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Respiratory Medicine, Oslo University Hospital, Oslo, Norway; hFaculty of Medicine, University of Oslo, Institute of Clinical Medicine,
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ABSTRACT
Background: There are concerns about timely access to appropriate cancer treatment for the growing
immigrant population in Norway. This study aims to compare waiting times between cancer diagnosis
and start of cancer treatment, as well as treatment patterns between immigrants in Norway and the
host population.
Material and methods: We performed a nationwide, registry-based study with individual-level data,
including 213,320 Norwegians and 8324 immigrants diagnosed with breast, colorectal, lung or prostate
cancer in 1990–2014. Differences in time from diagnosis to treatment and in treatment patterns were
described for the selected cancer sites. The Cox and logistic regressions were used to adjust for
patient and tumour characteristics.
Results: After adjustment for covariates, hazard ratios for time from diagnosis to treatment for non-
Western immigrants compared to Norwegians were 0.88 (95% confidence interval (CI): 0.82–0.95) for
breast cancer and 0.84 (95% CI: 0.75–0.95) for lung cancer, indicating longer waiting times. Treatment
patterns in the four major cancer sites were similar among immigrants and the Norwegian host popu-
lation, except for breast cancer, where women from East and South Asia received less breast-conserv-
ing surgery than the Norwegian host population (adjusted odds ratios 0.65 (95% CI: 0.46–0.93) for East
Asians and 0.75 (95% CI: 0.50–1.13) for South Asians).
Conclusions: The present study reports delayed treatment for lung and breast cancer among immi-
grants from non-Western countries in Norway. Systematic differences in cancer treatment were not
detected. However, less breast-conserving surgery among breast cancer patients from Asia compared
to Norwegians was observed.
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Introduction

In 2017, first-generation immigrants comprised 13.8% of the
Norwegian population [1]. Studies have shown that immi-
grants interact differently with health care systems, raising
concerns about timely access to appropriate treatment in
this population [2–5]. To reduce waiting times, policy makers
have implemented several measures, including standardised
patient pathways, waiting time guarantees and provider
competition [6]. The Norwegian health care system aims to
provide equity in health, thus one might expect waiting
times for severe diseases like cancer to be equal across
population groups [7]. However, waiting time guarantees,
provider competition and other measures could very well
generate disparities if there are structural, political or societal
factors that exclude immigrants from these benefits. In a
European context, very little is known about waiting times
after cancer diagnosis in immigrant populations. A review

from 2013, which focussed on ethnic disparities in primary
care and diagnostic waiting time intervals, was inconclusive
[8]. The present study aims to compare waiting times
between cancer diagnosis and start of cancer treatment
between immigrants in Norway and the host population.

Choosing a cancer treatment regimen is a multifactorial
and complex process; the choice is made based on patient
and disease characteristics, availability and cost of treatment
options, as well as patient preferences. Physicians follow clin-
ical guidelines for all major cancer sites. In some cases, this
implies strict decision algorithms, with few or no alternatives.
In other cases, faced with vague guidelines or multiple
options, the physician’s subjective assessment and the
patient’s influence become increasingly important. As
described by Luo et al. [9], quality of patient–physician com-
munication, preferences regarding who controls decision-
making, and cultural attitudes are all factors that might cause
differences in cancer treatment among minority groups.
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Treatment differences based on ethnicity or birthplace in the
United States have been well documented, e.g., for surgical
treatment of breast cancer, for treatment of localised pros-
tate cancer, and for use of robot-assisted prostatectomy
[10–12]. There is a need for similar analyses among immi-
grants with cancer in Norway in order to understand differ-
ences in treatment preferences, access to new treatments
and adherence to clinical guidelines. This study covers mul-
tiple cancer sites (breast, colorectal, lung and prostate) and
aims to compare waiting times between cancer diagnosis
and start of cancer treatment between immigrants in
Norway and the host population, and to describe treatment
patterns across sites and stage at diagnosis.

Material and methods

Study population

All subjects with breast (C50), colorectal (C18–20), lung and
trachea (C33–34) or prostate cancer (C61) diagnosed in the
period 1990–2014 were identified from the population-based
Cancer Registry of Norway. Subjects with a cancer diagnosis
prior to the study period (n¼ 11,343), and cases registered
based on death certificate only or detected through autopsy
were excluded (n¼ 2729). For individuals with multiple can-
cer diagnoses (n¼ 31,432), only the first cancer diagnosis
was included. An immigrant was defined as someone born
abroad whose parents were also born abroad. With excep-
tion of second-generation immigrants, the remaining popula-
tion was categorised as Norwegian, i.e., as part of the
host population.

Data sources and study variables

The following patient and tumour characteristics were
obtained from the Cancer Registry of Norway: cancer site,
age at diagnosis, sex, place of residence at diagnosis
(county), status (alive, deceased, emigrated), status date,
stage at diagnosis, date of diagnosis, information about sur-
gery, and days from date of diagnosis to surgery and start of
radiotherapy (radiotherapy information was available from
1997). As defined by Aas et al., non-metastatic prostate can-
cer patients who had not received any local treatment were
considered to be on active surveillance or watchful wait-
ing [13].

The following information was obtained from Statistics
Norway: country of origin, immigration status, marital status,
personal income (low: <20th percentile, middle: 20–80th per-
centile and high: >80th percentile, adjusted for year and
sex) and education level (low: <10 years, middle: 10–12 years
and high: >12 years of education). Countries of origin were
categorised into three Western and nine non-Western geo-
graphic regions (see online supplement 1). The level of cat-
egorisation used in each analysis was based on the number
of available immigrant cases. Data on marital status, personal
income and education level were obtained for the year prior
to diagnosis.

From the National Patient Registry (data available from
2008), we obtained an adjusted Charlson comorbidity index
(CCI) constructed with one year of historic data [14,15];
national medical, surgical and procedural treatment codes
linked to a cancer diagnosis; and associated admission dates.
The treatment codes were used to construct the following
variables: chemotherapy treatment, time from diagnosis to
admission for chemotherapy treatment, neoadjuvant and
adjuvant chemotherapy for breast cancer, laparoscopic sur-
gery for colorectal cancer, and robot-assisted prostatectomy.
Detailed definitions and availability of each outcome variable
are described in online supplement 2.

Data sources were linked using the unique personal iden-
tification number assigned to all Norwegian citizens and
immigrants with legal residence status. The identification
number was replaced with a project-specific identification
number before distribution of the data to the researchers.

Statistical analysis

Time-to-event methodology was used to analyse waiting
times. The Cox regression was applied to estimate the hazard
ratio of receiving treatment between immigrants and the
host population. A hazard ratio below one indicated an
increased risk of receiving treatment later than the reference
group (host population). Subjects were censored upon death
or at the end of the study period. Logistic regression was
used to estimate the odds ratios for receiving a specific treat-
ment. Three models were applied in the Cox and logistic
regressions: an unadjusted univariate model; a core model
adjusted for age (categorical variable with 10-year intervals),
sex, year of diagnosis (categorical variable), stage at diagno-
sis, place of residence, and CCI; and a fully adjusted model
that also included socioeconomic variables (marital status,
personal income and education level). The core model for
colorectal cancer included information about cancer subsite
(colon or rectum cancer), and for breast cancer it included
type of surgery (breast-conserving or mastectomy) when
analysing adjuvant treatments. Patients who received treat-
ment before, or at the same time as their cancer diagnosis
(acute cases), were excluded from the waiting time analyses
(3.4% in breast, 17.2% in colorectal and 7.5% in lung cancer).
Waiting times for prostate cancer were not reported, as it is
difficult to record start of treatment when the treatment
decision can be to simply implement active surveillance. We
conducted a sensitivity analysis of waiting times, in which
patients not treated within 1 year of diagnosis were excluded.
Multiple imputation was used to account for unknown stage
at diagnosis, education level, as well as CCI before 2009.
Multiple imputation was performed by cancer site using the
mice package in R (version 2.25), with 20 imputations and
default settings. Variables used in the imputation model
included follow-up time, status, basis of the diagnosis, as well
as all variables used in the fully adjusted regression models.
Stratifications and regression analyses were performed for
each of the imputed datasets and combined using Rubin’s
Rule [16]. The reported ratios with 95% confidence intervals
(CIs) in the text refer to the fully adjusted models with
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imputed data. Data management and statistical analysis were
performed with R (version 3.4.1) [17].

Results

After exclusions, a total of 251,343 subjects with breast, colo-
rectal, lung or prostate cancer were available for analysis
(Table 1). The complete dataset and the subset with add-
itional National Patient Registry data were similar in terms of

patient characteristics (only descriptive statistics for the full
dataset shown). A younger mean age at diagnosis was
observed among immigrants, particularly non-Western immi-
grants, than among the host population. This was reflected
in the prevalence of the specific cancer sites. Breast cancer
was the most frequent cancer site among immigrants, while
prostate cancer was most common in the host population.
However, the difference in age makes direct comparisons of
unadjusted estimates between the population groups mis-
leading. Attention should therefore be directed to adjusted
estimates. Both Western and Non-Western immigrants had a
higher proportion of persons with a high education level
compared to the Norwegian host population. Non-Western
immigrants had a higher proportion with low income than
the other groups. The immigrant population overall had
fewer comorbidities, although after stratification by age, CCIs
were similar between the groups.

Waiting times

Overall, median waiting times from diagnosis to start of
treatment were 23 days for breast cancer, 27 days for colo-
rectal cancer and 43 days for lung cancer. For lung cancer,
there was a tendency towards faster treatment, and a larger
proportion of patients were treated in 2011–2014 (Figure 1).
After stratification by age and time period (2008–2010 and
2011–2014), non-Western immigrants with breast and lung
cancer appeared to have slightly longer waiting times for
treatment following diagnosis than the Norwegian host
population. The number of subjects in each strata in Figure
1 are reported in online supplement 3. Further descriptive
analysis stratified by other variables (stage, sex and income
level) suggest that the delays in lung cancer treatment might
be larger in female immigrants above 59 years (available in
online supplement 4, 5 and 6).

These findings were confirmed in the regression analysis
adjusting for available confounders. Non-Western immigrants
had hazard ratios for receiving breast cancer treatment of
0.88 (95% CI: 0.82–0.95) and lung cancer treatment of 0.84
(95% CI: 0.75–0.95) (Figure 2 and online supplement 7). For
lung cancer, the subpopulations from sub-Saharan Africa and
North America were notable, with hazard ratios of 0.61 (95%
CI: 0.33–1.11) and 0.64 (95% CI: 0.37–1.11), respectively. The
analysis of waiting times for colorectal cancer showed no
clear trend across immigrant groups. Some point estimates
were above one (e.g., South Asian Region hazard ratio: 1.58
(95% CI: 1.11–2.24)), while others were below (e.g., Eastern
Europe and the Balkans hazard ratio: 0.94 (95% CI:
0.79–1.12)). After excluding patients who did not receive
treatment within 1 year of diagnosis, certain point estimates
changed somewhat, but this did not alter the interpretation
of the data (data not shown).

Treatment

Breast cancer treatment

Nearly, all patients with stage I/II/III breast cancer received
surgery. In total, 54% of patients with stage I or II breast

Table 1. Descriptive statistics.

Norway Western Non-Western

Number of cases by
subpopulationa

Norway 241,961 (100%)
Nordic countries 2970 (53%)
Western Europe 1984 (35%)
North America 665 (12%)
Eastern Europe and Balkan 1730 (46%)
Middle East 430 (11%)
South Asian Region 454 (12%)
East Asian Region 603 (16%)
Sub-Saharan Africa 279 (7%)
Latin America and the
Caribbean

267 (7%)

Number of cases by cancer site
Breast 55,827 (23%) 1799 (32%) 1504 (39%)
Colorectal 68,053 (28%) 1362 (24%) 803 (21%)
Lung 44,684 (18%) 1146 (20%) 847 (22%)
Prostate 73,397 (30%) 1348 (24%) 665 (17%)

Number of cases by year
of diagnosis
1990–1999 80,181 (33%) 1711 (30%) 625 (16%)
2000–2007 80,300 (33%) 1813 (32%) 1160 (30%)
2008–2014 81,480 (34%) 2131 (38%) 2034 (53%)

Age at diagnosis (years)
Mean 68.2 65.7 56.6
SD 12.3 12.6 13.8

Sex (%)
Males 55.8 47.1 44.3

Length of stay (years)
Mean 33.8 19.5
SD 15.6 14.4

Marital status (%)b

Married 61.3 59.4 67.6
Income (%)b,c

Low 16.1 20.5 35.7
Medium 58.7 49.5 45.8
High 20.5 25.1 15.7
Unknown 4.7 4.8 2.9

Education (%)b,d

Low 39.5 24.1 29.5
Medium 43.9 38.1 26.6
High 16.0 30.4 28.8
Unknown 0.5 7.4 15.1

Stage at diagnosis (%)
Local 26.7 30.7 30.7
Regional 41.6 32.5 34.6
Distant 18.7 19.5 19.5
Unknown 13.0 17.1 15.2

Comorbidity (index)e

No admissions
before diagnosis

9.7 13.9 17.0

Low (CCI ¼ 0) 44.3 43.0 42.2
Intermediate (CCI ¼ 1/2) 28.2 25.2 26.0
High (CCI > 2) 17.7 18.0 14.8

aNot including Oceania, Rest Africa and Caucasus and central Asia.
bMarital status, income and education are recorded in the year prior
to diagnosis.

cLow: <20th percentile, middle: 20–80th percentile and high: >80th percent-
ile, by year and sex.
dLow: <10 years, middle: 10–12 years and high: >12 years of education.
eAvailable from 2009. Unadjusted for age.
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cancer received breast-conserving surgery (Table 2). Stratified
analyses of patients receiving breast-conserving surgery by
income level and stage are available in online supplement 8.
The logistic regression showed that women from the East
Asian region, and potentially the South Asian region,
received less breast-conserving surgery (Figure 3(a) and
online supplement 9). The odds ratios were 0.65 (95% CI:
0.46–0.93) for immigrants from the East Asian and 0.75 (95%

CI: 0.50–1.13) for the South Asian region. Further, there was
a tendency of less use of radiotherapy in some of the non-
Western immigrant groups, particularly in immigrants from
the Middle East, the South Asian region and Eastern Europe
and the Balkans. The point estimates for treatment with
chemotherapy had substantial uncertainty, and for non-
Western immigrants they were sensitive to adjustment for
year of diagnosis. It can be noted that, while immigrants

Figure 1. The Kaplan–Meier curves describing waiting times stratified by age (�60 and <60) and time period (2008–2010 and 2011–2014). Number of subjects at
risk in each strata are available online in supplement 3. Patients are censored upon death and end of the study period.

Figure 2. Hazard ratios estimated by the Cox regression for times from diagnosis to start of treatment for breast, colorectal and lung cancer are defined as the
event and a hazard ratio below one indicates longer waiting times for treatment. The core model was adjusted for age, sex (not for breast cancer), year of diagno-
sis, place of residence, stage at diagnosis, CCI, type of surgery (only for breast cancer) and cancer site (only for colorectal cancer). The fully adjusted model was fur-
ther adjusted for socioeconomic factors (income, education and marital status). Exact estimates and confidence intervals presented in the figure are available
online in supplement 6.
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from the Middle East and the South Asian region received
less adjuvant radiotherapy, they received more adjuvant
chemotherapy compared to the Norwegian host population.

Colorectal cancer treatment

Independent of immigrant status, nearly all patients diag-
nosed with local or regional stage colorectal cancer were
treated with surgery. In total, 22% of surgeries performed on
local and regional stage cases were done with laparoscopy
(Table 2). There were no differences in the use of radiother-
apy for local or regional stage rectal cancer (Figure 3(b) and
online supplement 9). Western immigrants were less likely to
receive chemotherapy when diagnosed with distant colorec-
tal cancer (odds ratio: 0.52 (95% CI: 0.32–0.84)).

Lung cancer treatment

The resection rates were 50% for patients diagnosed with
local lung cancer, and 27% for those diagnosed with regional
lung cancer (Table 2). Western immigrants with local and
regional lung cancer potentially had a higher resection rate
than the host population (Figure 3(c) and online supplement
9). For patients with distant metastasis at diagnosis, 39%
were treated with radiotherapy and 37% with chemotherapy.
Our results also showed higher use of chemotherapy and
radiotherapy among Western immigrants than the
host population.

Prostate cancer treatment

No differences were observed in treatment patterns for pros-
tate cancer (Figure 3(d) and online supplement 9). Point esti-
mates for no local treatment (active surveillance or watchful
waiting) and for surgery and radiotherapy among local/
regional stage cases were close to unity. The odds ratio for
receiving robot-assisted prostatectomy in the non-Western
immigrant group was 0.75 (95% CI: 0.49–1.17) compared to
the Norwegian host population.

Discussion

Waiting times

The present study reports longer waiting times from diagno-
sis to start of treatment for non-Western immigrants with
breast and lung cancer. As breast cancer patients overall
have short waiting times, it is not likely that the observed
difference has implications for survival [18,19]. For lung can-
cer, time to treatment is in general longer, and a hazard ratio
of 0.84 translates to a noticeable delay for non-Western
immigrants. The clinical relevance of this delay is unknown.
However, immigrants in Norway have recently been shown
to have good lung cancer survival relative to the host popu-
lation, making us primarily concerned with the psychosocial
implications and the lack of equity in the treatment of this
patient group [20].

Unadjusted local variation in waiting times within regions,
differences in medical complexity, or a mix of cancer

Table 2. Subjects available for each analysis and percentage of all available subjects receiving the respective treatments.

Subjects available
Percentage of

all available subjects
receiving treatmentAnalysis

Norwegian host
population

Western
immigrants

Non-Western
immigrants

Time to treatment
Breast 17,207 578 731 –
Colorectal 17,761 401 310 –
Lung 13,496 365 374 –

Choice of treatment
Breast
Breast conserving surgery at stages I/II 20,828 628 762 53.8
Adjuvant radiotherapy at stages I/II/III 23,735 737 918 71.7
Neoadjuvant chemotherapy at stage I/II/III 15,139 502 695 4.9
Adjuvant chemotherapy at stages I/II/III 15,139 502 695 36.2

Colorectal
Radiotherapy at local/regional stage (rectum only) 11,913 279 184 24.7
Chemotherapy at regional stage 11,452 247 212 19.0
Laparoscopic surgical method at local/regional stage 15,107 346 272 22.0
Surgery at distant stage 15,780 305 208 61.7
Radiotherapy at distant stage 11,982 235 193 9.1
Chemotherapy at distant stage 5040 107 122 42.9

Lung
Surgery at local stage 7864 195 154 49.9
Radiotherapy at local/regional stage 14,867 379 336 38.1
Chemotherapy at local/regional stage 6812 186 200 30.4
Surgery at regional stage 11,667 291 234 27.3
Radiotherapy at distant stage 16,409 438 342 39.5
Chemotherapy at distant stage 6993 199 199 36.8

Prostate
No treatment at local stage and age <75 18,040 398 251 28.8a

Surgery at local/regional stage and age <75 27,526 595 349 56.1
Radiotherapy at local/regional stage and age <75 23,440 534 329 30.9
Robot assisted surgery at local/regional stage 9982 234 140 34.1

a28.8% not treated at local stage and age <75.
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subtypes are all possible explanations for the observed find-
ings [21–23]. If immigrants have more complex diagnoses
that are not captured by adjustment for stage at diagnosis,
this might make the longer waiting times reasonable. For
breast cancer, lower attendance to mammography screening
among immigrants might be an additional explanation [24].
Patients diagnosed outside the mammography programme

could have a slight delay in time to treatment compared to
programme participants. For lung cancer, the findings might
reflect the extensive diagnostic evaluation that is often
required before treatment can be initiated [23]. The speed
with which necessary diagnostic tests are performed could
be susceptible to both the patient’s and health care pro-
vider’s behaviour, as well as access to professional

Figure 3. Odds ratios estimated by logistic regression for choice of treatment for (a) breast cancer, (b) colorectal cancer, (c) lung cancer and (d) prostate cancer.
An estimate above 1 indicates higher chance of receiving the specific treatments. Estimates and confidence intervals from the fully adjusted models presented in
the figure are available online in supplement 9. The core models were adjusted for age, sex, year of diagnosis, place of residence, stage at diagnosis (when rele-
vant), CCI, cancer site (only applicable for colorectal cancer) and type of surgery (only applicable for adjuvant breast cancer treatment). In all analyses, the fully
adjusted model represents the core model further adjusted for income, education and marital status.
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translators. One issue of concern is that immigrants may
seek full or partial treatment in their home countries, and
thus can be lost to follow-up. Further, we did not have
access to start dates for certain treatments initiated outside
the specialised health care system, e.g., oral chemotherapy.

Treatment patterns

The present study reports differences in breast-conserving
surgery for Asian immigrants compared to the Norwegian
host population, which aligns with findings from the United
States [11]. Previously explored reasons include patient atti-
tudes towards not needing to preserve the breast, smaller
breast sizes, and fear and cultural beliefs [25]. Further, as a
consequence of different screening attendance [24],
Norwegians might present with smaller tumour sizes, and
therefore may more often be treated with breast-conserving
surgery [26]. Although it was associated with uncertainty, we
observed less radiotherapy in some of the non-Western
immigrant groups with breast cancer. In addition to accom-
panying breast-conserving and other non-radical surgery,
radiotherapy is recommended if the tumour is large or has
spread to the lymph nodes (Nþdisease) [27]. Less use of
radiotherapy is not consistent with previous findings that
non-Western immigrants in Norway are diagnosed with more
advanced breast cancer [5]. Based on this, we would rather
expect larger tumour sizes and more Nþdisease, followed
by more radiotherapy, even after adjustment for stage at
diagnosis. Successful radiotherapy treatment depends on
good communication between physicians and patients, as
well as the patient’s motivation or ability to follow the strict
preparation and treatment regime. Therefore, less radiother-
apy among certain immigrants could reflect communication
difficulties between physicians and patients. Interestingly,
some of the groups with the least use of adjuvant radiother-
apy were shown to be treated more often with adjuvant
chemotherapy. A detailed analysis of tumour characteristics
and adherence to breast cancer treatment guidelines in
immigrants might provide valuable information.

There were some indications that Western immigrants
received more resection of primary tumours and palliative
treatment for lung cancer. Western immigrants with lung
cancer might be a particularly resourceful group, not well
described by typical socioeconomic factors. We already know
that lung cancer patients are particularly prone to socioeco-
nomic differences [28]. We observed that Western immi-
grants diagnosed with distant stage colorectal cancer
received less chemotherapy. One explanation may be that
Western immigrants with colorectal cancer travel to their
home country for treatment to a larger extent than other
cancer patients.

We analysed use of laparoscopic surgery in colorectal can-
cer and robot-assisted prostatectomy to explore the use of
new treatment techniques in immigrants. Although it was
associated with substantial uncertainty, we would like to
highlight the point estimate for use of robot-assisted prosta-
tectomy, which indicated that this surgery was used less fre-
quently in non-Western immigrants. We consider this point

estimate less uncertain than what is reflected with the wide
CI. The finding is likely due to the fact that one of the major
hospitals in Norway, with a large proportion of non-Western
immigrants in its catchment area, did not offer robot-assisted
prostatectomy during the study period.

The purpose of our analyses was not to determine if
immigrants were treated optimally, but to understand if
treatment patterns differed. A more detailed classification of
the diseases could have improved the analyses. It could be
argued that the study did not have sufficient power to
detect relevant differences in treatment. We aimed to do
meaningful analyses at a reasonable level of granularity, in
terms of both immigrant groups and stratification of the
analyses. With the number of comparisons made, the issue
of multiple comparisons is relevant. As a consequence, we
have highlighted differences that are consistent across immi-
grant groups and cancer sites, where we have supporting
evidence from the literature or where other plausible explan-
ations for the findings exist. The study is subject to the
potential biases of observational, registry-based studies,
which have been described elsewhere [29]. Although registry
data on immigrants in Norway are considered to be of high
quality, certain information bias might be relevant, e.g., for
education level [30].

Conclusions

The present study is unique, being the first to describe the
events following cancer diagnosis in immigrants, namely
waiting times for treatment and treatment patterns. To our
knowledge, no comprehensive analysis with high-quality
population data has been presented previously.

Our findings indicate that non-Western immigrants wait
longer than the Norwegian host population for treatment of
breast and lung cancer. For breast cancer, the differences are
small, while for lung cancer the delays are longer. The impli-
cations of the delay in lung cancer in terms of prognosis and
patient satisfaction is unknown. Further, we report differen-
ces in breast-conserving surgery for Asian immigrants com-
pared to the Norwegian host population. With the exception
of observed differences in the treatment of breast cancer, we
did not detect any evidence of systematic differences in
treatment between immigrants and the Norwegian host
population across the examined cancer sites.
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