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Abstract 

Purpose: The purpose of this study was to differentiate diagnostic pathways in colorectal cancer 

in Ontario through the development of a pathway categorization scheme, and evaluate the 

patient-, disease-, system-related characteristics of patients and the length of the diagnostic 

interval across the diagnostic pathway categories. 

Methods: This was a cross-sectional study using an existing cohort at ICES. The study 

population included patients who were diagnosed with colorectal cancer in Ontario between 

2009 and 2012. Cluster analysis used eleven variables that were related to patient presentation, 

patient visit pattern, patient symptom pattern and referral process to characterize and categorize 

diagnostic pathways. Chi-square test and One-way ANOVA were used to assess the association 

between the examined factors (age, sex, material deprivation quintile, comorbidities, and stage) 

and the diagnostic pathway categorization scheme. Unadjusted quantile regression was used to 

assess the association between the diagnostic interval length and the diagnostic pathway 

categorization scheme.  

Results:  Six distinct diagnostic pathways were identified: asymptomatic pathway (N=4,494), 

colonoscopy pathway (N=10,066), the imaging and colonoscopy pathway (N=3,427), imaging 

alone pathway (N=2,238), the imaging and emergency presentation pathway (N=2,849) and no 

pre-diagnostic workup pathway (N=887). Patients who went through a pathway that was more 

adherent to diagnostic pathway guidelines (eg. asymptomatic pathway) were more likely to be 

younger, healthier and living in less deprived areas, and they tended to be diagnosed at an early 

stage with a short diagnostic interval. Patients who were female, older, living in more deprived 

areas and with more comorbid disease were more likely to go through pathways that were 

divergent from those guidelines. The length of the diagnostic interval was correlated to the 
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number of colorectal cancer diagnosis-related visits occurring during the interval. All examined 

factors and the diagnostic interval were significantly associated with the pathway categorization 

(p<0.0001).  

Conclusions: This study demonstrated substantial variations in colorectal cancer diagnostic 

pathways in Ontario. Interventions should be designed to provide individualized and more 

effective diagnostic services to patients.  
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Chapter 1 

                                                       Introduction 

1.1 Background and Rationale 

Wide variations have been observed in the delivery of cancer care, which might be an 

indication of inefficient use of healthcare resources (1, 2). Waste and inefficiency due to 

variations in the cancer diagnostic process can represent unnecessary costs for patients and 

their families regarding lost time, anxiety and fear, impact on quality of life, and can even 

result in worse outcomes for patients (3, 4, 5). The importance of an early cancer diagnosis 

and effective treatment led to the development of the Disease Pathway Management 

approach by Cancer Care Ontario (CCO) in 2008 (6). This approach aims to examine the 

performance of the entire system from prevention to end of life care, and to identify any gaps 

within the system (6). An important step in this approach is to develop disease pathway maps 

based on evidence from local, national and international clinical practice guidelines, and 

consensus of leading multidisciplinary experts (7). These pathway maps are flowcharts that 

outline the care a cancer patient should receive. They focus on one type of cancer during a 

specific phase of the cancer journey, for instance, screening, diagnosis and treatment pathway 

maps for colorectal cancer (CRC) (8, 9, 10, 11).  

The diagnostic pathway is the series of healthcare encounters and procedures that 

patients undergo to be diagnosed with cancer (7). For example, the CRC diagnostic pathway 

recommended by CCO consists of following events in sequence: primary care visits, initial 
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evaluations, specialist referrals, and colonoscopies (8, 9, Appendix A). While efforts should 

be made to deliver care in concordance with this CCO pathway, actual pathways in the real 

world can often vary (12, 13, 14). The CRC diagnostic pathway has been mainly 

characterized by the way that patients connect to the healthcare system: screen-detected 

through screening programs, presenting with CRC symptoms, and emergency presentations 

(15, 16, 17). Variation in the diagnostic process can also arise subsequent to the initial 

presentation route (17). For instance, the CRC related symptoms that patients present with are 

often too vague for primary care providers to immediately suspect cancer (18, 19). Patients 

might be referred to the wrong specialist(s) and experience unnecessary investigations and/or 

multiple consultations before the correct diagnosis is made. Furthermore, limited endoscopic 

resources (endoscopists, space, and equipment) may prevent patients from a timely CRC 

diagnosis (14, 18) and possibly evoke the use of inappropriate, more accessible tests such as 

fecal occult blood test (in the presence of symptoms) (20). All of these reasons and more can 

make the diagnostic pathway deviate from the CCO recommended one. Going through these 

deviated and ineffective diagnostic pathways may result in delays in diagnosis, possibly 

leading to higher stage disease and worse survival (5). 

Patients with certain characteristics are more likely to have worse healthcare access 

and their cancer diagnosis might be managed differently. For instance, older patients, those of 

a lower socioeconomic status (SES) and those in worse health tend to be diagnosed in the 

emergency department and have worse outcomes (21, 22). In contrast, higher SES patients 

are more likely to be diagnosed via screening programs at an early stage (23, 24). 
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Investigating these characteristics in relation to diagnostic pathway variation may help to 

better target who needs special attention with regard to their diagnostic journey.  

Few studies have involved an in-depth analysis of the various CRC diagnostic 

pathways and those who are more likely to go through these various diagnostic pathways 

remains unknown. Therefore, we attempted to comprehensively describe the CRC diagnostic 

pathway that patients went through in Ontario and identified potential patient and disease-  

related factors that might contribute to diagnostic pathway variation. We also studied the 

association between the length of the diagnostic interval, defined by the time from first 

presentation to the diagnosis, and diagnostic pathway variation, hypothesizing that an 

inefficient pathway that is not adherent to the CCO disease pathway will be longer than a 

disease pathway that is more CCO pathway adherent. Our aim was to provide information 

about the implementation of diagnostic pathway guidelines and policies and to potentially 

inform the development of interventions for more effective cancer diagnostic service delivery.  

1.2 Objectives 

1. To develop a categorization scheme that describes the diagnostic pathways of CRC 

patients in Ontario;  

2. To evaluate the patient-, disease-, system-related characteristics of patients and the 

length of the diagnostic interval across our diagnostic pathway categories.   

1.3 Thesis outline 

This thesis is organized into five chapters. Following the introduction, the second 

chapter provides a literature review summarizing the context for the thesis; it describes CRC 
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epidemiology and biology, tests used for CRC diagnosis, the recommended and the actual 

CRC diagnostic pathways, current knowledge about the nature of CRC diagnostic pathways 

and potential factors that might contribute to CRC diagnostic pathway variations, current 

knowledge about the relationship between CRC diagnostic pathway and the diagnostic 

interval, and a brief introduction about the application of cluster analysis. The third chapter is 

a draft of a manuscript describing the various diagnostic pathways through the development 

of a categorization scheme using cluster analysis. The fourth chapter is a draft of a 

manuscript that is built on the third chapter. It evaluates certain patient-, disease-, system-

related characteristics with membership in the various diagnostic pathways. It also examines 

the association between the diagnostic interval length and the various diagnostic pathways. 

The fifth chapter discusses the overall results, conclusions, strengths and limitations of this 

thesis as well as future directions. 
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Chapter 2 

Literature Review 

2.1 Colorectal cancer 

2.1.1 Epidemiology 

Colorectal cancer (CRC) continues to be one of the common malignancies worldwide. 

In Canada, CRC is the second most common cancer accounting for 13% of all cancers (1). It 

is also the second and the third leading cause of death from cancer in males and females 

respectively (1). An estimated 26,800 Canadians were diagnosed with CRC in 2017, with 

10,440 of those diagnosed in Ontario (1). The estimated annual age-standardized incidence 

rate in Canada for males and females is 79.6 per 100,000 and 54.9 per 100,000 respectively, 

indicating a higher incidence of disease in males (1).  

Temporal and geographic variations of CRC incidence have been presented in Canada 

(2). The overall incidence rates of CRC declined from the mid-1980s for both sexes. Until the 

mid-1990s, it went up and then only decreased at the beginning of 2000 for females and 2008 

for males in Canada (3, 4). The age standardized-incidence rate varies greatly across 

provinces in Canada. In 2017, the CRC incidence rate of Newfoundland and Labrador was 

estimated to rank first in both sexes, with 112.2 cases per 100,000 for males and 76.5 cases 

per 100,000 for females (1). The lowest rates were reported in British Columbia for males 

(70.3 cases per 100,000) and Alberta for females (70.6 cases per 100,000) (1). The age-

standardized incidence rate for Ontario is the sixth highest in males (80.3 cases per 100,000) 

and the fifth highest in females (56 cases per 100,000) out of 10 provinces (1).  
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The mortality rates for CRC have declined significantly for both males and females in 

Canada (3). Part of this decline might be driven by the decreased incidence rate. Additionally, 

it is likely that the earlier diagnosis through screening and better treatments account for a 

significant portion of the decline (4, 5). CRC mortality rates show wide geographical 

variation in Canada. In 2017, it is reported that Newfoundland and Labrador has the highest 

mortality rates for both males and females at 47.7 deaths per 100,000 and 26.7 deaths per 

100,000 respectively (1). Ontario has the lowest mortality rate in males (25.2 deaths per 

100,000) and the second lowest mortality rate in females (17.0 deaths per 100,000) out of 10 

provinces (1).  

On average, about 64% of Canadian patients diagnosed with CRC will survive for at 

least 5 years (1). However, prognosis and survival for CRC patients can be influenced by 

many factors. Tumor staging at diagnosis, which refers to the extent of cancer in the body, is 

by far the main prognostic predictor of clinical outcomes (6). There are two main staging 

classification methods: Dukes’ and TNM Classification of Malignant Tumours (TNM). The 

TNM staging system, which is more commonly used, broadly categorizes CRC in stage 

groups from I to IV (7). Stage I represents the earliest invasive cancer that has grown into the 

layer of connective tissue that surrounds the mucosa. Stage II represents the cancer that has 

grown through the muscularis mucosa into the submucosa. Stage III represents the cancer 

that has spread to lymph nodes near the colon or rectum. Stage IV represents the cancer that 

has spread throughout the body (7). An estimate across nine provinces of Canada showed that 

the two-year-age-standardized relative survival ratios were higher in all provinces at the early 
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and intermediate stages than at stage IV (8). In Ontario, the TNM stage distribution of CRC 

at diagnosis is consistent from 2010 to 2014, with 23.2% of patients diagnosed with CRC at 

stage I, 27.6% at stage II, 29.7% at stage III, and 17.2% at stage IV (9), indicating that there 

are still many people receiving their diagnoses at late stages.  

2.1.2 Biology 

The development of CRC follows a multistep process involving a series of histological, 

morphological, and genetic changes that accumulate over time (10, 11). It typically originates 

from epithelial cells of the colon or rectum and starts as a polyp with an irregular cell (12). 

When a polyp is identified, it is generally removed to establish its histology and evaluate the 

subsequent risk of cancer. Fortunately, not all polyps necessarily exhibit neoplastic 

behaviors. The prevalence of precancerous polyps among endoscopically removed polyps is 

between 0.2 to 11% (13). Adenomas and sessile serrated polyps are two main types which 

have malignant potential (14, 15, 16). Up to 30% of all CRC are recognized to arise from the 

sessile serrated polys (17).  

Polyps grow slowly and will not typically produce symptoms unless they have 

transformed into a cancer (12). Cancer will not develop until the number and size of 

precancerous polyps achieve a certain level, therefore, a long latency period is required for 

the malignance of adenomas (18). The transition from colorectal dysplasia to colorectal 

adenocarcinoma is estimated to take 5 to 40 years (19). The complete progression from early 

stage adenocarcinoma to advanced stage disease is estimated to take between three and five 
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years (19). The most common distant metastasis is the liver, however pulmonary and bony 

metastases are also observed (20, 21).  

Many risk factors can increase the risk of developing CRC. Non-modifiable risk factors 

such as age, a history of polyps, a family history of CRC, certain genetic conditions including 

familial adenomatous polyposis and Lynch syndrome, and inflammatory bowel disease can 

increase the risk of developing CRC (3, 22). Modifiable risk factors include cooking meat at 

high temperatures, alcohol consumption, smoking, obesity, lack of physical activity and diets 

low in fiber (3, 22).  

CRC is further classified into one of three anatomical sub-sites of the large intestine: 

proximal colon, distal colon and rectum. Proximal colon cancers (right-sided colon cancers) 

include cancers of the cecum, ascending colon, hepatic flexure, transverse colon and the 

splenic flexure. Distal colon cancers (left-sided colon cancers) include cancers in the 

descending colon and the sigmoid colon. Rectal cancers include cancers in the rectosigmoid 

junction and the rectum. Clinical presentation can differ by anatomical sub-site of tumour. 

Patients with tumours located in the proximal colon typically present with anemia and weight 

loss (23), whereas patients with tumours located in the distal colon, where the lumen of the 

intestine is more narrow and stool is more solid, usually present with rectal bleeding, 

tenesmus and a change in bowel habits (23).  

 

 



 

 
 

12 

2.1.3 Screen-detected colorectal cancer  

According to the “gold standard of screening assessment’ established by Wilson and 

Jungner, CRC qualifies for screening based on its high incidence rate and the relationship 

between the tumor stage and survival (24, 25, 26). The CRC average risk population refers to 

individuals who are asymptomatic without any family history or risk factors of CRC, whereas 

the CRC high risk population refers to individuals who have a history of colonic polyps or 

CRC, have inflammatory bowel disease, or one or more first-degree relatives with CRC (27). 

Overwhelming evidence demonstrates that screening average-risk individuals reduces 

disease-specific mortality (28, 29). Benefits of screening facilitate the implementation of the 

population-based screening programs. Screening programs are currently underway in most 

European countries, specific regions in North and South America, Asia and Oceania (30, 31). 

Screening programs normally include inviting eligible patients for screening tests, reminding 

individuals before the test and notifying individuals or health care providers of the screening 

test results. Evaluated performance differs across screening programs due to variation in 

program characteristics and their stage of implementation (31). A recent study reported 

participation rates of CRC screening programs worldwide. Only 16% of the population who 

were available for the screening programs from British Columbia, Saskatchewan, Manitoba, 

Nova Scotia, and Prince Edward Island participated in the five provincial screening programs 

in Canada included in this study. These results ranked lowest with Netherlands being the 

highest at 68.2% participation (31).  
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Ontario launched a province-wide population-based CRC screening program in 2008, 

targeting individuals aged 50 to 74 years (27). The screening options provided by this 

ColonCancerCheck program include fecal occult blood test (FOBT) or flexible 

sigmoidoscopy for the average risk population and colonoscopy for the high risk population 

(27). The age-adjusted percentage of Ontario’s screen-eligible population who were overdue 

for colorectal cancer screening, meaning they had not completed a gFOBT in the last two 

years, a flexible sigmoidoscopy in the last five years or a colonoscopy in the last ten years, 

steadily decreased from 49.5% in 2008 to 39.9% in 2014 (32).    

2.1.4 Symptomatic colorectal cancer 

The majority of patients with CRC present to their primary care providers (PCPs) with 

symptoms (33, 34, 35). It has been acknowledged that patients who experienced subjective 

symptoms have advanced tumors and have poorer prognosis compared to asymptomatic 

patients (36). The symptoms that are generally considered to be associated with CRC are 

rectal bleeding, palpable rectal masses, iron deficiency anemia, change in bowel habits and 

abdominal pain (37, 38). However, what makes CRC diagnosis challenging is that few CRC 

associated symptoms are unique enough for PCPs to be suspicious that there is a cancer (38). 

As a single presenting symptom in primary care population, the positive predictive value 

(PPV) of rectal bleeding ranged from 2% to 8% (39, 40, 41, 42) and iron deficiency anemia 

ranged from 1% to 11% (39, 40, 42). Cancer Care Ontario’s Provincial Primary Care and 

Cancer Network have collaborated to develop a systematic review to evaluate clinical 

features of patients presenting in primary care suggestive of CRC. They found that signs and 
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symptoms associated with increased risk of CRC include rectal bleeding combined with 

weight loss; iron deficiency anemia; rectal bleeding mixed with stool; rectal bleeding in the 

absence of perianal symptoms; rectal bleeding combined with change in bowel habits; rectal 

bleeding and diarrhea; and change in bowel habits, with the median of PPVs ranging from 

13% to 7.5% (40). 

There is also a subset of symptomatic patients diagnosed with CRC through the 

emergency route. They usually present in the emergency department with acute symptoms of 

bowel obstruction or perforation that requires urgent surgery (43, 44). These patients tend to 

experience different diagnostic processes, with shorter diagnostic delay but more unfavorable 

outcomes (45, 46).      

2.2 Screening and Diagnosing CRC 

2.2.1 Recommended investigations used in CRC screening and diagnosis 

The screening methods recommended by the Canadian Task Force on Preventive 

Health Care for population at average risk are the guaiac fecal occult blood test (gFOBT), 

fecal immunochemical test, and the flexible sigmoidoscopy (47). The gFOBT is used to 

detect peroxidase in human blood as well as peroxidase in dietary constituents, and it is 

sensitive to upper gastrointestinal (GI) bleeding (48). It is readily available, convenient and 

inexpensive as it is typically performed at home. The gFOBT involves an individual 

providing three separate stool samples and submitting them to the laboratory to be tested (49). 

Individuals with any of the three sample testing positive are advised to undergo a 
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colonoscopy to determine the presence of CRC. The positive predictive value (PPV) of 

gFOBTs in Ontario’s CRC screening program, which represents the proportion of individuals 

with positive gFOBTs who went on to be diagnosed with CRC, was 4.3% (50).  Fecal 

immunochemical test also requires the individual to provide a stool sample to the laboratory 

but in contrast to gFOBT, it is specific for human blood and insensitive to upper GI bleeding 

(51). Flexible sigmoidoscopy as a screening test is invasive. The preparation for flexible 

sigmoidoscopy is relatively simple with the individual required to take an enema prior to the 

procedure and it generally does not require sedation (52). Patients are only asked to avoid 

food and drink from midnight preceding the procedure. A flexible sigmoidoscope is inserted 

through the anus into the rectum and advanced through the sigmoid colon to a length 

normally 50-60 cm from the anal verge (52).  

Colonoscopy is the current gold standard diagnostic test for CRC, allowing the entire 

large intestine to be visualized, and polyps to be removed via one session (53, 54). During a 

colonoscopy, a long, flexible tube called a colonoscope, is inserted into the rectum. The tiny 

video camera at the tip of the tube allows the inside of the entire colon to be viewed. 

Physicians can explore possible causes of abdominal pain, rectal bleeding and other intestinal 

problems through viewing any changes or abnormalities in the lining of the large intestine. If 

necessary, polyps or other types of abnormal tissue can be removed or sampled through the 

scope. A tissue sample can be taken as well and sent to the laboratory to further examine 

whether the polyps are cancerous, precancerous or noncancerous.  
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2.2.2 Pathways to CRC diagnosis 

In general, there are two different routes based on the way that patients connect with 

the healthcare system: 1) asymptomatic patients first connect to the healthcare system 

through a screening test, and 2) symptomatic patients connect to the healthcare system by 

visiting a health care provider. No matter which route patients go through, after initial 

diagnostic assessments, colonoscopy is usually performed to confirm the diagnosis.  

In Ontario, CCO have outlined the journey that both symptomatic and asymptomatic 

patients are recommended to undergo to be diagnosed with CRC by developing Diagnostic 

Pathway Maps (55, 56, Appendix A). Europe (57, 58) and the United Kingdom (59) also 

developed clinical practice guidelines to identify appropriate diagnostic process. Even though 

some details of the recommended processes might differ, they share similar characteristics 

regarding the critical steps. 

2.2.2.1 Recommended diagnostic pathways from first presentation to colonoscopy   

            referral for screen-detected patients 

Patients who are eligible for screening might be invited by a screening program or 

offered screening by healthcare providers when they visit them for other purposes. The 2016 

Canadian Task Force on Preventive Medicine guidelines strongly recommended screening 

average risk adults aged 50 to 74 for CRC with FOBT (either gFOBT or FIT) every two years 

or flexible sigmoidoscopy every ten years (47). The screening program executes differently 

for the high risk population. Screening begins with colonoscopy at age 50 or ten years before 
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the earliest CRC diagnoses of their relatives (47). The screening interval depends on patients’ 

family history and previous screening results.  

PCPs are usually responsible for evaluating patients’ risk status and initially ordering 

screening tests. Later on, results are returned to either the PCP or participants themselves 

based on the structure and the available resources of the screening program. Participants with 

an abnormal test are recommended to receive colonoscopy for further diagnosis of cancer 

within eight weeks according to Canadian Association of Gastroenterology wait time 

recommendations and ColonCancerCheck screening program recommendations (60, 61). 

Participants with a normal test or adenomatous polyps are found, they should enter an 

ongoing CRC surveillance pathway and receive screening tests at varying intervals, ranging 

from 1 year to 10 years, depending on the number, size, and types of polyps removed (6, 55). 

For participants who have been evaluated as high risk, they are referred directly for 

colonoscopy (55).  

2.2.2.2 Recommended diagnostic pathways from first presentation to colonoscopy   

             referral for symptomatic patients 

Diagnostic pathways for symptomatic patients begin with presenting to a PCP with 

one or more symptoms (56). PCPs should perform a focused history which includes nature, 

duration and characterization of symptoms as well as family/personal disease history. To 

supplement the history, a focused physical examination should be performed. Potential 

investigations are digital rectal examination, abdominal examination, complete blood count, 

assessment of anemia signs and weight comparison (56). After the initial diagnostic 
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assessments, PCPs should make decisions on either monitoring for a period of time or 

referring to further investigation, such as colonoscopy.    

2.2.2.3 Recommended diagnostic pathways from colonoscopy referral to CRC  

            diagnosis for screen-detected and symptomatic patients 

Screen-detected patients with abnormal results and symptomatic CRC patients share 

common pathways from colonoscopy referral to diagnosis (55, 56). Typically, if the 

colonoscopy diagnoses a CRC, patients should undergo cancer stage evaluation and be 

referred for consideration of surgical resection (56). If the colonoscopy is contraindicated due 

to bowel obstruction, patients should be immediately referred to surgery. If a colonoscopy 

cannot completely visualize the bowel due to inadequate preparation, a repeat colonoscopy 

should be conducted (56).          

It is recommended that the entire process from referral to diagnosis be managed in a set 

timeframe to reduce diagnostic delay. For instance, a two-week rule was introduced in the 

UK to ensure that patients with suspected CRC saw a hospital specialist within 14 days of an 

urgent PCP referral (59). In addition to the Diagnostic Pathway Map described above (55, 56, 

Appendix A), CCO developed guidelines regarding referral and wait time for patients with 

symptoms of CRC.  Patients with a palpable rectal mass or abnormal imaging suggesting the 

presence of a CRC should receive urgent referral within 24 hours, with a two week wait for 

endoscopy consultation and endoscopy within 4 weeks from the date of the original referral. 

Patients with unexplained rectal bleeding combined with dark rectal bleeding should receive 

endoscopy referral within 24 hours, endoscopy consultation within four weeks, and 
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endoscopic evaluation within 8 weeks (37). These wait time recommendations are in 

alignment with the recommendations from Canadian Association of Gastroenterology (61).  

2.2.2.4 Actual CRC diagnostic pathways  

 The CCO recommended diagnostic pathway describes a linear sequence of events to 

be provided in a timely manner. However, the actual diagnostic pathways that patients 

undergo often deviate from recommendations. Given that the symptoms of CRC are non-

specific, it is possible that symptoms are caused by other benign conditions (62). The need 

for initial investigations for non-specific symptoms requires additional consultations to 

discuss results and plan for the next step. Patients might have to experience cycling between 

appraisal and help seeking before they get an appropriate referral, thereby their treatment can 

be delayed (62). It has been found that patients with fairly specific symptoms such as  

palpable rectal mass are less associated with multiple consultations than those with non-

specific symptoms such as abdominal pain (63, 64). Additionally, as a result of the complex 

nature of symptom presentation, patients may have to visit PCPs more times for their newly 

arising symptoms, even for screen-detected patients, they might have symptoms after 

screening tests, which results in visiting PCPs rather than directly receive colonoscopies. 

Consequently, the diagnostic pathway will no longer be linear under these circumstances.  

2.3 Current literature on diagnostic pathway description 

  We searched Ovid MEDLINE from 1946 to present using search terms: diagnostic 

pathway, diagnostic process, diagnostic route, diagnostic journey. We identified 12 studies 
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that describe the diagnostic pathway for different cancers. The sample size of these studies 

ranged from 30 to 739,667. Detailed information on these studies is summarized in the Table 

2.1. None used a statistical approach to describe each aspect of the overall diagnostic 

pathways. Even though only two of these studies were specific for CRC, they informed our 

variable selection by identifying factors that may differentiate diagnostic pathways.   

Two studies, which were conducted in the UK, specifically described the diagnostic 

process for CRC (65, 66). One of them investigated 151 CRC patients from three UK cities 

(65). Data were collected 1year pre-diagnosis from GP notes, as well as referral records 

including the hospital department and referral priority (the 2-week clinic, urgent, routine or 

emergency). Variables which divided patients into different pathways were whether patients 

had primary care consultations or investigations, the department that patients were referred to 

for the secondary care and referral priority. The pathways leading up to CRC diagnosis were 

graphically shown in a flow diagram. It included no primary care consultations pathway; 

primary care investigations with surgical/gastrointestinal/other referral pathway; no primary 

care investigations with surgical/gastrointestinal/other referral pathway, and emergency 

admission pathway. The other CRC study used linked administrative data (66). Individual 

level records including both primary and secondary care data, were reviewed for 943 cases up 

to 21 months before the CRC diagnosis. Patients who went through similar pathways were 

grouped based on the source of referral to hospital. Four distinct routes, emergency 

presentation, general practitioner (GP) urgent/2 week wait, GP routine/unknown and consult 

were identified. Symptom distribution was described across the four diagnostic routes. Rates 
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of GP visits and urgent care use 2-12 months before diagnosis were examined by routes to 

diagnosis, with and without adjusting for other factors.  

 Two studies investigated multiple types of cancers via interview data and routinely 

collected data sets, respectively (67, 68). The rest of the studies specifically focused on one 

cancer type, including glandular neoplasia (69), prostate cancer (70), lung cancer (71, 72), 

ovarian cancer (73, 74), sarcoma (75) and cervical cancer (76). Either qualitative methods or 

simple classification based on events-related variables, were used to describe aspects or 

specific events occurring along the diagnostic pathway.  
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Table 2.1 Studies that described the cancer diagnostic pathway 

First Author 
(reference 
number) 
(year 
published, 
country) 

Study population Data source Variables used to describe diagnostic 
pathway 

Methods of describing 
diagnostic pathway  

Kirwan (69) 
(2004, UK) 

Women whose cervical 
smears were reported 
as ‘glandular 
neoplasia’ between 
1995 and 2000.  
(N=114)  

Hospital case notes from 
the cytology database at 
the Royal Liverpool 
University Hospital 
Cytology Department.  

Patient presentation: 
Use of exogenous hormones and intrauterine contraceptive 
devices (Y/N); 
Previous cervical treatment (Y/N); 
Colposcopic findings (endocervical canal/transformation 
zone) 
Patient visit pattern 
Type of procedure performed at first appointment 

Descriptive statistics on each variable 
without developing categorization of 
diagnostic pathway.  

Barrett (70) 
(2005, UK) 

All eligible men 
diagnosed with 
primary prostate 
cancer in the 
catchment area of 
Exeter Primary Care 
Trust, Devon, UK 
during 1998-2002.  
(N=217) 

Anonymous copies of the 
GP’s records for 2 years 
before the diagnosis from 
the dendrite registry at the 
Royal Devon and Exeter 
Hospital and all 21 
general practices in the 
Exeter.   
 

Patient presentation: 
Symptoms on the first presentation date(Y/N); 
Lower urinary tract symptoms on the first presentation 
date (Y/N); 
Diagnostic reasons for hospital admission (acute 
urological symptoms/other reasons) 
Patient visit pattern: 
PSA testing in primary care before referral(Y/N) 

Grouped patients with the same value 
of all variables into one diagnostic 
pathway categorization and developed 
five diagnostic pathway categories.   

Barrett (65) 
(2006, UK) 

Patients with colorectal 
cancer diagnosed in 
2002 from 
participating practices 
in three cities in the 
UK. 
(N=151)  

GP’s records for 1 year 
before the diagnosis 
collected from a research 
assistant and patients’ 
GPs.  

Patient presentation: 
Primary care consultations(Y/N); 
Emergency admissions(Y/N);  
Patient visit pattern: 
Primary care investigations(Y/N); 
Referral process: 
Referral priority (2wk clinic/urgent/routine); 
Referral department in secondary care 
(surgical/gastro-intestinal/other) 
 
 
 

Grouped patients with the same value 
of all variables into one diagnostic 
pathway categorization and developed 
seven diagnostic pathway categories.  
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Table 2.1 (continued)Studies that described the cancer diagnostic pathway 
Barrett (71) 
(2008, UK) 

Patients with primary lung 
cancer (age≥ 40 years) 
diagnosed during 1998-
2002 in Exeter Primary 
Care Trust, Devon, UK.  
(N=246) 

Anonymous copies of the 
GP’s records, referral 
letters, specialist 
consultations and chest X-
ray results for 1 year 
before the diagnosis from 
the cancer registry at the 
Royal Devon and Exeter 
Hospital and all 21 general 
practices in the Exeter.   

Patient presentation: 
GP presentation with clinical features (Y/N); 
Referral process: 
1st referral department (respiratory OPD/other 
OPD/internal referrals/emergency referrals); 
2nd referral department (surgical, cardiology, respiratory, 
etc.) 

Grouped patients with the same 
value of all variables into one 
diagnostic route categorization and 
developed three main diagnostic 
route categories . 

Barrett (73) 
(2010, UK) 

Women with primary 
ovarian cancer diagnosed 
during 2000-2007 from 39 
participating general 
practices in Exeter, Mid-
Devon or East-Devon, UK.  
(N=212) 

Anonymous copies of the 
GP’s records, referral 
letters, specialist 
consultations and imaging 
results.  

Patient presentation: 
GP presentation with clinical features (Y/N); 
Referral process: 
1st referral department (radiology/gynaecology/other 
OPD/internal gynaecology referrals/emergency referrals); 
2nd referral department 
(surgical/gastroenterology/respiratory/urology/elderly) 

Grouped patients with the same 
value of all variables into one 
diagnostic route categorization and 
developed three main diagnostic 
route categories. 

Jordan (74) 
(2010, 
Australia) 

Women with epithelial 
ovarian cancer from an 
Australia-wide population-
based study (2002-2005).  
(N=1318) 

Telephone interviews in 
which the patients 
described the events that 
led to the cancer diagnosis.  

Referral process: 
Type of doctors that were referred to after first 
presentation to GP (GP/gynaecologist/oncologist/other); 
If patients were referred to gynaecological oncologist 
before the final diagnosis (Y/N); 
If patients visited other specialists before the referral to 
gynaecological oncologist (Y/N)   

Grouped patients with the same 
value of all variables into one 
referral pathway categorization and 
developed seven referral categories.   

Elliss-Brooks 
(68) 
(2012, UK) 

Every case of cancer 
registered in England 
diagnosed during 2006-
2008.  
(15 cancer types; 
N=739667) 

National Cancer Data 
Repository linked with 
Hospital Episodes 
Statistics, Cancer Waiting 
Time and screening 
datasets at patient level.  

Patient presentation: 
Diagnostic route (screen-detected/urgent GP 
referral/emergency presentation/inpatient elective/other 
outpatient/DCO/unknown) 

Developed seven diagnostic route 
categorizations based on one 
variable: diagnostic route. 

Sheringham 
(66) 
(2014, UK) 

Patients with colorectal 
cancer diagnosed during 
2009-2012 in the four 
outer North East London 
boroughs.  
(N=943) 

Cancer Registry Data 
linked with primary and 
secondary care datasets.  

Referral process: 
Source of referrals to hospital 
(emergency presentation/GP urgent or 2-week wait/GP 
routine/consultant, other, unknown) 
 
 

Developed four categorizations 
based on one variable: source of 
referrals to hospital.  



 

 
 

24 

OPD: Outpatient Department      DCO: Death Certificate Only     TWW: Two Week Wait Time   NHS: National Health Service

Table 2.1 (continued)Studies that described the cancer diagnostic pathway 
Black (67) 
(2015, UK) 

Sampled adults who 
were diagnosed with 
any cancer following 
an emergency 
presentation in nine 
acute NHS Trusts. 
(N=27; CRC=11) 

Interviews Patient visit pattern: 
If patients experienced repeated cycles of help-seeking 
and appraisal (Y/N);  
If patients experienced rapid investigations and diagnoses 
after detection of bodily changes (Y/N); 
If there was evidence that managements of disease were 
not consistent with guidelines (Y/N) 
Symptom pattern: 
If patients had persistent or escalating symptoms (Y/N) 

Patients were asked questions related to 
the healthcare services that they 
received before diagnosis.  
Developed four categorizations based 
on answers to interviews through 
thematic analysis.  

Gerrand (75) 
(2015, UK) 

All patients 
diagnosed with 
sarcoma between 
2006 and 2008.  
(N=8956) 

National Cancer Data 
Repository linked with 
Hospital Episodes 
Statistics, Cancer Waiting 
Time and screening 
datasets at patient level. 

Patient presentation: 
Diagnostic route (screening /TWW/GP referral/emergency 
presentation/inpatient elective/other 
outpatient/DCO/unknown) 

Developed seven diagnostic route 
categorizations based on one variable: 
diagnostic route. 

Zaal A (76) 
(2015, 
Netherlands) 

Patients diagnosed 
with cervical cancer 
between January 1 st 
2008 and June 1 st 
2010 at the 
University Medical 
Center Utrecht. 
(N=120) 

Patient charts, referral 
information and 
pathology results.  

Patient presentation: 
Participation in the cervical screening programs 
(pre-screening/screen-detected/interval diagnosis/non-
participants/post-screening) 

Developed five categorizations based 
on the relationship between diagnoses 
and patients’ participation in the 
cervical screening programs, for 
instance, pre-screening group consisted 
of women<30 years who were not yet 
invited for screening.  

Rankin (72) 
(2017, Australia) 

Sampled lung cancer 
patients and general 
practitioners.  
(19 lung cancer 
patients and 11 
general practitioners) 

Interviews Interview questions were patients’ experience before the 
diagnosis. All the answers to interview questions were 
used to generate four categorizations: taking patient 
concerns seriously, a sense of urgency, advocacy that is 
doctor driven or self-motivated, knowing who to refer to.  

Developed four categorizations based 
on answers to interviews through 
thematic analysis. 
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2.4 Variables describing the diagnostic pathway 

We developed a simplified diagnostic pathway map (Figure 2.1) informed by the 

recommended diagnostic pathways described above and consideration of what can occur during  

actual diagnostic pathways. We proposed four types of variables to capture the activities at 

different phases along the diagnostic pathway: 1) patient presentation; 2) patient visit pattern; 3) 

patient symptom pattern; and 4) patient referral pattern (Figure 2.1). The variables used in these 

12 studies (Table 2.1) to distinguish diagnostic pathways were mapped on these four variable 

types. None of the studies we reviewed addressed all variable types and only one of them 

considered symptom pattern (67). Studies that more comprehensively capture diagnostic 

encounters are needed to better understand the CRC diagnostic pathway. 
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Figure 2.1 Simplified diagnostic pathways and variable selection
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2.5 Potential factors contributing to variations in diagnostic pathways 

Similar to the volume of literature describing diagnostic pathways, only a small number of 

studies have investigated the contributing factors that might be associated with specific 

diagnostic pathways. Based on current knowledge, factors contributing to CRC diagnostic 

pathway are generally related to patient, disease and system characteristics. 

2.5.1 Patient and disease characteristics 

Patients with certain characteristics might be managed differently regarding cancer 

diagnosis. For instance, more diagnostic and staging procedures were found to occur in younger 

patients compared to elderly patients (77). Also, elderly patients tended to experience a great 

number of missed opportunities to initiate an evaluation for CRC diagnosis (78). Singh and 

colleagues reviewed electronic records of patients who were diagnosed with CRC between 1999 

and 2007 to identify missed opportunities, defined by endoscopic evaluation was not initiated in 

the presence of one or more predefined clinical clues, such as suspected or confirmed iron 

deficiency anemia, positive FOBT, or abnormal imaging suspicious for colon cancer. They found 

that patients with missed opportunities were significantly older than those without missed 

opportunities (median age of 71 vs. 67, respectively). Patients over 75 years of age had 

significantly more missed opportunities (42.9%) compared with < 65 years (29.2%) and 65–74 

years (28% respectively; p < 0.001) (78). Additionally, older patients could respond to 

symptoms differently from younger individuals and bring different attitudes about seeking help, 

leading to putting off visiting specialists due to fear of having cancer, contributing to different 

diagnostic processes (79). Sex differences in coping with symptoms, as well as help-seeking 
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behaviour have been demonstrated by several studies (80, 81, 82, 83). Furthermore, sex 

differences in CRC screening rates have also been reported. For example, studies based on 

national surveys evaluating overall CRC screening compliance found rates to be 7-9% lower 

among women (84, 85, 86). Data from the United States Veterans Health Administration also 

suggested that females were less likely to be adherent to CRC screening guidelines than males 

(69% vs. 73%) (87). It is plausible that the diagnostic pathway could differ in males and females 

based on these findings.  

 Socioeconomic status (SES) is considered one of the barriers that prevent timely and high-

quality medical care, as patients with lower SES have more difficulties accessing available care 

and resources (88). It therefore could generate an impact on patients’ healthcare experience. 

According to British and Canadian studies, CRC patients who had lower incomes or lived in 

deprived areas were more likely to present as emergencies (and presumably went through 

different diagnostic processes from non-emergency presenters) (89, 90). Another British study 

presented the risk of showing up in emergency to be more than twice as high for patients from 

deprived areas compare to patients from affluent areas (91).  

 There is a hypothesis that the biological behavior of a given tumor is determined from the 

very onset, and this biologic pattern will determine the development of the disease (92). Thus, 

the diagnostic pathway that patients undergo might not impact the stage at diagnosis. However, 

patients with late-stage disease are likely to be sicker, in contrast to patients with early-stage 

disease (93), and so they are more likely to receive urgent care with fewer diagnostic activities 

(94). There is a need to better understand the role of disease stage in the diagnostic pathway.  
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2.5.2 System characteristics 

Due to the important role of colonoscopy in the CRC diagnostic pathway, differences in  

colonoscopy resource availability might lead to different diagnostic pathways. Patients residing 

in regions with a higher density of gastroenterologists and general surgeons are more likely to 

have a timely diagnosis at an early disease stage (95, 96). Conversely, patients living in regions 

with limited colonoscopy resources might experience alternative investigations and therefore 

more indirect diagnostic pathways.  

Literature reported inconsistent results regarding the association between rurality and 

access to colonoscopy resources. For instance, an Australian study revealed a lower colonoscopy 

rate in small rural towns than the state capital (10.5 colonoscopies/1000 population versus 18.5 

colonoscopies/1000 population) (97). The difference could be partially explained by a lack of 

physicians who could perform colonoscopies in rural areas and travel time needed for rural 

patients seek care in larger cities (97). However, a recent Canadian study conducted by our group 

found no significant differences between rural and urban areas in terms of colonoscopy resource 

availability (98).  

A challenge to being able to examine the association between colonoscopy resource-

related geographical differences and the diagnostic pathway is the identification of meaningful 

colonoscopy resource catchment areas. Our previous work defined colonoscopy networks in 

Ontario based on observed care patterns. We found that these networks better reflect patients’ 

access to colonoscopy resources and we observed variations in the availability of colonoscopy 

resources across those colonoscopy networks (98).  Such variation might lead to varied 

diagnostic pathways. Therefore, our study investigated the association between the diagnostic 
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pathway and the colonoscopy networks to indicate how the system-related characteristics impact 

the diagnostic pathway.    

2.5.3 Diagnostic interval  

The ‘Aarhus Statement’ defines the diagnostic interval as the time from the patient making 

a connection with the healthcare system for screening or to investigate a symptom to final 

diagnosis (99). One Ontario study from our group reported a median CRC diagnostic interval of 

64 days with an interquartile range of 22 to 150 days (33). Subsequent work refined how we 

identified the start of the diagnostic interval (index contact), and observed a median CRC 

diagnostic interval of 84 days with an interquartile range of 32 to 196 days (98). One might 

expect that patients who have more encounters before the diagnosis are more likely to wait 

longer for a diagnosis and that the delay may, in part, be caused by inefficient diagnostic 

processes. Since diagnostic delay has been demonstrated to contribute to patients’ anxiety which 

could interrupt one’s ability to evaluate symptom patterns and to search disease-related 

information and cause uncertainty, lost time from work and social functioning (100, 101),  it is 

important to examine the association between the diagnostic interval and the diagnostic pathway, 

to investigate if there is any place that can be improved in the diagnostic pathway to achieve a 

timely diagnosis.  

The existing studies only investigated the relationship between partial elements of the 

diagnostic pathway, such as the urgency type of referral, the referral specialist type, and the 

initial event for referral, and diagnostic interval, rather than the complete diagnostic process. One 

study reported that time from referral to diagnosis was significant longer in the routine group 

compared to the urgent referral group (mean 73.7 days vs. 30.2 days, p<0.001) (102). It has also 

been found that the median diagnostic interval is significantly longer in patients referred to a 
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medical specialist (excluding gastroenterology) compared with a relevant surgical specialty 

(including gastroenterology) (p=0.024) (103). The median interval between the referral and CRC 

diagnosis was significant shorter in the presence of symptoms group (34.5 days) than in the 

presence of family history group (in the absence of symptoms or abnormal screening) (187.5 

days) (p=0.005) (104). Mitchell et al performed a systematic review including twenty-nine 

papers from 1978 to 2002 that considered factors associated with practitioner delay, including 

initial misdiagnosis of patients, and failure to examine or investigate patients (105). This review 

only focused on either, the time between a patient first noticing cancerous symptom and 

presentation to primary care, or between first presentation and referral to secondary care, rather 

than the entire diagnostic interval.  

2.6 Background method 

2.6.1 Application of cluster analysis in medical research 

Clinical administrative databases contain large quantities of patient information and 

health conditions (106). Relationships and patterns hidden behind the data could generate new 

knowledge about disease management (107). Therefore, more techniques are needed to explore 

complex data to identify trends and patterns.  

Data mining is becoming a popular technique for studying medical phenomena, which is 

defined as the process of pattern discovery and extraction where large amounts of data are 

involved (108). Cluster analysis, which is also called clustering, is a main task of exploratory 

data mining, and a common technique used in pattern recognition, bioinformatics and data 

compression (109). It organizes objects that have similar profiles and/or features into the same 

groups, while objects in different groups should have highly dissimilar profiles and/or features 
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(109). The goal of cluster analysis can be achieved by various algorithms that differ significantly 

in how to identify similarity. The appropriate clustering approach depends on individual data sets 

and study objectives. For example, relevant to the current work, a recent study used cluster 

analysis to identify physician practice patterns in British Columbia (110). It used k-means 

clustering approach which required the number of clusters to be pre-specified. It identified three 

distinct clusters, high responsibility, low responsibility and mixed practice to describe physician 

practice patterns, which informed the actual availability of primary care. As a major analytical 

approach in this study, cluster analysis enabled us to discover the CRC diagnostic pathway 

patterns.  

2.7 Summary 

CRC poses a heavy burden on the healthcare system as it is one of the most common 

cancers in Canada. The diagnosis of CRC is a highly complex process reflecting tumour biology, 

patient behaviour, the clinical pathway, and the functioning of the health-care system. Rapid and 

early diagnosis of CRC can decrease patient anxiety, lower the risk of stage progression, possibly 

reducing mortality associated with CRC, and reduce costs through increased efficiency. 

Observed, actual disease pathways can often differ from recommended pathways, as has been 

shown in the evidence on the diagnostic interval and pathway studies to date. However, 

diagnostic pathway description is incomplete and our knowledge about patient, disease, provider 

and system level factors associations with differing diagnostic pathways is sparse.   

To address these knowledge gaps, the purpose of the current study was to investigate 

variations in the CRC diagnostic pathway. A categorization scheme was developed to describe 

the different pathways that patients took to get diagnosed. The scheme considered recorded 

symptoms, diagnostic investigations and physician visits that occurred during the diagnostic 
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interval. Then patient-, disease-, and system-related characteristics and the length of CRC 

diagnostic interval were evaluated across pathway categories.  
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Chapter 3 

Development of colorectal cancer diagnostic pathway categorization schemes 

3.1 Abstract 

Purpose: Colorectal cancer can present in various ways, with any of several symptoms. 

Different diagnostic pathways from the first presentation to the diagnosis can occur, partly due to 

these different presentations and partly due to health system related factors and resources. This 

study developed a categorization scheme describing the colorectal cancer diagnostic pathway in 

the Province of Ontario, Canada.  

Methods: In this classification study, we used an existing cohort that included patients diagnosed 

with colorectal cancer in Ontario between the years 2009 through 2012. We used administrative 

data to derive information regarding colorectal cancer related activities in the diagnostic interval. 

Eleven variables which were categorized into five types were used to describe the pathway: the 

diagnostic route, patient presentation, patient visit pattern, symptom pattern, and referral 

processes. Cluster analysis was used to group patients who went through similar diagnostic 

pathways based on these variables.  

Results: We identified six diagnostic pathway clusters based on statistical criteria and clinical 

assessments. 93% of patients in Cluster 1 were diagnosed with no CRC symptom recorded at 

presentation and were likely screen-detected. 95% and 96% of patients in Cluster 2 and Cluster 3 

had colonoscopies respectively, but only 30% of those in Cluster 2 had imaging tests as the first 

procedure, compared to 70% in Cluster 3. In contrast, 99% of patients from Cluster 4 and 5 did 

not have colonoscopies, but most had imaging tests first (92% and 91%, respectively). Patients in 

Cluster 5 were more likely to present in the emergency department than Cluster 4 (44% vs. 12%). 
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Patients in Cluster 6 had no recorded diagnostic procedures in the diagnostic interval and 38% of 

that group presented in the emergency department.  

Conclusion: Variation in clinical diagnostic pathways raises concerns about the timeliness of the 

process, its quality and comprehensiveness. By identifying differing diagnostic pathways, we can 

go on to investigate associations between these pathways and patient-, disease-, system-related 

characteristics that might be associated with the quality of the diagnostic process.  

Key words: colorectal cancer, diagnostic pathway, administrative data, cluster analysis 

3.2 Introduction 

Colorectal cancer (CRC) is currently considered as a preventable or at least early 

detectable disease (1, 2, 3), yet it is still the second most commonly diagnosed cancer accounting 

for 13% of all new cancer cases in Canada (4). Diagnosing CRC is a complex process that begins 

when the patient connects to the healthcare system. The diagnostic pathway typically involves a 

consultation with a primary care provider (PCP), a referral to a specialist and a number of 

diagnostic procedures (5, 6, Appendix A). There are generally three different routes for CRC 

diagnosis based on the way that patients connect to the healthcare system: screening in the 

absence of any sign or symptom, presentation to a primary care or other healthcare provider with 

symptoms, and presentation at the emergency department (ED) with symptoms (7, 8, 9). 

Regardless of the route that patients go through, after the initial diagnostic assessment, patients 

are recommended to be referred to an endoscopist and receive a colonoscopy with biopsy for 

histology as the gold-standard for diagnosis (5, 6, Appendix A).  

Variations caused by different reasons can occur along the diagnostic pathway. For 

instance, given the limited number of patients that PCPs will diagnose during their career (10, 

11), it might be difficult for them to suspect cancer, especially since CRC-related symptoms are 
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often vague (12). The situation can be further complicated by comorbid conditions. Patients may 

have to experience some unnecessary procedures or multiple consultations, which impede a 

timely diagnosis. It has been reported that 21% of CRC patients have three or more consultations 

with their PCPs before referral, compared to 18% for cancer in general (13). Additionally, 

barriers caused by the healthcare system, such as the lack of resources and qualified 

colonoscopists, can prevent a patient from accessing a diagnostic procedure and a timely 

diagnosis (14, 15).  

 Varying diagnostic pathways can not only reflect inefficient use of healthcare resources, 

but they can also result in considerable quality of life effects on patients and their families 

through longer wait times with protracted periods of anxiety and fear, and possibly worse 

outcomes (16, 17). Therefore, understanding the divergence from the recommended pathways 

could help to indicate aspects of care that can be improved. To our knowledge, few studies have 

comprehensively described the CRC diagnostic pathway.     

The goal of this study was to define different CRC diagnostic pathways that patients 

experience. We offer a new approach for comprehensively characterizing CRC diagnostic 

pathways. This approach extends from previous studies that used limited variables for CRC 

pathway characterization (18, 19). Our aim was to develop a diagnostic pathway categorization 

scheme that considered CRC-related healthcare encounters occurring from patient first 

presentation to the diagnosis as much as was possible using administrative data.  

3.3 Materials and Methods 

3.3.1 Study cohort and data sources 

This study was conducted at the ICES at Queen’s Health Services Research Facility (20), 

which holds numerous linked administrative health, demographic and registry databases that can 
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be used by authorized researchers with appropriate approvals (21). The data sources that were 

used in this study included the Registered Persons Database (RPDB), an ICES-derived database 

of patient health care system contact and Ontario Health Insurance Plan eligibility (CONTACT), 

the ICES Physician Database (IPDB), the OHIP Claims Database (OHIP), the National 

Ambulatory Care Reporting System (NACRS), the Canadian Institute for Health Information 

Discharge Abstract Database and Same Day Surgery Database (CIHI-DAD and SDS), the Postal 

Code Conversion File (PCCF), the Ontario Multispecialty Physician Networks database 

(PHYSNET), the Ontario Cancer Registry (OCR), and the Ontario Marginalization Index 

(ONMARG). The data source(s) used to create each study variable is summarized in the 

Appendix B. Databases were linked using encrypted patient identifiers and physician numbers at 

the individual-patient level. This study was approved by the Queen’s University Health Sciences 

Research Ethics Board (Appendix G) as well as the ICES institutional review board at 

Sunnybrook Health Sciences Centre in Toronto, Ontario.  

The study population has been previously described (22). Briefly, all patients in Ontario 

with CRC diagnosed between 2009-2012 were identified using International Classification of 

Disease, Ninth Revision (ICD-9) between 2009 to 2012 including codes 153.0 to 153.9 

(malignant neoplasm of the colon), 154.0 (malignant neoplasm of the rectosigmoid junction, and 

154.1 (malignant neoplasm of the rectum), excluding 153.5 (malignant neoplasm of the 

appendix). Exclusion criteria were: (1) patients with an invalid ICES key number (patient 

confidential identifiers), (2) patients diagnosed on death certificate only, (3) patients who were 

<18 years or >105 years of age at CRC diagnosis, (4) patients for whom the CRC was not their 

first cancer, (5) patients with <42 months of OHIP coverage before their CRC diagnosis date, (6) 

patients with a non-Ontario postal code in the 18 months before diagnosis, (7) patients with non-
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adenocarcinoma tumour histology, (8) patients for whom we were unable to assign a diagnostic 

interval index contact date and (9) patients for whom we were unable to allocate a colonoscopy 

network.  

The previously-derived datasets used in this study contained CRC-relevant healthcare 

encounter records (22). These encounters were collected from OHIP, which contains data on 

both fee-for-service claims and shadow-billing claims, CIHI-DAD, SDS and NACRS, which 

contain records on all acute care inpatient institution discharges, day surgery and outpatient 

clinic visits, emergency department visits, respectively, in Ontario. The CRC-related healthcare 

encounters were previously identified by reviewing records of visits with relevant physician 

specialties including: anaesthesiology, cardiology, diagnostic radiology, family 

physician/emergency medicine, gastroenterology, general surgery, general practice/family 

medicine, and internal medicine. The 3-monthly frequency of CRC patient healthcare encounters 

with these physicians prior to the CRC diagnosis was examined. The various healthcare 

encounter types (characterized by their diagnostic and procedure codes) were identified as CRC-

related when their frequency increased in the 3-month period before the diagnosis compared to 

18 to 24 months prior. The associated OHIP diagnosis and procedure codes were translated to 

identify corresponding records in CIHI-DAD, SDS, and NACRS. All such CRC-related 

healthcare encounters were grouped into 15 encounter categories based on similarity of the 

procedure or diagnosis code (Appendix C) (22).  

The look-back time period to collect encounters falling into each encounter category was 

previously identified using cumulative sum control charts (22), which is a type of chart used to 

monitor small shifts in the process mean (23). The control charts plotted the weekly counts of 

each encounter category which were observed between 0 to 18 months before diagnosis. The 
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encounter category-specific control limits defined as the mean weekly count and the mean of the 

weekly change in the control period (18 to 24 months before diagnosis) were plotted as the 

background rate. The first week before the diagnosis that the weekly count returned to the 

statistical control marked the end of the look-back period.  

All CRC-related encounters that fell within their category-specific lookback period were 

collected for each patient and those encounters were used to define the diagnostic pathways in 

the current study. When the earliest encounter was a procedure-based encounter (categories 7 to 

15), the most proximal date of the last visit with the referring physician on the procedure record 

(using a maximum lookback of 18 months before diagnosis) was added to the CRC-related 

encounter collection for that patient. 

Some variables in this study were developed based on the events occurred on the first date 

that patients connected to the healthcare system, which is the index contact date. If the earliest 

encounter was a procedure-based encounter (categories 7 to 15), the most proximal date of the 

last visit with the referring physician on the procedure record (using a maximum lookback of 18 

months before diagnosis) was used as the index contact date (22). If no visit with the referring 

physician could be identified, or if there was no referring physician on the encounter record, then 

the procedure date was identified as the index contact date (22).  

3.3.2 Pathway Variables 

We identified the variables to categorize the diagnostic pathways by first creating a 

simplified potential CRC diagnostic pathway for screened and symptomatic patients (Figure 3.1). 

This pathway references the Cancer Care Ontario (CCO) recommended diagnostic pathway (5, 6, 

Appendix A) and incorporates expert clinical knowledge about the process. We identified eleven 

variables that addressed each aspect of our simplified pathway that were measurable using the 
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available data (Figure 3.1). Variables under the category of symptom pattern and referral process 

were specifically processed for this study, the rest of the variables were in the pre-existing 

datasets. 

Diagnostic route was categorized into three subtypes: 1) symptomatic; 2) asymptomatic; 3) 

ED presentation. We identified the diagnostic route variable based on the type of healthcare 

encounters that occurred on the index contact date. A patient was assigned the asymptomatic 

route if they received a colonoscopy, polypectomy, other lower gastrointestinal (GI) endoscopy, 

or fecal occult blood test (gFOBT) on the index date with no  CRC-related symptoms recorded 

on that day; the ED presentation route was assigned if, on the index contact date, the patient had 

a CRC-related encounter in the NACRS data with ED location code or if they had an OHIP-

based CRC encounter with a location code equal to ED; the rest of the patients were assigned as 

going through the symptomatic route (22).  

Patient presentation describes the patient’s status when connecting to the healthcare 

system. Variables included: 1) if the patient had prior GI-related conditions or symptoms within 

the 2 years preceding the index contact date, 2) the nature of CRC-related symptoms recorded on 

the index contact date (if present), and 3) whether the patient had a colonoscopy within the 

preceding 5 years. Prior GI-related conditions or symptoms were defined using the Johns 

Hopkins Major Expanded Diagnosis Cluster “Gastrointestinal/Hepatic” (22, 24) (Appendix E). 

The nature of symptoms recorded on the index contact date were defined using OHIP diagnoses 

from claims on that date (Appendix C, categories 4 to 6). A hierarchy (category 5>6>4) was used 

to define the most relevant symptom if a patient had more than one symptom on the index 

contact date. If the patient did not have any CRC symptom-related encounter recorded on the 

index contact date they were assigned as unknown for this variable. Patients were identified as 
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having received a prior colonoscopy if any of their healthcare encounters in the 5 years prior to 

their index contact date included a colonoscopy (Appendix C, category 7) (22).  

Patient visit pattern describes the patient’s first procedure type, number of colonoscopies 

during the diagnostic interval and the number of visits in the diagnostic interval. The first 

procedure type was defined using categories 7 to 15 in the Appendix C (22). The service date on 

the OHIP, CIHI or NACRS record was used to identify the first procedure. If there was more 

than one healthcare encounter on the that date, we used a hierarchy to pick the relevant encounter, 

which was based on how specific the procedures or diagnoses were to the diagnosis of CRC 

(more specific to less specific) (Appendix D). The number of colonoscopies within the 

diagnostic interval was calculated as the total number of procedures between the index contact 

date and the CRC diagnosis date (22). The number of visits in the diagnostic interval was 

calculated as the number of symptom-or procedure-related CRC encounters (Appendix C) that 

occurred between the index contact date and the CRC diagnosis date, using a maximum of one 

visit per day (22).  

Symptom pattern captured if patients visited a PCP for CRC-related symptoms 1) 

following initial their presentation and before their first procedure and 2) between their first 

procedure and their CRC diagnosis. These variables were equal to ‘yes’ if at least one of the 

encounters in categories 4 to 6 (Appendix C) occurred between these two sub-intervals. This 

variable was not applicable to patients who had no procedures in the sub-interval.   

Referral process assessed if patients had 1) a surgery consult and/or 2) a gastroenterology 

consult (with no procedure recorded) before the occurrence of the first colonoscopy or 

sigmoidoscopy (Appendix C, categories 12 and 13). These variables were not applicable in 

patients who did not have any colonoscopy or sigmoidoscopy in the diagnostic interval. 
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3.3.3 Statistical Analysis 

Variables that were used to categorize the diagnostic pathways included categorical 

variables, binary variables, and a continuous variable. Indicator variables were created for each 

categorical variable. The continuous variable (total number of visits in the diagnostic interval) 

was standardized with mean 0 and variance 1 after truncation.  

Cluster analysis was used in SAS Enterprise Guide 7.1 to generate clusters that had similar 

characteristics across all variables. Unsupervised cluster analysis was used rather than the 

supervised cluster analysis due to the lack of a priori knowledge about the categories of the 

diagnostic pathway membership (25). We used the hierarchical clustering approach rather than 

k-means approach that requires the user to pre-specify the desired number of clusters (26, 27). In 

the hierarchical clustering, each observation starts as their own cluster. If the midpoint between 

the mean of two observations is closer than to any other observation’s mean, these two 

observations will be combined to form a new cluster. This step is repeated until all observations 

are combined into one single cluster. We identified the optimal number of clusters by 

maximizing the pseudo-F (26, 28). The Pseudo-F is the ratio of between cluster variance to 

within-cluster variance, and a large Pseudo-F statistics indicated distinct clusters (26, 28). It has 

been identified as one of the best criteria to determine the number of clusters (29), and it is 

commonly used in healthcare clustering studies (30, 31, 32). Our ultimate choice on the number 

of clusters also involved clinical judgments made by members of my thesis committee team.  

The Chi-square test was used to examine differences in the distribution of the eleven 

pathway variables across clusters. Pearson residuals were calculated to identify the cell(s) that 

most contributed to rejection of the null hypothesis (33). We chose a high Pearson residual value 

of 15 to compensate for multiple comparisons. 
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3.4 Results 

3.4.1 Characteristics of the cohort 

There were 30,061 individuals diagnosed with CRC between January 1 2009, and 

December 31 2012. We applied nine exclusion criteria (Figure 3.2) (22). The final analytic 

cohort contained data for 23,961 patients. Their mean age was 68.6 years (SD=13) and 54.2% 

were male (Table 3.1). 43% were diagnosed with advanced stage disease (stage III or IV) (Table 

3.1).    

3.4.2 Characteristics of the clusters   

The detailed output of our cluster analysis is provided in Appendix F.  The Pseudo-F value 

increased to its peak when the cluster number was 6 (Appendix F). This 6-cluster solution also 

made sense from a clinical point of view. Figure 3.3 shows the major cluster characteristics – 

those that most distinguish the clusters. Cluster 1 represents the asymptomatic diagnostic 

pathway with 94% of the patients diagnosed through the asymptomatic route. 95% of the patients 

in Cluster 2 and 96% of the patients in Cluster 3 had colonoscopies in the diagnostic interval and 

these clusters were distinguished by imaging variations, with 30% in Cluster 2 having had 

imaging tests as the first procedure, compared to 70% of patients in Cluster 3. Less than 1% of 

the patients from Cluster 4 and 5 had colonoscopies in the diagnostic interval, but they were 

more likely to have imaging tests first (91.5% and 90.8%). These two clusters were distinguished 

by ED presentation with 44% of the patients in Cluster 5 were diagnosed through the ED 

compared to 12% in Cluster 4. Patients in Cluster 6 had no CRC-related procedures recorded in 

the administrative data and 38% presented in the ED.  
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Table 3.2 provides detailed information on the distribution of all of the cluster variables by 

cluster and over all patients in the cohort. Small cells have been replaced by ranges to avoid 

recalculation. Cluster size ranged from 10,066 to 887. There were 4,494 patients in Cluster 1, 

with 84% of having no prior GI-related symptoms compared to 39% overall. 61% in Cluster 1 

had gFOBT as the first procedure, compared to 18% overall. Cluster 2 contained the most 

substantial number of patients (n=10,066). Over 80% of patients in Cluster 2 were diagnosed 

through the symptomatic route. The percentage who had surgery consults before the first 

colonoscopy/FS was higher than the overall percentage (26% vs. 15%). Patients in Cluster 3 had 

more visits to PCPs for symptoms after the first procedure compared to the overall cohort (47% 

vs. 31%), and they were more likely to have surgery and gastroenterology consultations before 

the first colonoscopy or sigmoidoscopy. Patients in Cluster 4 were more likely to visit their PCPs 

for symptoms between the first procedure date and the index contact date than the overall cohort 

(39% vs. 31%) and 73% of this group had no symptoms recorded in the data on the index contact 

date, which was similar to Cluster 3 (82.7-82.8%). 94% of patients in Cluster 5 had prior 

healthcare encounters documenting GI-related symptoms, compared to 61% of the overall cohort. 

More patients had upper GI symptoms recorded in their first diagnostic encounter in Cluster 5 

than the overall cohort (54% vs. 27%). 26% of patients in Cluster 6 had anemia recorded on their 

first diagnostic encounter, which was higher than the cohort at 9%.  

The mean, median and interquartile ranges were used to describe the number of visits in 

the diagnostic interval (Table 3.2). The median number of visits ranged from 1 to 7 across 

clusters. Patients in Cluster 3 had a median of 7 visits, which is the highest amongst the clusters. 

Cluster 2 and 4 ranked second with a medium of 5 visits, whereas patients in Cluster 6 had a 

median of only one visit.   
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3.5 Discussion 

Consistent with previous literature, we found that there are distinct clusters (diagnostic 

pathways) for the CRC diagnosis. Patient presentation was varied across these clusters. In cluster 

1, where most patients were identified as being diagnosed via screening tests, 94% of patients 

did not have symptoms recorded on the index contact date and 84% of patients did not have prior 

GI related symptoms. Comparatively, the majority of patients in cluster 2, 5 and 6 had symptoms 

recorded on the index contact date and had prior GI symptoms. However, more patients in 

cluster 5 and 6 were diagnosed via the ED than cluster 2 (45%, 38% vs. 14.5%). Most patients in 

cluster 3 and cluster 4 presented unknown symptom (83%, 73% respectively) while had no prior 

GI related symptoms (71%, 66% respectively). It should be noted that the majority of patients in 

cluster 3 and cluster 4 (95%, 88% respectively) were identified as being diagnosed via 

symptomatic route. However, only a small percentage of them (12%, 15% respectively) had 

symptoms recorded in the data. We assumed that these patients were symptomatic even though 

they did not have symptoms recorded because they did not have a screen-related test on the index 

contact date. 

In terms of the adherence to the CRC diagnosis guidelines, Cluster 1 and Cluster 2, which 

accounted for 18.8% and 42% patients of the cohort respectively, are closest to the screen-

detected guideline and symptomatically-detected guideline, respectively. Even though some 

patients in these two clusters had a FOBT (61%) or an imaging test (30%) as the first procedure, 

they had a colonoscopy subsequently. Cluster 3, which describes patients who were more likely 

to have imaging tests as the first procedure is also not divergent from the symptomatic guideline, 

because they had a subsequent colonoscopy (6). Clusters 4 and 5 diverge from the recommended 

pathway due to the absence of a colonoscopy during the diagnostic interval.  Patients in these 
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two clusters were more likely to be diagnosed with imaging tests, surgeries or other 

investigations such as upper GI investigations. Cluster 5 is more divergent from the guideline 

than Cluster 4 as it has a higher ED presentation rate. Cluster 6 with 3.7% of the patients in the 

cohort, is the most divergent one due to a high ED presentation rate and a lack of any recorded 

CRC-related procedures in the administrative data. Approximately 25% of patients in the cohort 

(Cluster 4, 5 and 6) were likely to go through the pathways that deviated from the recommended 

ones (5, 6, Appendix A).  

The rate of patients who visited their PCPs for symptoms following initial presentation 

before the first procedure ranged from 29.6% to 0%, with cluster 2 (29. 6%) and cluster 5(22.7%) 

being the highest ones. This might have been caused by clinical complexity or misleading 

symptoms. Unfortunately, our data do not enable us to identify the reasons for symptom visits 

during this interval. 

The rate of patients who visited their PCPs for symptoms between the first procedure and 

the diagnosis ranged from 46.9% to 0%, with cluster 3 and cluster 4 being the highest ones. 

Patients in these two clusters were more likely to have imaging tests as the first procedure (69% 

and 91%). Therefore, it might be explained by that patients visited their PCPs again with 

abnormal imaging results and let the PCPs guide the next step.   

Patients in cluster 2 and cluster 3 had higher rates of surgery and gastroenterology 

consultations before the first colonoscopy/ flexible sigmoidoscopy than the patients in the rest of 

clusters. They were more likely to have colonoscopies in the diagnostic interval than the other 

patients as well. However, their symptom presentation patterns were opposite, with 87% patients 

in cluster 2 having prior GI symptoms compared to 29% in cluster 3 and only 2.7% patients in 

cluster 2 having unknown symptoms compared to 83% in cluster 3. As being illustrated, Cluster 
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3 had high rates on the PCP visit and surgery and gastroenterology consultations. It explained 

that Cluster 3 had the most number of visits across all the clusters.   

Patients in Cluster 6 did not have any CRC-related procedure recorded in the 

administrative data during the diagnostic interval. This is the smallest cluster at 3.7% of the 

cohort. Of all the clusters, they were most likely to present in the ED and/or to have anemia 

recorded on their index contact date. The absence of procedures could be because these patients 

were so sick that they were diagnosed based on symptom and/or physical exam alone or they 

may have been diagnosed via tumor marker studies, which are not available in the administrative 

databases. Some could have had procedures that were not recorded in the administrative OHIP 

claims or CIHI data.  

3.6 Strengths and limitations 

The large sample size of this population-based study enabled us to use eleven variables to 

identify distinct diagnostic pathways using a conceptual framework that identified key 

components of the diagnostic process. The other strength is we captured more activities 

occurring in the CRC diagnostic pathway compared to previous studies, which only described 

patient presentation, patient visit pattern, and referral process (18, 19). Cluster analysis allowed 

for diagnostic pathways being determined based on empirical patterns in the data across our 

eleven proposed pathway variables.  

Several limitations of this study should be acknowledged. First of all, it should be noted 

that the clusters are probabilistic. Not all the patients in the same cluster followed exactly the 

same diagnostic pathway, but these clusters did differ considerably on key pathway variables 

including: the diagnostic route, a history of prior GI symptoms, presenting symptoms, the type of 

the first test, and whether patients had colonoscopies. The distinctions between the clusters on 
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these variables allows us to identify groups that varied from the recommended diagnostic 

pathway.  

Second, misclassification might be introduced due to missing data. For the diagnostic route 

variable, we presumed that patients were asymptomatic (and likely screen-detected) if they had a 

procedure that is used for screening on the index contact date with no record of CRC-related 

symptoms. Some of those patients (particularly those who received a colonoscopy), may have 

had symptoms that were not recorded in the administrative data. There is currently no Ontario 

evidence about the percentage of CRC patients who are screen-detected that we could use to 

gauge the accuracy of our result. One study evaluating the implementation of the 

ColonCancerCheck program reported that in year 2010/2011, the participation rate for FOBT 

was 14.7% and 5.7% for large bowel endoscopy among age eligible population in Ontario (34). 

This screening rate was close to the 17% asymptomatic rate observed in our study. Our slightly 

lower rate may be due to the absence of age-restriction in its computation.  

Third, the encounters that we included as being CRC-related may have occurred for non-

cancer related reasons, thereby overestimating the amount of activity during the diagnostic 

interval. After identifying the specific look-back period for each healthcare encounter category, 

we calculated the proportion of encounters in that period that exceeded the expected number 

(based on the background rate of such encounters). This is a measure of the encounter category 

signal strength (22). Only those categories achieving a signal strength of 80% or more were kept. 

For instance, 84.5% of category 5 “signs and symptoms, lower gastrointestinal tract” encounters 

occurring in the look back period contributed to CRC diagnosis (22). 

 Fourth, symptom capture is incomplete in these data for several reasons. One of the 

reasons could be there is only one diagnostic code for each OHIP billing. Patients with several 
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symptoms may only be coded as having one symptom or if a patient came in with multiple 

problems, a CRC-related visit may be missed altogether. Also, if more than one symptom was 

available to us on the same day due to multiple physician claims, we only included the highest 

one on the hierarchy as being most relevant to the disease. Additionally, we only captured the 

symptoms that were directly related to CRC. For instance, a patient presenting in the emergency 

department with cough might have had metastatic CRC to the lung. Cough was not captured as it 

is not specific to CRC. So in our data, this patient would have no CRC-related symptoms 

identified and their symptom status was assigned as “unknown”. In this example, the patient 

would still be assigned to the symptomatic route because he/she presented in the ED.  

Furthermore, the first procedure type was not completely captured as we dropped the 

lower categories in the hierarchy if patients had multiple procedures on the same date. Therefore, 

we could be missing some procedures. Also, if patients had multiple visits on the same date, only 

one visit was counted into the total number of visits so that the visit number variable represents 

the number of days in which diagnostic activity was occurring. Since the dataset was created for 

other purposes, we are not able to retrieve the deleted records for these two variables.  

We could be missing some CRC diagnosis-related encounters due to alternative funding 

plans. In some regions of Ontario, such as London, Hamilton, Toronto, Ottawa and Kingston, 

primary care providers and specialists reimbursed by alternative payment plans are paid a fixed 

amount rather than being paid by a fee for each medical service they provide (35, 36). These 

plans typically do not provide financial incentives for specialists to submit claims for all their 

services, because they are not compensated for that time (35, 36). Therefore, concerns about the 

quality and completeness of claims have been raised. Missing claims can result in biased 

estimates of healthcare use when using administrative data. However, many physicians receive 
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compensation through multiple models, which could include both fee-for-service and alternative 

payments (37). It was estimated that 99% of all physicians in Ontario billed some fee-for-service 

and 56% were also paid through an alternate form of compensation in 2016 (37). And also, 

bonuses for effective shadow billing are offered to encourage compliance (37). Therefore, we 

expect the impact on our data is small.  

3.7 Implications and areas for further research 

The findings overall have significant implications for improving the effectiveness of the 

health care service delivery through discovering the divergence between the recommended and 

the actual diagnostic pathways. Although some efforts have been made to achieve more efficient 

cancer care service, for instance, Cancer Care Ontario’s diagnostic assessment programs 

focusing on navigating patients during the diagnostic process and streamlining pathways (38); 

the Suspected CANcer pathway in UK where PCPs can send patients for more complex 

procedures without the need for referral (39), based on our findings, more actions are needed to 

reduce the frequency of ED presentation.  

The approach offered by this study can be used in other jurisdictions for characterizing 

CRC diagnostic pathway. Such studies could also benefit from conducting a prospective cohort 

study, which enables all patients who are suspected for CRC to be investigated regardless if they 

are eventually diagnosed. Future studies should identify factors that might contribute to which 

diagnostic pathway (as characterized in our clusters) that a patient travels and they should 

measure the association between the length of the diagnostic interval and these clusters.   
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3.8 Conclusion 

We conducted a population-based study to identify clusters of patients with CRC who 

experienced similar diagnostic pathways. These diagnostic pathways varied most by the 

diagnostic route, the type of the first test, prior GI symptoms and if patients had colonoscopies in 

the diagnostic interval. Divergence between the recommended and the actual CRC diagnostic 

pathway has also been reflected. Efforts are needed to focus on the activities that patients have 

along the diagnostic pathway to achieve effective use of health care resources and health care 

delivery. Observational information such as we present can inform guideline development and 

implementation by providing a description of real-world experience and by identifying situations 

in which diagnostic pathways are more and less successful.  
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    Table 0.1 Description of the analytic cohort 

 
 

 
 

Patient characteristics   Analytic cohort(%) (n=23,961) 

Age (Mean±SD)   68.63±13.00 

Sex(%)   Male: 54.2%  Female:45.8% 

Stage at diagnosis (%) 
I 
 
II 
 
III 
 
IV 
 
Unknown 

 
21.2% 
 
23.6% 
 
26.8% 
 
16.4% 
 
12.0% 
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Table 3.2: Description of cluster variables by clusters 
 
 

1. 2 years proceeding the index contact date 
2..5 years proceeding the index contact date 
3. Cross-sectional imaging: Abdominal or pelvic CT+ Abdominal or pelvic MRI   CT=computed tomography, MRI=magnetic resonance imaging 
 
 
 

Variable Category Overall Cohort 
(n=23,961) 

Cluster1 
(n=4,494) 

Cluster2 
(n=10,066) 

Cluster3 
(n=3,427) 

Cluster4 
(n=2,238) 

Cluster5 
(n=2,849) 

Cluster6 
(n=887) 

 

Diagnostic route 
 
 

Asymptomatic 4,211(17.6%) 4,201-4,209 
(93.5% -93.7%)   ≤ 5 0(0.0%) ≤ 5 0(0.0%) 0(0.0%) 

 Symptomatic 16,263(67.9%) 266(5.9%)  8,635-8,639 
 (85.8%) 

3,253(94.9%) 1,965-1,969 
 (87.8%-88.0%) 1,582(55.5%)  554(62.5%)  

ED 3,487(14.5%) 19-27 
(0.4%-0.6%)  1,426(14.2%) 174(5.1%) 268(12.0%) 1,267(44.5%) 333(37.5%) 

Prior-GI symptoms1 Yes 14,668(61.2%) 732(16.3%)  8,790(87.3%) 1,009(29.4%) 767(34.3%) 2,675(93.9%) 695(78.4%)  
No 9,293(38.8%) 3,762(83.7%)  1,276(12.7%) 2,418(70.6%) 1,471(65.7%) 174(6.1%) 192(21.6%) 

Prior colonoscopies2 Yes 3,199(13.4%) 502(11.2%)  1,579(15.7%) 478(14.0%) 229(10.2%) 309(10.9%) 102(11.5%)  
No 20,762(86.6%) 3,992(88.8%)  8,487(84.3%) 2,949(86.0%) 2,009(89.8%)  2,540(89.1%) 785(88.5%) 

Symptom status Lower 6,157(25.7%) 23(0.5%)  4,284(42.6%) 351(10.2%) 135(6.0%) 1,064(37.3%) 300(33.8%) 

 
Anemia 2,250(9.4%) 262(5.8%)  1117(11.0%) 237(6.9%) 275(12.3%) 124(4.4%) 235(26.5%) 

Upper 6,428(26.8%) 0(0.0%) 4,396 
 (43.7%) ≤ 5 187-189 

(8.4%8.5%) 1,548(54.3%) 292(32.9%) 

Unknown 9,126(38.1%) 4209(93.7%) 269(2.7%) 2834-2,836 
(82.7%-82.8%) 

1,639 
(73.2%) 113(4.0%) 60(6.8%) 

First procedure type Cross-sectional3 1,892(7.9%) 24(0.5%) 596(5.9%) 424(12.4%) 239(10.7%) 609(21.4%) 0(0.0%) 

 

Other imaging 8,244(34.4%) 105(2.3%) 2,394(23.8%) 1,962-1,958 
 (57.1%-57.3%) 1,809(80.8%) 1,976(69.4%) 0(0.0%) 

Colonoscopy 7,143(29.8%) 1,457(32.4%) 5,057(50.2%) 613(17.9%) 7(0.3%) 9(0.3%) 0(0.0%) 

Other lower GI endoscopy 1,040(4.3%) 175(3.9%) 792(7.9%) 73(2.1%) 0(0.0%) 0(0.0%) 0(0.0%) 

GFOBT 4,236(17.7%) 2,726(60.7%) 1,010(10.0%) 259(7.6%) 96(4.3%) 145(5.1%) 0(0.0%) 
Upper GI endoscopy 480(2.0%) 7(0.2%) 211(2.1%) 95(2.8%) 75(3.4%) 9(3.2%) 0(0.0%) 

Surgical resection of colon 39(0.2%) 0(0.0%) 6(0.1%) ≤ 5 12(0.5%) 16-20 
(0.6%-0.7%) 0(0.0%) 

No procedures 887(3.7%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 887(100%) 
Number of colonoscopies 0 6,946(29.0%) 331(7.4%) 525(5.2%) 132(3.9%) 2,231(99.7%) 2,840(99.7%) 887(100%) 

 1 15,280(63.8%) 3,731(83.0%) 8,662(86.1%) 2,871(83.8%) 7(0.3%) 9(0.3%) 0(0.0%) 
More than 1 1,735(7.2%) 432(9.6%) 879(8.7%) 424(12.3%) 0(0.0%) 0(0.0%) 0(0.0%) 



 

 
 

70 

 
 
Table 3.2 (continued) Description of cluster variables by clusters  
 

N/A: patients had no procedure in the diagnostic interval or both dates for colonoscopy and sigmoidoscopy were missing   
IQR: Interquartile Range   FS: flexible sigmoidoscopy  
* Cells highlighted in different colors contributed to the significant difference with larger than 15 Pearson residual value in the direction of a higher percentage than the  
   cohort.  
 

Variable Category 
Overall 
Cohort 
(n=23,961) 

Cluster1 
(n=4,494) 

Cluster2 
(n=10,066) 

Cluster3 
(n=3,427) 

Cluster4 
(n=2,238) 

Cluster5 
(n=2,849) 

Cluster6 
(n=887) 

 

PCP visits for symptoms 
(following initial 
presentation before the 
first procedure) 

Yes 4,213(17.6%) 103(2.3%) 2,976(29.6%) 217(6.3%) 269(12.0%) 648(22.7%) 0(0.0%) 
 No 18,861(78.7%) 4,391(97.7%) 7,090(70.4%) 3,210(93.7%) 1,969(88.0%) 2,201(77.3%) 0(0.0%) 

N/A 887(3.7%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 887(100%) 
PCP visits for symptoms 
(between the first 
procedure and the 
diagnosis) 

Yes 7,386(30.8%) 1,305(29.0%) 2,778(27.6%) 1,607(46.9%) 873(39.0%) 823(28.9%) 0(0.0%) 

 No 15,688(65.5%) 3,189(71.0%) 7,288(72.4%) 1,820(53.1%) 1,365(61.0%) 2,026(71.1%) 0(0.0%) 

N/A 887(3.7%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 887(100%) 
Surgery consults 
before the first 
colonoscopy/FS 

Yes 3,554(14.8%) 345(7.7%) 2,629(26.1%) 580(16.9%) 0(0.0%) 0(0.0%) 0(0.0%) 

 No 14,194(59.2%) 3,905(86.9%) 7,432-7,436 
(73.8%-73.9%) 2,847(83.1%) 0(0.0%) 10(0.4%) 0(0.0%) 

N/A 6,213(25.9%) 244(5.4%) ≤ 5 0 2,238(100%) 2,839-2,843 
(99.6%-99.8%) 887(100%) 

Gastroenterology consults 
before the first 
colonoscopy/FS 

Yes 1,213(5.1%) 112(2.5%) 898(8.9%) 203(5.9%) 0 0 0 

 No 16,535(69.0%) 4,138(92.1%) 9,163-9,167 
(91.0%-91.1%) 2,847(94.1%) 0 10(0.4%) 0 

N/A 6,213(25.9%) 244(5.4%) ≤ 5 0 2,238(100%) 2,839-2,843 
(99.6%-99.8%) 887(100%) 

Total number of visits mean 5.2                4.7 5.3 7.5 5.8 3.7 2.0 
 

median 4 5 7 5 3 1 4 
                                           IQR                3                             4                                     5                              6                              3                              1                              4 
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      Figure 3.1 Simplified diagnostic pathways and variables for categorizing diagnostic pathways  
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Figure 3.2 Cohort creation process 
*Numbers do not sum to total number of patients excluded due to patients who met more than one         
  exclusion criteria. 
*This figure is reproduced from Dr. Webber’s PhD thesis (22).  
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Figure 3.3 Description of main characteristics of 6 clusters
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Chapter 4 

Description of patients experiencing various diagnostic pathways 

4.1 Abstract 

Background: Diagnostic pathways in real-world clinical practice vary and can deviate from 

guideline-recommended pathways. Patients who experience divergent pathways may face longer 

wait times, unnecessary anxiety, and possibly worse prognosis. Using a previously-identified set 

of colorectal cancer diagnostic pathways, we evaluated a range of patient-, disease-, and system-

related factors that might contribute to which pathway a patient travels. We also studied the 

association between the length of the diagnostic interval and those pathways.  

Methods: We conducted a population-based cross-sectional study of colorectal cancer patients 

in Ontario from 2009-2012, using administrative databases linked at the individual level. We 

describe the distribution of our potential contributing factors (age, sex, material deprivation 

index quintile, comorbidities, stage, tumour sub-site, and virtual colonoscopy network) across 

the different diagnostic pathways and tested their statistical associations with the chi-square test 

and one-way ANOVA. Unadjusted quantile regression was used to examine the association 

between the diagnostic interval and the diagnostic pathways.  

Results: Patients who went through diagnostic pathways that diverged from what is 

recommended were more likely to be older, living in more deprived areas and were more likely 

to be diagnosed at a later stage. In contrast, patients going through less divergent pathways were 

more likely to be male, living in the least deprived areas, with less comorbid conditions, and 

diagnosed at an earlier stage. Pathways containing a higher number of CRC-related visits were 

associated with longer diagnostic intervals. Patients in the Georgian Bay and-Moose Factory 
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virtual colonoscopy networks were more likely to experience more divergent diagnostic 

pathways.  

Conclusions: Variations in the diagnostic pathway were associated with patient demographics, 

comorbid illnesses and disease stage. Healthcare system providers could consider targeting 

females, elderly people, and those with worse health conditions for more individualized care 

throughout the cancer diagnostic process. Future studies should investigate healthcare resource 

allocation in regions where diagnostic pathways are more likely to diverge from guideline-

recommended care. 

Key words: colorectal cancer, diagnostic pathway, diagnostic interval 

4.2 Introduction 

The colorectal cancer (CRC) diagnosis is a complex process (1). Unlike recommended 

pathways (2, 3, Appendix A), which involve a series of events in a linear sequence, actual, real 

world diagnostic pathways can be varied and indirect for various reasons, such as the non-

specific nature of CRC symptoms (4, 5, 6), barriers to colonoscopy access (7), and limited 

healthcare resources (1). 

Our previously-derived CRC pathway categorization (8) considered CRC-related activities 

from the first connection with the healthcare system due to CRC related reasons to the diagnosis 

of cancer (diagnostic interval). We identified six distinct CRC diagnostic pathways experienced 

by Ontario CRC patients between 2009 and 2012 (8). Pathway distinctions were characterized by 

the diagnostic route, a history of prior GI symptoms, presenting symptoms, the type of the first 

test, and whether a colonoscopy was performed during the diagnostic interval (8). These 

diagnostic pathway categories also varied in terms of their adherence to the Cancer Care Ontario 

(CCO) recommended pathways for efficient CRC diagnosis (2, 3, Appendix A). In the more 
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divergent pathways, patients were diagnosed without having colonoscopy and/or went through 

the emergency department (6). Going through a diagnostic pathway that diverges from guideline-

recommendations might result in patients waiting for a longer time to be diagnosed which can 

lead to stress and anxiety, and possibly affect clinical outcomes (9).  

There is some evidence suggesting that certain patient characteristics may contribute to 

variations in diagnostic pathways. These characteristics include age (10, 11), sex (12) and 

socioeconomic status (SES) (13, 14). Also, disease stage at the time of diagnosis has been 

examined as a potential contributor to pathway variation (15, 16, 17). Some elements of the 

diagnostic pathway have been shown to be associated with the diagnostic interval (18, 19, 20). 

However, more research is needed to fully understand factors contributing to variations in the 

CRC diagnostic pathway.  

Colonoscopy plays an important role in the CRC diagnostic pathway as it is the current 

gold standard test for CRC (21). Potential access to colonoscopy resources, as reflected by 

colonoscopy resource availability, has been found to vary both within and across regions in 

Ontario (22). Regional variations in access to colonoscopy resources might also contribute to 

variations in the diagnostic pathway. Investigating this potential association might inform 

resource allocation for the regions where patients have less access to colonoscopy as part of their 

diagnostic workup.     

The objective of this study was to evaluate the patient-, disease-, system-related factors 

across our previously-defined CRC diagnostic pathway categories and to evaluate the association 

between the CRC diagnostic interval length and diagnostic pathway variations.   
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4.3 Methods 

4.3.1 Study population  

We used data from a previous study on the colorectal cancer diagnostic interval (22) and 

our diagnostic process categorization scheme (8). The study population included all CRC 

patients in Ontario, Canada diagnosed from 2009 to 2012 using the International Classification 

of Disease, Ninth Revision (ICD-9) codes 153.0 to 153.9 (malignant neoplasm of the colon), 

154.0 (malignant neoplasm of the rectosigmoid junction, and 154.1 (malignant neoplasm of the 

rectum), excluding 153.5 (malignant neoplasm of the appendix). Exclusion criteria were: (1) 

patients with an invalid ICES key number (patient confidential identifiers), (2) patients 

diagnosed on death certificate only, (3) patients who were <18 years or >105 years of age at 

CRC diagnosis, (4) patients for whom the CRC was not their first cancer, (5) patients with <42 

months of OHIP coverage before their CRC diagnosis date, (6) patients with a non-Ontario 

postal code in the 18 months before diagnosis,  (7) patients with non-adenocarcinoma tumour 

histology, (8) patients for whom we were unable to assign a diagnostic interval index contact 

date, and (9) patients for whom we were unable to assign a colonoscopy network. 

4.3.2 Data sources 

The study dataset was created using linked administrative databases available through the 

ICES at Queen’s Health Services Research Facility. ICES holds numerous linked administrative 

health and registry databases that can be used by authorized researchers with appropriate 

approvals (23). The study dataset contained variables describing the diagnostic pathway 

categorization, patient-, disease-, system-characteristics related factors and the diagnostic 

interval length. 
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All cohort members were assigned to one of the six pathway categories. These categories 

were determined through the use of a cluster analysis (24) that grouped patients going through 

similar diagnostic pathways based on eleven variables characterizing diagnostic activities during 

the diagnostic interval (8). We labelled the groups by their main pathway characteristics. The 

first group had a high probability of being diagnosed via asymptomatic route (asymptomatic); 

the second had colonoscopies and a low probability of having an imaging test as the first 

procedure (colonoscopy); the third had colonoscopies and a high probability of having an 

imaging test as the first procedure (imaging and colonoscopy); the fourth group had imaging, no 

colonoscopy and was much less likely to present in the ED (imaging alone); the fifth group had 

imaging, no colonoscopy, but were more likely to present in the ED (imaging and ED); the last 

group had no CRC-related procedure and were more likely to present in the ED (no pre-

diagnostic workup).   

Patient characteristics included age, sex, material deprivation quintiles and comorbidity. 

Age at index contact date and sex were defined in the Registered Persons Database (22). The 

Ontario Marginalization Index material deprivation quintile used in this study was created from 

the 2006 Canadian census data (22). The Ontario Marginalization Index, which is a 

geographically based index of socioeconomic marginalization, measures four major dimensions 

of marginalization: residential instability, material deprivation, dependency, and ethnic 

concentration (25). Each dimension of Ontario Marginalization Index was measured into two 

forms: a factor score and factor score quintiles, where the first quintile is the least marginalized, 

and the last quintile is the most marginalized. Material deprivation, the factor used in this study, 

was measured using data from six census measures: proportion of the population age 20+ who do 

not have a high school diploma, proportion of families who are lone parent families, proportion 
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of the population receiving government transfer payments, proportion of the population age 15+ 

who are unemployed, proportion of the population who are low-income, and the proportion of 

households living in dwellings in need of major repair (25). We assigned material deprivation 

quintile to patients based on their census dissemination area at their index contact date (first day 

of the diagnostic interval) (22).  

Comorbidity was measured using the Johns Hopkins Adjusted Clinical Group system. The 

system categorizes ICD-9/ICD-10 diagnosis codes into 32 groups which are called Aggregated 

Diagnosis Groups (ADGs) (26). Diagnoses are grouped into ADGs based on similarities in their 

expected health care utilization using the following criteria: duration, severity, diagnostic 

certainty, etiology, and the degree to which specialty care will be required. The system further 

classifies ADGs as minor or major (26). Patients could have a maximum of seven major ADGs 

including time limited-major (e.g. phlebitis of lower extremities), time limited-major primary 

infections (e.g. hepatitis), likely to recur-progressive (e.g. adult onset type II diabetes with 

ketoacidosis), chronic medical-unstable (e.g. cystic fibrosis), chronic specialty-unstable 

orthopedic (e.g. spinal stenosis), injuries/adverse effects-major (e.g. intracranial injury), and 

psychosocial-recurrent or persistent unstable (e.g. catatonic schizophrenia) (26). The remaining 

24 ADGs are classified as minor (26).  Patients were assigned to ADGs based on their diagnoses 

in OHIP, CIHI-DAD and SDS in the two years before the index contact date. We measured 

patient comorbidities using both the number of major and minor ADGs (22).  

 Stage of CRC at diagnosis was obtained from the Ontario Cancer Registry database. It 

was described using the TNM Stage Classification System, 7th edition (22, 27), with four stage 

groupings: I, II, III, IV, and unknown stage. The ICD-9 diagnosis codes in the Ontario Cancer 
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Registry database were used to categorize CRC into four sub-sites: proximal colon, distal colon, 

rectal, or other/not otherwise specified CRC (22).  

Forty-three virtual colonoscopy networks were created through amalgamating previously 

derived virtual physician networks based on observed colonoscopy flow (22). The 78 virtual 

physician networks were developed based on empirically observed referral patterns and patient 

flow in Ontario using data from fiscal year (FY) 2008 to FY 2010 (28). Ontario residents, 

primary care providers, and specialists were linked to a common acute care hospital to create a 

provider group. Provider groups were combined to form physician networks by combining 

smaller groups which shared patients and which were in close geographic proximity. Then 

physician networks were modified to better reflect colonoscopy referral pattern based on patient 

travel flow for colonoscopy between physician networks. For instance, given the limited 

resources required for CRC diagnosis including colonoscopy resources and the number of 

physicians who could perform the procedure in satellite physician networks, patients are more 

likely to go to non-satellite networks to seek care. So satellite physician networks were combined 

with the closet non-satellite networks to form a new colonoscopy network (22). All cohort 

members were assigned to one of these 43 virtual colonoscopy networks according to their 

physician network membership (22). We assumed that the referral pattern for colonoscopy was 

similar to the referral pattern used to develop these physician networks. 

The diagnostic interval was defined as the time between the index contact date and CRC 

diagnosis date, with a interval of one day (22). The index contact date was determined by 

patients’ earliest CRC-related health encounter (22, Appendix C). 

 

 



 

 
 

81 

4.3.3 Study design 

This is a cross-sectional study. Some of the exposure variables (age, sex and material 

deprivation) were determined using data collected before the CRC diagnosis. Tumour stage and 

subsite were determined using data collected around the time of the pathologic diagnosis and are 

assumed to be static throughout the period of the study. The outcome of this study is the 

previously derived diagnostic pathways which were developed using data collected in real time 

during the diagnostic period for patients ultimately diagnosed with CRC. Most exposures in this 

study were determined before the outcome. Therefore, temporality can be identified in this study. 

There is also a longitudinal component as the outcome is a composite variable that describes a 

series of diagnostic encounters/procedures occurring over time and the diagnostic interval is a 

measure of how long it took for the sum of those encounters to occur.    

4.3.4 Statistical analysis 

  Descriptive statistics describe the patient characteristics (age, sex, material deprivation, 

and the number of major and minor ADGs), disease characteristics (stage at diagnosis and 

tumour sub-site), colonoscopy network and diagnostic interval for patients in each pathway 

category. All variables except age were analyzed categorically. Chi-square test for categorical 

variables and one-way ANOVA test for continuous variables were used to assess statistical 

significance between the diagnostic pathway categorization scheme and these variables. Pearson 

residuals were calculated to identify the cell(s) most contributing to the rejection of the null 

hypothesis (29). To adjust for multiple comparisons, Pearson residual values greater than 15 

were considered significant. We did not conduct multivariable regression analyses since we were 

not interested in determining the independence of our study variables. This study was not about 

discovering the underlying reason for patients going through different pathways. It was about 
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identifying the population who went through more divergent diagnostic pathways and serve them 

better.  

The mean, median, 75th percentile and 90th percentile diagnostic interval (in days) were 

calculated for each pathway category. We used quantile regression (without adjustment) to 

ascertain the association between the median and the 90th percentile of the diagnostic interval 

(days) and pathway category membership (30). Quantile regression was appropriate for several 

reasons. First, since the diagnostic interval is positively skewed, the mean is not an appropriate 

measure of central tendency and the interval would fail the normality assumption of ordinary 

least square regression model (30). Quantile regression can estimate the median of the diagnostic 

interval, which is a better measure of the central tendency. Additionally, we were also interested 

about whether the diagnostic pathway has an impact at the extreme of the diagnostic interval. 

Quantile regression allows us to compare either the median or other quantiles of the response 

variable.  

 All statistical analyses were performed using statistical software SAS Enterprise Guide 

7.1. This study involved no direct contact with patients. Approval for this study was obtained 

from the Queen’s university Health Sciences Research Ethics Board as well as the ICES 

institutional review board at Sunnybrook Health Sciences Centre in Toronto, Ontario (Appendix 

E).  

4.4 Results 

4.4.1 Cohort Characteristics 

30,061 individuals were diagnosed with CRC between January 1, 2009, and December 31, 

2012. The final cohort size was 23,961 after applying nine exclusion criteria (Figure 4.1) (22). 

Two thirds of the 289 patients who were unable to be assigned with colonoscopy network were 
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diagnosed in 2012, therefore, it is most likely that they were not included in the original 

physician network development project which used data from 2008 to 2010. The group with 

missing index contact (and thus missing the diagnostic interval) (n=457) or missing colonoscopy 

network (n=289) have been compared to the final cohort and found to be significantly different 

on patient comorbidities, tumour sub-site and stage at diagnosis (22).  In addition, patients who 

were excluded for missing colonoscopy network were significantly different from the final 

cohort on sex and age (22). However, we expect the impact of these two exclusions on our 

results was small due to their relatively small number (3.1%) (22).  

4.4.2 Patient and disease characteristics by diagnostic pathway category 

    Table 4.1 and table 4.2 contain the detailed information about the patient and disease 

characteristics of diagnostic pathway categories. Compared to the overall cohort, in the 

asymptomatic category there were more male patients (58.5% vs. 54.2% overall) and more 

patients living in the least deprived area (25.1% vs. 22.9% overall). 52.6% of patients in this 

category had no major ADGs compared to 41.8% overall. More patients had distal cancer (26.7% 

vs. 23.5%) and were diagnosed at stage I disease (31.5% vs. 21.2%).  

44.8% of patients in the colonoscopy category had no major ADGs compared to 41.8% 

overall. There were more rectal cancer patients in this category than the cohort (35.8% vs. 

29.5%).  

Patients in the imaging and colonoscopy category were sicker than the overall cohort with 

36.6% having one major ADG compared to 33% overall. The percentage of patients who were 

from the middle deprived area in the imaging and colonoscopy category was slightly higher than 

the overall cohort (23% vs. 21%). 



 

 
 

84 

There were more females in the imaging alone category than the overall cohort (52.0% vs. 

45.8%), and patients were older (73 years vs. 69 years) with worse health conditions based on 

the percentage of having more than three major ADGs (18.4% vs. 9.7%). 17.8% of patients in 

the imaging alone category were living in the most deprived areas, whereas 14.6% of the cohort 

were from the most deprived areas. The percentages of patients who were diagnosed at stage IV 

and unknown were also higher than the overall cohort (32.7% vs. 16.4%, 20.3% vs.12.1% 

respectively). The percentages of patients who had proximal cancer and NOS subsite cancer 

were higher than the overall cohort (46.2% vs. 36.2%, 16.6% vs. 10.8% respectively).  

51.8% of patients were females in the imaging and ED category, verses 45.8% of the 

overall cohort. Patients in the imaging and ED category were sicker with 15% of them having 

more than three ADGs compared to 9.7% overall. The percentages of patients who were 

diagnosed at stage IV and unknown were also higher than the overall cohort (32.3% vs. 16.4%, 

15.8% vs.12.1% respectively). More patients in this category had proximal cancer than the 

overall cohort (46.9% vs. 36.2%).  

The mean age of patients in the no pre-diagnostic workup category was higher than the 

overall cohort (73 vs. 69 years old). The percentages of patients who had 2, 3 and 4 major ADGs 

were 20.6%, 13.2% and 6.6% respectively, which were higher than the overall cohort at 15.5%, 

6.5% and 3.2%. More patients had ‘not otherwise specified’ subsite cancer (14.7% vs. 10.8%) 

and were diagnosed at unknown stage (19.1% vs. 12.1%) in this category than the overall cohort.     

4.4.3 Colonoscopy networks by diagnostic pathway categorization 

 There was a significant association between the patient’s colonoscopy network and 

diagnostic pathway categorization (p<0.0001). Through the Pearson residual test, we identified 

the colonoscopy networks which contributed to this significant difference in the direction of a 
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higher percentage in that network than in the overall cohort (Table 4.3). For instance, patients in 

the asymptomatic category were overrepresented in the Stratford and Ottawa colonoscopy 

networks, while patients in the no pre-diagnostic workup category were overrepresented in the 

Georgian Bay and Moose-Factory colonoscopy networks. From our previous work, Table 4.3 

also includes the size of the underlying network population, colonoscopist density and the mean 

distance to the closest colonoscopist for each colonoscopy network (22). For instance, the 

colonoscopist density in Stratford colonoscopy network is slightly lower than the overall in 

Ontario (9.0 FTEs per 100,000 vs. 9.4 FTEs per 100,000). However, the colonoscopist density in 

Georgian Bay colonoscopy network is higher than the overall in Ontario (12.7 FTEs per 100,000 

vs. 9.4 FTEs per 100,000). The colonscopist density is 0 in Moose-Factory colonoscopy network. 

The mean distance to closest colonoscopist is 24.8 km in Stratford colonoscopy network, which 

is slightly longer than 16.1 km of overall Ontario. It is 232.2 km in Moose-Factory colonoscopy 

network.  

4.4.4 Diagnostic interval 

Table 4.4 describes the diagnostic interval mean, median, 75th percentile and 90th 

percentiles. Unadjusted quantile regressions revealed a strong association between the median 

and the 90th percentiles across diagnostic pathway categories (p<0.0001). The median diagnostic 

interval for patients in the no pre-diagnostic workup category was the shortest across all pathway 

categories at 12 days. The diagnostic interval for the imaging and colonoscopy category was the 

longest across all three quantiles reported (126 days, 244 days and 359 days respectively). 

Patients in the asymptomatic category had the third shortest diagnostic interval based on the 

median (68 days), while they had the shortest one based on the 75th percentile (115 days) and the 

90th percentile (184 days). The mean of number of visits, previously defined through calculating 



 

 
 

86 

the number of symptom-and procedure-related visits by categories (8, Appendix C), is also 

included in the table. The rank order of the median diagnostic interval is similar to the rank order 

of the mean number of visits. The no pre-diagnostic workup category had the shortest interval 

with the least number of visits. The ED alone category had both the second shortest interval and 

number of visits. The asymptomatic category had the third shortest interval and number of visits. 

The imaging and colonoscopy category had the longest diagnostic interval with the most number 

of visits.     

4.5 Discussion 

4.5.1 Summary of main findings 

We found differences in patient-, disease-, system-related factors and the diagnostic 

interval across our six diagnostic pathway categories. Patients who were in the less divergent 

pathway categories (asymptomatic category, colonoscopy category and the imaging and 

colonoscopy category) tended to come from the least deprived areas and had less comorbid 

conditions. Patients in the asymptomatic category were most likely to be diagnosed at an early 

stage with a shorter diagnostic interval. Comparatively, patients in the imaging alone category 

and the imaging and ED category (more divergent diagnostic pathways) were more likely to be 

older, female, and have more comorbid conditions. They were more likely to live in the most 

deprived areas and be diagnosed at a later stage. These groups also tended to have proximal 

cancer and wait for longer to be diagnosed. Patients, who went through the most divergent 

diagnostic pathway (no pre-diagnostic workup category), had the oldest mean age and had the 

most serious comorbid conditions. They were more likely to have ‘not otherwise specified’ 

subsite cancer with unknown stage and have a shorter diagnostic interval.   
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4.5.2 Comparisons to literature 

The majority of our results were consistent with previous studies. Different studies of 

cancer care in elderly patients reported that older patients tended to have fewer diagnostic and 

staging procedures than younger patients (10, 11, 31). This agrees with our finding that patients 

who were more likely to experience more divergent diagnostic pathways with no colonoscopy 

tended to be older and diagnosed at an unknown stage. Our results also supported that patients 

receiving urgent care were more likely to be diagnosed at late stage with a short diagnostic 

interval (32). Four more recent studies using national survey data found that the overall CRC 

screening compliance rates were 7-9% lower among females (33, 34, 35, 36), which is consistent 

with our results. Population-based studies examining use of sigmoidoscopy and colonoscopy also 

reported that females are less likely to complete these procedures, with rates 4%-21% lower 

compared to males (37, 38, 39, 40). 

4.5.3 Interpretation and implications for practice and research 

Compared to patients who went through the more divergent pathways, patients diagnosed 

through asymptomatic route were more likely to be younger, living in the least deprived areas 

and diagnosed at earlier stages. The median of the diagnostic interval for this category was the 

second shortest and the 90th percentile was the shortest, which reflects efficiency in the 

asymptomatic pathway.  

Patients who experienced divergent pathways were more likely to be older and living in 

the more deprived areas. Furthermore, these patients were more likely to be diagnosed at later 

stages and have proximal cancer. Proximal cancers are more likely to be asymptomatic than 

distal cancers. In particular, patients with these cancers are less likely to notice blood in their  

stools (41, 42). This might help to explain our results that these patients were more likely to be 
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diagnosed through emergency at advanced stages. Also, patients in the more divergent were less 

likely to have colonoscopy in the diagnostic interval (8). It might because the patients with 

advanced stage disease have bowel obstruction when they present, they cannot receive 

colonoscopies.  

We found that the median diagnostic interval was correlated with the mean number of 

CRC-related visits. Patients in the imaging and colonoscopy category tended to have the most 

number of healthcare encounters and the longest diagnostic interval. They were also more likely 

to have multiple consultations and visit gastroenterologists or surgeons without receiving a 

procedure before the diagnoses (8). More health encounters could lead to a longer diagnostic 

interval. On the other hand, one must not assume that a short diagnostic interval with the fewest 

number of visits reflects the most effective diagnostic pathway. Those groups with the fewest 

visits in our data were patients in the ED and imaging pathway, and those in the no pre-

diagnostic workup pathway, which both diverge from recommended high-quality diagnostic 

processes (2, 3). More advanced stage in the imaging plus ED group is likely associated with 

more alarming symptoms, which would affect the length of the interval (43). Our pathways that 

came closer to recommended (asymptomatic, colonoscopy, and imaging plus colonoscopy) had 

intermediate diagnostic intervals and number of visits.   

The virtual colonoscopy networks derived by the observed patient flow do not have 

geographical boundaries (22), however, these networks centralize around one or more large acute 

care facilities and can be identified through the geographic locations of the institutions and 

physicians within any given network. Without the use of arbitrary geographical boundaries, the 

colonoscopy networks are more closely linked to relevant healthcare delivery and utilization. We 

can see from our results that Stratford network, Niagara network and Collingwood network had 
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more patients going through the more convergent diagnostic pathways. In contrast, Great 

Toronto Core network had more patients going through the more divergent diagnostic pathways. 

However, Georgian Bay and Moose-Factory networks, which are more rural areas than Great 

Toronto Core network, also had more patients going through the more divergent diagnostic 

pathways. Our finding showed that remoteness and rurality were not uniformly associated with 

more divergent pathways. Based on the data in 2013, the colonoscopist density in Moose-Factory 

network was zero and the mean distance to the closet colonoscopist was much further than the 

mean in Ontario (232.2 km vs. 16.6 km). The lack of colonoscopy resources in this region might 

explain the reason why patients in this region were more likely to experience a divergent 

diagnostic pathway.  

4.5.4 Strengths and limitations 

The major strength of this study is using administrative data to conduct a population-based 

study of CRC in Ontario.  It made us confident in the generalizability of our findings to 

Ontarians, helping to reduce selection bias. Furthermore, using administrative data helped us to 

avoid the recall bias which can be caused by using survey, interview, or questionnaire data, 

especially for the measurement of the diagnostic interval. CRC symptoms are usually vague (1), 

thus, it is difficult for patients to recall the time when they presented due to CRC related reasons. 

Another major strength associated with the use of ICES data was the link-ability between 

databases, which permitted us to study different patient and disease characteristics.   

The previously-defined diagnostic pathways that we used in this study comprehensively 

captured variations occurring in the diagnostic interval. These allowed us to evaluate the quality 

of the diagnostic pathway and identify the type of patients who are more likely to go through a 

more versus less divergent pathway.  
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Using quantile regression to examine the diagnostic interval rather than a log-transformed 

model was also a study strength. While a log-transformed diagnostic interval would provide a 

more normally distributed outcome for linear regression, the output from quantile regression 

using untransformed diagnostic interval is more interpretable. Also, quantile regression is a 

robust model and allows us to compare different quantiles across the outcome.  

For limitations, first, the diagnostic pathways were probabilistic which do not definitively 

describe a particular patient’s diagnostic pathway. Because we described the pathway main 

characteristics by the highest percentage of each variable, there was a small group of patients 

who experienced different pathways from the category labels. However, the distinction between 

pathway categories on our most important variables is strong (8) and reflects adherence and 

deviations from the recommended pathways, providing evidence for interventions and health 

planning policies to improve the diagnostic pathways in defined circumstances.           

When we created this cohort, the available administrative data limited us to only include 

patients who were ultimately diagnosed with CRC. Due to the difficulty of being able to identify 

patients who were suspected, but not diagnosed, for CRC, such individuals were not included in 

this study. The impact of this cohort selection limitation is that our results should only be 

generalized to patients who are eventually diagnosed with CRC, since patients who do not 

develop CRC might experience different diagnostic pathways. Singh et al pointed out the need 

for prospective databases in this field of study, and hoped that it would be possible in the future 

with the increasing use of medical records (44).  

Cancer stage and subsite were determined during or after the diagnostic pathway was 

complete and we assume they were static throughout the diagnostic process. This is a defensible 

assumption for subsite and likely the case for most patients with regard to cancer stage as 
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colorectal cancers are generally slow growing (45, 46). The stage of some patients with the 

longest diagnostic intervals may have progressed during the diagnostic process.    

4.6 Conclusions 

  This study showed that patients with certain characteristics, illness conditions and disease 

stages were managed differently in terms of the CRC diagnosis process. The increasing number 

of visits tended to lead to the longer diagnostic interval. Our findings indicate that interventions 

such as Diagnostic Assessment Programs, should be designed to streamline and centralize cancer 

diagnosis services (47). More research about healthcare resource allocations is needed on regions 

which provided less successful diagnostic processes. 
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Figure 4.1 Cohort creation process 
          * Numbers do not sum to total number of patients excluded due to patients who met more than one         

    exclusion criteria. 
* This figure is reproduced from Dr. Webber’s PhD thesis work (22).  



 

 
 

99 

Table 4.1 Patient characteristics by diagnostic pathway category 
Factor Overall 

Cohort 
(n=23,691) 

 Asymptomatic  
(n=4,494) 

Colonoscopy 
(n=10,066) 

Imaging+Colon 
(n=3,427) 

Imaging alone 
(n=2,238) 

Imaging+ED 
(n=2,849) 

No pre-diagnostic 
workup  
(n=887) 

Age 68.6±13.0  66.9±10.9 67.0±13.0 69.1±12.3 73.4±13.5 71.3±14.2 73.4±14.0 
Sex      Male 54.2%  58.5% 55.1% 56.0% 48.0% 48.2% 51.4% 
            Female 45.8%  41.5% 44.9% 44.0% 52.0% 51.8% 48.6% 
Material deprivation index quintile 
1(least deprived) 22.9%  25.1% 23.7% 21.3% 20.0% 21.9% 19.2%  
2 22.3%  24.0% 22.2% 21.8% 22.0% 20.8% 21.0%  
3 21.0%  20.3% 21.0% 23.0% 20.5% 19.5% 22.7%  
4 17.8%  17.1% 17.6% 17.4% 17.8% 19.2% 20.3%  
5(most deprived) 14.6%  12.1% 14.3% 14.7% 17.8% 16.9% 15.1%  
Missing 1.4%  1.4% 1.2% 1.8% 1.9% 1.7% 1.7%  
Major ADGs        
0 41.8%  52.6% 44.8% 36.5% 29.8% 34.4% 29.2%                     
1 33.0%  32.4% 32.4% 36.6% 33.1% 32.3% 30.4%  
2 15.5%  10.5% 15.3% 17.1% 18.7% 18.3% 20.6%  
3 6.5%  3.6% 5.5% 6.4% 11.4% 8.8% 13.2%  
4+ 3.2%  0.9% 2.0% 3.4% 7.0% 6.2% 6.6%  
Minor ADGs        
0 0.6%  1.2% 0.1% 0.9% 1.3% 0.4% 0.1%-0.6%  
1 5.2%  7.6% 4.1% 5.0% 5.0% 6.4% 2.9%  
2 9.1%  13.0% 7.9% 9.3% 8.4% 8.4% 7.2%  
3 12.7%  17.0% 11.5% 12.9% 12.8% 10.9% 8.9%  
4 14.7%  15.4% 14.8% 14.6% 13.8% 14.4% 13.9%  
5 14.1%  14.1% 14.6% 13.7% 13.4% 13.6% 13.1%  
6 12.7%  11.8% 13.5% 12.5% 11.9% 11.9% 15.6%-16.1%  
7 10.8%  8.7% 11.6% 11.1% 9.9% 11.1% 11.5%  
8 8.2%  5.1% 8.5% 8.5% 9.0% 9.4% 12.6%  
9 5.4%  2.9% 5.9% 5.2% 6.3% 7.0% 6.2%  
10+ 6.5%  3.2% 7.5% 6.3% 8.2% 6.5% 7.5%  
ADG=Aggregated Diagnosis Groups 
 
 
 

*Cells highlighted in different colors contributed to the significant difference with larger than 15 Pearson residual values in the direction of a higher percentage than the cohort. 
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     Table 4.2 Disease characteristics by diagnostic pathway category 
 

 

NOS=Not otherwise specified  
*Cells highlighted in different colors contributed to the significant difference with larger than 15 Pearson residual values in the direction of a higher  
percentage than the cohort. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Factor Overall 
Cohort 
(n=23,691) 

Asymptomatic 
(n=4,494) 

Colonoscopy  
(n=10,066) 

Imaging+Colon 
(n=3,427) 

Imaging alone 
(n=2,238) 

 Imaging+ED 
(n=2,849) 

No pre-diagnostic 
workup   
(n=887) 

Stage           

I 21.2% 31.5% 24.4% 23.0% 7.1%  5.7% 13.0% 
II 23.6% 23.2% 24.9% 25.5% 19.2%  21.6% 21.1% 
III 26.7% 26.7% 28.7% 27.4% 20.7%  24.6% 24.3% 
IV 16.4% 9.1% 12.0% 13.6% 32.7%  32.3% 22.5% 
Unknown 12.1% 9.5% 10.0% 10.5% 20.3%  15.8% 19.1% 

Tumour sub-site  
Proximal 36.2% 32.4% 31.4% 38.9% 46.2%  46.9% 38.8%  
Distal 23.5% 26.7% 23.5% 23.1% 20.9%  23.4% 16.3%  
Rectal 29.5% 31.8% 35.8% 27.6% 16.3%  16.1% 30.2%  
NOS 10.8% 9.2% 9.3% 10.4% 16.6%  13.6% 14.7%  
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Table 4.3 Colonoscopy networks that contributed to the significant difference based on the Pearson Residual Value by  
                diagnostic pathway category   
 
Category Network (Pearson 

Residual Value) 
Percentage(cohort)  Total number 

of population 
in the 
network*       

Colonoscopist 
Density* 

 Mean distance to  
closest colonoscopist 
(km)* 

Asymptomatic  Stratford (20.5) 
Ottawa (15.0) 

27.7% (18.8%) 
21.8% (18.8%) 

109,356               
808,404 

9.0 (4.4-16.8) 
9.7 (5.8-9.6) 

    24.8 
    12.1 

Colonoscopy Niagara (33.5) 
Oshawa (22.8) 
GTA East (15.9) 

48.4% (42%) 
48.4% (42%) 
45.2% (42%) 

339,972 
257,920 
836,791 

7.2 (4.3-10.1) 
11.6 (7.4-15.8) 
8.5 (6.6-10.5) 

    12.4 
    14.1 
    8.1 

Imaging+Colonoscopy Collingwood (47.8) 
Sarnia (26.4) 
Chatham (23.1) 

25.0% (14.3%) 
20.1% (14.3%) 
19.8% (14.3%) 

40,055 
86,529 
76,867 

8.9 (2.7-25.6) 
13.5 (5.8-21.2) 
12.9 (6.2-23.9) 

    27.8 
    25.2 
    28.8 

Imaging alone Woodstock (29.4) 
Lindsay (20.9) 
Moose_Factory (18.0) 
London (16.2) 

14.1% (9.3%) 
13.6% (9.3%) 
29.4% (9.3%) 
11.0% (9.3%) 

72,283 
41,529 
3,678 
359,973 

16.5 (7.1-25.8) 
12.7 (3.9-28.1) 
0 
11.0 (7.6-14.5) 

    17.6 
    29.9 
    232.2 
    17.5 

ED+Imaging GTA Core (28.4) 
Hamilton (20.8) 

13.7% (11.9%) 
14.0% (11.9%) 

1,734,323 
400,045 

8.2 (6.9-9.6) 
11.0 (7.7-14.2) 

    9.1 
    14.0 

No pre-diagnostic 
workup 

Georgian Bay (37.3) 
Moose_Factory (15.7) 

9.9% (3.7%) 
17.6% (3.7%) 

35,964 
3,678 

12.7 (4.5-32.4) 
0 

    21.3 
    232.2 

                                       Ontario  9,838,272 9.4 (8.8-10.0)     16.1 

Colonoscopy density: the total full time equivalent of colonoscopists in a colonoscopy network, per 100,000 network population.  
*These three columns described results from Dr. Webber’s PhD thesis work.  
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Table 4.4 Diagnostic interval by diagnostic pathway category  

Factor      Overall 
     Cohort 
     (n=23,691) 

 Asymptomatic 
(n=4,494) 

Colonoscopy 
(n=10,066) 

Imaging+Colon 
(n=3,427) 

Imaging alone 
(n=2,238) 

Imaging+ED 
(n=2,849) 

No pre-diagnostic 
workup  
(n=887) 

Diagnostic interval (in days) 

Mean       127.22  91.03 140.72 160.38 138.94 101.52 82.20 
Median        84  68 99 126 93 33 12 

75th percentile       196  115 226 244 230 181 144 
90th percentile       323  184 333 359 350 319 277 

Total number of visits 

Mean                                   5.2     4.7    5.3      7.5         5.8   3.7   2.0 
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Chapter 5 

General Discussion 

5.1 Summary 

The objectives of this thesis were to (1) develop a categorization scheme that differentiated 

the diagnostic pathways of Ontario colorectal cancer (CRC) patients, and (2) evaluate patient-, 

disease-, system-related characteristics as well as the diagnostic interval length across diagnostic 

pathway categorization. This thesis used individual-level data from ICES linked databases. 

Cluster analysis was used to develop the diagnostic pathway categorization scheme based on 

CRC related activities that occurred in the diagnostic interval. The characteristics of the 

membership in each diagnostic pathway category were described. Unadjusted quantile regression 

was used to examine the association between the diagnostic pathway categorization and the 

diagnostic interval. The results indicated six distinguishable CRC diagnostic pathways. The 

length of the diagnostic interval was found to be significantly associated with the diagnostic 

pathway categorization (p<0.0001).  

5.2 Strength 

This study offered a new approach on analyzing the CRC diagnostic pathway using more 

comprehensive data than has been used previously. First, this study included more activities 

occurring at different points along the diagnostic pathway. Variables describing CRC related 

activities were identified based on the simplified potential CRC diagnostic pathways, which were 

generated based on the Cancer Care Ontario (CCO) recommended diagnostic pathway (1, 2, 

Appendix A) and our team member’s clinical knowledge. This study focused more on the nature 

of the experience that patients had before diagnoses compared to previous studies which only 
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used a few variables to capture partial elements of the diagnostic process, such as the initiating 

event for referral (3) and the first referral specialty (4). Furthermore, this study assessed the 

entire diagnostic interval, defined from the first connection with the healthcare system to the 

diagnosis, rather than a sub-interval, such as the time from primary care visits to specialist 

referral (5).   

Other strengths were related to the large network of administrative databases that were 

accessed through ICES Queen’s. First, using administrative data enabled us to conduct a 

population-based study in Ontario. The large sample size helps to minimize the potential 

selection bias and makes us more confident to generalize the findings to Ontarians. Second, the 

use of routinely-collected data avoids recall bias since we did not rely on patient self-reported 

data, such as questionnaires or interviews. Using self-reported data would be an issue especially 

for the measurement of the diagnostic interval. Because it is difficult for patients to recall the 

time when they connect to healthcare system due to CRC related reasons rather than other 

diseases, and also there is a period between the diagnosis of disease and the administration of the 

study questionnaire (6).  

5.3 Limitations 

Several limitations existed in this study. First of all, the diagnostic pathway categorization 

developed in this study was probabilistic. We used percentage distribution of the most 

distinguishable variables to describe and label each pathway category, thus, the categorization 

scheme only described the pathway that most patients in this category went through. The actual 

diagnostic pathways may not be completely reflected. However, these diagnostic pathways do 

demonstrate the existence of varying diagnostic pathways and reveal substantial differences 

between the actual and the guideline-recommended pathways. Also, Ontario has launched the 
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screening program since 2008. It has been reported that the age-adjusted percentage of Ontario’s 

screen-eligible population who were overdue for colorectal cancer screening, meaning they had 

not completed a gFOBT in the last two years, a flexible sigmoidoscopy in the last five years or a 

colonoscopy in the last ten years, steadily decreased from 49.5% in 2008 to 39.9% in 2014 (7). 

Therefore, the implementation of screening programs during the study period (2009-2012) has 

been steadily improved. It is possible that there were more patients in the later years going 

through asymptomatic pathway than the patients in the first year of our study period. We could 

have done cluster analysis separately within these two study periods to better reflect the actual 

diagnostic pathways in the real world.  Furthermore, some data which is not available might also 

contribute to categorizing diagnostic pathway, such as lab results, imaging test results and 

colonoscopy results.  

Second, this study only included patients who were ultimately diagnosed with CRC, versus 

all patients who were suspected of CRC regardless of the eventual development of the cancer. 

Patients who are suspected for CRC but not eventually diagnosed might go through more 

complex diagnostic pathways. Therefore, the diagnostic pathways can only be generalized to 

patients who were eventually diagnosed with CRC. The gold standard of investigating cancer 

diagnosis, is to prospectively collect the data, and patient charts can provide information that is 

not available in the administrative databases (8). Prospective databases might be possible in the 

future with the increased use of medical records.      

Third, there might be missing information in the data. First, symptoms on the index 

contact date might not be completely captured due to various reasons illustrated in the previous 

chapters. Furthermore, the CRC-related visits on the index contact date and on the first procedure 

date were not completely captured if patients had multiple visits on the same date. This dataset 
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was originally created for other purposes, therefore, we are not able to capture the complete 

information for these two variables.  

Fourth, misclassification may have been introduced into the measure of the healthcare 

encounters. It was possible that some encounters that were included as CRC–related were 

actually conducted for reasons unrelated to CRC, which could have overestimated the amount of 

activities along the diagnostic pathway. However, this error was minimized through defining 

encounter-specific lookback periods and estimating the proportion of the specific encounters 

contributed to the CRC diagnosis (9).  

5.4 Generalizability 

The cohort is likely to represent broader population of CRC patients, however, the result is 

not applicable to patients who are being investigated for CRC but not eventually diagnosed since 

they might experience different diagnostic processes. The results would be more appropriately 

generalized to CRC population with similar screening resources, since the diagnosed route and 

stage at diagnosis would likely to be influenced by the availability and participation of CRC 

screening programs.  

The absolute value of the diagnostic interval might not be generalizable to other settings, 

since it can be influenced by various health system organizations and available resources. Cancer 

care Ontario developed diagnostic assessment programs which aim to streamline the CRC 

diagnostic process and reduce diagnostic interval (10), however, the structure and organization of 

a diagnostic assessment programs are influenced by the geographic realities of each jurisdiction. 

Thus, the implementation of diagnostic assessment programs might also influence the 

generalizability of the results. 



 

 
 

107 

5.5 Future Directions 

This study documented the existence of six distinct diagnostic pathways and some factors 

contributing to that variation. However, our exploration of reasons for the pathway variability we 

observed is incomplete. This variability is also likely driven by details about the case 

presentation, test results, and local diagnostic resources that were unknown to us. Although we 

described the various activities that patients had during the diagnostic interval, future research 

needs to identify and describe reasons related to patients and physicians for divergent diagnostic 

processes. Such research would benefit from using a mixed type of study methods, including 

conducting interviews or surveys, reviewing medical records, and using administrative data. 

Furthermore, it is still unknown if these varied diagnostic pathways are associated with patient 

survival rates. Future study could assess the association the impact of the diagnostic pathways on 

survival rates.  

5.6 Conclusions 

Six diagnostic pathways were identified in this study, some of which converged with 

recommended pathways and others did not. Patients including those with older age, living in 

more deprived areas and worse health status were more likely to go through the more divergent 

pathway compared to younger patients with better health and living in less deprived areas. The 

increased number of CRC-related visits was correlated with the diagnostic interval. More 

personalized care should be provided for patients who receive ineffective service. Further 

research is needed regarding the healthcare resource allocation in the regions where patients are 

diagnosed ineffectively.   
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Appendix A 
Cancer Care Ontario Diagnostic Pathway 
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Appendix B 
Summary of study variable data sources 

 
 
 
 
RPDB=Registered Persons Database, IPDB=ICES Physician Database, OCR=Ontario Cancer Registry, OHIP=Ontario Health 
Insurance Plan Database, CIHI-DAD=Canadian Institute for Health Information Discharge Abstract Database, SDS=Same Day 
Surgery Database, NACRS=National Ambulatory Care Reporting System, PHYSNET=Multispecialty Physician Network 
Database, ONMARG=Ontario Marginalization Index Database 
*Variables that were not in the pre-existing datasets and were specifically processed for this study.  
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Appendix C 
Diagnosis and Procedure Grouping Scheme 

 
Table 1: Diagnostic and Symptom Categories and Corresponding Codes 

Category 
number 

Category name Diagnosis codes 

1 Colorectal cancer 

OHIP:  
153= Malignant neoplasms, large intestine, excluding       
          rectum 
154= Malignant neoplasms, rectum, rectosigmoid and   
         anus 
ICD-10-CM:  
C18^= Malignant neoplasm of colon 
C19^= Malignant neoplasm of rectosigmoid  
            Junction 
C20^= Malignant neoplasm of rectum  
C21.0^= Malignant neoplasm of anus, unspecified 
C21.1^= Malignant neoplasm of anal canal 
C21.8= Malignant neoplasm of overlapping sites  
             of rectum, anus and anal canal 

2 Other cancer 

OHIP:  
152= Malignant neoplasms, small intestine, including   
                     duodenum 
155= Malignant neoplasms, primary malignancy of liver (not  
         secondary spread or metastatic disease)  
159= Malignant neoplasms, other and ill-defined sites within the  
          digestive organs and peritoneum  
197= Malignant neoplasms, secondary neoplasm of respiratory  
         and digestive systems 
198= Malignant neoplasms, metastatic or secondary malignant  
         neoplasm, carcinomatosis 
199= Other malignant neoplasms 
ICD-10-CM:  
C17^= Malignant neoplasm of small intestine 
C22^= Malignant neoplasm of liver and intrahepatic bile ducts 
C26^= Malignant neoplasm of other and ill-defined digestive    
            organs  
C78^= Secondary malignant neoplasm of respiratory and   
            digestive organs 
C79^= Secondary malignant neoplasm of other and unspecified  
            sites  
C80^= Malignant neoplasm without specification of site 
 
 
 
 
 
 



 

 
 

115 

3 Benign neoplasm/ 
carcinoma in situ 

OHIP:  
211= Benign neoplasms, other parts of the digestive system,  
         peritoneum 
229= Other benign neoplasms 
230= Carcinoma in situ, digestive organs  
235= Neoplasms of uncertain behaviour, digestive and                        
         respiratory systems 
ICD-10-CM:  
D00^= Carcinoma in situ of oral cavity, esophagus and stomach 
D01^= Carcinoma in situ of other and unspecified digestive   
            organs 
D13^= Benign neoplasm of other and ill-defined parts of   
            digestive system 
D37^= Neoplasm of uncertain behavior of oral cavity and  
           digestive organs 
D38^= Neoplasm of uncertain behavior of middle ear and  
            respiratory and intrathoracic organs 
D48.3^= Neoplasm of uncertain behavior of retroperitoneum 
D48.4^= Neoplasm of uncertain behavior of peritoneum 

4 

Signs and 
symptoms, upper 
gastrointestinal 
tract 

 

OHIP:  
530= Esophagitis, cardiospasm, ulcer of esophagus; stricture,  
          stenosis, or obstruction of esophagus 
531= Gastric ulcer, with or without haemorrage or perforation 
532= Duodenal ulcer, with or without haemorrhage or               
          perforation 
535= Gastritis 
536= Hyperchlorhydria, hypochlorhydria, dyspepsia, indigestion 
537= Other disorders of stomach and duodenum 
574= Cholelithiasis (gall stones) with or without cholecystitis 
787= Anorexia, nausea and vomiting, heartburn, dysphagia,   
          hiccough, hematemesis, jaundice, ascites, abdominal pain,  
          melena, masses 
ICD-10-CM:  
J86.0= Pyothorax with fistula 
K20^= Esophagitis  
K21^= Gastro-esophageal reflux disease  
K22^= Other diseases of esophagus 
K25^= Gastric ulcer  
K26^= Duodenal ulcer 
K29^= Gastritis and duodenitis 
K31.0= Acute dilatation of stomach   
K31.1= Adult hypertrophic pyloric stenosis  
K31.2= Hourglass stricture and stenosis of stomach 
K31.3= Pylorospasm, not elsewhere classified  
K31.4= Gastric diverticulum 
K31.5= Obstruction of duodenum  
K31.6= Fistula of stomach and duodenum 
K31.811= Angiodysplasia of stomach and duodenum, with       
               bleeding  
K31.819= Angiodysplasia of stomach and duodenum, without   
                 bleeding 
K31.82= Dieulafoy lesion (hemorrhagic) of stomach and   
               duodenum 
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K31.83= Achlorhydria  
K31.84= Gastroparesis 
K31.89= Other diseases of stomach and duodenum 
K31.9= Disease of stomach and duodenum, unspecified 
K52.2= Allergic and dietetic gastroenteritis and colitis 
K52.81= Eosinophilic gastritis or gastroenteritis 
K52.89= Other specified noninfective gastroenteritis and colitis 
K80^= Cholelithiasis 
K92.0= Hematemesis 
K92.1= Melena 
K94.2= Gastrostomy complications 
K94.3^= Esophagostomy complications 
R06.6= Hiccough  
R10^= Abdominal and pelvic pain  
R11^= Nausea and vomiting   
R12= Heartburn   
R13^= Aphagia and dysphagia   
R14^= Flatulence and related conditions   
R15^= Fecal incontinence   
R17= Unspecified jaundice 
R18^= Ascites   
R19.0^= Intra-abdominal and pelvic swelling, mass and lump  
R19.1^= Abnormal bowel sounds  
R19.2= Visible peristalsis   
R19.4= Change in bowel habit 
R19.5= Other fecal abnormalities 
R19.7= Diarrhea, unspecified 
R19.8= Other specified symptoms and signs involving the  
             digestive system and abdomen 
R63.0= Anorexia 

5 

Signs and 
symptoms, lower 
gastrointestinal 
tract  

 

OHIP:  
009= Diarrhea, gastro-enteritis, viral gastro-enteritis   
455= Haemorrhoids   
540= Acute appendicitis, with or without abscess or peritonitis   
555= Regional enteritis, Crohn's disease   
556= Ulcerative colitis   
560= Intestinal obstruction, intussusception, paralytic ileus,  
         volvulus, impaction of intestine   
562= Diverticulitis or diverticulosis of large or small intestine   
564= Spastic colon, irritable colon, mucous colitis,  
          constipation  
565= Anal fissure, anal fistula 
567= Peritonitis, with or without abscess   
569= Anal or rectal polyp, rectal prolapse, anal or rectal stricture,  
         rectal bleeding, other disorders of intestine  
ICD-10-CM:  
A09= Infectious gastroenteritis and colitis, unspecified  
K35^= Acute appendicitis 
K50^= Acute appendicitis 
K51^= Ulcerative colitis   
K55.2^= Allergic and dietetic gastroenteritis and colitis 
K56^= Paralytic ileus and intestinal obstruction without hernia 
K57^= Diverticular disease of intestine 
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K58^= Irritable bowel syndrome 
K59^= Other functional intestinal disorders 
K60^= Fissure and fistula of anal and rectal regions 
K62^= Other diseases of anus and rectum 
K63.0= Abscess of intestine 
K63.1= Perforation of intestine (nontraumatic) 
K63.2= Fistula of intestine 
K63.3= Ulcer of intestine 
K63.4= Enteroptosis 
K63.81= Dieulafoy lesion of intestine 
K63.89= Other specified diseases of intestine 
K63.9= Disease of intestine, unspecified 
K64^= Hemorrhoids and perianal venous thrombosis 
K65^= Peritonitis 
K67^= Disorders of peritoneum in infectious diseases  
            classified elsewhere 
K68.12= Psoas muscle abscess 
K68.19= Other retroperitoneal abscess 
K68.9= Other disorders of retroperitoneum 
K91.0= Vomiting following gastrointestinal surgery 
K91.1= Postgastric surgery syndromes 
K91.85^= Complications of intestinal pouch 
K91.89= Other postprocedural complications and disorders of  
               digestive system 
K94.0^= Colostomy complications 
K94.1^= Enterostomy complications 

6 
Signs and 
symptoms, 
anemia 

OHIP:  
280= Iron deficiency anaemia 
281= Pernicious anaemia 
284= Aplastic anaemia 
285=  Other anaemias 
ICD-10-CM:  
D50^= Iron deficiency anemia 
D51^= Vitamin B12 deficiency anemia 
D52^= Folate deficiency anemia 
D53^= Other nutritional anemias 
D60^= Acquired pure red cell aplasia [erythroblastopenia] 
D61^= Other aplastic anemias and other bone marrow failure   
             syndromes 
D62= Acute posthemorrhagic anemia 
D63^= Anemia in chronic diseases classified elsewhere 
D64^= Other anemias 
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Category 
number  

Category 
name 

Procedure codes 

7 

Colonoscopy  
 

OHIP:  
Z496= Colonoscopy, presence of signs or symptoms - sigmoid to  
            descending colon 
Z497= Confirmatory colonoscopy - sigmoid to descending colon 
Z498= Surveillance colonoscopy - sigmoid to descending colon 
Z499= Colonoscopy, absence of signs or symptoms, family history of  
            colon cancer in a first degree relative - sigmoid to descending  
            colon 
Z555= Intestines – endoscopy – colonoscopy into descending colon 
Z570= Fulguration of first polyp through colonoscope 
Z571= Excision of first polyp greater than or equal to 3 mm through  
             colonoscope 
Z765= Excision of obstructive tumour or stricture through  
             colonoscopy, 2 cm or greater 
Z784= Excision of polyps or tumours of rectum or sigmoid, excision  
             and suture, base 2 to 5 cm, inclusive 
Z785= Excision of polyps or tumours of rectum or sigmoid, excision  
            and suture, base over 5 cm  
diagnosis codes 545= Colonoscopy positive FOBT 
546= Colonoscopy surveillance 
547= Colonoscopy family history of CRC   
548= Colonoscopy family history of CRC 
E685= Intestines, endoscopy, total excision >3 cm sessile polyps 
E719= Intestines, excision, fulguration of polyp, maximum of 4 
E720= Intestines, excision of polyps through colonoscope,   
             maximum of 2 
CCI:  
1NM87BA= Excision partial, large intestine endoscopic per orifice  
                      approach Simple excisional technique 
1NQ87BA= Excision partial, rectum endoscopic per orifice  
                      approach closure by apposition technique [e.g.  
                      suturing, stapling] or no closure required (for tissue   
                      regeneration)   
1NQ87BAFA= Excision partial, rectum endoscopic per orifice  
                          approach encirclage device 
1NQ87DA= Excision partial, rectum endoscopic [laparoscopic,  
                     laparoscopic-assisted, hand-assisted] approach  
                     closure by apposition technique [e.g. suturing,  
                     stapling] or no closure required (for tissue  
                     regeneration) 
2NM70BABJ= Inspection, large intestine, using endoscopic per  
                          orifice approach (or via stoma) and colonoscope 
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8 

Other lower 
gastrointestinal 
endoscopy  

OHIP:  
Z535= Intestines – endoscopy – sigmoidoscopy with/without  
             anoscopy 
Z536= Intestines – endoscopy – sigmoidoscopy without biopsy   
Z543= Anus – anoscopy 
Z580= Intestine – endoscopy – using 60 cm. flexible endoscope 
CCI:  
2NQ70^= Inspection, rectum 
2NM70BABG= Inspection, large intestine, using endoscopic per  
                            orifice approach (or via stoma) and rigid  
                            sigmoidoscope 
2NM70BABH= Inspection, large intestine, using endoscopic per  
                            orifice approach (or via stoma) and flexible  
                            sigmoidoscope 

9 

gFOBT OHIP:  
G004= Occult blood 
L179= ColonCancerCheck FOBT 
L181= Occult blood 
CCI:  
4CU31^= Occult blood, stool 

10 

Surgical 
resection of 
colon  
 

OHIP:  
E718= Intestines, excision, bowel resection after previous resection 
S149= Ileostomy 
S157= Colostomy 
S165= Resection of intestines with anastomosis, small intestine, other 
S166= Resection of intestines with anastomosis, small and large  
            intestine terminal ileum, cecum and ascending colon (right  
            hemicolectomy) 
S167= Resection of intestines with anastomosis, large intestine, any  
            portion 
S168= Ileostomy, subtotal colectomy 
S169= Resection of intestines with anastomosis, total colectomy with  
            ileo-rectal anastomosis 
S171= Resection of intestines with anastomosis, left hemicolectomy  
            with anterior resection or proctosigmoidectomy 
S175= Intestinal obstruction (mechanical), one stage, without  
            resection 
S177= Intestinal obstruction (mechanical), one stage, with resection 
S180= Intestinal obstruction (mechanical), one stage, with  
            enterotomy 
S184= Suture of intestines 
S213= Rectum, proctectomy, anterior resection or  
            proctosigmoidectomy 
S214= Rectum, proctectomy, abdomino-perineal resection or pull- 
            through 
S217= Rectum, two surgeon team, Hartmann procedure 
S312= Abdomen, peritoneum and omentum, laparotomy, with or   
           without biopsy or for Hirschsprung’s disease 
S314= Abdomen, peritoneum and omentum, abdominal peritoneal  
            abscess 
CCI:  
1NM87DE= Excision partial, large intestine endoscopic  
                     [laparoscopic, laparoscopic-assisted, hand-assisted]  

Table 2 Procedure, Imaging and Consultation Categories and Corresponding Codes 
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                      approach colorectal anastomosis technique 
1NM87DF= Excision partial, large intestine endoscopic  
                     [laparoscopic, laparoscopic-assisted, hand-assisted]  
                     approach colocolostomy anastomosis technique 
1NM87DN= Excision partial, large intestine endoscopic  
                      [laparoscopic, laparoscopic-assisted, hand-assisted]  
                      approach enterocolostomy anastomosis technique 
1NM87DX=Excision partial, large intestine stoma formation and  
                     distal closure 
1NM87DY= Excision partial, large intestine endoscopic  
                     [laparoscopic, laparoscopic-assisted, hand-assisted]  
                     approach stoma formation with creation of mucous  
                     fistula 
1NM87LA= Excision partial, large intestine open approach Simple  
                     excisional technique 
1NM87PN= Excision partial, large intestine endoscopic  
                     [laparoscopic, laparoscopic-assisted, hand-assisted]  
                     approach robotic assisted telemanipulation of tools  
                     [telesurgery]   
1NM87RD= Excision partial, large intestine open approach  
                     Colorectal anastomosis technique   
1NM87RE= Excision partial, large intestine open approach  
                     Enterocolostomy anastomosis technique   
1NM87RN= Excision partial, large intestine open approach  
                     Colocolostomy anastomosis technique   
1NM87TF= Excision partial, large intestine open approach Stoma  
                    formation with distal closure   
1NM87TG= Excision partial, large intestine open approach Stoma  
                     formation with creation of mucous fistula   
1NM89^= Excision total, large intestine   
1NM91^= Excision radical, large intestine   
1NQ87DE= Excision partial, rectum endoscopic [laparoscopic,  
                    laparoscopic-assisted, hand-assisted] approach colorectal  
                     anastomosis technique 
1NQ87DF= Excision partial, rectum endoscopic [laparoscopic]  
                     approach colorectal anastomosis technique 
1NQ87DX= Excision partial, rectum endoscopic [laparoscopic,  
                     laparoscopic-assisted, hand-assisted] approach stoma  
                      formation with distal closure 
1NQ87LA= Excision partial, rectum open abdominal [e.g. anterior]  
                    approach closure by apposition technique [e.g. suturing,  
                    stapling] or no closure required (for tissue regeneration) 
1NQ87PB= Excision partial, rectum perineal (e.g. pull through,  
                    transanal, sacral or sphincteric) approach colorectal             
                     anastomosis technique 
1NQ87PF= Excision partial, rectum posterior [e.g. entering through  
                    incision between coccyx and anal verge with  
                    proctotomy] approach closure by apposition technique  
                    [e.g. suturing, stapling] or no closure required (for tissue  
                    regeneration) 
1NQ87PN= Excision partial, rectum endoscopic [laparoscopic,  
                    laparoscopic-assisted, hand-assisted] approach robotic  
                    assisted telemanipulation of tools [telesurgery] 



 

 
 

121 

1NQ87RD= Excision partial, rectum open abdominal [e.g. anterior]  
                     approach colorectal anastomosis technique 
1NQ87TF= Excision partial, rectum open abdominal approach [e.g.  
                    anterior] stoma formation with distal closure 
1NQ89^= Excision total, rectum 
1NM59^= Destruction, large intestine 
1NQ59^ = Destruction, rectum 

11 

Upper 
gastrointestinal 
endoscopy  

OHIP:  
Z399= Esophagoscopy-gastroscopy, with or without duodenoscopy,  
            elective 
Z400= Esophagoscopy-gastroscopy, with or without duodenoscopy,  
            for active bleeding 
Z527= Gastroscopy, may include biopsies, photography, and removal  
            of polyps less than or equal to 1 cm 
CCI:  
2NA70= Inspection, esophagus with stomach 
2NF70= Inspection, stomach 
2NK70= Inspection, small intestine 

12 

General surgery 
assessment or 
consult  

OHIP:  
A033= Specific assessment, General Surgery 
A034= Partial assessment, General Surgery 
A035= Consult, General Surgery 
A036= Re-consult, General Surgery 
C003= General assessment, FP/GP, in hospital 
C034= Specific re-assessment, General Surgery, in hospital 
C035= Consult, General Surgery, in hospital 
C935= Special surgical consultation in hospital setting 
CCI: No relevant codes 

13 

Gastroenterology 
assessment or 
consult  

OHIP:  
A413= Medical specific assessment, Gastroenterology 
A414= Medical specific re-assessment, Gastroenterology 
A415= Consult, Gastroenterology 
A418= Partial assessment, Gastroenterology 
C415= Consult, Gastroenterology, in hospital 
CCI: No relevant codes 

14 

Cross-sectional 
imaging 
(Abdominal or 
pelvic CT, 
Abdominal or 
pelvic MRI)  

OHIP:  
X231= Pelvic CT, without IV contrast 
X232= Pelvic CT, with IV contrast 
X233= Pelvic CT, with and without IV contrast 
X234= CT colonography 
X409= Abdominal CT, without IV contrast 
X410= Abdominal CT, with IV contrast 
X451= Abdominal MRI, multislice sequence 
X455= Abdominal MRI, repeat, maximum of 3 
X461= Pelvic MRI, multisplice sequence 
X465= Pelvic MRI, repeat, maximum of 3 
CCI:  
3NM20^= CT, large intestine 
3OT20^= CT, abdominal cavity 
3OT40^ = MRI, abdominal cavity 
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15 

Other imaging 
(Abdominal 
ultrasound, 
abdominal xray, 
other CT 
(including head, 
thorax, spine))  

OHIP: 
J128= Diagnostic ultrasound, abdomen and retroperitoneum, limited  
           study   
J135= Diagnostic ultrasound, abdomen and retroperitoneum,  
           complete study 
J428= Diagnostic ultrasound, abdomen and retroperitoneum, limited  
           study 
J435= Diagnostic ultrasound, abdomen and retroperitoneum,  
           complete study 
X100= Abdominal x-ray, single view 
X101= Abdominal x-ray, two or more views 
X103= Esophagus, stomach and duodenum, double contrast,  
            including survey film, if taken, and small bowel 
X104= Esophagus, stomach and duodenum, double contrast,  
            including survey film, if taken 
X112= Colon barium enema including survey film, if taken 
X113= Colon air contrast, primary or secondary, including survey  
            films, if taken 
X197= Abdominal flouroscopy 
X400= Head CT, without IV contrast 
X402= Complex head CT, without IV contrast 
X406= Thorax CT, without IV contrast 
X407= Thorax CT, with IV contrast 
X415= Spine CT, without IV contrast 
CCI:  
3OT30^= Ultrasound, abdominal cavity 
3NQ10^= Xray, rectum 
3NZ10= Xray, gastrointestinal tract NEC 
3NM10= Xray, large intestine 
3NK10^= Xray, small intestine 
3NA10^= Xray, esophagus 
3NL10^= Xray, upper GI tract 
3OT10^= Xray, abdominal cavity 
3OT12^= Flouroscopy, abdominal cavity 
3ER20^= Computerized tomography [CT], head NEC 
3GY30^= Computerized tomography [CT], thoracic cavity 
3SC30= CT, spinal vertebrae 
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Appendix D 
Hierarchy used to describe CRC-related encounters  

Category number  Category name  Hierarchy  

1 Colorectal cancer 4 
2 Other cancer 5 
3 Benign 

neoplasm/carcinoma 
in situ 

6 

4 Signs and symptoms, 
upper gastrointestinal 
tract 

9 

5 Signs and symptoms, 
lower gastrointestinal 
tract 

7 

6 Signs and symptoms, 
anemia 

8 

7 Colonoscopy  2 
8 Other lower 

gastrointestinal 
endoscopy  

3 

9 gFOBT 1 
10 Surgical resection of 

colon 
14 

11 Upper gastrointestinal 
endoscopy  

12 

12 General surgery 
assessment or consult  

13 

13 Gastroenterology 
assessment or consult 

14 

14 Cross-sectional 
imaging (Abdominal 
or pelvic CT, 
abdominal or pelvic 
MRI) 

11 

15 Other imaging 
(abdominal 
ultrasound, abdominal 
X ray) 

10 
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Appendix E 
Expanded Diagnosis Cluster for gastrointestinal/hepatic category 

Major Expanded Diagnosis 
Cluster Categorizations 

Expanded Diagnosis Cluster 

Gastrointestinal/Hepatic 

Gastrointestinal signs and symptoms 

Inflammatory bowel disease 

Constipation 

Acute hepatitis 

Chronic liver disease 

Peptic ulcer disease 

Gastroenteritis 

Gastroesophageal reflux 

Irritable bowel syndrome 

Diverticular disease of colon 

Acute pancreatitis 

Chronic pancreatitis 

Lactose Intolerance 

Gastrointestinal/Hepatic disorders, other 
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Appendix F 
Cluster Analysis SAS Output 

The table below provides the detailed output for cluster analysis. Based on the nature of the hierarchy clustering, the maximum 
number of clusters is 23,961 (size of the cohort) and the minimum number of clusters is 1. Here we provided cluster history starting 
from the generation of 49 clusters downward, which means all individuals have already been grouped into 50 observations (OB). 
Therefore, each observation actually contains a group of individuals. The output table below starts with these 50 observations. 
Observation 20 (OB 20) and observation 26 (OB 26) are combined to form a new cluster which is Cluster 49 (CL 49). Cluster 49 
contains 2000 individuals as can be seen in the frequency column. Then Cluster 49 is combined with Observation 34 to generate 
Cluster 48. This step is repeated until Cluster 44 is generated. Then another new branch starts from observation 40 (OB 40) and 
observation 7 (OB7).  We look for Pseudo F to increase to a maximum value as the number of clusters decrease by 1 unit with each 
step. That maximum value then indicates the optimal number of clusters. As can be seen in the table, Pseudo F reaches its maximum 
when the number of clusters is 6.  
 

Number 
of 
Clusters Clusters Joined Freq 

Pseudo F 
Statistic 

49 OB20 OB26 2000 1652 
48 CL49 OB34 2700 1622 
47 CL48 OB13 2952 1627 
46 CL47 OB44 3805 1600 
45 CL46 OB30 4157 1601 
44 CL45 OB18 4666 1582 
43 OB40 OB7 2415 1577 
42 CL43 OB33 2764 1585 
41 CL42 OB36 2966 1594 
40 CL41 OB43 3248 1605 
39 CL44 OB6 5291 1564 
38 CL39 OB28 6140 1528 
37 CL40 OB39 3375 1556 
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Number 
of 
Clusters Clusters Joined Freq 

Pseudo F 
Statistic 

36 OB1 OB10 882 1588 
35 CL38 OB15 6401 1589 
34 CL35 OB38 6707 1593 
33 CL34 OB45 7258 1572 
32 CL33 OB8 8047 1514 
31 CL32 OB25 8541 1506 
30 CL31 OB46 8848 1501 
29 OB47 OB22 1488 1525 
28 CL30 OB19 9595 1507 
27 OB2 CL29 3300 1472 
26 CL28 OB35 10058 1485 
25 CL26 OB27 10614 1467 
24 CL27 OB48 3528 1508 
23 CL37 OB29 3537 1546 
22 CL25 OB50 11037 1572 
21 CL23 OB5 3708 1624 
20 CL24 OB11 4170 1626 
19 CL22 OB12 11537 1626 
18 CL21 OB9 3942 1667 
17 OB32 OB37 543 1764 
16 CL18 OB4 4072 1856 
15 CL20 OB31 4311 1958 
14 CL19 OB24 11855 2032 
13 OB3 OB17 715 2180 
12 CL16 OB41 4211 2285 
11 CL13 OB42 951 2484 
10 CL11 OB23 1252 2727 
9 CL14 OB49 12147 2890 
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Number 
of 
Clusters Clusters Joined Freq 

Pseudo F 
Statistic 

8 CL15 OB21 4539 3156 
7 CL10 OB14 1479 3642 
6 CL9 OB16 12307 4212 
5 CL6 CL12 16518 3030 
4 CL5 CL8 21057 1910 
3 CL4 CL7 22536 1340 
2 CL3 CL36 23418 985 
1 CL2 CL17 23961 . 
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Appendix G 
Queen’s University Health Sciences Research Ethics Board Approval 
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