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Since the first report of an association between socio-
economic status and cancer survival, by Cohart1 in 
1955, it has become well established that socioeco-

nomic status is a predictor of cancer survival.2,3 This associa-
tion has been observed consistently in studies from various 
health care systems in North America, Australia and 
Europe.2,3 In the late 1990s and early 2000s, investigators 
compared the effect of socioeconomic status on cancer sur-
vival in Ontario with that observed in the Surveillance, Epi-
demiology and End Results (SEER) population of the 
United States.4–6 It was shown that, despite Canada’s system 
of universal health insurance, there was a significant associa-
tion between socioeconomic status and survival for several 
major types of cancer.4 The magnitude of the association 
was, however, smaller in Ontario than in the US.5

Over the last 2 decades, public health agencies in Canada 
and elsewhere have emphasized the importance of reducing 
social disparities in health.7,8 At the same time, income 

inequality has been increasing in many countries, including 
Canada.9 It is not known whether these changes in income 
distribution have translated into an increase in income-related 
disparities in cancer survival.

Few studies have assessed the temporal trend in the associ-
ation between socioeconomic status and cancer survival. 
McDonald and colleagues10 investigated this trend for head 
and neck cancer in Canada from 1992 to 2005 and found a 
significant increase in the difference in survival between the 
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Background: Cancer survival is known to be associated with socioeconomic status. The income gap between the richer and poorer 
segments of the population has widened over the last 20 years in Canada. The purpose of this study was to investigate temporal 
trends in disparities in cancer-specific survival related to socioeconomic status in Ontario.

Methods: There were 920 334 cancer cases between 1993 and 2009 in the Ontario Cancer Registry. We linked median household 
income from the Canadian census to the registry. We calculated 5-year cancer-specific survival rates for all cancers combined and 
for specific cancer sites by socioeconomic status quintile and year of diagnosis, and modelled time to death using Cox regression.

Results: Between 1993 and 2009, for all cancers combined, the hazard of death decreased by 3.1% (hazard ratio [HR] 0.969 
[95% confidence interval (CI) 0.967–0.971]) per year in the richest quintile and by 1.2% (HR 0.988 [95% CI 0.987–0.990]) per year in 
the poorest quintile. The corresponding values for breast cancer were 4.3% (HR 0.957 [95% CI 0.951–0.964]) and 2.0% (HR 0.980 
[95% CI 0.975–0.986]); for lung cancer, 1.4% (HR 0.986 [95% CI 0.982–0.990]) and 0.3% (HR 0.997 [95% CI 0.995–1.000]); for 
colorectal cancer, 3.7% (HR 0.963 [95% CI 0.958–0.968]) and 1.8% (HR 0.982 [95% CI 0.978–0.985]); and for head and neck can-
cer, 3.1% (HR 0.969 [95% CI 0.958–0.979]) and 1.0% (HR 0.990 [95% CI 0.983–0.996]).

Interpretation: Between 1993 and 2009, cancer-specific survival in Ontario improved more among patients from affluent communi-
ties than among those from poorer communities. This phenomenon cannot be explained by increased disparity in income.
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richest and poorest segments of the population for orophar-
ynx cancer, a disease whose cause has shifted from predomi-
nantly smoking to human papillomavirus infection.11 In a pro-
spective cohort study in the United Kingdom, Ramsay and 
colleagues12 investigated the same time trend by social class, 
defined by occupation, among 7489 men and observed no 
change in the association between cancer survival and occupa-
tion during their 35-year follow-up period. In the US, Niu 
and colleagues13 examined whether the disparity in cancer sur-
vival by insurance status changed between 1999 and 2004 and 
found that survival improved for privately insured patients but 
not for those insured by Medicaid. The objective of the cur-
rent study was to determine whether the magnitude of the 
association between socioeconomic status and cancer survival 
changed between 1993 and 2009 in Ontario.

Methods

Source of data
This was a population-based retrospective study. We identi-
fied cancer cases diagnosed between 1993 and 2009 through 
the Ontario Cancer Registry, which provides age, sex, postal 
code at diagnosis, date of diagnosis, disease site, date of death 
and cause of death. Disease sites are coded with the use of the 
International Classification of Diseases for Oncology, 3rd edi-
tion. Cause of death, provided as International Classification 
of Diseases, 9th revision and 10th revision codes, is available 
up to Dec. 31, 2011, and date of death is complete up to 
Dec. 31, 2013.

We obtained data on gross median household income 
from the 1996, 2001 and 2006 Canadian censuses (Statistics 
Canada), at the level of enumeration area for the 1996 and 
2001 censuses and dissemination area for the 2006 census. We 
grouped census dissemination/enumeration areas into quin-
tiles based on median household income, with the fifth quin-
tile (Q5) representing the communities where the wealthiest 
20% of the population resided and the first quintile (Q1) rep-
resenting the communities where the poorest 20% resided.

We linked median household income quintile to each can-
cer case through the patient’s postal code by using Statistics 
Canada’s Postal Code Conversion File Plus,14 which provides 
the correspondence between postal code and dissemination/
enumeration area. Although the postal code and dissemination/
enumeration area are similar in size, their boundaries do not 
correspond. In cases in which the postal code straddled the 
boundary of more than 1 dissemination/enumeration area, we 
selected the dissemination/enumeration area with the most 
dwellings in the postal code. We assigned the median house-
hold income from the 1996 census (1995 income), 2001 census 
(2000 income) and 2006 census (2005 income) to cases diag-
nosed in 1993–1997, 1998–2002 and 2003–2009, respectively.

Statistical analysis
We estimated 5-year cancer-specific survival for 1993–2006 
(cases with complete follow-up at 5 years after diagnosis) by 
socioeconomic status and year of diagnosis. Five-year cancer-
specific survival was calculated as 1 minus the cumulative inci-

dence function for death from any cancer at 5 years from 
diagnosis. We calculated survival time (in months) from the 
date of diagnosis to the date of death from cancer, to the date 
of death from other causes (competing events) or to Dec. 31, 
2011 if still alive (censored).

We used Fine–Gray subdistribution proportional hazards 
regression to investigate the interaction effect between socio-
economic status and year of diagnosis on time to cancer death, 
controlling for age and sex, and to calculate hazard ratios 
(HRs).15,16 All cases diagnosed between 1993 and 2009 were 
included in this analysis. The results were considered signifi-
cant at the 0.05 level, and all tests of statistical significance 
were two-sided. We performed the statistical analysis using 
SAS version 9.4 (SAS Institute Inc.).

Ethics approval
The study obtained ethics approval from Queen’s University.

Results

Study population
There were 920 334 cancer cases during the study period. 
Table 1 presents summary statistics for the study population. 
The median age was 67 years; males represented a slightly 
larger proportion (51.9%) than females. Fifteen percent of the 
patients resided in Q5 (richest), and 22.9% resided in Q1 
(poorest). The annual number of incident cases increased over 
time, from 44 165 in 1993 to 65 522 in 2009. Breast cancer 
accounted for the highest proportion of all cancer cases, fol-
lowed by lung, colorectal, and head and neck cancers. There 
was no difference in the case-mix between cancer sites across 
the years (Appendix 1, Supplementary Table 1, available at 
www.cmajopen.ca/content/5/3/E682/suppl/DC1).

Temporal trend in survival by socioeconomic status 
quintiles
Improvement in cancer survival in Ontario between 1993 and 
2006 differed by socioeconomic status quintile (Figure 1). For 
all cancers combined, the 5-year cancer-specific survival rate 
for patients in Q1 improved by 3.5 percentage points, from 
55.3% (95% confidence interval [CI] 54.4%–56.2%) in 1993 
to 58.8% (95% CI 58.0%–59.6%) in 2006. For patients in 
Q5, the rate improved by 8.6 percentage points, from 63.4% 
(95% CI 62.1%–64.6%) to 72.0% (95% CI 71.1%–72.9%). 
The difference in the survival rate between Q1 and Q5 wid-
ened from 8.1 percentage points in 1993 to 13.2 percentage 
points in 2006.

Similar temporal trends were found for specific cancer 
sites, but at different magnitudes (Figure 2). For breast can-
cer, the 5-year cancer-specific survival rate for patients in Q1 
improved by 2.2 percentage points, from 80.4% (95% CI 
78.3%–82.4%) to 82.6% (95% CI 80.8%–84.3%), whereas 
the rate for those in Q5 improved by 5.4 percentage points, 
from 83.1% (95% CI 80.7%–85.4%) to 88.5% (95% CI 
86.8%–90.0%). The difference between Q1 and Q5 widened 
from 2.7 percentage points in 1993 to 5.9 percentage points in 
2006. For lung cancer, the 5-year cancer-specific survival rate 
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for patients in Q1 decreased by 0.3 percentage points, from 
21.7% (95% CI 20.0%–23.6%) to 21.4% (95% CI 19.7%–
23.1%). In contrast, the survival rate for those in Q5 increased 
by 3.3 percentage points, from 22.0% (95% CI 19.0%–
25.4%) to 25.3% (95% CI 22.6%–28.3%). The difference in 
the survival rate between Q1 and Q5 widened from 0.3 per-
centage points in 1993 to 3.9 percentage points in 2006. 
There was no substantial change in survival over the study 
period for patients in Q2–Q4. For colorectal cancer, the 
5-year cancer-specific survival rate among patients in Q1 
increased by 3.4 percentage points, from 56.2% (95% CI 
53.8%–58.6%) to 59.6% (95% CI 57.3%–61.8%), whereas 
the rate among those in Q5 increased by 12.3 percentage 
points, from 56.5% (95% CI 52.9%–60.2%) to 68.8% (95% 
CI 66.2%–71.4%). The difference between Q1 and Q5 wid-
ened from 0.3 percentage points in 1993 to 9.2 percentage 
points in 2006. Finally, for cancers of the head and neck, the 
5-year cancer-specific survival rate for patients in Q1 
increased by 5.0 percentage points, from 57.6% (95% CI 
53.1%–62.1%) to 62.6% (95% CI 58.2%–67.0%). For those 
in Q5, the survival rate increased by 4.9 percentage points, 
from 69.5% (95% CI 62.4%–76.4%) to 74.4% (95% CI 
69.1%–79.4%).

Fitting a Fine–Gray model confirmed a significant interac-
tion between socioeconomic status quintile and year of diag-
nosis after age and sex were controlled for (see Appendix 1, 
Supplementary Table 2, for p values). During the study 
period, for all cancers combined, the hazard of death 
decreased by 3.1% per year for patients in Q5 and by 1.2% 
per year for those in Q1. The corresponding values for breast 
cancer were 4.3% and 2.0%; for lung cancer, 1.4% and 0.3%; 
for colorectal cancer, 3.7% and 1.8%; and for head and neck 
cancer, 3.1% and 1.0%. HRs and 95% CIs are shown in col-
umn 3 of Table 2.

Temporal trend in survival by median household 
income
During the study period, median income in Q1 remained rel-
atively constant, whereas median income in the higher-
income quintiles increased substantially (Figure 3). As a 
result, the gap in median income between Q5 and Q1 wid-
ened, from $56 706 in the 1996 census to $70 693 (in 2010 
constant dollars) in the 2006 census, an increase of 24.7%. 
Because the analysis treated the quintiles as categorical vari-
ables, the effect observed could be in part mediated by the 
increase in the income gap alone. To obviate this potential 
mediation effect, we converted median household income at 
the level of the dissemination/enumeration area from each 
census into 2010 constant dollars and used this income value 
to fit a second Fine–Gray model (Appendix 1, Supplementary 
Table 3). The model revealed significant interactions between 
year of diagnosis and median household income for the 
5 major disease sites and for all cancers combined. The hazard 
of death per year of diagnosis was lower in the communities 
with higher median household income and higher in the com-
munities with lower median household income (column 5 of 
Table 2). For example, when all cancers were combined, the 

Table 1: Distribution of cancer cases by study variables in 
Ontario, 1993–2009

Variable
No. (%) of cases
n = 920 334

Age, yr

    < 50 136 515 (14.8)

    50–59 154 531 (16.8)

    60–69 234 047 (25.4)

    70–79 249 900 (27.2)

    ≥ 80 145 341 (15.8)

Sex

    Male 477 336 (51.9)

    Female 442 998 (48.1)

Year

    1993 44 165 (4.8)

    1994 44 847 (4.9)

    1995 44 738 (4.9)

    1996 46 082 (5.0)

    1997 47 804 (5.2)

    1998 49 403 (5.4)

    1999 51 164 (5.6)

    2000 52 811 (5.7)

    2001 54 559 (5.9)

    2002 55 452 (6.0)

    2003 56 098 (6.1)

    2004 58 477 (6.4)

    2005 59 971 (6.5)

    2006 61 439 (6.7)

    2007 63 909 (6.9)

    2008 63 893 (6.9)

    2009 65 522 (7.1)

Socioeconomic status quintile

    1 (poorest) 210 539 (22.9)

    2 197 432 (21.4)

    3 180 032 (19.6)

    4 157 701 (17.1)

    5 (richest) 137 659 (15.0)

    Missing 36 971 (4.0)

Site*

    Breast 124 221 (13.5)

    Lung 122 889 (13.4)

    Head and neck 30 695 (3.3)

    Colorectal 122 183 (13.3)

    Other 520 346 (56.5)

*The International Classification of Diseases for Oncology, 3rd edition codes for 
the specific cancer sites are: breast C50, lung C34, head and neck C00–C14 
and C30–C32, and colorectal C18–C21 and C26.0. All sites include all malignant 
cancer cases except nonmelanoma skin cancer.
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hazard of death decreased by 0.9% (HR 0.991 [95% CI 
0.989–0.993]) per year in the communities with a median 
household income of $20  000 and decreased by 3.1% 
(HR 0.969 [95% CI 0.966–0.973]) per year in the communi-
ties with a median household income of $100  000. This 
informs us that, regardless of the actual income range in 1993 
and 2006, patients in the communities with the same lower 
income (e.g., $20 000) saw a slower improvement in survival 
than those in the communities with the same higher income 
(e.g., $100 000). Therefore, the observed disparity in the sur-
vival trend was unrelated to the increased income range over 
the years.

Interpretation

We found that, between 1993 and 2006, cancer-specific sur-
vival in Ontario improved, but the improvement was greater 
among patients from affluent communities than among those 
from poorer communities, and income-associated disparities 
in survival therefore widened. This phenomenon was 
observed for cancers of the lung, breast, colon-rectum, and 
head and neck as well as for all cancers combined. Further-
more, our analysis showed that the income-associated dispari-
ties in the survival trend could not be explained simply by the 
widened disparity in income.

The overall improvements in cancer-specific survival that 
we observed probably reflect earlier diagnosis owing to 

improved screening or improvements in treatment or both. 
The fact that survival improved more among patients residing 
in richer communities suggests that, in general, improvements 
in screening and treatment may have had more impact in this 
group than in those residing in poorer communities. The spe-
cific explanations for the widening gap in survival between 
richer and poorer populations probably differ among the dif-
ferent types of cancer. For example, for breast cancer, for 
which screening is known to improve outcomes at the popula-
tion level,17,18 differences in the use of screening related to 
socioeconomic status may contribute to the differences in 
cancer-specific survival related to socioeconomic status. Con-
sistent with this hypothesis, an Ontario study of breast cancer 
screening between 1999 and 2010 showed that mammo-
graphic screening was used less frequently in lower-income 
neighbourhoods.19 However, those authors did not find an 
increase in income-associated disparities in screening rates 
over time. Further study is required to determine whether 
disparities in the use of screening related to socioeconomic 
status have increased in recent years for other diseases for 
which screening is effective. However, differential use of 
screening does not offer any explanation for the widening gap 
in survival between richer and poorer populations for lung or 
head and neck cancer because no screening was routinely 
offered in Ontario for either of these diseases.

Multiple incremental improvements in the effectiveness of 
cancer treatment are probably responsible for much of the 

    50

    55

    60

    65

    70

    75

1992 1994 1996 1998 2000 2002 2004 2006

5-
ye

ar
 c

an
ce

r-
sp

ec
if

ic
 s

u
rv

iv
al

 r
at

e,
 %

Year of diagnosis

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

Figure 1: Temporal trends in 5-year cancer-specific survival rate for all cancers in Ontario, 1993–2006, by socioeconomic status quintile 
(1 = poorest, 5 = richest).
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overall improvement in cancer-specific survival observed in 
this study. Over the last 2 decades, new and increasingly effec-
tive types of adjuvant treatment have become available for 
many types of cancer. Furthermore, there is evidence from 
Ontario that new forms of adjuvant treatment are used more 
frequently in richer communities.20,21 Thus, it seems probable 
that the more rapid adoption of effective new treatments in 
richer communities may be responsible for the observed 
increase in disparity in cancer-specific survival associated with 
socioeconomic status.

Comorbidity in patients with cancer has been shown to 
vary by socioeconomic status22,23 and has been found to be 
associated with poorer cancer-specific survival for some 
diseases, although to a lesser degree than with all-cause 
survival.24 Comorbidity of patients with cancer by socio-

economic status in Ontario has not been reported, and 
therefore it is difficult to ascertain whether the observed 
time trend in disparity in survival associated with socioeco-
nomic status was related to comorbidity. Lifestyle factors 
as a mediator between socioeconomic status and survival 
have also been proposed: Woods and colleagues3 suggested 
that such lifestyle factors as smoking or poor diet could 
lead to overall poorer health of patients with cancer and 
therefore reduce their chance of survival. An Ontario study 
on disparities in tobacco use related to socioeconomic sta-
tus in the general population showed no interaction 
between time and education between 1999 and 2006, 
although both smoking rates and education level increased 
over time.25 Further research is needed on the relation 
between socioeconomic status, smoking status and cancer 
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survival to better understand the temporal trend observed 
in the current study.

The temporal trend in disparity in cancer survival associ-
ated with socioeconomic status that we observed has impor-
tant implications for the management of cancer care. The 
overall improved cancer survival is consistent with improved 
access to diagnosis and treatments.26 However, the lesser 
improvement in outcomes observed in poorer populations 
suggests that new approaches to cancer diagnosis and treat-
ment may be adopted more slowly among groups of lower 
socioeconomic status. Further study focusing on particular 
disease groups is required to identify the specific factors that 
mediate the association between socioeconomic status and 
survival. A better understanding of the causal pathway 

between socioeconomic status and cancer survival is needed to 
inform strategies aimed at narrowing the gap in survival 
between richer and poorer populations. Similar studies in var-
ious countries with different social and health care systems 
may also help further our understanding of this important 
determinant of health.

Limitations
The accuracy of classification of cause of death is a known 
concern for calculating cancer-specific survival. Hall and 
colleagues27 compared classification of cause of death in the 
Ontario Cancer Registry with that recorded in a clinical 
database for a group of patients with squamous carcinoma 
of the head and neck. Among the 276 patients who died 

Table 2: Time trend in cancer survival for socioeconomic status quintiles and for selected gross median 
household income categories, expressed as the hazard of death per year of diagnosis from the Fine–Gray 
subdistribution proportional hazards regression model, for cancer cases diagnosed in Ontario, 1993–2009

Site
Socioeconomic 
status quintile* Hazard ratio (95% CI)

Gross median 
household income, 

2010 constant 
dollars Hazard ratio (95% CI)

All cancers 1 (poorest) 0.988 (0.987–0.990) 20 000 0.991 (0.989–0.993)

2 0.983 (0.982–0.985) 40 000 0.985 (0.983–0.988)

3 0.980 (0.978–0.981) 60 000 0.980 (0.977–0.983)

4 0.977 (0.975–0.979) 80 000 0.975 (0.971–0.978)

5 (richest) 0.969 (0.967–0.971) 100 000 0.969 (0.966–0.973)

Breast 1 0.980 (0.975–0.986) 20 000 0.985 (0.981–0.988)

2 0.974 (0.968–0.976) 40 000 0.979 (0.975–0.983)

3 0.968 (0.962–0.973) 60 000 0.974 (0.970–0.978)

4 0.966 (0.960–0.972) 80 000 0.968 (0.964–0.973)

5 0.957 (0.951–0.964) 100 000 0.963 (0.958–0.968)

Lung 1 0.997 (0.995–1.000) 20 000 0.997 (0.995–0.999)

2 0.997 (0.995–1.000) 40 000 0.992 (0.989–0.994)

3 0.995 (0.992–0.997) 60 000 0.986 (0.983–0.989)

4 0.996 (0.992–0.997) 80 000 0.981 (0.977–0.984)

5 0.986 (0.982–0.990) 100 000 0.975 (0.971–0.979)

Colon-rectum 1 0.982 (0.978–0.985) 20 000 0.987 (0.984–0.989)

2 0.978 (0.975–0.982) 40 000 0.981 (0.978–0.984)

3 0.975 (0.971–0.979) 60 000 0.976 (0.972–0.979)

4 0.971 (0.966–0.975) 80 000 0.970 (0.967–0.974)

5 0.963 (0.958–0.968) 100 000 0.965 (0.961–0.969)

Head and neck 1 0.990 (0.983–0.996) 20 000 0.996 (0.991–1.000)

2 0.988 (0.981–0.995) 40 000 0.990 (0.985–0.995)

3 0.985 (0.978–0.993) 60 000 0.985 (0.979–0.990)

4 0.979 (0.970–0.988) 80 000 0.979 (0.974–0.984)

5 0.969 (0.958–0.979) 100 000 0.974 (0.968–0.979)

Note: CI = confidence interval.
*Distinct from gross median household income.
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from head and neck cancer, death was misclassified as non-
cancer death for 23 (8.3%). Misclassification from death 
from other causes to death from head and neck cancer also 
occurred. Furthermore, the authors found no difference in 
cancer-specific survival calculated using the Ontario Cancer 
Registry and that calculated using their clinical database, 
which could be explained if the pattern of misclassification 
were random. Although misclassification of cause of death 
does occur, there is no evidence to suggest that misclassifi-
cation was responsible for the increased disparity in 
cancer-specific survival related to socioeconomic status 
observed in the current study. In addition, the measure of 
socioeconomic status that we used was community-level 
socioeconomic status and cannot be interpreted as the 
socioeconomic status of individual patients. Nonetheless, a 
previous study incorporating both community-level and 
individual-level socioeconomic status in a multilevel analysis 
showed independent effects of the 2 measures on breast 
cancer incidence and therefore suggested that community-
level socioeconomic status may capture an unmeasured 
aspect of individual socioeconomic status.28

Conclusion
Despite increased awareness of the relation between socioeco-
nomic status and cancer survival, between 1993 and 2009, 
cancer-specific survival in Ontario improved less among 
patients from poor communities than among those from afflu-

ent communities, and this phenomenon cannot be explained 
by increased disparity in income. The causes of the disparity 
need to be identified so that targeted interventions can be 
designed to address this issue.
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