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Abstract

This study measures patient’'s concordance between clinical reference pathways with survival or cost among a population-based cohort of colon
cancer patients applying a continuous measure of concordance. The primary hypothesis is that a higher concordance score with the clinical
pathway is significantly associated with longer survival or lower cost. The study informs whether patient’s adherence to a defined clinical pathway
is beneficial to patients’ outcomes or health system. An externally determined clinical pathway for colon cancer was used to identify treatment
nodes in colon cancer care. Using observational data up to 2019, the study generated a continuous measure of pathway concordance. The
study measured whether incremental improvements in pathway concordance were associated with survival and treatment costs. Concordance
between patients’ reference pathways and their observed trajectories of care was highly statistically associated with survivorship [hazard ratio:
0.95 (95% confidence interval, Cl, 0.95-0.96)], showing that adherence to the clinical pathway was associated with a lower mortality rate.
An increase in concordance was statistically significantly associated with a decrease in health system cost. When patients’ care followed the
clinical pathway, survival outcomes were better and total health system costs were lower in this cohort. This finding creates a compelling case for
further research into understanding the barriers to pathway concordance and developing interventions to improve outcomes and help providers
implement best practice care where appropriate.
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Introduction the quality, content, and scope of clinical pathways and the
limited evidence of their effectiveness [9, 10].

A systematic review of clinical pathway evaluation research
identified cardiovascular, respiratory, gastrointestinal, and
orthopaedic surgeries and oncology pathways as the most
commonly studied clinical pathway diseases and interventions
[10]. The impact of reducing variability in treatment may be

relatively higher in cancer care than other clinical conditions,

Clinical pathways are an informational resource to support
clinical judgment and present management options for stan-
dardized courses of care for a particular condition to improve
treatment outcomes [1, 2]. Clinical pathways have been asso-
ciated with reduced variability in clinical practice patterns,
utilization rates, and patient length of stay; lower treatment,
outpatient, and overall costs; and reduced inpatient mortality

[3-7].

Implementation of clinical pathways has been slow. Barri-
ers have included clinician reluctance due to a perceived loss
of autonomy, outdated pathways, and inadequate resources
for extracting clinical data from information systems [2, 4, 8].
Further contributing factors include the wide variation in

as cancer treatment often involves coordination between dis-
ciplines, costly interventions, and possibly multiple phases of
treatment.

Clinical pathway concordance is an assessment of the sim-
ilarity between the continuum of care presented by the path-
way and a patient’s observed trajectory of care through care
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phases, settings, and treatment modalities. Simple measures
of concordance indicate that a patient’s care was either ‘on’
or ‘off’ individual elements of the pathway, whereas more
sophisticated measures of concordance indicate how closely a
patient’s observed trajectory of care aligns with the pathway
across multiple elements.

Previous studies have indicated that concordant care is
associated with lower costs and similar or improved clini-
cal outcomes [3, 5, 11]. Pathway concordance in bronchi-
olitis and syncope has been associated with lower lengths
of stay and inpatient admissions [5, 6]. However, stud-
ies of pathway concordance among cancer populations have
shown similar survival between ‘on’ and ‘off” pathway sub-
groups [3, 11]. However, these studies are limited by their
study population size, clinical setting (e.g. clinical path-
ways within the hospital only), and the definition of concor-
dance measure (e.g. examining only parts of the full clinical
pathway).

Ontario Health (previously named Cancer Care Ontario)
is a provincial agency in Ontario, Canada, that provides
oversight for the delivery of cancer services in the province.
Ontario Health uses pathway maps as a quality improvement
tool [12]. Pathway maps describe the recommended care for
the disease/condition, encompassing prevention and screening
to follow-up, surveillance, and palliative care.

This study employs Ontario Health’s Colon Cancer Path-
way Map to measure the association between pathway con-
cordance with survival and cost outcomes for colon cancer
patients in Ontario. Colorectal cancer (including colon and
rectal cancers) is the second most common cancer among
Canadians with an estimated 26 800 new cases annually and
is responsible for 11% of cancer deaths [13, 14].

This study measures whether incremental improvements
in pathway concordance are associated with improved sur-
vival and lower health system spending using a population-
level cohort. The results shed light on individual patients’
care continua relative to published pathways and iden-
tify opportunities for improving health and clinical out-
comes among colon cancer patients in Ontario. This study
provides novel information to influence policies regard-
ing cancer treatment and the value of applying clinical
pathways to population-level data to improve health and
outcomes.

Methods
Study cohort

The study cohort included all Ontario residents with a valid
Health Insurance Number who had an incident diagnosis of
colon cancer between 28 September 2012 and 31 December
2016 and a malignant neoplasm of stage ITA, IIB, or IIC [15].
Patients were identified from the Ontario Cancer Registry,
a population-based registry. Colon cancer was identified by
International Classification of Diseases for Oncology codes
(Supplementary Appendix A).

Patients with invalid or missing administrative data (e.g.
neighbourhood income or immigration data) were excluded
from the cohort. Patients who received surgery before diag-
nosis, patients receiving noncurative treatment, nonincident
cases, cases identified at autopsy, cases with unknown histol-
ogy, multiple primaries, or a nonrelevant diagnosis were also
removed from the study.

Milroy et al.

The cohort was followed from 180 days prior to diagnosis
to 4 years after diagnosis or 31 March 2019, whichever was
earliest. 31 March 2019 corresponded with the end of the
observational period, administrative censoring, and was the
end of the setting’s fiscal year. The follow-up period ensured
that the 4-year observation window was observable for all but
those patients diagnosed in the last year of the cohort.

A number of patient characteristics and demographics were
also included due to previous literature showing their associa-
tion with cancer outcomes: age, sex, cancer substage, tumour
grade, indicator of emergency admission for surgery, comor-
bidity measured by the Charlson comorbidity index, screening
status, rurality (urban versus rural), percentage of neighbour-
hood population who were immigrants (reported in terciles),
and neighbourhood income (reported in quintiles). Indica-
tors of the number of outpatient, emergency department, and
chemotherapy visits and surgical length of stay were also
included in the survival analysis. Terciles and quintiles repre-
sent three and five equally sized subgroups to aid presentation
of the data, respectively.

Pathway maps

This study was based on Ontario Health’s Colon Cancer
Stage II Pathway Map for diagnosis and curative treatment
[16]. Stage II colon cancer patients undergoing curative treat-
ment were selected for this analysis of pathway concordance
since the condition reflects a condition for which the mortal-
ity rate has a mix of survivors and decedents at the time of
administrative censoring. The Stage II colon cancer pathway
included endoscopy, computed tomography of the abdomen
and pelvis, surgical resection, medical oncologist consulta-
tion, and chemotherapy (see Supplementary Appendix B for
data sources). Simplified pathway maps have been evaluated
elsewhere.

Concordance measure

One approach to measuring concordance between the ref-
erence pathway and patients’ observed trajectories of care
converts observed healthcare utilization into character strings,
where each unique character represents a different encounter
with the healthcare system. For example, a unique charac-
ter represents endoscopy (‘A’) and another represents surgical
resection (‘C’). A distance measure is then calculated to rep-
resent the ‘difference’ between the character strings, a value
representing how far patients’ observed healthcare utilization
and the reference pathway diverge [17]. In this study, a mod-
ified Levenshtein distance measure looking only at insertions
and deletions was used to calculate a concordance measure
(Supplementary Appendix C), an integer count of the mini-
mum number of character insertions and deletions required to
transform the patients’ observed healthcare utilization to the
reference pathway, normalized to range between 0 (complete
discordance) and 100 (perfect concordance). An example of
the application of the method for calculating the distance mea-
sure is shown in Fig. 1, showing that two deletions and one
insertion were required to transform to the reference path-
way. This measure has been piloted elsewhere [18] although
other approaches to evaluating pathway concordance are also
available including approaches that may provide different
concordance statistics using substitutions or transpositions
[19-21].
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Figure 1 Example of the Levenshtein distance algorithm; the algorithm counts the minimum number of insertions and deletions of letters required to
make the observed pathway equal to a reference pathway; three changes were required to transform the patient pathway (A-F-B-F) into the reference

pathway (A-B-C).

Survival

Patient survival was observable from Ontario’s Cancer Reg-
istry or Ontario’s Registered Persons Database, population-
based registries that include the date of death. Survival was
measured as the time between cancer surgery and the earliest
of date of death, 4 years postdiagnosis or 31 March 2019.

Patient cost

Population-based clinical and administrative datasets were
used to determine patients’ total publicly funded healthcare
costs. The costs were determined by linking setting-specific
utilization and cost over the observation period [22]. Patients’
costs were measured starting 180 days prior to their diagnosis
date and ending one year after their diagnosis, and the dura-
tion of the observation period was longer than recent colon
cancer treatment pathways or guidelines. Costs encompassed
total identifiable healthcare costs for each patient, which
included all public funding on healthcare whether related to
their colon cancer diagnosis, although excluded patient or pri-
vate insurance-borne costs (Supplementary Appendix D) [23].
All healthcare costs were adjusted for inflation to 2017 dollars
[24].

Statistical analysis

The study cohort’s demographic characteristics were sum-
marized, stratified by survivorship, concordance, and cost
(Appendix Table S1). Patients’ survivorship over the obser-
vation period was reported by ‘yes’ or ‘no’. Summaries of
patients’ concordance and cost were reported by tercile.
Tercile (three equal-sized groups) was used to categorize con-
cordance and cost to facilitate presentation, although contin-
uously valued measures were used in the survival and cost
regression analysis.

For presentation, health services utilization and patients’
cost were stratified by concordance tercile and healthcare sec-
tor; the healthcare sectors were presented in descending order
with the sector contributing the highest proportion of total
costs listed first. Multiple sectors were aggregated together for
the ‘Other sectors’ section, as each sector individually made
a small contribution to total cost and collectively, they con-
tributed less than 20% of total costs across all terciles, with
sectors shown in Supplementary Appendix E.

To measure factors associated with all-cause mortality, a
time-dependent Cox proportional hazards model was used.
The primary hypothesis was that a higher concordance score
was significantly associated with longer survival. The time-
dependent concordance metric was measured from 180 days
prior to diagnosis to 1-year postdiagnosis.

The Cox regression was adjusted for age, sex, cancer sub-
stage, tumour grade, indicator of emergency surgery, comor-
bidity, screening status, the number of outpatient visits in the
year prior to the observation period, an indicator of whether

the inpatient length of stay was over 5 days following surgery,
rurality, neighbourhood immigrant population tercile, and
neighbourhood income quintiles. The concordance score and
the number of ED visits and chemotherapy treatments after
surgery and up to 1-year after diagnosis were included as
time-dependent covariates in the model. The Martingale and
Schoenfeld residuals were examined for violation of covariate
linearity and proportionality of hazards.

For the Cox model, results were compared to a reference
case: a male patient, 55 years old or younger, cancer substage
A, low-grade tumour, planned surgery, no comorbidities, no
screening history, no outpatient, chemotherapy or ED vis-
its, surgical length of stay less than 5 days, living in a rural
neighbourhood, lowest neighbourhood immigrant tercile, and
lowest neighbourhood income quintile.

A generalized linear model with a Wald distribution and
log-link function was used to model the relationship between
patient cost and concordance, adjusting for patient and health
system characteristics. The model was selected based on crite-
ria outlined in the study by Manning [25], with the addition of
a Vuong test for non-nested models. The regression model was
adjusted for age, sex, cancer substage, tumour grade, indicator
of emergency surgery, comorbidity, screening status, rural-
ity, neighbourhood immigrant terciles, and neighbourhood
income quintiles.

To assess the sensitivity of including cases with short
follow-up due to death, a subanalysis was performed, which
excluded cases where the patient died within 1year of diag-
nosis. The differences between the cost analyses of the entire
cohort and the cohort with first-year deaths removed were
compared.

Simulations using the output of the Wald model were used
to estimate the expected total costs and 95% confidence inter-
vals (Cls) for a standard patient at each concordance value
from 0 to 100. Simulations for the expected total cost and Cls
were run using the algorithm outlined by King [26].

Results
Patient characteristics

The analyses included 4077 incident patients with Stage II
colon cancer. Within the cohort, 83% survived the entire
observation period. Those who survived tended to be younger
and had fewer comorbidities. Those who did not survive were
more likely to be over 75 years of age or male; have a history of
higher healthcare utilization (e.g. outpatient and ED visits and
longer length of stay), emergency surgery, and more comor-
bidities or high-grade tumours with a cancer substage of B or
C; and were less likely to have undergone cancer screening or
received chemotherapy treatment.

Patients in the lowest concordance tercile (low was less
than 0.415 and high was greater than 0.552) were more
likely to be over 75years old; be male; have a history
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Table 1. Description of health services utilization and corresponding costs by concordance tercile.

Concordance Percent of
Sector tercile N Average visits Average costs ($) Total cost ($) total cost
Total costs High 1373 24261 33309827
Total costs Medium 1346 34918 46999619
Total costs Low 1358 70462 95687668
Inpatient High 1373 1.2 12054 16550112 50
Inpatient Medium 1346 1.5 16683 22455502 48
Inpatient Low 1358 2.4 37893 51458170 54
Specialist physicans High 1373 21.8 4788 6573414 20
Specialist physicans Medium 1346 28.3 6102 8213625 17
Specialist physicans Low 1358 45.7 9736 13221981 14
Home care High 1373 11.9 1138 1562727 5
Home care Medium 1346 21.0 2119 2852536 6
Home care Low 1358 50.5 5307 7207 522 8
Outpatient oncology High 1373 1.2 1314 1804059 5
Outpatient oncology Medium 1346 1.6 1758 2366592 5
Outpatient oncology Low 1358 3.9 3598 4886627 S
Ontario drug benefit High 1373 17.9 1601 2198104 7
Ontario drug benefit Medium 1346 21.9 1973 2656141 6
Ontario drug benefit Low 1358 28.0 2448 3323853 3
Other sectors High 1373 3366 4621411 14
Other sectors Medium 1346 6282 8455222 18
Other sectors Low 1358 11480 15589515 16

of more healthcare utilization, emergency surgery, more
comorbidities, or tumours with unknown grade or a cancer
substage of B or C; and have no history of screening.

This study found that the highest cost patients were: more
likely to be over 75 years old, male, to have a history of
more health care utilization, emergency surgery, more comor-
bidities, or tumours with unknown grade, a cancer substage
of B or C, and no history of cancer screening. Neighbour-
hood characteristics (urban/rural, immigration tercile, and
income quintile) were not significantly different between the
cost terciles. Appendix Figure S2 illustrates the unadjusted
relationship between the measure of concordance and health
system costs. A negative relationship between concordance
and cost was observed although there was variation in the
data.

Health services utilization

As shown in Table 1, patient cost was highest among those
with the lowest pathway concordance, while cost was low-
est among those with the highest concordance. The average
total healthcare cost over the observation period for a per-
son in the lowest concordance tercile was twice as high as
the average cost for a patient in the medium concordance
group (~$71000 vs. $35000) and nearly triple the cost in
the highest concordance group (~$24000). Acute inpatient
admissions represented the largest proportion of patients’
costs among all concordance categories, followed by specialist
physician charges, collectively accounting for between 65%
and 70% of costs across all categories. These results illus-
trated unadjusted associations between cost and concordance
although factors such as age and clinical complexity were
likely influencing the unadjusted results.

Survival outcomes

Concordance between patients’ reference pathways and their
observed trajectories of care was highly statistically associated
with survivorship [hazard ratio: 0.95 (95% CI: 0.95-0.96)],

adjusting for other patient characteristics and system-level
variables (shown in Table 2). The model coefficients showed
that a one-point increase in concordance was associated with
a 5% lower death rate. Violation of the proportional hazards
or linearity assumption was not detected.

Other covariates that were statistically significantly asso-
ciated with shorter survival included age, being male, cancer
Substage B relative to Substage A, high-grade versus low-grade
tumour, comorbidity score, emergency surgery, and three or
more emergency department visits. Covariates that were sta-
tistically significantly associated with longer survival included
highest neighbourhood immigrant tercile relative to the low-
est and neighbourhood income quintile of middle or higher
relative to the lowest.

Cost outcomes

Table 3 presents the results of the cost model based on a
Wald distribution and log-link function. The cost regres-
sion model coefficients showed that a one-point increase
in pathway concordance was associated with a decrease in
cost of approximately 2%, or $2450, adjusting for patient-
and system-level factors. The coefficient of the concordance
score was -0.022 (95% CI: -0.023, -0.021) and was sta-
tistically significant. Other covariates that were statistically
significantly associated with higher total costs were age above
64 years, being male, cancer Substage of B or C relative to A,
emergency surgery, comorbidity, and lowest neighbourhood
immigrant tercile. Any cancer screening, such as repeated,
diagnostic, or sporadic, was associated with a decrease in total
costs.

To assess the sensitivity of the cost analyses by includ-
ing cases with short follow-up due to death, cases where the
patient died within the year following diagnosis were excluded
(a total of 307 cases). The effect of concordance on cost in
the subanalysis was nearly identical to the main analysis, so
these cases with short follow-up were not removed and were
included in the presented analysis.
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Table 2. Cox proportional hazards model output showing the relationship between 4-year survival and concordance for Stage II.
95% CI

Regression variables Hazard ratio Lower Upper P-Value
Concordance (% similar) 0.95 0.95 0.96 0.00
Age (reference = < 55 years)

56-64 years 2.75 1.44 5.25 0.00

65-74 years 4.45 2.44 8.12 0.00

75 years or greater 11.51 6.41 20.68 0.00
Sex (reference = male)

Female 0.76 0.66 0.89 0.00
Cancer substage (reference = stage A)

Stage B 1.48 1.20 1.83 0.00

Stage C 1.31 0.98 1.76 0.07
Tumour grade (reference = low grade)

High grade 1.33 1.08 1.64 0.01

Unknown 0.66 0.38 1.16 0.15
Emergency surgery 1.48 1.24 1.76 0.00
Comorbidity score 1.13 1.06 1.19 0.00
Screening (reference = none)

Diagnostic 0.96 0.75 1.23 0.73

Repeated 0.84 0.50 1.41 0.51

Sporadic 0.90 0.75 1.08 0.26
Outpatient visits (reference = none)

1to4 1.12 0.91 1.38 0.30

S or more 1.00 0.82 1.23 0.99
Emergency Department visits (reference = none)

lor2 1.26 1.01 1.58 0.04

3 or more 1.37 1.05 1.79 0.02
Chemotherapy visits (reference =none)

1to4 1.02 0.61 1.70 0.94

5t08 0.79 0.46 1.37 0.41

8 or more 0.68 0.38 1.24 0.21
Inpatient surgery, Length of Stay > 5 days 1.13 0.95 1.34 0.18
Urban residency 0.96 0.77 1.20 0.73
Neighbourhood immigrant tercile (reference = lowest)

Highest 0.74 0.59 0.94 0.01

Middle 0.87 0.72 1.06 0.16
Neighbourhood income quintile (reference = lowest)

Highest 0.70 0.55 0.90 0.01

Medium 0.80 0.63 1.01 0.06

Middle 0.71 0.56 0.89 0.00

Medium to low 0.88 0.71 1.09 0.26

Figure 2 illustrates the expected cost, and 95% Cls,
as a function of the concordance measure for a ‘standard
patient’, describing a significant decrease in expected total
cost from ~$99 515 for a concordance value of 0 (discordant)
to $10800 for a concordance value of 100 (fully concor-
dant). The covariate values were male, 65 to 74 years old,
cancer Substage A, low-grade tumour, planned surgery, no
comorbidities, no screening history, living in an urban neigh-
bourhood with the lowest neighbourhood immigrant tercile,
and medium to high neighbourhood income quintile.

Discussion

Statement of principal findings

Clinical pathways provide information to patients, providers,
and healthcare administrators to understand treatment pat-
terns over time, evaluate practice patterns, and facilitate
system planning. This study found that higher concordance
to the reference pathway had a statistically significant positive
association with longer survival and negative association with

health care costs, consistent with prior findings employing
simpler concordance measures [11, 27].

Interpretation within the context of the wider
literature

This study was novel in its application of clinical pathways to
population-based clinical and cost datasets in the most popu-
lous province in Canada, where the majority of cancer-related
healthcare costs were publicly funded. Moreover, the costs
of care for colon cancer patients reported in this study were
similar to results from other cancer cost studies conducted in
Ontario [28-30], a finding that provides a higher degree of
confidence in the directionality of the relationships between
concordance to the reference pathway and costs.

Implications for policy, practice, and research

These findings lend evidence to support using Ontario
Health’s clinical pathways for colon cancer to improve sur-
vival and reduce cost. For policy-makers and health system
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Table 3. Generalized linear model of total costs, measured with Wald distribution. Coefficients are presented on the model's log-scale; to determine
marginal monetary effects, exponentiate the coefficients as a proportion of the intercept.

Regression variables Coefficient 95 % lower 95 % upper P-Value
Concordance (% similar) -0.022 -0.023 -0.021 0.000
Intercept 11.44 11.33 11.54 0.00
Age (reference = < 55 years)

56—64 years 0.06 -0.01 0.13 0.07

65-74 years 0.12 0.06 0.18 0.00

75 years or greater 0.20 0.14 0.26 0.00
Sex (reference = male)

Female -0.05 -0.08 -0.01 0.02
Cancer substage (reference = stage A)

Stage B 0.23 0.16 0.30 0.00

Stage C 0.30 0.20 0.41 0.00
Tumour grade (reference =low grade)

High grade 0.06 0.00 0.13 0.07

Unknown 0.08 -0.03 0.21 0.18
Emergency surgery 0.22 0.16 0.27 0.00
Comorbidity score (reference = none)

lor2 0.12 0.06 0.18 0.00

3 or more 0.36 0.28 0.45 0.00
Screening (reference =none)

Diagnostic -0.08 -0.13 -0.02 0.01

Repeated -0.13 -0.23 -0.03 0.01

Sporadic -0.09 -0.13 -0.05 0.00
Urban residency -0.01 -0.06 0.05 0.82
Neighbourhood immigrant tercile (reference = lowest)

Highest -0.08 -0.14 -0.03 0.00

Middle -0.05 -0.10 0.00 0.03
Neighbourhood income quintile (reference =lowest)

Highest -0.05 -0.11 0.01 0.12

Medium -0.04 -0.10 0.02 0.15

Middle -0.04 -0.10 0.02 0.22

Medium to low -0.01 -0.07 0.05 0.66

$110,000

$100,000 “

$80,000 - ”H :
$70,000 “HH
$60,000
$50,000
$40,000
$30,000
$20,000 -

$10,000
$0

Total Cost

0 25 50 75 100
Concordance (% Similar)

Figure 2 Association between pathway concordance and expected total costs for the standard patient; as pathway concordance increases, patients’
Stage Il colon cancer costs tend to decrease.

administrators, prospective measurement of pathway concor- parsed into modifiable and nonmodifiable attributes so that
dance may make a meaningful performance indicator that  modifiable factors can be targeted for review. Second, under-
may change over time. This study should stimulate research  standing the features of local delivery systems that inhibit or
in a number of directions. First, clinical pathways should be  support high concordance is needed.
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Strengths and limitations

While this study provides novel information regarding path-
way concordance and survival or health system cost, there
were limitations. The total costs included all sectors for which
Ontario Health measured costs, not just costs related to their
colon cancer diagnosis and treatment. It is possible that there
was a different relationship between pathway concordance
and colon cancer-specific costs. These data excluded non-fee-
for-service physician payments, which could have underes-
timated total health system costs; this limitation is unlikely
to affect the overall results of this study [31]. Although this
study measured patients’ healthcare costs following 1year
from diagnosis of Stage II colon cancer, future research should
link this study’s Stage II pathway with follow-up, Stage IV, or
metastatic disease pathways, as appropriate for the patient,
for a more comprehensive perspective of colon cancer treat-
ment and pathway concordance.

This study also found that most deviations from concor-
dant care were related to clinical activities beyond the refer-
ence pathway, including imaging not on the reference pathway
and ED visits. Future applications of pathway concordance
should ensure that concordance statistics reflect the desired
health services interpretation; to do so, other studies may
conduct further sensitivity analyses with different approaches
to calculating concordance. Complementary studies may also
evaluate whether the findings are robust to other settings’
pathways [32, 33]. Also, this study did not measure relation-
ships between nonconcordant care and survival or cost, nor
did it evaluate whether nonconcordant care was low-value;
it is possible that patients may not have received pathway
concordant care for a variety of reasons, including patient or
family preferences or comorbidities.

Conclusion

Clinical pathways have the potential to provide significant
value for improving outcomes for patients and the health sys-
tem. This finding creates a compelling case for understanding
the barriers to pathway concordance and developing interven-
tions to help providers implement best practice care where
appropriate.
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