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ABSTRACT 
 
Introduction: Little is known about population-wide emergency presentations and patterns of care for 
people diagnosed with non-small cell lung cancer (NSCLC) in Australia. We examined patients’ 
characteristics associated with presenting to an emergency department around the time of diagnosis 
(“emergency presenters”), and receiving anti-cancer treatment within 12 months of diagnosis. 
 
Materials and Methods: Participants in the 45 and Up Study who were newly diagnosed with NSCLC 
during 2006-2010 were included. We used linked data from population-wide health databases including 
Medicare and pharmaceutical claims, inpatient hospitalisations and emergency department 
presentations to follow participants to June 2014. Patients’ characteristics associated with being an 
emergency presenter and receiving any anti-cancer treatment were examined. 
 
Results: A total of 647 NSCLC cases were included (58.6% male, median age 73 years). Emergency 
presenters (34.5% of cases) were more likely to have a high Charlson comorbidity index score, be an ex-
smoker who had quit in the past 15 years and to be diagnosed with distant metastases. Almost all 
patients had visited their general practitioner ≥3 times in the 6 months prior to diagnosis. Nearly one-
third (29.5%) of patients did not receive any anti-cancer treatment, however, there were no differences 
between emergency and non-emergency presenters in the likelihood of receiving treatment. Those less 
likely to be treated were older, had no private health insurance, and had unknown stage disease 
recorded. 
 
Conclusion: Our results indicate the difficulties in diagnosing lung cancer at an early stage and inequities 
in NSCLC treatment. Future research should address opportunities to diagnose lung cancer earlier and to 
optimise treatment pathways. 
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Highlights 

 34% of non-small cell lung cancer cases presented to an emergency department around 
diagnosis. 

 Nearly one-third (30%) of all NSCLC patients did not receive any anti-cancer treatment. 
 There were no differences in the likelihood of receiving treatment by emergency status. 

 
  



1. INTRODUCTION 
 
Lung cancer is the leading cause of cancer death worldwide. In Australia, approximately 47,750 people 
died from cancer in 2017, with 19% of these due to lung cancer.1 This number is higher than the 
combined number of deaths from the next two leading causes of cancer death, colorectal and prostate 
cancer.1 Survival relative to the general population one and two years after a lung cancer diagnosis is 
39% and  25% respectively.2 For many lung cancer patients, poor survival is attributable to being 
diagnosed at an advanced stage.3 
 
The pathways to a lung cancer diagnosis are complex, due to these patients generally having a number of 
comorbidities and non-specific symptoms leading to diagnostic difficulty and delays in diagnosis.4, 5 A 
lengthy time interval from first symptomatic presentation to diagnosis often involves multiple GP 
consultations to rule out differential diagnoses.6 One of the main pathways to diagnosis for lung cancer 
patients is presentation to an emergency department and this has been associated with poorer 
outcomes in the United Kingdom (UK), usually because the disease had progressed to an advanced 
stage.7-10 
 
In addition to advanced stage disease at diagnosis limiting the opportunity for curative treatment, the 
treatment pathway is complex due to the disparities in guideline recommended treatment and 
treatment received in practice.4, 11 In developed countries this is often because patients included in lung 
cancer clinical trials on which the guidelines are based, are not representative of the general lung cancer 
population who tend to be older, have more comorbidities and poorer performance status.4, 11, 12 
Timeliness of initial treatment from diagnosis has also been shown to vary.4 In Australia, those treated in 
public hospitals and who were older experienced the greatest delays in time to initial treatment and 
management.13 Additionally, underutilization of lung cancer treatments have been reported in various 
countries.4, 12 
 
Despite the diagnostic route playing a critical role in disease progression and providing an opportunity 
for early intervention and curative treatments, there is limited evidence in Australia about the 
emergency route to a lung cancer diagnosis. Previous studies have focussed on the application and 
impact of treatments for NSCLC11 and the timeliness of treatment after diagnosis in Australia.13 
 
This study aimed to provide greater understanding of the patterns of care for people newly diagnosed 
with non-small cell lung cancer (NSCLC) in New South Wales (NSW), Australia’s most populous state, 
using a large population-based cohort with linked data from several health databases. We ascertained 
the proportion of NSCLC cases with an emergency presentation around the time of diagnosis, the types 
of initial treatment(s) received after diagnosis and patients’ characteristics associated with these 
outcomes. 
 
 
2. MATERIALS AND METHODS 
 
2.1 Study sample 
The Sax Institute’s 45 and Up Study is a cohort of around 267, 000 people in NSW, Australia aged 45 
years and older. Participants were randomly sampled from the Department of Human Services (formerly 
Medicare Australia) enrolment database that has almost complete coverage of the population, including 
all citizens and permanent residents of Australia. Overall, the 45 and Up Study sample represents 
approximately 11% of the NSW population aged 45 years and older. Study participants completed a 
baseline questionnaire between January 2006 and December 2009 and consented to linkage of their 
records to population-wide health databases. The baseline questionnaire included measures of health 
status, health related behaviours, socio-demographic information and past medical history. Details of the 
study cohort and methods are described elsewhere.14 
 



The conduct of the 45 and Up Study was approved by the University of New South Wales Human 
Research Ethics Committee. The NSW Population and Health Services Research Ethics Committee 
(approval number 2014/08/551) approved the record linkage and analysis reported here. 
 
2.2 Data sources and probabilistic record linkage 
Baseline questionnaire data from study participants were linked to a number of population-wide health 
databases. This included information on: (1) the use of subsidised prescription drugs in the 
Pharmaceutical Benefits Scheme (PBS; Jun 2004 to Dec 2014) and (2) the use of outpatient medical 
services and some in-hospital procedures in the Medicare Benefits Schedule (MBS; Jun 2004 to Dec 
2014) which are both administered and supplied by the Department of Human Services; (3) patient care 
delivered in public and private hospitals in the Admitted Patient Data Collection (APDC; July 2001 to June 
2014); (4) emergency presentations to public hospitals in the Emergency Department Data Collection 
(EDDC; Jan 2005 to Dec 2014); (5) cancer diagnoses recorded in the NSW Cancer Registry (NSWCR; Jan 
1994 to Dec 2010) which contains all notifications of primary cancer diagnosed or treated in NSW; (6) 
vital status recorded in the Register of Births, Deaths and Marriages (RBDM; Feb 2006 to Dec 2014) 
covers all deaths that occur in NSW; and (7) cause of death recorded in the Australian Coordinating 
Registry Cause of Death Unit Record File (COD-URF; Feb 2006 to Dec 2012). Individual records were 
linked to health databases (1) and (2) by the Sax Institute using a unique identifier that was provided to 
the Department of Human Services, while individual records in databases (3) to (7) were  probabilistically 
linked by the Centre for Health Record Linkage15 using a best practice approach to linkage while 
preserving privacy.16 
 
2.3 Inclusion and exclusion criteria for people with NSCLC 
There were 220 participants who were excluded because they entered the study in 2005 (i.e. the pilot 
study) or had linkages to health databases that could not be resolved (e.g. hospital admissions occurring 
after the recorded date of death). Of the remaining 266,794 participants, those with an incident (i.e. 
newly diagnosed) lung cancer up to 31 December 2010 were identified in the NSWCR dataset. We 
defined incident cancers as those diagnosed from the month of cohort entry onwards as day of diagnosis 
was not available in the NSWCR dataset. Lung cancers were coded as C34 based on the tenth revision of 
the International Classification of Diseases, Australian Modification (ICD10-AM). The two broad 
histological types of lung cancer, non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) 
were differentiated based on the morphology codes from the third edition of the International 
Classification of Diseases for Oncology (ICD-O-3). Patients with a diagnosis of SCLC or who were missing 
responses for any of the characteristics of interest were excluded from the analyses. 
 
2.4 Characteristics of people with NSCLC 
Stage of disease at diagnosis was obtained from the NSWCR summary degree of spread grouping, which 
classifies the extent of spread as being: (1) localised; (2) regional spread to adjacent organs and/or 
regional lymph nodes; (3) distant metastases; or (4) unknown. 
 
Socio-demographic characteristics analysed were age at diagnosis, gender, place of residence, education, 
country of birth, private health insurance and married or de-facto status (Table 1). Health characteristics 
that were self-reported at the time of completing the baseline questionnaire included smoking status, 
body mass index (BMI (kg/m2)), the degree of physical function using the physical functioning component 
of the medical outcomes scale (MOSPF-10)17, 18 or a medical history of heart disease and diabetes. The 
presence of non-cancer comorbidities was measured using the Charlson Comorbidity Index (CCI) score 
derived from diagnosis codes in hospital admissions records.19 Comorbidities that were recorded up to 5 
years prior to diagnosis and up to 6 months after diagnosis were included. 

 

2.5 Health services use 
The number of General Practitioner (GP) consultations recorded in the MBS20 was measured for two time 
intervals: (1) in the month of or the month prior to diagnosis and (2) up to 6 months prior to diagnosis. 



 
Patients who were potentially diagnosed through an emergency route were identified as those who had 
presented to an emergency department in the month of or the month prior to diagnosis (i.e. ‘emergency 
presenters’). 
 
The receipt of anti-cancer treatment was defined as lung cancer-specific treatment received in the first 
12 months after diagnosis, including surgery, radiotherapy and systemic therapy (Table 2). Treatment 
combinations by stage of disease were based on the Australian Clinical Practice Guidelines for the 
Treatment of NSCLC.21 
 
2.6 Statistical analysis 
Differences in patients’ characteristics by stage of disease were tested using Pearson’s chi-squared test 
of association. 
 
To identify patients’ characteristics associated with being an emergency presenter, odds ratios (ORs) 
with 95% confidence intervals (CIs) were estimated using multivariable logistic regression. The 
association between each patient characteristic and emergency presentation was initially estimated 
separately (unadjusted) and then ORs were adjusted for all characteristics described in section 2.4. 
 
The time interval from diagnosis to initial treatment (months) was defined from the date of diagnosis up 
to the date of the first treatment, taking the first day of the month as the day of diagnosis as only month 
and year of diagnosis were available for analysis. For patients who did not receive treatment in the first 
12 months after diagnosis, the interval was calculated from the date of diagnosis up to the date the 
patient died or the date at the end of the follow up (i.e. 12 months after diagnosis), according to which 
occurred first.  The median time and inter-quartile range (IQR) from diagnosis to first treatment were 
estimated overall and for each group using the Kaplan-Meier method. Patients who did not receive 
treatment were censored. To identify patients’ characteristics associated with likelihood of receiving 
treatment, hazard ratios (HRs) with 95% CIs were estimated using Cox’s proportional hazards (PH) 
regression. The association between each patient characteristic and time to initial treatment was 
estimated separately (unadjusted) and then HRs were adjusted for all characteristics. The PH assumption 
was checked using scaled Schoenfeld residuals and the overall goodness of fit measure assessed using 
Cox-Snell residuals. The global test for the fully-adjusted model showed the PH assumption was met 
(p=0.215). 
 
Survival time after diagnosis was defined from the date of diagnosis up to the date of death. For patients 
who did not die during the follow-up period, they were censored at the end of follow-up time, which was 
31 December 2014 for overall survival and 31 December 2012 for lung cancer specific survival. Overall 
and lung cancer specific survival at 1 and 2-years after diagnosis was estimated using the Kaplan-Meier 
method. For calculating lung cancer specific survival, patients who died from other causes were censored 
at the date of death. 
 
Most analyses were conducted in SAS version 9.4 (SAS Institute Inc, Cary, NC). The proportional hazards 
assumption and overall goodness of fit were checked using STATA 12 (StataCorp, College Station, TX). 
 
 
3. RESULTS 
 
3.1 Patient sample 
There were 817 people in the cohort with an incident lung cancer recorded in the NSWCR from baseline 
to Dec 2010. Of these, 83 had SCLC and 87 had missing responses for characteristics of interest and were 
excluded. The final complete case analyses included 647 people with NSCLC. 
 



People diagnosed with NSCLC had a median time from baseline to diagnosis of 17.0 months (IQR: 9.1-
26.4), median age at diagnosis of 73 years (IQR: 65-80 years), 58.6% were male and 41.7% had a CCI 
score of ≥1 (Table 1). At diagnosis 142 (21.9%) cases had localised disease, 131 (20.2%) had regional 
spread, 250 (38.6%) had distant metastases and 124 (19.2%) had unknown spread of disease recorded.  
Of the patients’ characteristics analysed, only age at diagnosis (p=0.001) and gender (p=0.038) varied by 
stage of disease. Patients who were older were more likely to have unknown stage disease. Males were 
more likely to have distant or unknown spread compared to regional stage disease. 
 
Overall survival at one and two years after diagnosis was 48.4% and 34.2% respectively, and lung cancer 
specific survival was 53.0% and 39.4% respectively. 
 
3.2 Emergency presentation around time of diagnosis 
In total, 223 (34.5%) patients presented to an emergency department up to one month prior to or in the 
month of diagnosis. In the adjusted analyses (Figure 1), characteristics associated with being an 
emergency presenter were stage of disease at diagnosis (p<0.001), CCI score (p<0.001) and smoking 
status (p=0.028). Patients were more likely to be an emergency presenter if they were diagnosed with 
distant metastases (OR=2.65; 95% CI: 1.62-4.31) compared to localised disease, had CCI score of 1-2 
(OR=2.07; 95% CI: 1.36-3.13) or ≥3 (OR=3.86; 95% CI: 2.18-6.84) compared to no comorbidities (CCI 
score=0) or were ex-smokers who quit in the last 15 years (OR=1.80; 95% CI: 1.16-2.78) compared to 
never or ex-smokers who quit more than 15 years ago. There were no differences between emergency 
presenters and non-emergency presenters in the number of GP visits in the month of or the month prior 
to diagnosis. Overall, 595 (92%) patients had visited their GP ≥3 times in the 6 months prior to diagnosis. 
 

3.3 Receipt of anti-cancer treatment 
In total, 456 (70.5%) patients received anti-cancer treatment in the first 12 months after diagnosis with a 
median time to treatment of 1.8 months (IQR: 1.1-3.9 months) (Table 2). Systemic therapy plus 
radiotherapy was received by 17.5% of patients, 16.7% had lung surgery only, 14.8% had radiotherapy 
only, 12.5% had systemic therapy only, 6.3% had lung surgery plus systemic therapy and/or radiotherapy 
and 2.6% had brain surgery (for metastases) with or without systemic therapy and/or radiotherapy 
and/or lung surgery. The remaining 191 (29.5%) patients did not receive any treatment, which ranged 
from 14.5% of patients with regional spread to 46.8% of patients with unknown spread of disease. 
 
Lung surgery alone was carried out for 50.7% of patients with localised disease, 24.4% with regional 
spread and very few patients with distant metastases or unknown spread. Radiotherapy, systemic 
therapy and the combination of these therapies were received more frequently by patients with regional 
spread (46.6%), distant metastases (57.6%) and unknown spread (46.8%) compared to those with 
localised (19.0%) disease. Brain surgery with or without systemic therapy and/or radiotherapy and/or 
lung surgery was carried out for 5.2% of patients with distant metastases. 
 
3.4 Characteristics associated with receipt of anti-cancer treatment 
In the adjusted analyses, characteristics associated with receipt of anti-cancer treatment in the first 12 
months after diagnosis were age at diagnosis (p<0.001), private health insurance (p<0.001) and stage of 
disease at diagnosis (p=0.005) (Figure 2). Patients were less likely to receive treatment if they were aged 
70-79 years at diagnosis (HR=0.76; 95% CI: 0.60-0.95) or 80 years and older (HR=0.35; 95% CI: 0.25-0.47) 
compared to those aged 60-69 at diagnosis, if they had no private health insurance (HR=0.69; 95% CI: 
0.56-0.84) or were recorded as having unknown stage  (HR=0.63; 95% CI: 0.46-0.86) compared to 
localised disease.  There were no differences between emergency presenters and non-emergency 
presenters in the likelihood of receiving treatment (p=0.145). 
 
 
4. DISCUSSION 
 



This is one of the most comprehensive population-wide patterns of care studies for NSCLC patients in 
Australia. Access to almost complete coverage of the healthcare system allowed for examination of the 
patient’s journey from the emergency route to a NSCLC diagnosis to initial treatment. Additionally, 
access to comprehensive health and socio-demographic information obtained from questionnaire data 
allowed us to identify significant variation in these outcomes by individual patients’ characteristics. Our 
main findings reflect the difficulties in diagnosing lung cancer at an early stage and have identified 
inequities in NSCLC treatment. 
 
4.1 Emergency presentation around time of diagnosis 
More than one-third of NSCLC patients presented to an emergency department around the time of 
diagnosis. Emergency presenters had poorer health characteristics, including a high comorbidity score or 
were more recent ex-smokers. There were some suggestions people who were older and less educated 
were more likely to be an emergency presenter, although these associations were not statistically 
significant after adjustment for confounders. Almost all patients visited their GP several times in the 6 
months prior to their diagnosis, suggesting emergency presenters were not using the emergency 
department as their primary point of contact but were also utilising other healthcare channels prior to 
diagnosis. Emergency presenters were also more likely to be diagnosed with advanced stage disease. 
 
The proportion of patients in our study who were emergency presenters was similar to that reported in 
the UK: in England and Scotland approximately 39% of all lung cancer patients were diagnosed as a result 
of a presentation to the emergency department.7, 9, 22 Similarly, a New Zealand study reported that 35% 
of lung cancer cases first presented at an emergency department.23 Patients’ characteristics associated 
with an emergency diagnosis include being older or female and having poorer performance status or 
lower socioeconomic status, as reported in studies from England and USA.10 One English study reported 
no association with comorbidities,24 whereas a US study reported those with higher comorbidities were 
more likely to have an emergency diagnosis.25 Three English studies have shown symptoms related to an 
emergency diagnosis of lung cancer are often complicated due to patients having comorbid conditions 
such as chronic obstructive pulmonary disease (COPD), they may present with non-specific symptoms or 
symptoms unrelated to the lung cancer and  then lung cancer is an incidental finding.5, 8, 26 It is likely the 
complexities of these presentations are applicable in our study given emergency presenters had poorer 
health characteristics.  We found recent ex-smokers (i.e. quit within the past 15 years) were more likely 
to be emergency presenters than longer term ex-smokers or never smokers. It is possible recent ex-
smokers had a range of symptoms that made a timely diagnosis of lung cancer difficult as other 
diagnoses were ruled out. To our knowledge, no other study has investigated the association between 
smoking history and the emergency route to a lung cancer diagnosis. In England, lung cancer patients 
diagnosed via an emergency presentation had more advanced stage disease27 and poorer survival.9 
 
A small number of interventions to improve early detection in both asymptomatic and symptomatic 
populations are being developed and tested in the lung cancer setting. For example, a risk assessment 
tool used within the context of a US lung cancer screening trial for identifying ever smokers at high risk 
for lung cancer was also good at predicting lung cancer incidence in the 45 and Up Study Australian 
population.28 The tool identifies individuals at high risk of developing lung cancer over six years based on 
their smoking history, demographic and health related characteristics. Future work could examine 
whether use of this tool to identify high risk individuals reduces the proportion of emergency presenters. 
Other early detection interventions include the CHEST intervention that facilitates early presentation 
with symptoms in primary care,29, 30 and a referral decision prompt that supports GPs to provide early 
referral of people with a suspicious lesion to specialist respiratory care.31 
 
4.2 Receipt of anti-cancer treatment 
In total, 70% of all patients received anti-cancer treatment in the first 12 months after diagnosis with 
median time from diagnosis to treatment of 1.8 months (IQR: 1.1-3.9). The types of anti-cancer 
treatment received varied considerably with stage of disease and appear to be in concordance with the 
Australian Clinical Practice guidelines.21 However, there were 30% of patients who did not receive any 



treatment, including 20% of patients with localised disease. Those less likely to receive treatment were 
older, had no private health insurance or were recorded with unknown spread of disease. After adjusting 
for these characteristics, there were no significant differences between emergency and non-emergency 
presenters in the likelihood of receiving treatment. 
 
Similar levels of non-treatment for lung cancer have been reported previously,4, 12 with two Australian 
studies estimating a third of all patients had not received any active anti-cancer treatment, and this 
proportion had not changed from 1996 to 2002.32, 33 Another Australian study reported that 26% of cases 
in 2003 had no anti-cancer treatment.34 We found about 30% of patients were not treated between 2006 
and 2011, suggesting no substantial changes in the provision of lung cancer treatment for NSCLC patients 
over time. The proportion of lung cancer patients that have no anti-cancer treatment has varied 
significantly across countries, from 18% of patients in the USA to 50% in New Zealand and Ireland.23, 35 
One Australian study found the actual proportion of lung cancer patients who were not treated was five 
times greater than that recommended in guidelines and two times greater than that recommended by a 
multidisciplinary team who reviewed each patient’s treatment options.35 Additionally, the optimal 
radiotherapy utilization rates for lung cancer at initial diagnosis have been estimated at 45 to 68%.4, 36 In 
our study, 38% of people with NSCLC received radiotherapy, which is lower than the 43% previously 
reported in NSW.37 
 
Previous Australian studies reported similar characteristics associated with not receiving treatment, such 
as older age, having distant metastases or unknown stage disease, and among those who had 
experienced weight loss.11, 13, 33 We found that among cases without private health insurance, the median 
time from diagnosis to initial treatment was 2.2 months (IQR: 1.2-7.4) compared with 1.4 months (IQR: 
0.9-2.5) for those with private health insurance. These findings are similar to an Australian study that 
found those treated in public hospitals experience longer waiting times compared to those treated in 
private hospitals.13 European studies have reported time from diagnosis to initial treatment vary 
between 30 and 84 days with several studies reporting times exceeding recommendations in 
international guidelines.38 The UK National Health Service (NHS) Cancer Plan guideline and RAND 
corporation recommend a maximum time from diagnosis to treatment of 31 and 42 days, respectively.38 
Our estimate of 2.2 months for patients without private health insurance exceeds both recommended 
guidelines. 
 
4.3 Limitations 
Our study includes a cohort of patients recruited in the 45 and Up Study sample, and not the whole NSW 
population. There was a smaller proportion of patients with distant metastases  (38.6% versus 46.2%) 39 
and there was a higher proportion who were Australian-born and female compared to other NSW based 
studies.11, 32, 33, 40  However, it has been demonstrated that associations estimated within the 45 and Up 
Study cohort yield estimates similar to those from other NSW based studies.41 Our results are consistent 
with other studies investigating similar associations, indicating they are reliable estimates. 
 
A further limitation is that we could not directly infer from our data that patients who visited the 
emergency department in the month of or month prior to diagnosis were diagnosed as a result of the 
emergency presentation. Some patients may have been undergoing investigation of their symptoms with 
their GP but had an acute exacerbation of symptoms requiring presentation to an emergency 
department which may or may not have hastened the diagnosis. We also did not have access to more 
detailed TNM staging and Eastern Cooperative Oncology Group (ECOG) performance status on which 
treatment recommendations are based in the Australian Clinical Practice guidelines.21 Finally, 19% had 
unknown stage disease recorded in the NSWCR due to insufficient information being available in the 
notifications received to assign stage. Therefore we could only describe general patterns of treatment 
and how this roughly compares with the guidelines. 
 
  



5. CONCLUSIONS 
In this population-based study, we found that about one-third of lung cancer patients were emergency 
presenters, who had poorer health characteristics including more comorbid conditions and/or were 
recent ex-smokers and were also more likely to be diagnosed with advanced stage disease. However, 
there were no differences between emergency and non-emergency presenters in the likelihood of 
receiving initial anti-cancer treatment and management for lung cancer. Patients who had no private 
health insurance or were older at diagnosis were less likely to receive treatment, indicating there may be 
some inequities in NSCLC treatment. Future work identifying earlier detection methods for lung cancer 
and optimising treatment pathways has the potential for improving outcomes for lung cancer patients. 
 
 
 
ACKNOWLEDGEMENTS 
This research was completed using data collected through the 45 and Up Study 
(www.saxinstitute.org.au). The 45 and Up Study is managed by the Sax Institute in collaboration with 
major partner Cancer Council NSW; and partners: the National Heart Foundation of Australia (NSW 
Division); NSW Ministry of Health;  NSW Government Family & Community Services – Ageing, Carers and 
the Disability Council NSW; and the Australian Red Cross Blood Service. We thank the many thousands of 
people participating in the 45 and Up Study and the data custodians for the provision of data. The Cause 
of Death Unit Record File was provided by the Australian Coordinating Registry on behalf of Australian 
Registries of Births, Deaths and Marriages, Australian Coroners and the National Coronial Information 
System. 
 
 
FUNDING 
Cancer Council NSW funded this study, but had no involvement in the design, analysis or publishing of 
this manuscript. 
 
 
CONFLICT OF INTEREST STATEMENT 
Karen Canfell is co-PI of an investigator-initiated trial of cytology and primary HPV screening in Australia 
(‘Compass’), which is conducted and funded by the Victorian Cytology Service (VCS), a government-
funded health promotion charity. The VCS have received equipment and a funding contribution for the 
Compass trial from Roche Molecular Systems and Ventana Inc USA. However neither the authors nor our 
institution (Cancer Council NSW) receive direct funding from industry for this trial or any other project. 
There are no other potential conflict of interest relationships to be declared by any of the other authors. 
 

  



REFERENCES 
 
1. AIHW. Cancer in Australia 2017.  Cancer series No 101. Canberra: 2017. 
2. AIHW. Cancer in Australia: An overview 2014.  Cancer series Number 90. Canberra: 2014. 
3. Walters S, Maringe C, Coleman MP, et al. Lung cancer survival and stage at diagnosis in Australia, 
Canada, Denmark, Norway, Sweden and the UK: a population-based study, 2004-2007. Thorax 
2013;68:551-564. 
4. Rankin NM, McGregor D, Stone E, et al. Evidence-practice gaps in lung cancer: A scoping review. 
Eur J Cancer Care 2018;27:e12588. 
5. Mitchell ED, Rubin G, Merriman L, et al. The role of primary care in cancer diagnosis via 
emergency presentation: qualitative synthesis of significant event reports. Br J Cancer 2015;112 Suppl 
1:S50-56. 
6. Lyratzopoulos G, Abel GA, McPhail S, et al. Measures of promptness of cancer diagnosis in 
primary care: secondary analysis of national audit data on patients with 18 common and rarer cancers. 
Br J Cancer 2013;108:686-690. 
7. Abel GA, Shelton J, Johnson S, et al. Cancer-specific variation in emergency presentation by sex, 
age and deprivation across 27 common and rarer cancers. Br J Cancer 2015;112 Suppl 1:S129-136. 
8. Barrett J, Hamilton W. Pathways to the diagnosis of lung cancer in the UK: a cohort study. BMC 
Fam Pract 2008;9:31. 
9. Elliss-Brookes L, McPhail S, Ives A, et al. Routes to diagnosis for cancer - determining the patient 
journey using multiple routine data sets. Br J Cancer 2012;107:1220-1226. 
10. Mitchell ED, Pickwell-Smith B, Macleod U. Risk factors for emergency presentation with lung and 
colorectal cancers: a systematic review. BMJ Open 2015;5:e006965. 
11. Duggan KJ, Descallar J, Vinod SK. Application of Guideline Recommended Treatment in Routine 
Clinical Practice: A Population-based Study of Stage I-IIIB Non-small Cell Lung Cancer. Clin Oncol (R Coll 
Radiol) 2016;28:639-647. 
12. Vinod SK. Decision making in lung cancer - how applicable are the guidelines? Clin Oncol (R Coll 
Radiol) 2015;27:125-131. 
13. Evans SM, Earnest A, Bower W, et al. Timeliness of lung cancer care in Victoria: a retrospective 
cohort study. Med J Aust 2016;204:75 e71-79. 
14. 45 and Up Study, Collaborators. Cohort profile: the 45 and up study. Int J Epidemiol 2008;37:941-
947. 
15. Centre for Health Record Linkage. Available at http://www.cherel.org.au/. Accessed 28th May 
2017  
16. Kelman CW, Bass AJ, Holman CD. Research use of linked health data--a best practice protocol. 
Australian and New Zealand journal of public health 2002;26:251-255. 
17. Stewart AL, Greenfield S, Hays RD, et al. Functional status and well-being of patients with chronic 
conditions. Results from the Medical Outcomes Study. JAMA 1989;262:907-913. 
18. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual 
framework and item selection. Med Care 1992;30:473-483. 
19. Sundararajan V, Henderson T, Perry C, et al. New ICD-10 version of the Charlson comorbidity 
index predicted in-hospital mortality. J Clin Epidemiol 2004;57:1288-1294. 
20. Australian Government Department of Health. Medicare Benefits Schedule Book 2014 Available 
at 
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/432EE55FAB58E5C4CA257D6B00
1AFB8A/%24File/201411-MBS.pdf. 
21. Cancer Council Australia (CCA). Clinical practice guidelines for the treatment of lung cancer. 29 
April 2015. Available at http://wiki.cancer.org.au/australia/Guidelines:Lung_cancer. Accessed 14 
November 2016  
22. Murchie P, Smith SM, Yule MS, et al. Does emergency presentation of cancer represent poor 
performance in primary care? Insights from a novel analysis of linked primary and secondary care data. 
Br J Cancer 2017;116:1148-1158. 



23. Stevens W, Stevens G, Kolbe J, et al. Ethnic differences in the management of lung cancer in New 
Zealand. J Thorac Oncol 2008;3:237-244. 
24. Beckett P, Tata LJ, Hubbard RB. Risk factors and survival outcome for non-elective referral in 
non-small cell lung cancer patients--analysis based on the National Lung Cancer Audit. Lung Cancer 
2014;83:396-400. 
25. Sikka V, Ornato JP. Cancer diagnosis and outcomes in Michigan EDs vs other settings. Am J Emerg 
Med 2012;30:283-292. 
26. Mitchell ED, Rubin G, Macleod U. Understanding diagnosis of lung cancer in primary care: 
qualitative synthesis of significant event audit reports. Br J Gen Pract 2013;63:e37-46. 
27. McPhail S, Elliss-Brookes L, Shelton J, et al. Emergency presentation of cancer and short-term 
mortality. Br J Cancer 2013;109:2027-2034. 
28. Weber M, Yap S, Goldsbury D, et al. Identifying high risk individuals for targeted lung cancer 
screening: Independent validation of the PLCOm2012 risk prediction tool. Int J Cancer 2017;141:242-253. 
29. Murray SR, Murchie P, Campbell N, et al. Protocol for the CHEST Australia Trial: a phase II 
randomised controlled trial of an intervention to reduce time-to-consult with symptoms of lung cancer. 
BMJ Open 2015;5. 
30. Smith S, Fielding S, Murchie P, et al. Reducing the time before consulting with symptoms of lung 
cancer: a randomised controlled trial in primary care. The British Journal of General Practice 
2013;63:e47-e54. 
31. Rankin N. The RoaDmaP pilot study: feasibility of implementing a primary care intervention for 
referral of potential lung cancer cases to specialist care.  Innovations in Cancer Treatment and Care 
Sydney, Australia: Cancer Insitute NSW; 2017 Available at https://www.cancerinstitute.org.au/about-
us/events/innovations-in-cancer-treatment-and-care/2017-innovations-in-cancer-treatment-and-care-
conf/the-roadmap-pilot-study-feasibility-of-implementi. 
32. Simonella L, O'Connell DL, Vinod SK, et al. No improvement in lung cancer care: the management 
of lung cancer in 1996 and 2002 in New South Wales. Internal medicine journal 2009;39:453-458. 
33. Vinod SK, O'Connell DL, Simonella L, et al. Gaps in optimal care for lung cancer. J Thorac Oncol 
2008;3:871-879. 
34. Mitchell PL, Thursfield VJ, Ball DL, et al. Lung cancer in Victoria: are we making progress? Med J 
Aust 2013;199:674-679. 
35. Vinod SK, Sidhom MA, Gabriel GS, et al. Why do some lung cancer patients receive no anticancer 
treatment? J Thorac Oncol 2010;5:1025-1032. 
36. Delaney G, Barton M, Jacob S, et al. A model for decision making for the use of radiotherapy in 
lung cancer. The Lancet Oncology 2003;4:120-128. 
37. Vinod SK, Simonella L, Goldsbury D, et al. Underutilization of radiotherapy for lung cancer in New 
South Wales, Australia. Cancer 2010;116:686-694. 
38. Olsson JK, Schultz EM, Gould MK. Timeliness of care in patients with lung cancer: a systematic 
review. Thorax 2009;64:749-756. 
39. Cancer Institute NSW. Cancer Statistics NSW. Available at 
https://www.cancerinstitute.org.au/data-research/access-our-data/cancer-statistics-
nsw#/analysis/incidence/. Accessed 1st March 2017  
40. Vinod SK, Delaney GP, Bauman AE, et al. Lung cancer patterns of care in south western Sydney, 
Australia. Thorax 2003;58:690-694. 
41. Mealing NM, Banks E, Jorm LR, et al. Investigation of relative risk estimates from studies of the 
same population with contrasting response rates and designs. BMC Med Res Methodol 2010;10:26. 

 

  



FIGURES 
 

Figure 1. Unadjusted and adjusted odds ratios and 95% confidence intervals for (A) socio-demographic 
and (B) health characteristics associated with being an emergency presenter. The adjusted odds ratios 
were adjusted for all characteristics in Figure 1A and B. 
 

 
 

 
 

OR: Odds Ratio; CI: Confidence Interval; GP visits: General Practitioner consultations in the month of or 
the month prior to diagnosis 
 
  



Figure 2. Unadjusted and adjusted hazard ratios and 95% confidence intervals for (A) socio-
demographic and (B) health characteristics associated with receipt of anti-cancer treatment. The 
adjusted hazard ratios were adjusted for all characteristics in Figure 2A and B. 
 

 
 

 
* 75th percentile not reported as largest observation was censored. 
HR: Hazard Ratio; CI: Confidence Interval; IQR: Inter-Quartile Range 
 
  



TABLES 
 
 
Table 1: Characteristics of people with non-small-cell lung cancer diagnosed in 2006-2010 by stage of 
disease. 
 

Characteristics 

All NSCLC 
(N=647) 

Localised  
disease 
(N=142) 

Regional 
disease 
(N=131) 

Distant 
disease 
(N=250) 

Unknown 
disease 
(N=124) 

n (col %) n (col %) n (col %) n (col %) n (col %) 
Age at diagnosis           
45 to 59 years 64 (9.9) * 14 (10.7) 35 (14.0) * 
60 to 69 years 194 (30.0) 41 (28.9) 47 (35.9) 70 (28.0) 36 (29.0) 
70 to 79 years 215 (33.2) 58 (40.8) 41 (31.3) 82 (32.8) 34 (27.4) 
80+ years 174 (26.9) * 29 (22.1) 63 (25.2) * 
P-value  0.001 
Gender           
Male 379 (58.6) 83 (58.5) 63 (48.1) 153 (61.2) 80 (64.5) 
Female 268 (41.4) 59 (41.5) 68 (51.9) 97 (38.8) 44 (35.5) 
P-value  0.038 
Place of residence           
Major cities 327 (50.5) 73 (51.4) 67 (51.1) 126 (50.4) 61 (49.2) 
Inner regional 241 (37.2) 49 (34.5) 50 (38.2) 95 (38.0) 47 (37.9) 
Other (outer regional, remote, very 
remote) 79 (12.2) 20 (14.1) 14 (10.7) 29 (11.6) 16 (12.9) 
P-value  0.976 
Education            
No school certificate 118 (18.2) 28 (19.7) 21 (16.0) 44 (17.6) 25 (20.2) 
School certificate 183 (28.3) 44 (31.0) 37 (28.2) 66 (26.4) 36 (29.0) 
Trade/Certificate/Diploma/HSC 260 (40.2) 55 (38.7) 57 (43.5) 101 (40.4) 47 (37.9) 
University degree or higher 86 (13.3) 15 (10.6) 16 (12.2) 39 (15.6) 16 (12.9) 
P-value  0.908 
Country of birth           
Australia 473 (73.1) 105 (73.9) 102 (77.9) 176 (70.4) 90 (72.6) 
Not Australia 174 (26.9) 37 (26.1) 29 (22.1) 74 (29.6) 34 (27.4) 
P-value  0.474 
Private health insurance at baseline           
Yes 284 (43.9) 65 (45.8) 62 (47.3) 104 (41.6) 53 (42.7) 
No 363 (56.1) 77 (54.2) 69 (52.7) 146 (58.4) 71 (57.3) 
P-value  0.698 
Married or defacto status at baseline           
Yes 392 (60.6) 99 (69.7) 75 (57.3) 150 (60.0) 68 (54.8) 
No 255 (39.4) 43 (30.3) 56 (42.7) 100 (40.0) 56 (45.2) 
P-value  0.062 
Charlson’s comorbidity index score           
0 377 (58.3) 82 (57.7) 73 (55.7) 161 (64.4) 61 (49.2) 
1 to 2 191 (29.5) 44 (31.0) 45 (34.4) 58 (23.2) 44 (35.5) 
3 or more 79 (12.2) 16 (11.3) 13 (9.9) 31 (12.4) 19 (15.3) 



Characteristics 

All NSCLC 
(N=647) 

Localised  
disease 
(N=142) 

Regional 
disease 
(N=131) 

Distant 
disease 
(N=250) 

Unknown 
disease 
(N=124) 

n (col %) n (col %) n (col %) n (col %) n (col %) 
P-value  0.083 
Smoking status at baseline           
Never / Ex-smoker (quit > 15 years) 308 (47.6) 68 (47.9) 68 (51.9) 112 (44.8) 60 (48.4) 
Ex-smoker (quit ≤ 15 years) 206 (31.8) 41 (28.9) 38 (29.0) 84 (33.6) 43 (34.7) 
Current smoker 133 (20.6) 33 (23.2) 25 (19.1) 54 (21.6) 21 (16.9) 
P-value  0.707 

Body mass index (kg/m2) at baseline           
Underweight (<18.5) 22 (3.4) * 7 (5.3) 8 (3.2) * 
Normal range (18.5 to <25) 280 (43.3) 58 (40.8) 55 (42.0) 108 (43.2) 59 (47.6) 
Overweight (25 to <30) 231 (35.7) 53 (37.3) 41 (31.3) 96 (38.4) 41 (33.1) 
Obese (≥30) 114 (17.6) * 28 (21.4) 38 (15.2) * 
P-value  0.700 
MOSPF-10 physical functioning scale at baseline 
0-59 (low physical function) 195 (30.1) 41 (28.9) 40 (30.5) 65 (26.0) 49 (39.5) 
60-89 202 (31.2) 46 (32.4) 42 (32.1) 83 (33.2) 31 (25.0) 
90-100 (high physical function) 179 (27.7) 41 (28.9) 37 (28.2) 71 (28.4) 30 (24.2) 
Unspecified 71 (11.0) 14 (9.9) 12 (9.2) 31 (12.4) 14 (11.3) 
P-value  0.459 
Heart disease at baseline           
Yes 126 (19.5) 29 (20.4) 27 (20.6) 40 (16.0) 30 (24.2) 
No 521 (80.5) 113 (79.6) 104 (79.4) 210 (84.0) 94 (75.8) 
P-value  0.275 
Diabetes at baseline           
Yes 87 (13.4) 21 (14.8) 19 (14.5) 30 (12.0) 17 (13.7) 
No 560 (86.6) 121 (85.2) 112 (85.5) 220 (88.0) 107 (86.3) 
P-value   0.849 

 

* Numbers not shown due to small cell sizes 
Col: Column; HSC: Higher School Certificate; NSCLC: Non-Small-Cell Lung Cancer; MOSPF-10: Medical Outcomes 
Study Physical Functioning scale 
 
 



Table 2. Types of anti-cancer treatment received in the first 12 months after non-small-cell lung cancer diagnosis by stage of disease  
 

Treatment 

All NSCLC 
(N=647) 

Localised 
disease 
(N=142) 

Regional 
disease 
(N=131) 

Distant 
disease 
(N=250) 

Unknown 
disease 
(N=124) 

n (col %) n (col %) n (col %) n (col %) n (col %) 
Lung surgery 108 (16.7) 72 (50.7) 32 (24.4) * * 
Radiotherapy 96 (14.8) 12 (8.5) 17 (13.0) 43 (17.2) 24 (19.4) 

Systemic Therapy1  81 (12.5) 5 (3.5) 15 (11.5) 42 (16.8) 19 (15.3) 

Systemic Therapy1 + Radiotherapy 113 (17.5) 10 (7.0) 29 (22.1) 59 (23.6) 15 (12.1) 

Lung surgery + Systemic Therapy1 and/or Radiotherapy 41 (6.3) 14 (9.9) * * * 

Brain surgery ± Systemic Therapy1 and/or Radiotherapy and/or Lung surgery 17 (2.6) 0 (0.0) * 13 (5.2) * 
No anti-cancer treatment 191 (29.5) 29 (20.4) 19 (14.5) 85 (34.0) 58 (46.8) 

 
1 Systemic therapy includes chemotherapy and/or targeted therapy 
* Numbers not shown due to small cell sizes 
Col; Column, NSCLC; Non-Small-Cell Lung Cancer 
 
 


