,
37-39]. In our study we found similar absolute incidence
of TNBC across all immigrant groups except for a lower
incidence in women from Sub-Saharan Africa and South-
East Asia. We do not know the prevalence of BRCA
mutations in these breast cancer patients in Norway,
however, one report found similar prevalence in Asians
as in other ethnic groups [40]. Given the current state of
knowledge it seems unclear how important genetic fac-
tors are for the subtype distributions we observed.

A high incidence of luminal cancers among non-immi-
grants and immigrants from high-income countries is
probably due to a higher prevalence of classical breast
cancer risk factors among these women, such as high age
at first birth and low parity [20, 41], as well as increased
alcohol consumption and obesity [42—44]. The effects of
these risk factors are not consistently limited to lumi-
nal cancers, and some, including obesity, have also been



Hjerkind et al. Breast Cancer Research (2022) 24:4

associated with TNBC [6, 16, 45]. However, in general
both TNBC and HER2+ cancers [46] seem less strongly
associated with classical reproductive factors.

Discrepancies in access to health care could also result
in subtype differences across immigrant groups. A pre-
vious study using Norwegian data from 1990 to 2014
found that immigrant women from low- and middle-
income countries had more advanced stage of breast
cancer than non-immigrant women. The results were,
however, rather consistent in women above and under
50 years of age, suggesting that screening differences do
not explain these results [13]. We also did not find any
effect of SES on subtype-specific incidence. However,
although Norway has organized screening and public
health care, immigrants still tend to have differences in
the use of health care [47]. Different screening practices
across immigrant groups can therefore partially have
explained our findings [48-50], since luminal A-like
tumors are more frequent among women with screen-
detected cancer [51]. On the other hand, we found results
to be similar in the age group 20—49 years, an age group
not offered breast cancer screening. Further, data from
the Norwegian Breast Cancer Screening Program found
that immigrant women from low- and middle-income
countries with interval cancers were more likely to have
a TNBC subtype compared to non-immigrants [52]. In
addition, both among screen-detected and interval can-
cers, immigrants from low- and middle-income countries
were more likely than non-immigrants to be diagnosed
with grade 3 tumors. Thus, although we cannot exclude
that part of our observed differences were due to differ-
ences in screening, we also cannot exclude the possibility
that cancer may develop differently biologically in some
immigrant groups.

After moving to a new country, immigrants go through
different degrees of acculturation, and after one or two
generations, they often adapt to the culture and life-
style of their new home country [53]. Both lifestyle and
screening participation may change with time and could
contribute to more luminal cancers.

The strengths of this study include the large number of
women from a geographically diverse population, maxi-
mum follow-up of 10 years, and the use of individual
breast cancer subtypes. Norway has a predominantly
white population with immigrants from many parts of
the world. Residents have access to universal, publicly
funded health care, including breast cancer screening,
diagnosis and treatment.

A limitation of the study is the small number of
events in some of the groups, and this produces at
times uncertain effect estimates. Using more parsimo-
nious groupings of both subtypes and countries of birth
would provide more reliable results. However, as we
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and others have previously shown, there are substan-
tial differences in both etiology and prognosis of can-
cers depending on these subtypes [20, 54, 55] and birth
country groupings [17], and we therefore believe it is
important to show more detailed subgroups.

The immigrant women are on average younger than
the non-immigrant women, and this difference in age
distribution between the immigrant and non-immi-
grant groups could have affected subtype distribution.
However, the results were similar in the subgroup of
women aged 20-49 years.

Time since immigration is likely important since
immigration patterns to Norway have changed over
time, depending mostly on the reasons for immigra-
tion (employment, family, study or seeking refuge).
Immigrants in the 1970s and from 2004 and onwards
were predominately workers from Pakistan, Yugoslavia
and Turkey and from Poland and Lithuania, respec-
tively. Immigrants in the 1990s and in 2015 were pre-
dominantly refugees from the Baltic countries and from
Syria and Afghanistan, respectively [56, 57]. We could
not adjust for time since immigration since we have
relatively few cases and would need to categorize time
since immigration in broad categories. Since different
immigrant groups have arrived in Norway at different
periods of time, country of birth is very closely linked
to time since immigration, and we were therefore not
able to examine effects of time since immigration and
country of birth simultaneously.

Since some women had unknown subtype, the sub-
type-specific incidence rates are somewhat underesti-
mated. However, the proportion with unknown subtype
was small (11%) and distributed fairly evenly across
regions so we assume that missing subtype was non-
informative with respect to immigrant status, and the
relative effects unbiased after adjustments. We assessed
the impact of unknown subtype by restricting to the
diagnosis period 2010-2015 and essentially found esti-
mates to be almost identical to the full study period
2005-2015.

Some immigrants may emigrate back to their country
of birth and delay or fail to notify the Norwegian popu-
lation registry, leading to an overestimation of person
years and an underestimation of cancer cases. However,
the registration of migration dates at Statistics Norway is
generally deemed to be of high accuracy.

If an individual immigrates to Norway with a prevalent
cancer, it would be registered as an incident cancer in
Norway. However, only 57 immigrants in our cohort had
a diagnosis of incident cancer within six months of immi-
gration. We did censor at first emigration to avoid mis-
classification of individuals who got a diagnosis abroad
and returned to Norway.
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Conclusions

In conclusion, we found that immigrants from Eastern
Europe, Sub-Saharan Africa and Asia had lower inci-
dence of the luminal A-like subtype, and immigrants
from Asia had higher rates of HER24 tumors, com-
pared to non-immigrants. The rates of TNBC tended
to be similar regardless of region of birth, except in
women from South-East Asia who had half the rate.
Our findings demonstrate that it is important to
include immigrant status or country of birth in ascer-
taining cancer outcomes. Differences in incidence rates
of subtypes between immigrant groups are likely multi-
factorial, including genetic and social factors, lifestyle
and health care seeking practices. These differences
in tumor characteristics between immigrant groups
should be taken into consideration when planning pre-
ventive or screening strategies.
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