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Lay Abstract 

 

Conditions in the social environment in which people are born, live and work are powerful 

influencers of health and well-being. In fact, these circumstances have also been called Social 

Determinants of Health (SDH). Cancer outcomes are one of the domains impacted by SDH.  

In this study, we set out to investigate the association between SDH and uterine cancer outcomes 

in Ontario, Canada. We guessed that SDH may influence how soon patients with symptoms seek 

help from their doctors, how quickly their problem is investigated and how well they are able to 

undergo treatment.  

We used a tool called the Ontario Marginalization Index to break down Ontario’s uterine cancer 

patient population into groups according to degree of social, financial and ethnic marginalization. 

We found that more marginalized patients tended to present to care with more advanced cancers, 

that they took longer to have surgery for their cancer and that their survival was worse. These 

findings suggest there is more work to be done to promote health equity in cancer care.   
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Abstract 

Objective: Delay in diagnosis and treatment of endometrial cancer may be associated with 

disease progression and impact management and outcomes. Social and cultural barriers influence 

recognition of symptoms and self-advocacy in seeking and complying with care. Associations 

between social determinants of health (SDH) and disease presentation, treatment and outcomes 

has been shown in some healthcare systems. Our objective was to investigate these in Ontario’s 

universal access system. 

Methods: Endometrial cancer patients in Ontario diagnosed 2009-2017 were identified, and 

clinical, social and demographic information extracted from administrative databases. SDH were 

quantified using previously validated marginalization quintiles (material deprivation, residential 

instability and ethnic concentration). Associations between SDH, disease stage, treatment and 

outcome were explored using chi-square, log-rank and logistic regression. 

Results: 19530 patients were identified. 73% of cancers were confined to the uterus. Stage 

distribution differed across marginalization quintiles (p<0.001) with advanced disease found 

more frequently in highly marginalized patients (highest vs lowest quintile): OR=1.28 (95% CI 

1.14-1.45) for deprivation, OR=1.2 (95% CI 1.06-1.35) for residential instability and OR=1.3 

(95% CI 1.15-1.46) for ethnic concentration (<0.0001)). Highly marginalized patients also had 

less timely surgery (p<0.0001). Overall survival was shorter in patients in high deprivation and 

residential instability quintiles (log rank p-value<0.0001) but not in high ethnic concentration 

quintiles, with HR=1.4 for deprivation (p<0.0001) and HR=1.53 for instability (p<0.0001) for 

the highest marginalization quintile. Survival differences persisted in more uniform cohorts of 

early (stage I) disease and endometrioid tumors and on multivariable analysis. 

Conclusions: Marginalized populations diagnosed with uterine cancer present at more advanced 

stages, wait longer for surgery and have shorter overall survival. Associations of SDH with 

uterine cancer presentation and management in Ontario could shed light on the impact of these 

factors on disease trajectory, drive policies for patient advocacy and redistribution of resources 

and promote health equity in this population.  
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Introduction 

Uterine cancer is the most common gynecologic cancer in women in Canada (1), and ranks 

fourth among all cancers in women, as is the case in most industrialized countries. Uterine 

cancer incidence in Canada and the US is among the highest worldwide (2). In Ontario, over 

3500 new cases were diagnosed in 2018, at an age-standardized incidence rate of 44 per 100,000 

women (3).  

Uterine cancer is most frequently diagnosed in post-menopausal women. It commonly 

presents with post-menopausal vaginal bleeding, a symptom which alerts the patient to seek help 

and prompts the initiation of medical investigations (4). Clinical investigation most often 

includes a physical examination, a pelvic ultrasound and an endometrial biopsy, which is usually 

performed by a gynecologist (5). Once the diagnosis of cancer is established, the patient is 

referred for treatment. In Ontario, provincial guidelines require that all women other than well-

differentiated (Grade 1) endometrioid tumors be referred for management by a specialist at a 

regional cancer center (6). Treatment for uterine cancer most often begins with surgery and may 

be supplemented by adjuvant treatments, such as radiotherapy and/or chemotherapy (6,7). 

 

Social determinants of health have been defined by the World Health Organization as 

conditions in the social environment in which people are born, live, learn, work and play, that are 

shaped by the distribution of resources and affect a wide range of functional quality of life 

outcomes, and that are powerful influencers of health and well-being (8). These social 

determinants include financial, educational, ethnic and cultural circumstances, social conditions 

and geographic locales. A landmark study assimilating US vital statistics, census and national 

health and community survey data over eight decades (1935-2016) demonstrated ethnic, 
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geographic and socioeconomic health and healthcare disparities in multiple domains (9), 

including overall cancer mortality. Significantly, social determinants of health are increasingly 

being recognized as impactful forces across the cancer care trajectory (10–13).  

The cancer care pathway can be broken down to the pre-institutional phase: from 

prevention, through early detection, diagnosis, timely referral and access to care; and the 

institutional phase, including timely and appropriate surgical and oncological care, supportive 

care, outcomes and survivorship.  

 

 

Much of the literature on association between social determinants of health and cancer 

presentation focuses on diseases driven by behavioral risk factors, such as lung, head and neck 

and cervical cancers (14–17). The association of social marginalization with health behaviors has 

been well documented both in the American (13,18) and in the Canadian (19) contexts. In one 

single institution study from Alabama (15), advanced stage cervical cancer was found to be 

associated with African American race and insurance status. A large population study using 

SEER data 1975-2000 as well as census, vital statistics and National Health Interview Survey 

data (13) demonstrated that both incidence rates and mortality for lung and cervix cancers were 

risk 
factors screening diagnosis access to 

care
cancer 

care
supportive 

care outcomes

Pre-institutional Institutional 
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higher among African Americans. Higher rates of advanced disease were also found among 

African Americans and among patients in living in high poverty rate census tracts. 

A host of publications also links social determinants of health with poor compliance with 

cancer screening recommendations (13,20–25), which may delay early detection and explain 

the association found between socioeconomic and ethnic marginalization and advanced stage at 

diagnosis in screen-detectable diseases. A large epidemiological study from the US collected 

data on behavioral risk factors and the use of screening tests from the National health Interview 

Survey (13) and showed decreased screening utilization in non-Caucasians, in immigrants, in 

respondents with lower education and in the non-insured. The same study used census 

information and SEER data on cancer diagnoses and outcomes and demonstrated higher rates of 

advanced colorectal, prostate, breast and cervical cancers among patients living in census tracts 

with higher poverty rates. The National Cancer Registries Patterns of Care study (26) also found 

increased odds of advanced breast, colon and prostate cancers in socioeconomically marginalized 

patients. National SEER and American Community Survey data was used in another study to 

demonstrate strong associations between ethnic and financial marginalization, as measured by 

the geospatial Index of Concentration at the Extremes (ICE), and advanced disease stage in 

colorectal cancers (20). An American Cancer Society commissioned study using SEER and 

Cancer Registry data, CDC Behavioral Risk Factor Surveillance System data and vital statistics 

showed decreased use of mammography and increased odds of advanced breast cancer in racially 

marginalized populations (21).  

No screening program is in place for endometrial cancer, and risk factors are principally 

associated with unopposed estrogen exposure (27,28), and do not typically include 

socioeconomic status (SES), smoking or sexual behavior; in fact, smoking is a protective factor 
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(29). In spite of this, an association between social determinants of health and uterine cancer 

presentation has been shown in some studies. A Danish survey-based study (30) on 

gynecological malignancies, including uterine cancer, demonstrated an association between 

diagnostic delay and rural residency. American studies using SEER data as well as National 

Cancer Database information have shown higher rates of advanced stage disease at diagnosis 

among African American women (31,32) and in low-income patients (32). Uterine cancer stage 

at presentation has the potential to impact management, including the extent and timing of 

surgery, the need for neoadjuvant treatment and the administration of postoperative radiation or 

chemotherapy, as well as ultimate oncologic outcome (33–36). 

Many factors may cause a delay between the appearance of symptoms to diagnosis and to 

receipt of treatment, with progression of disease at the time of treatment. Some may be driven by 

patient features, such as timely recognition of abnormal symptoms and self-advocacy in 

seeking medical counsel or following up referrals (37). Social, economic, educational and 

cultural barriers may limit health literacy and influence the interpretation of early symptoms 

(30,38–42). Delay in seeking medical consultation may be driven by communication barriers 

(24,25,43–45) and by limited confidence in, and perceived access to, healthcare providers (46–

48). Competing priorities (38) or poor self-advocacy (49) may present challenges in following 

referrals and in compliance with management recommendations (37).  

Other factors that may play a role in treatment delay and progression of disease are 

system-driven, and may include accessibility of primary and secondary caregivers (50,51), 

availability of imaging facilities, and waiting times for consultations at tertiary care centers (52). 

In addition, surgical wait times can be a barrier to prompt surgical treatment, which is the 

cornerstone of management in most uterine cancer cases. One study using the American National 
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Cancer Database data from 1995-2005 included over 1.2 million cancer patients treated at 1443 

institutions and demonstrated increased surgical delay for African American patients as well as 

patients insured through Medicaid across different disease sites (53). Among uterine cancer 

patients, National Cancer Database studies have also shown decreased use of minimally invasive 

surgical techniques in patients belonging to ethnic minorities, and in lower income patients and 

those without private insurance (54) as well as decreased rates of timely surgery for uterine 

cancers among ethnically, socially and financially marginalized patients (36).  

Finally, multiple publications have demonstrated associations between SDH and cancer 

outcomes across many disease sites (13,14,16,17,21,26,55–66). Data on uterine cancer, 

specifically, also indicates a link between social marginalization and compromised outcomes: a 

Detroit-area population study demonstrated an association between higher household income and 

Caucasian ethnicity and decreased risk of death from uterine cancer (32). A SEER study 

focusing on race and ethnicity showed that uterine cancer survival for African American women 

was significantly worse, even when stratified by disease stage and grade (67). And a Danish 

study using national cancer registry data found that low educational level was associated with 

excess endometrial cancer mortality (57).  

The majority of publications describing the association of social determinants of health 

(SDH) with cancer outcomes originate in the United States, where health insurance is not 

universal and socioeconomic factors directly drive access to and quality of care. Ontario’s 

population is in many ways comparable to the US population, but its healthcare system is 

publicly funded and universally accessible. Nevertheless, disparities in cancer diagnosis and 

outcome for marginalized patients have been demonstrated for some cancer types in Ontario 

(59,63,68–70). These have not thus far included gynecological cancers.  
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Investigating the association of SDH with uterine cancer presentation and outcomes in 

Ontario’s universal access healthcare system could shed light on the indirect impact of these 

patient factors on disease trajectory, and present opportunities for improved patient education 

and advocacy, redistribution of resources and health equity promotion.  

 

Research Question 

Are social determinants of health associated with disease stage at presentation, access to 

care and oncological outcomes in women diagnosed with uterine cancer in Ontario between 

2009-2017?  

Specific objectives: Among women diagnosed with uterine cancer in Ontario in 2009-2017, 

1. To describe patient and disease characteristics, treatment and outcomes grouped by SDH as 

reflected in the Ontario marginalization scores. 

2. To evaluate associations between SDH and disease stage at presentation. 

3. To evaluate the association between SDH and treatment delay (time from biopsy to surgery). 

4. To evaluate associations between SDH and secondary outcomes including adjuvant treatment 

and survival. 

 

Hypothesis 

Ontarian women in marginalized communities diagnosed with endometrial cancer may 

present with more advanced disease and experience longer delays in therapy. This could impact 

their risk of requiring adjuvant treatment and overall oncologic outcome. The mediators of such 

a putative association are multifactorial, and could include poor health literacy, self-advocacy 

and objective and healthcare utilization, among other factors. 
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Study design, methods and procedures 

This study was designed as a population-based retrospective cohort study of uterine cancer 

patients in the province of Ontario. Women with uterine cancer diagnosed 2009-2017 were 

identified from the Ontario Cancer Registry, which has undergone rigorous quality control as 

part of a global cancer surveillance project (71), has met quality criteria for inclusion in 

publications from the International Association of Cancer Registries (IACR) and the 

International Agency for Research in Cancer (World Health Organization) and has been found to 

be comparable to the US SEER (Surveillance, Epidemiology and End Results) program and the 

National Program of Cancer Registries in terms of completeness of follow up information and 

accuracy of survival estimates (72). The timeframe chosen was selected to reflect a period in 

which stage information was systematically entered in the OCR, and was cut off to allow for 

latency in reporting. All endometrial cancer histologies were included, but uterine sarcomas were 

excluded because of their distinct clinical behavior. Populations excluded from ICES databases – 

namely, patients covered by federally funded healthcare, including institutionalized persons, 

members of the Canadian Armed Forces and indigenous people living on Reserves -were not 

included in the study population.  

ICES (Institute of Clinical and Evaluative Sciences) (73) algorithms were used to extract 

and link information from Ontario’s administrative databases. Demographic data, including date 

of birth and death was available from the Ontario Registered Person Database. Exposure 

variables, including marginalization scores, income quintiles and rurality scores, are 

neighborhood-based and assessed using conversion software from Statistics Canada to match 

individuals’ postal codes to small geographical units (Census Tracts and Dissemination Area). 
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Studies comparing health outcome associations using geographical unit sizes of these 

magnitudes (2500–8000 people vs. 125–440 households or dwellings) as area‐level indicators of 

socioeconomic status have shown that results are similar for both (74).  

The Ontario adaptation of the Canadian Marginalization Index has been previously 

validated for health research in Ontario and includes material deprivation, residential instability, 

dependency and ethnic concentration indices (19). This population health research tool has been 

validated for stability over time and in different geographical areas, and has also been shown to 

be consistently associated with health behaviors as captured in the Canadian Community Health 

Survey, as well as health outcomes across a spectrum of diseases. Where most health equity 

research assesses unidimensional exposure variables such as income, insurance status or race, 

this marginalization index is multifaceted and was created to reflect four domains of 

marginalization: The residential instability index reflects housing instability, size of family units 

(proportion of dependents) and number of residents per dwelling among others. The material 

deprivation index includes education, income, proportion of single-parent households, 

government support and unemployment. The ethnic concentration index reflects the proportion 

of recent immigrants (< 5 years) and those who self-identify as a minority. The dependency 

index reflects the proportion of seniors and active labor force participation and was designed to 

capture life-cycle marginalization. Since uterine cancer is most prevalent in women in their 60s 

and 70s and is uncommon in young women, age-dependent marginalization was not felt to be an 

appropriate stratifier in the uterine cancer population. The Marginalization Index can be used as 

a summary measure of the domains assessed, or each domain can be assessed separately.  
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Immigration Status was extracted from the Citizenship and Immigration Canada permanent 

resident databases (75), which contain records for every permanent legal immigrant who landed 

in Canada since 1985 onward and are available and linkable through ICES.  

The modified Charlson-Deyo comorbidity score was calculated based on diagnoses 

registered for patients during hospital admissions in the year preceding surgery (76,77). 

Cancer diagnoses and histologies as well as stage information is collected by Cancer Care 

Ontario (CCO) in the Ontario Cancer Registry. CCO collects stage data based on the staging 

criteria of the American Joint Committee on Cancer or the Collaborative Stage initiative. For 

cases with more than one valid stage value, a resolved “best stage” is derived based on a pre-

specified algorithm. Stage information has been entered in the OCR since 2009.  

Dates of procedures and treatments were extracted from the Ontario Health Insurance Plan 

databases, used for documenting and billing all healthcare interactions by providers, and from 

the Discharge Abstract Database maintained by the Canadian Institute of Health Information 

(CIHI). Receipt of adjuvant treatments was collected from the Activity Level Reporting database 

(ALR) and New Drug Funding Program database (NDFP). Death was extracted from the 

Canadian Vital Statistics Death Database and the Registered Persons Database (RPDB). 

Data Analysis:  

Descriptive statistics were used to summarize patient, tumor and treatment characteristics 

as well as outcomes. Linear transformations and categorization of non-normal data were applied 

as necessary for statistical purposes.  

The primary outcome was defined as disease stage at presentation and dichotomized into 

stage 1 versus 2-4 for the purpose of analyses. Logistic regression analysis was used to 

investigate factors associated with the outcome, in both univariate and multivariate analyses. 



f 
 

10 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

Forward stepwise selection was used to construct the multivariable regression model. In light of 

collinearity and overlap between some of the marginalization domains (such as material 

deprivation and residential instability) a summary marginalization score (modified to exclude 

dependency) was used for all multivariable analyses. An alternative strategy could have been 

performing multivariable analyses separately for each marginalization index, to include non-

SDH confounders and enable assessment of the separate marginalization domains in a 

multivariable model. 

Secondary time-to-event outcomes, including time from diagnosis to surgery and overall 

survival were estimated using the Kaplan-Meier method and compared using the log-rank test. 

Cox proportional hazards regression methods was used to explore factors associated with these 

secondary outcomes. Confidence intervals were constructed for statistics of interest. All tests and 

confidence intervals were two-sided and defined at the α=0.05 level of significance. 

Ethical Considerations 

ICES uses strict de-identification tools to protect the privacy of individuals. Information is 

extracted and linked through unique encoded identifiers. Data linkage occurs at a centralized site, 

and only de-identified data or results of statistical analysis are uploaded onto an electronic 

platform available to researchers. The study was evaluated and approved by the Hamilton Health 

Sciences integrated Research Ethics Board. 
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Results 

19,530 women diagnosed with endometrial cancers between 2009-2017 were identified. 

Demographic, clinical and surgical data is presented in Table 1.  

In 5874 women (30%), stage information was missing. Of patients with known cancer 

stage, 9988 (73%) were diagnosed with stage I disease. 73% of endometrial cancers were of 

endometrioid histology, and 9% were of serous histology. Grade information was poorly 

captured in the OCR with about 90% rate of missing information and was not used for the 

purpose of this analysis. 

20% of patients were morbidly obese with a BMI of 40 and above. Charlson comorbidity 

scores were only available in 36% of the patient population. 64% of patients had no admissions 

in the year preceding their surgery. 70% of patients lived in large urban centers. 88% were 

Canadian born, and only 1.3% were new immigrants who had lived in Canada less than five 

years. 
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Table 1A (n=19530) – descriptive statistics, entire cohort 

Characteristic 
 

Value 

Age Mean ± SD        63.63 ± 11.27 

  Median (IQR)           63 (56-71) 

Cancer stage Missing          5,874 (30.1%) 

  1          9,988 (51.1%) 

  2          1,265 (6.5%) 

  3          1,575 (8.1%) 

  4            828 (4.2%) 

Neighbourhood Income Quintile Missing             42 (0.2%) 

  1          3,684 (18.9%) 

  2          4,064 (20.8%) 

  3          3,893 (19.9%) 

  4          3,850 (19.7%) 

  5          3,997 (20.5%) 

RIO score* categories Missing            153 (0.8%) 

  0-9 (Large Urban)         13,588 (69.6%) 

  10-40 (Small Urban)          4,318 (22.1%) 

  >40 (Rural)          1,471 (7.5%) 

Charlson-Deyo Index  Missing         12,516 (64.1%) 

  0          5,352 (27.4%) 

  1          1,030 (5.3%) 

  2            347 (1.8%) 

  3+            285 (1.5%) 

BMI > 40 No          15,616 (80.0%) 

  Yes          3,914 (20.0%) 

Dependency Quintile Missing             85 (0.4%) 

  1          3,452 (17.7%) 

  2          3,465 (17.7%) 

  3          3,664 (18.8%) 

  4          3,812 (19.5%) 

  5          5,052 (25.9%) 

Deprivation Quintile Missing             85 (0.4%) 

  1          3,779 (19.3%) 

  2          3,872 (19.8%) 

  3          3,939 (20.2%) 

  4          3,973 (20.3%) 

  5          3,882 (19.9%) 
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Characteristic 
 

Value 

Ethnic Concentration Quintile Missing             85 (0.4%) 

  1          3,793 (19.4%) 

  2          3,756 (19.2%) 

  3          3,715 (19.0%) 

  4          3,787 (19.4%) 

  5          4,394 (22.5%) 

Instability Quintile Missing             85 (0.4%) 

  1          3,513 (18.0%) 

  2          3,634 (18.6%) 

  3          3,743 (19.2%) 

  4          3,849 (19.7%) 

  5          4,706 (24.1%) 

Immigration status Born in Canada          17,260 (88.4%) 

   >10 y resident          1,738 (8.9%) 

  5-10 y resident            271 (1.4%) 

  <5 y resident            261 (1.3%) 

Histology Endometrioid adenoca         14,188 (72.6%) 

  Serous adenoca          1,730 (8.9%) 

  Clear cell            285 (1.5%) 

  Mixed type 1/2          1,348 (6.9%) 

  Carcinosarcoma            774 (4.0%) 

  Undifferentiated            307 (1.6%) 

  Other            880 (4.5%) 

 Missing             18 (0.1%) 
* RIO = Rurality Index of Ontario 

 

Surgery occurred in 18051 (92%) endometrial cancer patients (Table 1B). 53% of patients 

having surgery underwent the procedure at an academic center. Patients underwent surgery with 

a general gynecologist in 11961 cases (66%) and with a gyn oncologist in 4086 cases (23%). 

Median time from biopsy to surgery was 49 days (IQR, 26-73). 
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Table 1B (n=18,048) –descriptive statistics, patients who had a hysterectomy 

Characteristic 
 

Value 

Time from biopsy to surgery (days) Mean ± SD 59.48 ± 96.54 

  100% Max 2826 

  99% 333 

  95% 134 

  90% 103 

  75% Q3 73 

  50% Median 49 

  25% Q1 26 

  10% 0 

  5% 0 

  1% 0 

Surgery location Academic centre 9438 (52.29%) 

  Community/small hospital 8469 (46.92%) 

  Missing 141 (0.78%) 

Surgeon OB/GYN 11,959 (66.26%) 

  Gynecologic Oncology 4086 (22.64%) 

  General Surgery 95 (0.53%) 

  Other 1145 (6.34%) 

  Missing 763 (4.23%) 

Adjuvant Treatment Yes 7302 (40.46%) 

Recurrence Yes 2657 (14.72%) 

  Min, Max time to 273, 3401 

  Mean ± SD time to 772.3 (606.27) 

  Median IQR time to 530 (322-1009) 
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Characteristics of the study population stratified by marginalization quintile are presented in the 

appendix (Appendix 1).  

 

Associations between SDH and disease stage 

Figure 1 depicts stage distribution of endometrial cancer patients stratified by 

marginalization quintile. Patients in the highest marginalization quintiles of all domains were 

diagnosed with advanced disease (stages II-IV) more frequently than patients in the lowest 

quintiles: 30% vs. 25% for material deprivation, OR=1.28 (CI, 1.14-1.45); 30% vs. 25% for 

ethnic concentration, OR=1.3 (CI, 1.15-1.46); 30% vs. 27% for residential instability, OR=1.2 

(CI, 1.06-1.35); p<0.001 for all. In an exploratory analysis dichotomizing stage at presentation as 

early (stage I-II) vs. advanced (stage III-IV), differences between marginalization quintiles were 

equally significant (p<0.001 for all). Details of stage distribution dichotomized by both models 

are shown in the Appendix (Appendix 2). 
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Figure 1. Stage distribution by marginalization quintile.  

 

 

 
*OR of advanced stage disease in highly marginalized patients (quintile 5) compared to non-marginalized 
patients (quintile 1). 

P<0.0001 
OR=1.28 

P<0.0001 
OR=1.3 

P<0.0001 
OR=1.2 
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Because of the high rates of missing stage information, a sensitivity analysis was 

performed on a subset of patients diagnosed in 2009-2013, when stage information was more 

complete (88% complete stage information overall). This confirmed a persistent association 

between cancer stage and marginalization indices in the material deprivation, residential 

instability and ethnic concentration domains during this timeframe: 

 

Proportion of patients missing stage information 

Index year Count % 

2009 479 27.4 

2010 386 18.9 

2011 147 6.8 

2012 147 6.4 

2013 165 7.5 

2014 1099 47.8 

2015 1081 44.2 

2016 1144 43.8 

2017 1226 71.1 

 

 

Sensitivity analysis: Chi-sq test of association 

between cancer stage and marginalization index 

Index Chi-sq val. p-value 

Dependency 8.1735 0.771 

Deprivation 24.274 0.019 

Ethnic concentration 23.6633 0.023 

Instability 21.0911 0.049 

 

On univariable regression analysis, patient factors associated with increased odds of 

advanced stage at presentation included age, low neighborhood income, urban residency, 

increased Charlson-Deyo comorbidity index, and increased marginalization (material 

deprivation, residential instability and ethnic concentration domains) (Table 2). Obesity was 

protective. Disease histology was strongly associated with disease stage at presentation with 

odds ratios of 2.4-12.2 for different histological subtypes.  
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Table 2: Univariate analysis: associations with advanced (II-IV) stage at presentation 

n=13,656 
 

OR (95% CI) p value 

Age Age  1.02 (1.02, 1.02) <.0001 

Neighbourhood Income Quintile (ref=5) 1 1.24 (1.1, 1.4) 0.0005 

  2 1.25 (1.11, 1.4) 0.0002 

  3 0.97 (0.86, 1.1) 0.662 

  4 1.1 (0.97, 1.24) 0.1224 

RIO score (ref=large urban) Small Urban 0.92 (0.84, 1.01) 0.0776 

  Rural 0.8 (0.68, 0.93) 0.003 

Charlson comorbidity Index (ref=0) 1 1.06 (0.88, 1.27) 0.5598 

  2 1.19 (0.88, 1.6) 0.2588 

  3+ 1.44 (1.06, 1.96) 0.0199 

  Missing 1.14 (1.04, 1.24) 0.0043 

BMI > 40 Yes 0.54 (0.48, 0.6) <.0001 

Deprivation Quintile (ref=1  i.e. least marginalized) 2 1.02 (0.9, 1.16) 0.738 

  3 1.12 (0.99, 1.27) 0.0694 

  4 1.18 (1.05, 1.34) 0.0062 

  5 1.28 (1.14, 1.45) <.0001 

Ethnic Concentration Quintile (ref=1  i.e. least marginalized) 2 1.1 (0.97, 1.24) 0.13 

  3 1.1 (0.97, 1.24) 0.1442 

  4 1.17 (1.04, 1.32) 0.0117 

  5 1.3 (1.15, 1.46) <.0001 

Instability Quintile (ref=1  i.e. least marginalized) 2 0.99 (0.87, 1.12) 0.8209 

  3 0.96 (0.84, 1.09) 0.4987 

  4 0.91 (0.8, 1.04) 0.1568 

  5 1.2 (1.06, 1.35) 0.0029 

Immigrant status (ref=CA-born)  >10 y resident 1.13 (0.98, 1.3) 0.0815 

  5-10 y resident 1.18 (0.85, 1.65) 0.318 

  <5 y resident 1.15 (0.83, 1.59) 0.4045 

Histology (ref=endometrioid adenoca) Serous adenoca 5.5 (4.86, 6.22) <.0001 

  Clear cell 5.3 (4.01, 7) <.0001 

  Mixed type 1/2 2.37 (2.06, 2.72) <.0001 

  Carcinosarcoma 6.79 (5.69, 8.11) <.0001 

  Undifferentiated 12.22 (8.49, 17.61) <.0001 
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Stepwise multivariable regression analyses were performed to investigate the association 

of patient and disease factors found on univariable analysis with advanced stage at presentation. 

Exploratory analyses are presented in Appendix 3. In light of collinearity and overlap between 

some of the exposure variables assessed (such as neighborhood income, urban residency, 

material deprivation and residential instability) an analysis incorporating age, obesity, the 

modified Charlson-Deyo comorbidity index and a summary marginalization score (modified to 

exclude dependency) was selected. These factors, as well as disease histology, remained 

significantly associated with advanced disease at presentation (Table 3). The odds of presenting 

with advanced disease was found to be 1.1/quintile for patients in increasingly marginalized 

communities. 

Table 3: Multivariable regression analysis: associations with advanced (II-IV) stage at 

presentation 

n=13,656 
 

OR (95% CI) p value 

Age Age  1.01 (1, 1.01) 0.0004 

Charlson Index  (ref=0) 1 1.07 (0.87, 1.3) 0.5245 

  2 1.09 (0.79, 1.5) 0.6004 

  3+ 1.3 (0.93, 1.81) 0.1236 

  Missing 1.14 (1.03, 1.25) 0.0075 

BMI > 40 Yes 0.67 (0.6, 0.75) <.0001 

Modified Marginalization Summary Score  /quintile 1.1 (1.05, 1.14) <.0001 

Histology  (ref=endometrioid) Serous adenoca 5.01 (4.42, 5.68) <.0001 

  Clear cell 4.65 (3.51, 6.15) <.0001 

  Mixed type 1/2 2.29 (1.99, 2.63) <.0001 

  Carcinosarcoma 6.17 (5.16, 7.37) <.0001 

  Undifferentiated 11.33 (7.85, 16.36) <.0001 
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Associations between SDH and treatment  

Delay to surgery was quantified as time from endometrial biopsy for diagnosis of cancer, 

to hysterectomy. Median times from biopsy to surgery by marginalization quintiles are depicted 

in Figure 2. Patients in the highest marginalization quintiles (most marginalized communities) 

had longer delays to surgery than patients in the lowest quintiles: median, 54 vs. 51 days for 

material deprivation, 55 vs. 51 days for ethnic concentration and 56 vs. 52 days for residential 

instability (p<0.0001 for all comparisons).  

 

Figure 2: time to surgery, stratified by marginalization quintile 
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The majority of patients had surgery within 12 weeks of diagnostic biopsy (Figure 3).  

Figure 3: time from biopsy to surgery, among patients who had a hysterectomy 

 

CCO guidelines require that surgery for most malignant neoplasms be completed within 4 

weeks of diagnosis to be considered timely (78). Unfortunately, under 30% of the study cohort 

received surgery within this timeframe. Under 60% of the study cohort received surgery within 

an eight week window of diagnosis, and a lower proportion of patients in highly marginalized 

communities had surgery within the 8-week window (56% vs. 59% for material deprivation 

deprivation, p=0.04; 55% vs. 59% for ethnic concentration, p=0.007; 54% vs. 58% for residential 

instability, p=0.005).  

A previous publication on surgery for uterine cancer in Ontario demonstrated decreased 

survival for women receiving surgery later than 12 weeks of diagnosis (35). This time window 

was therefore considered most clinically significant. When dichotomized for surgery within 12 

weeks of diagnosis, a lower proportion of patients in highly marginalized communities were 

observed to receive timely surgery (79% vs. 83% for material deprivation, p<0.001, 78% vs. 

82% for ethnic concentration, p=0.002, 78% vs. 81% for residential instability, p=0.01) (Figure 

4). 
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Figure 4: surgery within 12 weeks, stratified by marginalization quintile (shown in %) 
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Of patients undergoing surgery for stage I disease, a higher proportion of patients in the 

most highly marginalized communities for residential instability required adjuvant treatment – 

773 (34%) in the highest quintile vs. 480 (29%) in the lowest quintile (p=0.038). A difference in 

the receipt of adjuvant treatment was not found for patients in high material deprivation and 

ethnic concentration quintiles. 

 

Associations between SDH and overall survival. 

Median follow-up time was 43 months (IQR, 21-73). 5-year overall survival was 81% for 

the entire cohort.  

Overall survival was modeled using the Kaplan-Meier method (Figure 5). When 

comparing patients across marginalization quintiles in the different domains using the log-rank 

test, significant survival differences were demonstrated between quintiles for the material 

deprivation and the residential instability domains (p<0.0001), though not for the ethnic 

concentration domain. Since an association was found between marginalization and advanced 

disease at presentation, and since disease stage is considered one of the important drivers of 

oncological outcome, a sub-analysis of patients presenting with stage I disease (N=9988) was 

performed. A significant survival difference between marginalization quintiles in the material 

deprivation and the residential instability domains held within this subpopulation of early 

disease, as well (p<0.0001). 
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Figure 5: Overall survival – Kaplan Meier curves by marginalization quintile (total cohort) 
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Figure 6: Overall survival – Kaplan Meier curves by marginalization quintile (stage I disease) 
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Cox proportional modeling was used to quantify associations between patient and disease 

factors and the risk of death. Results are presented in Table 4. Predictably, advanced disease 

stage and high risk histological subtypes were found to be associated with increased hazard ratio 

of death. Advanced patient age and increased Charlson comorbidity score were also associated 

with increased risk. Morbid obesity (BMI>40) and being an immigrant were both found to be 

associated with decreased risk of death in this uterine cancer population.  

Exposure variables in the SDH realm demonstrated the anticipated associations: decreasing 

neighborhood income quintile and increasing neighborhood marginalization were shown to be 

associated with increased hazard ratio of death, trending up with increased marginalization. 

Hazard ratio for death was 1.4 for patients in the highest material deprivation quintile (p<0.0001) 

and 1.53 for patients in the highest residential instability quintile (p<0.0001).  

Table 4. Cox univariate regression analysis: associations between covariates and time to 

death. 

  
Hazard Ratio p value 

Age   1.066 <.0001 

Stage (ref= Stage 1) 2 2.384 <.0001 

  3 5.67 <.0001 

  4 22.777 <.0001 

Neighbourhood Income Quintile (ref=5) 1 1.396 <.0001 

  2 1.357 <.0001 

  3 1.174 0.003 

  4 1.134 0.021 

RIO score (ref=large urban) Small Urban 0.979 0.6026 

  Rural 0.895 0.0906 

Charlson Index  (ref=0) 1 1.577 <.0001 

  2 2.395 <.0001 

  3+ 3.563 <.0001 

  Missing 0.914 0.0191 
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Stepwise multivariable regression analyses were performed to investigate the association 

of patient and disease factors found on univariable analysis with increased risk of death. 

Exploratory analyses are presented in Appendix 4. In light of collinearity and overlap between 

some of the exposure variables assessed (such as neighborhood income, urban residency, 

material deprivation and residential instability), as described for stage distribution analyses, an 

analysis incorporating age, obesity, the modified Charlson-Deyo comorbidity index and a 

summary marginalization score (modified to exclude dependency) was selected. These factors, 

  
Hazard Ratio p value 

BMI > 40 Yes 0.456 <.0001 

Deprivation Quintile (ref=1  i.e. least marginalized) 2 1.076 0.1893 

  3 1.24 <.0001 

  4 1.233 0.0001 

  5 1.401 <.0001 

Ethnic Concentration Quintile (ref=1  i.e. least marginalized) 2 1.075 0.1718 

  3 0.969 0.5635 

  4 1.036 0.5109 

  5 1.081 0.1262 

Instability Quintile (ref=1  i.e. least marginalized) 2 1.08 0.1871 

  3 1.055 0.3572 

  4 1.248 <.0001 

  5 1.534 <.0001 

Immigrant status (ref=CA-born)  >10 y resident 0.808 0.0009 

  5-10 y resident 0.601 0.0031 

  <5 y resident 0.576 0.0022 

Histology (ref=endometrioid adenoca) Serous adenoca 5.255 <.0001 

  Clear cell 4.3 <.0001 

  Mixed type 1/2 2.219 <.0001 

  Carcinosarcoma 7.521 <.0001 

  Undifferentiated 13.535 <.0001 

 Other 4.345 <.0001 
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as well as disease stage and histology, remained significantly associated with an increased hazard 

ratio of death (Table 5). The hazard ratio of death was found to increase x1.05/quintile (or 

HR=1.22 for the highest marginalization quintile compared to the lowest) (p<0.001).  

Table 5. Cox multivariable regression analysis: associations between covariates and time to 

death. 
  Hazard Ratio (CI) p value 

Year of Diagnosis / year 0.96 (0.94, 0.97) <0.001 

Age Groups / age group 1.34 (1.31, 1.36) <0.001 

Charlson Score 0 

1-2 

3-4 

5+ 

No Admissionⱡ 

0.87 (0.80, 0.95) 

0.96 (0.88, 1.04) 

1.34 (1.17, 1.53) 

2.16 (1.81, 2.58) 

Reference 

<0.001 

Prior Cancer Yes vs No 1.30 (1.15, 1.47) <0.001 

BMI  >40 vs ≤40 0.93 (0.84, 1.03) 0.17 

Histology 

(ref=endometrioid) 

Serous Adeno 

Clear Cell 

Mixed Type ½ 

Carcinosarcoma 

Undifferentiated 

Other/Missing 

2.41 (2.20, 2.65) 

2.06 (1.69, 2.51) 

1.77 (1.58, 1.99) 

3.59 (3.22, 4.01) 

7.11 (6.11, 8.26) 

3.07 (2.72, 3.46) 

<0.001 

Stage (ref=stage 1) 2 

3 

4 

Unknown 

1.88 (1.65, 2.14) 

3.54 (3.21, 3.92) 

10.23 (9.19, 11.39) 

2.28 (2.09, 2.49) 

<0.001 

Modified 

Marginalization Score  

/ quintile 1.05 (1.03, 1.08) <0.001 

 

Endometrioid endometrial cancers 

Since disease histology is an important driver of presentation and outcome, exploratory 

analyses were also undertaken of a sub-cohort of endometrial cancer patients with endometrioid 
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histology. 14,188 women diagnosed with endometrioid endometrial cancers between 2009-2017 

were identified.  

In this subgroup again, patients in the highest marginalization quintiles had increased odds 

of being diagnosed with advanced disease at presentation (stages II-IV) than patients in the 

lowest quintiles: OR=1.26 for deprivation (CI, 1.07-1.48, p=0.0045); OR=1.19 for ethnic 

concentration (CI, 1.01-1.39, p=0.035); OR=1.31 for instability (CI, 1.12-1.54, p=0.0007). In a 

multivariable regression analysis of endometrioid cancer cases including age, obesity, and the 

Charlson comorbidity index, a summary marginalization score remained significantly associated 

with advanced disease at presentation (Table E1).  

Table E1: Multivariable logistic regression analysis of associations between covariates and 

advanced stage at presentation (stages II-IV vs. I), endometrioid cohort (n=9997) 

  
OR (95% CI) p value 

Age Age at index date 1 (1, 1.01) 0.0903 

Charlson Index  (ref=0) 1 1.18 (0.92, 1.52) 0.1819 

  2 1.32 (0.89, 1.97) 0.1696 

  3+ 1.39 (0.91, 2.14) 0.1273 

  Missing 1.21 (1.08, 1.37) 0.0016 

BMI > 40 Yes 0.68 (0.59, 0.77) <.0001 

Modified Marginalization Summary Score  /quintile 1.12 (1.06, 1.18) <.0001 

 

Cox modeling of overall survival among this subgroup demonstrated an increased hazard 

ratio of death in patients across marginalization quintiles in the material deprivation and 

residential instability domains (but not in the ethnic concentration domain), with the risk of death 

increasing with marginalization (Table E2). Hazard ratio for death was 1.62 for the highest 

deprivation quintile (p<0.0001) and 1.88 for the highest instability quintile (p<0.0001).  
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Table E2. Associations between covariates and time to death, endometrioid cohort (n=14188). 

  
Hazard Ratio p value 

Age   1.075 <.0001 

Cancer stage (ref= Stage 1) 2 1.827 <.0001 

  3 4.48 <.0001 

  4 21.609 <.0001 

Neighbourhood Income Quintile (ref=5) 1 1.574 <.0001 

  2 1.448 <.0001 

  3 1.299 0.002 

  4 1.187 0.0466 

RIO score (ref=large urban) Small Urban 1.032 0.6082 

  Rural 0.956 0.6489 

Charlson Index  (ref=0) 1 1.692 <.0001 

  2 3.342 <.0001 

  3+ 4.804 <.0001 

  Missing 0.87 0.0194 

BMI > 40 Yes 0.613 <.0001 

Deprivation Quintile (ref=1  i.e. least marginalized) 2 1.22 0.0233 

  3 1.307 0.0021 

  4 1.315 0.0015 

  5 1.624 <.0001 

Ethnic Concentration Quintile (ref=1  i.e. least marginalized) 2 0.934 0.3824 

  3 0.883 0.1205 

  4 0.926 0.3334 

  5 0.826 0.0159 

Instability Quintile (ref=1  i.e. least marginalized) 2 1.233 0.0264 

  3 1.187 0.0669 

  4 1.519 <.0001 

  5 1.881 <.0001 

Immigrant status (ref=CA-born)  >10 y resident 0.636 <.0001 

  5-10 y resident 0.427 0.0073 

  <5 y resident 0.432 0.0082 
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Discussion 

The association of social determinants of health (SDH) such as education, income, 

employment, housing, and ethnicity with a spectrum of health outcomes is well documented 

(9,19). Cancer presentation and outcomes, in particular, have been shown to be associated with 

social determinants of health in a variety of settings and across multiple disease sites (14–

17,20,21,30,38,56,58,59,62–70,79–82). 

A large proportion of the data on health inequities originates in the United States, where a 

financially complex healthcare system presents unique challenges. Nevertheless, despite its 

universal healthcare system, Canada is not immune to health disparities (83). Although some 

comparative research suggests that Canadian cancer patients living in under-privileged 

communities are less disadvantaged than comparable patients in the American system (84), 

Canadian population-based research demonstrates inequities in cancer outcomes across several 

disease sites (59,63,68,69). 

Disparities in cancer incidence rates (13,57,79,85) in marginalized populations have been 

linked to adverse health behaviors (18), such as smoking, diet, substance misuse and unprotected 

intercourse. Gaps in cancer screening (13,22,23,86–88) in these populations have been used to 

explain higher rates of advanced stage diagnoses (13,15,20,21,26,30,32,66). However, the 

impact of social marginalization on cancer outcomes is likely more complex and pervasive. 

Since uterine cancer is not associated with typical behavioral risk factors, and since no screening 

program is in place for early detection, assessing uterine cancer outcomes in Ontario’s universal 

healthcare system through the SDH lens presents an opportunity to neutralize some common 

confounders.  
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Social determinants of health constitute a complex interplay of social, cultural and 

financial factors that combine to influence the entire trajectory of health and healthcare (89). In 

the cancer care pathway, these factors impact risk and prevention, screening and early detection, 

diagnosis, treatment, outcomes and survivorship (13). Delay in presentation to care and in 

diagnosis may be driven by availability of services in the community and access issues (38,51), 

but also by patient-centric factors in healthcare utilization, including as gaps in health literacy 

and early symptom recognition (30,38–42), communication barriers (24,25,43–45), lack of 

confidence and trust in healthcare providers and institutions (46–48), competing priorities (38) in 

patients struggling with basic income and housing issues, or poor self-advocacy (49). These 

delays are difficult to assess at the population level, but they may translate into advanced disease 

stage at presentation for treatment. Indeed, our data demonstrates a disparity in stage distribution 

among uterine cancer patients in Ontario, with higher rates of advanced disease diagnosed in 

more marginalized patients (Figure 1, Tables 2 and 3). Moreover, even within stage I patients 

who constituted the majority of the patient population, we found that marginalized patients with 

a higher instability score more frequently required adjuvant treatment (773 (34%) vs. 480 (29%), 

highest vs. lowest quintile (p=0.038)), which may also be a surrogate marker of delayed 

presentation for treatment. Although disease histology was certainly the strongest driver of 

disease stage, marginalization score was independently associated with the odds of presenting 

with advanced disease on multivariate analysis, as well as on a sub-analysis of a more 

homogeneous group of endometrioid uterine cancers (Table E1). Interestingly, obesity was a 

protective factor associated with decreased odds of advanced disease. This in itself is not 

surprising, since obesity is a risk factor for estrogen-dependent tumors (27,28,90,91) which are 

primarily well differentiated and carry a better prognosis. However, as obesity has consistently 
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been linked to social marginalization (92), their association could actually mitigate the impact of 

SDH on stage distribution in this disease.  

Once a diagnosis of endometrial cancer is made, the patient’s trajectory through the 

healthcare system is easier to quantify. Delay in surgical treatment was represented in this study 

by the time from endometrial biopsy to surgery, and was found to be significantly longer for 

marginalized patients on all three scores (Figures 2,4). This finding is consistent with a previous 

publication reporting consistent associations between socioeconomic marginalization and 

surgical delay across a spectrum of malignancies (53). Categorization of surgical delay within an 

8-week and within a 12-week window also showed significantly lower rates of timely surgery for 

marginalized patients across categories. A previous Ontario population-based study 

demonstrated that a delay in treatment of uterine cancer beyond 12 weeks adversely impacts 

overall survival (35), and a US National Cancer Database study found adverse survival in 

women receiving surgery more than 6 weeks from diagnosis (36), highlighting the significance 

of this finding.  

Treatment delays and/or suboptimal management of marginalized cancer patients have 

been documented in other settings and disease sites; this includes both surgical treatment 

(14,17,31,36,38,53,54,64,84,93,94) and non-surgical anti-neoplastic treatment (95–99). Adjuvant 

treatment delays and variations were not analyzed in this study, and would be difficult to assess 

with administrative data given the variability in treatment plans and schedules depending on 

disease features and provider preferences. Certainly, marginalized patients may find adherence to 

treatment and surveillance challenging as these entail multiple cancer center visits, transportation 

costs and missed work days. An analysis of health-related quality of life (HRQOL) in ovarian 

cancer patients in a large randomized clinical trial demonstrated that insurance status, as a 
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surrogate of deprivation, correlated with HRQOL on multiple indices (100). The “financial 

toxicity” of cancer diagnosis and treatment has been linked with several important outcomes, 

including symptom burden and HRQOL as well as compliance with treatment (100–104). One 

US national random-sample survey found that 62% of bankruptcies filed in 2007 were medical 

(105); and financial insolvency has even been shown to be linked to early cancer mortality (60). 

Finally, the association of social determinants of health with survival outcomes was 

assessed. Unlike American epidemiological data (13,61,64,80,89,106,107), we did not find an 

association between ethnic marginalization and overall survival despite a skewed disease stage 

distribution at diagnosis. The ethnic concentration index reflects the concentration of ethnic 

minorities and immigrants in the community. We postulate that the healthy immigrant effect may 

partially counterbalance the effects of social, cultural and financial marginalization often 

associated with ethnic concentration (108). In support of this, recent immigration to Canada 

(within 5 or 10 years) was, in fact, found to be associated with improved overall survival (Table 

4). 

Overall survival was found to be negatively associated with increased marginalization, as 

reflected in the material deprivation and residential instability scores. This is consistent with 

previous findings on associations between uterine cancer outcomes and marginalization 

(32,57,67). It is likely that this association is compounded by other factors associated with SDH, 

including adverse health behaviors, stress, and chronic diseases and their sequelae. In fact, 

previous studies have shown that the presence of comorbid conditions adversely affects survival 

in endometrial cancer patients (109); a large SEER study that included over 33,00 patients with 

endometrial cancer demonstrated that the leading causes of death in this population were actually 

cardiovascular disease and other non-malignant etiologies (110). Since competing causes of 
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death may confound the interpretation of overall survival data in this disease site, analysis of 

recurrence rates and disease-specific survival could have ideally facilitated a cleaner assessment 

of the impact of SDH on disease outcomes. However, recurrences are not collected on the 

Ontario Cancer Registry and secondary causes of death are not dependendably documented in 

death certificates, making cancer-specific mortality capture from administrative databases 

inherently inaccurate. Despite this limitation, a multivariable regression analysis that included 

the Charlson-Deyo index does support the independent contribution of marginalization to 

adverse overall survival outcomes.  

Strengths and Limitations 

This is a robust population-based study, that includes a large sample of patients and with 

access to a broad spectrum of information on socio-demographic, clinical and pathological 

information through administrative databases that have been previously validated. The focus on 

uterine cancer in Ontario’s universally accessible healthcare system facilitates an unbiased 

assessment of the association between social determinants of health and disease trajectory. 

Finally, the quality of the Ontario Cancer Registry (71,72), the ability to link detailed patient data 

through the Institute of Clinical and Evaluative Sciences (ICES) (73) and the development of 

validated Canadian measures of marginalization (19) provide a unique opportunity to evaluate 

associations between complex social, educational, financial and cultural barriers and cancer 

presentation and outcomes.  

However, there are limitations to this study design which should be acknowledged. Many 

exposure variables, including marginalization indices, are based on neighborhood or community 

characteristics, which may create misclassification bias when assessing an individual patient; 

however in this situation the bias would tend to the null hypothesis, strengthening the validity of 
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our findings. Certain information was missing in a large proportion of patients, creating a 

potential information bias. Charlson-Deyo scores, for example, are calculated based on a history 

of admissions. Although the assumption is generally that a missing Charlson score indicates a 

low morbidity profile, patients may avoid admissions for a variety of reasons. 12,516 patients 

(64% of our patient population) had no admissions in the year preceding surgery; it is reassuring 

however that missing Charlson scores were evenly distributed among marginalization quintiles 

(see Appendix 1). In 5874 women (30%), stage information was missing. This was particularly 

high in 2014-2018, when budget cuts forced Cancer Care Ontario (CCO) to narrow its stage 

collection focus to breast, colon, lung and cervical cancers. Missing stage information was 

evenly distributed between marginalization quintiles (see Appendix 1); moreover, in a sensitivity 

analysis including years when stage information was more complete, the association between 

increased marginalization and advanced disease stage at presentation persisted. These findings 

mitigate the risk that cases missing stage information may have biased our findings. Finally, 

multiple confounders were considered and controlled for in multivariable analyses. These 

include age, which is associated with both marginalization and disease prognosis and may also 

influence referral decisions and the extent and duration of medical investigations prior to 

surgery; medical comorbidities, which are associated with social determinants of health and may 

impact overall survival; obesity, which is associated with SDH and found to be protective in our 

analysis, possibly diluting the associations between marginalization and disease outcomes; and 

disease histology, which may be associated with age and ethnicity and is a strong driver of 

presentation and outcome.  
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Impact and significance 

National and international organizations, including the WHO (111) and the American 

Cancer Society (10) place increasing emphasis on the inclusion of health equity objectives into 

national cancer control programs and policies. In fact, Ontario’s Cancer Plan IV (2015-2019) 

(11) incorporates health equity as a goal to “ensure health equity for all Ontarians across the 

cancer care system”. This is becoming increasingly important as social disparities in Canada 

widen.   

Elucidating some of the mediators of social health disparities in Ontario could focus public 

health interventions and healthcare system modifications to promote health equity in cancer care. 

Opportunities to reduce disparities in cancer outcomes exist across the entire disease trajectory, 

from prevention through early detection, access to care and healthcare utilization, treatment and 

survivorship. Some examples include: 

1. Addressing modifiable risk factors for uterine cancer, such as obesity. 

2. Community health support projects (40,48,112,113) targeting marginalized communities and 

emphasizing education and recognition of early cancer symptoms, as well as programs and 

online tools (114) for pro-active health screening.  

3. Continuing education projects for primary healthcare practitioners and community gynecologists, 

to heighten awareness of symptoms, to highlight the need for proactive history taking and to 

reinforce active follow up on cancer investigations and consultation referrals in at-risk patients. 

4. Evaluation and improvement of workflow patterns from patient referral to completion of 

treatment, both at the institutional and at the provincial level. 

5. Development and implementation of screening tools (115,116) for social determinants of 

health at regional cancer centers to inform distribution of resources, institution of patient 

navigation (48,117) tools and referral to socio-oncology resources. 
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In conclusion, this study supports an association of social determinants of health with 

uterine cancer presentation, treatment and outcomes in Ontario and highlights an important 

aspect of health disparity. Our findings are thought provoking and disturbing, but leave some 

gaps in framing the health equity problem. Further analyses should be geared towards identifying 

targetable events in the cancer care trajectory that are impacted by SDH, as well as assessing the 

efficacy of interventions and modifications at the community- and institution-level in moving 

toward a more health-equitable society.  

  



f 
 

39 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

REFERENCES 
 
1.  Statistics Canada. New cases of primary cancer, by cancer type, age group and sex, 

Canada, provinces and territories. [Internet]. 2016. Available from: 
https://doi.org/10.25318/1310011101-eng 

2.  Lortet-Tieulent J, Ferlay J, Bray F, Jemal A. International patterns and trends in 
endometrial cancer incidence, 1978-2013. J Natl Cancer Inst. 2018;  

3.  Cancer Care Ontario. Estimated current cancer incidence Ontario [Internet]. Available 
from: 
https://www.cancercareontario.ca/sites/ccocancercare/files/assets/OCS2018Chapter1_2.pd
f 

4.  ACOG committee opinion no. 440: The role of transvaginal ultrasonography in the 
evaluation of postmenopausal bleeding. Obstetrics and Gynecology. 2009.  

5.  Practice Bulletin No. 149: Endometrial cancer. Obstet Gynecol. 2015;  
6.  Cancer Care Ontario. Endometrial Cancer Pathway. 2017.  
7.  NCCN. NCCN Clinical Practice Guidelines in Oncology: Uterine Neoplasms. Nccn. 

2015;  
8.  Laura, A. Schmidt, Pia Makela JR and RR. Edited by Erik Blas and Anand Sivasankara 

Kurup. Equity, Soc Determ public Heal Program World Heal Organ. 2010;  
9.  Singh G, Daus G, Allender M, Ramey C, Martin E, Perry C, et al. Social Determinants of 

Health in the United States: Addressing Major Health Inequality Trends for the Nation, 
1935-2016. Int J MCH AIDS. 2017;6(2):139–64.  

10.  Alcaraz K, Wiedt T, Daniels E, Yabroff R, Guerra C, Wender R. Understanding and 
Addressing Social Determinants to Advance Cancer Health Equity in the United States: A 
Blueprint for Practice, Research, and Policy. J Clin Cancer [Internet]. 2019;0(0):1–16. 
Available from: https://onlinelibrary.wiley.com/doi/pdf/10.3322/caac.21586 

11.  Sayani A. Health equity in national cancer control plans: An analysis of the ontario cancer 
plan. Int J Heal Policy Manag [Internet]. 2019;8(9):550–6. Available from: 
https://doi.org/10.15171/ijhpm.2019.40 

12.  Temkin SM, Rimel BJ, Bruegl AS, Gunderson CC, Beavis AL, Doll KM. A contemporary 
framework of health equity applied to gynecologic cancer care: A Society of Gynecologic 
Oncology evidenced-based review. Gynecol Oncol [Internet]. 2018;149(1):70–7. 
Available from: https://doi.org/10.1016/j.ygyno.2017.11.013 

13.  Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A, et al. Cancer 
Disparities by Race/Ethnicity and Socioeconomic Status. CA Cancer J Clin. 
2004;54(2):78–93.  

14.  Ebner PJ, Ding L, Kim AW, Atay SM, Yao MJ, Toubat O, et al. The effect of 
socioeconomic status on treatment and mortality in non-small cell lung cancer patients. 
Ann Thorac Surg [Internet]. 2019; Available from: 
https://doi.org/10.1016/j.athoracsur.2019.07.017 

15.  Powell CT, Dilley SE, Bae S, Michael Straughn J, Kim KH, Leath CA. The impact of 
racial, geographic, and socioeconomic risk factors on the development of advanced-stage 
cervical cancer. J Low Genit Tract Dis. 2018;22(4):269–73.  

16.  Agarwal P, Jones EA, Devaiah AK. Education and insurance status: Impact on treatment 
and survival of sinonasal cancer patients. Laryngoscope. 2019;  

17.  Agarwal P, Agrawal RR, Jones EA, Devaiah AK. Social determinants of health and oral 



f 
 

40 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

cavity cancer treatment and survival: A competing risk analysis. Laryngoscope. 2019;  
18.  Hughes MC, Baker TA, Kim H, Valdes EG. Health behaviors and related disparities of 

insured adults with a health care provider in the United States, 2015–2016. Prev Med 
(Baltim) [Internet]. 2019;120(December 2018):42–9. Available from: 
https://doi.org/10.1016/j.ypmed.2019.01.004 

19.  Matheson FI, Dunn JR, Smith KLW, Moineddin R, Glazier RH. Development of the 
Canadian Marginalization Index: A New Tool for the Study of Inequality. 2012;103:3–5.  

20.  Scally BJ, Krieger N, Chen JT. Racialized economic segregation and stage at diagnosis of 
colorectal cancer in the United States. Cancer Causes Control [Internet]. 2018;29(6):527–
37. Available from: http://dx.doi.org/10.1007/s10552-018-1027-y 

21.  DeSantis CE, Fedewa SA, Goding Sauer A, Kramer JL, Smith RA, Jemal A. Breast cancer 
statistics, 2015: Convergence of incidence rates between black and white women. CA 
Cancer J Clin. 2016;66(1):31–42.  

22.  Sandoval JL, Himsl R, Theler JM, Gaspoz JM, Joost S, Guessous I. Spatial distribution of 
mammography adherence in a Swiss urban population and its association with 
socioeconomic status. Cancer Med. 2018;7(12):6299–307.  

23.  Bacal V, Blinder H, Momoli F, Wu KY, McFaul S. Is Immigrant Status Associated With 
Cervical Cancer Screening Among Women in Canada? Results From a Cross-Sectional 
Study. J Obstet Gynaecol Canada [Internet]. 2019;41(6):824-831.e1. Available from: 
https://doi.org/10.1016/j.jogc.2018.07.010 

24.  Watts L, Joseph N, Velazquez A, Gonzalez M, Munro E, Muzikansky A, et al. 
Understanding barriers to cervical cancer screening among Hispanic women. Am J Obstet 
Gynecol. 2009;  

25.  Shahidi NC, Homayoon B, Cheung WY. Factors associated with suboptimal colorectal 
cancer screening in us immigrants. Am J Clin Oncol Cancer Clin Trials. 2013;  

26.  Byers TE, Wolf HJ, Bauer KR, Bolick-Aldrich S, Chen VW, Finch JL, et al. The impact 
of socioeconomic status on survival after cancer in the United States: Findings from the 
National Program of Cancer Registries patterns of care study. Cancer. 2008;113(3):582–
91.  

27.  Raglan O, Kalliala I, Markozannes G, Cividini S, Gunter MJ, Nautiyal J, et al. Risk 
factors for endometrial cancer: An umbrella review of the literature. International Journal 
of Cancer. 2019.  

28.  Allen NE, Key TJ, Dossus L, Rinaldi S, Cust A, Lukanova A, et al. Endogenous sex 
hormones and endometrial cancer risk in women in the European Prospective 
Investigation into Cancer and Nutrition (EPIC). Endocr Relat Cancer. 2008;  

29.  Terry, Paul D; Rohan, Thomas E; Franceschi, Silvia; Weiderpass E, Terry, Paul D; Rohan, 
Thomas E; Franceschi, Silvia, Weiderpass E. Smoking and endometrial cancer. Lancet 
Oncol. 2002;  

30.  Robinson KM, Christensen KB, Ottesen B, Krasnik A. Socio-demographic factors, 
comorbidity and diagnostic delay among women diagnosed with cervical, endometrial or 
ovarian cancer. Eur J Cancer Care (Engl). 2011;20(5):653–61.  

31.  Bregar AJ, Alejandro Rauh-Hain J, Spencer R, Clemmer JT, Schorge JO, Rice LW, et al. 
Disparities in receipt of care for high-grade endometrial cancer: A National Cancer Data 
Base analysis. Gynecol Oncol [Internet]. 2017;145(1):114–21. Available from: 
http://dx.doi.org/10.1016/j.ygyno.2017.01.024 

32.  Madison T, Schottenfeld D, James SA, Schwartz AG, Gruber SB. Endometrial cancer: 



f 
 

41 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

Socioeconomic status and racial/ethnic differences in stage at diagnosis, treatment, and 
survival. Am J Public Health. 2004;94(12):2104–11.  

33.  Dolly D, Mihai A, Rimel BJ, Fogg L, Rotmensch J, Guirguis A, et al. A delay from 
diagnosis to treatment is associated with a decreased overall survival for patients with 
endometrial cancer. Front Oncol. 2016;6(FEB):1–5.  

34.  Shalowitz DI, Epstein AJ, Buckingham L, Ko EM, Giuntoli RL. Survival implications of 
time to surgical treatment of endometrial cancers. Am J Obstet Gynecol. 2017;  

35.  Elit LM, O’Leary EM, Pond GR, Seow HY. Impact of wait times on survival for women 
with uterine cancer. J Clin Oncol. 2014;32(1):27–33.  

36.  Strohl AE, Feinglass JM, Shahabi S, Simon MA. Surgical wait time: A new health 
indicator in women with endometrial cancer. Gynecol Oncol [Internet]. 2016;141(3):511–
5. Available from: http://dx.doi.org/10.1016/j.ygyno.2016.04.014 

37.  Dixon-Woods M, Kirk D, Agarwal S, Annandale E, Arthur T, Harvey J, et al. Vulnerable 
groups and access to health care : a critical interpretive review. Rep Natl Coord Cent NHS 
Serv Deliv Organ R&D(NCCSDO). 2005;  

38.  Youl PH, Aitken JF, Turrell G, Chambers SK, Dunn J, Pyke C, et al. The impact of 
rurality and disadvantage on the diagnostic interval for breast cancer in a large population-
based study of 3202 women in Queensland,Australia. Int J Environ Res Public Health. 
2016;13(11):1–20.  

39.  Smith LK, Pope C, Botha JL. Patients’ help-seeking experiences and delay in cancer 
presentation: A qualitative synthesis. Lancet. 2005;  

40.  Smits S, McCutchan G, Wood F, Edwards A, Lewis I, Robling M, et al. Development of a 
behavior change intervention to encourage timely cancer symptom presentation among 
people living in deprived communities using the behavior change wheel. Ann Behav Med. 
2018;52(6):474–88.  

41.  Whitaker KL, Scott SE, Wardle J. Applying symptom appraisal models to understand 
sociodemographic differences in responses to possible cancer symptoms: A research 
agenda. Br J Cancer. 2015;  

42.  Quaife SL, Forbes LJL, Ramirez AJ, Brain KE, Donnelly C, Simon AE, et al. Recognition 
of cancer warning signs and anticipated delay in help-seeking in a population sample of 
adults in the UK. Br J Cancer. 2014;  

43.  Hyatt A, Lipson-Smith R, Schofield P, Gough K, Sze M, Aldridge L, et al. 
Communication challenges experienced by migrants with cancer: A comparison of 
migrant and English-speaking Australian-born cancer patients. Heal Expect. 
2017;20(5):886–95.  

44.  Heintzman J, Hatch B, Coronado G, Ezekiel D, Cowburn S, Escamilla-Sanchez O, et al. 
Role of race/ethnicity, language, and insurance in use of cervical cancer prevention 
services among low-income Hispanic Women, 2009-2013. Prev Chronic Dis. 2018;  

45.  Shaw J, Butow P, Sze M, Young J, Goldstein D. Reducing disparity in outcomes for 
immigrants with cancer: A qualitative assessment of the feasibility and acceptability of a 
culturally targeted telephone-based supportive care intervention. Support Care Cancer. 
2013;  

46.  Armstrong K, Ravenell KL, McMurphy S, Putt M. Racial/ethnic differences in physician 
distrust in the United States. Am J Public Health. 2007;  

47.  Dovidio JF, Penner LA, Albrecht TL, Norton WE, Gaertner SL, Shelton JN. Disparities 
and distrust: The implications of psychological processes for understanding racial 



f 
 

42 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

disparities in health and health care. Soc Sci Med. 2008;  
48.  Natale-Pereira A, Enard KR, Nevarez L, Jones LA. The role of patient navigators in 

eliminating health disparities. Cancer. 2011;117(SUPPL. 15):3543–52.  
49.  Wiltshire J, Cronin K, Sarto GE, Brown R. Self-advocacy during the medical encounter: 

Use of health information and racial/ethnic differences. Med Care. 2006;  
50.  O’Donnell P, Tierney E, O’Carroll A, Nurse D, MacFarlane A. Exploring levers and 

barriers to accessing primary care for marginalised groups and identifying their priorities 
for primary care provision: A participatory learning and action research study. Int J Equity 
Health. 2016;  

51.  Katz A, Chateau D, Enns JE, Valdivia J, Taylor C, Walld R, et al. Association of the 
social determinants of health with quality of primary care. Ann Fam Med. 
2018;16(3):217–24.  

52.  Canadian Institute for Health Information. Waiting for health care in Canada: What we 
know and what we don’t know [Internet]. 2006. Available from: 
https://secure.cihi.ca/free_products/WaitTimesReport_06_e.pdf 

53.  Bilimoria KY, Ko CY, Tomlinson JS, Stewart AK, Talamonti MS, Hynes DL, et al. Wait 
times for cancer surgery in the United States: Trends and predictors of delays. Ann Surg. 
2011;253(4):779–85.  

54.  Bregar AJ, Melamed A, Diver E, Clemmer JT, Uppal S, Schorge JO, et al. Minimally 
Invasive Staging Surgery in Women with Early-Stage Endometrial Cancer: Analysis of 
the National Cancer Data Base. Ann Surg Oncol. 2017;24(6):1677–87.  

55.  Dignam JJ, Redmond CK, Fisher B, Costantino JP, Edwards BK. Prognosis among 
African-American women and white women with lymph node negative breast carcinoma: 
Findings from two randomized clinical trials of the National Surgical Adjuvant Breast and 
Bowel Project (NSABP). Cancer. 1997;80(1):80–90.  

56.  Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and ethnic 
disparities in cancer survival: The contribution of tumor, sociodemographic, institutional, 
and neighborhood characteristics. J Clin Oncol. 2018;36(1):25–33.  

57.  Jensen KE, Hannibal CG, Nielsen A, Jensen A, Nøhr B, Munk C, et al. Social inequality 
and incidence of and survival from cancer of the female genital organs in a population-
based study in Denmark, 1994-2003. Eur J Cancer. 2008;44(14):2003–17.  

58.  McDaniel JT, Nuhu K, Ruiz J, Alorbi G. Social determinants of cancer incidence and 
mortality around the world: an ecological study. Glob Health Promot. 2019;26(1):41–9.  

59.  McDonald JT, Johnson-Obaseki S, Hwang E, Connell C, Corsten M. The relationship 
between survival and socio-economic status for head and neck cancer in Canada. J 
Otolaryngol - Head Neck Surg. 2014;43(JAN):2–7.  

60.  Ramsey SD, Bansal A, Fedorenko CR, Blough DK, Overstreet KA, Shankaran V, et al. 
Financial insolvency as a risk factor for early mortality among patients with cancer. J Clin 
Oncol. 2016;  

61.  Rust G, Zhang S, Yu Z, Caplan L, Jain S, Ayer T, et al. Counties eliminating racial 
disparities in colorectal cancer mortality. Cancer. 2016;122(11):1735–48.  

62.  Cirera L, Huerta JM, Chirlaque MD, Overvad K, Lindstrom M, Regner S, et al. 
Socioeconomic effect of education on pancreatic cancer risk in western Europe: An update 
on the EPIC cohorts study. Cancer Epidemiol Biomarkers Prev. 2019;28(6):1089–92.  

63.  Booth CM, Li G, Zhang-Salomons J, Mackillop WJ. The impact of socioeconomic status 
on stage of cancer at diagnosis and survival: A population-based study in Ontario, Canada. 



f 
 

43 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

Cancer. 2010;116(17):4160–7.  
64.  Cairns AL, Schlottmann F, Strassle PD, Di Corpo M, Patti MG. Racial and 

Socioeconomic Disparities in the Surgical Management and Outcomes of Patients with 
Colorectal Carcinoma. World J Surg [Internet]. 2019 May [cited 2019 Sep 4];43(5):1342–
50. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30610271 

65.  Chouaïd C, Debieuvre D, Durand-Zaleski I, Fernandes J, Scherpereel A, Westeel V, et al. 
Survival inequalities in patients with lung cancer in France: A nationwide cohort study 
(the TERRITOIRE Study). PLoS One. 2017;12(8):1–13.  

66.  Coughlin SS. Social determinants of breast cancer risk, stage, and survival. Breast Cancer 
Res Treat [Internet]. 2019;177(3):537–48. Available from: 
https://doi.org/10.1007/s10549-019-05340-7 

67.  Sherman ME, Devesa SS. Analysis of racial differences in incidence, survival, and 
mortality for malignant tumors of the uterine corpus. Cancer. 2003;  

68.  Siu S, McDonald JT, Rajaraman M, Franklin J, Paul T, Rachinsky I, et al. Is lower 
socioeconomic status associated with more advanced thyroid cancer stage at presentation? 
A study in two canadian centers. Thyroid. 2014;24(3):545–51.  

69.  Pitre LD, Linford G, Pond GR, McWhirter E, Seow H. Is Access to Care Associated With 
Stage at Presentation and Survival for Melanoma Patients? J Cutan Med Surg. 2019;  

70.  Chiefs of Ontario, Cancer Care Ontario  and I for CES. Cancer in First Nations People in 
Ontario. 2016;1–28. Available from: 
http://www.snhs.ca/FNCancerInFirstNationsReportCOOCCO.PDF 

71.  Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang XS, et al. Global 
surveillance of cancer survival 1995-2009: Analysis of individual data for 25 676 887 
patients from 279 population-based registries in 67 countries (CONCORD-2). Lancet. 
2015;  

72.  Weir HK, Johnson CJ, Mariotto AB, Turner D, Wilson RJ, Nishri D, et al. Evaluation of 
North American association of Central Cancer Registries’ (NAACCR) data for use in 
population-based cancer survival studies. J Natl Cancer Inst - Monogr. 
2014;2014(49):198–209.  

73.  Institute of Clinical and Evaluative Sciences [Internet]. Available from: 
https://www.ices.on.ca 

74.  Soobader MJ, LeClere FB, Hadden W, Maury B. Using aggregate geographic data to 
proxy individual socioeconomic status: Does size matter? Am J Public Health. 
2001;91(4):632–6.  

75.  Chiu M, Lebenbaum M, Lam K, Chong N, Azimaee M, Iron K, et al. Describing the 
linkages of the immigration, refugees and citizenship Canada permanent resident data and 
vital statistics death registry to Ontario’s administrative health database. BMC Med 
Inform Decis Mak [Internet]. 2016;16(1):1–11. Available from: 
http://dx.doi.org/10.1186/s12911-016-0375-3 

76.  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: Development and validation. J Chronic 
Dis. 1987;  

77.  Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-
9-CM administrative databases. J Clin Epidemiol. 1992;  

78.  Cancer Care Ontario. Target Wait Times for Cancer Surgery in Ontario. 2006;(April):46. 
Available from: https://www.cancercareontario.ca/en/content/target-wait-times-cancer-



f 
 

44 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

surgery-ontario 
79.  Wen X, Wen D, Yang Y, Chen Y, Wang G, Shan B. Urban-Rural Disparity in 

Helicobacter Pylori Infection–Related Upper Gastrointestinal Cancer in China and the 
Decreasing Trend in Parallel with Socioeconomic Development and Urbanization in an 
Endemic Area. Ann Glob Heal [Internet]. 2017;83(3–4):444–62. Available from: 
https://doi.org/10.1016/j.aogh.2017.09.004 

80.  Sridhar P, Misir P, Kwak H, deGeus SW, Drake FT, Cassidy MR, et al. Impact of Race, 
Insurance Status, and Primary Language on Presentation, Treatment, and Outcomes of 
Patients with Pancreatic Adenocarcinoma at a Safety-Net Hospital. J Am Coll Surg 
[Internet]. 2019;229(4):389–96. Available from: 
https://doi.org/10.1016/j.jamcollsurg.2019.05.027 

81.  Smith KB, Humphreys JS, Wilson MGA. Addressing the health disadvantage of rural 
populations: How does epidemiological evidence inform rural health policies and 
research? Aust J Rural Health. 2008;16(2):56–66.  

82.  Abbott DE, Voils CL, Fisher DA, Greenberg CC, Safdar N. Socioeconomic disparities, 
financial toxicity, and opportunities for enhanced system efficiencies for patients with 
cancer. J Surg Oncol. 2017;115(3):250–6.  

83.  Ramraj C, Shahidi FV, Darity W, Kawachi I, Zuberi D, Siddiqi A. Equally inequitable? A 
cross-national comparative study of racial health inequalities in the United States and 
Canada. Soc Sci Med [Internet]. 2016;161:19–26. Available from: 
http://dx.doi.org/10.1016/j.socscimed.2016.05.028 

84.  Gorey KM, Hamm C, Luginaah IN, Zou G, Holowaty EJ. Breast cancer care in California 
and Ontario: Primary care protections greatest among the most socioeconomically 
vulnerable women living in the most underserved places. J Prim Care Community Heal. 
2017;8(3):127–34.  

85.  Danos D, Leonardi C, Gilliland A, Shankar S, Srivastava RK, Simonsen N, et al. 
Increased risk of hepatocellular carcinoma associated with neighborhood concentrated 
disadvantage. Front Oncol. 2018;8(SEP):1–9.  

86.  Caldwell JT, Ford CL, Wallace SP, Wang MC, Takahashi LM. Intersection of living in a 
rural versus urban area and race/ethnicity in explaining access to health care in the United 
States. Am J Public Health. 2016;106(8):1463–9.  

87.  Vahabi M, Lofters A, Wong JPH, Ellison L, Graves E, Damba C, et al. Fecal occult blood 
test screening uptake among immigrants from Muslim majority countries: A retrospective 
cohort study in Ontario, Canada. Cancer Med. 2019;(June):7108–22.  

88.  Czwikla J, Urbschat I, Kieschke J, Schüssler F, Langner I, Hoffmann F. Assessing and 
Explaining Geographic Variations in Mammography Screening Participation and Breast 
Cancer Incidence. Front Oncol. 2019;9(September):1–11.  

89.  Smedley BD, Stith AY, Nelson AR. Unequal Treatment: Confronting Racial and Ethnic 
Disparities in Health Care (with CD). Unequal Treatment: Confronting Racial and Ethnic 
Disparities in Health Care (with CD). 2003.  

90.  Feinberg J, Albright B, Black J, Lu L, Passarelli R, Gysler S, et al. Ten-year comparison 
study of type 1 and 2 endometrial cancers: Risk factors and outcomes. Gynecol Obstet 
Invest. 2019;  

91.  Busch EL, Crous-Bou M, Prescott J, Chen MM, Downing MJ, Rosner BA, et al. 
Endometrial cancer risk factors, hormone receptors, and mortality prediction. Cancer 
Epidemiol Biomarkers Prev. 2017;  



f 
 

45 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

92.  Newton S, Braithwaite D, Akinyemiju TF. Socio-economic status over the life course and 
obesity: Systematic review and meta-analysis. PLoS ONE. 2017.  

93.  Foote JR, Gaillard S, Broadwater G, Sosa JA, Davidson B, Adam MA, et al. Disparities in 
the surgical staging of high-grade endometrial cancer in the United States. Gynecol Oncol 
Res Pract [Internet]. 2017;4(1):1–8. Available from: http://dx.doi.org/10.1186/s40661-
016-0036-3 

94.  Belot A. LSHTM Research Online falciparum Malaria. London Sch Hyg Trop Med Res 
Online [Internet]. 2018; Available from: http://researchonline.lshtp.ac.uk/4648839/ 

95.  Etzioni DA, El-Khoueiry AB, Beart RW. Rates and predictors of chemotherapy use for 
stage III colon cancer: A systematic review. Cancer. 2008;  

96.  Keegan KA, Zaid HB, Patel SG, Chang SS. Increasing utilization of neoadjuvant 
chemotherapy for muscle-invasive bladder cancer in the United States. Current Urology 
Reports. 2014.  

97.  Malietzis G, Mughal A, Currie AC, Anyamene N, Kennedy RH, Athanasiou T, et al. 
Factors Implicated for Delay of Adjuvant Chemotherapy in Colorectal Cancer: A Meta-
analysis of Observational Studies. Annals of Surgical Oncology. 2015.  

98.  Warren JL, Butler EN, Stevens J, Lathan CS, Noone AM, Ward KC, et al. Receipt of 
chemotherapy among medicare patients with cancer by type of supplemental insurance. J 
Clin Oncol. 2015;33(4):312–8.  

99.  Osborn V, Schwartz D, Lee YC, Lee A, Garay E, Choi K, et al. Patterns of care of IMRT 
usage in postoperative management of uterine cancer. Gynecol Oncol [Internet]. 
2017;144(1):130–5. Available from: http://dx.doi.org/10.1016/j.ygyno.2016.11.017 

100.  Moss JL, Murphy J, Filiaci VL, Wenzel LB, Minasian L, Temkin SM. Disparities in 
health-related quality of life in women undergoing treatment for advanced ovarian cancer: 
the role of individual-level and contextual social determinants. Support Care Cancer. 
2019;27(2):531–8.  

101.  Bestvina CM, Zullig LL, Rushing C, Chino F, Samsa GP, Altomare I, et al. Patient-
Oncologist Cost Communication, Financial Distress, and Medication Adherence. J Oncol 
Pract. 2014;  

102.  de Souza JA, Yap BJ, Wroblewski K, Blinder V, Araújo FS, Hlubocky FJ, et al. 
Measuring financial toxicity as a clinically relevant patient-reported outcome: The 
validation of the COmprehensive Score for financial Toxicity (COST). Cancer. 
2017;123(3):476–84.  

103.  Zafar SY, McNeil RB, Thomas CM, Lathan CS, Ayanian JZ, Provenzale D. Population-
Based Assessment of Cancer Survivors’ Financial Burden and Quality of Life: A 
Prospective Cohort Study. J Oncol Pract. 2015;  

104.  Lathan CS, Cronin A, Tucker-Seeley R, Zafar SY, Ayanian JZ, Schrag D. Association of 
financial strain with symptom burden and quality of life for patients with lung or 
colorectal cancer. J Clin Oncol. 2016;  

105.  Himmelstein DU, Thorne D, Warren E, Woolhandler S. Medical Bankruptcy in the United 
States, 2007: Results of a National Study. Am J Med [Internet]. 2009;122(8):741–6. 
Available from: http://dx.doi.org/10.1016/j.amjmed.2009.04.012 

106.  Yap OWS, Matthews RP. Racial and ethnic disparities in cancers of the uterine corpus. J 
Natl Med Assoc. 2006;98(12):1930–3.  

107.  Williams DR, Mohammed SA, Shields AE. Understanding and effectively addressing 
breast cancer in African American women: Unpacking the social context. Cancer. 



f 
 

46 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

2016;122(14):2138–49.  
108.  McDonald JT, Farnworth M, Liu Z. Cancer and the healthy immigrant effect: a statistical 

analysis of cancer diagnosis using a linked Census-cancer registry administrative 
database. BMC Public Health. 2017;17(1):1–14.  

109.  Nicholas Z, Hu N, Ying J, Soisson P, Dodson M, Gaffney DK. Impact of comorbid 
conditions on survival in endometrial cancer. Am J Clin Oncol. 2014 Apr;37(2):131–4.  

110.  Ward KK, Shah NR, Saenz CC, McHale MT, Alvarez EA, Plaxe SC. Cardiovascular 
disease is the leading cause of death among endometrial cancer patients. Gynecol Oncol 
[Internet]. 2012;126(2):176–9. Available from: 
http://dx.doi.org/10.1016/j.ygyno.2012.04.013 

111.  WHO. National Cancer Control Programmes: Policies and managerial guidelines 2nd 
edition. Heal (San Fr. 2002;  

112.  Roland KB, Milliken EL, Rohan EA, DeGroff A, White S, Melillo S, et al. Use of 
Community Health Workers and Patient Navigators to Improve Cancer Outcomes Among 
Patients Served by Federally Qualified Health Centers: A Systematic Literature Review. 
Heal Equity. 2017;1(1):61–76.  

113.  Degroff A, Gressard L, Glover-Kudon R, Rice K, Tharpe FS, Escoffery C, et al. Assessing 
the implementation of a patient navigation intervention for colonoscopy screening. BMC 
Health Serv Res. 2019;19(1):1–11.  

114.  Henry SL, Shen E, Ahuja A, Gould MK, Kanter MH. The online personal action plan: A 
tool to transform patient-enabled preventive and chronic care. Am J Prev Med. 2016;  

115.  Browne-Yung K, Freeman T, Battersby M, McEvoy D, Baum F. Developing a screening 
tool to recognise social determinants of health in Australian clinical settings. Public Heal 
Res Pract. 2018;29(4):1–6.  

116.  Herrera CN, Brochier A, Pellicer M, Garg A, Drainoni ML. Implementing Social 
Determinants of Health Screening at Community Health Centers: Clinician and Staff 
Perspectives. J Prim Care Community Heal. 2019;10.  

117.  Ramirez AG, Choi BY, Munoz E, Perez A, Gallion KJ, Moreno PI, et al. Assessing the 
effect of patient navigator assistance for psychosocial support services on health‐related 
quality of life in a randomized clinical trial in Latino breast, prostate, and colorectal 
cancer survivors. Cancer [Internet]. 2019;cncr.32626. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.32626 

 
  



f 
 

47 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

APPENDIX 1: study population categorized by marginalization quintile 
 

  Q1 Q2 Q3 Q4 Q5 
 N 3937 4413 4435 3776 3667 

Demographic Information 
Age Groups 18-39 

40-44 
45-49 
50-54 
54-59 
60-64 
65-69 
70-74 
75-79 
80+ 

64 (1.6) 
91 (2.3) 
217 (5.5) 
513 (13.0) 
767 (19.5) 
757 (19.2) 
626 (15.9) 
447 (11.4) 
236 (6.0) 
220 (5.6) 

76 (1.7) 
121 (2.7) 
198 (4.5) 
527 (11.9) 
718 (16.3) 
841 (19.1) 
771 (17.5) 
519 (11.8) 
337 (7.6) 
305 (6.9) 

82 (1.9) 
81 (1.8) 
196 (4.4) 
472 (10.6) 
703 (15.9) 
839 (18.9) 
787 (17.8) 
501 (11.3) 
369 (8.3) 
405 (9.1) 

84 (2.2) 
88 (2.3) 
155 (4.1) 
370 (9.8) 
604 (16.0) 
673 (17.8) 
627 (16.6) 
437 (11.6) 
327 (8.7) 
411 (10.9) 

72 (2.0) 
78 (2.1) 
158 (4.3) 
352 (9.6) 
517 (14.1) 
599 (16.3) 
617 (16.8) 
440 (12.0) 
342 (9.3) 
492 (13.4) 

Year of 
Diagnosis 

2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 

300 (7.6) 
365 (9.3) 
387 (9.8) 
395 (10.0) 
406 (10.3) 
491 (12.5) 
536 (13.6) 
521 (13.2) 
536 (13.6) 

352 (8.0) 
414 (9.4) 
452 (10.2) 
513 (11.6) 
466 (10.6) 
538 (12.2) 
526 (11.9) 
591 (13.4) 
561 (12.7) 

425 (9.6) 
488 (11.0) 
470 (10.6) 
514 (11.6) 
517 (11.7) 
494 (11.1) 
472 (10.6) 
519 (11.7) 
536 (12.1) 

344 (9.1) 
358 (9.5) 
409 (10.8) 
412 (10.9) 
427 (11.3) 
372 (9.9) 
482 (12.8) 
497 (13.2) 
475 (12.6) 

327 (8.9) 
390 (10.6) 
414 (11.3) 
441 (12.0) 
392 (10.7) 
383 (10.4) 
422 (11.5) 
455 (12.4) 
443 (12.1) 

Charlson 
Score 

0 
1-2 
3-4 
5+ 

No Admissionⱡ 

1013 (25.7) 
861 (21.9) 
128 (3.3) 
37 (0.9) 

1898 (48.2) 

1044 (23.7) 
983 (22.3) 
185 (4.2) 
45 (1.0) 

2156 (48.9) 

1024 (23.1) 
1046 (23.6) 
208 (4.7) 
51 (1.2) 

2106 (47.5) 

866 (22.9) 
899 (23.8) 
195 (5.2) 
48 (1.3) 

1768 (46.8) 

803 (21.9) 
903 (24.6) 
202 (5.5) 
52 (1.4) 

1707 (46.6) 
Social Determinants of Health Information 

Income 
Quintile 

1 
2 
3 
4 
5 

33 (0.8) 
171 (4.3) 
554 (14.1) 
1292 (32.8) 
1887 (47.9) 

125 (2.8) 
549 (12.5) 
1142 (25.9) 
1297 (29.4) 
1297 (29.4) 

430 (9.7) 
1186 (26.8) 
1267 (28.6) 
895 (20.2) 
654 (14.8) 

1082 (28.7) 
1321 (35.0) 
768 (20.4) 
362 (9.6) 
240 (6.4) 

2113 (57.7) 
975 (26.6) 
318 (8.6) 
165 (4.5) 
90 (2.5) 

Rural N (%) Yes 590 (15.0) 669 (15.2) 701 (15.8) 417 (11.0) 91 (2.5) 
Distance to 
Nearest 
RCC 

Median (IQR) 16.1 (8.5, 32.2) 13.1 (6.0, 41.8) 10.9 (5.0, 49.4) 7.9 (4.3, 42.6) 6.5 (3.9, 12.1) 

RIO Score 0 
1-39 
40-79 
80+ 

Unknown 

985 (25.0) 
2641 (67.1) 
268 (6.8) 
28 (0.7) 
15 (0.4) 

1396 (31.6) 
2516 (57.0) 
449 (10.2) 
27 (0.6) 
25 (0.6) 

1734 (39.1) 
2132 (48.1) 
502 (11.3) 
37 (0.8) 
30 (0.7) 

1982 (52.5) 
1427 (37.8) 
315 (8.3) 

NR 
NR 

2421 (66.0) 
1162 (31.7) 

77 (2.1) 
NR 
NR 

Dependency 
Quintile 

1 
2 
3 
4 
5 

1241 (31.5) 
1185 (30.1) 
1043 (26.5) 
417 (10.6) 
51 (1.3) 

983 (22.3) 
771 (17.5) 
776 (17.6) 
1163 (26.4) 
720 (16.3) 

497 (11.2) 
763 (17.2) 
764 (17.2) 
941 (21.2) 
1470 (33.2) 

560 (14.8) 
467 (12.4) 
640 (17.0) 
794 (21.0) 
1315 (34.8) 

306 (8.3) 
432 (11.8) 
525 (14.3) 
675 (18.4) 
1729 (47.2) 

Deprivation 
Quintile 

1 
2 
3 
4 
5 

2122 (53.9) 
1341 (34.1) 
409 (10.4) 
58 (1.5) 
7 (0.2) 

1188 (26.9) 
1370 (31.0) 
1254 (28.4) 
525 (11.9) 
76 (1.7) 

555 (12.5) 
998 (22.5) 
1297 (29.2) 
1168 (26.3) 
417 (9.4) 

NR 
NR 

876 (23.2) 
1343 (35.6) 
1180 (31.3) 

NR 
NR 

262 (7.1) 
970 (26.5) 
2347 (64.0) 
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Ethnicity 
Quintile 

1 
2 
3 
4 
5 

910 (23.1) 
939 (23.9) 
1061 (27.0) 
823 (20.9) 
204 (5.2) 

1073 (24.3) 
984 (22.3) 
885 (20.1) 
668 (15.1) 
803 (18.2) 

1076 (24.3) 
1028 (23.2) 
839 (18.9) 
780 (17.6) 
712 (16.1) 

678 (18.0) 
617 (16.3) 
589 (15.6) 
770 (20.4) 
1122 (29.7) 

176 (4.8) 
383 (10.4) 
511 (13.9) 
879 (24.0) 
1718 (46.9) 

Instability 
Quintile 

1 
2 
3 
4 
5 

1903 (48.3) 
1487 (37.8) 
474 (12.0) 
67 (1.7) 
6 (0.2) 

989 (22.4) 
1294 (29.3) 
1412 (32.0) 
566 (12.8) 
152 (3.4) 

538 (12.1) 
577 (13.0) 
1266 (28.6) 
1414 (31.9) 
640 (14.4) 

187 (5.0) 
307 (8.1) 
600 (15.9) 
1382 (36.6) 
1300 (34.4) 

9 (0.3) 
76 (2.1) 
200 (5.5) 
602 (16.4) 
2780 (75.8) 

Cancer Information 
Histology Endometrioid 2992 (76.0) 3276 (74.2) 3205 (72.3) 2749 (72.8) 2577 (70.3) 
Best Stage 1 

2 
3 
4 

Unknown 

2102 (53.4) 
246 (6.3) 
284 (7.2) 
151 (3.8) 

1154 (29.3) 

2324 (53.7) 
281 (6.4) 
341 (7.7) 
174 (3.9) 

1293 (29.3) 

2379 (53.6) 
302 (6.8) 
335 (7.6) 
187 (4.2) 

1232 (27.8) 

1872 (49.6) 
229 (6.1) 
333 (8.8) 
162 (4.3) 

1180 (31.3) 

1831 (49.9) 
255 (7.0) 
345 (9.4) 
185 (5.0) 

1051 (28.7) 
Prior 
Cancer 
Within 5 
Years of 
Diagnosis 

N (%) Yes 206 (5.2) 222 (5.0) 202 (4.6) 183 (4.9) 175 (4.8) 

Multiple 
Cancers on 
Day of 
Diagnosis 

N (%) Yes 19 (0.5) 21 (0.5) 22 (0.5) 13 (0.3) 18 (0.5) 

Surgical Information 
Days, 
Diagnosis to 
Surgery 

No Surgery 
Same Day 
≤180 Days  
>180 Days  

277 (7.0) 
719 (18.3) 
2840 (72.1) 

76 (1.9) 

334 (7.6) 
768 (17.4) 
3194 (72.4) 

89 (2.0) 

385 (8.7) 
762 (17.2) 
3159 (71.2) 
104 (2.3) 

387 (10.3) 
586 (15.5) 
2690 (71.2) 

90 (2.4) 

388 (10.6) 
560 (15.3) 
2589 (70.6) 
102 (2.8) 

Minimally 
Invasive 
Surgeries 

N (%) Yes 1374 (37.5) 1565 (38.4) 1408 (34.8) 1308 (38.6) 1204 (36.7) 

Surgeon 
Type 

Gyn Oncologist 
General 

Gynecologist 
Other 

Unknown 

1502 (41.0) 
1908 (52.1) 

 
141 (3.9) 
109 (3.0) 

1668 (40.9) 
2088 (51.2) 

 
171 (4.2) 
152 (3.7) 

1633 (40.3) 
2111 (52.1) 

 
157 (3.9) 
149 (3.7) 

1354 (40.0) 
1778 (52.5) 

 
119 (3.5) 
138 (4.1) 

1358 (41.4) 
1626 (49.6) 

 
124 (3.8) 
171 (5.2) 

Hospital 
Type for 
Surgery 

Community 
Small 

Teaching 
Other 

Unknown 

1868 (51.0) 
NR 

1458 (39.8) 
NR 

261 (7.1) 

2119 (52.0) 
39 (1.0) 

1554 (38.1) 
52 (1.3) 
315 (7.7) 

2065 (51.0) 
19 (0.5) 

1591 (39.3) 
59 (1.5) 
316 (7.8) 

1770 (52.2) 
19 (0.6) 

1296 (38.2) 
48 (1.4) 
256 (7.6) 

1564 (47.7) 
NR 

1369 (41.8) 
NR 

292 (8.9) 
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APPENDIX 2: Stage distribution and association with marginalization quintile : two 
dichotomization models. 

 
Chi-sq for Early (stage I) vs Advanced (Stage II-IV) p value 

Dependency      0.1616 
Stage Q1 Q2 Q3 Q4 Q5  
1 1680 (74%) 1719 (72%) 1917 (74%) 1928 (72%) 2698 (73%)  
2 or 3 or 4 593 (26%) 653 (28%) 660 (26%) 765 (28%) 987 (27%)  
Deprivation      <0.001 

Stage Q1 Q2 Q3 Q4 Q5  
1 1977 (75%) 2037 (75%) 1968 (73%) 2014 (72%) 1946 (70%)  
2 or 3 or 4 649 (25%) 683 (25%) 724 (27%) 783 (28%) 819 (30%)  
Ethnic 
Concentration      <0.001 
Stage Q1 Q2 Q3 Q4 Q5  
1 2073 (75%) 2053 (74%) 1948 (74%) 1898 (72%) 1970 (70%)  
2 or 3 or 4 675 (25%) 734 (26%) 695 (26%) 723 (28%) 831 (30%)  
Instability      <0.0001 

Stage Q1 Q2 Q3 Q4 Q5  
1 1686 (73%) 1871 (74%) 2001 (74%) 2045 (75%) 2339 (70%)  
2 or 3 or 4 610 (27%) 667 (26%) 693 (26%) 675 (25%) 1013 (30%)  
       

Chi-sq for Early (stage I-II) vs Advanced (Stage III-IV) p value 

Dependency      0.1242 
Stage Q1 Q2 Q3 Q4 Q5  
1 or 2 1884 (83%) 1936 (82%) 2132 (83%) 2181 (81%) 3069 (83%)  
3 or 4 389 (17%) 436 (18%) 445 (17%) 512 (19%) 616 (17%)  
Deprivation      <0.001 
Stage Q1 Q2 Q3 Q4 Q5  
1 or 2 2203 (84%) 2269 (83%) 2232 (83%) 2290 (82%) 2208 (80%)  
3 or 4 423 (16%) 451 (17%) 460 (17%) 507 (18%) 557 (20%)  
Ethnic 
Concentration      <0.0001 
Stage Q1 Q2 Q3 Q4 Q5  
1 or 2 2336 (85%) 2320 (83%) 2179 (82%) 2147 (82%) 2220 (79%)  
3 or 4 412 (15%) 467 (17%) 464 (18%) 474 (18%) 581 (21%)  
Instability      <0.0001 
Stage Q1 Q2 Q3 Q4 Q5  
1 or 2 1892 (82%) 2096 (83%) 2261 (84%) 2282 (84%) 2671 (80%)  
3 or 4 404 (18%) 442 (17%) 433 (16%) 438 (16%) 681 (20%)  
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 APPENDIX 3: Exploratory multivariable regression analyses of associations with advanced 
disease at presentation. 

Parameter Level OR (95% CI) StdErr Wald ChiSq ProbChiSq 

Intercept     0.1736 159.61 <.0001 
Age Age  1.01 (1, 1.01) 0.00202 12.35 0.0004 

Neighbourhood Income Quintile (ref=5) 1 1.14 (0.94, 1.38) 0.0965 1.8084 0.1787 

  2 1.21 (1.03, 1.42) 0.0808 5.6357 0.0176 
  3 0.96 (0.83, 1.12) 0.0746 0.2454 0.6203 
  4 1.11 (0.97, 1.27) 0.0681 2.4402 0.1183 
RIO score (ref=large urban) Small Urban 1.07 (0.95, 1.2) 0.0615 1.1462 0.2843 
  Rural 0.93 (0.76, 1.12) 0.0977 0.616 0.4325 
Charlson Index  (ref=0) 1 1.08 (0.88, 1.32) 0.1024 0.5277 0.4676 
  2 1.08 (0.78, 1.49) 0.1639 0.2161 0.642 
  3+ 1.33 (0.95, 1.85) 0.1695 2.8012 0.0942 
  Missing 1.15 (1.04, 1.26) 0.0482 8.0595 0.0045 
BMI > 40 Yes 0.67 (0.6, 0.75) 0.0577 48.9012 <.0001 
Dependency Quintile (ref=1  i.e. least marginalized) 2 1.07 (0.93, 1.23) 0.072 0.9116 0.3397 
  3 1 (0.86, 1.15) 0.073 0.0039 0.9503 
  4 1.09 (0.94, 1.26) 0.0736 1.2862 0.2567 
  5 1 (0.87, 1.16) 0.0737 0.0003 0.9858 
Deprivation Quintile (ref=1  i.e. least marginalized) 2 1.02 (0.89, 1.17) 0.0701 0.0806 0.7765 
  3 1.07 (0.92, 1.24) 0.0756 0.8106 0.368 
  4 1.12 (0.95, 1.32) 0.0833 1.9671 0.1608 
  5 1.18 (0.97, 1.43) 0.0975 2.8298 0.0925 
Ethnic Concentration Quintile (ref=1  i.e. least 
marginalized) 2 1.1 (0.96, 1.26) 0.0698 1.8867 0.1696 
  3 1.1 (0.95, 1.29) 0.0782 1.5805 0.2087 
  4 1.07 (0.9, 1.26) 0.0837 0.575 0.4483 
  5 1.02 (0.85, 1.21) 0.09 0.0361 0.8494 
Instability Quintile (ref=1  i.e. least marginalized) 2 1 (0.87, 1.15) 0.0722 0.002 0.9643 
  3 0.98 (0.85, 1.14) 0.0736 0.0467 0.8289 
  4 0.88 (0.76, 1.02) 0.0755 2.7426 0.0977 
  5 1.08 (0.93, 1.25) 0.0759 1.05 0.3055 
Immigrant status (ref=CA-born)  >10 y resident 1.08 (0.93, 1.27) 0.0797 1.0125 0.3143 
  5-10 y resident 1.2 (0.84, 1.72) 0.1828 1.0102 0.3148 
  <5 y resident 1.14 (0.8, 1.63) 0.1811 0.5542 0.4566 
Histology group (ref=endometrioid adenoca) Undifferentiated 11.26 (7.79, 16.28) 0.188 165.9004 <.0001 
  Other 3.42 (2.83, 4.14) 0.0975 159.1065 <.0001 
  Clear cell 4.59 (3.46, 6.1) 0.1446 111.1517 <.0001 
  Mixed type 1/2 2.29 (1.99, 2.63) 0.0713 134.3457 <.0001 
  Serous adenoca 5.03 (4.43, 5.71) 0.0647 622.4792 <.0001 

  Carcinosarcoma 6.22 (5.19, 7.44) 0.0917 397.3712 <.0001 
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Income quintile, RIO, immigration status removed 

Parameter Level OR (95% CI) StdErr Wald ChiSq ProbChiSq 

Intercept     0.1615 168.10 <.0001 
Age Age 1.01 (1, 1.01) 0.00199 10.83 0.0010 

Charlson Index  (ref=0) 1 1.07 (0.87, 1.3) 0.102 0.4094 0.5223 
  2 1.07 (0.77, 1.47) 0.1639 0.1488 0.6997 

  3+ 1.31 (0.94, 1.83) 0.169 2.5697 0.1089 
  Missing 1.14 (1.04, 1.25) 0.048 7.437 0.0064 
BMI > 40 Yes 0.67 (0.6, 0.75) 0.0572 49.6197 <.0001 
Dependency Quintile (ref=1  i.e. least marginalized) 2 1.07 (0.93, 1.23) 0.0718 0.8521 0.3559 
  3 1 (0.86, 1.15) 0.0727 0.0021 0.9633 
  4 1.08 (0.94, 1.25) 0.0733 1.1586 0.2818 
  5 0.99 (0.86, 1.14) 0.0733 0.0132 0.9086 
Deprivation Quintile (ref=1  i.e. least marginalized) 2 1.04 (0.91, 1.19) 0.0681 0.3174 0.5732 

  3 1.1 (0.96, 1.26) 0.0693 1.9797 0.1594 
  4 1.2 (1.04, 1.38) 0.0716 6.2855 0.0122 
  5 1.29 (1.11, 1.5) 0.0777 10.8079 0.001 
Ethnic Concentration Quintile (ref=1  i.e. least 
marginalized) 2 1.1 (0.96, 1.25) 0.0668 1.9786 0.1595 
  3 1.08 (0.95, 1.24) 0.0695 1.3288 0.249 
  4 1.05 (0.92, 1.2) 0.0698 0.4995 0.4797 
  5 1.02 (0.88, 1.17) 0.0738 0.0493 0.8243 
Instability Quintile (ref=1  i.e. least marginalized) 2 1 (0.87, 1.15) 0.0717 0.0007 0.9787 
  3 0.98 (0.85, 1.13) 0.0727 0.0637 0.8007 
  4 0.9 (0.78, 1.04) 0.0739 1.9288 0.1649 
  5 1.11 (0.96, 1.28) 0.0726 1.9836 0.159 

Histology group (ref=endometrioid adenoca) Undifferentiated 
11.38 (7.88, 

16.44) 0.1876 168.0467 <.0001 
  Other 3.41 (2.82, 4.13) 0.0971 159.9405 <.0001 
  Clear cell 4.68 (3.53, 6.2) 0.1437 115.4184 <.0001 
  Mixed type 1/2 2.29 (1.99, 2.63) 0.0709 136.578 <.0001 
  Serous adenoca 5.04 (4.45, 5.72) 0.0644 630.7076 <.0001 
  Carcinosarcoma 6.19 (5.18, 7.41) 0.0914 397.8945 <.0001 
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Income quintile, RIO, immigration status removed and summary marginalization index used 

Parameter Level OR (95% CI) StdErr Wald ChiSq ProbChiSq 

Intercept     0.1518 210.90 <.0001 
Age Age 1.01 (1, 1.01) 0.00196 9.98 0.0016 

Charlson Index  (ref=0) 1 1.07 (0.88, 1.31) 0.1018 0.44 0.5071 

  2 1.09 (0.79, 1.51) 0.1634 0.3004 0.5836 
  3+ 1.3 (0.93, 1.81) 0.169 2.393 0.1219 
  Missing 1.14 (1.04, 1.25) 0.0479 7.3465 0.0067 
BMI > 40 Yes 0.67 (0.6, 0.75) 0.057 48.6142 <.0001 
Marginalization Summary Score /quintile  1.11 (1.05, 1.17) 0.0268 15.1858 <.0001 

Histology group (ref=endometrioid adenoca) Undifferentiated 
11.3 (7.83, 

16.32) 0.1874 167.4764 <.0001 

  Other 3.43 (2.83, 4.14) 0.0969 161.416 <.0001 
  Clear cell 4.66 (3.51, 6.17) 0.1434 114.9847 <.0001 
  Mixed type 1/2 2.29 (2, 2.63) 0.0707 137.9715 <.0001 
  Serous adenoca 5.04 (4.45, 5.72) 0.064 638.8506 <.0001 

  Carcinosarcoma 6.18 (5.17, 7.39) 0.0912 398.9681 <.0001 
 
Income quintile, RIO, immigration status removed and modified summary marginalization 
index (excluding dependency) used 

Parameter Level OR (95% CI) StdErr Wald ChiSq ProbChiSq 

Intercept     0.1491 218.75 <.0001 

Age Age 1.01 (1, 1.01) 0.00195 12.47 0.0004 

Charlson Index  (ref=0) 1 1.07 (0.87, 1.3) 0.1019 0.405 0.5245 
  2 1.09 (0.79, 1.5) 0.1634 0.2744 0.6004 

  3+ 1.3 (0.93, 1.81) 0.1691 2.3712 0.1236 
  Missing 1.14 (1.03, 1.25) 0.0479 7.1553 0.0075 
BMI > 40 Yes 0.67 (0.6, 0.75) 0.057 48.1739 <.0001 
Modified Marginalization Summary Score  /quintile 1.1 (1.05, 1.14) 0.0215 18.2866 <.0001 

Histology group (ref=endometrioid adenoca) Undifferentiated 
11.33 (7.85, 

16.36) 0.1874 167.7597 <.0001 

  Other 3.42 (2.83, 4.14) 0.0969 161.2849 <.0001 
  Clear cell 4.65 (3.51, 6.15) 0.1434 114.6579 <.0001 
  Mixed type 1/2 2.29 (1.99, 2.63) 0.0707 136.8835 <.0001 
  Serous adenoca 5.01 (4.42, 5.68) 0.0641 633.4772 <.0001 
  Carcinosarcoma 6.17 (5.16, 7.37) 0.0912 397.7133 <.0001 

 
  



f 
 

53 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

APPENDIX 4: Exploratory Cox multivariable regression analyses of associations with overall 
survival. 
 

Factor N  Comparison Hazards Ratio (95% CI) p-value 
Year of Diagnosis 20228 / year 0.97 (0.96, 0.99) <0.001 
Age Groups 20228 / age group 1.41 (1.38, 1.43) <0.001 
Known Charlson Score 20228 0 

1-2 
3-4 
5+ 

No Admissionⱡ 

0.90 (0.83, 0.98) 
1.00 (0.92, 1.08) 
1.61 (1.41, 1.83) 
4.78 (4.02, 5.68) 

Reference 

<0.001 

Prior Cancer 20228 Yes vs No 1.94 (1.73, 2.18) <0.001 
Income Quintile 20213 / quintile 0.93 (0.91, 0.96) <0.001 
Rural 20228 Yes vs No 0.98 (0.89, 1.08) 0.67 
Distance to Nearest RCC 20039 Log-transform 0.99 (0.96, 1.01) 0.27 
RIO Score (exclude unk) 20131 / group 0.95 (0.91, 1.00) 0.054 
LHIN 20228 By LHIN  0.008 
ICD-O-3 Code 20228 C541 vs other 0.27 (0.24, 0.31) <0.001 
Morphology 20228 83803 vs other 0.21 (0.20, 0.23) <0.001 
Best Stage 20228 1 

2 
3 
4 

Unknown 

0.40 (0.36, 0.43) 
0.93 (0.81, 1.05) 
2.12 (1.92, 2.33) 
8.11 (7.36, 8.94) 

Reference 

<0.001 

Dependency Quintile 20228 / quintile 1.08 (1.06, 1.11) <0.001 
Deprivation Quintile 20228 / quintile 1.08 (1.05, 1.10) <0.001 
Ethnicity Quintile 20228 / quintile 1.01 (0.99, 1.03) 0.41 
Instability Quintile 20228 / quintile 1.11 (1.08, 1.13) <0.001 
Summary Score Quintile 20228 / quintile 1.13 (1.10, 1.16) <0.001 
BMI  20228 >40 vs ≤40 0.54 (0.48, 0.59) <0.001 
Histology 20228 Endometrial Endo 

Carcinosarcoma 
Clear Cell 

Mixed Type ½ 
Other/Missing 
Serous Adeno 

Undifferentiated 

Reference 
7.33 (6.60, 8.15) 
4.23 (3.48, 5.15) 
2.30 (2.05, 2.58) 
4.91 (4.36, 5.52) 
5.26 (4.82, 5.74) 

13.45 (11.62, 15.57) 

<0.001 

Modified Marginalization 
Quintile (no dependency) 

20228 / quintile 1.09 (1.07, 1.12) <0.001 

Multivariable Model 1 (using individual marginalization scores) 
Year of Diagnosis 19931 / year 0.95 (0.94, 0.97) <0.001 
Age Groups / age group 1.34 (1.31, 1.36) <0.001 
Known Charlson Score 0 

1-2 
3-4 
5+ 

No Admissionⱡ 

0.87 (0.80, 0.95) 
0.96 (0.89, 1.05) 
1.35 (1.18, 1.55) 
2.14 (1.79, 2.57) 

Reference 

<0.001 

Prior Cancer Yes vs No 1.31 (1.17, 1.48) <0.001 
Income Quintile / quintile 0.97 (0.94, 1.00) 0.079 
Rural Yes vs No 1.08 (0.96, 1.22) 0.22 
Distance to Nearest RCC Log-transform 1.01 (0.98, 1.05) 0.47 



f 
 

54 

MASTER THESIS – L HELPMAN   MCMASTER UNIVERSITY – PUBLIC HEALTH 

RIO Score (exclude unk) / group 0.97 (0.90, 1.04) 0.40 
BMI  >40 vs ≤40 0.92 (0.82, 1.02) 0.10 
Histology Endometrial Endo 

Carcinosarcoma 
Clear Cell 

Mixed Type ½ 
Other/Missing 
Serous Adeno 

Undifferentiated 

Reference 
3.69 (3.30, 4.13) 
2.08 (1.70, 2.54) 
1.78 (1.58, 2.00) 
3.05 (2.70, 3.44) 
2.46 (2.24, 2.70) 
7.08 (6.09, 8.24) 

<0.001 

Best Stage 1 
2 
3 
4 

Unknown 

Reference 
1.88 (1.65, 2.14) 
3.57 (3.22, 3.95) 

10.21 (9.17, 11.37) 
2.30 (2.10, 2.51) 

<0.001 

Dependency Quintile / quintile 0.98 (0.95, 1.00) 0.055 
Deprivation Quintile / quintile 1.00 (0.97, 1.04) 0.82 
Ethnicity Quintile / quintile 1.00 (0.96, 1.03) 0.77 
Instability Quintile / quintile 1.06 (1.03, 1.09) <0.001 

Multivariable Model 2 (using summary marginalization score) 
Year of Diagnosis 19931 / year 0.96 (0.94, 0.97) <0.001 
Age Groups / age group 1.33 (1.31, 1.36) <0.001 
Known Charlson Score 0 

1-2 
3-4 
5+ 

No Admissionⱡ 

0.87 (0.80, 0.95) 
0.96 (0.88, 1.04) 
1.34 (1.17, 1.53) 
2.16 (1.80, 2.58) 

Reference 

<0.001 

Prior Cancer Yes vs No 1.32 (1.17, 1.49) <0.001 
Income Quintile / quintile 0.96 (0.94, 0.99) 0.007 
Rural Yes vs No 1.07 (0.95, 1.21) 0.28 
Distance to Nearest RCC Log-transform 1.01 (0.98, 1.05) 0.54 
RIO Score (exclude unk) / group 0.98 (0.91, 1.05) 0.51 
BMI  >40 vs ≤40 0.92 (0.83, 1.02) 0.12 
Histology Endometrial Endo 

Carcinosarcoma 
Clear Cell 

Mixed Type ½ 
Other/Missing 
Serous Adeno 

Undifferentiated 

Reference 
3.67 (3.29, 4.10) 
2.06 (1.68, 2.52) 
1.78 (1.59, 2.00) 
3.06 (2.71, 3.46) 
2.43 (2.21, 2.67) 
7.06 (6.07, 8.21) 

<0.001 

Best Stage 1 
2 
3 
4 

Unknown 

Reference 
1.88 (1.65, 2.14) 
3.56 (3.22, 3.94) 

10.15 (9.11, 11.30) 
2.29 (2.09, 2.50) 

<0.001 

Summary Score Quintile / quintile 1.03 (1.01, 1.06) 0.045 
Multivariable Model 3 (using modified marginalization score) 

Year of Diagnosis 19931 / year 0.95 (0.94, 0.97) <0.001 
Age Groups / age group 1.34 (1.31, 1.36) <0.001 
Known Charlson Score 0 

1-2 
3-4 
5+ 

0.87 (0.80, 0.95) 
0.96 (0.88, 1.04) 
1.34 (1.17, 1.53) 

<0.001 
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No Admissionⱡ 2.17 (1.81, 2.59) 
Reference 

Prior Cancer Yes vs No 1.32 (1.17, 1.49) <0.001 
Income Quintile / quintile 0.96 (0.93, 0.99) 0.009 
Rural Yes vs No 1.08 (0.95, 1.22) 0.24 
Distance to Nearest RCC Log-transform 1.01 (0.98, 1.05) 0.44 
RIO Score (exclude unk) / group 0.97 (0.90, 1.05) 0.46 
BMI  >40 vs ≤40 0.92 (0.83, 1.02) 0.12 
Histology Endometrial Endo 

Carcinosarcoma 
Clear Cell 

Mixed Type ½ 
Other/Missing 
Serous Adeno 

Undifferentiated 

Reference 
3.66 (3.28, 4.09) 
2.06 (1.68, 2.51) 
1.78 (1.59, 2.00) 
3.06 (2.71, 3.46) 
2.43 (2.21, 2.67) 
7.04 (6.05, 8.19) 

<0.001 

Best Stage 1 
2 
3 
4 

Unknown 

Reference 
1.88 (1.65, 2.14) 
3.56 (3.22, 3.94) 

10.14  (9.11, 11.30) 
2.28 (2.09, 2.49) 

<0.001 

Modified Score Quintile / quintile 1.03 (0.99, 1.06) 0.13 
Multivariable Model 4 (using modified marginalization score, drop RIO, rurality, distance, income quintile) 

Year of Diagnosis 20228 / year 0.96 (0.94, 0.97) <0.001 
Age Groups / age group 1.34 (1.31, 1.36) <0.001 
Known Charlson Score 0 

1-2 
3-4 
5+ 

No Admissionⱡ 

0.87 (0.80, 0.95) 
0.96 (0.88, 1.04) 
1.34 (1.17, 1.53) 
2.16 (1.81, 2.58) 

Reference 

<0.001 

Prior Cancer Yes vs No 1.30 (1.15, 1.47) <0.001 
BMI  >40 vs ≤40 0.93 (0.84, 1.03) 0.17 
Histology Endometrial Endo 

Carcinosarcoma 
Clear Cell 

Mixed Type ½ 
Other/Missing 
Serous Adeno 

Undifferentiated 

Reference 
3.59 (3.22, 4.01) 
2.06 (1.69, 2.51) 
1.77 (1.58, 1.99) 
3.07 (2.72, 3.46) 
2.41 (2.20, 2.65) 
7.11 (6.11, 8.26) 

<0.001 

Best Stage 1 
2 
3 
4 

Unknown 

Reference 
1.88 (1.65, 2.14) 
3.54 (3.21, 3.92) 

10.23 (9.19, 11.39) 
2.28 (2.09, 2.49) 

<0.001 

Modified Score Quintile / quintile 1.05 (1.03, 1.08) <0.001 
 
 


