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ABSTRACT

Objectives Regional variation in cancer survival is an
important health system performance measurement. We
evaluated if regional variation in colon cancer survival
may be driven by differences in the patient population,
their health and healthcare utilisation, and/or cancer care
delivery.

Design Population-based retrospective cohort study
using routinely collected linked health administrative
data.

Setting Ontario, Canada.

Participants Patients with colon cancer diagnosed
between 1 January 2009 and 31 December 2012.
Outcome Cancer-specific survival was compared across
the province’s 14 health regions. Using accelerated failure
time models, we assessed whether regional survival
variations were mediated through differences in case

mix, including age, sex, comorbidities, stage at diagnosis
and colon subsite, potential marginalisation and/or
prediagnosis healthcare.

Results The study population included 16 895 patients
with colon cancer. There was statistically significant
regional variation in cancer-specific survival. Three regions
had cancer-specific survival that was between 30% (95%
Cl 1.03 to 1.65) and 39% (95% Cl 1.13 to 1.71) longer
and one region had cancer-specific survival that was 26%
shorter (95% Cl 0.58 to 0.93) than the reference region.
For three of these regions, case mix explained between
26% and 56% of the survival variation. Further adjustment
for rurality explained 22% of the remaining survival
variation in one region. Adjustment for continuity of
primary care and the diagnostic interval length explained
10% and 11% of the remaining survival variation in two
other regions. Socioeconomic marginalisation, recent
immigration and colonoscopy history did not explain colon
cancer survival variation.

Conclusions Case mix accounted for much of the regional
variation in colon cancer survival, indicating that efforts to
monitor the quality of cancer care through survival metrics
should consider case mix when reporting regional survival
differences. Future work should repeat this approach in
other settings and other cancer sites considering a broad
range of potential mediators.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This was a population-based study that included all
individuals diagnosed with colon cancer in Ontario,
Canada over a 4-year period, thus supporting the
generalisability of the findings to other jurisdictions
with similar healthcare systems.

= While we examined a range of potential mediators,
including measures of patient health and cancer se-
verity, marginalisation and healthcare use, there are
likely additional factors that explain the significant
regional survival variation that we observed.

= The number of colon cancer cases in some regions
was small, which may have limited our ability to
identify a statistically significant difference in sur-
vival in those regions.

INTRODUCTION
The study of patient outcomes is critical
for assessing healthcare quality, including
the effectiveness of cancerrelated care.'™
Survival is a fundamental cancer outcome,
reflecting effective healthcare organisation
and high-quality care processes. Variations in
survival across regions is therefore of interest
to patients, healthcare providers, adminis-
trators and policymakers.”™ Previous work
in Ontario found that in 2012-2016, 5-year
relative survival rates for all cancers varied
across health regions, with a difference of
12% between regions with the highest and
lowest relative survival rates.” '’ Similarly, we
previously documented that Ontario regional
cancer-specific survival in patients diagnosed
in 2007-2013 ranged from 62% to 72%."" The
magnitude of these regional differences in
cancer survival raises concerns about poten-
tial corresponding variation in the quality of
cancer-related health services.

Identifying factors responsible for regional
survival variations is a first step to miti-
gating those differences. We postulated that
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regional variations in cancer survival may be driven by the
care quality, and differences in the patient population,
their health and healthcare utilisation. The aim of this
study was, therefore, to describe regional variations in
colon cancer survival in Ontario and explore mediating
factors that may explain regional survival variations. We
selected colon cancer because it is a relatively common
cancer affecting men and women and our preliminary
analyses indicated that its age-adjusted and sex-adjusted
5-year cancer-specific survival differed from 59% to 70%
across regions.

MATERIALS AND METHODS

We conducted a population-based retrospective cohort
study in Ontario, Canada (population 14.6 million).
Ontario’s publicly funded, single-payer healthcare system
allowed us to conduct this study using population-based,
linked health data available through ICES (previously
known as the Institute for Clinical Evaluative Sciences),
an independent, non-profit research institute. This study
is reported in accordance with the REporting of studies
Conducted using Observational Routinely-collected Data
(RECORD) statement.'?

Data sources

The Ontario Cancer Registry was used to identify the study
population and determine the date and stage of cancer
at diagnosis. The Office of the Registrar General Deaths
Database (ORGD) was used to determine date and cause
of death. The Registered Persons Database (RPDB) was
used to capture patient sociodemographic information.
Healthcare utilisation databases, including the Canadian
Institute for Health Information Discharge Abstract Data-
base, Same Day Surgery Database, National Ambulatory
Care Reporting System and Ontario Health Insurance
Plan Claims Database were used to assign continuity of
primary care, comorbidity, previous colonoscopies and
the diagnostic interval. These datasets were linked using
unique encoded identifiers and analysed at ICES.

Study population

The study population and its attendant research dataset
were originally developed for a previous study that exam-
ined relationships between diagnostic resource availability
and the colorectal cancer (CRC) diagnostic interval.”® '
That study included all patients with CRC (International
Classification of Diseases, ninth revision (ICD-9) 153.0-
153.9, 154.0-154.1, excluding 153.5 (malignant neoplasm
of appendix)) diagnosed in Ontario between 1 January
2009 and 31 December 2012. Individuals were excluded
from that study if they met any of the following criteria:
invalid identifier for data linkage, cancer diagnosed
on death certificate only, age >105or <18 years at diag-
nosis, non-adenocarcinoma histology, CRC was not their
first primary cancer, patient was not covered under the
provincial health insurance plan in the 42 months before
their cancer diagnosis date, not an Ontario resident in

the 18 months before the CRC diagnosis date, missing
diagnostic interval start date or unable to assign to a colo-
noscopy network (for the original purpose of measuring
diagnostic resource availability). For the current study, we
report on survival differences for the subset of patients
from that original study who were diagnosed with colon
cancer (ICD-9 153.x). We thus excluded anyone who met
any of the following criteria: rectal cancer subsite, invalid
health region or not alive at diagnosis.

Outcome

The outcome was death due to cancer, captured from the
ORGD using ICD-9 disease codes of 140-208 or ICD for
Oncology, third revision disease codes of C00-C97. Death
dates and underlying cause of death were available for all
patients until 31 December 2016.

Health region

At the time of this study, Ontario healthcare was organ-
ised across 14 geographically defined health regions
called Local Health Integrated Networks (LHINs). Each
patient was linked to their LHIN of residence at the time
of cancer diagnosis based on postal code in the RPDB.
We have anonymised the LHINs as the purpose of this
study was to describe and explain regional survival vari-
ation, rather than to identify specific regions with better
or worse survival. For clarity of reporting, LHINs will be
referred to as health regions.

Explaining regional survival differences
We first described cancer-specific survival across the
health regions then identified which of our potential
mediators explained region-level cancer-specific survival
variation. In the first instance, regional survival differ-
ences might be explained by case mix, that is, differences
in patients’ baseline demographics, health and colon
cancer severity. In this study, we refer to the following vari-
ables as characterising ‘case mix’: age at the diagnostic
interval index date (<50, 50-59, 69-69, 70-79 or 80+
years, where the index date is defined as the first cancer-
related healthcare encounter prior to diagnosis),” '” sex,
comorbid disease burden, measured as the number (0, 1,
2+) of major Aggregated Diagnosis Groups (ADGs) in the
2years prior to the diagnostic interval index date using
The Johns Hopkins ACG System V.10,'® gastrointestinal
(GI) comorbidity, based on the GI Major Expanded Diag-
nostic Cluster from the ACG system, colon cancer subsite,
defined as proximal, distal or subsite not otherwise spec-
ified and cancer stage at diagnosis measured using the
American Joint Committee on Cancer tumour, node,
metastases staging classification system, sixth edition.
We assessed the extent to which these case mix variables
explained the regional survival differences. The cancer-
specific survival variation that remained was then further
studied to identify targets for system improvement.

After adjusting for case mix, we explored whether
membership in a marginalised group might explain the
remaining survival differences. Potential marginalisation
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was assessed using area-level material deprivation,
measured by the Ontario Marginalisation Index,'” with
census dissemination areas categorised into deprivation
quintiles 1 (lowest marginalisation) to 5 (highest margin-
alisation); recent immigrant, defined as those whose
Ontario Health Insurance Programme (OHIP) eligibility
started within the 10 years before the diagnostic interval
index contact; and rurality, defined by the Rurality
Index for Ontario, using categories defined by the index
creators (0-9 (most urban), 10-30, 31-45, 46-55, 5675,
75-100 (most rural)).'®

We also explored whether health system factors might
explain the regional survival differences that remained
after case mix was considered. System variables included:
colonoscopy history in the 5years before the diagnostic
interval index contact (0 or >1); continuity of care with
the patient’s usual provider of primary care (UPC) in
the 2years prior to the diagnostic interval index contact,
defined as high (275% of primary care visits occurred
with UPC), low (<75% of primary care visits occurred
with UPC) or undefined (fewer than three primary care
visits in the 2-year period), and diagnostic interval length,
defined as the number of days from the first cancer-
related healthcare encounter to diagnosis. The diagnostic
interval was categorised as quartiles except that those with
an interval longer than the 90th percentile were placed in
an additional category.”™"

Statistical analysis
We used descriptive statistics to characterise the study
population and t-test, Kruskal-Wallis one-way analysis of
variance and % test to evaluate whether these characteris-
tics differed across the health regions. A two-sided p<0.05
indicated statistical significance. Overall and cancer-
specific survival across the health regions were evaluated
using Kaplan-Meier survival curves and log-rank tests.
Our analytic approach treated our case mix, marginali-
sation and health system variables as potential mediators
of the health region cancer-specific survival differences."
We calculated unadjusted and adjusted accelerated
failure time (AFT) models to evaluate variations in cancer-
specific survival across the health regions and assess for
mediation. We chose the AFT model rather than the
Cox proportional hazards model because AFT does not
require a rare event assumption while still allowing for
mediation estimation.”” *' The AFT model considers the
exponential of the mean logarithm of survival time, also
known as the geometric mean survival time, instead of
the regular mean survival time as the function of the case
mix, marginalisation and health system variables. The
interpretation of the geometric mean is similar to that of
the regular mean. The AFT model calculates the ratio of
geometric mean survival time (time ratio), where a ratio
>1 denotes a longer time to event and a ratio <1 denotes
a shorter time to event. We used health region A as the
reference region because it contained the most patients
and its 5-year colon cancerspecific survival was most
likely that of the entire study population. Individuals

with missing values for rurality or deprivation quintile
were excluded from regression models due to their small
number.

Focussing on the health regions with statistically signifi-
cant unadjusted differences in survival, we calculated the
per cent excess risk explained by influential mediators of
those differences using the following formula®:

TRu—TRa %« 100

% Excess/Reduced time explained = TRU=T.0

Where TRu=unadjusted time ratio and TRa=adjusted
time ratio.

A priori, we defined a per cent excess or reduced time
explained of 10% or more as clinically meaningful. We
first adjusted for and assessed the mediating effect of case
mix variables on the statistically significant unadjusted
health region effects. We then ran six subsequent regres-
sion models, with each model controlling for the case
mix variables and assessing one of the six potential medi-
ators (material deprivation quintile, immigration status,
rurality, colonoscopy history, continuity of care and diag-
nostic interval length) of the health region-survival associ-
ations. This approach to modelling allowed us to evaluate
the mediating effect of each of these six variables inde-
pendently on the case mix-adjusted health region time
ratios, again looking for a 10% change to determine if
mediation of the region survival time differences was
present. We report % excess/reduced time explained
when it reached our 10% threshold for health regions
whose unadjusted survival was statistically significantly
different from region A.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

The initial data capture included 30 061 patients with
CRC (figure 1). Of those, 6100 were excluded to meet our
original study’s target population definition or because of
missing information (n=23961). The original target popu-
lation exclusions were: non-adenocarcinoma histology
(n=1220, 20% of excluded), a prior cancer (n=2845, 47%
of excluded) or lack of continuous OHIP eligibility prior
to diagnosis (n=634, 10% of excluded). Missing infor-
mation excluded 746 patients (12% of excluded). For
the current study, we excluded 7050 patients with rectal
cancer and 16 patients who were not alive at diagnosis or
who had unknown health region. Our final study popula-
tion included 16895 patients with colon cancer (table 1).
The mean age was 69.7 years, 50.9% were male, 63.9%
lived in the most urban areas and 3.1% were recent immi-
grants. There was an even distribution of patients across
the material deprivation quintiles. Fifteen per cent of
patients had at least one prior colonoscopy, 60.8% had
a comorbid GI condition and 26.9% had two or more
major comorbid conditions. Approximately half (48.8%)
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All colorectal cancer patients diagnosed in
Ontario, 2009 to 2012 (ICD-9 1530- to
153.9, 154.0, 154.1, excluding 153.5)
n=30,061

i Exclusions*

g Invalid identifier for linkage (n=587)

: Diagnosed on death certificate only (n=60)

i Age >105 or <18 at diagnosis (n=9)

§ CRC not first primary cancer (n=2,845)

> Non-adenocarcinoma histology (n=1,220)

1 <42 months OHIP eligibility before diagnosis date (n=634)

g Not an Ontario resident in 18 months before diagnosis (n=9)
: Missing index contact date (n=457)

: Unable to assign colonoscopy network (n=289)

Preliminary colorectal cancer study
population
n=23,961

i Exclusions
> Not alive at diagnosis or invalid health regiont (n=16)
: Rectal cancer (n=7,050)

Final colon cancer study population
n=16,895

Figure 1 Study population flow diagram. *Numbers do not
add to total number of individuals excluded due to patients
who met more than one exclusion criteria. TCombined for
reporting due to small number (n<5) with invalid health region.
CRC, colorectal cancer; ICD, International Classification of
Disease; OHIP, Ontario Health Insurance Programme.

of patients had high continuity of care with their UPC
prior to the cancer diagnostic interval start date. Almost
half of patients were diagnosed with early stage (I or II)
colon cancer, while 16.9% were diagnosed with stage IV
cancer. Proximal colon cancer was the most common
subsite (51.3%). The median diagnostic interval was
87 days. Aside from patient sex, all these characteristics
varied significantly across the health regions.

The median follow-up time for survival after diag-
nosis was 5 years (IQR 2-6). Of the 16895 patients, 5612
(33.2%) died of cancer-related causes, 1934 (11.4%) died
of non-cancer causes and 9349 (55.3%) were alive as of
31 December 2016. The unadjusted overall and cancer-
specific survival curves by health region are displayed in
figures 2 and 3, respectively. In the unadjusted model
(table 2), three health regions had a mean cancer-specific
survival that was significantly longer than that of the refer-
ence region A, ranging from 30% longer (95% CI 1.03
to 1.65) in region M, to 34% (95% CI 1.01 to 1.78) in
region D, and 39% longer (95% CI 1.13 to 1.71) in region
J. Mean cancer-specific survival was 26% shorter in region
C compared with A (95% CI 0.58 to 0.93).

After adjusting for case mix, the mean survival time
ratio for health region C was closer to 1.0 (0.82, 95%
CI 0.68 to 0.99), indicating that 46% of the unadjusted
differences in survival in region C versus A were explained
by case mix (table 2). The mean survival time ratio for
health region D was reduced to 1.15 and no longer statis-
tically significant (95% CI 0.92 to 1.44), indicating that
56% of the unadjusted differences in survival in region D
versus A were explained by case mix. The mean survival
time ratio for health region J was reduced to 1.29 (95%
CI 1.09 to 1.51), indicating that 26% of the unadjusted
differences in survival in region J versus A were explained
by case mix. While health region D still had a significantly
higher survival time ratio than health region A after case
mix adjustment (1.35, 95% CI 1.12 to 1.63) and health
region B had a significantly lower survival time ratio than
health region A after case mix adjustment (0.82, 95% CI
0.68 to 0.99), these reflected a <10% change from the
unadjusted model. For all other health regions, the case
mix adjusted survival time ratios were not statistically
significantly different from region A and did not change
>10% with case mix adjustment.

Adjustment for deprivation quintile or immigration
status did not account for any of the statistically signif-
icant health region survival differences that remained
after adjusting for case mix (table 2). In both of those
adjusted models, health regions M and | continued to
have significantly longer mean cancer-specific survival
than region A, while health regions C and B continued
to have significantly shorter mean cancer-specific survival
than health region A.

Adjustment for rurality accounted for 22% of the
shorter mean survival in health region C in contrast to
health region A. The region C mean survival was 14%
shorter than region A (0.86, 95% CI 0.71 to 1.04) after
rurality and case mix adjustment, in contrast to 18%
shorter than region A (0.82, 95% CI 0.68 to 0.99) after
only case mix adjustment. In all other cases, rurality
accounted for <10% of the difference in survival.

Healthcare characteristics explained a small amount
of the mean survival differences in health regions J and
B that remained after case mix adjustment (table 3).
Adjustment for continuity of care accounted for 10% of
the longer survival in health region ] and adjustment for
the diagnostic interval length accounted for 11% of the
shorter survival in health region B. Adjustment for colo-
noscopy history did not result in substantial changes to
the model estimates. In all other cases, healthcare char-
acteristics explained <10% of the difference in survival.

DISCUSSION

This population-based study of colon cancer survival
revealed significant variation in cancer-specific survival
across the 14 health regions in Ontario. Three health
regions had significantly higher mean cancer-specific
survival than region A, which most closely reflected the
survival experience of Ontario as a whole. The mean
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Figure 2 Overall survival curves by health region with log-
rank test p value.

survival times for these three health regions were between
30% and 39% higher than region A. One health region
had mean cancer-specific survival that was 26% lower than
that of region A. Case mix explained the greatest propor-
tion of variation in survival across the health regions,
while system-level factors explained the least. However,
even after accounting for these mediating factors, signifi-
cant survival differences across health regions remained.
This study builds on our understanding of factors under-
pinning regional differences in cancer survival. A recent
international comparison of cancer survival across seven
high-income countries identified stage of disease at diag-
nosis, timely access to effective treatment and comor-
bidity as potential determinants of international survival
disparities.* Our findings suggest that case mix, which
includes stage at diagnosis as well as other indicators of
patient health and disease severity, are important deter-
minants of colon cancer survival variation. Furthermore,
in some regions, rurality and continuity of primary care
may also be important.

Cancer Specific Survival

Logrank p <0001

08
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04

Survival Probability
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00 -
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H =eeees A ——p eee=-- '}

Figure 3 Cancer-specific survival curves by health region
with log-rank test p value.

Our case mix variables reflected patients’ underlying
health status and cancer severity. All of these variables are
known to be associated with colon cancer survival. Except
for sex, the distribution of all the case mix variables varied
significantly across the health regions. For instance, there
was a 5.0% difference in the distribution of stage I (17.4%
in region F vs 22.4% in region E) and a 5.7% difference
in the distribution of stage IV (14.1% of patients in
region B vs 19.8% in region I). These variations in stage
may reflect differences in patient characteristics and
health behaviours across the health regions; for instance,
uptake of colon cancer screening through the provin-
cial, publicly funded screening programme varies across
LHINs.” Stage variations may also be driven in part by
differences in access to care and diagnostic processes that
contribute to a later stage at diagnosis. The proportion
of patients with unknown stage also differed across the
health regions, from a low of 9.0% in region N to a high
of 19.1% in region B. Previous research using Ontario
cancer stage data has found that unknown cancer stage
is an indicator of poor quality care, which supports its
inclusion as a potential explanation of health region-level
survival differences.”*

Indicators of marginalisation, including deprivation
quintile, immigration status and rurality, did not explain
the significant health region differences in colon cancer
survival that remained after case mix adjustment. The
exception was for health region C, where the magnitude
of difference in mean survival was reduced and no longer
statistically significantly different after adjustment for
rurality. Rurality has generally been associated with worse
survival in colon and other cancers.”” Our finding indi-
cates that patients living in rural areas in health region
C had worse survival so this region could be a target for
quality improvement initiatives. Previous literature has
documented differences in cancer survival in Ontario
by area-level income, with patients from lower-income
areas generally having poorer cancer survival.*® While
we observed variation in area-level deprivation across the
health regions, this variable did not play a mediating role
in the region-level differences in colon cancer survival.
Similarly, while immigration status has been associated
with worse survival in colorectal cancer, this characteristic
did not explain the regional survival differences that were
our focus.”’

We studied three healthcare-related variables which
may affect colon cancer care and thus survival: colonos-
copy history, continuity of primary care prior to diag-
nosis and the diagnostic interval length. We included the
first two variables to assess whether relevant aspects of
prediagnosis healthcare use might play a role in cancer
survival while the diagnostic interval has previously been
associated with colorectal cancer survival.”*’ The rates
of previous colonoscopy varied across health regions but
those variations did not explain any region-level survival
differences. A potential explanation is that survival bene-
fits of previous colonoscopy may occur through earlier
stage at diagnosis, which was already accounted for in the
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Table 3 Case mix adjusted and healthcare characteristic adjusted geometric mean cause-specific survival time ratios and
their 95% Cls for each health region versus region A

% excess/
reduced time

% excess/
reduced time

Colonoscopy Continuity of care explained by Diagnostic interval explained by
history and case  and case mix continuity of and case mix diagnostic
Case mix adjusted mix adjusted adjusted care* adjusted interval*
Health region

A Reference Reference Reference Reference

B 0.82 (0.68 to 0.99)F 0.81 (0.67 to 0.98) 0.82 (0.68 to 0.99) 0.84 (0.69to 1.01)  11% explained

C 0.82 (0.68 to 0.99) 0.81 (0.67 to 0.97) 0.82 (0.68 to 0.98) 0.82 (0.68 to 0.99)

D 1.15(0.92to0 1.44) 1.16(0.93to 1.46) 1.13(0.90 to 1.41) 1.14 (0.91 to 1.42)

E 1.21(0.90to 1.62) 1.22(0.91to 1.64) 1.22(0.91 to 1.64) 1.21 (0.90 to 1.62)

F 0.96 (0.79t0 1.16) 0.96 (0.79to0 1.16) 0.96 (0.79 to 1.16) 0.96 (0.79 to 1.16)

G 1.17(1.00t0 1.37) 1.17(1.00to 1.37) 1.16 (0.99 to 1.36) 1.17 (1.00 to 1.37)

H 1.06 (0.88t0 1.29) 1.06 (0.87 to 1.29) 1.07 (0.88 to 1.30) 1.06 (0.87 to 1.28)

I 0.94 (0.79t0 1.12) 0.94 (0.79to 1.11) 0.94 (0.79 to 1.12) 0.94 (0.79 to 1.12)

J 1.29 (1.09 to 1.51) 1.27 (1.08 to 1.49) 1.26 (1.07 to 1.49) 10% explained 1.30 (1.11 to 1.53)

K 1.18(0.95t0 1.46) 1.16(0.94 to 1.44) 1.18(0.95 to 1.46) 1.21 (0.97 to 1.49)

L 1.00 (0.83to 1.20) 1.00 (0.83to 1.20) 1.00 (0.83 to 1.20) 1.03 (0.86 to 1.23)

M 1.35(1.12t0 1.63) 1.35(1.12t0 1.63) 1.32 (1.09 to 1.60) 1.35 (1.12 to 1.63)

N 1.04 (0.88t0 1.22) 1.04 (0.88to 1.22) 1.04 (0.88 to 1.22) 1.04 (0.88 to 1.23)

*Computed for health regions with statistically significantly different survival than region A in unadjusted model and reported when the
% change from the case mix adjusted model was at least 10%. The % change did not reach the 10% threshold in the model analysing

mediation by colonoscopy history.

tCase mix variables included colon cancer subsite, age, sex, stage, presence of Gl comorbidity and number of major ADGs.

Fp<0.05 for bolded survival time ratios.
ADGs, Aggregated Diagnostic Groups; Gl, gastrointestinal.

case mix adjusted model. High continuity of primary care
varied across health regions, which may reflect differ-
ences in primary care access and/or structures across
the regions. Adjustment for continuity of primary care
explained 10% of the longer mean survival difference in
health region J, implying the quality of primary care in
that region contributed to better survival of its patients
with colon cancer. The median diagnostic interval ranged
from 77 to 96 days across health regions. These differ-
ences may be partly a result of unadjusted variations in
case mix as patients with more advanced disease often
receive an expedited diagnosis due to symptom severity.
However, variations in the diagnostic interval length may
also reflect differences in the efficiency and/or quality
of healthcare delivery across the health regions. Adjust-
ment for diagnostic interval length explained 11% of the
shorter mean survival in health region B, implying that
the differences in the diagnostic interval in that region
were one explanation for its shorter survival. Further
study is needed to understand the factors driving these
regional differences in continuity of primary care and the
colon cancer diagnostic interval, and the process through
which they may contribute to differences in survival across
regions.

Cancer survival is an important outcome to patients
and providers. Evidence of substantial regional variations

in cancer survival may point to issues with cancer care
quality. However, as shown in this study, reporting
regional cancer survival differences for the purposes of
assessing healthcare quality without controlling for case
mix can be misleading. Unadjusted survival differences
reflect, at least in part, differences in patient’s underlying
health and disease severity and should thus not be inter-
preted as being completely due to differences in health-
care quality. The results in health region D are a case in
point. Better survival in that region was partly explained
by the fact that the patients in that region were younger,
had less comorbid disease and more stage I cancers. This
demonstrates the importance of adjusting for case mix
differences when reporting cancer survival as a health-
care quality measure.

This study had several strengths and limitations. This
population-level study allowed us to identify region-
specific factors that may explain colon cancer survival
differences in Ontario. We expect that jurisdictions with
similar health systems would see similar effects of explan-
atory variables and we encourage ongoing surveillance
using the approach we presented. We chose to anonymise
the health regions as that information was not neces-
sary to convey the main findings of our study. Further-
more, identifying the health regions may have been
unnecessarily stigmatising, particularly since the survival
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variations and mediation observed in this study may not
persist today. Our choice of potential mediators that may
explain regional survival differences was guided by our
prior knowledge about factors that can affect cancer
survival along with our clinical judgement. These medi-
ators were evaluated using a mediation framework to
identify those that were influential at the health region
level. We evaluated each of the non-case mix variables
in separate models to assess for mediation and to iden-
tify at-risk groups of patients. Some of the non-case mix
variables may have been associated so that their inde-
pendent mediating effect may have been smaller than
we observed. However, the separate models achieve our
purpose of identifying groups who may be at a higher risk
of cancer death. Furthermore, we did not include a fully
adjusted model as our purpose was not to assess the causal
impact of these mediators. We expect that correlations
between mediators would have resulted in a fully adjusted
model with independent effects that would be difficult to
interpret.

Mediation analysis requires control for all important
confounders across all contrasts. For this study, this
would include confounders of the health region-survival,
health region-mediator and mediator-survival associa-
tions. We think our control for key colon cancer prog-
nostic factors largely encompasses confounding under
these three conditions since prognostic factors play such
a strong role in medical decision making. That said,
unmeasured confounding may be present in our results.
Furthermore, this study was limited in the potential medi-
ators studied based on their availability in the adminis-
trative data holdings. For instance, the data sources for
this study do not include measures of race or ethnicity,
and Indigenous status is incomplete. We were therefore
not able to examine mediation by these characteristics.
Further investigation of potential mediators beyond the
data we had available is warranted. Finally, while the
study had a large overall study population, the number
of patients with colon cancer in some health regions was
small which may be contributing to wider Cls for model
estimates for those health regions. For instance, region
E had an unadjusted survival time that was 25% longer
than that of region A, but with wide Cls that overlapped
1.00.

This study offers a deeper understanding of regional
variations in colon cancer survival in Ontario than was
previously possible. Much of the regional variations in
colon cancer survival were explained by differences in
case mix between the health regions, although even
after accounting for case mix, regional survival differ-
ences remained. In some health regions, rurality,
continuity of primary care and the diagnostic interval
length explained colon cancer survival variation. Our
approach and findings may be used to support quality
improvement initiatives that may identify and address
the contributing factors driving cancer survival differ-
ences. Future work should apply this approach in other
settings and cancer sites considering a broad range of

potential mediators. Cancer quality surveillance efforts
should consider case mix when reporting regional
survival differences.
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