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a b s t r a c t

Background: Causes of variations in outcomes from cancer care in developed countries are often un-

clear. Australia has developed health system pathways describing consensus standards of optimal cancer

care across the phases of prevention through to follow-up or end-of-life. These Optimal Care Pathways

(OCP) were introduced from 2013 to 14. We investigated whether care consistent with the OCP improved

outcomes for colon cancer patients.

Methods: Colon patients diagnosed from 2008 to 2014 were identified from the Australian State of Vic-

toria Cancer Registry (VCR) and cases linked with State and Federal health datasets. Surrogate variables

describe OCP alignment in our cohort, across three phases of the pathway; prevention, diagnosis and ini-

tial treatment and end-of-life. We assessed the impact of alignment on (1) stage of disease at diagnosis

and (2) overall survival.

Findings: Alignment with the prevention phase of the OCP occurred for 88% of 13,539 individuals and

was associated with lower disease stage at diagnosis (OR = 0.33, 95% confidence interval 0.24 to 0.42),

improved crude three-year survival (69.2% versus 62.2%; p < 0.001) and reduced likelihood of emergency

surgery (17.7% versus 25.6%, p < 0.001). For patients treated first with surgery (n = 10,807), care aligned

with the diagnostic and treatment phase indicators (44% of patients) was associated with a survival ben-

efit (risk-adjusted HRnon-aligned vs aligned = 1.23, 95% confidence interval 1.13 to 1.35), better perioperative

outcomes and higher alignment with follow-up and end-of-life care. The survival benefit persists adjust-

ing for potential confounding factors, including age, sex, disease stage and comorbidity.

Interpretation.

This population-based study shows that care aligned to a pathway based on best principles of cancer care

is associated with improved outcomes for patients with colon cancer.

Funding: None.

© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
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1. Introduction

Despite improvements in treatment and the development of

centers of excellence, variations in survival persist in many cancers

when benchmarked both within and across countries [1–3]. The

rising burden of cancer and persistent disparities in outcomes in
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eveloped countries has driven research into the delivery of more

ffordable, high quality and equitable cancer care [4–6]. Factors

nderlying outcome disparities between similar countries have re-

ained elusive, with the contribution of health system dynamics

o these disparities difficult to measure [7].
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Research into context

Evidence Before This Study

Factors underlying outcome disparities in cancer patients
between similar countries have remained elusive, with the
contribution of health system dynamics to these disparities
being unclear. As part of the Australian Government cancer
reform agenda, the Optimal Care Pathways were developed
to guide consistent cancer care. Prior to this process a liter-
ature review was undertaken to assess the evidence base for
the use of pathways in cancer care. However no overall con-
clusion on the value of clinical pathways could be made.

Added Value of This Study

This population-based study, using high quality cancer
registry data and linkage to government administrative data
sets, is unique in its attempt evaluate patient outcomes in
relation to alignment of care as designated in the seven-step
Optimal Care Pathway, irrespective of the treatment provided.
We conclude that a combination of often unrelated processes
of clinical care can be strongly associated with positive out-
comes from cancer care, including survival and patient sup-
port. Our data shows the significant impact of pre-diagnostic
care in the primary health setting on outcomes and empha-
sizes the need for appropriate fusion of primary health care
and cancer services.

Implications of All The Available Evidence

This study has important policy implications as system
level organization of care may be an important explanatory
variable of the differences in survival from colon cancer. Also
important from a policy perspective is our finding of interde-
pendency between good quality care in the early steps of the
pathway and ongoing compliance in later steps. We highlight
the need to address the organization and coordination of can-
cer care across the entire health system to embed practices
consistent with agreed pathways representing optimal care.
Although this study uses survival as the main endpoint, pa-
tient experience and costs of care delivery are also key deter-
minants of appropriate and effective cancer care.

Cancer care pathways define optimal trajectories through health

ystems and have been implemented in many countries [8–11].

hese pathways are generally designed for rapid referral, insti-

utional conformity of practice and cost efficiencies [12,7]. The

merican Society of Clinical Oncology published a policy statement

n clinical pathways in oncology [13]. However, a meta-analysis

f clinical pathway publications failed to show significant clinical

enefits and the question of whether this approach to health sys-

ems improves overall outcomes remains open [10].

Over the last decade, the cancer reform agenda in Australia has

oncentrated on creating a uniform pathway of care for individual

orms of cancers, the Optimal Care Pathway (OCP) [14]. The OCP

re based on the best available evidence, with input from expert

ultidisciplinary clinical groups and broad consultation to define a

onsensus standard of optimal cancer care. The OCP describe seven

hases of the pathway from prevention through to follow-up or

nd-of-life care. Critical elements of quality care, including time-

rames for action, are described for each phase.

The concept of the OCP must be distinguished from the use

f Clinical Practice Guidelines (CPG) which encourage standard-

sed care at each step on the pathway. The OCP provides a guide

or standards and performance of the health system and was de-

igned to support the patient in finding the appropriate expert

are, which includes CPG use.
The OCP standard of care applies for all populations (rural, re-

ional or metropolitan), with wide acceptance of the principle that

ptimal care is both a goal and the right of all in society. Local

rea improvement networks across Victoria have used the OCPs to

dentify service gaps and to drive system and practice change to-

ard alignment. The colorectal OCP was one of the first to be for-

ally implemented in Victoria, following its release in November

014, although a preliminary version was in circulation for several

ears prior to that date. Despite acceptance of the OCPs, evidence

as been lacking as to the benefit to the patient from ‘following’

he OCP.

To test the hypothesis that improved patients’ outcomes are as-

ociated with receiving care aligned to the OCP, a population based

bservational study was undertaken using Victorian Cancer Reg-

stry data linked to State and Federal government administrative

atasets. To assess alignment, we first identified and assigned key

urrogate variables available within the dataset as ‘indices’ describ-

ng steps within the OCP. Analyses identified the group which com-

lied with these indices as aligned to the OCP and compared out-

omes to the remainder of the cohort. The characteristics of both

roups were compared to assess potential confounding factors.

. Methods

The Australian Institute of Health and Welfare Ethics Committee

pproved (Approval EO2015/4/219) the use of linked, routinely col-

ected State and Federal datasets for the study of Victorians diag-

osed with colon cancer (ICD-10-AM diagnosis codes C18) between

008 and 2014 through the Victorian Cancer Registry (VCR).

The VCR dataset was linked to public and private Victorian Gov-

rnment inpatient records (Victorian Admitted Episodes Dataset;

AED), and Australian Government data of ambulatory care (in-

luding all primary care), imaging and pathology payment data

Medicare Benefits Schedule; MBS) and prescription fill data (Phar-

aceutical Benefits Scheme; PBS). This linked dataset provides

nformation on patient demographics, tumour characteristics, co-

orbidities, cancer diagnosis and treatment including surgery

nd chemotherapy. Deaths, extracted from the Government Births,

eaths & Marriages Register by the VCR, were complete up to

1/12/2014. VCR provided stage at diagnosis data coded according

o American Joint Committee on Cancer (AJCC). Patients with stage

, II, III or unknown stage disease who had an admission with a

etastatic ICD-10-AM code (C78, C79) within four months of can-

er diagnosis were reclassified as stage IV.

This linked dataset was held in a secure Electronic Data Ware-

ouse at the Department of Health, Canberra (Australia) with ac-

ess limited to three of the authors.

The Charlson Comorbidity Index [15] (CCI; excluding cancer)

as extracted for each patient using admissions between one year

rior and 30 days post cancer diagnosis. Comorbidity weights were

pplied according to Quan et al. [16] and grouped as zero vs.

t least one. American Society of Anesthesiologists (ASA) Score, a

lobal score that assesses the physical status of patients before

urgery, was extracted from the first operative resection admission.

Phases of the OCP pathway were defined for this study as pre-

ention (12 to 3 months prior to first treatment), diagnostic and ini-

ial surgical treatment (3 months prior up to and including the ad-

ission for surgery), chemotherapy after surgery (up to 4 months

ost-surgery), follow-up (6–18 months post initial surgery) and end-

f-life (6 months prior to death).

Indices, chosen based on their inclusion in the OCP and data

vailability, were used to assess pathway compliance for each of

hese phases (Table 2). For the prevention phase, indices relate

o the health prevention behaviours; opportunistic cancer screen-

ng (data from the National Bowel Cancer Screening Project were

ot available for this study) and cardiovascular disease preven-
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Fig. 1. Patient flowchart.
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tion. In the diagnostic and initial treatment phase, indices were

chosen to reflect alignment with key elements of the pathway

rather than any specific impact from the index itself. For example,

colonoscopy at diagnosis was an indicator selected but the result of

the colonoscopy was not relevant to the assessment of alignment.

Other indices are surrogates for attributes of quality; such as the

number of lymph nodes removed (available from the VCR) reflect-

ing clinical expertise and the annual operation load reflecting an

experienced hospital.

The main outcome of the study was risk-adjusted overall sur-

vival. Secondary outcomes include stage at diagnosis, the likeli-

hood of emergency surgical admission and appropriate follow-up

care (measured by timeliness to adjuvant therapy, and the perfor-

mance of surveillance tests (colonoscopy, CT and CEA) in the post

treatment period) and end-of-life care (measured by occurrence of

a palliative care use of chemotherapy at end-of-life, both important

elements in defining good quality end-of-life care [17,18]).

2.1. Statistical Methods

Patients were assigned as aligned with the prevention phase (12

to 3 months prior to first treatment) when evidence of at least one

of the prevention phase indices was present. The association com-

pliance between the prevention phase pathway and stage at diag-

nosis was assessed using ordered logistic regression. For patients

who had a surgical resection, logistic regression was used to as-

sess the association between prevention pathway compliance and

the likelihood of having an emergency surgical admission.

Patients were aligned with the diagnostic and treatment path-

way (three months up to and including the date of surgery) when

evidence of all of the diagnostic and treatment phase indices was

present. Crude survival at one and three years following the date of

surgery according to pathway compliance was estimated using the

Kaplan–Meier method. Multivariable Cox proportional hazard mod-

els were used to assess if survival differences according to path-

way compliance were independent from differences in age at di-

agnosis (cubic spline), CCI (0/1+), ASA (1,2,3,4/5, unknown), hospi-
al type (public/private), socioeconomic position (quintiles, categor-

cal) and year of diagnosis (continuous). In order to satisfy the pro-

ortional hazards assumption, all survival models were stratified

n AJCC summary stage at diagnosis (I, II, III, IV) and surgical ad-

ission type (emergency/non-emergency). Various sensitivity anal-

ses were performed. The associations between pathway compli-

nce and secondary outcomes were tested using Chi-squared tests

or binary outcomes and Wilcoxon-rank-sum tests for continuous

utcomes. P-values less than 0.05 were considered statistically sig-

ificant. All analyses were performed using the statistical package

[19].

.2. Role of the Funding Source

This project was funded entirely by Department of Health and

uman Services (Victoria). The funders of the study had no role

n study design, data collection, data analysis, data interpretation

r writing of the manuscript. The corresponding author had full

ccess to all the data in the study (in anonymized form) and the

nal responsibility for the decision to submit for publication.

. Results

A total of 13,539 patients diagnosed with colon cancer be-

ween 2008 and 2014 were identified for analysis (Fig. 1 for ex-

lusions; Table 1). Analysis of the whole group revealed the me-

ian age at diagnosis for these patients was 72 years, 51% were

ale and three-year survival was 68.1% [95% CI 67.2–69.0]. Stage-

pecific three-year survival from diagnosis was 92.8% [91.6–93.9],

5.3% [84.1–86.5], 73.0% [71.3–47.8] and 22.7% [21.1–24.3] for stage

, II, III and IV respectively.

.1. Prevention and Early Detection Phase

Index data were available for ad-hoc screening (FOBT and

olonoscopy) and a further three health-seeking behaviours (GP

isit, Prostate Specific Antigen (PSA) test and prescription of

https://doi.org/10.13039/100012737
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Table 1

Patient demographics for each phase of the pathway.

Characteristic

Prevention

and early

detection

cohort

(n = 13,539)

Diagnostic

& initial

treatment

cohort

(n = 10,807)

End-of-life

cohort

(n = 4278)

Sex Female 6691 (49%) 5410 (50%) 2056 (48%)

Male 6848 (51%) 5397 (50%) 2222 (52%)

Age at diagnosis Under 50 911 (7%) 719 (7%) 207 (5%)

50–59 1702 (13%) 1376 (13%) 382 (9%)

60–69 3176 (23%) 2614 (24%) 734 (17%)

70–74 1959 (14%) 1584 (15%) 546 (13%)

75–79 2159 (16%) 1751 (16%) 721 (17%)

80–84 2047 (15%) 1630 (15%) 847 (20%)

85+ 1585 (12%) 1133 (10%) 841 (20%)

Charlson

Comorbidity

Index

Zero 11,218 (85%) 9332 (86%) 3128

(76%)

At least one 1912 (15%) 1475 (14%) 985 (24%)

Missinga 409 0 165

Year of cancer

diagnosis

2008 1925 (14%) 1515 (14%) 894 (21%)

2009 1887 (14%) 1483 (14%) 878 (21%)

2010 1967 (15%) 1601 (15%) 731 (17%)

2011 1928 (14%) 1531 (14%) 677 (16%)

2012 1932 (14%) 1598 (15%) 535 (13%)

2013 1947 (14%) 1553 (14%) 403 (9%)

2014 1953 (14%) 1526 (14%) 160 (4%)

Socio-economic

position

(quintiles)

(Most

disadvantaged)

1

2729 (24%) 2141 (23%) 1105 (27%)

2 2544 (22%) 2011 (22%) 933 (23%)

3 2267 (20%) 1868 (20%) 797 (20%)

4 2035 (18%) 1647 (18%) 649 (16%)

(Least

disadvantaged)

5

1924 (17%) 1549 (17%) 603 (15%)

Missingb 2040 1591 191

Remoteness Major cities 7842 (68%) 6302 (68%) 2749 (67%)

Inner regional 2875 (25%) 2279 (25%) 1056 (26%)

Outer

regional/remote

835 (7%) 678 (7%) 299 (7%)

Missingb 1987 1548 174

Registry derived

AJCC

summary

stage

I 2646 (20%) 2139 (20%) 238 (6%)

II 4208 (31%) 3884 (36%) 714 (17%)

III 3283 (24%) 3000 (28%) 892 (21%)

IV 3402 (25%) 1784 (17%) 2434 (57%)

a Patients without hospitalisations.
b Including all patients diagnosed in 2014.
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Table 2

List of Optimal Care Pathway (OCP) measures and data availability by OCP phase

used to identify deviations from the OCP pathway.

OCP description Indices from datasets Phase analysed

Step 1. Prevention and

early detection

• Family history
• Screening
• Lifestyle factors

GP visits

FOBT

Colonoscopy

PSA test

Statins use

No data available

on family history

or lifestyle factors

Prevention and

early detection

phase

Step 2. Presentation,

initial investigations

and referrals:

• Screening results
• Symptoms
• Appropriate referral
• Timelines

No data available

Diagnosis and

treatment phase

Step 3. Diagnosis,

staging and treatment

planning:

• CT
• Colonoscopy
• MDM
• Trials
• Communication

CT scan

Colonoscopy

No data on MDM,

clinical trials or

communication

Step 4. Treatment:

• Clinical experience
• Hospital standards

12 plus nodes

examined

Hospital surgical

volume

Time to adjuvant

chemotherapy

Step 5. Care after initial

treatment and

recovery:

• Follow-up care
• Survivorship

12 months follow-up

Colonoscopy

Abdominal CT

Carcinoembryonic

antigen (CEA) test

No data on

survivorship

Care after initial

treatment, recovery

and survivorship

and end of life care

Step 6. Managing

recurrent, residual and

metastatic disease

No data available

Step 7. End of life:

• Palliative care
• Appropriate treatment

Palliative care referral

Chemotherapy in last

30 days of life

End-of-life phase

MDM = Multidisciplinary meeting; CT = Computed Tomography; GP = General prac-

titioner; FOBT = Faecal Occult Blood Test; PSA = Prostate Specific Antigen.

s

(

m

w

l

T

s

a

(

c

1

v

p

a

o

t

s

tatins; Table 2). A record of one or more of the indices dur-

ng the prevention and early detection phase was evident for

1,833/13,539 (87.4%) of patients. Those aligned with the pre-

ention pathway were diagnosed with a lower stage of can-

er (OR = 0.33 [95% CI = 0.24–0.42]; Table 3A). Restricted to the

0,807 patients who went to surgery, those aligned to the preven-

ion pathway (88.6%) were less likely to have emergency surgery

OR = 0.64 [95% CI = 0.55–0.74]). Survival (with and without risk-

djustment) was higher for those aligned to the prevention phase

ompared to the non-aligned patient group (Fig. 2A; Table 3A).

ach of the indices was independently associated with a reduc-

ion in the likelihood of emergency surgery (S1). Prevention and

arly detection pathway alignment was highest for 70–80 year old

atients, females and those with comorbidities (Table 4).

.2. Diagnostic and Initial Treatment Phase

Data elements available for this OCP phase and relevant to the

oncept of expert care, including colonoscopy and CT scan within

he three months period prior, up to and including the date of
urgery. Hospital campus annual volume of all colon resections,

below median vs. median and above) and examination of 12 or

ore resected lymph nodes (Table 2) were also available. Patients

ith missing lymph node data (n = 1854) were assumed to have

ess than 12 lymph nodes examined (but see sensitivity analyses;

able S2).

Of the 13,539 colon cancer patients, 10,807 had a surgical re-

ection prior to 31/12/2014 (Table 1). All stages of cancer (I-IV)

re represented in this group with surgical resection. Overall, 9295

86.0%) had a colonoscopy in the three months preceding their

ancer surgery, 7456 (69.0%) patients had an abdominal CT scan,

0,031 (92.8%) had surgery in a campus with mean annual surgical

olume of colorectal operations of 32 or more and 7955 (73.6%) of

atients had 12 or more lymph nodes examined. The only index

vailable for chemotherapy expertise, was time to commencement

f adjuvant chemotherapy.

Overall, 44.4% of patients had care which was aligned with

he diagnosis and treatment phase of the OCP (Table 3B). Diagno-

is and treatment pathway alignment was non-linearly related to
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Table 3

Summary of outcomes according to evidence for (A) compliance with the preven-

tion pathway and (B) compliance with the diagnostic and treatment pathway.

(A)

Outcome variable

Alignment with prevention

and early detection phasea P-value for

difference
Yes

(n = 11,833;

87.4%)

No

(n = 1706;

12.6%)

AJCC summary stage

I 20.2% 14.7% <0.001

II 31.2% 30.1%

III 24.3% 23.9%

IV 24.2% 31.4%

Emergency surgeryb 17.7% 25.6% <0.001

Three-year crude survival

[95% confidence interval]c

69.2

[68.3–70.2]

62.2

[59.7–64.8]

<0.001

(B)

Outcome variable Alignment with diagnostic

and treatment phased

P-value for

difference

Yes

(n = 4803;

44.4%)

No

(n = 6004;

55.6%)

One-year crude survival [95%

confidence interval]

94.1%

[93.4–94.8]

86.8%

[85.5–87.2]

<0.001

Three-year crude survival

[95% confidence interval]

82.4%

[81.1–83.7]

70.3%

[69.0–71.6]

<0.001

Risk-adjusted hazard ratio

restricted to one-year

[95% confidence interval]

1

(Reference)

1.35

[1.16–1.57]

<0.001

Adjusted hazard ratio restricted

to three-year survival [95%

confidence interval]

1

(Reference)

1.27

[1.15–1.40]

<0.001

Length of stay initial surgery

(days; median [IQR])

8

[6–12]

10

[7–18]

<0.001

Prolonged (24+ hours) ICU stay

initial surgery (%)

22.4% 26.4% <0.001

Adjuvant chemotherapy utilisation

(within four months of surgery) (%)

Full cohort 1656/4803

(34.5%)

1493/6004

(24.9%)

<0.001

Stage II 314/1917

(16.4%)

314/1967

(16.0%)

0.76

Stage III 1196/1450

(82.5%)

1012/1550

(65.3%)

<0.001

Stage III, under 80, no

comorbidities

1021/1114

(91.7%)

857/986

(86.9%)

<0.001

Timely initiation of adjuvant

chemotherapy (within 56 days

of surgery) (%)e

1177/1547

(75.8%)

989/1423

(69.3%)

<0.001

Follow-up caref

– Colonoscopy utilisation (%) 1984/2802

(70.8%)

1991/3313

(60.0%)

<0.001

– Abdominal CT scan utilisation (%) 1918/2802

(68.4%)

1688/3313

(51.0%)

<0.001

– CEA testg 1960/2802

(70.0%)

1805/3313

(54.4%)

<0.001

Chemotherapy in last 30 days

of life (%)

– Full cohort 176/818

(21.5%)

251/1855

(13.5%)

<0.001

– Subset of cohort aged < 80 at

diagnosis and no recorded

comorbidities

135/484

(27.9%)

201/823

(24.4%)

0.19

Palliative care in last 6 months

of life (%)

495/818

(60.5%)

973/1855

(52.5%)

<0.001

a Patients with evidence of at least one of the five elements in the prevention

phase were classified as compliant with the prevention pathway.
b Restricted to 10,882 patients who had a resection.
c Excluding patients whose cancer was only reported to the Victorian Cancer Reg-

istry by the death certificate; survival time measured from date of diagnosis.
d Patients with evidence of all of the five elements in the diagnostic and surgical

phase were classified as compliant with the diagnostic and surgical pathway.
e Restricted to patients alive at four months and having commencing adjuvant

chemotherapy within four months of surgery.
f Alive and non-metastatic disease at 18 months following surgery.
g Carcinoembryonic antigen test.
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ge, was higher for patients without comorbidities, higher socio-

conomic status and less remote Victorian residents (Table 4).

Survival was higher in patients whose care was aligned to the

athway than those who had one or more deviations from the

athway, both unadjusted (one-year survival crude survival = 94.1%

s. 86.3%; Fig. 2B; Table 3B) and after risk-adjusted for potential

onfounders (HRnon-aligned vs aligned = 1.23 [95% CI 1.13–1.35]). The

urvival benefit was greatest in the first year following surgery

HR = 1.35 [1.16–1.57]) and reduced in subsequent years (Fig. 3).

here was an incremental survival effect with increasing num-

er of deviations (Fig. 2C; P < 0.001; risk-adjusted HR = 1.17 95% CI

.11–1.22 per deviation).

The survival benefit was persistent within each stage, age

roup, surgery admission type and hospital type of the surgery and

atient comorbidities (Fig. 4) and adjusting for the socio-economic

osition had little impact (Table S2). There were a total of 15

nique diagnostic and initial treatment pathways in the group who

ere not fully aligned with the pathway. Outcomes for these are

hown in Table S3.

.3. Chemotherapy After Surgery

Of the 9784 patients who were alive four months following

urgery, 2970 (30.4%) started chemotherapy (Stage I: 3%; Stage II:

7%; Stage III: 76%; Stage IV: 15%), of whom 2166 (72.9%) com-

enced chemotherapy within 56 days of surgery in accordance

ith the OCP (Table 3). Restricted to patients diagnosed with stage

I and III cancers who commenced adjuvant chemotherapy, risk of

eath was higher for patients who started chemotherapy >56 days

fter (but within four months of) surgery (one year adjusted haz-

rd ratio (HR) = 1.51 [0.98–2.33]; three year adjusted HR = 1.39

1.08–1.77]). Patients with deviations from any of the five elements

n the surgical treatment path were more likely to commence

hemotherapy outside the 56-day window (30.5%) compared to

hose without deviations in the surgical pathway elements (23.9%;

-diff <0.001). Restricted to stage II and III colon patients aligned

ith the diagnostic and surgical pathway, no statistically signif-

cant effect of timeliness to adjuvant chemotherapy on survival

ould be detected although the best estimate is in favour of com-

encing chemotherapy within 56 days of surgery (n = 1418; one

ear adjusted HR = 1.10 [0.52–2.35]; three year adjusted HR = 1.42

0.95–2.11]).

.4. Follow-up and End-of-Life Care

Of the 10,807 patients who underwent surgical resection, 6115

ere alive and free of metastases 1.5 years following surgery. Pa-

ients aligned with the diagnosis and initial treatment pathway

ere more likely to have had a follow-up colonoscopy (70.8%

s 60.1%; p-diff <0.001), abdominal CT (68.4% vs 51.0%; p-diff

0.001) and CEA test (70.0% vs 54.4%; p-diff <0.001) between six

nd 18 months following surgery. Of the 13,539 colon cancer pa-

ients, 4278 died up to 31/12/2014 of which 57.3% had a pallia-

ive care contact in the last six months of life. In the subset of re-

ected colon cancer patients, those who were aligned with the OCP

ere more likely to have had a palliative care contact in the last

ix months of life compared to those not aligned (60.5% vs. 52.5%;

< 0.001).

In total, 699 (16.0%) of the 4278 patients that died received

hemotherapy in the last 30 days of life. The subset of resected

olon cancer patients who followed the optimal surgical path were

ore likely to have had chemotherapy in the last 30 days of life

ompared to patients with any pathway deviation (21.5% vs. 13.5%;

< 0.001). Restricted to patients diagnosed before age 80 and

hose that have no recorded comorbidities, the difference in the

se of chemotherapy in the last 30 days of life is not statistically
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Fig. 2. Kaplan–Meier curves with 95% confidence interval comparing survival of compliant and non-compliant patients for the (A) prevention phase, measured from the date

of diagnosis to death or censor date1 (B) the diagnostic and initial treatment phase measured from the date of surgery to death or censor date and (C) showing survival by

the number of deviations in the diagnostic and initial treatment phase.
1Excluding patients diagnosed based on the death certificate only.
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Table 4

Rate of pathway alignment for each of the OCP phases as grouped for analysis.

P-values were extracted from multivariable logistic regression.

Characteristic Alignment with OCP (%)

Prevention

and early

detection

phase

(n = 13,539)

Diagnosis

and

treatment

phase

(n = 10,807)

End of

life

phasea

(n = 4278)

Age Under 50 80% <0.001b 53% <0.001b 54% 0.50b

50-59 84% 50% 52%

60–69 89% 49% 46%

70–74 94% 45% 47%

75–79 94% 44% 50%

80–84 89% 40% 48%

85+ 75% 29% 45%

Sex Male 86% 0.001 44% 0.15 46% 0.001

Female 88% 45% 51%

Charlson

Comorbidity

Index

Zero

At least one

88% 0.005

89%

47% <0.001

31%

49% 0.44

48%

Socio-economic

status (SEIFA)

(Most

disadvantaged)

1

87% 0.33c 39% < 0.001c 50% 0.033c

2 87% 42% 47%

3 87% 42% 48%

4 88% 46% 48%

(Least

disadvantaged)

5

85% 51% 44%

Remoteness Major cities 87% 0.08c 47% <0.001c 50% 0.004c

Inner regional 86% 39% 43%

Outer regional 87% 26% 46%

Abbreviations: SEIFA - Socio-Economic Indexes for Areas as described by the Index

of Relative Socio-Economic Disadvantage (IRSD) based on the Statistical Area 1 of

the address at the time of cancer diagnosis.
a OCP aligned if no chemotherapy in last 30 days of life and palliative care in the

last six months of life.
b Test for quadratic trend.
c Test for linear trend.

Fig. 3. Risk-adjusted hazard ratios (with 95% confidence intervals) comparing pa-

tients whose care was not aligned with the pathway with pathway followers for

various survival intervals (conditional survival). N is the number of patients alive at

the start of the survival interval. Patients’ follow up time was censored at the end

of the interval.
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significant (27.9% vs. 24.4%, p-diff = 0.19). End of life pathway align-

ment was highest for women, lower socio-economic position and

less remote Victorian residents (Table 4).

4. Discussion

This population-based observational study of more than 13,500

consecutive colon cancer patients includes all patients diagnosed

in Victoria with colon cancer over a seven-year period. It is to be

noted that these patients were not managed according to any par-

ticular protocol. The median age of diagnosis was 72 years and the

three-year survival of the whole group was 68.1% with appropri-

ate disease stage specific survival. These results are in the upper

range of survival compared with similar countries [4]. It is thus

of extreme interest that given this background of excellent results,

that there can be demonstrated a robust beneficial effect on sur-

vival in a large number (44%) of the surgical resection cohort was

carried out when the individual patient’s care is aligned to a se-

ries of pathway system indices derived from the OCP. Adjustment

for potential confounding factors did not eliminate this effect and

thus suggests that there is an impact of the health system on the

outcomes of patients over and above the well-recognised patient

characteristics of stage of disease, age sex and comorbidity.

Patients’ care was classified as aligned with the OCP when ev-

idence was found for four elements in the diagnostic and initial

treatment phase. The four elements relate to diagnostic tests (CT,

colonoscopy) and surrogates for clinical expertise and experience

(surgical volume, lymph nodes examined). A possible mechanism

by which a survival benefit could become manifest is, for example,
hrough a direct effect of these tests on accuracy of disease staging,

nd therefore prescription of appropriate treatment. This is partic-

larly relevant for stage III cancers (with positive nodes) where ad-

uvant chemotherapy is generally prescribed. Failure to detect pos-

tive nodes could lead to patients not receiving chemotherapy. In-

erestingly, although the effect of pathway alignment on survival

s evident for all stages, the best estimate of the effect is largest

n stage II disease, which may be due to the inclusion of incor-

ectly staged III patients. In this paper we have avoided this type

f analysis preferring to aggregate all the indices examined into a

ealth system effect as overall responsibility for the quality of ser-

ice delivered, the competency of staff and the system of care rests

t this level. Patients whose care is aligned with the pathway ex-

erience positive effects later in the treatment pathway. Increased

lignment in later stages of the pathway is unlikely to be directly

ffected by the four measures of care alignment, and hence may

eflect a health system effect. The IOM report describe seven fea-

ures required for an effective health care system for the delivery

f cancer care [7]. The health system has responsibility for profes-

ional factors (i.e. quality of care delivered) and structural factors,

ncluding time frames, facilities, multidisciplinary care and quality

ontrol. There is no current overall measure of such a complex sys-

em. OCP alignment may be such a surrogate measure of an effec-

ive health care system. We plan to apply this methodology across

ther cancer cohorts to confirm its utility.

Prior to surgical resection, the findings from the prevention

hase indicate the importance of both screening actions and activi-

ies related to health seeking behaviour including visits to the gen-

ral practitioner. We accept that the indices are interrelated and

urther investigation is required to clarify, for example, the im-

act of numbers of GP visits as compared with the prescription

f statins (used as an indicator of health seeking behaviour). This

tudy observes that these interventions in the prevention phase are

ssociated with lower stage of the disease at diagnosis.

Following diagnosis, patients who did not have surgery were

xcluded from treatment group analysis in order to evaluate a con-

istent group of patients. However, it is noted that all stages of

olon cancer were represented in this surgery group. The improved

urvival from following the pathway was present irrespective of

he stage at diagnosis.

Patients of lower socioeconomic status, those domiciled in more

emote areas of the State and those with comorbidities were less

ikely to be aligned with the OCP. However, these groups were

till extensively represented in the group who complied with the

CP. Differences in OCP alignment between these groups might

artly explain the disparities in survival within these groups. Fur-

her analyses are needed to estimate the magnitude of the direct

ffect of OCP alignment on the disparities between socio-economic

r remoteness groups.
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Fig. 4. Risk-adjusted hazard ratios (with 95% confidence interval) for surgical colon cancer patients with one or more deviations in the diagnostic and surgical pathway

elements compared to patients whose care was aligned with the pathway, for various patient subsets. Subsets are not mutually exclusive.

The ‘Good’ prognosis group was defined as patients diagnosed under 80 years of age, stage I to III, ASA 1 to 3, non-emergency surgery a Charlson Comorbidity Index of zero.
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Deriving clinical information from administrative datasets is

omplex [20,21]. However, a recent study demonstrated that ad-

inistrative datasets similar to those used in this study did provide

ccurate clinical information [22]. Even though the administrative

atasets are rich, data on many OCP elements was not available.

or example, information on multidisciplinary treatment planning

eetings as well as standards for communication, survivorship and

linical trials was contained within the OCP but indices with data

ollection capability were not available in the linked dataset. Fur-

hermore, except for duplication of tests, not outcome data are

vailable regarding patient experience of their cancer care (i.e. Pa-

ient Reported Outcome Measures).

Chemotherapy in last 30 days of life was higher in the cohort

ho followed the optimal surgical path (21.5% vs. 13.5%). Although

his seem paradoxical at first, this difference is mostly driven by

ifferences in age and comorbidity levels between the aligned and

on-aligned cohort. For patients diagnosed at age under 80 and

hose that have no recorded comorbidities, the difference in the

se of chemotherapy in the last 30 days of life is not statistically

ignificant (27.9% vs. 24.4%, p-diff = 0.19).

. Conclusions

The impact of a health care system on cancer care and thus

atient outcomes may be an important contributor to the unex-

lained variation which occurs between countries and between

ifferent groups within any modern society. The reasons are still

ot clear and likely to be subtle and different in different contexts.

e show that alignment with a set of measures based on the prin-

iples of the OCP is independently associated with improved colon

ancer survival. The fact that alignment with the diagnostic and

nitial treatment phase was associated with better OCP alignment

n later stages of the OCP (i.e. follow-up care and end-of-life care),

uggests a possible ‘health service effect’.
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