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Abstract

Objective: To compare treatment within 12 months of diagnosis, and survival by country of birth for people diag-
nosed with invasive non-small cell lung cancer (NSCLC) in New South Wales (NSW), Australia.

Design, patients, and setting: A population-based cohort study of NSW residents diagnosed with NSCLC in
2003-2016 using de-identified linked data from the NSW Cancer Registry, NSW Admitted Patient Data collection,
Emergency Departments, Medicare Benefits and Pharmaceutical Benefits Scheme, and National Death Index.

Main outcome measures: Odds of receiving any treatment, surgery, systemic therapy, or radiotherapy respectively,
in the 12 months following diagnosis were calculated using multivariable logistic regression. The hazard of death (all-
cause) at one- and five-years following diagnosis was calculated using multivariable proportional hazards regression.

Results: 27,114 People were recorded with NSCLC in the 14-year study period. Higher percentages of older males
from European countries applied in the earlier years, with a shift to younger people from South East Asia, New
Zealand, and the Middle East. Adjusted analyses indicated that, compared with the Australian born, people from
European countries were more likely to receive treatment, and, specifically surgery. Also, people from Asian countries
were more likely to receive systemic therapy but less likely to receive radiotherapy. Survival at one- and five-years fol-
lowing diagnosis was higher for people born in countries other than Australia, New Zealand the United Kingdom and
Germany.

Conclusions: Variations exist in treatment and survival by country of birth in NSW. This may be affected by differ-
ences in factors not recorded in the NSW Registry, including use of general health services, family histories, underlying
health conditions, other intrinsic factors, and cultural, social, and behavioural influences.
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Introduction
Lung cancer is the leading cause of cancer death for
males and females in NSW, with similar age-stand-
ardised incidence, mortality and survival outcomes
to corresponding national figures [1, 2]. For lung can-
cers diagnosed in Australia in 2013-2017, the five-year
ng:;g;”'j‘;wggé’;Zﬁg‘?gygsl Cancer Institute New South Wales, St relative survival was 20%. While this .survival is low
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absolute increase of 12% in corresponding five-year rel-
ative survival since 1988—1992 [2].

Australia’s  diverse, multicultural population is
reflected in NSW where the percentage of people born
outside of Australia increased to 28% in 2016, with 25%
of that population mainly speaking a language other
than English at home [3]. During 2006-2016, the larg-
est increases in population size applied to migrants
from China, India, Nepal, the Philippines, Vietnam,
South Korea, and Lebanon [4].

Previous studies in NSW and other Australian juris-
dictions have indicated migrants to generally have
lower overall cancer incidence and mortality rates than
the Australian-born, although differences applied by
cancer type and country of birth [5-7].

We aim in this study to determine whether differ-
ences exist in NSW between people diagnosed with
invasive non-small cell lung cancer (NSCLC) dur-
ing 2003-2016, in treatment and survival by country
of birth. We used analyses adjusted for the baseline
characteristics including age at diagnosis, sex, year of
diagnosis, comorbidity prevalence, and socioeconomic
status.

Methods

Data sources

This is a population-based cohort study using linked
cancer registry, treatment and death data. The analysis
used linked diagnostic data for invasive NSCLC from the
NSW Cancer Registry (NSWCR) [8], hospitalisation data
from the Admitted Patient Data Collection (APDC) and
Emergency Department Data Collection (EDDC), claims
to the Medicare Benefits Schedule (MBS) and Pharma-
ceutical Benefits Scheme (PBS), and death-record data
from the National Death Index (NDI) [8]. The health
care system in New South Wales operates under a public
model, with universal taxpayer-funded access to cancer
diagnostic and treatment services available to all Austral-
ian citizen and permanent residents. Insurance funded
health care is also available on an opt-in basis, which
allows for the use of private hospitals and private clini-
cians. Records of taxpayer-funded and insurance pay-
ment episodes were included in this study.

Probabilistic, privacy-preserving, person-level link-
ages of NSW datasets were performed by the Centre
for Health Record Linkage (CHeReL), and of Common-
wealth datasets, by the Australian Institute of Health and
Welfare (AIHW) [9].

Ethics approval was provided by the NSW Popula-
tion and Health Services Research Ethics Committee
(HREC/15/CIPHS/15) and the AIHW Ethics Committee
(E02016/1/224).
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Study population

The study population comprised all NSW residents aged
18+ years diagnosed with primary invasive NSCLC of the
lung, bronchus, or trachea (ICD-O-3: C33, C34, exclud-
ing morphologies of 8014, 8042, 8043, 8044, and 8045)
with histopathological confirmation, during 2003-2016
[10].

Multiple primary cancers, NSCLC recorded from death
certificate only, and cancer cases of unknown country
of birth were excluded from the cohort. Residents of
local health districts adjacent to NSW borders were also
excluded as they may have travelled to other jurisdictions
for treatments that were not recorded in NSW (Fig. 1)

[9].

Outcome measures

Data on types of treatment received (surgery, radio-
therapy, and systemic therapy respectively) during the
12 months from diagnosis (including neoadjuvant ther-
apies), included fact of surgery identified using APDC
data; fact of radiotherapy using a combination of APDC
and MBS data; and fact of systemic therapy from a com-
bination of APDC, MBS and PBS data (Additional file 1:
Table S1) [8].

All-cause survival at one- and five-years post diagnosis
was measured from date of diagnosis to date of death or
date of last known contact with the health system [11-
13]. People without any records in the NSWCR, APDC,
EDDC, MBS, PBS, or NDI for a six-month period or
longer were treated as lost to follow-up.

Covariates

Covariates included in multivariable models included
sex, age at diagnosis, calendar year of diagnosis, Charlson
comorbidity score, and socioeconomic status [8, 14].

Country of birth (COB) was categorised as Australia,
China (excluding Hong Kong, Macau, and Taiwan), Ger-
many, Greece, Italy, Lebanon, New Zealand, the Phil-
ippines, United Kingdom, and Vietnam, based on the
country of birth recorded on the NSWCR (note: apart
from Australia, the four largest COB categories were the
United Kingdom, China, Italy, and Greece, in decreas-
ing order). These countries represent the ten countries
of birth with the highest lung cancer incidence during
the study period. All other countries were grouped into
“other English-speaking” or “other non-English speaking”
categories [8].

Age was analysed as either a continuous or cat-
egorical (18-49, 50-59, 60-69, 70+ years) variable.
Socioeconomic status of residential address at time
of diagnosis was classified using the Index of Relative
Socioeconomic Advantage and Disadvantage developed



Little et al. BMC Pulmonary Medicine (2022) 22:366

Page 3 of 10

All invasive cancers in the NSW Cancer Registry
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v
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Fig. 1 Cohort selection diagram

Small cell lung cancer
(n =4,423)

Residents of border local health districts
(n = 4,284)

by the Australian Bureau of Statistics [15]. The year of
diagnosis was examined as either a continuous vari-
able or by two-year periods ranging from 2003-2004
to 2015-2016. Extent of disease at diagnosis was cat-
egorised as localised (confined to the organ or tissue of
origin), regional (spread to adjacent organs or tissues,
or spread to regional lymph nodes), distant (spread
beyond the organ or tissue of origin to distant body
sites), or unknown, as used in the NSW Cancer Regis-
try [8]. The Charlson comorbidity score was calculated
from APDC codes for morbidity recorded in admis-
sions in the 12 months leading to NSCLC diagnosis
[14].

Statistical methods

Cross tabulations and the Pearson chi-square test; com-
parisons were used to describe cohort characteristics for
each covariate, with people born in Australia as the refer-
ence group [11, 13]. Multivariable logistic regression was
used to convert unadjusted results of analyses by COB
to percentages adjusted for covariates [11, 13]. These
adjusted percentages are used in the text in preference to
the raw data.

Multivariable logistic regression was also used to deter-
mine odds ratios for treatment (any type, surgery, radio-
therapy, and systemic therapy respectively) [11, 13]. All
logistic models included country of birth as the principal
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study factor, with sex, age at diagnosis, year of diagno-
sis, Charlson comorbidity score, and socioeconomic sta-
tus as other predictor variables [8]. Separate treatment
models were constructed for all NSCLC combined and
by extent of disease (localised, regional, and distant) [8].
People with unknown extent of disease at diagnosis were
excluded from these analyses.

Multivariable proportional hazards regression models
were created to obtain hazard ratios for death (all causes)
in the first- and five-year period following diagnosis [8,
11, 13-15]. All proportional hazards models included
country of birth as the principal study factor, plus sex,
age at diagnosis, year of diagnosis, Charlson comorbid-
ity score, and socioeconomic status as predictor vari-
ables [13, 14]. Separate models were constructed for all
NSCLC combined and for each extent of disease category
(localised, regional, and distant). People with unknown
extent of disease at diagnosis were excluded from these
analyses. Proportionality assumptions were checked.

Data preparation and analyses were undertaken using
SAS 9.4 (SAS Institute Inc, Cary, USA) [11], and R 3.6.3
(R Core Team, Vienna, Austria) [12].

Results

Descriptive characteristics

There were 37,560 invasive lung cancers diagnosed in
NSW residents during 2003-2016. After applying the
study inclusion criteria, 27,114 people with NSCLC were
included in the cohort (Fig. 1). Completeness of records
for country of birth was high (only 2.2% of records were
excluded due to unknown country of birth).

There was a strong male predominance for people born
in Greece (87%), Italy (79%), and Lebanon (79%). Com-
pared with the Australian-born, people born in China,
Greece, Italy, and the United Kingdom tended to be older
(median age>70 years) while people born in the Philip-
pines, New Zealand, and Vietnam tended to be younger
(median age <70 years).

Number of cases increased as level of disadvantage
increased, except for the other English-speaking countries
category. The prevalence of comorbidities in the year
leading to cancer diagnosis varied across countries, rang-
ing from 14% for China to 26% for Italy. More cases were
diagnosed in the later time periods, particularly for China
(9% of cases diagnosed in 2003—-2004 increasing to 20%
in 2015-2016), the Philippines (6% of cases diagnosed in
2003-2004 increasing to 22% in 2015-2016), and Viet-
nam (9% of cases diagnosed in 2003—-2004 increasing to
21% in 2015-2016). Table 1 provides a full of summary of
the unadjusted demographic characteristics of the study
cohort.

The percentage of people lost to follow up at one year
following diagnosis varied across countries, from 0.1% for
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Australia to 5.3% for New Zealand. A similar pattern was
seen for loss to follow up at five years following diagnosis,
varying from 0.2% for Australia to 6.9% for New Zealand.

Treatment receipt

After adjusting for age at diagnosis, sex, year of diagno-
sis, comorbidity score, and socioeconomic status, the
percentage of people recorded as having any treatment
in the 12 months from diagnosis varied across country of
birth categories from 68% for Australia to 76% for Greece
(all NSCLC) and from 69% for China to 77% for Italy
(localised disease).

Corresponding percentages receiving any treatment
within 12 months from diagnosis for more advanced
disease varied from: 68% for Vietnam to 93% for other
English-speaking countries (regional disease), and from
61% for New Zealand to 71% for the Philippines (distant
disease). Compared with the Australian-born, and apart
from those born in Germany, those born in most Euro-
pean or other English-speaking countries had higher
odds of receiving any treatment. Odds of receiving any
treatment was also elevated for people born in Leba-
non. While this pattern generally applied for each extent
of disease, “statistical significance” was inconsistent. In
addition, for distant disease, receipt of any treatment had
higher odds for those born in the Philippines and other
non-English speaking countries than for the Australian-
born. (Fig. 2a, Additional file 1: Table S2).

The adjusted percentage of people who received sur-
gery also varied across countries, ranging from 14% for
Vietnam to 29% for other English-speaking countries
(all NSCLC), 40% for Vietnam to 53% for other English-
speaking countries (localised disease), and 27% for Leba-
non to 48% for other English-speaking countries (regional
disease). Compared with the Australian-born, those born
in Greece, Italy, other English-speaking, and other non-
English speaking countries had higher odds of surgery,
whereas lower odds applied for those born in Vietnam.
While this generally applied for each extent of disease,
“statistical significance” was less consistent. In addition,
people born in Vietnam had lower odds of surgery for
localised disease. (Fig. 2b, Additional file 1: Table S3).

The adjusted percentage of people who received sys-
temic therapy varied across countries, ranging from 37%
for Australia to 49% for Greece (all NSCLC); 9% for Leba-
non to 24% for Greece (localised disease); 39% for Viet-
nam to 58% for the Philippines (regional disease); and
37% for New Zealand to 55% for the Philippines (distant
disease). Compared with those born in Australia, peo-
ple from the United Kingdom, China, the Philippines,
Greece, and Italy were more likely to receive systemic
therapy for all NSCLC, people from Greece were more
likely to receive systemic therapy for regional disease, and
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people from the United Kingdom, China, the Philippines,
Greece, Italy, Lebanon, and other non-English speaking
countries were more likely to receive systemic therapy for
distant disease (Fig. 2c, Additional file 1: Table S4).

The adjusted percentage of people who received radio-
therapy varied across countries, ranging from 34% for
China to 45% for Lebanon (all NSCLC); 16% for China to
29% for Vietnam (localised disease); 38% for Vietnam to
54% for Lebanon (regional disease); and 38% for China to
53% for Lebanon (distant disease). Compared with those
from Australia, people from Asian countries were less
likely to receive radiotherapy (except for Vietnam, where
the pattern was less clear; and people from European
countries who were more likely to receive radiotherapy
for all NSCLC, regional disease (except Germany), and
distant disease (Fig. 2d, Additional file 1: Table S5).

Survival

Compared to people born in Australia, those from Asian,
European (except Germany), other English-speaking
countries, and other non-English speaking countries had
a reduced hazard of death at one year following diagno-
sis. This pattern was seen across all extents of disease
(Fig. 3a, Additional file 1: Table S6).

Similar results were seen for five-year survival. Com-
pared with people born in Australia, people from Asian,
European (except Germany), other English-speaking
countries, and other non-English speaking countries had
a lower hazard ratio for death in the five years following
diagnosis. This pattern was seen across all extents of dis-
ease (Fig. 3b, Additional file 1: Table S7).

Discussion

The sociodemographic characteristics of incidence and
outcomes observed in this NSW study of NSCLC align
with changing migration patterns, including the higher
percentages of older and male cases from European
countries in the earlier periods and higher percentages of
younger cases from South East Asia, New Zealand, and
the Middle East in more recent years [3, 4]. This pattern
reflects trends in migration composition from predomi-
nately European countries following World War II, and
to South East Asia and the Middle East in more recent
decades [4].
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Services need to account for cultural changes intro-
duced by immigration when inviting people for screen-
ing and treatment. People who migrated from Greece,
Italy, and Lebanon may have higher rates of tobacco use,
especially among males, and may warrant added empha-
sis in tobacco control programs [16]. It has long been
recognized that cultural factors can affect health-service
utilization, including readiness to seek medical care in
response to symptoms [17]. Health education programs
should also address the risks of low screening participa-
tion and reluctance to seek treatment that may occur
across cultural groups.

We found a higher level of socioeconomic disadvan-
tage in people born in Vietnam and Lebanon, which may
affect health-service participation. Socioeconomic dis-
advantage may compound differences in cultural back-
grounds and be associated with lower levels of education
and health literacy, and a lack of familiarity with available
health systems, health professionals, and support ser-
vices [18, 19].

Treatment differed across sociodemographic covaria-
bles, and countries of birth, for all treatments collectively
and individual treatment types. This was not explained
by extent of disease at diagnosis or treatment availabil-
ity. Higher socioeconomic status and diagnosis in more
recent years tended to be associated with a higher like-
lihood of receiving treatment. Unsurprisingly, older
age and comorbidities tended to be associated with not
receiving treatment, regardless of extent of disease or
treatment type.

In parallel with patterns of treatment, survival at one-
and five-years following diagnosis was higher for people
born in countries other than Australia, the United King-
dom, and Germany. Higher socioeconomic status and
diagnosis in more recent years tended to be associated
with a reduced risk of death (a lower HR) and older age,
male sex, and comorbidities tended to be associated with
an increased risk of death (a higher HR), which was not
explained by the extent of disease at diagnosis. Further
research is needed into the underlying causes of these
differences.

During the 2003-2016 study period, NSCLC treat-
ment options and guidelines have changed markedly
[20-22]. The increasing use of multi-modality imaging
and biomarkers in diagnostic workups, improved surgical

(See figure on next page.)

Fig. 2 a Forest plot for receipt of any treatment within 12 months of diagnosis, NSCLC, 2003-2016. b Forest plot for receipt of surgery within

12 months of diagnosis, NSCLC, 2003-2016. ¢ Forest plot for receipt of systemic therapy within 12 months of diagnosis, NSCLC, 2003-2016. d
Forest plot for receipt of radiotherapy within 12 months of diagnosis, NSCLC, 2003-2016. Notes: 1. Dots represent the adjusted odds ratio for each
characteristic, with 95% confidence intervals shown as horizontal bars. 2. Each characteristic has a reference value at OR=1.00
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techniques, advent of new systemic therapies such as
PD-1/PD-L1 inhibitors, and advances in radiotherapy
such as stereotactic body radiotherapy are examples [23—
29]. The respective impact of these changes on survival
outcomes needs further evaluation.

Study limitations included lack of access to data on sys-
temic therapies and treatments given under a clinical trial
protocol that were not yet included in the PBS. Also, we
did not have access to data on public hospital treatments
performed outside of NSW or treatments performed in
other countries. We consider it possible that some people
may have returned to their birth countries for a second
opinion and treatment. A similar limitation exists with
the survival results, as people may have returned to their
home country prior to dying there, such that these peo-
ple would be misclassified as alive in our data.

It is also possible that the comparatively higher survival
seen in people born outside Australian may be partly due
to the health requirements and screening of migrants at
entry to Australia, which may have led to migrant groups
being younger, fitter, and healthier than the Australian-
born (the so-called ‘healthy migrant effect’) [30].

The use of country of birth to infer cultural differences
has limitations, as it may not accurately reflect a per-
son’s culture or ethnicity. The analyses did not account
for heterogeneity between people within each country of
birth group [17]. Also people from other countries may
experience a change in risk over time towards that of
the adopted country, but data were not available to us to
investigate that aspect.

Although the need for complete and accurate data
on country of birth or cultural background has been
acknowledged, few data elements are currently available
in routinely collected administrative datasets that would
allow more in-depth analyses by ethnicity [18, 19]. Fur-
ther research in this area should endeavour to use data-
sets that contain more comprehensive data elements on
ethnicity, language proficiency, and cultural identity, as in
census data held by the Australia Bureau of Statistics.

The present data indicate that variations exist in NSW
in extent of disease at diagnosis, treatment, and survival
from NSCLC for people born in different countries.
These variations may be influenced by differences in the
underlying health of migrants from different countries,
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cultural and social factors, differences in health behav-
iours (including tobacco use), and other factors. Further
research is needed to investigate these and other possible
explanations for variations in survival. Attempts should
be made where possible to improve access to health
services and better outcomes for all people diagnosed
NSCLC in NSW.

Conclusions

Variations exist in treatment and survival by country of
birth in NSW. This may be affected by differences in fac-
tors not recorded in the NSW Registry, including use of
health services, family histories, underlying health con-
ditions, other intrinsic factors, and cultural, social, and
behavioural influences. Means of complementing existing
prognostic data with TNM and other prognostic indica-
tors are needed, including new and emerging biomarkers.
Major challenges include improving patient follow-up, as
when they return to their birth countries in the terminal
stages of their cancer treatment.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512890-022-02163-z.

Additional file 1. Logistic and proportional hazards regression and APDC,
MBS, and PBS item code lists.

Acknowledgements
The authors are grateful to the NSW Ministry of Health for access to NSW data.

Author contributions

Study concept: DR, GZ, AL, SC, DC. Study Design: GZ, DR, AL, DC. Data acquisi-
tion: GZ, DC. Interpretation of the data: DR, AL, GZ, SC, AM, DC. Manuscript
writing: AL, DR. Critical revisions: DR, GZ, SC, AL, AM, DC. Data analysis: AL, GZ.
All authors have read and approved the final version.

Funding
No external financial support was received for this research.

Availability of data and materials

The data that support the findings of this study are available from the NSW
Cancer Institute and Australia Institute of Health and Welfare but restrictions
apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available
from the authors upon reasonable request and with permission of the NSW
Department of Health and Ethics Committees, contact corresponding author
David Roder for additional information.

Declarations

Ethics approval and consent to participate

Ethics approval was provided by the NSW Population and Health Services
Research Ethics Committee (HREC/15/CIPHS/15) and the AIHW Ethics Com-
mittee (E02016/1/224). Methods of the study followed a scientific review
guided by the STROBE checklist for observational studies in epidemiology. All
methods were carried out in accordance with relevant guidelines and regula-
tions, A waiver of consent was obtained for this study provided by the NSW
Population and Health Services Research Ethics Committee which waived the
usual requirement for the consent of the individual to the use of their health
information in a research project, in line with the State Privacy Commissioner’s

Page 9 of 10

Guidelines for Research and the Health Records and Information Privacy Act
2002 (NSW) and the Guidelines approved under Section 95/95A of the Privacy
Act 1988.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Cancer Information and Analysis, Cancer Institute New South Wales, St
Leonards, NSW 2065, Australia. 2Equity, Multicultural Program, Cancer Institute
New South Wales, St Leonards, NSW 2065, Australia. *Faculty of Medicine, The
University of Sydney, Sydney, NSW 2006, Australia. “Health and Sustainable
Futures, University of Wollongong, Wollongong, NSW 2500, Australia.

Received: 11 April 2022 Accepted: 9 September 2022
Published online: 27 September 2022

References

1. Australian Institute of Health and Welfare. Cancer in Australia 2019. Can-
berra: AIHW; 2019.

2. Australian Institute of Health and Welfare. Cancer data in Australia. Can-
berra: AIHW; 2021.

3. Australian Bureau of Statistics. 2016 Census QuickStats: New South Wales
Canberra. Australia: Australian Bureau of Statistics; 2020. https://quick
stats.censusdata.abs.gov.au/census_services/getproduct/census/2016/
quickstat/1.

4. Australian Bureau of Statistics. 2016 Census community profiles: time
series profile. Canberra: Australian Bureau of Statistics; 2020. https://quick
stats.censusdata.abs.gov.au/census_services/getproduct/census/2016/
communityprofile/0367opendocument.

5. FelettoE, Sitas F. Quantifying disparities in cancer incidence and mortality
of Australian residents of New South Wales (NSW) by place of birth: an
ecological study. BMC Public Health. 2015;15:823.

6. SiS, Peters S, Reid A. Variations in mesothelioma mortality rates among
migrants to Australia and Australian-born. Ethn Health. 2018,;23(5):480-7.

7. Anikeeva O, Bi P, Hiller JE, Ryan P, Roder D, Han GS. Trends in cancer mor-
tality rates among migrants in Australia: 1981-2007. Cancer Epidemiol.
2012;36(2):e74-82.

8. Roder D, Zhao GW, Challam S, Little A, Elder E, Kostadinovska G, Wood-
land L, Currow D. Female breast cancer in New South Wales, Australia by
country of birth: implications for health-service delivery. BMC Pub Health.
2021;21(1):1-14.

9.  Centre for Health Reord Linkage. Enabling a better understanding of
health and wellbeing by 2015, using multiple sources of data. Sydney:
NSW Health; 2020.

10. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin DM, Whelan S.
International classification of diseases for oncology. First Revision. 3rd ed.
Geneva: World Health Organization; 2013.

11. SAS 94.SAS Inst. Inc. Cary: SAS; 2015.

12. R Foundation for Statistical Computing. SAS 3.6.3. A language and envi-
ronment for statistical computing. Vienna: R Core Team; 2021.

13. Armitage P, Berry G, Matthews JNS. Statistical methods in medical
research. 4th ed. Oxford: Wiley; 2002.

14. Quan H, Li B, Couris CM, Fushini K, Graham P, Hider P, Januel J-M, Sunda-
rarajan V. Update and validating the Charlson comorbidity index and
score for risk adjustment in hospita; discharge absstracts using data fom
6 countries. Am J Epidemiol. 2011;173(6):676-82.

15. Australian Bureau of Statistics. Information paper: an introduction to
Socio-Economic Indexes for Areas (SEIFA), 2006. vol catalogue no 20390;
2008. https://www.abs.gov.au/ausstats/abs@.nsf/mf/2039.0.

16. World Health Organization, Tobacco Control Monitor. Age-standardized
estimates of current tobacco use, tobacco smoking and cigarette smok-
ing. WHO: Geneva, 2022.

17. Walker HK, Hall WD, Hurst JW, editors. Clinical methods. The history, physi-
cal and laboratory examinations. 3rd ed. Boston: Butterworths; 1990.


https://doi.org/10.1186/s12890-022-02163-z
https://doi.org/10.1186/s12890-022-02163-z
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/1
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/1
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/1
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/communityprofile/036?opendocument
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/communityprofile/036?opendocument
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/communityprofile/036?opendocument
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2039.0

Little et al. BMC Pulmonary Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2022) 22:366

Chang CD. Social determinants of health and health disparities among
immigrants and their chidren. Curr Probl Pediatr Adolesc Health Care.
2019;49(1):23-30.

Vissandjee B, Short WE, Bates K. health and legal literacy for migrants:
twinned strands woven in the cloth of social justice and the human
rights to health care. BMC Int Health Human Rights. 2017;17:10.

Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman J, Chirieac LR,
D'Amico TA, DeCamp MM, Dilling TJ, Dobelbower M, Doebele RC. Non-
small cell lung cancer, version 5.2017, NCCN clinical practice guidelines in
oncology. J Natl Compr Canc Netw. 2017;15(4):504-35.

Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Vansteenkiste J,
Escriu C, Peters S. Early and locally advanced non-small-cell lung cancer
(NSCLQ): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2017;28(suppl_4):iv1-21.

Planchard D, Popat S, Kerr K, Novello S, Smit EF, Faivre-Finn C, Mok TS,
Reck M, Van Schil PE, Hellmann MD, Peters S. Metastatic non-small cell
lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2018;29(Suppl 4):iv192-237.

Huang P, Lin CT, Li Y, Tammemagi MC, Brock MV, Atkar-Khattra S, Xu'Y, Hu
P, Mayo JR, Schmidt H, Gingras M. Prediction of lung cancer risk at follow-
up screening with low-dose CT: a training and validation study of a deep
learning method. Lancet Digit Health. 2019;1(7):E353-62.

Dong B, Zhu X, Shu Z, JiY, Lu F, Wang J, Chen M. Video-assisted thora-
coscopic lobectomy versus stereotactic body radiotherapy treatment
for early-stage non-small cell lung cancer: a propensity score-matching
analysis. Front Oncol. 2020;10:2494.

Ren X-C, Liu Y-E, Li J, Lin Q. Progress in image-guided radiotherapy for the
treatment of non-small cell lung cancer. World J Radiol. 2019;11(3):46-54.
Saab S, Zalzale H, Rahal Z, Kalifeh Y, Sinjab A, Kudara H. Insights into lung
cancer immune-based biology, prevention, and treatment. Front Immu-
nol. 2020;11:159.

Ruiz-Cordoro R, Devine WP. Targeted therapy and checkpoint immuno-
therapy in lung cancer. Surg Pathol Clin. 2020;13(1):17-33.

Rossi A, Di Maio M. Platinum-based chemotherapy in advanced non-
small-cell lung cancer: optimal number of treatment cycles. Expert Rev
Anticancer Ther. 2016;16(6):653-60.

Mohammed N, Zhou RR, Xiong Z. Imaging evaluation of lung cancer
treated with PD-1/PD-L1 inhibitors. Br J Radiol. 2021;94(1127):20210228.
Kennedy S, McDonald J, Biddle N. The healthy migrant effect and
immigrant aelection: evidence from four countries. Social and economic
dimensions of aging population. Research Paper 164. Hamilton: McMas-
ter University; 2006.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Country of birth and non-small cell lung cancer incidence, treatment, and outcomes in New South Wales, Australia: a population-based linkage study
	Abstract 
	Objective: 
	Design, patients, and setting: 
	Main outcome measures: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data sources
	Study population
	Outcome measures
	Covariates
	Statistical methods

	Results
	Descriptive characteristics
	Treatment receipt
	Survival

	Discussion
	Conclusions
	Acknowledgements
	References


