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Abstract 

 

Introduction: Globally, ovarian cancer is the 6th most common type of cancer among 

women. Though advancements in early detection and treatment practices continue to 

improve cancer outcomes, only about half of women who are diagnosed with ovarian 

cancer will survive 5 years. There is large inter- and intra-country variability in ovarian 

cancer outcomes. Individuals diagnosed with advanced stage cancer in Nova Scotia have 

a 3-year net survival of 31.9%, which is the lowest in the country. This study aimed to 

identify prognostic factors impacting survival throughout Nova Scotia, and to investigate 

if there is evidence of inequities in both survival and access to care from the point of 

diagnosis, based on geographical regions, poverty, mental illness, or continuity of care.  

 

Methods: This study utilized a population-based retrospective design of all women 

diagnosed with ovarian cancer in Nova Scotia from Jan 1, 2007 to Dec 31, 2016. Cancer 

registry, clinical, and administrative health data were linked to gather data on individual, 

tumor, treatment, regional, and health system characteristics. Both illegitimate and 

legitimate prognostic factors potentially contributing to regional variations and inequities 

in ovarian cancer survival were assessed using time to event (i.e., survival analyses) 

techniques. Logistic regression models were used to determine which of these factors 

were associated with inequities in access to specialist care, including surgery at a tertiary 

care hospital and assessment by a gyne-oncologist within 6 months of diagnosis. 

 

Results: This study found no regional differences in survival across Nova Scotia. 

Furthermore, it revealed that disparities in illegitimate prognostic factors do not appear to 

be significantly associated with survival outcomes at the time of diagnosis. Instead, 

survival variations were primarily attributed to legitimate prognostic factors, such as 

cancer stage, subtype, comorbidities, and frailty. However, notable inequities were 

identified in accessing specialist care, which substantially influenced survival time. Just 

under one-quarter of the study population were not assessed by a gyne-oncologist within 

6 months of diagnosis. While survival was associated with surgery location, a significant 

proportion of individuals did not undergo surgical intervention, and demographic 

differences were observed between these groups.  

 

Conclusion: Though inequities do not appear to be contributing to differences in ovarian 

cancer survival at the time of diagnosis within Nova Scotia, they may indirectly influence 

outcomes by limiting access to specialist care. This highlights the need for targeted 

interventions and policy change at the system level to ensure that all women in Nova 

Scotia are assessed by gyne-oncologists in a timely manner, to ensure they can choose the 

most appropriate management strategy and potentially have an improved chance at 

survival.  
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Chapter 1: Introduction 

Globally, ovarian cancer is the 6th most common type of cancer among women 

and the deadliest type of gynaecological cancer, largely because of the lack of early 

detection methods.1,2 The disease makes up 1.6% of cancer cases and 1.9% of cancer 

deaths worldwide.1 Though advancements in early detection and treatment practices 

continue to improve cancer outcomes generally, developments within ovarian cancer are 

not keeping pace. Only about half of women who are diagnosed with ovarian cancer will 

survive 5 years.3 The poor prognosis is heightened by the fact that 70% of women with 

ovarian cancer are diagnosed at a late stage.4 The International Cancer Benchmarking 

Partnership (ICBP) has demonstrated that ovarian cancer survival differs between 

countries, with Canada being in the middle of the pack.5 These survival rates have also 

been found to vary between Canadian provinces; for example, for women diagnosed with 

advanced stage disease, 3-year survival ranges from 31.9% in Nova Scotia to 38.6% in 

Alberta.4 Due to a lack of research, it is largely unknown why these differences exist. The 

ICBP has determined that the frequencies of major prognostic factors, such as the stage at 

diagnosis, remain relatively constant throughout Canada and worldwide.4 So, what is it 

about Nova Scotia that leads to a poorer survival for women diagnosed with ovarian 

cancer? The aim of this research was to start to answer this question by first analyzing the 

prognostic factors that may be contributing to potential regional variations in survival and 

to identify inequities in both survival and access to care, from the point of diagnosis.  

No prior study has examined this issue in Canada. In fact, little health services 

research has been done on ovarian cancer in Canada at all, highlighting the importance of 

this research. With no understanding of why variations in survival exist, it is impossible 
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for policymakers, healthcare providers, and researchers to intervene to ensure all women 

receive timely access to gold-standard care and the best chance at survival.  To ensure the 

results will be directly utilized within the health care system, this research was done in 

close collaboration with gynecologic oncologists in Nova Scotia. We hope that this study 

will help us better understand why differences exist for ovarian cancer outcomes in our 

province, and lead to interventions to improve outcomes and reduce inequities.  

Research Objectives 

It is increasingly important for research to fill the knowledge gap in ovarian 

cancer survival variations to ensure that women diagnosed with the disease in Nova 

Scotia are given equitable access to proper healthcare. The critical steps in achieving this 

goal, and the primary objectives of this study, are to identify which prognostic factors are 

associated with potential regional variations in survival throughout Nova Scotia, and to 

identify any potential inequities in both survival and access to care, at the point of 

diagnosis going forward. These objectives are summarized as follows: 

Objective 1: To determine which prognostic factors are contributing to potential 

regional variations in survival within Nova Scotia, and to identify any potential 

inequities associated with survival, from the point of diagnosis.   

Objective 2: To assess if equitable access to health care, such as being seen by a 

gyne-oncologist and surgery at a tertiary hospital, impacts ovarian cancer survival 

from the point of diagnosis, and to determine which prognostic factors are 

associated with differences in access to specialist care.  

Methods 

This study utilized a population-based retrospective design of all women 
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identified from the Nova Scotia Cancer Registry who were diagnosed with ovarian cancer 

from January 1st, 2007 to December 31st, 2016. These data were linked to a database held 

by the Division of Gynecological Oncology at Dalhousie University and multiple 

administrative health datasets held by Health Data Nova Scotia to gather data on 

individual, health system, and tumor characteristics. Descriptive data were analyzed for 

all characteristics to determine how they vary across the province in terms of frequency 

and prevalence. Time to event (e.g., survival analysis) techniques were used to examine 

which prognostic factors were associated with variations in ovarian cancer survival from 

the point of diagnosis, and to identify potential inequities in survival. Finally, logistic 

analysis techniques were utilized to determine which factors were associated with 

inequities in access to specialist care.  

Integrated Knowledge Translation 

 This research has been done in close collaboration with the team of gynecologic 

oncologists in Nova Scotia. Not only will this ensure that the results will be directly 

utilized within the health care system, but it allows for the work to be done in an 

environment that is closely affiliated with policymaking. We were able to directly 

provide information about areas in the healthcare system and the province itself that 

could benefit from change in a way that is clear, tangible, and actionable. In addition, we 

will continue working with patient advocacy organizations such as Ovarian Cancer 

Canada in the hopes that they can help interpret the results of this study to bring about 

system change that is important at the patient level.  
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Chapter 2: Background and Literature Review 

2.1 The Burden of Ovarian Cancer 

2.1.1 What is Ovarian Cancer? 

 Globally, ovarian cancer is the 6th most common type of cancer among women 

and the deadliest type of gynaecological cancer.1 This is largely due to the lack of early 

detection methods, meaning most women present with advanced stage disease.2 It makes 

up for 1.6% of cancer cases and 1.9% of cancer deaths worldwide.1 International studies 

have demonstrated that ovarian cancer survival trends differ between countries, with 

Canada in the middle of the pack.5 In 2021, Canada’s incidence rate of ovarian cancer 

was 13.5 per 100,000 individuals; an estimated 3000 Canadian women were diagnosed 

with ovarian cancer, and an estimated 1950 died from the disease.3 Survival rates also 

vary between Canadian provinces; for example, for women diagnosed with advanced 

stage disease (i.e. stage III and IV), 3-year survival ranges from 31.9% in Nova Scotia to 

38.6% in Alberta.4 Due to a lack of research, it is unclear why these differences exist 

despite limited variation in age and stage distribution throughout the country.  

 More than 90% of ovarian cancer cases are epithelial carcinomas.6 The remainder 

of cases are made up of germ cell and sex-cord stromal carcinomas, but these are very 

rare and were not the focus of this study.7 Epithelial ovarian cancer is further 

differentiated into additional sub-types: high-grade serous, low-grade serous, 

endometroid, clear cell, mucinous carcinomas, and small number of other rare histologies 

(e.g. carcinosarcoma, transitional cell, etc.).8,9,10 High-grade serous carcinomas make up 

the majority of cases and unfortunately have the poorest survival as around 80% of 

patients are diagnosed at a late stage.11 Though these sub-types are distinct, the 
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classification system has been critiqued as oversimplified as they are often considered 

and treated similarly.12,13 Symptoms of ovarian cancer are non-specific and, when 

present, indicative of advanced stage disease.14 These may include abdominal distension 

and pain, changes in bowel or bladder habits, or gynaecological complaints.6 These 

symptoms may greatly affect quality of life, so referral to palliative care for symptom 

management is important.15  

2.1.2 Who Does it Impact? 

 Ovarian cancer is most often considered an age-related disease as there is 

increasing incidence and mortality with increasing age, with the highest incidence in 

those aged 70-74.16 The mean age at diagnosis in Canada is 63, though this may vary by 

sub-type and stage at diagnosis.4 The etiological risk factors for developing ovarian 

cancer are largely unknown and appear to vary by sub-type. Genetic cases make up about 

20-25% of cases and are most commonly caused by mutations in the BRCA1 and 

BRCA2 tumour suppressor genes (13-18% of cases in North America), but may also be 

caused by mutations in other genes such as those associated with Lynch Syndrome.17,18,19 

Additionally, women with a first degree relative affected by ovarian cancer, who is not a 

carrier of the BRCA gene, have a 30% risk of developing ovarian cancer.20 There have 

been a small number of studies that have determined an increased risk of ovarian cancer 

in those that have endometriosis, though the mechanisms are not well understood.21,22  

Several reproductive and hormonal factors have been found to have a protective 

effect against ovarian cancer, most predominantly having higher parity of births and the 

use of oral contraception.2 This is because there is an increased risk of ovarian cancer 

with increasing lifetime ovulatory cycles (LOC), so factors that supress ovulation, such as 
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pregnancy and the use of hormonal birth controls, will mediate this association.23 A study 

by Trabert et al found that those in the 90th percentile of LOCs (>514) had almost twice 

as much of a risk of being diagnosed with ovarian cancer compared to women in the 10th 

percentile (<294).23 Use of LOC repressors such as oral contraception have been found to 

reduce the risk of ovarian cancer for over 30 years after ceasing use.24 

2.1.3 Prognosis 

 Though the incidence and mortality rates of ovarian cancer are slightly improving 

over time, developments are not happening at the same pace as other cancers and 

disparities continue to persist.25,26,27 Treatments for ovarian cancer are rarely considered 

curative and most women will relapse and require multiple lines of treatment, eventually 

dying from the disease.28,29,30 Most patients will die from malignant bowel obstruction, 

but others may pass away due to increased vulnerability to additional cancers and other 

comorbidities.15,31 Age, stage at diagnosis, sub-type, and type of treatment are the most 

consistent and direct predictors of prognosis.32 Along with an increased incidence of 

ovarian cancer among women aged 65 and older compared to younger women, there is 

also an increased risk of mortality.33,34 For example, the crude probability of death for a 

15–54-year-old in Canada five years after diagnosis is 31.8%, but this rises to 62.9% for 

someone aged 64-74 years old and 77.6% for those aged 75+.35 This is likely explained 

by age associations with high histological grade and stage, frailty and comorbidities, 

suboptimal surgery outcomes, and patients and/or their physicians choosing to deviate 

from guideline concordant care.36,34,37 Similar trends are seen with advancing stage, with 

5-year survival in Canada being 90% for stage I, 70% for stage II, 39% for stage III, and 

17% for stage IV.3 This explains the poor overall survival for ovarian cancer, as over 
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70% of women are diagnosed at an advanced stage.38 It is important to note, however, 

that there are large, unexplained international variations in survival within each stage 

group. For example, 5-year survival of localized disease is 95.5% in Hong Kong, but only 

68.3% in Mississippi.38 The sub-type and tumor biology of ovarian cancers can have 

large impacts on an individual’s chances at survival. The prognosis is consistently lowest 

for the most common type of ovarian cancer, high-grade serous carcinomas, with overall 

5-year survival being 43% compared with 82% for endometrioid carcinomas, 75% for 

low-grade serous carcinomas, 71% for mucinous carcinomas, and 66% for clear cell 

carcinomas.11,39 

Slight improvements in incidence and mortality rates have been observed due to 

increased diagnostic intensity and improved treatment techniques.40,41 These have 

included the development and use of PARP inhibitors, the implementation of cancer 

patient pathways leading to earlier diagnoses, increased use of and evidence for 

cytoreductive procedures, and changing attitudes towards treating older 

patients.42,43,44,45,46 However, improvements are not being seen for long term survival and 

mostly reflect extension of progression free survival.47 As stated by Timmermans et al, 

these improvements “reflect prolonged disease control rather than better chances for a 

cure”.40 

2.2 Current Practices in Screening, Diagnosis, and Treatment 

Despite decades of research, there are no proven or effective population screening 

methods resulting in the early detection of ovarian cancer. In 2018, the US Preventative 

Services Task Force reviewed all of the existing evidence on the benefits and harms of 

screening for ovarian cancer in asymptomatic women. They found that previous attempts 
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have shown no reduction in mortality, and often result in false positives leading to 

unnecessary and harmful interventions.48 As a result, along with the lack of easily 

identifiable early-stage symptoms, over 70% of women continue to be diagnosed with 

advanced stage disease worldwide.38  

Instead, efforts to detect early-stage disease rely on improving timely access to 

diagnostic tests or targeted screening for symptomatic or high-risk individuals, such as 

transabdominal/transvaginal ultrasounds and serum biomarkers such as CA125.49 The 

current standard treatment for ovarian cancer includes primary debulking surgery often 

followed by adjuvant platinum-based chemotherapy or neo-adjuvant chemotherapy 

(NACT) followed by interval debulking surgeries.30,50,28,51 There has been contradicting 

evidence on which method is superior, but in any case, the goal of treatment is optimal 

cytoreduction to remove as much tumour as possible as those with microscopic residual 

disease (i.e., 0.1-10 mm of tumor) have improved survival rates.52,53,54,55 Debulking 

surgery is used to not only improve the odds of survival, but also for making a diagnosis, 

identifying prognostic factors such as stage and histology, and reducing the effect of 

symptoms.50 Treatment for recurrent disease often varies and is commonly based on the 

length of time between the end of primary treatment with platinum-based chemotherapy 

and recurrence, or the platinum-free interval (PFI).28,29 This is because women with a 

short PFI have been found to respond less to re-treatment with platinum, so alternatives 

are often used.29 Short PFI is also an adverse prognostic factor; those who experience a 

longer PFI often respond better to commonly used chemotherapies and have improved 

survival.29 The guidelines and recommendations for the optimal treatment of ovarian 

cancer have seen little change in over a decade, despite ongoing research. 
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2.3 International Efforts to Understand Variations in Survival  

The International Cancer Benchmarking Partnership (ICBP) is a collaboration of 

clinicians, policymakers, researchers, and data experts aiming to measure international 

variation in cancer survival.56 The partnership is now in its second phase of comparative 

research, which includes 8 high income countries and 8 cancers known for having high 

international variation, including ovarian cancer.56 ICBP research includes the 

identification and measurement of potential contributors to this variation, such as 

differences in age and stage distribution, diagnostic and treatment intervals and pathways, 

and health care system structures.  

Though not specifically focused on explaining variations in survival, the 

CONCORD study is another international research program measuring cancer trends 

between countries.57 It is the largest population-based study to look at these trends and it 

includes over 60 countries with a wide range of health system structures, developments, 

and socioeconomic status. This research has been fundamental in identifying not only 

how survival of ovarian cancer varies worldwide, but also in identifying differences in 

age, stage, and sub-type distributions. Findings from both efforts are discussed below. 

2.3.1 Introduction to Factors Impacting Cancer Outcomes  

There are persistent survival differences between countries for most major cancer 

types. The ICBP has found Australia, Canada, and Sweden to have better cancer 

outcomes compared to Denmark, England, Northern Ireland, and Wales.58,59 However, 

these trends vary between cancer types, meaning they cannot be attributable to poorer 

cancer survival in general within a country.60,61,62 For example, the ICBP SURVMARK-2 

data show that while Norway has the lowest survival for colorectal cancer, it has the 
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highest survival for oesophageal cancer.35  

Compared to other cancer types, ovarian cancer has seen very small gains in 

survival worldwide.58 This may stem, in part, from the fact that research on other types of 

cancer is being done at a much higher level compared to ovarian cancer. In addition, 

many of the factors that have previously been found to attribute to variation in other types 

of cancer are not applicable to ovarian cancer. For example, variations in breast cancer 

survival between countries have been explained by differences in stage distribution. A 

study by Walters et al found that in Denmark, only 30% of breast cancer patients are 

diagnosed at stage I, compared to 42-45% elsewhere.63 This may be explained by 

differences in access to screening tests, which do not exist for ovarian cancer. However, 

differences in stage distribution for ovarian cancer are minimal, and large variations in 

survival rates are still seen within each stage.64,36 It has instead been hypothesized that 

differences in ovarian cancer survival are due to a number of individual, health system, 

and clinical factors independent of the disease distribution itself, such as inequalities in 

access to care and adherence to treatment guidelines.58,60 Menon et al have explained that 

this type of variation “exists in clinical outcomes or rates of treatment that cannot be 

explained by disease prevalence, evidence-based care, or patient’s illnesses and 

comorbidities”.65 These variations cost multiple lives every year and therefore identifying 

and understanding them should be a research priority. Although some studies have been 

successful in identifying possible explanations for smaller aspects of the observed 

variation, it remains largely unsolved.  

2.3.2 Legitimate versus Illegitimate Prognostic Factors Affecting Survival 

The individual, health system, and sociodemographic factors hypothesized to lead 
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to variations in ovarian cancer survival, from the point of diagnosis onward, can be 

categorized into legitimate prognostic factors and illegitimate prognostic factors. Asada et 

al. defines legitimate prognostic factors as those that are not amenable to policy.66 

Therefore, factors such as age at diagnosis, histological sub-type, and stage at diagnosis, 

can all be considered legitimate prognostic factors. In the context of this study, legitimate 

factors are considered those whose impact on survival can no longer be modified at the 

time of diagnosis. Illegitimate prognostic factors, then, are those that are amenable to 

policy intervention, and whose impact on survival can be modified at the time of 

diagnosis. Therefore, if negative outcomes occur as a result of these factors, it is an 

equity concern. This includes variation in factors like race, poverty, or continuity of care, 

as these can all be targeted by policy to improve access to and quality of care. It is 

important to note that the decision to categorize prognostic factors as legitimate or 

illegitimate depends on perspective, purpose, and scope. For example, stage may be 

considered illegitimate in some studies as it may depend on upstream factors, such as 

early detection. However, because the large majority of ovarian cancer cases are 

diagnosed at a late stage and no screening methods exist, and our focus is on equity from 

the point of diagnosis, at which point stage at diagnosis cannot be modified, we 

considered it as a legitimate prognostic factor for the purpose of this study.  

2.3.3 Legitimate Prognostic Factors 

Disease Characteristics 

The distribution of ovarian cancer sub-types has been shown to vary between 

countries.67 For example, serous subtypes have been found to make up 86.7% of India’s 

cases, but only 16.0% of cases in the Philippines. For the endometrioid subtype, the 
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proportions range from 1.6% in India and 25.5% in Austria.67 A study done in British 

Columbia by Dehaeck et al found that differences in sub-type distributions existed 

between health authority regions, with diagnoses of serous histotype ranging from 44.0%-

60.7%.68 Though it is currently unknown if this type of variation exists within Nova 

Scotia, this could be an important explanatory factor for variations in survival as the 

subtypes have considerably different survival rates.11  

Stage at diagnosis for ovarian cancer is one of the most important prognostic 

factors in terms of survival.3 With that said, the distribution of stage at diagnosis has been 

found to remain relatively constant both globally and within Canada.4 In addition, there 

are unexplained variations in ovarian cancer survival within each stage group, with the 

highest 3-year survival for distant stage cancer in the ICBP being 46.9% in Australia and 

the lowest being 31.6% in New Zealand.4 This is in contrast to other types of cancer, such 

as rectal and prostate, where variations in stage at diagnosis have been found to explain a 

large proportion of the observed differences in survival. A study by Yu et al found that 

stage at diagnosis of rectal cancer partly explained regional differences in New South 

Wales.69 Similarly, a Norwegian study found that tumour stage for prostate cancer 

explained most of the observed regional differences in survival.70 This trend was also 

identified in Finland, with the majority of regional variations in prostate survival being 

diminished after controlling for both age and stage distributions.71  

There may also be variations within Canada in the proportion of women 

diagnosed with ovarian cancer who have mutations in the BRCA1/2 genes. That being 

said, we do not expect to see any significant differences in BRCA ½ gene distribution 

between regions throughout Nova Scotia, so this factor is unlikely to be a significant 
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predictor of survival differences.  

Comorbidities, Frailty, and Age 

 A comorbidity is described as having one or more coexisting medical conditions. 

These are most commonly identified and measured using established indices, such as the 

index created by Elixhauser et al.72 A large number of studies demonstrated the 

association between comorbidity and an increased risk of cancer mortality.73 Identified 

mechanisms for this association include the inability to endure standard cancer treatments 

and increased surgical complexity/complications.73 Though never studied within Canada, 

there have been mixed results on whether or not comorbidities contribute to variations in 

survival. A study by Noer et al found that comorbidities were not able to explain any 

ovarian cancer survival differences between Denmark and Sweden.74 In contrast, a 

Norwegian study found that comorbidities at least partly explained regional differences in 

survival for multiple cancer types, though ovarian cancer was not included in the study.70  

Frailty, which is related to comorbidity but a broader concept, is another condition 

usually associated with increasing age that has important impacts on cancer mortality. 

Frailty does not have one singular definition but has often been described as a 

physiologic syndrome that causes a person to be susceptible to adverse health outcomes.75 

Rules to identify frailty in an individual have been developed by Urquhart et al and 

include being a long-term care resident, receiving palliative care, or meeting two of seven 

domains identified from frailty scales, discussions with geriatricians, and health service 

utilization.76 Frailty has been found to consistently increase the risk of death from 

multiple cancer types, including ovarian cancer.77,78,79,80  

Age is another important prognostic factor for ovarian cancer survival, though 
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variations in survival as a result of variations in age distributions have never been 

identified. However, it is likely not increasing age itself that contributes to poorer 

survival, but instead its association with an increase in comorbidities and frailty. That 

being said, it is still an important factor to consider and control for as it is highly 

correlated with unmeasured frailty, senescence and disease severity. 

It is important to note that in some contexts, comorbidities, and frailty may be 

considered illegitimate prognostic factors in that they may be a result of upstream 

inequities. For example, socioeconomic status has been associated with poor nutrition, 

alcohol use, or sustained psychosocial stressors, which all can result in the development 

of comorbidities or frailty.81,82,83,84 At the time of diagnosis, however, the presence and 

impact of these factors can no longer be modified and therefore they are considered 

illegitimate within the context of this study.  

2.3.4 Potentially Illegitimate Prognostic Factors 

Hospital Level 

Factors affecting cancer survival have been found to vary between hospitals, 

meaning that an individual’s hospital of diagnosis and/or treatment may be a significant 

cause of variations in survival rates. Ovarian cancer treatment is centralized in Nova 

Scotia, therefore the geographic catchment area is very large. This means that most 

patients, who often have several months of symptoms leading to presentation, will 

present to a non-tertiary level hospital. As a result, there are some patients receiving 

treatment in hospitals that do not specialize in ovarian cancer treatment or that do not 

have a gynecologic oncologist on staff, which could impact their survival. There are 

multiple factors that may contribute to some hospitals having better survival rates than 
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others. For example, high ovarian cancer case volume has been shown to both directly 

and indirectly impact ovarian cancer outcomes by reducing failure to rescue rates (i.e., 

death caused by surgery complications) and increasing guideline concordant care.50,85,86 

Studies have also found that certain hospitals are less likely to provide more aggressive 

surgeries or any surgery at all, especially for those with advanced stage disease.51,87,88 It is 

unclear why this variation exists, but it has been hypothesized that it is caused by 

inconsistent levels of surgical expertise across hospitals, or physicians having differing 

opinions on who can tolerate aggressive surgery.88,41 For example, Norell et al found that 

hospitals in Norway were the least likely to avoid surgery as a result of advanced age, 

resulting in them having the highest survival for elderly individuals with advanced stage 

disease.51 These factors are especially important within an international setting or for 

provinces with multiple treatment centers specializing in ovarian cancer care, but it is 

currently unknown if they will explain Nova Scotia’s variation in survival given the high 

centralization of ovarian cancer care. Nova Scotia is not a large province geographically, 

and the province has only one tertiary hospital. That being said, not every woman will 

access this hospital or receive primary surgery there, so it is important to understand how 

this impacts survival within Nova Scotia. 

Physician-Level factors  

 There may also be factors at the physician level that contribute to variations in 

survival once an individual is diagnosed. A review by Du Bois et al. found that surgery 

by a gynecologic oncologist results in better surgical outcomes and survival rates 

compared to surgery performed by a general surgeon.89 This was especially true for those 

who had advanced stage disease. Similarly, a study by Urban et al in the United States 
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found that the lack of involvement of a gynaecologic oncologist increased the risk of an 

early death within 90 days after diagnosis.90 One study conducted in Ontario found that 

patients who saw a gyne-oncologist instead of a general surgeon had less of a risk of 

undergoing repeat surgery.91 Though this was not found to be related to survival, 

unnecessary repeat surgeries correspond to increased morbidity so this is likely relevant 

at the patient level.91  In addition, it has been found that improved outcomes are 

associated with high case-volume at the surgeon level.92 Though it is not yet known if 

this trend exists within Canada, research in other areas suggests that if a patient is 

referred to a general surgeon rather than a gyne-oncologist from their primary care 

provider or from the emergency department, they may have a poorer chance at survival. It 

has been hypothesized that the association between specialized care and better survival is 

a result of improved surgical staging, less time between surgery and receipt of 

chemotherapy, and adherence to treatment guidelines.92, 89,91 It is currently unknown how 

many women in Nova Scotia who are diagnosed with ovarian cancer will never be seen 

by a gyne-oncologist. A study in Manitoba, however, found that 4.7% of their ovarian 

cancer patients had never been referred to specialist care.93  Being seen by a gyne-

oncologist prior to or following diagnosis has additional benefits outside of potentially 

increased survival. Cancer patients who are cared for by a specialist also receive the 

ability to make informed, shared decisions with their cancer care team about their 

preferred treatment pathways (which in some cases, may include no treatment).94,95 In 

addition, accessing specialist care can lead to patients having increased access to the 

psychosocial resources and supports required to meet their needs during diagnosis, 

treatment, and follow-up care.96,97,98 This highlights the importance of identifying if 
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inequities are resulting in poorer access to care.  

If the first stop in the path to an ovarian cancer diagnosis is the emergency 

department, a patient may have a higher chance of death. This is often because those 

experiencing painful symptoms warranting an emergency room visit most likely have 

advanced stage disease.99 In addition, routes to diagnosis through the emergency 

department may lead to increased surgical morbidity and in-hospital mortality.99 

Emergency department admissions for ovarian cancer are also associated with lower rates 

of optimal debulking surgery.100 The mechanisms for this are unclear but it is plausible 

that they are due to initial surgeries being performed by general surgeons instead of gyne-

oncologists, referrals to physicians who do not specialize in gynecologic oncology, or by 

the patient’s condition making them a poor candidate for optimal cytoreduction.  

 One of the ways that this may be avoided is if the patient has a consistent 

relationship with their primary care provider. Continuity of care has been described as a 

physician’s ongoing commitment to a patient and their family to provide well-rounded 

and on-going healthcare management.101 It is used to measure the strength between the 

relationship of a patient and their primary care provider as a proxy for ongoing quality of 

care over time. High continuity of care has been associated with lower hospitalizations, 

fewer emergency department visits, lower mortality rates, and higher coordination with 

specialists.102,103,12/15/2023 2:52:00 PM104 Though pre-diagnosis continuity of care and its 

association with survival has never been studied for ovarian cancer, these findings 

suggest that it may have an impact on survival through earlier symptom recognition, 

appropriate referrals to specialist care, or avoidance of emergency department visits.  

Treatment Level 
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One of the more widely researched health system factors found to affect 

variations in ovarian cancer survival is adherence to treatment guidelines; although, it has 

not been studied within Canada. Though some guidelines for ovarian cancer differ in 

recommendations for treating recurrent disease and for which clinical features should 

trigger suspicion, they remain consistent throughout the world in terms of primary 

treatment.49,51 Adherence to guidelines for ovarian cancer has been repeatedly associated 

with improved survival.86,105,106,107 Despite this, there are often large and significant 

variations in how ovarian cancer is managed. Most commonly, clinical variations in 

guideline adherent care relate to decisions to undergo surgery, achieving optimal 

debulking, and/or receipt of appropriate chemotherapy.105,51,92 A systematic review by 

White et al identified studies that have found guideline adherent care ranging from 24% 

in California to 78.5% in Alabama.92 These variations in rates of adherence have been 

found to persist despite similar stage and comorbidity distributions.86 The reasons for 

receipt of non-guideline concordant ovarian cancer care are not well understood due to a 

lack of research. Explanations for not achieving optimal treatment have not been 

consistent and it is unclear how they relate to survival; some countries attribute it to lack 

of hospital staffing and delays in treatment, access to high-cost drugs and clinical trials, 

or variations in willingness to perform surgery.51  

Though adherence to guideline-recommended treatment has not been studied for 

ovarian cancer in Canada, it has been studied for breast and colorectal cancer. For breast 

cancer, the proportion of patients receiving appropriate treatment was highest in Ontario 

and lowest in Nova Scotia.108 Receipt of treatment was associated with age, stage, 

comorbidities, geographic location, and income, though these associations varied 
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between provinces.108 Differences in managing acute care needs during active treatment 

for breast cancer were also found, such as variations in the number of emergency visits 

versus hospitalizations.108 Similar trends were observed for colorectal cancer. Maddison 

et al. found that instead of receipt of guideline concordant care being determined solely 

by need, it was associated with younger age, where a patient received their care, where a 

patient lived in the province, and the presence of comorbidities.109 In addition, decisions 

on when to introduce palliative care into a patient’s treatment may have an impact on 

survival and variations in doing so may depend on factors such as risk of severe side 

effects, patient choice, and perceived benefits.110 Some studies done in lung cancer 

research have shown that earlier provision of palliative care (i.e. within 30 days since 

diagnosis) has been shown to improve the length of survival in those with advanced 

cancer.111 There is a deficit of research into palliative care associations with ovarian 

cancer survival, however. One study was identified regarding advanced ovarian cancer, 

but there were no significant differences in survival between early and late introduction 

of palliative care.112 

Though the link between guideline concordant care and survival appears to be 

clear in the literature, it can be argued that attempts to measure this association 

commonly ignore one important aspect: patient choice. There are many legitimate 

reasons why a patient and their care provider may choose to follow a different treatment 

pathway or avoid cancer treatment altogether. Those facing a cancer diagnosis with a 

poor prognosis may instead choose to live out the rest of their lives at home instead of 

facing treatment. A study in the Netherlands found that a significant number of ovarian 

cancer patients decide not to receive cancer-directed treatment, with the main reason 
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being patient’s choice and therefore their involvement in the decision-making process.113 

This may be explained by the trade-off between quality and quantity of life. For instance, 

a study by Havrikesky et al found that women were willing to accept a shorter survival 

time if it meant avoiding the severe and distressing side-effects that come along with 

aggressive treatments.114 This perspective is held not only by cancer patients; a study by 

Quaife et al. found that over half of respondents in the general public felt that going 

through cancer treatment would be worse than the cancer itself.115 This may be true for 

beliefs about ovarian cancer as well, as treatments often come with several severe side 

effects that affect quality of life including incontinence, sexual dysfunction, lack of 

appetite, and diminished mobility.116 For this reason, we have chosen to exclude 

guideline concordant care from our analysis and instead focus on equal access to care and 

patients being given the opportunity to make an informed choice with their cancer care 

teams. 

Time Intervals 

When an individual is suspected of having cancer, there are standards and 

guidelines for physicians to follow with respect to achieving an appropriate and timely 

diagnosis.117 For example, the National Institute for Health and Care Excellence (NICE) 

suggests that any individual who is suspected of having cancer should be assessed within 

2 weeks after being referred from primary care.117 However, adherence to these 

guidelines often varies, even within areas with standardized diagnostic pathways, leading 

to variations in survival.118 It is important to consider, however, that a short time to 

diagnosis for ovarian cancer may not equate to improved survival depending on how the 

patient initially presents to health care system. For example, those who present with 
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symptomatic, advanced stage disease will most likely have very poor survival outcomes 

despite the possibility for a quick diagnosis.53 In contrast, those who arrive at their 

primary care physician and are diagnosed incidentally after a longer period of time may 

have improved survival due to less disease progression.50 This is explained by the 

concept of lead time bias, where an earlier diagnosis may appear to be associated with 

longer survival compared to a later diagnosis. However, a diagnosis is not the same as 

disease onset, and individuals who are diagnosed at different points along their disease 

progression may not have different survival outcomes if there are no effective 

treatments.119 Therefore, the association between diagnostic time intervals and survival 

for ovarian cancer is complicated and it is not as good an indicator for quality of care as it 

may be for other cancer types.  

For many cancer types, research has found a similar association between survival 

and the time interval between diagnosis and the beginning of treatment. For example, 

across all stages of colorectal cancer, a longer interval between a confirmed diagnosis and 

the beginning of treatment is significantly associated with a higher risk of death.120 

Despite this, significant variations in meeting treatment benchmarks have been identified 

for colorectal patients in Nova Scotia.109,121Reasons for variation in achieving these 

benchmarks included lack of consultations with a medical oncologist, patient decision, 

comorbidities, socio-economic status, and advancing age.121 Similar trends of variations 

in length of time to diagnosis and treatment have also been found for lung and breast 

cancer.118,122 However, these associations are not as clear for ovarian cancer treatment 

intervals. In Nova Scotia, the diagnostic date is recorded as the date of the pathological 

diagnosis. That being said, it is not uncommon for neoadjuvant chemotherapy to begin 
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based off a cytology diagnosis prior to pathology being confirmed. In other cases, a 

pathological diagnosis may be made at the time of initial treatment if samples are taken 

during primary debulking surgery. Because of this, an “official” diagnosis date may be 

challenging to compute for women with ovarian cancer. Therefore, we are unable to 

capture the true time interval between diagnosis and treatment start date.  

Socioeconomic Status 

There are many additional factors, seemingly unrelated to the disease itself, that 

may impact an individual’s outcome. For example, ovarian cancer survival has been 

associated with race and socio-economic status (SES). It is unclear why these 

associations exist and how they impact overall variations in survival, however, they point 

to systematic societal disparities in access to proper diagnosis and treatment pathways. As 

noted by Bristow et al, improvements in treatment and survival of ovarian cancer are not 

universal across racial and socio-economic groups.123 Characteristics such as insurance 

status, household income, and education level have been shown to impact survival, with 

those having lower socio-economic status consistently experiencing poor ovarian cancer 

outcomes in comparison to more affluent groups in multiple countries.53,123,124,125,126 

These outcomes include not only poorer survival, but also an increased likelihood of 

being diagnosed at a late stage and receipt of non-guideline concordant care.123, 124,125 In 

addition, lower SES has been associated with an increased risk of developing 

comorbidities and issues with self-management.127,128 This association may not be 

pertinent to inequities in survival from the point of diagnosis, but it increases patient 

complexity and, as previously mentioned, can lead to poorer cancer survival.127,128 

Though not the focus of this particular study, this highlights the fact that improving 
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ovarian cancer survival may rest partly in addressing upstream inequities that result in a 

higher prevalence of legitimate prognostic factors. It is clear that this SES gradient is 

clinically relevant, as excess deaths are consistently highest in the most deprived groups 

for most cancer types, including colorectal, prostate, breast, and ovarian 

cancer.125,129,130,131 In addition, for almost all types of cancer, increasing deprivation is 

associated with a higher risk of being diagnosed at an advanced stage.132 A study by 

Barclay et al revealed that if the SES inequalities were removed, it would decrease the 

proportion of cases being diagnosed at an advanced stage by 4.1%, thereby decreasing the 

number of deaths.132 Despite the Canadian Health Act aiming to enable reasonable access 

to health care regardless of financial or other barriers, disparities continue to persist for 

cancer survival.133 These associations are strong and conclusive, but it is unknown how or 

if they contribute to geographical variations in ovarian cancer survival.  

Race 

Large and persistent ovarian cancer survival disparities have been identified for 

race, with black individuals consistently experiencing poorer survival rates after 

controlling for other disease and treatment related variables.123,126 Though incidence rates 

of ovarian cancer are consistently highest in white women (85% of patients in the USA), 

a study by Stewart et al found that survival is up to 10% lower in black women.11,126 This 

is despite similar stage distributions between each race.126 Another study in California 

found that black women had a 19% increased risk for mortality, with similar findings for 

low socioeconomic groups.106 These disparities are more pronounced for late-stage 

tumors, likely attributed to the fact that black women are less likely to undergo optimal 

chemotherapy and surgery when diagnosed with ovarian cancer which negatively 
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influences long-term survival.47,123 It has also been hypothesized that this increased 

mortality may be due to unequal access to care, variations in comorbid conditions, and 

differences in modifiable risk factors. Similar to other patient-level factors, there has been 

little research to determine how race relates to geographical variations in ovarian cancer 

survival. It is important to understand that race is almost exclusively a social construct 

and not a biological variable. In addition, the black identity in Canada and Nova Scotia is 

made up of diverse groups and communities. Unfortunately, we were not able to include 

race within our analysis nor has it ever been included in population-based Canadian 

cancer research, because race data are not collected in Canada.  

Mental Health 

Multiple studies have observed an association between poor mental health and 

increased cancer mortality. Despite no difference in the incidence rate between those with 

and without mental health conditions, those suffering with mental illness have been found 

to be less likely to receive specialized interventions, more likely to be diagnosed at a later 

stage, and more likely to die from cancer-related mortality.134,135 This is true for both pre-

existing mental conditions and those developed following a cancer diagnosis. Proper 

treatment for mental health conditions may act as a mediator in this association, as a 

study by Berchuck et al found that lung cancer patients receiving proper mental health 

supports were more likely to receive appropriate treatment and more likely to have 

improved cancer outcomes in comparison to those not receiving mental health 

supports.136 The association between pre-diagnosis mental health comorbidities and 

survival has rarely been studied for ovarian cancer and it is therefore unclear how it may 

contribute to variations in cancer survival. In addition, the association between mental 
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health and geographical variations in survival has never been studied within Canada for 

any cancer type.  

Geography 

There have been mixed findings about the association between cancer survival 

and where a person resides in relation to specialist care. A review by Ambroggi et al 

found that for multiple cancer types, longer travel requirements for treatment were 

associated with worse survival, advanced stage disease, a worse quality of life, and non-

guideline concordant care.137 In contrast, a study by Villanueva et al found that driving 

longer distances for treatment was actually associated with better ovarian cancer survival 

in California. They hypothesized that this is because patients were travelling longer 

distances to receive treatment in hospitals with a higher quality of care, rather than being 

treated at their local hospitals.106 Other studies, however, have found that the distance 

between residence at diagnosis and the treatment center had no impact on survival.138,139 

There may also be survival differences depending on whether an individual lives in a 

rural or an urban area. For prostate cancer, it was found that those living in rural areas 

were more likely to be diagnosed with advanced stage disease compared to those in major 

cities.130 An association was also found between receipt of chemotherapy and living in a 

rural area in Nova Scotia for early-stage breast cancer patients.108 It is unknown if these 

associations exist within Nova Scotia for ovarian cancer, and due to the centralization of 

care, it is unclear how they would impact variations in survival.  

2.4 The Mediating Effect of Equal Access to Care 

 It is currently unknown whether the association between ovarian cancer survival 

and the factors listed above are mediated by more equitable access to quality cancer care. 
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Though the differences in equitable access to cancer care have been well documented and 

described, there is a gap in the literature in terms of understanding and quantifying 

whether more equitable access could alleviate differences in ovarian cancer survival.145 

Most existing literature has focused on cancer types other than ovarian cancer, and often 

focuses on only one measure of social disparity, such as race. For example, multiple 

studies have been able to show that race differences in stage at diagnosis, treatment, and 

survival are not present in equal access health care systems, such as military 

hospitals.146,147,148 Similarly, a study by Cole et al found that access-related variables 

explained 40% of race-based differences in survival.149 A review of Canadian literature, 

on the other hand, found inequitable access to care was most often associated with 

income, age, and geography.150 No research has been done to determine how or if these 

associations exist within ovarian cancer in Canada. This is despite of a number of studies 

that have illustrated the importance of equitable access to cancer care within Canadian 

healthcare systems.151 In addition, the Canadian Strategy for Cancer Control has named 

equitable access to healthcare in the form of eliminating barriers to care as one of their 

top priorities, which highlights the importance of our research study.150 

2.5 Conclusion 

In conclusion, although multiple factors have been identified as determinants of 

ovarian cancer survival, there is very little evidence to suggest that they contribute to 

trends in survival variations from the point of diagnosis, or that they exist within Canada 

at all. This study aimed to fill this gap by determining which prognostic factors contribute 

to differences in ovarian cancer, and if inequities in survival and access to care exist, 

from point of diagnosis. In addition, we aimed to determine if regional variations in 
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survival exist as a result of inequal distribution of both legitimate and illegitimate 

prognostic variables.   
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Chapter 3: Objectives 

The ultimate purpose of this study is to begin the process of understanding why 

variations in epithelial ovarian cancer survival exist, and to identify if these variations 

may be a result of inequities at the time of diagnosis. By analyzing potential regional 

differences in survival within Nova Scotia and determining which legitimate and 

illegitimate prognostic variables might contribute to these variations, we aimed to 

identify where inequities lie within the province. This helps to provide a picture of what 

may be occurring within other regions and provinces. To do this, we analyzed how 

disease, health system, and sociodemographic factors, that exist at the time of diagnosis, 

affect an individual’s chances at survival in order to determine what puts certain groups 

at a higher risk of death. Specifically, we aimed to identify if inequities continued to 

persist once legitimate prognostic factors with a known impact on survival were taken 

into account. In addition, we explored whether or not legitimate or illegitimate prognostic 

factors are leading to inequitable access to specialist care. Many of these factors have 

never been studied for ovarian cancer within Canada, but they have been shown to impact 

variations in survival for other types of cancer within other parts of the world. The results 

of this research will be utilized by health care workers, researchers, and policy makers to 

begin paving the way to equitable access to health care and ultimately improving 

survival.  

Objective 1 

 To determine which prognostic factors are contributing to potential regional variations in 

survival within Nova Scotia, and to identify any potential inequities associated with 

survival, at the point of diagnosis.   
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Objective 2 

To assess if equitable access to health care, such as being seen by a gyne-oncologist and 

surgery at a tertiary hospital, impacts ovarian cancer survival at the point of diagnosis, 

and to determine which prognostic factors are associated with differences in access to 

specialist care.  

2.1 To explore survival differences between those who were seen by a gyne-

oncologist within 6 months prior to and following diagnosis, and those who were 

not, and to identify inequities associated with differences in accessing specialist 

care. 

2.2 To explore how surgery location and surgery status (surgery at tertiary care, 

surgery elsewhere, or no surgery) impacts survival, and to identify inequities 

associated with differences in surgery location or surgery status. 
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Chapter 4: Methods 

4.1 Data and Study Population 

This study utilized a population-based retrospective design using data from 

multiple linked datasets. The study population included all women identified from the 

Nova Scotia Cancer Registry (NSCR) (ICD10 Codes) who were newly diagnosed with 

epithelial ovarian cancer from January 1, 2007 to December 31, 2016 (n=691). Those 

without a valid health card and who received primary treatment outside of Nova Scotia 

were excluded. Participants were censored if they were no longer eligible for Nova Scotia 

Medical Services Insurance (MSI) (i.e., have moved away from the province within 3 

years following diagnosis).  

Patient data from the NSCR were linked to a clinical database held by the 

Division of Gynecological Oncology at Dalhousie University (TUPPER Database) and 

multiple administrative health datasets held by Health Data Nova Scotia (HDNS), 

including MSI physician billing, CIHI Discharge Abstract Database (DAD), and the 

Eligibility Group Database (EGROUP). Descriptions of these data sources can be found 

in Appendix A – Data Sources and Descriptions. Data were gathered starting 3 years prior 

to diagnosis and ending up to 3 years post diagnosis for each patient, with the exception 

of the EGROUP data as these were collected if a patient had been entered into this 

database 5 years prior to diagnosis. The linkage of these data sources allowed us to 

comprehensively analyze the patient demographic, tumor, and health system factors 

associated with variations in ovarian cancer survival.  
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4.2 Variables 

4.2.1 Dependent Variable 

Survival Time 

 The main outcome for this study was the length of time a woman survived 

following an epithelial ovarian cancer diagnosis. The start/study entry point was the date 

of the diagnosis, and the event of interest/study exit point was the date of death. Both of 

these dates were collected from the NSCR. Those who did not pass away from ovarian 

cancer during the 3-year follow up period were censored at the end of the study.  

4.2.2 Legitimate Prognostic Factors 

For the purposes of this study, the following variables were treated as legitimate 

prognostic factors. As previously stated, the decision to categorize prognostic factors as 

legitimate or illegitimate was based on perspective, purpose, and scope. In particular, the 

purpose and scope of this study focused on differences in survival from the point of 

diagnosis. 

Stage at Diagnosis 

 Each patient’s cancer stage at diagnosis (i.e., I, II, III, IV, or unknown) was 

gathered from the NSCR as defined by the Collaborative Stage Data Collection System. 

If an individual is diagnosed with an unknown stage, it means they received limited stage 

work up and/or limited documentation in their health record (as defined by Cancer Care 

Ontario).152 Under certain circumstances, cancer stage may be considered an illegitimate 

prognostic factor due to differences in access to early detection, but our focus was on 

factors associated with equity in survival from the point of diagnosis. In addition, almost 

all women will be diagnosed at a late stage due to the lack of early detection methods. 
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For these reasons, stage was considered a legitimate prognostic factor for the purpose of 

this study.  

Histological Sub-Type 

 Based on the histology codes from the NSCR, each patient was categorized as 

having one of four sub-types of epithelial ovarian cancer: serous, endometroid, mucinous, 

or clear cell carcinoma. If additional rare sub-types exist within the dataset, they were 

coded as “Other”. Missing histologies were coded as “unknown”, as these patients did not 

receive a histological examination. This dataset did not allow us to differentiate between 

high-grade and low-grade serous histologies.  

Frailty 

 Frailty was identified within any 365-day period within 2 years prior to an 

epithelial ovarian cancer diagnosis using the ICD9/10 codes from the DAD and MSI 

physician billing. The identification of frailty was based on decision rules described by 

Urquhart et al, which include being a long-term care resident, having received palliative 

care, or having been identified using items from the Edmonton Frailty Scale (EFS), the 

Clinical Frailty Scale (CFS), and/or service utilization based on the following criteria: 

cognitive impairment, incontinence, falls, nutrition, general health status, functional 

performance, or targeted health service utilization.76 Though this measure has not been 

fully validated, it has been used across multiple organizations.153,154,155 The advantage of 

this frailty measure is that it uses solely administrative data, which are common across 

jurisdictions and therefore aids in consistency and generalizability. Patients who fulfil 

one or more of these rules were considered frail. The variable was coded as binary 

(frailty/no frailty). Those with missing frailty status were coded as having no frailty, as 
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this means they did not meet the criteria to be considered frail. 

Comorbidities 

A patient’s comorbidity level was calculated based on the comprehensive list of 

31 comorbidities created by Elixhauser et al, excluding cancer conditions.72 Using this 

list, a comorbidity count was obtained for each patient from ICD9/10 codes in the DAD 

up to 3 years prior to diagnosis. This comorbidity measure only captured severe 

comorbidities that resulted in a hospitalization or were managed during a person’s 

hospitalization (i.e., hospital resources were used in some way to manage/treat the 

comorbidity during the hospitalization). These counts were then transformed into a 

categorical variable based on the distribution of the data and sample size within each 

group. The categories were labelled as 0, 1, or 2+, indicating the number of comorbidities 

each individual had. Those who had a missing comorbidity count were labelled as “No 

hospitalization”, as they may have had a comorbidity without being hospitalized for it.  

Age at Diagnosis 

 The age at diagnosis was calculated using the date of birth and date of diagnosis 

from the NSCR. Though it was collected as continuous, this variable was transformed 

into a categorical variable of <60 or 60+, based on the distribution of the data and sample 

size within each group. 

4.2.3 Illegitimate Prognostic Factors 

Mental Health 

 Mental health status was captured using the Canadian Chronic Disease 

Surveillance System. This captures any use of health services for mental illness in the 

DAD and MSI Physician Billing. This variable was coded as binary (mental health 
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comorbidity/no mental health comorbidity). Patients who visited a physician or who had 

been hospitalized for a mental health condition up to 3 years prior to their ovarian cancer 

diagnosis were coded as having a mental health comorbidity.  

Poverty 

 Poverty acted as a proxy measure for socioeconomic status for the purpose of this 

study. It was identified through the Eligibility Group Database held by HDNS and 

defined as having been enrolled in any low-income drug program within 5 years prior to 

their diagnosis date. For those aged 65+, this includes being within the guaranteed 

income supplement category meaning they receive little to no yearly income beyond their 

Old Age Security pension and are therefore subject to different copay and premiums. For 

those below the age of 65, individuals are flagged if they are part of community services 

pharmacare (meaning they are on social assistance), or if they are a part of family 

pharmacare (meaning they have no other health insurance). We chose this measure 

instead of a neighbourhood level variable (such as the deprivation index), as the 

correlation between individual and neighbourhood income is often weak and highly 

conflated with geography. Instead, this variable allows us to capture an individual level 

measure of socioeconomic status using administrative data. Poverty was coded as a 

binary variable (poverty/no poverty). 

Health Authority Zone at Diagnosis 

 The patients’ health authority zone of residence at diagnosis was used to 

determine if regional variations in ovarian cancer survival exist. Postal codes from the 

time of diagnosis were collected from the NSCR and grouped into one of the four health 

zones (NSHA Management Zones): Central, Western, Northern, and Eastern). A map of 
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Nova Scotia illustrating these health zones is shown in Appendix B - Figure 1.  

Continuity of Primary Care 

 A patient’s continuity of care level was based on relational continuity, which is a 

measure of ongoing healthcare management and longitudinal quality of care. This was 

calculated using the Usual Provider Continuity (UPC) Index, which is the ratio of the 

number of times a patient visits their main primary care provider compared to the total 

number of times they have visited any primary care provider, within 6-30 months prior to 

diagnosis and excluding hospital and emergency department visits. The UPC was 

calculated as follows: 

𝑈𝑃𝐶 =
𝑛𝑖
𝑁

 

Where ni = the number of patient visits with their primary care provider 

And N = the number of patient visits with any primary care provider.  

 Though this ratio is normally a continuous measure between 0.0 and 1.0, we 

categorized it as high or low continuity for the purpose of this study, where a UPC of 

0.75 and above was considered high continuity, and below 0.75 was considered low 

continuity. The number of physician visits and the physician identification number were 

collected through MSI physician billing (ICD-9 Codes). A UPC score could not be 

calculated for those who had less then 3 primary care visits overall. Therefore, these 

patients were included as a category titled “missing”.  

4.2.4 Access to Care Variables 

Assessment by a Gyne-Oncologist 

 Patients having been assessed by a gyne-oncologist within 6 months prior to and 6 

months after diagnosis was explored to determine its effect on survival, and to determine 
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which legitimate and illegitimate prognostic factors are associated with access to 

specialist care as an outcome. This was coded as a binary variable (yes/no). If a patient 

was identified in the TUPPER database held by the Division of Gynecological Oncology 

at Dalhousie within this time frame, they were coded as “yes”.  

Initial Surgery Location/Surgery Status 

 We also explored survival differences between those who received surgery at 

tertiary care, outside of tertiary care, or no surgery at all. Though this variable was not 

treated as an outcome (as many patients have legitimate reasons for choosing no surgery 

or different surgery locations),113,114,115 we explored which legitimate or illegitimate 

prognostic factors were significantly associated with differences in this variable, in order 

to aid in future comparisons across provinces. This variable also acts as a proxy measure 

for both hospital/physician case volume as well as initial surgery being performed by a 

gyne-oncologist or not. The tertiary care center is described as the single hospital in Nova 

Scotia that provides sub-specialist care in gyne-oncology. All other hospitals were 

considered non-tertiary. This variable was identified through the DAD (ICD-9/10) and 

coded as a categorical variable (tertiary/non-tertiary/no surgery). Those who were coded 

as “no surgery” originally showed up within the dataset as missing. There is a chance, 

however, that these individuals were missing from this dataset because they had surgery 

outside of Nova Scotia. To determine if this was the case, we explored the other 

prognostic factors of this sub-population. It was found that these patients were most often 

older, advanced or unknown stage (likely meaning no surgery), unknown subtype (likely 

meaning no surgery), did not live close to the border of other provinces (meaning they 

likely did not go to an adjoining province for surgery), and most importantly had a much 
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shorter survival time. These points, along with the fact that the identified rate of no 

surgery matches up with no surgery rates in the literature, meant that we felt confident 

labelling this population as having no surgery.156,157  

4.3 Analysis 

4.3.1 Objective 1 

 This study began with an exploratory analysis of all of the measured prognostic 

factors in our data that may influence survival rates throughout Nova Scotia. All 

statistical analyses were completed using STATA/MP 15.1. The first step was to 

determine both the frequency (n) and the prevalence (%) of each patient characteristic 

within the population. For a prognostic factor to contribute to regional variations in 

survival, the prevalence of the factor itself must vary between zones. As a result, we 

determined if there were significant differences between each zone for each of the patient 

characteristics listed in 4.2. This was done using multiple chi-squared (X2) tests with the 

statistical significance set to alpha level 0.05.  

 The next step in this objective was to determine if the outlined patient 

characteristics were associated with differences in survival throughout Nova Scotia, and 

to determine if they explained regional variations that may exist. Because the data were 

right censored (i.e., some deaths may have occurred after the end of the study period), 

models for the analysis of survival data were used. Significant associations between both 

the legitimate and illegitimate prognostic factors and survival were first explored using 

simple survival estimate techniques. Kaplan-Meier survival curves were created for 

significant predictor variables to visualize differences in survival estimates. Log-rank 

tests were then performed to determine which of these associations were statistically 
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significant. Although the associations between the legitimate prognostic factors and 

survival have already been well documented within the literature, this was still an 

important step as this has never been done within Nova Scotia at a population level. Not 

only does this provide context for the current study, but it provides a point of comparison 

to be used in future studies being done in other provinces, to explain variations in ovarian 

cancer survival throughout Canada. 

Multivariable regression models were used to assess adjusted differences in 

survival by health zone, poverty, continuity of care, and mental illness. The purpose of 

this was to identify potential inequities in cancer survival, and to determine if these 

inequities continued to persist once we controlled for the impact that the legitimate 

factors had on survival at the time of diagnosis. Cox models were chosen based on the 

distribution of the data. A series of models were used to identify associations between 

illegitimate prognostic factors and survival, and to identify any regional variations in 

survival, by computing hazard ratios (HR), standard errors (SE) and 95% confidence 

intervals (CI) with the statistical significance set to alpha level = 0.05. Specifically, an 

HR greater than one was indicative of a higher risk of death. As previously stated, the 

follow-up period began at the date of diagnosis, and ended after 3 years, the date of death, 

or the date of the last known observation. The variables were checked for symmetry to 

satisfy the proportional hazards (PH) assumption. Based on conversations with the 

research team, some potential interactions were explored, including poverty x zone, 

comorbidities x frailty, and frailty x age. However, none of these interactions were 

significant and were therefore excluded from the reported models. As previously stated, 

this study was exploratory in nature, meaning the methods utilized were based on what 
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was found as the analysis progressed.  

 The method chosen to identify inequities in survival were based on methods 

described by Asada et al.158 In summary, the illegitimate prognostic variables are added 

to regression models that have been fully adjusted for all of the legitimate prognostic 

variables. The purpose of this is to control for the impact of the factors known to 

influence survival, so that any remaining associations between the illegitimate factors and 

survival are therefore unexplained and are likely a result of inequities. To do this, we first 

ran a series of univariate regression models with both the legitimate and illegitimate 

prognostic factors and survival as the outcome. This was done once again to provide 

context for the study and provide a point of comparison for future studies. As mental 

illness and continuity of care were found to have insignificant associations with survival 

in both the descriptive statistics and univariate regression models (p-value > 0.2), these 

variables were not included in any multivariate models. Multivariate models were 

developed with zone and poverty both singly and in combination with one another, 

adjusted for the legitimate prognostic factors. Based on the results of these models, some 

supplemental descriptive statistics were generated to explore any potential explanations 

between the associations or lack thereof. Though not part of the main objectives of this 

study, this was done to enhance the discussion and improve the ability to connect our 

findings to the literature. Furthermore, beyond looking at statistical significance, 

emphasis was placed on effect sizes to discern policy-relevant disparities in survival 

rates.   

4.3.2 Objective 2 – Part 1 

For the second objective in this study, we sought to understand how access to 

specialist care impacts survival, and how legitimate vs. illegitimate prognostic factors are 
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associated with whether an individual can access this care. The variables illustrating 

equitable access to care included being seen by a gyne-oncologist within 6 months of 

diagnosis and surgery location, as described in Section 4.2.4. After testing the 

proportional hazards assumptions for these variables, the first step in this analysis was to 

determine if they were significantly associated with survival, by creating multivariate 

Cox models for both variables and adjusting for the factors found to have significant 

associations with survival in Objective 1, which therefore only included the legitimate 

prognostic factors.   

 To determine which legitimate or illegitimate prognostic factors are associated 

with differences in access to care, we then began to develop a logistic regression model 

with “being seen by a gyne-oncologist” as the outcome. First, X2 tests were used to 

determine which variables were significantly associated with being seen by a gyne-

oncologist prior to the regression models, and to summarize differences in these 

populations. Statistical significance was set to alpha level 0.05 for these X2 tests. 

 Univariate logistic regression models were conducted for each legitimate and 

illegitimate prognostic factor, with being seen by a gyne-oncologist as the outcome 

variable, to once again determine which associations exist prior to and following 

adjustment for legitimate prognostic factors. To determine how different prognostic 

factors impact the chance of being seen by a gyne-oncologist, we computed odds ratios 

(ORs) with 95% confidence intervals and the statistical significance set to alpha level = 

0.05. Specifically, an OR greater than one indicated a higher odds of being seen by a 

gyne-oncologist within 6 months prior to or following diagnosis. We then conducted 

multivariate logistic regression with the illegitimate prognostic factors of interest (i.e., 



 41 

those found to be significantly associated with the outcome), adjusted for the legitimate 

prognostic factors.  

4.3.3 Objective 2 – Part 2 

To determine how surgery location/surgery status impacts survival, we first added 

this variable into the same multivariate cox regression done in Objective 2 Part 1 in place 

of the access to a gyne-oncologist variable. In contrast to Objective 2 Part 1 we chose not 

to develop logistic regression models with surgery location/status as the outcome 

variable. This is because individuals have many legitimate reasons for choosing surgery 

vs. no surgery or choosing to have surgery at a different location.113,114,115 In addition, we 

found that there were no significant survival differences dependent on surgery location 

(i.e., tertiary versus elsewhere). Therefore, these results may not be meaningful at the 

policy level. Instead, we used simple descriptive analysis techniques (X2 tests) to 

summarize differences in these those who received surgery in different locations, and 

those who received surgery versus no surgery based on legitimate and illegitimate 

prognostic factors.  

4.3.4 Ethical Approval 

Ethical approval to conduct this study was granted by the Nova Scotia Health 

Research Ethics Board (protocol number 1027899). A waiver of consent was sought and 

approved, based on impracticability reasons. The data access approvals were granted by 

the Health Data Nova Scotia Data Access Committee and the Nova Scotia Health Privacy 

Office.  
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Chapter 5: Results 

5.1 Objective 1 Results 

In total, 691 individuals were identified as having been diagnosed with epithelial 

ovarian cancer between January 1st, 2007 and December 31st, 2016. Of these individuals, 

20 were excluded as they were diagnosed via death certificate only (meaning they had a 

survival time of 0 days). An additional 4 individuals were excluded as they had non-

epithelial ovarian cancer. This resulted in a final sample size of 667 individuals, 54% of 

whom survived past the follow-up period of 3 years. Around 64% of the population were 

diagnosed at a late stage (stage III or IV), with an additional 6.9% diagnosed with 

unknown stage. Of those with late or unknown stage, only 30% survived past 3 years. 

Most individuals had serous ovarian cancer, though over 30% had an unknown subtype. 

The large majority of the population were older, were not frail, and had one comorbidity. 

Around 40% of the population had mental illness, experienced poverty, and/or had high 

continuity of care. The central zone had the highest population, and the northern zone had 

the smallest population. These patient characteristics are shown in detail in Table 1.  

Table 1 - Frequency and prevalence of the legitimate and illegitimate prognostic factors 

Variable   Frequency (n) Prevalence (%) 

Outcome 

Survived Past 3-years   

 Yes 358 53.67 

 No 309 46.33 

Legitimate Prognostic Factors  

Stage at Diagnosis 

 I 154 23.12 

 II 42 6.31 

 III 299 44.89 

 IV 125 18.77 

 Unknown 46 6.91 

Histological Subtype 

 Serous 286 42.88 

 Endometroid 37 5.55 

 Clear Cell 48 7.20 

 Mucinous 28 4.20 

 Other 60 9.00 

 Unknown 208 31.18 
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Variable  Frequency (n) Prevalence (%) 

Frailty 

 Frail 135 20.24 

 Not Frail  532 79.76 

Comorbidities 

 0 40 6.00 

 1 290 43.48 

 2+ 224 33.58 

 No Hospitalization (Missing) 113 16.94 

Age at Diagnosis 

 <60 198 29.69 

 60+ 469 70.31 

Illegitimate Prognostic Factors 

Mental Health 

 Mental Health Comorbidity 266 40.12 

 No Mental Health Comorbidity 401 59.88 

Poverty 

 Poverty 264 39.58 

 No Poverty 403 60.42 

Zone 

 Central 248 37.18 

 Eastern 135 20.24 

 Northern 130 19.49 

 Western 154 23.09 

Continuity of Care 

 High 248 41.26 

 Low 353 58.74 

 Missing 66  

Access to Care Variables 

Assessment by a Gyne-oncologist 

 Yes 511 76.61 

 No 156 23.39 

Surgery at Tertiary Care 

 Yes 365 54.72 

 No 96 14.39 

 No Surgery 206 30.88 

               n = number of individuals 

For a factor to contribute to regional variations in survival, it must also vary 

between regions itself. As such, we conducted a series of X2 tests between zones and each 

of the legitimate and illegitimate prognostic factors, the result of which are shown in 

Table 2. In summary, we found that comorbidity count, age, continuity of care, and 

poverty status differed between health zones. The eastern zone had the highest level of 

comorbidities, the highest number of those diagnosed above the age of 60, and the 

highest level of poverty. The central zone had the highest frequency of those with low 

continuity of care.  
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Table 2 - Frequency and prevalence of each patient characteristic between zones 

  n = number of individuals 

To determine which of these factors were also significantly associated with 

survival differences, we conducted log-rank tests. The Kaplan-Meier curves illustrating 

the significant associations can be found in Appendix B - Figure 2. Overall, it was found 

that stage, sub-type, age at diagnosis, comorbidity count, frailty status, and poverty status 

resulted in survival differences. To get a better understanding of these associations prior 

to adjustment, we also developed univariate cox models with each of the illegitimate and 

legitimate prognostic factors and survival time as the outcome (Table 3). Though zone, 

Zone (n (%)) 

Variable Central (n=248) Eastern (n=135) Northern (n=130) Western (n=154) 

Survived past 3-years p=0.365 

 No 124 (50.00) 78 (57.78) 75 (57.69) 81 (52.60) 

 Yes 124 (50.00) 57 (42.22) 55 (42.31) 73 (47.40) 

Stage p=0.754 

 I 59 (23.79) 26 (19.26) 27 (20.77) 42 (27.27) 

 II 15 (6.05) 8 (5.93) 10 (7.69) 9 (5.84) 

 III 114 (45.97) 64 (47.41) 60 (46.15) 61 (39.61) 

 IV 46 (18.55) 26 (19.26) 20 (15.38) 33 (21.43) 

 Unknown 14 (5.65) 11 (8.15) 13 (10.00) 9 (5.84) 

Sub-Type p=0.463 

 Serous 109 (43.95) 60 (44.44) 56 (43.08) 61 (39.61) 

 Clear cell 25 (10.08) 5 (3.70) 6 (4.62) 12 (7.79) 

 Endometroid 13 (5.24) 7 (5.19) 8 (6.15) 9 (5.84) 

 Mucinous 11 (4.44) 5 (3.70) 5 (3.85) 7 (4.55) 

 Other 27 (10.89) 8 (5.93) 13 (10.00) 12 (7.79) 

 Unknown 63 (25.40) 50 (37.40) 42 (32.31) 53 (34.42) 

Frailty p=0.141 

 Frail 40 (16.13) 35 (25.93) 27 (20.77) 33 (21.43) 

 Not Frail 208 (83.87) 100 (74.07) 103 (79.23) 121 (78.57) 

Comorbidities p=0.039 

 0 13 (5.24) 8 (5.93) 7 (5.38) 12 (7.79) 

 1 117 (47.18) 51 (37.78) 57 (43.85) 65 (42.21) 

 2+ 68 (27.42) 60 (44.44) 39 (30.00) 57 (37.01) 

 No hospitalization 50 (20.16) 16 (11.85) 27 (20.77) 20 (12.99) 

Age at Diagnosis p=0.003 

 <60 92 (37.10) 27 (20.00) 32 (24.62) 47 (30.52) 

 60+ 156 (62.90) 108 (80.00) 98 (75.38) 107 (69.48) 

Continuity of Care p=0.035 

 Low 152 (61.29) 67 (49.63) 60 (46.15) 74 (48.05) 

 High 74 (29.84) 51 (37.78) 56 (43.08) 67 (43.51) 

 Missing 22 (8.87) 17 (12.59) 14 (10.77) 13 (8.44) 

Mental Health Comorbidity p=0.335 

 Yes 107 (43.15) 47 (34.81) 55 (42.31) 57 (37.01) 

 No 141 (56.85) 88 (65.19) 75 (57.69) 97 (62.99) 

Poverty p=0.000 

 Yes 65 (26.21) 76 (56.30) 53 (40.77) 70 (45.45) 

 No 183 (73.79) 59 (43.70) 77 (59.23) 84 (54.55) 
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mental illness, and continuity of care were insignificant during the log-rank tests, we 

chose to continue to include them in this step of the analysis to examine the survival 

differences between different categories, and to see if any of the individual levels were 

significant.  

Table 3 - Univariate Cox Regression Models 

Univariate Models 

Variables HR (SE) 95% CI P-value 

Stage (compared to stage III) 

 IV 2.422 (0.298) 1.902, 3.083 0.000 

 II 0.180 (0.075) 0.070, 0.405 0.000 

 I 0.170 (0.039) 0.108, 0.267 0.000 

 Unknown 4.303 (0.737) 3.076, 6.019 0.000 

Sub-type (compared to serous) 

 Clear Cell 0.707 (0.182) 0.427, 1.170 0.177 

 Mucinous 0.490 (0.190) 0.229, 1.047 0.065 

 Endometroid 0.190 (0.097) 0.070, 0.515 0.001 

 Other 0.332 (0.104) 0.180, 0.614 0.000 

 Unknown 4.311 (0.499) 3.436, 5.409 0.000 

Frailty (compared to not frail) 

 Frail 4.606 (0.533) 3.671, 5.778 0.000 

Comorbidity Count (compared to 1 comorbidity) 

 0 1.596 (0.365) 1.019, 2.499 0.041 

 2+ 2.318 (0.291) 1.812, 2.964 0.000 

 No hospitalization 2.064 (0.308) 1.540, 2.766 0.000 

Age at Diagnosis (compared to <60) 

 60+ 3.117 (0.455) 2.342, 4.148 0.000 

Continuity of Care (compared to high) 

 Low 1.076 (0.122) 0.861, 1.345 0.519 

 Missing 1.045 (0.197) 0.722, 1.512 0.816 

Mental Health Comorbidity (compared to no) 

 Yes 0.994 (0.107) 0.805, 1.229 0.958 

Poverty (compared to no poverty) 

 Yes 1.441 (0.153) 1.170, 1.774 0.001 

Zone (compared to central) 

 Eastern 1.282 (0.185) 0.965, 1.701 0.086 

 Northern 1.263 (0.185) 0.948, 1.682 0.111 

 Western 1.148 (0.164) 0.867, 1.518 0.336 

                  HR = Hazard Ratio, SE = Standard Error, CI = Confidence Interval 

As expected, we found that unknown stage had the highest risk of death compared 

to stage III, followed by stage IV. Compared to serous sub-type, only unknown subtype 

had a higher risk of death. A higher risk of death was also associated with being frail, 

being diagnosed above the age of 60, and having 0, 2+ or no hospitalizations for 

comorbidities compared to one comorbidity. In terms of potential inequities as a result of 

illegitimate prognostic factors, only those who experienced poverty had a 1.4x higher risk 
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of death compared to those who did not. Mental health status and continuity of care 

continued to be insignificant (p>0.2). Overall, there were no significant differences in 

survival between zones. However, the eastern and northern zones had a slightly higher 

risk of death compared to the central zone, with p-values nearing significance (p=0.086 

and p=0.111, respectively). Therefore, zone was still considered in the multivariate 

analysis. 

 The first multivariate cox model included zone adjusted for all of the legitimate 

prognostic factors (Table 4 – Model 1). 

Table 4 - Multivariate cox regression models with illegitimate prognostic factors 
 

*Statistically significant result (p-value > 0.05) 

HR = Hazard Ratio, SE = Standard Error, CI = Confidence Interval 

Zone continued to show no associations with survival, as this did not change 

when controlling for the legitimate prognostic factors. As shown in the table, each 

category of zone became highly insignificant (p>0.2), and the hazard ratios became very 

 Model 1 Model 2 

Variables HR (SE) CI HR (SE) CI 

Zone (compared to central) 

 Eastern 1.068 (0.160) 0.797, 1.433 1.070 (0.166) 0.789, 1.450 

 Northern 1.183 (0.178) 0.881, 1.590 1.184 (0.180) 0.880, 1.595 

 Western 1.178 (0.172) 0.885, 1.568 1.179 (0.177) 0.878, 1.584 

Poverty (compared to no poverty) 

 Yes ----- ----- 0.996 (0.115) 0.794, 1.250 

Stage (compared to stage III) 

 IV 2.113 (0.271) * 1.643, 2.717 2.112 (0.271) * 1.642, 2.717 

 II 0.242 (0.103) * 0.106, 0.556 0.242 (0.103) * 0.106, 0.556 

 I 0.223 (0.055) * 0.138, 0.361 0.223 (0.055) * 0.138, 0.361 

 Unknown 1.527 (0.284) * 1.060, 2.200 1.528 (0.285) * 1.059, 2.203 

Subtype 

 Clear Cell 1.560 (0.413) 0.929, 2.621 1.561 (0.414) 0.929, 2.624 

 Mucinous 1.024 (0.408) 0.468, 2.238 1.025 (0.410) 0.468, 2.245 

 Endometroid 0.595 (0.311) 0.214, 1.658 0.595 (0.311) 0.214, 1.659 

 Other  0.568 (0.183) 0.302, 1.066 0.568 (0.183) 0.302, 1.066 

 Unknown 3.203 (0.406) * 2.402, 4.009 3.103 (0.410) * 2.401, 4.010 

Frailty (compared to not frail) 

 Frail 2.306 (0.308) * 1.775, 2.996 2.307 (0.310) * 1.773, 3.001 

Comorbidity Count (compared to 1 comorbidity) 

 0 0.738 (0.174) 0.465, 1.172 0.738 (0.175) 0.464, 1.175 

 2+ 1.308 (0.175) * 1.007, 1.699 1.308 (0.275) * 1.006, 1.701 

 No Hospitalization 1.197 (0.186) 0.883, 1.625 1.198 (0.188) 0.881, 1.630 

Age at Diagnosis (compared to <60) 

 60 + 1.543 (0.238) * 1.141, 2.088 1.544 (0.238) * 1.141, 2.089 
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close to one. In this model, the hazard ratios for the legitimate prognostic factors 

remained very similar to the univariate analyses, though differences in survival between 

stages and sub-types were slightly reduced. In addition, only those with 2+ comorbidities 

now had a significantly different risk of death compared to those with 1 comorbidity.  

Poverty’s associations with survival appeared to be completely explained by 

legitimate prognostic factors. As shown in Table 4 – Model 2, once added to the 

multivariate model adjusted for these factors, poverty became highly insignificant 

(p=0.974). With this said, there is still a possibility that poverty may have an indirect 

impact on survival, as it may lead to an increased risk of developing legitimate prognostic 

factors, such as comorbidities or frailty.127,84 To supplement these findings and explore 

these potential explanations further, additional descriptive statistics (X2 tests) were done 

to determine which of the legitimate prognostic factors were found to be associated with 

differences in poverty status. This analysis is considered supplemental rather than a part 

of the main objective, as the associations being explored are likely relevant prior to 

diagnosis, and even prior to the development of ovarian cancer. The purpose is only to 

illustrate why the association between poverty and survival may have disappeared, and to 

avoid potential interpretations leading to the conclusion that poverty has no impact on 

ovarian cancer survival whatsoever. Table 5 shows that indeed, all of these variables had 

associations with poverty. Those who experienced poverty were more often unknown 

stage and subtype, experienced frailty, had multiple comorbidities, and were more often 

diagnosed above the age of 60, compared to those who did not experience poverty. 

 

 



 48 

Table 5 – Frequency and prevalence of legitimate prognostic factors based on poverty 

status 

 

 

 

 

 

 

 

 

 

 
                         n = number of individuals 

 
5.2 Objective 2 Results – Part 1 

Just over 75% of this cohort was assessed by a gyne-oncologist within 6 months 

prior to and following diagnosis (Table 1). To determine how this impacts survival, this 

variable was added to a multivariate cox regression, adjusted for the prognostic factors 

found to be significantly associated with survival in objective 1 (Table 6 – Model 1). This 

model predicted that those who are not seen by a gyne-oncologist within 6 months of 

diagnosis have a risk of death that is 2.76x higher than those who were.  

Poverty Status 

Variables No Poverty (n=403) Poverty (n=264) 

Stage p=0.028 

 I 103 (25.56) 51 (19.32) 

 II 27 (6.70) 15 (5.68) 

 III 179 (44.42) 120 (45.5) 

 IV 75 (18.61) 50 (18.94) 

 Unknown 19 (4.71) 28 (10.61) 

Sub-type  p=0.005 

 Serous 183 (45.41) 103 (39.02) 

 Clear Cell 33 (8.19) 15 (5.68) 

 Mucinous 17 (4.22) 11 (4.17) 

 Endometroid 24 (5.96) 13 (4.92) 

 Other 43 (10.67) 17 (6.44) 

 Unknown 103 (25.56) 105 (39.77) 

Frailty p=0.000 

 Yes 60 (14.89) 75 (28.41) 

 No 343 (85.11) 189 (71.59) 

Comorbidities  p=0.001 

 0 23 (5.71) 17 (6.44) 

 1 199 (49.38) 91 (34.47) 

 2+ 115 (28.54) 109 (41.29) 

 No hospitalization 66 (16.38) 47 (17.80) 

Age at Diagnosis p=0.000 

 60+ 262 (65.01) 207 (78.41) 

 <60 141 (34.99) 57 (21.59) 
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Table 6 - Multivariate cox regression models with access to care variables 

*Statistically significant result (p-value > 0.05) 

HR = Hazard Ratio, SE = Standard Error, CI = Confidence Interval 

As we wanted to determine which prognostic factors were associated with a 

higher or lower chance of being seen by a gyne-oncologist, we first conducted X2 tests 

between this outcome and the legitimate and illegitimate prognostic factors (Table 7).  

Table 7 - Frequency and prevalence of each patient characteristic, between those who 

were and were not seen by a gyne-oncologist within 6 months of diagnosis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Model 1 Model 2 

Variables HR (SE) CI HR (SE) CI 

Seen Within 6 Months (compared to yes) 

 No 2.756 (0.377) * 2.108, 3.602 ----- ----- 

Surgery Location (compared to tertiary care centre) 

 Elsewhere ----- ----- 1.085 (0.239) 0.704, 1.670 

 No Surgery ----- ----- 2.647 (0.426) * 1.931, 3.628 

Stage (compared to stage III) 

 IV 1.880 (0.245) * 1.456, 2.427 1.805 (0.234) * 1.399, 2.328 

 II 0.245 (0.104) * 0.107, 0.561 0.260 (0.110) * 0.114, 0.596 

 I 0.209 (0.051) * 0.129, 0.337 0.237 (0.058) * 0.146, 0.384 

 Unknown 0.855 (0.169)  0.580. 1.262 1.284 (0.238) 0.893, 1.846 

Subtype 

 Clear Cell 1.422 (0.378) 0.844, 2.394 1.330 (0.353) 0.325, 1.163 

 Mucinous 0.964 (0.384) 0.441, 2.104 0.878 (0.352) 0.401, 1.926 

 Endometroid 0.557 (0.290) 0.200. 1.548 0.524 (0.274) 0.188, 1.461 

 Other  0.605 (0.193) 1.456, 1.131 0.615 (0.200) 0.325, 1.163 

 Unknown 2.576 (0.349) * 1.975, 3.360 1.284 (0.238) * 0.893, 1.846 

Frailty (compared to not frail) 

 Frail 2.266 (0.305) * 1.740, 2.951 1.821 (0.250) * 1.392, 2.382 

Comorbidity Count (compared to 1 comorbidity) 

 0 0.734 (0.172) 0.463, 1.163 0.811 (0.192) 0.510, 1.292 

 2+ 1.215 (0.162) 0.936, 1.579 1.239 (0.166) 0.953, 1.610 

 No Hospitalization 1.165 (0.180) 0.860, 1.578 1.042 (0.163) 0.767, 1.417 

Age at Diagnosis (compared to <60) 

 60 + 1.426 (0.221) * 1.053, 1.933 1.349 (0.213) 0.990, 1.837 

Seen Within Six Months of Diagnosis (n (%)) 

Variables Yes (n=511) No (n=156) 

Stage p=0.000 

 I 136 (26.61) 18 (11.54) 

 II <40 (<10) * 5 (3.21) 

 III 259 (50.86) 40 (25.64) 

 IV 75 (14.68) 50 (32.05) 

 Unknown <4 (<1) * 43 (91.49) 

Sub-type  p=0.000 

 Serous 262 (51.27) 24 (15.38) 

 Clear Cell 42 (8.22) 6 (3.85) 

 Mucinous 25 (4.89) <5 (<5) * 

 Endometroid 33 (6.56) <5 (<5) * 

 Other 56 (10.96) <5 (<5) * 

 Unknown 93 (18.20) 115 (73.72) 

Frailty p=0.000 

 Yes 59 (11.55) 76 (48.72) 

 No 452 (88.45) 80 (51.28) 
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                      *Due to privacy policy, cell sizes less than 5 were approximated 

                        n = number of individuals 

We found that nearly every variable, with the exception of mental illness and 

continuity of care, had a significant association with being seen by a gyne-oncologist. 

Nearly 90% of all those diagnosed at stage I-III were seen within six months, compared 

to only 40% of those diagnosed at stage IV and 8% of those diagnosed at an unknown 

stage. Similar trends were seen with sub-type: the majority of those seen within 6 months 

of diagnosis had serous subtype, whereas the majority of those not seen within 6 months 

had an unknown subtype. The highest frequency of being seen within 6 months also 

occurred for those who were not frail, who had 1 comorbidity, who were below the age of 

60, and who did not experience poverty. Regional differences were also seen with this 

outcome, as the highest number of individuals seen within 6 months resided in the central 

zone, and the lowest number of those not seen within 6 months resided in the western 

zone.  

Variables Yes (n=511) No (n=156) 

Comorbidities  p=0.000 

 0 30 (5.87) 10 (6.41) 

 1 248 (48.53) 42 (26.92) 

 2+ 150 (29.35) 74 (47.44) 

 No hospitalization 83 (16.24) 30 (19.23) 

Age at Diagnosis p=0.000 

 60+ 331 (64.77) 138 (88.46) 

 <60 180 (35.23) 18 (11.54) 

Continuity of Care  p=0.896 

 Low 273 (53.42) 80 (51.28) 

 High 188 (36.79) 60 (38.42) 

 Missing 50 (9.78) 16 (10.26) 

Mental Health Comorbidity p=0.431 

 Yes 208 (40.70) 58 (37.18) 

 No 303 (59.30) 98 (62.82) 

Poverty p=0.000 

 Yes 179 (35.05) 85 (54.49) 

 No 332 (64.97) 71 (45.51) 

Zone  p=0.000 

 Central 209 (40.90) 39 (25.00) 

 Eastern 94 (18.40) 41 (26.28) 

 Northern 86 (16.83) 44 (28.21) 

 Western 122 (23.87) 32 (20.51) 
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To develop a better understanding of these associations, both univariate and 

multivariate logistic regressions were conducted with being seen by a gyne-oncologist as 

the outcome (Table 8). The univariate models were conducted for each legitimate and 

illegitimate prognostic factor (Table 8 – Model 1). The multivariate model, however, 

included only variables found to be significantly associated with the outcome in both the 

univariate models and the X2 tests (Table 8 – Model 2). 

Table 8 - Univariate and multivariate logistic regression models showing odds of being 

seen by a gyne-oncologist within 6 months of diagnosis, between prognostic factors. 
 

*Statistically significant result (p-value > 0.05) 

OR = Odds Ratio, SE = Standard Error, CI = Confidence Interval 

Once again, the association between poverty and being seen by a gyne-oncologist 

was fully explained by the legitimate prognostic factors, as this association disappeared in 

the fully adjusted model (p=0.162). Some inequities continued to persist, however, as the 

 Model 1 (Univariate) Model 2 (Multivariate) 

Variables OR (SE) CI OR (SE) CI 

Stage (compared to stage III) 

 IV 0.232 (0.058) * 0.142, 0.378 0.317 (0.093) * 0.178, 0.562 

 II 1.143 (0.578) 0.424, 3.080 0.812 (0.489) 0.249, 2.646 

 I 1.167 (0.353) 0.644, 2.113 0.708 (0.259) 0.345, 1.451 

 Unknown 0.014 (0.008) * 0.005, 0.042 0.042 (0.025) * 0.013, 0.136 

Subtype (compared to serous) 

 Clear Cell 0.641 (0.311) 0.247, 1.661 0.389 (0.212) 0.302, 3.352 

 Mucinous 0.763 (0.494) 0.215, 2.714 0.746 (0.562) 0.170, 3.264 

 Endometroid 0.756 (0.431) 0.247, 1.313 0.661 (0.440) 0.179, 2.439 

 Other  1.282 (0.718) 0.428, 3.841 1.006 (0.618) 0.302, 3.352 

 Unknown 0.074 (0.019) * 0.045, 0.122 0.171 (0.050) *  0.096, 0.305 

Frailty (compared to not frail) 

 Frail 0.137 (0.029) * 0.091, 0.208 0.422 (0.125) * 0.236, 0.756 

Comorbidity Count (compared to 1 comorbidity) 

 0 0.508 (0.204) 0.231, 1.116 0.815 (0.419) 0.298, 2.233 

 2+ 0.343 (0.075) * 0.223, 0.527 0.617 (0.184) 0.344, 1.106 

 No Hospitalization 0.469 (0.127) * 0.276, 0.796 0.466 (0.174) * 0.224, 0.968 

Age at Diagnosis (compared to <60) 

 60 + 0.240 (0.064) * 0.142, 0.405 0.607 (0.203) 0.315, 1.168 

Continuity of Care (compared to high) 

 Low 1.089 (0.213) 0.743, 1.597 ----- ----- 

 Missing 0.997 (0.322) 0.529, 1.879 ----- ----- 

Mental Health Comorbidity (compared to no) 

 Yes 1.160 (0.219) 0.802, 1.678 ----- ----- 

Poverty (compared to no poverty) 

 Yes 0.450 (0.084) * 0.313, 0.648 0.703 (0.177) 0.429, 1.151 

Zone (compared to central) 

 Eastern 0.428 (0.109) * 0.259, 0.706 0.512 (0.180) 0.257, 1.018 

 Northern 0.365 (0.093) * 0.221, 0.601 0.294 (0.099) * 0.153, 0.567 

 Western 0.711 (0.188) 0.424, 1.194 0.911 (0.316) 0.462, 1.780 
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northern zone was associated with a lower odds of being seen by a gyne-oncologist 

compared to the central zone, in both the univariate and multivariate models. Those 

diagnosed at stage IV or unknown stage had a lower odds of being seen compared to 

those diagnosed at stage III. Similarly, only those with unknown subtype had a 

significantly lower chance of being seen compared to those with serous subtype. Only 

those who had not been hospitalized for a comorbidity had a significantly lower chance 

of being seen compared to those with 1 comorbidity. Frail individuals had a lower odds 

of being seen compared to those who were not frail. Age differences were not significant 

in this model.  

5.3 Objective 2 Results – Part 2 

Around 30% of this cohort did not have surgery for their cancer. Of those who 

did, 79.2% received it at the tertiary care center (Table 1). As was done in Objective 2 

part 1, we added this variable to the multivariate cox regression, adjusted for the 

legitimate prognostic factors found to be associated with survival (Table 6 – Model 2). 

We found that having no surgery was associated with an increased risk of death that was 

2.65x higher than those who received surgery at tertiary care. However, there were no 

significant differences in survival for those who received surgery at a non-tertiary care 

center (p=0.713). Table 9 shows differences in prognostic factors between those who did 

and did not receive surgery. We found that surgery status is significantly associated with 

stage, sub-type, frailty, comorbidities, age at diagnosis, poverty, and being seen by a 

gyne-oncologist. Unsurprisingly, those who did not receive surgery were more frequently 

diagnosed at unknown stage or stage IV, had an unknown subtype, were frail, had 2+ 

comorbidities, and were diagnosed above the age of 60. 
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Table 9 - Frequency and prevalence of each patient characteristic, between those who 

had surgery and those who did not. 

 

* Due to privacy policy, cell sizes less than 5 were approximated 

n = number of individuals 

Surprisingly, poverty was associated with differences in surgery status, as 50% of 

those who did not have surgery experienced poverty, compared to 35% of those who did 

have surgery. Zone was slightly insignificant (p=0.063), with Northern zone having the 

highest percentage of those who did not receive surgery, and central zone having the 

Surgery Status (n (%)) 

Variables No Surgery Had Surgery 

Stage p=0.000 

 I <20 (<10) * 138 (29.93) 

 II <5 (<5) * 39 (8.46) 

 III 71 (34.47) 228 (49.46) 

 IV 73 (35.44) 52 (11.28) 

 Unknown 43 (20.87) 4 (0.87) 

Sub-type  p=0.000 

 Serous 30 (14.56) 256 (55.53)  

 Clear Cell <5 (<5) * 44 (9.54) 

 Mucinous <5 (<5) * 26 (5.64) 

 Endometroid <5 (<5) * 33 (7.16) 

 Other <5 (<5) * 59 (12.80) 

 Unknown 165 (80.10) 43 (9.33) 

Frailty p=0.000 

 Yes 103 (50.00) 32 (6.94) 

 No 103 (50.00) 429 (93.06) 

Comorbidities  p=0.000 

 0 12 (5.83) 28 (6.07) 

 1 50 (24.27) 240 (52.06) 

 2+ 97 (47.09) 127 (27.55) 

 No hospitalization 47 (22.82) 66 (14.32) 

Age at Diagnosis p=0.000 

 60+ 188 (91.26) 281 (60.95) 

 <60 18 (8.74) 180 (39.05) 

Continuity of Care  p=0.584 

 Low 106 (51.46) 247 (53.58) 

 High 82 (39.81) 166 (36.01) 

 Missing 18 (8.74) 48 (10.41) 

Mental Health Comorbidity p=0.589 

 Yes 79 (38.35) 187 (40.56) 

 No 127 (61.65) 274 (59.44) 

Poverty p=0.000 

 Yes 104 (50.49) 160 (34.71) 

 No 102 (49.51) 301 (65.29) 

Zone  p=0.063 

 Central 62 (30.10) 186 (40.35) 

 Eastern 47 (22.82) 88 (19.09) 

 Northern 48 (23.30) 82 (17.79) 

 Western 49 (23.79) 105 (22.78) 

Seen by a Gyne-Oncologist Within 6-Months P=0.000 

 Yes 75 (36.41) 436 (94.58) 

 No 131 (63.59) 25 (5.43) 
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lowest. Being seen by a gyne-oncologist also appeared to be an important predictor of 

surgery status, as 95% of people who received surgery had been seen within 6 months of 

diagnosis, compared to 36% of those who did not receive surgery. 

Table 10 illustrates differences in prognostic factors between those who received 

surgery at tertiary care versus elsewhere. We found that those who received surgery 

elsewhere in comparison to tertiary care were more often low stage (stage I), non-serous 

subtype, non-frail, had 0 comorbidities, and were not seen by a gyne-oncologist within 6 

months prior to or following diagnosis.  

Table 10 - Frequency and prevalence of each patient characteristic, between those who 

had surgery at tertiary care and those who had surgery elsewhere. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
         

 

 

 

 

 

 

 

 

 

 

 

 

 

Surgery Location (n (%)) 

Variables Tertiary Care (n=365) Elsewhere (n=96) 

Stage p=0.006 

 I 96 (26.30) 42 (43.75) 

 II <35 (<10) * <10 (<10) * 

 III 196 (53.70) 32 (33.33) 

 IV 40 (10.96) 12 (12.50) 

 Unknown <5 (<5) * <5 (<5) * 

Sub-type  p=0.017 

 Serous 215 (58.90) 41 (42.17) 

 Clear Cell 36 (9.86) 8 (8.33) 

 Mucinous 18 (4.93) 8 (8.33) 

 Endometroid 26 (7.12) 7 (7.29) 

 Other 38 (10.41) 21 (21.88) 

 Unknown 32 (8.77) 11 (11.46) 

Frailty p=0.016 

 Yes 20 (5.48) 12 (12.50) 

 No 345 (94.52) 84 (87.50) 

Comorbidities  p=0.026 

 0 16 (4.38) 12 (12.50) 

 1 191 (52.33) 49 (51.04) 

 2+ 103 (28.11) 24 (25.00) 

 No hospitalization 55 (15.07) 11 (11.46) 

Age at Diagnosis p=0.126 

 60+ 229 (62.74) 52 (54.17) 

 <60 136 (37.26) 44 (45.83) 

Zone  p=0.702 

 Central 151 (41.37) 35 (36.46) 

 Eastern 71 (19.45) 17 (17.71) 

 Northern 63 (17.26) 19 (19.79) 

 Western 80 (21.92) 25 (26.04) 

Seen by a Gyne-Oncologist Within 6-Months p=0.000 

 Yes 357 (97.81) 79 (82.29) 

 No 8 (2.19) 17 (17.71) 
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                * Due to privacy policy, cell sizes less than 5 were approximated 

                  n = number of individuals 

  

Surgery Location (n (%)) 

Variables Tertiary Care (n=365) Elsewhere (n=96) 

Continuity of Care  p=0.939 

 Low 197 (53.97) 50 (52.08) 

 High 130 (35.62) 36 (37.50) 

 Missing 38 (10.41) 10 (10.42) 

Mental Health Comorbidity p=0.343 

 Yes 144 (39.45) 43 (44.79) 

 No 221 (60.55) 53 (55.21) 

Poverty p=0.751 

 Yes 128 (35.07) 32 (33.33) 

 No 237 (64.93) 64 (66.67) 
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Chapter 6: Discussion 

A key aim of this study was to determine whether regional variations in ovarian 

cancer survival, from the point of diagnosis, existed throughout Nova Scotia, and if so, to 

explore if the legitimate or illegitimate prognostic factors might help explain these 

variations. While our initial investigations using log-rank tests showed very slight 

differences in survival time between the four NSHA management zones that divide the 

province, these dissolved completely in the univariate analysis. This is an encouraging 

finding for Nova Scotia, suggesting that where an individual lives in the province is not 

associated with survival time once diagnosed.  

We also investigated if there were associations between individual-level 

prognostic factors and survival that could highlight potential equity concerns. However, 

we found that any existing variations in survival between illegitimate factors, which may 

result in inequitable access to care, were also fully explained by differences in legitimate 

prognostic factors. Notably, mental health and pre-diagnostic continuity of care had no 

discernable impacts on survival disparities. Poverty, on the other hand, showed a 

univariate association with survival that then disappeared once the legitimate prognostic 

factors were controlled. Essentially, this indicates that, at the time of diagnosis, any 

differences in survival attributed to poverty were explained by differences in legitimate 

prognostic variables. However, this does not mean that poverty has no impact on survival 

at all. Our supplemental analysis suggests that an association between and survival may 

reside within upstream associations with legitimate prognostic factors (i.e., comorbidities 

and/or frailty) prior to the point of diagnosis. 
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Another aim of this study was to explore differences in access to specialist care, 

and to delineate the differences between those who are seen by a gyne-oncologist and 

those who are not, as well as those who undergo surgery at a tertiary hospital versus 

elsewhere or not at all. Indeed, both of these factors resulted in substantial survival 

differences (with the exception of surgery at tertiary care versus surgery elsewhere). 

Whether or not someone was assessed by a gyne-oncologist appeared to impact the 

likelihood of receiving surgery, and in itself has significant impacts on survival rates. We 

chose to develop regression models with assessment by a gyne-oncologist as an outcome, 

given that the goal of the gyne-oncologists in Nova Scotia is to ensure timely 

consultations with every individual who has been diagnosed with ovarian cancer. Our 

study shows, however, that this is not the case. Just under one-quarter of this cohort was 

not seen within 6 months prior to or following diagnosis. In our descriptive and 

univariate analyses, those who had a lower chance of being seen by a gyne-oncologist 

were late or unknown stage, were older, had more complexities, experienced poverty, and 

lived in the northern or eastern zone. In our fully adjusted model, however, poverty no 

longer had a significant association with survival, meaning that differences in access to 

care are mostly related to differences in legitimate prognostic factors at the time of 

diagnosis. With that said, the northern zone continued to have an association with a lower 

chance of being seen by a gyne-oncologist, which was not explained by the legitimate 

prognostic factors and instead must be a result of another unmeasured factor.   

Perhaps unsurprisingly, we found that when a person does not receive surgery, 

they have a much shorter survival time. As outlined in the methodology, we did not look 

into this factor as an outcome, as patient and physician decision making is a major 
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determinant of whether or not someone receives surgery, and this cannot be captured 

using administrative data. Nevertheless, we were able to identify some differences in this 

population that may be important in future comparative studies between provinces. On 

average, at the time of diagnosis, those who did not receive surgery were older, had more 

complexities (i.e., frailty or comorbidities), and a higher cancer stage. We also found that 

those who received surgery elsewhere had a lower stage and a non-serous subtype, 

compared to those who received surgery at tertiary care. In the descriptive analyses, we 

did identify some socioeconomic disparities in surgery status, which may warrant further 

investigation in future studies.  

The lack of survival differences based on poverty status, from the time of 

diagnosis, was perhaps the most surprising finding. This is because the literature has 

consistently shown that cancer survival disparities due to socioeconomic status are clear 

and substantial.159,160,161  However, it is noteworthy that the majority of research 

regarding this association has not specifically focused on ovarian cancer, and therefore 

socioeconomic disparities may not manifest in the same was as they do for other cancer 

types. The large majority of ovarian cancer patients are diagnosed at a very late stage, 

resulting in universally short survival times. In other cancer types, there are differences in 

the stage at diagnosis due to socioeconomic status, which can greatly impact 

survival.132,162,163 With that said, it is also true that the majority of these studies did not 

focus specifically on how these inequities continue to persist from the point of diagnosis 

moving forward, and instead they often take upstream disparities into account. Therefore, 

it is important to recognize that our findings do not negate the presence of any 

associations between poverty and ovarian cancer survival. Rather, they highlight that 
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these associations indeed may exist upstream, rather than at the time of diagnosis. 

Though not the main objective of this study, our supplemental descriptive statistics 

showed that the frequency of legitimate prognostic factors differ between those with and 

without poverty. Those who experienced poverty were more often diagnosed with an 

unknown stage or sub-type, experienced frailty and multiple comorbidities, and were 

diagnosed at an older age. As these factors all have direct impacts on survival themselves, 

it is important to understand how poverty may increase the risk of these factors and 

therefore indirectly increase the risk of death. Firstly, multiple studies have demonstrated 

that poverty can increase the risk of developing frailty or comorbidities.127,84 A 

comprehensive review by Pathirana and Jackson, which included Canadian studies, found 

that increased deprivation is consistently associated with an increased risk of developing 

comorbidities.164 Similarly, the Women’s Health and Aging Studies done in the United 

States found that those with low socioeconomic status had double the risk of developing 

frailty compared to those with high socioeconomic status.165 These associations may be 

explained by the relationship between socioeconomic status and unhealthy behaviours, 

which may lead to the development of comorbidities and frailty. For example, multiple 

studies have found that smoking, alcohol use, physical inactivity, sustained psychosocial 

stressors, and unhealthy diets are all more prevalent in those with lower socioeconomic 

status.166,81,83,82 The reason that individuals experiencing poverty were more often 

diagnosed at an unknown stage or sub-type is less clear. One potential explanation lies in 

the socioeconomic disparities impacting access to healthcare as a result of upstream 

associations with legitimate prognostic factors. As described in the results of the second 

objective, those experiencing poverty had a lower odds of being assessed by a gyne-
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oncologist in the univariate model, though once again this is association was explained by 

upstream factors. As diagnosis and staging are most accurate when done by a gyne-

oncologist, this may indirectly explain why those with poverty were most often 

diagnosed with an unknown stage or subtype.167,168 Perhaps, this points to the conclusion 

that Nova Scotia’s poor ovarian cancer survival in comparison to other Canadian 

provinces may stem from poorer health status overall and upstream influences on 

survival, driven by socioeconomic disparities. Therefore, perhaps improving survival 

rates within Nova Scotia lies in addressing these upstream factors. 

It is difficult to make comparisons to existing literature to explain why regional 

variations in ovarian cancer survival do not appear to exist in Nova Scotia at the time of 

diagnosis due to the limited availability of relevant literature on this subject. Some 

studies conducted in the United States have found mixed results. For example, a study by 

Wang et al identified regional variations throughout the country in terms of survival and 

stage distribution, but this study design differed significantly from most as they compared 

only two regions which spanned multiple states, and therefore multiple healthcare 

systems.169 Conversely, a study done in the United States by Farrow et al divided regions 

by states and found that no regional variations for ovarian cancer survival existed.170 

Only one Canadian study was identified that explored this topic: Dehaeck et al did 

identify regional variations in survival throughout British Columbia, though these 

vanished when adjusted for legitimate prognostic factors.68  

For other cancer types, these associations are more consistent. For instance, a 

recent Canadian study identified significant differences in colorectal cancer survival 

across 14 health regions in Ontario.171 The researchers found that much of this variation 
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was explained by “case-mix” factors, such as stage. Similarly, a study done in Norway 

found that regional variations in prostate and breast cancer survival were decreased when 

adjusting for stage differences.70 Beyond geographical considerations, such as access to 

specialist care or distance from hospitals, this may reflect regional differences in access 

to screening programs for other cancer types which, as described in Section 2.2, do not 

exist for ovarian cancer.48  In all, it is difficult to make comparisons to variations in 

survival in other areas due to the unique nature of Nova Scotia’s healthcare system. In 

British Columbia, for example, although there are a similar number of health regions (5 

versus 4), there are more than eight tertiary care centers throughout their province 

whereas Nova Scotia only has one.68 This, along with the fact that we found no survival 

differences dependent on surgery location, may point to the fact that regional variations 

in survival do not exist because those who choose to receive treatment for their cancer are 

all mostly treated at the same place, and therefore all receive high quality care. Another 

potential explanation for the lack of regional variation is that we did not see regional 

variations in the distribution of the most direct predictors of prognosis, such as stage or 

frailty. 

Our study did not uncover any associations between an increased risk of death and 

poor mental health at the time of diagnosis, even before illegitimate prognostic factors 

were taken into account. While the relationship between poor mental health and increased 

cancer mortality has been well documented across various cancer types, it is important to 

note that many of these studies do not focus on how pre-existing mental health issues 

continue to impact survival following diagnosis.172,173,174 Instead, many of these studies 

only begin to measure mental health after diagnosis, a time when individuals often 
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develop anxiety or depression as a direct result of their cancer.175,176 Of the few studies 

that have looked at pre-diagnosis mental health, they found that indeed, mental health 

conditions such as pre-diagnosis depressive symptoms were associated with an increased 

risk of cancer mortality.177,178 A review done by Davis et al found that pre-diagnosis 

mental health associations with survival, across various cancer types, are most 

pronounced for those with schizophrenia.179 Similarly, a study by Chang et al found that 

cancer mortality is significantly worse for those with more severe mental disorders.180 It 

is important to acknowledge that our measure of mental health was quite broad and 

included common mental health conditions. Perhaps if our measure had been more 

specific to only focus on severe conditions, we may have found some significant 

differences in survival. 

Finally, our first objective did not reveal survival differences between those with 

high or low pre-diagnostic continuity of care. This topic has never been studied for 

ovarian cancer and seldom for pre-diagnosis continuity of care, so it is difficult to make 

comparisons. In general, higher continuity of care is linked with reduced hospitalizations, 

lower mortality rates, and improved coordination with specialist care.103,102,104 As we also 

did not find an association between continuity of care and access to a gyne-oncologist, 

perhaps this is not a relevant factor for ovarian cancer in Nova Scotia. Future research 

needs to be done to understand if pre-diagnosis continuity of care impacts survival rates 

for other cancer types, and to explore why these associations do not appear to exist for 

ovarian cancer.  

The findings of our second objective highlight the importance of ensuring that 

each individual has access to specialist care near the time of diagnosis, as access to these 
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services has large associations with survival. This finding aligns with what has been 

found in previous studies, as being seen by a gyne-oncologist is consistently associated 

with improved survival.90,181,182,183 Our multivariate analysis revealed that those who were 

least likely to be seen by a gyne-oncologist had advanced or unknown stage, an unknown 

subtype, and frailty, alongside some regional disparities. Prior to adjustment, our 

univariate analyses shows that poverty impacts an individual’s odds of being seen by a 

specialist, which echoes what has been found in previous research.184 However, similar to 

the first objective, these associations disappeared when legitimate prognostic factors were 

taken into account. This again reflects that although poverty may not have a direct 

association with access to care at the time of diagnosis, these patients may instead 

experience poor upstream health outcomes (such as frailty) as a result of their lower 

socioeconomic status, which may result in less access to specialist care. Additionally, the 

descriptive statistics showed that this population tended to be diagnosed above the age of 

60. The reason why these individuals were not seen by a gyne-oncologist is unclear, but 

previous research may provide some explanations. Weeks et al found that the reason 

patients were not being referred to specialist care included poor provider-to-provider 

communication, extended surgical wait times, and a limited number of gyne-oncologists 

in certain areas.185 Another study by Weeks et al. noted that rural patients were less likely 

to be referred to a gyne-oncologist compared to women living in urban areas, which may 

explain some of the regional variations we identified as many of the communities outside 

of the central zone in Nova Scotia are considered rural, including the northern zone.186 

This could be attributed to challenges in transportation when accessing specialist care 

over long distances.137 Multiple studies have also found that elderly patients were less 
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likely to receive guideline concordant care, including treatment by a gyne-oncologist, 

compared to their younger counterparts.187,188 This disparity persists despite the fact that 

elderly patients express similar preferences for treatment compared to younger patients, 

and age itself has not been found to be an independent risk factor for ovarian cancer 

mortality.188,189 Similarly, individuals with poor health status (i.e., frailty or 

comorbidities) are much less likely to receive standard treatment.190,191 This is despite a 

lack of evidence on whether or not this is necessary, as so often these individuals are not 

included in clinical trials.192,193 Collectively, these factors suggest that inequities exist 

regarding receipt of specialist care. This is concerning not only due to its association with 

significantly reduced survival times, but also because these patients miss out on the 

additional support that comes hand in hand with specialist care.96,97,98 While it is true that 

many patients prioritize an improved quality of life rather than an improved length of life, 

it is equally true that the majority of patients wish to have autonomy in making these 

decisions, with the guidance of their specialist.194,195 At the time of diagnosis, ovarian 

cancer patients have high informational needs and want to be fully informed of their 

treatment options.195,196 It may also be a concern that of those who underwent surgery, 

95% were seen by a gyne-oncologist. Conversely, among those who did not undergo 

surgery, only 36.4% were seen by a gyne-oncologist. Given that gyne-oncologists possess 

the highest level of expertise regarding ovarian cancer treatment and outcomes, it is 

crucial that all individuals who are diagnosed have the opportunity to discuss their 

options with a specialist in order to make informed decisions about which option is best 

for them. This highlights the need for each patient to be seen by a gyne-oncologist close 

to the time of diagnosis, even if longer survival is not their primary goal. 
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 Regarding surgery location, we discovered a surprising finding: patients in Nova 

Scotia receiving surgery at tertiary care did not have better survival than those who 

received surgery elsewhere. This contradicts much of the existing literature, which 

consistently indicates that surgery performed by a gyne-oncologist leads to improved 

survival outcomes due to higher levels of optimal debulking, better staging, and fewer 

post-operative complications.181 With that said, it is difficult to make appropriate 

comparisons to other research findings due to Nova Scotia’s unique health care system. 

The large majority of existing research has been done in the United States, where most 

major cities would have multiple hospitals providing tertiary-level care to ovarian cancer 

patients. As Nova Scotia has only one, this may explain why our findings differed. We 

must also consider the fact that our descriptive statistics revealed that patients who did 

not receive surgery at tertiary care in Nova Scotia were more often stage I, whereas those 

who did receive surgery at tertiary care were most often stage III. Moreover, we found a 

higher incidence of individuals with sub-types other than serous who underwent surgery 

elsewhere. Given that stage and sub-type are the most direct and influential predictors of 

survival, this suggests that these individuals may have had a better prognosis in general, 

which may explain why we did not see survival differences between these groups despite 

the advantages of surgery being performed by a gyne-oncologist.  

As previously stated throughout this dissertation, our study, along with many 

others, are unable to capture patient and physician decision making within our analysis. 

This may be one of the most important reasons for an individual to choose not to have 

surgery, as many cancer patients have a preference for a better quality of life rather than 

length of life, and treatment can lead to significant, long-lasting side effects.194,196, 114 
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With that said, we also found that the prevalence of poverty was highest in the non-

surgery group, which suggests that equity concerns may indeed be a contributing factor 

here. Future research should include the measurement and analysis of how patient and 

physician decision making factors into these associations. Qualitative research may be 

utilized to understand the wants and needs of patients regarding their treatment, whether 

or not they are choosing to access specialist care, and any barriers they may face while 

doing so. This would allow policy makers and healthcare providers determine if these 

differences in access to specialist care and surgery status exist only as a result of a trade-

off between quality or length of life, or if equity concerns are indeed at play.  

6.1 Strengths  

 There are many strengths to this study. First, it is a population-based study 

meaning that we captured every woman diagnosed with epithelial ovarian cancer in Nova 

Scotia between the years of 2007-2016. Not only does this limit the possibility for biases, 

but it improves the generalizability of the results to the rest of Canada and other parts of 

the world with similar populations.  

Second, our study is strengthened by the use of reliable datasets. The linkage of 

multiple administrative datasets allowed us to gather a comprehensive list of patient, 

tumor, and health system characteristics with limited biases. Similarly, the use of the 

database held by the Division of Gynecological Oncology is an asset to the study. This 

clinical database provides a reliable and detailed picture of a patients journey through the 

cancer care system that we would otherwise be unable to gather through administrative 

data. Each gyne-oncologist is responsible for inputting their own patient data, which 

limits error related to data input and missing data. In addition, the dataset is regularly 
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reviewed by the head of the gyne-oncology department in Nova Scotia, where any 

missing data that is found is manually corrected.  

The use of a time-to-event outcome is another strength of this study. This allowed 

us to avoid grouping patients into categories based on how many years they have 

survived (i.e., 3-year survival). Instead, we are able to capture each individual’s survival 

time to measure associations that are more meaningful at both the patient and healthcare 

worker level.  

Finally, this study is strengthened through the use of patient-oriented research 

techniques. The study is designed to fulfil the ultimate goal of identifying areas to 

intervene and improving patient outcomes, particularly for the subpopulations of women 

within Nova Scotia with poorer survival. Patient-oriented research was integrated 

throughout the research by working with the gyne-oncologists responsible for ovarian 

cancer patient care. As the results are further disseminated and interpreted, we will work 

with women with ovarian cancer as Patient Partners and with Ovarian Cancer Canada 

over the course of the study. These perspectives will improve the interpretation of our 

findings and ensure we better understand why certain patients face inequitable access to 

care and poorer survival. Gyne-oncologists will support the application of our findings to 

inform practice or system changes for women in Nova Scotia. These collaborations 

ensure that this research is done in an environment that is closely involved with 

policymaking to maximize the impact of the results. In addition, this strengthens the 

opportunities that we will have for knowledge translation of the results and ensuring they 

are disseminated to the appropriate audiences.  
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6.2 Limitations 

This study is not without its limitations. Though the use of administrative 

databases allowed for comprehensive data collection, there were still a number of 

variables that we are unable to measure without the use of chart reviews or interviews. 

For example, administrative data do not include any information about patient choice or 

health care provider decision-making. For this reason, we chose to not include any 

treatment variables or data pertaining to guideline concordant care as there are a number 

of reasons why an individual and their physician may seek different treatment routes. In 

addition, we were unable to measure variables such as help-seeking behaviours or race, 

despite their significance in the literature, due to a lack of data availability. These 

unmeasured variables may have led to an over or under prediction of the association 

between illegitimate prognostic factors and risk of death. We were also unable to include 

certain variables that are included in the TUPPER database because it is likely that not 

every patient would be included (i.e., genetic testing). Patients who are never seen by a 

gyne-oncologist or who are never treated at tertiary care are not entered into this 

database.  

There are also limitations in terms of the quality of information that the variables 

can capture, and some of the variables are rather rudimentary measures due to the use of 

administrative data. For example, our comorbidity score was gathered using the DAD, 

meaning only those who are hospitalized for their comorbidity, or whose comorbidity 

was somehow managed during their hospitalization (e.g., received medications for 

comorbidity), were included. Individuals who did not have a hospitalization in the time 

period of interest were shown in the dataset as having a “missing” comorbidity count, yet 
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these individuals may have had comorbidities that were managed outside of hospital 

settings. In an attempt to appropriately categorize these individuals, we included those 

with “missing” comorbidity counts as those with no hospitalizations. However, this 

category is likely a mix of those with no comorbidities and no hospitalizations. We must 

also consider the fact that we were unable to differentiate between high-grade and low-

grade serous histologies. This is a limitation has those with low-grade serous ovarian 

cancer have a 5-year survival of 75%, whereas those high-grade serous ovarian cancer 

have a 5-year survival of only 43%.39 However, low-grade serous is a relatively rare form 

of ovarian cancer, making up less than 5% of overall cases.197 Therefore, we do not 

expect this limitation to significantly impact our results. 

Similarly, our measure of poverty only captured those who were flagged within 

pharmacare as being low income, which may have led to an over or under prediction of 

true poverty levels within the cohort. There may be some individuals above the age of 65 

who are in the guaranteed income supplement category and are considered low income, 

but they may not necessarily experience poverty compared to others. A specific example 

may be a senior who is no longer working and therefore does not have an income stream, 

but they have no mortgage and therefore fewer expenses than others experiencing 

poverty. In addition, by capturing poverty within 5 years of diagnosis rather than 3, we 

may have captured those who were once impoverished but may now be in a better 

financial position. That being said, socioeconomic status has been shown to have lasting 

effects on health regardless of any changes. Individuals often fluctuate in and out of 

poverty, meaning that if we had chosen a shorter time frame, we may exclude those who 

only recently were considered not impoverished or those who would re-enter poverty 
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shortly after diagnosis. With that said, this measure still provides a better indicator of 

poverty than area measures such as the deprivation index, as neighbourhood is often only 

weakly associated with individual income. 

There may also be a limitation in terms of missing data in the continuity of care 

score. We were only able to capture this score for patients who have at least three primary 

care visits within the specified time period. This means that individuals who did not have 

3 visits showed up as having a missing value. To account for this, we created a level in 

the categorical variable labeled “missing” to compare these individuals to the other 

groups and determine if there were any significant differences in the outcome. However, 

this was not a large issue as most women who are affected by ovarian cancer are within 

an age group where primary care visits are frequent, and only 66 individuals had less than 

3 primary care visits in the 2.5 years before diagnosis.  

As this was a population-based study, we did not have control over the sample 

size. Though the study was sufficiently powered overall, we were not able to stratify out 

models by the legitimate prognostic factors that had major impacts on survival. Doing so 

would have allowed us to determine if certain prognostic factors, such as stage and 

frailty, may be acting as effect measure modifiers. This is a possibility as the substantial 

impacts of these variables on survival could have obscured smaller associations. As a 

result, we may have discovered inequities between the different categories of these 

variables (ex. within different stage groups) had we been able to conduct stratified 

analyses.  

We were also unable to capture germline or tumour genetic mutation status, as 

this is largely unavailable during our study period. This is important to consider as 
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women with BRCA1/2 are found to have better survival compared to those without, so it 

needs to be considered a potential confounder and results should be interpreted with this 

in mind.  

Regarding lead time bias, this is something we are unable to control for during the 

analysis due to the fact that there are currently no indicators for lead-time bias in this type 

of dataset. As a result, it is possible that any remaining unexplained variations in survival 

may be due to unmeasured confounders, such as lead time bias.  

There were also some limitations with the frailty variable. First, we were unable 

to measure different degrees of frailty (i.e., limited vs. severe). Second, we could not 

capture individuals who are considered “pre-frail”, but do not fit within the rules of frailty 

identification. That being said, frailty is being included within this study as a 

confounding variable and therefore these limitations did not affect our study results. In 

addition, we are aware that some degree of the frailty that we captured may instead be 

caused by the symptoms of yet-to-be diagnosed cancer. Though this may appear to be a 

limitation, we consider it a strength as it allows us to capture and control for some of the 

pre-diagnosis cancer symptoms that may act as a proxy for lead-time bias, such as weight 

loss. Therefore, this will strengthen our adjustment. In the dataset, we also had some 

individuals with missing frailty status. It is likely that these individuals did not have 

enough contact with the healthcare system to compute the frailty measure. Therefore, we 

decided to categorize these individuals as having no frailty.  

Similarly, as stated in section 4.2.4, there was a large fraction of individuals who 

had no evidence of having surgery in our dataset. However, there was no indication on 

whether these individuals actually had surgery outside of the province instead. With that 
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said, these individuals were largely found to meet the description of someone who would 

not receive surgery, as they mostly had unknown or advanced stage, unknown sub-type, 

older age at diagnosis, and a very short survival time compared to those who whose 

surgery status was indicated. This proportion was also similar to what was found in the 

literature for surgery rates.156,157 

Finally, we had originally planned to measure regional variations in ovarian 

cancer survival using the 9 former health authority regions in Nova Scotia. However, due 

to small sample sizes, we chose to use the four current health zones instead. With that 

said, health care during the study period was still largely coordinated within these 9 

regions, so our results may have been more meaningful at the local level if we had been 

able to assess variations based on 9 (versus 4) regions.   

6.3 Policy Implications and Future Research  

This study provides valuable insights with significant policy implications for the 

management of ovarian cancer patients in Nova Scotia. Firstly, though this study did not 

uncover survival differences related to illegitimate prognostic factors at the time of 

diagnosis, it is important to acknowledge that potential inequities exist prior to diagnosis. 

To improve survival, then, we must address the upstream determinants of health which 

may be influenced by socioeconomic disparities. In addition, we need to consider how 

these disparities may continue on throughout cancer treatment and subsequent follow-up 

care, meaning the social determinants of health should be considered throughout the 

entire cancer trajectory. This study also revealed inequities regarding access to specialist 

care, which directly influences survival outcomes. Ensuring that every patient is promptly 

seen by a specialist around the time of diagnosis regardless of age, frailty status, stage at 
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diagnosis, etc. is imperative. This not only enables individuals to make informed 

decisions about their treatment, but may also increase their survival time. Policy efforts 

should focus on reducing wait times for specialist consultations, increasing referrals, and 

ensuring timely access to expert care regardless of geographical barriers or health status. 

Future research should also include the investigation of other potential prognostic factors 

leading to disparities in survival that cannot be captured using administrative data, such 

as race or patient and physician decision making. Furthermore, comparative studies 

between Nova Scotia and other Canadian provinces are warranted to gain a 

comprehensive understanding of variations in ovarian cancer survival at a national level.  

6.4 Conclusion 

This was the first population-based study in Canada to determine which 

prognostic factors impact ovarian cancer survival and access to specialist care. Initially, 

survival differences dependent on illegitimate prognostic factors were found, but these 

disappeared when accounting for legitimate prognostic factors. Though accessing a gyne-

oncologist within 6 months of diagnosis had discernible impacts on survival, surgery 

location did not. Instead, survival differences resulted from a large proportion of 

individuals not undergoing surgery at all. Demographic and clinical differences between 

these populations emerged, warranting further investigation. Future research should focus 

on capturing factors affecting survival that are not attainable through administrative data, 

such as patient and physician decision making. This may reveal key insights into 

variations in survival rates between Canadian provinces to inform targeted interventions 

and policy changes to improve outcomes for ovarian cancer patients in Nova Scotia.  
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6.5 Knowledge Translation 

The ultimate goal of this study was to identify areas in the healthcare system to 

intervene and improve outcomes, particularly for those subpopulations of women within 

Nova Scotia with poorer survival. The close collaboration with gyne-oncologists 

improves the interpretation of our findings and ensures we better understand why certain 

individuals face barriers to gold-standard care and/or poor survival, and supports the 

application of our findings to inform practice or system changes for women in Nova 

Scotia. This allows our study results to be disseminated in an environment that works 

very closely with policy makers. We will continue to work closely with patient advocacy 

organizations such as Ovarian Cancer Canada to improve the interpretation of our 

findings and to ensure the results are impactful at the patient level. In addition, we will 

continue to work closely with the gyne-oncologists in Nova Scotia who will help support 

the applications of our findings, which will in turn provide us with multiple opportunities 

for meaningful knowledge translation. Knowledge translation efforts at the proposal stage 

included presentations at 2 conferences: the Canadian Conference on Ovarian Cancer 

Research (CCOCR) (2022) and the Maritime Health Research Summit (2022), and 

presentation and discussion at the Ovarian Cancer Alliance of Nova Scotia (OCEANS) 

research group, which includes patient partners. Future knowledge translation efforts will 

include communicating our results to Ovarian Cancer Canada and other stakeholders at 

CCOCR 2024, creation of figures and infographics to convey our results to multiple 

different audiences, and at least one peer-reviewed publication. We also expect this study 

to act as a catalyst for further research into understanding why variations in ovarian 

cancer survival exist outside of Nova Scotia to understand the broader picture in Canada. 



 75 

References 

 1. Bray, F. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and 

mortality worldwide for 36 cancers in 185 countries. CA. Cancer J. Clin. 68, 394–424 (2018). 

2. Bandera, C. Advances in the understanding of risk factors for ovarian cancer. J. Reprod. Med. 

50, 399–406 (2005). 

3. Canadian Cancer Society. Survival statistics for ovarian cancer. Canadian Cancer Society 

https://www.cancer.ca:443/en/cancer-information/cancer-type/ovarian/prognosis-and-

survival/survival-statistics/?region=on. 

4. Cabasag, C. J. et al. Exploring variations in ovarian cancer survival by age and stage (ICBP 

SurvMark-2): A population-based study. Gynecol. Oncol. 157, 234–244 (2020). 

5. Butler, J. et al. The International Cancer Benchmarking Partnership: An international 

collaboration to inform cancer policy in Australia, Canada, Denmark, Norway, Sweden and 

the United Kingdom. Health Policy 112, 148–155 (2013). 

6. Moloughney, B., Snider, J. & Villeneuve, L. Ovarian cancer in Canada. CMAJ 162, 690–690 

(2000). 

7. Berek, J. S. & Robert C. Bast, J. Nonepithelial Ovarian Cancer. Holl.-Frei Cancer Med. 6th 

Ed. (2003). 

8. Koshiyama, M., Matsumura, N. & Konishi, I. Subtypes of Ovarian Cancer and Ovarian 

Cancer Screening. Diagnostics 7, 12 (2017). 

9. Boussios, S. et al. Ovarian carcinosarcoma: Current developments and future perspectives. 

Crit. Rev. Oncol. Hematol. 134, 46–55 (2019). 

10. ICHIGO, S. et al. Transitional cell carcinoma of the ovary (Review). Oncol. Lett. 3, 3–6 

(2012). 

11. Torre, L. A. et al. Ovarian cancer statistics, 2018. CA. Cancer J. Clin. 68, 284–296 (2018). 

12. Kossaï, M., Leary, A., Scoazec, J.-Y. & Genestie, C. Ovarian Cancer: A Heterogeneous 

Disease. Pathobiology 85, 41–49 (2018). 

13. Köbel, M. et al. Ovarian Carcinoma Subtypes Are Different Diseases: Implications for 

Biomarker Studies. PLoS Med. 5, e232 (2008). 

14. Dilley, J. et al. Ovarian cancer symptoms, routes to diagnosis and survival – Population 

cohort study in the ‘no screen’ arm of the UK Collaborative Trial of Ovarian Cancer 

Screening (UKCTOCS). Gynecol. Oncol. 158, 316–322 (2020). 

15. Jayson, G. C., Kohn, E. C., Kitchener, H. C. & Ledermann, J. A. Ovarian cancer. Lancet 

Lond. Engl. 384, 1376–1388 (2014). 

16. Coburn, S. B., Bray, F., Sherman, M. E. & Trabert, B. International patterns and trends in 

ovarian cancer incidence, overall and by histologic subtype. Int. J. Cancer 140, 2451–2460 

(2017). 



 76 

17. Walsh, T. et al. Mutations in 12 genes for inherited ovarian, fallopian tube, and peritoneal 

carcinoma identified by massively parallel sequencing. Proc. Natl. Acad. Sci. U. S. A. 108, 

18032–18037 (2011). 

18. Alsop, K. et al. BRCA Mutation Frequency and Patterns of Treatment Response in BRCA 

Mutation–Positive Women With Ovarian Cancer: A Report From the Australian Ovarian 

Cancer Study Group. J. Clin. Oncol. (2012) doi:10.1200/JCO.2011.39.8545. 

19. Toss, A. et al. Hereditary Ovarian Cancer: Not Only BRCA 1 and 2 Genes. BioMed Res. Int. 

2015, 341723 (2015). 

20. Kauff, N. D. et al. Risk of Ovarian Cancer in BRCA1 and BRCA2 Mutation-Negative 

Hereditary Breast Cancer Families. JNCI J. Natl. Cancer Inst. 97, 1382–1384 (2005). 

21. Kobayashi, H. et al. Ovarian endometrioma—Risks factors of ovarian cancer development. 

Eur. J. Obstet. Gynecol. Reprod. Biol. 138, 187–193 (2008). 

22. Brilhante, A. V. M. et al. Endometriosis and Ovarian Cancer: an Integrative Review 

(Endometriosis and Ovarian Cancer). Asian Pac. J. Cancer Prev. APJCP 18, 11–16 (2017). 

23. Trabert, B. et al. The Risk of Ovarian Cancer Increases with an Increase in the Lifetime 

Number of Ovulatory Cycles: An Analysis from the Ovarian Cancer Cohort Consortium 

(OC3). Cancer Res. 80, 1210–1218 (2020). 

24. Beral, V., Doll, R., Hermon, C., Peto, R. & Reeves, G. Ovarian cancer and oral 

contraceptives: collaborative reanalysis of data from 45 epidemiological studies including 

23,257 women with ovarian cancer and 87,303 controls. Lancet Lond. Engl. 371, 303–314 

(2008). 

25. Eisenhauer, E. A. Real-world evidence in the treatment of ovarian cancer. Ann. Oncol. 28, 

viii61–viii65 (2017). 

26. Akhtar-Danesh, N., Elit, L. & Lytwyn, A. Temporal trends in the relative survival among 

patients diagnosed with ovarian cancer in Canada 1992-2005: a population-based study. 

Gynecol. Oncol. 123, 192–195 (2011). 

27. Arnold, M. et al. Progress in cancer survival, mortality, and incidence in seven high-income 

countries 1995-2014 (ICBP SURVMARK-2): a population-based study. Lancet Oncol. 20, 

1493–1505 (2019). 

28. Houben, E. et al. Chemotherapy for ovarian cancer in the Netherlands: a population-based 

study on treatment patterns and outcomes. Med. Oncol. 34, 50 (2017). 

29. Champer, M. et al. Adherence to treatment recommendations and outcomes for women with 

ovarian cancer at first recurrence. Gynecol. Oncol. 148, 19–27 (2018). 

30. Sfakianos, G. P. & Havrilesky, L. J. A Review of Cost-Effectiveness Studies in Ovarian 

Cancer. Cancer Control 18, 59–64 (2011). 

31. Arora, N., Talhouk, A., McAlpine, J. N., Law, M. R. & Hanley, G. E. Causes of death among 

women with epithelial ovarian cancer by length of survival post-diagnosis: a population-based 

study in British Columbia, Canada. Int. J. Gynecol. Cancer 29, (2019). 

32. Chang, L.-C. et al. Prognostic factors in epithelial ovarian cancer: A population-based study. 

PLoS ONE 13, e0194993 (2018). 



 77 

33. Lowe, K. A. et al. An international assessment of ovarian cancer incidence and mortality. 

Gynecol. Oncol. 130, 107–114 (2013). 

34. Deng, F. et al. Age is associated with prognosis in serous ovarian carcinoma. J. Ovarian Res. 

10, 1–9 (2017). 

35. International Agency for Research on Cancer. ICBP SURVMARK-2. 

https://gco.iarc.fr/survival/survmark/visualizations/viz4_2/?groupby=%22country%22&time=

%225%22&period=%222010-

2014%22&cancer_site=%22Ovary%22&agegroup=%2275%2B%22&country=%22Australia

%22&gender=%22Females%22. 

36. Maringe, C. et al. Stage at diagnosis and ovarian cancer survival: Evidence from the 

International Cancer Benchmarking Partnership. Gynecol. Oncol. 127, 75–82 (2012). 

37. van Walree, I. C. et al. Treatment decision-making in elderly women with ovarian cancer: an 

age-based comparison. Int. J. Gynecol. Cancer Off. J. Int. Gynecol. Cancer Soc. 29, 158–165 

(2019). 

38. Matz, M. et al. Worldwide comparison of ovarian cancer survival: Histological group and 

stage at diagnosis (CONCORD-2). Gynecol. Oncol. 144, 396–404 (2017). 

39. Plaxe, S. C. Epidemiology of low-grade serous ovarian cancer. Am. J. Obstet. Gynecol. 198, 

459.e1-459.e9 (2008). 

40. Timmermans, M., Sonke, G. S., Van de Vijver, K. K., van der Aa, M. A. & Kruitwagen, R. 

F. P. M. No improvement in long-term survival for epithelial ovarian cancer patients: A 

population-based study between 1989 and 2014 in the Netherlands. Eur. J. Cancer 88, 31–37 

(2018). 

41. Cress, R. D., Chen, Y. S., Morris, C. R., Petersen, M. & Leiserowitz, G. S. Characteristics of 

Long-Term Survivors of Epithelial Ovarian Cancer. Obstet. Gynecol. 126, 491–497 (2015). 

42. Gourd, E. Niraparib improves progression-free survival in ovarian cancer. Lancet Oncol. 20, 

e615 (2019). 

43. Ledermann, J. et al. Olaparib Maintenance Therapy in Platinum-Sensitive Relapsed Ovarian 

Cancer. N. Engl. J. Med. 366, 1382–1392 (2012). 

44. Baun, M.-L. L., Falborg, A. Z., Hjertholm, P., Petersen, L. K. & Vedsted, P. Ovarian cancer 

stage, variation in transvaginal ultrasound examination rates and the impact of an urgent 

referral pathway: A national ecological cohort study. Acta Obstet. Gynecol. Scand. 98, 1540–

1548 (2019). 

45. Lee, J.-Y. et al. Changes in ovarian cancer survival during the 20 years before the era of 

targeted therapy. BMC Cancer 18, 1–8 (2018). 

46. Edwards, H. M. et al. Survival of ovarian cancer patients in Denmark: Results from the 

Danish gynaecological cancer group (DGCG) database, 1995–2012. Acta Oncol. 55, 36–43 

(2016). 

47. Wright, J. D. et al. Trends in Relative Survival for Ovarian Cancer From 1975 to 2011. 

Obstet. Gynecol. 125, 1345–1352 (2015). 



 78 

48. US Preventive Services Task Force et al. Screening for Ovarian Cancer: US Preventive 

Services Task Force Recommendation Statement. JAMA 319, 588 (2018). 

49. Funston, G. et al. Variation in the initial assessment and investigation for ovarian cancer in 

symptomatic women: a systematic review of international guidelines. BMC Cancer 19, 1–13 

(2019). 

50. Elit, L., Bondy, S. J., Chen, Z. & Paszat, L. A Tale of Two Time Periods: Ovarian Cancer 

Trends in Ontario. Curr. Oncol. 14, 57–60 (2007). 

51. Norell, C. H. et al. Exploring international differences in ovarian cancer treatment: a 

comparison of clinical practice guidelines and patterns of care. Int. J. Gynecol. Cancer 30, 

1748–1756 (2020). 

52. Barber, E. L. et al. Variation in neoadjuvant chemotherapy utilization for epithelial ovarian 

cancer at high volume hospitals in the United States and associated survival. Gynecol. Oncol. 

145, 500–507 (2017). 

53. Altman, A. D. et al. Examining the Effects of Time to Diagnosis, Income, Symptoms, and 

Incidental Detection on Overall Survival in Epithelial Ovarian Cancer: Manitoba Ovarian 

Cancer Outcomes (MOCO) Study Group. Int. J. Gynecol. Cancer 27, (2017). 

54. Kim, S. J. et al. Epidemiologic factors that predict long-term survival following a diagnosis 

of epithelial ovarian cancer. Br. J. Cancer 116, 964–971 (2017). 

55. Winter, W. E. et al. Tumor Residual After Surgical Cytoreduction in Prediction of Clinical 

Outcome in Stage IV Epithelial Ovarian Cancer: A Gynecologic Oncology Group Study. J. 

Clin. Oncol. 26, 83–89 (2008). 

56. International Cancer Benchmarking Partnership. International Cancer Benchmarking 

Partnership (ICBP). Cancer Research UK https://www.cancerresearchuk.org/health-

professional/data-and-statistics/international-cancer-benchmarking-partnership-icbp (2016). 

57. London School of Hygiene and Tropical Medicine. CONCORD Programme. Cancer 

Survival Group https://csg.lshtm.ac.uk/research/themes/concord-programme/. 

58. Coleman, M. et al. Cancer survival in Australia, Canada, Denmark, Norway, Sweden, and 

the UK, 1995–2007 (the International Cancer Benchmarking Partnership): an analysis of 

population-based cancer registry data. The Lancet 377, 127–138 (2011). 

59. Oberaigner, W. et al. Survival for Ovarian Cancer in Europe: The across-country variation 

did not shrink in the past decade. Acta Oncol. 51, 441–453 (2012). 

60. Munro, A. J. Comparative cancer survival in European countries. Br. Med. Bull. 110, 5–22 

(2014). 

61. Walters, S. et al. Geographical variation in cancer survival in England, 1991–2006: an 

analysis by Cancer Network. J Epidemiol Community Health 65, 1044–1052 (2011). 

62. Allemani, C. 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). The Lancet 385, 977–1010 (2015). 



 79 

63. Walters, S. et al. Breast cancer survival and stage at diagnosis in Australia, Canada, 

Denmark, Norway, Sweden and the UK, 2000-2007: a population-based study. Br. J. Cancer 

108, 1195–1208 (2013). 

64. Hannibal, C. G., Cortes, R., Engholm, G. & Kjaer, S. K. Survival of ovarian cancer patients 

in Denmark: Excess mortality risk analysis of five-year relative survival in the period 1978–

2002. Acta Obstet. Gynecol. Scand. 87, 1353–1360 (2008). 

65. Menon, M., Cunningham, C. & Kerr, D. Addressing unwarranted variations in colorectal 

cancer outcomes: a conceptual approach. Nat. Rev. Clin. Oncol. 13, 706–712 (2016). 

66. Asada, Y. Health Inequality: Morality and Measurement. (University of Toronto Press, 

2007). 

67. Sung, P.-L., Chang, Y.-H., Chao, K.-C. & Chuang, C.-M. Global distribution pattern of 

histological subtypes of epithelial ovarian cancer: A database analysis and systematic review. 

Gynecol. Oncol. 133, 147–154 (2014). 

68. Dehaeck, U. et al. The Impact of Geographic Variations in Treatment on Outcomes in 

Ovarian Cancer. Int. J. Gynecol. Cancer 23, (2013). 

69. Yu, X. Q., O’connell, D. L., Gibberd, R. W. & Armstrong, B. K. A population-based study 

from New South Wales, Australia 1996-2001: area variation in survival from colorectal 

cancer. Eur. J. Cancer Oxf. Engl. 1990 41, 2715–2721 (2005). 

70. Skyrud, K. D., Bray, F., Eriksen, M. T., Nilssen, Y. & Møller, B. Regional variations in 

cancer survival: Impact of tumour stage, socioeconomic status, comorbidity and type of 

treatment in Norway. Int. J. Cancer 138, 2190–2200 (2016). 

71. Karjalainen, S. Geographical variation in cancer patient survival in Finland: chance, 

confounding, or effect of treatment? J. Epidemiol. Community Health 44, 210–214 (1990). 

72. Elixhauser, A., Steiner, C., Harris, D. R. & Coffey, R. M. Comorbidity Measures for Use 

with Administrative Data. Med. Care 36, 8–27 (1998). 

73. Søgaard, M., Thomsen, R. W., Bossen, K. S., Sørensen, H. T. & Nørgaard, M. The impact of 

comorbidity on cancer survival: a review. Clin. Epidemiol. 5, 3–29 (2013). 

74. Noer, M. C. et al. Confounders other than comorbidity explain survival differences in Danish 

and Swedish ovarian cancer patients – a comparative cohort study. Acta Oncol. 57, 1100–

1108 (2018). 

75. Fried, L. P. et al. Frailty in Older Adults: Evidence for a Phenotype. J. Gerontol. Ser. A 56, 

M146–M157 (2001). 

76. Urquhart, R. et al. Rules to Identify Persons with Frailty in Administrative Health Databases. 

Can. J. Aging Rev. Can. Vieil. 36, 514–521 (2017). 

77. Cespedes Feliciano, E. M. et al. Association of Prediagnostic Frailty, Change in Frailty 

Status, and Mortality After Cancer Diagnosis in the Women’s Health Initiative. JAMA Netw. 

Open 3, e2016747 (2020). 

78. Brown, J. C., Harhay, M. O. & Harhay, M. N. The Prognostic Importance of Frailty Among 

Cancer Survivors. J. Am. Geriatr. Soc. 63, 2538–2543 (2015). 



 80 

79. Dai, S., Yang, M., Song, J., Dai, S. & Wu, J. Impacts of Frailty on Prognosis in Lung Cancer 

Patients: A Systematic Review and Meta-Analysis. Front. Med. 8, 1174 (2021). 

80. Kumar, A. et al. Functional not chronologic age: Frailty index predicts outcomes in advanced 

ovarian cancer. Gynecol. Oncol. 147, 104–109 (2017). 

81. Pollitt, R. A. et al. Early-life and adult socioeconomic status and inflammatory risk markers 

in adulthood. Eur. J. Epidemiol. 22, 55–66 (2007). 

82. Pechey, R. & Monsivais, P. Socioeconomic inequalities in the healthiness of food choices: 

Exploring the contributions of food expenditures. Prev. Med. 88, 203–209 (2016). 

83. Feinglass, J. et al. Baseline health, socioeconomic status, and 10-year mortality among older 

middle-aged Americans: findings from the Health and Retirement Study, 1992 2002. J. 

Gerontol. B. Psychol. Sci. Soc. Sci. 62, S209-217 (2007). 

84. Mangin, D. et al. Association between frailty, chronic conditions and socioeconomic status in 

community-dwelling older adults attending primary care: a cross-sectional study using 

practice-based research network data. BMJ Open 13, e066269 (2023). 

85. Wright, J. D. et al. Failure to Rescue As a Source of Variation in Hospital Mortality for 

Ovarian Cancer. J. Clin. Oncol. 30, 3976–3982 (2012). 

86. Cliby, W. A. et al. Ovarian cancer in the United States: Contemporary patterns of care 

associated with improved survival. Gynecol. Oncol. 136, 11–17 (2015). 

87. Hall, M. et al. Maximal-Effort Cytoreductive Surgery for Ovarian Cancer Patients with a 

High Tumor Burden: Variations in Practice and Impact on Outcome. Ann. Surg. Oncol. 26, 

2943–2951 (2019). 

88. Timmermans, M. et al. Centralization of ovarian cancer in the Netherlands: Hospital of 

diagnosis no longer determines patients’ probability of undergoing surgery. Gynecol. Oncol. 

148, 56–61 (2018). 

89. du Bois, A., Rochon, J., Pfisterer, J. & Hoskins, W. J. Variations in institutional 

infrastructure, physician specialization and experience, and outcome in ovarian cancer: A 

systematic review. Gynecol. Oncol. 112, 422–436 (2009). 

90. Urban, R. R. et al. Ovarian cancer outcomes: Predictors of early death. Gynecol. Oncol. 140, 

474–480 (2016). 

91. Elit, L. M. et al. Surgical outcomes in women with ovarian cancer. Can. J. Surg. 51, 346–354 

(2008). 

92. White, K. M., Seale, H. & Harrison, R. Enhancing ovarian cancer care: a systematic review 

of guideline adherence and clinical variation. BMC Public Health 19, 1–13 (2019). 

93. Love, A. J. et al. Diagnostic and referral intervals for Manitoba women with epithelial 

ovarian cancer - the Manitoba Ovarian Cancer Outcomes (MOCO) study group: a 

retrospective cross-sectional study. CMAJ Open 5, E116–E122 (2017). 

94. Brown, R. et al. Meeting the Decision-Making Preferences of Patients With Breast Cancer in 

Oncology Consultations: Impact on Decision-Related Outcomes. J. Clin. Oncol. 30, 857–862 

(2012). 



 81 

95. Urquhart, R. et al. Decision-making by surgeons about referral for adjuvant therapy for 

patients with non-small-cell lung, breast or colorectal cancer: a qualitative study. Can. Med. 

Assoc. Open Access J. 4, E7–E12 (2016). 

96. Yassine, F. & Kharfan-Dabaja, M. A. Patient Resources in a Cancer Center. in The 

Comprehensive Cancer Center: Development, Integration, and Implementation (eds. Aljurf, 

M., Majhail, N. S., Koh, M. B. C., Kharfan-Dabaja, M. A. & Chao, N. J.) (Springer, 2022). 

97. Fitch, M. I. Psychosocial management of patients with recurrent ovarian cancer: treating the 

whole patient to improve quality of life. Semin. Oncol. Nurs. 19, 40–53 (2003). 

98. Aldaz, B. E., Treharne, G. J., Knight, R. G., Conner, T. S. & Perez, D. Oncology healthcare 

professionals’ perspectives on the psychosocial support needs of cancer patients during 

oncology treatment. J. Health Psychol. 22, 1332–1344 (2017). 

99. Koroukian, S., Schiltz, N., Barnholz-Sloan, J. & Zanotti, K. Determinants of emergency 

department (ED) diagnosis of ovarian cancer and subsequent surgical morbidity and mortality. 

Gynecol. Oncol. 130, e117–e118 (2013). 

100. Mangili, G. et al. Comparison of optimal cytoreduction rates in emergency versus non-

emergency admissions for advanced ovarian cancer: A multi-institutional study. Eur. J. Surg. 

Oncol. EJSO 39, 906–911 (2013). 

101. McWhinney, I. R. Continuity of care in family practice. Part 2: implications of continuity. J. 

Fam. Pract. 2, 373–374 (1975). 

102. Bazemore, A. et al. Higher Primary Care Physician Continuity is Associated With Lower 

Costs and Hospitalizations. Ann. Fam. Med. 16, 492–497 (2018). 

103. Gray, D. J. P., Sidaway-Lee, K., White, E., Thorne, A. & Evans, P. H. Continuity of care 

with doctors—a matter of life and death? A systematic review of continuity of care and 

mortality. BMJ Open 8, e021161 (2018). 

104. O’Malley, A. S. & Cunningham, P. J. Patient Experiences with Coordination of Care: The 

Benefit of Continuity and Primary Care Physician as Referral Source. J. Gen. Intern. Med. 24, 

170–177 (2009). 

105. Sundar, S. S. et al. 604 Significant variation in treatment and survival outcomes in stage 2–

4 ovarian cancer in england: results from the national ovarian cancer feasibility audit pilot. Int. 

J. Gynecol. Cancer 30, (2020). 

106. Villanueva, C., Chang, J., Ziogas, A., Bristow, R. E. & Vieira, V. M. Ovarian cancer in 

California: Guideline adherence, survival, and the impact of geographic location, 1996–2014. 

Cancer Epidemiol. 69, 101825 (2020). 

107. van Altena, A. M. et al. Trends in therapy and survival of advanced stage epithelial ovarian 

cancer patients in the Netherlands. Gynecol. Oncol. 125, 649–654 (2012). 

108. Powis, M. et al. Cross-Canada differences in early-stage breast cancer treatment and acute-

care use. Curr. Oncol. 26, e624–e639 (2019). 

109. Maddison, A. R. et al. Inequity in Access to Guideline-Recommended Colorectal Cancer 

Treatment in Nova Scotia, Canada. Healthc. Policy 8, 71–87 (2012). 



 82 

110. Davidson, B. A., Moss, H. A. & Kamal, A. H. Top 10 Tips Palliative Care Clinicians 

Should Know When Caring for Patients with Ovarian Cancer. J. Palliat. Med. 21, 250–254 

(2018). 

111. Sullivan, D. R. et al. Association of Early Palliative Care Use With Survival and Place of 

Death Among Patients With Advanced Lung Cancer Receiving Care in the Veterans Health 

Administration. JAMA Oncol. 5, 1702–1709 (2019). 

112. Pyeon, S. Y., Han, G. H., Ki, K. D., Lee, K.-B. & Lee, J.-M. Effect of delayed palliative 

chemotherapy on survival of patients with recurrent ovarian cancer. PLOS ONE 15, e0236244 

(2020). 

113. Zijlstra, M. et al. Treatment patterns and associated factors in patients with advanced 

epithelial ovarian cancer: a population-based study. Int. J. Gynecol. Cancer Off. J. Int. 

Gynecol. Cancer Soc. 29, 1032–1037 (2019). 

114. Havrilesky, L. J. et al. Patient preferences in advanced or recurrent ovarian cancer. Cancer 

120, 3651–3659 (2014). 

115. Quaife, S. L. et al. Socioeconomic inequalities in attitudes towards cancer: an international 

cancer benchmarking partnership study. Eur. J. Cancer Prev. 24, 253–260 (2015). 

116. Grzankowski, K. S. & Carney, M. Quality of Life in Ovarian Cancer. Cancer Control 18, 

52–58 (2011). 

117. Nicholson, B. D. et al. International variation in adherence to referral guidelines for 

suspected cancer: a secondary analysis of survey data. Br. J. Gen. Pract. J. R. Coll. Gen. 

Pract. 66, e106-113 (2016). 

118. Tørring, M. L. et al. Advanced-stage cancer and time to diagnosis: An International Cancer 

Benchmarking Partnership (ICBP) cross-sectional study. Eur. J. Cancer Care (Engl.) 28, 

e13100 (2019). 

119. Buys, S. S. et al. Effect of Screening on Ovarian Cancer Mortality: The Prostate, Lung, 

Colorectal and Ovarian (PLCO) Cancer Screening Randomized Controlled Trial. JAMA 305, 

2295–2303 (2011). 

120. Lee, Y.-H. et al. Effect of length of time from diagnosis to treatment on colorectal cancer 

survival: A population-based study. PLOS ONE 14, e0210465 (2019). 

121. Rayson, D., Urquhart, R., Cox, M., Grunfeld, E. & Porter, G. Adherence to Clinical Practice 

Guidelines for Adjuvant Chemotherapy for Colorectal Cancer in a Canadian Province: A 

Population-Based Analysis. J. Oncol. Pract. 8, 253–259 (2012). 

122. Menon, U. et al. Time intervals and routes to diagnosis for lung cancer in 10 jurisdictions: 

cross-sectional study findings from the International Cancer Benchmarking Partnership 

(ICBP). BMJ Open 9, e025895 (2019). 

123. Bristow, R. E. et al. Disparities in Ovarian Cancer Care Quality and Survival According to 

Race and Socioeconomic Status. JNCI J. Natl. Cancer Inst. 105, 823–832 (2013). 

124. Ibfelt, E. H. et al. Do stage of disease, comorbidity or access to treatment explain 

socioeconomic differences in survival after ovarian cancer? – A cohort study among Danish 

women diagnosed 2005–2010. Cancer Epidemiol. 39, 353–359 (2015). 



 83 

125. Gardy, J. et al. Impact of socioeconomic status on survival in patients with ovarian cancer. 

Int. J. Gynecol. Cancer 29, (2019). 

126. Stewart, S. L. et al. Disparities in ovarian cancer survival in the United States (2001-2009): 

Findings from the CONCORD-2 study. Cancer 123, 5138–5159 (2017). 

127. Schrijvers, C. T., Coebergh, J. W. & Mackenbach, J. P. Socioeconomic status and 

comorbidity among newly diagnosed cancer patients. Cancer 80, 1482–1488 (1997). 

128. Loeb, D. F., Binswanger, I. A., Candrian, C. & Bayliss, E. A. Primary Care Physician 

Insights Into a Typology of the Complex Patient in Primary Care. Ann. Fam. Med. 13, 451–

455 (2015). 

129. Møller, H. et al. Colorectal cancer survival in socioeconomic groups in England: Variation 

is mainly in the short term after diagnosis. Eur. J. Cancer 48, 46–53 (2012). 

130. Yu, X. Q., Luo, Q., Smith, D. P., O’Connell, D. L. & Baade, P. D. Geographic variation in 

prostate cancer survival in New South Wales. Med. J. Aust. 200, 586–590 (2014). 

131. Rutherford, M. J. et al. How much of the deprivation gap in cancer survival can be 

explained by variation in stage at diagnosis: An example from breast cancer in the East of 

England. Int. J. Cancer 133, 2192–2200 (2013). 

132. Barclay, M. E., Abel, G. A., Greenberg, D. C., Rous, B. & Lyratzopoulos, G. Socio-

demographic variation in stage at diagnosis of breast, bladder, colon, endometrial, lung, 

melanoma, prostate, rectal, renal and ovarian cancer in England and its population impact. Br. 

J. Cancer 124, 1320–1329 (2021). 

133. Longo, C. J. Equitable Access to Healthcare Services and Income Replacement for Cancer: 

Is Critical Illness Insurance a Help or a Hindrance? Healthc. Policy 5, e113–e119 (2010). 

134. Kisely, S., Crowe, E. & Lawrence, D. Cancer-Related Mortality in People With Mental 

Illness. JAMA Psychiatry 70, 209 (2013). 

135. Ko, A., Kim, K., Sik Son, J., Park, H. Y. & Park, S. M. Association of pre-existing 

depression with all-cause, cancer-related, and noncancer-related mortality among 5-year 

cancer survivors: a population-based cohort study. Sci. Rep. 9, 18334 (2019). 

136. Berchuck, J. E. et al. Association of Mental Health Treatment With Outcomes for US 

Veterans Diagnosed With Non-Small Cell Lung Cancer. JAMA Oncol. 6, 1055–1062 (2020). 

137. Ambroggi, M., Biasini, C., Del Giovane, C., Fornari, F. & Cavanna, L. Distance as a Barrier 

to Cancer Diagnosis and Treatment: Review of the Literature. The Oncologist 20, 1378–1385 

(2015). 

138. Lambert, P., Galloway, K., Altman, A., Nachtigal, M. W. & Turner, D. Ovarian Cancer in 

ManitobA: Trends in Incidence and Survival, 1992–2011. Curr. Oncol. 24, 78–84 (2017). 

139. Fairfield, K. M. et al. Regional variation in cancer-directed surgery and mortality among 

women with epithelial ovarian cancer in the medicare population. Cancer 116, 4840–4848 

(2010). 

140. Hvidberg, L., Pedersen, A. F., Wulff, C. N. & Vedsted, P. Cancer awareness and socio-

economic position: results from a population-based study in Denmark. BMC Cancer 14, 1–13 

(2014). 



 84 

141. Robinson, E., Mohilever, J., Zidan, J. & Sapir, D. Delay in diagnosis of cancer. Possible 

effects on the stage of disease and survival. Cancer 54, 1454–1460 (1984). 

142. Forbes, L. J. L. et al. Differences in cancer awareness and beliefs between Australia, 

Canada, Denmark, Norway, Sweden and the UK (the International Cancer Benchmarking 

Partnership): do they contribute to differences in cancer survival? Br. J. Cancer 108, 292–300 

(2013). 

143. Brain, K. E. et al. Ovarian cancer symptom awareness and anticipated delayed presentation 

in a population sample. BMC Cancer 14, 1–10 (2014). 

144. Reid, F. et al. The World Ovarian Cancer Coalition Every Woman Study: identifying 

challenges and opportunities to improve survival and quality of life. Int. J. Gynecol. Cancer 

31, (2021). 

145. Mandelblatt, J. S., Yabroff, K. R. & Kerner, J. F. Equitable access to cancer services. 

Cancer 86, 2378–2390 (1999). 

146. Hassan, M. O., Arthurs, Z., Sohn, V. Y. & Steele, S. R. Race does not impact colorectal 

cancer treatment or outcomes with equal access. Am. J. Surg. 197, 485–490 (2009). 

147. Lee, S. et al. Race Does Not Impact Pancreatic Cancer Treatment and Survival in an Equal 

Access Federal Health Care System. Ann. Surg. Oncol. 20, 4073–4079 (2013). 

148. Gill, A. A. et al. Colon cancer treatment: Are there racial disparities in an equal-access 

healthcare system? Dis. Colon Rectum 57, 1059–1065 (2014). 

149. Cole, A. P. et al. Impact of tumor, treatment, and access on outcomes in bladder cancer: 

Can equal access overcome race-based differences in survival? Cancer 125, 1319–1329 

(2019). 

150. Canadian Partnership Against Cancer. Canadian Strategy for Cancer Control. (2019). 

151. Maddison, A. R., Asada, Y. & Urquhart, R. Inequity in access to cancer care: a review of 

the Canadian literature. Cancer Causes Control 22, 359–366 (2011). 

152. Cancer Care Ontario. Ontario Cancer Statistics 2022- Data Sources. 

https://www.cancercareontario.ca/en/data-research/view-data/statistical-reports/ontario-

cancer-statistics-2022/data-sources-appendices-1-2022 (2022). 

153. Kwong, J. C. et al. Can routinely collected laboratory and health administrative data be used 

to assess influenza vaccine effectiveness? Assessing the validity of the Flu and Other 

Respiratory Viruses Research (FOREVER) Cohort. Vaccine 37, 4392–4400 (2019). 

154. Gershon, A. S. et al. Influenza Vaccine Effectiveness in Preventing Hospitalizations in 

Older Patients With Chronic Obstructive Pulmonary Disease. J. Infect. Dis. 221, 42–52 

(2020). 

155. Langton, J. M. et al. Population segments as a tool for health care performance reporting: an 

exploratory study in the Canadian province of British Columbia. BMC Fam. Pract. 21, 98 

(2020). 

156. Warren, J. L. et al. Trends in the Receipt of Guideline Care and Survival for Women with 

Ovarian Cancer: A Population-Based Study. Gynecol. Oncol. 145, 486–492 (2017). 



 85 

157. Bristow, R. E., Chang, J., Ziogas, A. & Anton-Culver, H. Adherence to Treatment 

Guidelines for Ovarian Cancer as a Measure of Quality Care. Obstet. Gynecol. 121, 1226 

(2013). 

158. Asada, Y., Hurley, J., Norheim, O. F. & Johri, M. Unexplained health inequality – is it 

unfair? Int. J. Equity Health 14, 11 (2015). 

159. Singh, G. K. & Jemal, A. Socioeconomic and Racial/Ethnic Disparities in Cancer Mortality, 

Incidence, and Survival in the United States, 1950–2014: Over Six Decades of Changing 

Patterns and Widening Inequalities. J. Environ. Public Health 2017, 2819372 (2017). 

160. Evans, N., Grenda, T., Alvarez, N. H. & Okusanya, O. T. Narrative review of 

socioeconomic and racial disparities in the treatment of early stage lung cancer. J. Thorac. 

Dis. 13, 3758–3763 (2021). 

161. Afshar, N., English, D. R. & Milne, R. L. Factors Explaining Socio-Economic Inequalities 

in Cancer Survival: A Systematic Review. Cancer Control J. Moffitt Cancer Cent. 28, 

10732748211011956 (2021). 

162. Wang, N. et al. The effect of socioeconomic status on health-care delay and treatment of 

esophageal cancer. J. Transl. Med. 13, 241 (2015). 

163. Booth, C., Li, G. & Mackillop, W. The impact of socioeconomic status (SES) on stage of 

cancer at time of diagnosis: A population-based study in Ontario, Canada. J. Clin. Oncol. 27, 

6505–6505 (2009). 

164. Pathirana, T. I. & Jackson, C. A. Socioeconomic status and multimorbidity: a systematic 

review and meta-analysis. Aust. N. Z. J. Public Health 42, 186–194 (2018). 

165. Szanton, S. L., Seplaki, C. L., Thorpe, R. J., Allen, J. K. & Fried, L. P. Socioeconomic 

status is associated with frailty: the Women’s Health and Aging Studies. J. Epidemiol. 

Community Health 64, 63–67 (2010). 

166. Wagenknecht, L. E. et al. Cigarette smoking behavior is strongly related to educational 

status: the CARDIA study. Prev. Med. 19, 158–169 (1990). 

167. Vernooij, F., Heintz, P., Witteveen, E. & van der Graaf, Y. The outcomes of ovarian cancer 

treatment are better when provided by gynecologic oncologists and in specialized hospitals: A 

systematic review. Gynecol. Oncol. 105, 801–812 (2007). 

168. McGowan, L., Lesher, L. P., Norris, H. J. & Barnett, M. Misstaging of ovarian cancer. 

Obstet. Gynecol. 65, 568–572 (1985). 

169. Wang, Z. et al. Regional Disparities in Ovarian Cancer in the United States. Cancer Health 

Disparities 3, e1–e12 (2019). 

170. Farrow, D. C., Samet, J. M. & Hunt, W. C. Regional variation in survival following the 

diagnosis of cancer. J. Clin. Epidemiol. 49, 843–847 (1996). 

171. Webber, C. et al. Explaining regional variations in colon cancer survival in Ontario, 

Canada: a population-based retrospective cohort study. BMJ Open 12, e059597 (2022). 

172. Hu, S. et al. Mental health disorders among ovarian cancer survivors in a population‐based 

cohort. Cancer Med. 12, 1801–1812 (2022). 



 86 

173. Walker, J. et al. Major Depression and Survival in People With Cancer. Psychosom. Med. 

83, 410–416 (2021). 

174. Zhu, J. et al. First-onset mental disorders after cancer diagnosis and cancer-specific 

mortality: a nationwide cohort study. Ann. Oncol. 28, 1964–1969 (2017). 

175. Niedzwiedz, C. L., Knifton, L., Robb, K. A., Katikireddi, S. V. & Smith, D. J. Depression 

and anxiety among people living with and beyond cancer: a growing clinical and research 

priority. BMC Cancer 19, 943 (2019). 

176. Watts, S., Prescott, P., Mason, J., McLeod, N. & Lewith, G. Depression and anxiety in 

ovarian cancer: a systematic review and meta-analysis of prevalence rates. BMJ Open 5, 

e007618 (2015). 

177. Li, Y.-Z. et al. Prediagnosis Depression Rather Than Anxiety Symptoms Is Associated with 

Decreased Ovarian Cancer Survival: Findings from the Ovarian Cancer Follow-Up Study 

(OOPS). J. Clin. Med. 11, 7394 (2022). 

178. Lin, J. et al. The Impact of Pre-Existing Mental Health Disorders on the Diagnosis, 

Treatment and Survival among Lung Cancer Patients in the U.S. Military Health System. 

Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. 

Oncol. 25, 1564–1571 (2016). 

179. Davis, L. E. et al. Stage at diagnosis and survival in patients with cancer and a pre-existing 

mental illness: a meta-analysis. J. Epidemiol. Community Health 74, 84–94 (2020). 

180. Chang, C.-K. et al. A cohort study on mental disorders, stage of cancer at diagnosis and 

subsequent survival. BMJ Open 4, e004295 (2014). 

181. Carney, M. E., Lancaster, J. M., Ford, C., Tsodikov, A. & Wiggins, C. L. A population-

based study of patterns of care for ovarian cancer: who is seen by a gynecologic oncologist 

and who is not? Gynecol. Oncol. 84, 36–42 (2002). 

182. Junor, E. J., Hole, D. J. & Gillis, C. R. Management of ovarian cancer: referral to a 

multidisciplinary team matters. Br. J. Cancer 70, 363–370 (1994). 

183. Chan, J. K. et al. Influence of the Gynecologic Oncologist on the Survival of Ovarian 

Cancer Patients. Obstet. Gynecol. 109, 1342 (2007). 

184. Mercado, C. et al. Quality of care in advanced ovarian cancer: The importance of provider 

specialty. Gynecol. Oncol. 117, 18–22 (2010). 

185. Weeks, K. et al. Patient and Provider Perspectives on Barriers to Accessing Gynecologic 

Oncologists for Ovarian Cancer Surgical Care. Womens Health Rep. 1, 574–583 (2020). 

186. Weeks, K. et al. Rural Disparities in Surgical Care from Gynecologic Oncologists Among 

Midwestern Ovarian Cancer Patients. Gynecol. Oncol. 160, 477–484 (2021). 

187. Ferrero, A. et al. Ovarian Cancer in Elderly Patients: Patterns of Care and Treatment 

Outcomes According to Age and Modified Frailty Index. Int. J. Gynecol. Cancer Off. J. Int. 

Gynecol. Cancer Soc. 27, 1863–1871 (2017). 

188. Fourcadier, E. et al. Under-treatment of elderly patients with ovarian cancer: a population 

based study. BMC Cancer 15, 937 (2015). 



 87 

189. Dumas, L. et al. Exploring Older Women’s Attitudes to and Experience of Treatment for 

Advanced Ovarian Cancer: A Qualitative Phenomenological Study. Cancers 13, 1207 (2021). 

190. George, M., Smith, A., Sabesan, S. & Ranmuthugala, G. Physical Comorbidities and Their 

Relationship with Cancer Treatment and Its Outcomes in Older Adult Populations: Systematic 

Review. JMIR Cancer 7, e26425 (2021). 

191. Stairmand, J. et al. Consideration of comorbidity in treatment decision making in 

multidisciplinary cancer team meetings: a systematic review. Ann. Oncol. 26, 1325–1332 

(2015). 

192. Sarfati, D., Koczwara, B. & Jackson, C. The impact of comorbidity on cancer and its 

treatment. CA. Cancer J. Clin. 66, 337–350 (2016). 

193. Unger, J. M., Hershman, D. L., Fleury, M. E. & Vaidya, R. Association of Patient 

Comorbid Conditions With Cancer Clinical Trial Participation. JAMA Oncol. 5, 326–333 

(2019). 

194. Meropol, N. J. et al. Cancer patient preferences for quality and length of life. Cancer 113, 

3459–3466 (2008). 

195. Elit, L. M. et al. Patients’ Preferences for Therapy in Advanced Epithelial Ovarian Cancer: 

Development, Testing, and Application of a Bedside Decision Instrument. Gynecol. Oncol. 

62, 329–335 (1996). 

196. Oskay-Özcelik, G. et al. Expression III: patients’ expectations and preferences regarding 

physician–patient relationship and clinical management—results of the international 

NOGGO/ENGOT-ov4-GCIG study in 1830 ovarian cancer patients from European countries. 

Ann. Oncol. 29, 910–916 (2018). 

197. Gilks, C. B. & Prat, J. Ovarian carcinoma pathology and genetics: recent advances. Hum. 

Pathol. 40, 1213–1223 (2009). 

198. Porter, G. et al. A team approach to improving colorectal cancer services using 

administrative health data. Health Res. Policy Syst. 10, 4 (2012). 

 

 

 

 

 

 



 88 

Appendix A – Data Sources and Descriptions 
 

 
 
 
 
 

 
 
 
 
 

Database Description Variables (extracted or 

derived) 

Nova Scotia Cancer 

Registry (NSCR) 

The Nova Scotia Cancer Registry is a 

comprehensive database operated by the 

Surveillance and Epidemiology Unit at 

Cancer Care Nova Scotia. It captures all 

new cancer diagnoses and associated 

patient information within the province, 

which are reportable by law.198 

Survival time (date of 

diagnosis and date of 

death), stage at 

diagnosis, histological 

sub-type, age at 

diagnosis (date of birth 

and date of diagnosis), 

health authority zone at 

diagnosis 

MSI Physician 

Billing 

The MSI physician billing database 

provides administrative records of any 

billable services provided from a physician 

to an individual. This includes procedures, 

visits, diagnoses, etc. (HDNS MED Data 

Dictionary) 

Frailty, continuity of 

primary care, mental 

health 

CIHI Discharge 

Abstract Database 

(DAD) 

This database collects administrative, 

clinical, and demographic information 

about hospital discharges directly from 

acute care facilities in Nova Scotia. This 

includes inpatient discharges and day 

surgery interventions. (CIHI Discharge 

Abstract Database metadata) 

Frailty, comorbidities, 

mental health, surgery 

location 

Eligibility Group 

Database (EGROUP) 

This database captures individual eligibility 

and enrollment for publicly funded 

programs in Nova Scotia.  

(HDNS ELIG Group Data Dictionary) 

Poverty 

TUPPER Database This clinical database captures clinical data 

from the gyne-oncology program, which 

includes consultation/visit, disease, 

diagnosis, treatment, and follow-up data. 

Assessment by a gyne-

oncologist 
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Appendix B – Supplementary Figures 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 - Map showing the 4 Nova Scotia Health Authority Management Zones (from: 

http://www.nshealth.ca) 
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Figure 2 - Kaplan-Meier curves & log-rank tests showing significant associations with survival. 

 
 


