
Vol.:(0123456789)1 3

Journal of Cancer Research and Clinical Oncology (2022) 148:2971–2984 
https://doi.org/10.1007/s00432-021-03856-4

ORIGINAL ARTICLE – CLINICAL ONCOLOGY

Socioeconomic disparities in colorectal cancer survival: contributions 
of prognostic factors in a large Australian cohort

Xue Qin Yu1  · David Goldsbury1 · Eleonora Feletto1 · Cherry E. Koh2,3 · Karen Canfell1,4 · Dianne L. O’Connell1,5

Received: 29 July 2021 / Accepted: 10 November 2021 / Published online: 25 November 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Purpose We quantified the contributions of prognostic factors to socioeconomic disparities in colorectal cancer survival in 
a large Australian cohort.
Methods The sample comprised 45 and Up Study participants (recruited 2006–2009) who were subsequently diagnosed with 
colorectal cancer. Both individual (education attained) and neighbourhood socioeconomic measures were used. Question-
naire responses were linked with cancer registrations (to December 2013), records for hospital inpatient stays, emergency 
department presentations, death information (to December 2015), and Medicare and Pharmaceutical Benefits claims for 
subsidised procedures and medicines. Proportions of socioeconomic survival differences explained by prognostic factors 
were quantified using multiple Cox proportional hazards regression.
Results 1720 eligible participants were diagnosed with colorectal cancer after recruitment: 1174 colon and 546 rectal cancers. 
Significant colon cancer survival differences were only observed for neighbourhood socioeconomic measure (p = 0.033): 
HR = 1.55; 95% CI 1.09–2.19 for lowest versus highest quartile, and disease-related factors explained 95% of this difference. 
For rectal cancer, patient- and disease-related factors were the main drivers of neighbourhood survival differences (28–36%), 
while these factors and treatment-related factors explained 24–41% of individual socioeconomic differences. However, dif-
ferences remained significant for rectal cancer after adjusting for all these factors.
Conclusion In this large contemporary Australian cohort, we identified several drivers of socioeconomic disparities in 
colorectal cancer survival. Understanding of the role these contributors play remains incomplete, but these findings suggest 
that improving access to optimal care may significantly reduce these survival disparities.
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Introduction

Colorectal cancer (CRC) is the third-most common cancer 
and second-leading cause of cancer death worldwide (Bray 
et al. 2018). In many developed countries, including Aus-
tralia, there have been substantial improvements in CRC 
survival in recent decades, due to advances in patients’ 
care (Butler et al. 2013; Chawla et al. 2013). However, not 
all patients appear to have benefitted equally from these 
advances, with socioeconomic disparities in CRC survival 
being reported over the past decades (Beckmann et al. 2016; 
Stanbury et al. 2016a; Woods et al. 2006; Yu et al. 2008). 
The reasons for these survival differences are not well under-
stood, although differences in disease stage at diagnosis, 
access and quality of treatment, and patients’ characteris-
tics are likely to be the potential causes (Woods et al. 2006).
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Identifying factors influencing CRC survival are crucial 
first steps towards addressing and reducing disparities in 
survival outcomes (Woods et al. 2006). In Australia, studies 
have attempted to disentangle the impact of several prog-
nostic factors on socioeconomic disparities in CRC survival, 
and found that patients residing in higher socioeconomic 
neighbourhoods had longer survival after adjusting for stage 
at diagnosis, treatment received, and several other prognostic 
factors (Beckmann et al. 2016; Kelsall et al. 2009). How-
ever, these previous studies were limited by a relatively 
small sample size and lack of information on comorbidities 
(Kelsall et al. 2009), or not having individual socioeconomic 
measures or information on lifestyle factors (Beckmann et al. 
2016), all of which may be associated with CRC patients’ 
survival (Boyle et al. 2013; Woods et al. 2006). In this 
study, we investigated potential prognostic factors underly-
ing survival disparities in CRC in a large Australian cohort 
(Banks et al. 2008), and quantified their contributions to the 
disparities.

Methods

The Sax Institute’s 45 and Up Study is an ongoing Australian 
prospective cohort study of 267,153 people aged ≥ 45 years 
residing in New South Wales (NSW), Australia during 
2006–2009 (Banks et al. 2008). Prospective participants 
were randomly sampled from Services Australia (formerly 
the Australian Government Department of Human Services) 
enrolment database, which provides near complete coverage 
of the population. People aged ≥ 80 years and residents of 
rural and remote areas were oversampled. Of those invited, 
18% participated and participants included about 11% of the 
NSW population aged ≥ 45 years. A detailed description of 
the analytical approaches used in this study has previously 
been published (Yu et al. 2019). Briefly, the study sample 
comprised participants of the 45 and Up Study who were 
diagnosed with colon (C18), or rectal cancer (C19–C20) 
during follow-up, identified by linkage to the population-
based NSW Cancer Registry up to December 2013.

To provide data on the patients’ care pathway, and vital 
status, the survey data were linked with the NSW Admitted 
Patient Data Collection (APDC), NSW Emergency Depart-
ment Data Collection (EDDC), Medicare Benefits Schedule 
(MBS) and Pharmaceutical Benefits Scheme (PBS) claims 
databases, and Cause of Death Unit Record File (COD-URF) 
(dates of availability of these health-related datasets are 
shown in the Supplementary Figure). Linkage to MBS and 
PBS records is facilitated by the Sax Institute using a unique 
identifier provided by Services Australia. All other datasets 
were probabilistically linked by the Centre for Health Record 
Linkage using a privacy-preserving approach to linkage 
(Centre for Health Record Linkage 2018).

Exclusions

Participants with any record of cancer before recruitment 
(either self-reported at baseline or those with a cancer 
diagnosis recorded in the NSW Cancer Registry between 
1994 and baseline) were excluded, along with people first 
diagnosed at death or whose survival time was 0 days. Par-
ticipants whose healthcare was subsidised by the Austral-
ian Government’s Department of Veterans’ Affairs were 
excluded as their prescription medicines have a separate 
billing arrangement and these data were not available. 
Those aged ≥ 85 years at diagnosis were also excluded 
since misclassification of cause of death has been shown 
to be more common for older cancer patients (Dekker et al. 
2014; Makkar et al. 2018).

Outcome and exposure measures

A patient’s vital status was determined by linkage with 
COD-URF. Survival time was calculated from the date of 
diagnosis to the date of death from CRC or censored at the 
date of death from another cause or at the end of follow-up 
(December 2015).

Relative survival could not be estimated because rel-
evant population life tables were not available, so we used 
the Surveillance, Epidemiology, and End Results cause-
specific death classification (Howlader et al. 2010) to opti-
mise the accuracy of the survival estimates as causes of 
death recorded in population-based registries can be inac-
curate (Yin et al. 2011).

To take advantage of the data available and adhere to 
previous recommendations (Chang et al. 2012; Wallner 
and Griggs 2018), two measures of socioeconomic sta-
tus (SES) were used in this study. Individual-level SES 
was determined using the patient’s highest level of edu-
cation attainment self-reported at baseline and classified 
as ‘low’ (school certificate or below), ‘medium’ (higher 
school certificate, or trade/apprenticeship), or ‘high’ 
(certificate/diploma, or university degree). Neighbour-
hood SES (nSES) was based on where the participant 
lived at baseline and grouped into four categories using 
quartiles of the state-wide distribution of an index of rela-
tive socioeconomic disadvantage from the 2011 Austral-
ian Census (Australian Bureau of Statistics 2013). This 
index represents the average SES of people living within 
a given neighbourhood, including education, employment 
and occupation variables (Australian Bureau of Statistics 
2013).

A joint SES variable was derived to examine any pos-
sible interaction of the two SES measures on patients’ 
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survival (Chang et al. 2012). nSES was split into low nSES 
(quartiles 1–2) and high nSES (quartiles 3–4), resulting in 
six categories: “high nSES/high education”, “high nSES/
medium education”, “high nSES/low education”, “low 
nSES/high education”, “low nSES/medium education”, 
and “low nSES/low education”.

Prognostic factors

The prognostic factors were grouped into four broad cat-
egories: patient-, lifestyle-, disease-, or treatment-related. 
Patient-related factors were obtained from the baseline 
questionnaire, apart from comorbidities, including marital 
status (married/de facto or other), private health insurance 
status (yes/no) (Banks et al. 2009), and place of residence 
at recruitment (major cities or non-major cities) using the 
Australian Standard Geographic Classification Remoteness 
Structure (Australian Bureau of Statistics 2003). Comorbidi-
ties were measured using the Charlson Comorbidity Index 
(Charlson et al. 1987) using hospitalisation records for five 
years before diagnosis (0, ≥ 1) (Yap et al. 2018).

Data on lifestyle factors were derived from the base-
line questionnaire, including tobacco smoking (ever 
smoker, never smoker including those former smokers who 
quit > 15 years ago because their risk of many comorbid 
conditions is close to that of never smokers (Moyer and 
Force 2014)), alcohol consumption (0, 1–14, > 14 standard 
drinks per week), and physical activity classified as seden-
tary (0 min per week), insufficient (1–149 min), sufficient 
(150–299 min) or high (300 + minutes) (Yu et al. 2019). 
Body mass index (BMI) was calculated using self-reported 
height and weight (< 25, 25–29.9, ≥ 30 kg/m2) (National 
Health and Medical Research Council 2013).

Disease-related factors were derived from multiple data 
sources. Cancer stage at diagnosis from the Cancer Regis-
try was grouped as localised, regional, distant, or unknown 
(Stanbury et al. 2016a). A recent assessment of this stage 
variable showed it to be an adequate surrogate staging sys-
tem comparable to AJCC-TNM stage (Lawrance et al. 2019). 
Whether the patient’s diagnosis followed an emergency pres-
entation (yes/no) was determined by the date of diagnosis 
and dates of emergency department arrival and departure. 
As there is no uniform definition of emergency presentation 
before cancer diagnosis (Zhou et al. 2017), we used up to 
14 days prior as the cut-point.

Anticancer treatments received were obtained from mul-
tiple sources and coded as yes/no based on any indication 
of treatment being provided according to the APDC, and 
MBS or PBS claims. Any such treatment (surgery, radiation 
therapy or systemic treatment) relating to CRC received up 
to six months after diagnosis was considered as a first course 
of treatment.

Statistical analyses

Patients with colon and rectal cancers were analysed sepa-
rately after initial exploratory analysis suggested different 
survival patterns by education level (Pinteraction = 0.022). 
Differences in prognostic factors between socioeconomic 
groups were tested using the ANOVA F test for continuous 
variables and the χ2 test for categorical variables.

To better understand drivers of disparities in cancer 
outcomes like previous studies (Ellis et  al. 2018; Hill 
et al. 2010; Ren et al. 2019; Seneviratne et al. 2015), we 
examined the proportions of the socioeconomic disparity 
in CRC survival explained separately by each group of 
prognostic factors using multiple Cox proportional hazards 
regression (Cox 1972). The hazard ratios (HRs) and 95% 
confidence intervals (CIs) were estimated, with the high-
est SES category as the reference. Model one adjusted for 
sex, age, and year of diagnosis. Where significant differ-
ences in survival for SES were found in Model one, each 
group of prognostic factors (patient-, lifestyle-, disease-, 
and treatment-related factors) was then added to Model 
one individually. We first calculated overall disparity by 
subtracting one from the highest HR derived from Model 
one (e.g. the HR for nSES quartile 1 relative to nSES quar-
tile 4) (Ren et al. 2019). The change in the highest HR for 
the same comparison after the addition of each group of 
factors was used to estimate the individual contribution of 
each group to the overall disparity. We added each group 
of prognostic factors individually, rather than adding them 
into Model one sequentially, because the order in which 
the factors are added could affect the estimate of the indi-
vidual contribution of each (Seneviratne et al. 2015).

The final model included the variables in Model one 
plus all factors with p value < 0.15 (Bursac et al. 2008), 
and stratified by stage to improve the model fit. All analy-
ses were performed using SAS version 9.4. Tests for sta-
tistical significance were two-sided, α = 0.05.

Results

Of the 267,153 participants in the 45 and Up Study, 
1720 eligible participants were diagnosed with CRC at 
age < 85 years during follow-up (Fig. 1): 1174 colon and 
546 rectal cancers.

The frequency distributions for selected variables by 
SES groups are presented in Tables 1 and 2 (colon and 
rectal cancer, respectively). Overall, patients with low 
SES for both measures tended to be older and have more 
comorbidities than their counterparts in the highest SES 
categories. As expected, fewer patients with lower SES 
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(both measures) had private health insurance coverage, 
compared to the highest SES categories for both colon 
and rectal cancers. Of note, there was no significant vari-
ation in the treatment received for colon and rectal cancers 
across nSES groups, whereas patients with low individual 
SES were less likely to receive surgery within six months 
for both colon and rectal cancers compared to those with 
high-level individual SES. 

Colon cancer survival

Significant variation in colon cancer survival occurred only 
for nSES, with HR = 1.55, 95% CI 1.09–2.19 (p = 0.033) for 
patients living in neighbourhoods in the lowest versus the 
highest quartile, and disease-related factors explained almost 
all the variation (Table 3). A similar pattern was observed 
for the joint SES measure where patients living in low nSES 
areas had a greater risk of colon cancer death regardless 
of their individual-level SES. In the final model, all factors 
(with p < 0.15) together explained about 37% of the survival 
disparities, and variation in survival became non-significant 
(p = 0.12).

Rectal cancer survival

Greater variation was observed for rectal cancer survival, 
with a clear pattern of increasing hazards of death with lower 
SES for both SES measures (Table 4). With minimal adjust-
ment (age, year of diagnosis and sex), the risk of dying from 
rectal cancer was tripled (HR = 3.72, 95% CI 1.86–7.43) for 
patients living in neighbourhoods in the lowest, versus the 
highest quartile. After further adjustment, the disparities 
narrowed, with patient- and disease-related factors being the 
main contributors to the survival disparities. All the factors 
(with p < 0.15) together in the final model explained 33% of 
the overall survival disparities by nSES, however, the sur-
vival disparities remained significant (p = 0.0044).

With only minimal adjustment, the estimated risk of 
dying for patients with rectal cancer who had low individual-
level SES was doubled (HR = 2.26, 95% CI 1.44–3.54) ver-
sus those who had high SES (Table 4). Further adjustment 
for patient-, disease- and treatment-related factors explained 
33, 41, and 24% of the disparities, respectively. Survival 
disparities remained significant (p = 0.011), after adjusting 
for all the factors (with p < 0.15) in the final model, which 
together explained 67% of the survival disparities.

Fig. 1  Study sample selection 
flow chart. NSWCR: NSW Can-
cer Registry; DVA: Department 
of Veterans’ Affairs
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Table 1  Characteristics of colon cancer cases diagnosed during 2006–2013 among 45 and up study participants, NSW Australia

By neighbourhood socioeconomic measure

Total nSES 1 (Lowest) nSES 2 nSES 3 nSES 4 (Highest) p value*

No. of cases (%) 1174 320 (27%) 331 (28%) 274 (23%) 249 (21%)
Patients’ characteristics
 Age at diagnosis mean (SD), years 70.0 (8.9) 71.5 (8.6) 69.4 (8.8) 69.6 (9.4) 69.5 (8.7) 0.0065
 Male, n (%) 585 (49.8%) 157 (49.1%) 154 (46.5%) 140 (51.1%) 134 (53.8%) 0.35
 Marital status 0.0023
 Married/de facto 837 (71.3%) 205 (64.1%) 240 (72.5%) 197 (71.9%) 195 (78.3%)

Private health insurance  < 0.0001
 Yes 699 (59.5%) 135 (42.2%) 186 (56.2%) 184 (67.2%) 194 (77.9%)

Residence  < 0.0001
 Major cities 590 (50.3%) 117 (36.6%) 124 (37.5%) 151 (55.1%) 198 (79.5%)
 Non-Major cities 584 (49.7%) 203 (63.4%) 207 (62.5%) 123 (44.9%) 51 (20.5%)

Charlson comorbidity index 0.0005
 0 898 (76.5%) 220 (68.8%) 253 (76.4%) 226 (82.5%) 199 (79.9%)
 ≥ 1 276 (23.5%) 100 (31.2%) 78 (23.6%) 48 (17.5%) 50 (20.1%)

Lifestyle factors
 Tobacco smoking 0.53
  Ever smoker 268 (22.8%) 69 (21.6%) 85 (25.7%) 61 (22.3%) 53 (21.3%)
  Never  smoker† 906 (77.2%) 251 (78.4%) 246 (74.3%) 213 (77.7%) 196 (78.7%)

 Alcoholic drinks (per week)  < 0.0001
  0 398 (33.9%) 136 (42.5%) 109 (32.9%) 99 (36.1%) 54 (21.7%)
  1–14 555 (47.3%) 138 (43.1%) 156 (47.1%) 125 (45.6%) 136 (54.6%)
  > 14 209 (17.8%) 41 (12.8%) 60 (18.1%) 50 (18.3%) 58 (23.3%)

 Missing 12 (1.0%)
 Moderate/vigorous physical activity 0.041
  Sedentary 68 (5.8%) 28 (8.8%) 18 (5.4%) 13 (4.7%) 9 (3.6%)
  Insufficient 231 (19.7%) 72 (22.5%) 65 (19.6%) 52 (19.0%) 42 (16.9%)
  Sufficient 152 (12.9%) 50 (15.6%) 35 (10.6%) 33 (12.0%) 34 (13.7%)
  High 695 (59.2%) 164 (51.3%) 202 (61.0%) 168 (61.3%) 161 (64.7%)
  Unspecified 28 (2.4%) 11 (3.3%) 8 (2.9%)

 Body mass index 0.17
  Normal 394 (33.6%) 96 (30.0%) 119 (36.0%) 87 (31.8%) 92 (37.0%)
  Overweight 439 (37.4%) 114 (35.6%) 116 (35.1%) 115 (42.0%) 94 (37.8%)
  Obese 270 (23.0%) 92 (28.8%) 76 (23.0%) 54 (19.7%) 48 (19.3%)
  Missing 71 (6.0%) 18 (5.6%) 20 (6.0%) 18 (6.6%) 15 (6.0%)

Disease-related factors
 Cancer stage 0.062
  Localised 393 (33.5%) 99 (30.9%) 97 (29.3%) 103 (37.6%) 94 (37.8%)
  Regional 479 (40.8%) 119 (37.2%) 148 (44.7%) 108 (39.4%) 104 (41.8%)
  Distant 234 (19.9%) 78 (24.4%) 69 (20.9) 48 (17.5%) 39 (15.7%)
  Unknown 68 (5.8%) 24 (7.5%) 17 (5.1%) 15 (5.5%) 12 (4.8%)

Emergency presentation (prior to diagnosis)
 2-weeks prior 115 (9.8%) 39 (12.2%) 33 (10.0%) 28 (10.2%) 15 (6.0%) 0.10

Treatment-related factors
 Surgery in 6 months 984 (83.8%) 262 (81.9%) 278 (84.0%) 236 (86.1%) 208 (83.5%) 0.57
 Systemic therapy in 6 months 428 (36.5%) 121 (37.8%) 127 (38.4%) 94 (34.3%) 86 (34.5%) 0.63

By individual level SES

Total Low Medium High p value*

No. of  cases˄ 1149 491 (43%) 228 (20%) 430 (37%)
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Table 1  (continued)

By individual level SES

Total Low Medium High p value*

Patients’ characteristics
 Age at diagnosis mean (SD), years 69.9 (8.9) 71.6 (8.1) 70.5 (9.2) 67.8 (9.2)  < 0.0001
 Male, n (%) 574 (50.0%) 201 (40.9%) 155 (68.0%) 218 (50.7%)  < 0.0001
 Marital status 0.11
 Married/de facto 817 (71.1%) 333 (67.8%) 168 (73.7%) 316 (74.5%)

Private health insurance  < 0.0001
 Yes 687 (59.8%) 249 (50.7%) 123 (54.0%) 315 (73.3%)

Residence 0.096
 Major cities 578 (50.3%) 231 (47.0%) 114 (50.0%) 233 (54.2%)
 Non-Major cities 571 (49.7%) 260 (53.0%) 114 (50.0%) 197 (45.8%)

Charlson comorbidity index  < 0.0001
 0 878 (76.4%) 350 (71.3%) 170 (74.6%) 358 (83.3%)
 ≥ 1 271 (23.6%) 141 (28.7%) 58 (25.4%) 72 (16.7%)

Lifestyle factors
 Tobacco smoking 0.91
 Ever smoker 262 (22.8%) 115 (23.4%) 51 (22.4%) 96 (22.3%)
 Never  smoker† 887 (77.2%) 376 (76.6%) 177 (77.6%) 334 (77.7%)

Alcoholic drinks (per week)  < 0.0001
 0 388 (33.8%) 219 (44.6%) 54 (23.7%) 115 (26.7%)
 1–14 545 (47.4%) 192 (39.1%) 113 (49.6%) 240 (55.8%)
 > 14 207 (18.0%) 76 (15.5%) 57 (25.0%) 74 (17.2%)
 Missing 9 (0.8%)

Moderate/vigorous physical activity 0.0002
 Sedentary 67 (5.8%) 41 (8.4%) 14 (6.1%) 12 (2.8%)
 Insufficient 223 (19.4%) 99 (20.2%) 53 (23.3%) 71 (16.5%)
 Sufficient 150 (13.1%) 64 (13.0%) 28 (12.3%) 58 (13.5%)
 High 683 (59.4%) 273 (55.6%) 124 (54.4%) 286 (66.5%)
 Unspecified 26 (2.3%)

Body mass index 0.075
 Normal 388 (33.8%) 158 (32.2%) 75 (32.9%) 155 (36.1%)
 Overweight 432 (37.6%) 170 (34.6%) 97 (42.5%) 165 (38.4%)
 Obese 263 (22.9%) 134 (27.3%) 42 (18.4%) 87 (20.2%)
 Missing 66 (5.7%) 29 (5.9%) 14 (6.1%) 23 (5.4%)

Disease-related factors
 Cancer stage 0.18
  Localised 385 (33.5%) 159 (32.4%) 81 (35.5%) 145 (33.7%)
  Regional 471 (41.0%) 214 (43.6%) 76 (33.3%) 181 (42.1%)
  Distant 227 (19.8%) 91 (18.5) 53 (23.3%) 83 (19.3%)
  Unknown 66 (5.7%) 27 (5.5%) 18 (7.9%) 21 (4.9%)

Emergency presentation (prior to diagnosis)
 2 weeks prior 110 (9.6%) 58 (11.8%) 17 (7.5%) 35 (8.1%) 0.08

Treatment-related factors
 Surgery in 6 months 962 (83.7%) 405 (82.5%) 180 (78.9%) 377 (87.7%) 0.0096
 Systemic therapy in 6 months 421 (36.6%) 173 (35.2%) 80 (35.1%) 168 (39.1%) 0.42

* p value for F test for continuous variables and χ2 test for categorical variables
† Never smoker includes those former smokers who quit > 15 years ago
˄ 25 cases with missing value for education level
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Table 2  Characteristics of rectal cancer cases diagnosed during 2006–2013 among 45 and Up Study participants, NSW Australia

By neighbourhood socioeconomic measure

Total nSES 1 (Lowest) nSES 2 nSES 3 nSES 4 (Highest) p value*

No. of cases 546 134 (25%) 166 (30%) 145 (27%) 101 (18%)
Patients’ characteristics
 Age at diagnosis 

mean (SD), years
67.2 (9.2) 69.5 (8.5) 66.9 (8.9) 66.8 (9.4) 64.9 (9.7) 0.0012

 Male, n (%) 356 (65.2%) 95 (70.9%) 99 (59.6%) 94 (64.8%) 68 (67.3%) 0.22
Marital status 0.0024
 Married/de facto 383 (70.1%) 77 (57.5%) 120 (72.3%) 108 (74.5%) 78 (77.2%)

Private health insurance  < 0.0001
 Yes 316 (57.9%) 53 (39.6%) 96 (57.8%) 90 (62.1%) 77 (76.2%)

Residence  < 0.0001
 Major cities 249 (45.6%) 36 (26.9%) 53 (31.9%) 83 (57.2%) 77 (76.2%)
 Non-major cities 297 (54.4%) 98 (73.1%) 113 (68.1%) 62 (42.8%) 24 (23.8%)

Charlson Comorbidity Index 0.015
 0 448 (80.1%) 104 (77.6%) 130 (78.3%) 121 (83.5%) 93 (92.1%)
 ≥ 1 98 (17.9%) 30 (22.4%) 36 (21.7%) 24 (16.6%) 8 (7.9%)

Lifestyle factors
 Tobacco smoking 0.41
  Ever smoker 136 (24.9%) 32 (32.9%) 48 (28.9%) 36 (24.8%) 20 (19.8%)
  Never  smoker† 410 (75.1%) 102 (76.1%) 118 (71.1%) 109 (75.2%) 81 (80.2%)

 Alcoholic drinks (per week) 0.46
  0 164 (30.0%) 44 (32.8%) 53 (31.9%) 44 (30.3%) 23 (22.8%)
  1–14 273 (50.0%) 57 (42.5%) 86 (51.8%) 76 (52.4%) 54 (53.5%)
  > 14 105 (18.9%) 31 (23.1%) 26 (15.7%) 23 (15.9%) 23 (22.8%)
  Missing 6 (1.1%)

Moderate/vigorous physical activity 0.032
 Sedentary 32 (5.9%)
 Insufficient 85 (15.6%) 22 (16.4%) 30 (18.1%) 25 (17.2%) 8 (7.9%)
 Sufficient 98 (17.9%) 22 (16.4%) 33 (19.9%) 25 (17.2%) 18 (17.8%)
 High 314 (57.5%) 81 (60.5%) 78 (47.0%) 86 (59.3%) 69 (68.2%)
 Unspecified 17 (3.1%)

Body mass index 0.029
 Normal 181 (33.2%) 37 (27.6%) 50 (30.1%) 47 (32.4%) 47 (46.5%)
 Overweight 203 (37.2%) 51 (38.1%) 59 (35.5%) 57 (39.3%) 36 (35.6%)

 Obese 131 (24.0%) 37 (27.6%) 47 (28.3%) 34 (23.5%) 13 (12.9%)
 Missing 31 (5.7%) 9 (6.7%) 10 (6.0%) 7 (4.8%) 5 (5.0%)

Disease-related factors
 Cancer stage 0.069
  Localised 191 (35.0%) 53 (39.6%) 53 (31.9%) 51 (35.2%) 34 (33.7%)
  Regional 227 (41.6%) 46 (34.3%) 73 (44.0%) 62 (42.8%) 46 (45.5%)
  Distant 80 (14.7%) 25 (18.7%) 27 (16.3) 22 (15.2%) 6 (5.9%)
  Unknown 48 (8.8%) 10 (7.5%) 13 (7.8%) 10 (6.9%) 15 (14.9%)

Emergency presentation (prior to diagnosis)
 2-weeks prior 26 (4.8%) 0.06
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Table 2  (continued)

By neighbourhood socioeconomic measure

Total nSES 1 (Lowest) nSES 2 nSES 3 nSES 4 (Highest) p value*

Treatment-related factors
 Surgery in 6 months 431 (78.9%) 98 (73.1%) 130 (78.3%) 122 (84.1%) 81 (80.2%) 0.16
 Systemic therapy in 

6 months
255 (46.7%) 58 (43.3%) 83 (50.0%) 70 (48.3%) 44 (43.6%) 0.59

 Radiation therapy 
in 6 months

158 (28.9%) 37 (27.6%) 56 (33.7%) 40 (27.6%) 25 (24.8%) 0.40

By individual level SES

Total Low Medium High p value*

No. of cases ˄ 538 196 (36%) 128 (24%) 214 (40%)
Patients’ characteristics
 Age at diagnosis mean (SD), years 67.0 (9.2) 68.7 (8.8) 67.9 (9.1) 65.0 (9.2)  < 0.0001
 Male, n (%) 351 (65.2%) 111 (56.6%) 96 (75.0%) 144 (67.3%) 0.0023

Marital status 0.12
 Married/de facto 377 (70.1%) 127 (64.8%) 92 (71.9%) 158 (73.8%)

Private health insurance  < 0.0001
 Yes 312 (58.0%) 88 (44.9%) 72 (56.3%) 152 (71.0%)

Residence 0.0062
 Major cities 247 (45.9%) 73 (37.2%) 61 (47.7%) 113 (52.8%)
 Non-major cities 291 (54.1%) 123 (62.8%) 67 (52.3%) 101 (47.2%)

Charlson comorbidity index 0.34
 0 443 (82.3%) 160 (81.6%) 101 (78.9%) 182 (85.0%)
 ≥ 1 95 (17.0%) 36 (18.4%) 27 (21.1%) 32 (15.0%)

Lifestyle factors
 Tobacco smoking 0.94
  Ever smoker 136 (25.3%) 51 (26.0%) 31 (24.2%) 54 (25.2%)
  Never  smoker† 402 (74.7%) 145 (74.0%) 97 (75.8%) 160 (75.8%)

 Alcoholic drinks (per week) 0.23
  0 162 (30.1%) 72 (36.7%) 30 (23.4%) 60 (28.0%)
  1–14 269 (50.0%) 86 (43.9%) 69 (52.6%) 114 (53.3%)
  > 14 101 (18.8%) 36 (18.4%) 27 (21.1%) 38 (17.8%)
  Missing 6 (1.1%)

Moderate/vigorous physical activity 0.13
 Sedentary 32 (5.9%) 14 (7.1%) 11 (8.8%) 7 (3.3%)

 Insufficient 84 (15.6%) 39 (19.9%) 16 (12.5%) 29 (13.6%)
 Sufficient 98 (18.2%) 37 (18.9%) 19 (14.8%) 42 (19.3%)
 High 309 (57.4%) 99 (50.5%) 79 (61.7%) 131 (61.2%)
 Unspecified 15 (2.8%)

Body mass index 0.0019
 Normal 176 (32.7%) 50 (25.5%) 41 (32.0%) 85 (39.7%)
 Overweight 201 (37.4%) 66 (33.7%) 53 (41.4%) 82 (38.37%)
 Obese 130 (24.2%) 63 (32.1%) 28 (22.9%) 39 (18.2%)
 Missing 31 (5.8%) 17 (8.7%) 6 (4.7%) 8 (3.7%)

Disease-related factors
 Cancer stage 0.11
  Localised 188 (34.6%) 65 (33.2%) 41 (32.0%) 82 (38.3%)
  Regional 224 (41.6%) 80 (40.8%) 55 (43.0%) 89 (41.6%)
  Distant 79 (14.7%) 39 (19.9%) 18 (14.1%) 22 (10.3%)
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Regressions for the joint SES measure revealed similar 
patterns: those with low individual-level SES and living in a 
low nSES area had the highest risk of dying (HR = 3.86, 95% 
CI 2.02–7.37), versus those with high individual-level SES 
who lived in a high nSES area. Patient-, disease-, and treat-
ment-related factors explained 35, 38 and 21% of the overall 
variation, respectively. After including all the factors in the 
final model, 52% of the survival disparities were explained 
but the disparities remained significant (p = 0.0028).

Results for the final models for colon and rectal cancer 
can be found in Supplementary Tables 1–2.

Discussion

In this large Australian cohort study, we found that socioeco-
nomic survival disparities continue to exist after a diagnosis 
of CRC, with the extent of this disparity varying by CRC 
sub-site and the SES measures used. By sub-site, the mag-
nitude of the survival disparity was greater for rectal than 
for colon cancer. By SES measure, the magnitude of the 
survival disparity was greater for the neighbourhood meas-
ure than for an individual’s SES. For the joint SES measure, 
we found that colon cancer patients living in a low SES 
neighbourhood had a higher risk of death, irrespective of 
their individual-level SES. Rectal cancer patients with high 
individual-level SES living in low nSES areas had over two 
times the risk of death compared to their counterparts living 
in high nSES areas. This is in the context of the Australian 
healthcare system that provides universal health care cover-
age to residents, with free access to essential care, and pri-
vate health insurance covering some of the costs of specialist 
care and treatment in private facilities.

While disease-related factors are the main driver for 
the observed survival disparity for colon cancer, we 
found treatment-related factors are also independent 
significant contributors to the SES disparity for colon 

cancer (Supplementary Table 1). In addition, we found 
that lifestyle factors (smoking status, alcohol consumption 
and physical activity) also contribute significantly to the 
SES disparity for rectal cancer (Supplementary Table 2). 
These results highlight the importance of early detection 
and optimal treatment in reducing survival disparities for 
both colon and rectal cancer.

Our study showed that differences in stage at diagnosis 
and emergency department presentation explained most of 
the neighbourhood survival disparities for colon cancer. For 
rectal cancer, the effects of those prognostic factors had less 
impact on the neighbourhood survival differences than for 
individual-level SES, with approximately two-thirds and 
one-third of the survival disparities, respectively, remaining 
unexplained. Our results suggest that adjustment for lifestyle 
factors had minimal impact on the survival disparities. This 
could be due to the similar patterns of these lifestyle factors 
by socioeconomic groups in the study cohort.

The socioeconomic survival disparities were greater for 
rectal cancer than for colon cancer and may be partially 
explained by differences in treatment patterns. Currently, 
surgical resection with stage-appropriate neoadjuvant com-
bined-modality therapy is the main treatment for rectal can-
cer. Both the quality of surgical treatment and timing of ini-
tiation of neoadjuvant/adjuvant therapies may vary between 
patients in different socioeconomic groups, thus affecting 
their survival. Generally, more technically challenging sur-
gical procedures are often required when treating rectal 
cancer (Archampong et al. 2010). The unexplained resid-
ual disparities in rectal cancer survival could be because 
patients with lower SES are less likely to receive optimal 
treatment (Chawla et al. 2013; te Marvelde et al. 2019), as 
prior research showed that CRC patients had similar sur-
vival outcomes regardless of socio-demographic background 
when receiving guideline-driven treatment in clinical tri-
als (Nur et al. 2008; Unger et al. 2018; Yoon et al. 2015). 
Additionally, rectal cancer patients with low SES may have 

Table 2  (continued)

By individual level SES

Total Low Medium High p value*

  Unknown 47 (8.7%) 12 (6.1%) 14 (10.9%) 21 (9.8%)
Emergency presentation (prior to diagnosis)
 2-weeks prior 26 (4.8%) 10 (4.7%) 0.46

Treatment-related factors
 Surgery in 6 months 425 (79.0%) 144 (73.5%) 97 (75.8%) 184 (86.0%) 0.0048
 Systemic therapy in 6 months 252 (46.8%) 83 (42.4%) 59 (46.1%) 110 (51.4%) 0.18
 Radiation therapy in 6 months 156 (29.0%) 48 (24.5%) 40 (31.3%) 68 (31.8%) 0.22

* p value for F test for continuous variables and χ2 test for categorical variables
˄ Eight cases with missing values for individual-level SES
† Never smoker includes those former smokers who quit > 15 years ago
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longer delay in getting adjuvant therapy after surgical resec-
tion due to lower adherence to effective therapy (Carethers 
and Doubeni 2020), and delaying adjuvant chemotherapy 
beyond 12 weeks post surgery was found to be associated 
with reduced survival for high-risk CRC patients (Biagi 
et al. 2011).

Our findings suggest that where people lived played a 
more important role than their education level in predict-
ing CRC survival outcomes. The nSES variable used in this 
analysis is based on the smallest geographical unit for which 
a measure of SES from census data is available in Australia 
(Australian Bureau of Statistics 2013). It could be that nSES 
reflects access to cancer care and the quality of the care 
received (Ellis et al. 2018; Hill et al. 2010), and thus affects 
the outcomes of patients with both high and low education 
levels in the same neighbourhood. Timely and high-quality 
cancer care is a major prognostic factor, and this may be why 
our results indicate that nSES explains more of the survival 
disparities than individual patients’ education level.

Survival disparities by SES may be partially attribut-
able to the different screening patterns between population 
groups. Australia has a National Bowel Cancer Screening 
Program (NBCSP) which has been phased in since 2006 
and reached full implementation in 2020 from which time 
all Australians aged 50–74 years are invited to screen bien-
nially (Australian Institute of Health and Welfare 2019b). 
As of 2018, participation rates were lower for those living 
in the lowest socioeconomic areas (Australian Institute of 
Health and Welfare 2019b) which can often result in later 
stage at diagnosis. While our adjustment for cancer stage 
may account for some of the differences in screening partici-
pation, this adjustment was rather crude (Yu et al. 2005) and 
we are unable to control for possible within-stage survival 
differences for screen-detected versus symptomatic cancers 
(Lew et al. 2017). Nonetheless, as most of the participants 
in this study joined the cohort in 2008 and cancer diagno-
ses were up to 2013, the effect of screening on our survival 
results would be minimal.

This study has many strengths, such as the comprehen-
sive inclusion of prospective data on patient and lifestyle 
variables from a large contemporary Australian cohort 
(Banks et al. 2008), and the ability to investigate a range 
of prognostic factors. Additionally, our analysis assessed 
these socioeconomic disparities at both individual and 
neighbourhood-levels separately and jointly, as has been 
previously recommended (Wallner and Griggs 2018). How-
ever, there are some potential limitations. First, the study 
population was limited to the participants in the 45 and Up 
Study, a cohort which has been shown to be older and more 
educated than the general population (Banks et al. 2008), 
so our results may not be representative of the entire NSW 

population. However prior studies have indicated that there 
is little evidence of bias in the association between nSES and 
cancer survival in this cohort (Creighton et al. 2018), and 
reasonable estimates of relative differences can be obtained 
(Mealing et al. 2010). Second, variables related to care coor-
dination, or the quality of care were not available, each of 
which is potentially an important determinant of survival. 
Third, although individual’s educational attainment is a 
widely used SES measure, using it alone has limitations, 
e.g., the older patients in our cohort were over-represented 
among those classified as less educated. Finally, coverage 
of radiation therapy may be incomplete as not all radiation 
therapy is captured in the MBS claims records for public 
patients in public hospitals (Australian Institute of Health 
and Welfare 2019a), and this information is limited in the 
hospital admission records (Goldsbury et al. 2012).

Our study was performed using data that pre-dates the 
COVID-19 pandemic. In Australia, as in other countries, 
one concern is that health service disruptions will have 
long term implications for cancer outcomes and that the 
pandemic will exacerbate pre-existing inequalities in out-
comes. Although the NBCSP did not pause operations in 
Australia, indications of a drop in colonoscopy procedures 
during April–May 2020 were noted (Cancer Australia 2020). 
Our findings suggest that disparities in outcomes are in part 
driven by SES-related factors, particularly for rectal cancer. 
If SES-related factors prove to be important in determining 
cancer outcomes in the context of crisis-related health ser-
vices disruptions, then addressing the impact of disparities 
in rectal cancer outcomes might be an important focus area 
for longer-term crisis mitigation planning (Carethers et al. 
2020). Future policy decisions will need to consider ways 
in which disparities can be reduced and our work can help 
inform decisions that may relate to resource allocation or 
awareness program coverage, guided by the contribution of 
the various demographic and geographical factors.

As has been found previously (Beckmann et al. 2016; 
Kelsall et al. 2009; Stanbury et al. 2016a; b; Yu et al. 2005; 
Yu et al. 2008), our study showed that even in Australia, 
a country with a universal healthcare system, there are 
observed survival disparities by socioeconomic level. Our 
study goes beyond those previous studies by providing 
detailed analyses of contributing factors and the magnitude 
of their contribution. The approach used in this study to 
investigate underlying mechanisms for survival disparities 
could be a useful tool for improving our understanding of 
the underlying reasons for survival disparities. The approach 
can be applied to other cancer types both in Australia and 
in other countries. Using these findings, policy-driven and 
evidence-informed interventions could be developed to 
reduce SES-driven disparities and improve survival. These 
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interventions could include encouraging lifestyle changes 
to reduce risky behaviours, improving participation in early 
detection programs, and ensuring delivery of high-quality 
treatments in concordance with treatment guidelines regard-
less of patient’s socioeconomic level or where they live (Ber-
gin et al. 2020; Carethers and Doubeni 2020; te Marvelde 
et al. 2019). The latter may require policy considerations 
regarding alternative funding models to support cancer 
patients with low SES. In addition, for rectal cancer further 
work is required to understand the remaining differences and 
how they can be addressed so that all rectal cancer patients 
have the best possible survival outcomes.
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