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Abstract 

The objective of this study was to compare swivai outcomes of women initially treated at 

teaching hospitals with those initially treated at community hospitals. The study cohort 

consisted of 938 women with confirmed node-negative breast cancer randomly selected from 

among those diagnosed in Ontario in 1991. Cox's proportional hazards mode1 was used to 

control for the effect of patient and tumour characteristics and treatment received. 

Cnide 5-year survival for women initially treated at teaching and community hospitals was 

92.5% and 88.7% respectively w0.067). Arnong women with tumours s20mm there was a 

53% reduction in relative risk for women initially treated at teaching hospitals as compared to 

community hospitals, after controlling significant confounders. A significant swival 

difference was not apparent among women with tumours > 20mm. There are a number of 

possible explanations for these fmdings: patient populations may differ with respect to factors 

not controlled for in the analysis; there may be misclassification of cases with respect to 

tumour characteristics; or there may be di fferences in treatrnents administered. 
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CEIAPTER 1: RATIONALE 

Breast cancer represents approximately 30% of al1 incident cancer cases diagnosed among 

women in Canada. It has been estimated that in 1989 7,600 women in Ontario will be 

diagnosed with breast cancer and in the same year an estimated 2,000 women wiii have died 

from breast cancer (National Cancer Instinite of Canada, 1998). While there has been only a 

slight decrease in mortality rates over the past decade, incidence rates have increased, possibly 

as a result of increased screening efforts. Since 1985, age-standardized rates of breast cancer 

incidence in Canada have increased by approximately 2% per year (National Cancer Institute of 

Canada, 1997). Over half of al1 newly diagnosed cases of breast cancer will be node-negative 

(Harris, 1991). 

Regional variations in breast cancer treatment and survival have been documented in a number 

of countries, as have differences in survival by socio-economic status (Farrow et al., 1992; 

Nattinger et al., 1992; Karjaieinen and Pukkala, 1990). These variations in patient outcome may 

be accounted for by any number of intemediate factors such as differences in stage at diagnosis, 

referral and treatment patterns, or differences in health status as a result of dietary or 

environmental factors. 

A few studies have explored the possibility that differences in outcome may be due to 

difEerences in hospital or physician chamcteristics (Karjalainen, 1990; Basnett et al., 1992; 

Bonett et al., 199 1 ; Gillis and Hole, 1996; Sainsbury et al., 1 995; Lee-Feldstein et al., 1994). ln 

particular, studies looking at survival in relation to type of treating hospital (Karjalainen, 1990; 



Basnett et al., 1992) and treatment by specialist surgeons (Gillis and Hole, 1996; Sainsbury et 

al., 1995) have found differences in survival. While some of the variation rnay be explained by 

differences in patient populations or differences in treatment, there is some variation which 

remains unexplained. Within Ontario, researchers have found differences in the type of surgery 

performed by region and by hospital (Iscoe et al., 1994), differences in patterns of radiation 

therapy use (Whelan et al., 1993), as well as ciifferences in opinion as to how breast cancer 

patients should best be managed (Sawka et al., 1995). 

Teaching status of the initial treating hospital rnay explain some of the variation in survival. 

The mechanism rnay stem fiom different standards for breast cancer treatment or fiom the multi- 

disciplinary setting of the teaching hospital. Access to a greater base of expertise, as provided 

by the multi-disciplinary setting, rnay make it possible to explore a wider range of treatment 

options and rnay facilitate patient management and follow-up. The volume and outcome 

relationship, which has been documented in a number of treatment areas, could also potentially 

be a factor. As well, the patient's initial contact with the system could determine future referrals 

and fùture patterns of care. Patterns of referral rnay also differ by patient characteristics, such as 

socioeconomic status. 

Population based strategies for optirnizing the use of available resources and improving equity 

in health care require a better understanding of the extent to which any of these factors are 

associated with variations in sunival. Understanding the sources of variation will belp direct 

efforts in research and policy to areas where they will make the greatest difference. 



CHAPTER 2: STUDY OBJECTIVES 

The primary objective of this study is to compare survival of women with node-negative breast 

cancer who received surgery in teaching hospitals with those who underwent surgery in other 

hospitals &er 5-years of follow-up, using a retrospective cohort study design. 

Specific objectives include: 

1. To characterize node-negative breast cancer cases initially seen at teaching hospitals and at 

non-teaching hospitals by patient, tumour, and treatment characteristics: 

patient characteristics - age, median family income, urban/rurd residence, and 

proximity to the nearest radiation therapy facility 

tumour characteristics - tumour size, grade, hormone receptor status, multifocality, 

extent of ductal carcinoma in situ, and lymphatic, vascular or neural invasion 

treatment characteristics - type of surgical procedure, use of radiation therapy, use of 

chemotherapy, and use of hormone therapy. 

2. To determine if survivd of patients initially treated in teaching hospitals is significantly 

different fkorn survival of patients initially treated at non-teaching hospitals, when controlling 

for the effect of potential confounders. 

The nul1 hypothesis is that no significant survival difference exists between patients initially 

treated at teaching and at non-teaching hospitals. 



CHAPTER 3: LITERATURE: REWEW 

The following sections provide a s u m m q  of factors which may be associated with survival 

fiom node-negative breast cancer, specifically: incidence and early detection in relation to 

patient characteristics, clinical prognostic factors, and treatment options. The later sections will 

review studies to date which have examined variations in process of care by treatment setting 

and variation in sumival by treatment setting. 

3.1 Incidence and Diagnosis of Breast Cancer 

Women in North Arnerica have an estimated 740% probability of developing breast cancer over 

their lifetime. The nsk is greater for women with identified risk factors. Established risk factors 

include age, family history of breast cancer, age at menarche and menopause, parity, age at first 

pregnancy, weight, alcohol consumption, radiation exposure, previous benign breast disease, use 

of hormone replacement therapy, and possibly diet (Carbone et al., 1995; Harris et al., 1993; 

Casciato and Lowitz, 1988; Jacobsen and Lund, 1990). Breast cancer also appears to be a 

disease of the affluent, with women in the higher socioeconomic groups, as measured by 

income, occupation, or level of education, experiencing close to a two-fold increased risk (Van 

Loon et al., 1995; Farley and Flannery, 1989; Rimpela and Pukkala, 1987). 

Screening and Early Detecion 

The avenues by which breast cancer can be detected include physical examination by a health 

professional, self detection and help seeking by the individual, and screening via mammopphy 

and palpitation. While some studies looking at symptom recognition and help seeking behavior 



among women with breast cancer have concluded that younger women and women in lower 

SES groups experience longer duration of symptoms (Richardson et al., 1992), other studies 

have found no difference in help seeking behavior by age or between socioeconomic groups 

once symptoms are evident (Mor et al., 1990; Lauver et al., 1995). 

Increased utilization of breast cancer screening, on the other hand, has been consistently related 

to urban residence and higher SES (Mercer and Goel, 1997; Reeves et al. 1995; Roberts et al., 

1990; Wilcox and Mosher, 1993). A study looking at screening in Ontario and the U.S. found 

that in Ontario, women in the higher income groups (>US$45,600) were 1.8 times (9S%CI: 1.6- 

2.2) as likely as women in the lowest income group (<US$15,200) to receive mamrnography 

screening (Katz and Hofer, 1994). Women in the higher income groups were also 2.1 times 

(95%CI: 1.6-2.8) as likely to receive a clinical breast exarn. The study dso found differences in 

screening rates between women living in urban versus rural areas. Other factors which have 

been significantly related to screening attendance are physician recornmendation (Ross et al., 

1994; Grady et al., 1992) and beliefs about the eficacy of early detection and treatrnent 

(Thomas and Fick, 1995; Michielutte and Biesker, 1982). 

In line with these fhdings, a number of studies have shown that women in lower SES groups 

and women living in rural areas tend to be diagnosed with more advanced breast cancer than 

their counterparts (Bryant and Mah, 1992; Wells and Hom, 1992; Richardson et al., 1992; 

Mandelblatt et al., 199 1). 



Women whose disease is identified via screening appear to experience better survival than those 

whose cancers are identified &er they become symptomatic (Tabar et al., 1989; Shapiro et al., 

1985). Reasons for the observed ciifference may be amibuted to: effective intervention at an 

earlier stage of disease leading to better outcomes; detection of diseases which are relatively 

benign or which would have had better outcomes irrespective of treatment; selection hias in the 

population being screened; or an artifact of lead time bias. 

3.2 Prognostic Indicaton in Breast Cancer 

3.2.1 Cünical Prognostic Iadicaton 

A number of factors are known to be related to patient outcomes and a number of others are 

under investigation. These factors are interrelated but contribute independentiy to predicting 

patient outcomes either because they provide a measure of response to therapy or an indication 

of the aggressiveness of the disease. 

Staging systems have developed over time which group cancer patients into prognostically 

similar groups in order to guide treatment decisions and estimate prognosis. The most 

commonly used is that developed by the International Union Against Cancer (UICC) and the 

Amencan Joint Committee on Cancer Staging and End Resdts Reporting (AK) which is based 

on the TNM (himour size, node, metastasis) system and classifies patients based on clinical 

presentation, i.e. physicai exam and diagnostic tests (see Table 1). 



Table 1 : Relationship of UICC Staging to Lyrnph Node Involvement and Tumour Size 

I UICC Stage Tumour Size Nodal Stahs Metastases 
(3rd Ed, 1989) 

In situ ncgative no 

5 2.0 cm negativc no 

III 

negative no 
positive (N 1) no 

> 5.0 cm negative no 
any size positive (N2) no 
any size with cxtcnsion to positive or negativc no 

the chest wall or skin 
any size positive (N3) no 

any s i x  positive or negative Yes 

I 
*N 1-N3 indicate diffèrent levels of nodd involvcment 

Pathological staging differs fiom dinical staging in that it is based on information obtained fiom 

surgical resection of the tumour and dissection of axillary lymph nodes, and tumour size is 

based on the invasive component only. Pathological stage can be simplified into Stage 1, no 

involvement of axillary nodes, or Stage II, which is M e r  subdivided based on the nurnber of 

involved axi!lary nodes. 

While stage classifications serve to create clinically meaningful groups, cornparisons over time 

or between different settings can be problematic. Where diagnostic techniques difTer, over tirne 

or between locations, the meaning of a particular stage classification rnay dso differ (Feinstein 

et al., 1985; Greenberg et al., 199 1). Within stage groupings there remains a fair amount of 

heterogeneity; other tumour characteristics obtained through pathologicd assessment, such as 

tumour grade and hormone receptor status, provide additional prognostic information. These 

factors are discussed below. 



Lymph Node Status 

Involvement of the axillary lymph nodes is currently considered one of the most important 

prognostic factors for women with breast cancer and is a factor in determinhg the appropriate 

course of treatment. The axillary lymph nodes, which provide drainage for the breast, are a 

principal route for regional spread of breast cancer. Involved lymph nodes reflect the tumour's 

potential for metastatic spread, although distant metastases c m  occur in patients with no 

involved nodes. 

Among women with stage 1 or II breast cancer, ten-year swival of those with negative nodes 

has been shown to be considerably better than for those with positive nodes, after controlling for 

other prognostic factors. The absolute difierence in survival is 3040% at ten yean (Rosen et 

al., 1989). Prognosis is related to whether or not the lymph nodes are involved and the number 

of nodes aEected. 

Clinical assessrnent of nodal status is known to have high false positive and false negative rates. 

The randomized trials of the NSABP Protocol B-04 found clinical estimation of nodal status to 

be incorrect in 38% of presumed negative cases and 27% of presumed positive cases (Fisher et 

al., 1981). Similar findings are reported by Van Lancker et al. (1995). 

With respect to pathological essessment, there remains some debate as to the appropriate extent 

of nodal dissection, particdarly since complications range fiom rnild long-term discodort to 

potentially debilitating lymphedema (Harris et al., 1993). Resuits of the NSABP B-04 trials 



suggest that nodal status cm be accurately assessed with dissection of 3 to 5 nodes, while 

assessing the extent of nodal involvement requires dissection of a minimum of 10 nodes (Fisher 

et al., 1991). Other studies have suggested that a minimum of 10 nodes m u t  be examined to 

accurately mess  nodal stahis (Sosa et al., 1998; Axelsson er al., 1992; Raabe et al., 1997). 

Tumour Size 

Although a strong and significant reiationship has been documented between tumour size and 

invasion of the lymph nodeç, tumour size is a prognostic factor independent of lymph node 

status. The probability of metastatic spread is thought to be log normally related to the size of 

the tumour (Atkinson et al., 1986; Tubiana and Koscielny, 199 1 ; Sivaramakrishna and Gordon, 

1997) and has been estimated to be 24% for tumours 1 .O to 2.5 cm and 45% for tumours 2.5 to 

3.5 cm (Koscielny et d., 1984). 

Among women with node-negative cancers, rates of survival and relapse are related to turnour 

size. One of the largest studies looking at the effect of tumour size in node-negative patients 

estimated 5-year survival rates to be 96.3% for tumours less than 2 cm, 89.4% for tumours 2 to 5 

cm, and 82% for tumours larger than 5 cm (Carter et al., 1989). 

Histopathology and Tumour Grade 

Mamrnary carcinomas are classifïed as either carcinoma in situ or invasive lobular or ductal 

carcinomas. Carcinoma in situ are those which are confined within the tenninal ducts or 

lobules. 



invasive ductal carcinomas can be M e r  classified based on morphology and patterns of 

growth. These are referred to as tumours of a special type. Invasive ductal carcinomas of a 

special type tend to be less aggressive than those which are poorly differentiated and some are 

known to have very good prognosis (mucinous, tubular, and papillary). Those with no specific 

histologic features, which make up the majority of breast cancers, are designated as not 

otherwise specified (NOS) or of no special type (NST) and generally have poorer prognosis. 

The extent of intraductal disease associated with an invasive cancer is also of prognostic 

significance; those with a more extensive intraductal component have a higher rate of recurrence 

(Harris et al., 1993). 

Invasive turnours of no special type can be M e r  classified into prognostically meaningfùl 

groups by nuclear or histologic grade. Nuclear and histologic turnour grades provide a measure 

of the degree of tumour differentiation, i.e. the degree to which they resemble other breast 

tissue. Tumours which are poorly differentiated are more aggressive and pose an increased risk 

of distant metastases. While nuclear and histologic grade have prognostic significance, there is 

some concern regarding the reliability of turnour grading systems (Gilchnst et al., 1985; Delides 

et al., 1982). 

The randomized clhical trials of the NSABP found a significant difference in disease-fiee and 

overall survival between patients with good nuclear grade (80% and 93%) compared to those 

with poor nuclear grade (64% aad 84%) (Fisher et al., 1988). Nuclear grade was more 

significantly related to survival than histologic grade. Similar results have been reported 



elsewhere (Rosen et al., 1989; Wong et al., 1992). 

Estrogen and Progesterone Receptor Status 

Estrogen (ER) and progesterone (PR) receptor status have both been show to be related to 

patient outcome when considered individually. The two are closely related but their relative 

importance is not ciear. Hormone receptor stanis is of significance in planning appropriate 

treatment since ER positive and PR positive tumours are more likely to respond to endocrine 

therapy. More recently, ER status is thought to have prognostic significance independent of 

treatment administered. 

Overall and disease-fiee survival is better arnong patients with ER positive tumours as compared 

to those with ER negative tumours. Similar but less notable differences are also found for 

patients with PR positive tumours. Results of the NSABP trial found ER status to be a more 

important prognostic factor than PR status (Fisher et al., 1988). The difference in 5-year 

swival was 10% @<.001) based on ER status and 8% e . 0 0 2 )  based on PR status. When 

considered together, PR status made no additional contribution. The study also found that 

patients with unknown ER or PR status had a prognosis equivalent to or better than those with 

positive ER or PR turnours. 

Other Ptognostic Factors 

Other factors which may have prognostic significance include lymphatic, vascular, or neural 

(LW) invasion, which may be an indicator of more aggressive disease and is tied to increased 



risk of local and distant recurrence (Rosen et al., 1989) . As well, multifocal hunours and 

tumours with an extensive in situ component, Le. if the tumour contains a large non-invasive 

component that extends into the surrounding tissue, have an increased risk of local recurrence 

(Harris et al., 1993). 

A number of other factors which may also be of prognostic significance are currentîy being 

studied. These include proliferative capacity or DNA activity, as measured by the S-phase 

fraction or the thymidine-labeling index, and growth factors. Etiological risk factors, such as 

diet and reproductive history, do not appear to be related to survivd. 

3.2.2 Socio-economic Statu as a Prognostic Indicator 

An association between survivai of breast cancer patients and their socio-economic status (SES), 

as measured by average annual income or years of education, has been identified in several 

studies (Karjalainen et al., 1990; Kogevinas et al., 199 1 ; Tomatis, 1990; Schrijven et al., 1995; 

Bassett and Kreiger, 1990; Vagero and Person, 1987) including one conducted in Ontario 

(Mackillop et al., 1997). These studies have found that women in the lower SES groups 

experience poorer sumival than do women in the higher SES groups but reasons for these 

differences have not been clearly established. Possible reasons include differences in disease 

stage at diagnosis, patient characteristics, health care access, or differences in refenal or 

treatment patterns. 



A number of studies have questioned whether the difference in survival can be attributed to 

women in the higher SES groups presenting with earlier breast cancer as compared to women in 

the lower SES groups. Carnon et al. found that differences in prognostic factors, specifically 

tumour size, nodal status, histological grade and estrogen receptor stahis, were not s a c i e n t  to 

explain the difference in survival by SES (Carnon et al., 1994). A Dutch study by Schirijvea et 

al. found that the observed differences in survival by SES were substantially reduced when stage 

at diagnosis was controlled for in the analysis (Schrijvers et al., 1995). The study was based in 

The Netherlands over a period when treatment guidelines were in place. Keim et al. found that 

within their study cohort, which consisted of wornen treated at a single institution, there was no 

effect of SES on survival upon controlling for disease stage (Keim et al., 1985). 

3.3 Treatment of Node-Negative Breast Cancer 

3.3.1 Surgical Options 

The primary intervention for early stage breast cancer is surgery. Options for surgical 

management range fiom breast conserving surgery (BCS) to mastectomy. BCS typicaily 

involves excision of the tumour and a margin of disease-fiee tissue but maintains the general 

appearance of the breast. Simple mastectomy involves removal of the entire breast, the skin 

overlying the tumour. Radical mastectomy also involves removal of the pectodis major and 

minor muscles and complete dissection of the axillary lymph nodes (Hams et al., 1993). 

Until recentiy, simple mastectomy was the preferred procedure. However, a number of 



randomized trials have clearly demonstrated that women with early stage breast cancer receiving 

BCS experience survival outcomes equivalent to those undergoing more extensive surgeries 

(Fisher et al., 1 995; Jacobson et al., 1 995; Arriagada et al, 1 9%; van Dongen et al., 1 992; 

Blichert-Toft et al., 1992; Veronesi et al., 1990). With the addition of radiation therapy, the two 

procedures also have equivaient rates of local recunence. It has been estirnated that 80% of 

women presenting with breast cancer in Canada are candidates for BCS (The Steering 

Committee on Clinicd Practice Guidelines for the Care and Treatment of Breast Cancer, 1998). 

In light of these results, existing guidelines either recommend BCS followed by radiation 

therapy as the preferred procedure (British Columbia Cancer A g o ~ y ,  1998; The Steering 

Committee on Clinical Practice Guidelines for the Care and Treatrnent of Breast Cancer, 1998; 

National Institutes of Heaith Consensus Conference, 199 1) or recommend that the decision be 

made by the patient, who should be infonned of the risk and benefits of each procedure (Mirsky 

et al., 1997). 

3.3.2 Radiation Therapy 

A nurnber of clinical trials have looked at the benefit of radiation therapy (RT) following 

surgery (Forrest et al., 1996;Veronesi et al., 1993; Liljegren et al., 1994; Fisher et al., 1999, 

including one in Ontario which was restncted to women with node-negative breast cancer (Clark 

et al., 1996). They have found consistently that women receiving radiation therapy d e r  BCS or 

mastectomy had better outcomes with respect to local recurrence than those not receiving RT 

after similar surgery. Differrnces in overall survival, however, were not significant. 



To increase the power to detect a survival difference, The Early Breast Cancer Tnalists' 

Coilaborative Group conducted a meta-anal y sis of 3 6 randomized trials whic h corn pared the 

same surgery with and without RT or more extensive surgeries with less extensive surgery 

followed by RT (Early Breast Cancer Tnalists' Collaborative Group, 1995). Survival at 10 

years was not significantly different within surgical subgroups or overall(40.3% mortality with 

RT vs 4 1.4% without). Although deaths due to breast cancer were fewer among women 

receiving RT as compared to their counterparts, deaths due to other causes were greater. 

While it seems clear that radiation therapy affords more favorable outcornes, there lies 

considerable room for variation in ternis of its administration, i.e. location (whole vs. partial 

breast), dose (total Gy), and schedule (number and interval of treatments and timing following 

surgery). There is currently no consensus as to the optimal mode of administration. Each of 

the studies considered in the meta-analysis reached a similar conclusion but used different 

fractionation schedules. A survey of 55 1 women with node-negative breast cancer treated at 

Ontario Cancer Centers between 1984 and 1989 identified 48 different schedules with varying 

doses and number of fractions (Whelan et al., 1993). Similar variation was observed in an 

American survey (Priestman et al., 1989) which looked at treatment administered to wornen 

with node-negative breast cancer. 

Existing treatment guidelines generally recornmend that patients receive radiation therapy 

following BCS (Whelan et al., 1997; The Steering Cornmittee on Clinical Practice Guidelines 

for the Care and Treatment of Breast Cancer, 1998; British Columbia Cancer Agency, 1998). 



While there does not appear to be evidence to indicate the optimal hctionation schedule, the 

most common schedules are generally recomrnended. The role of RT in different subgroups of 

patients continues to be investigated, as does the optimal sequencing of radiation therapy and 

c hemotherap y. 

3.3.3 Systemic Therapy 

The majority of node-negative disease can be effectively treated by local therapy, with 20930% 

expected to r e m  in the first 10 years of follow-up (Henderson, 1 99 1 ). Because systemic 

therapies, particulariy chemotherapy, have associated side effects, women with Iow risk of 

recurrence generally will not receive systemic therapy. In the case of patients at high risk of 

recunence, systemic therapy has been shown to improve disease-fiee and overall survival 

(Carbone et al., 1995; Henderson, 199 1 ; Fisher et al., 1 989; Mansour et al., 1989). Specific 

criteria for identifjhqj hi& risk node-negative patients, however, have not been clearly 

established. 

The type of systemic treatrnent admlliistered, chemotherapy or hormone therapy, is dependent 

on menopausal status and hormone receptor status. Women who are premenopausal and at high 

risk of recurrence will generally receive chemotherapy. Women who are postmenopausai and at 

high risk wili generaily receive chemotherapy if the tumour is ER negative and chernotherapy 

plus tamoxifen if the tumour is ER positive. 



A number of randomized trials have shown improved swival among women with node- 

negative tumours receiving tamoxifen or chemotherapy as compared to those receiving no 

systemic therapy . In a meta-analysis of 30,000 women enrolled in 55 clinical trials, The Early 

Breast Cancer Triaiists' Collaborative Group found a significant survival advantage at 5 and 10 

years for women with unknown or positive ER status who received tarnoxifen as compared to 

those who did not. This benefit increased with longer duration of treatment and was apparent 

among women with node-negative and node-positive breast cancer. Among those with node- 

negative disease, the relative reduction in mortality at 5 years ranged fiom 13% to 25%, for 1 

and 5 years duration of treatment respectively. A survival advantage was not apparent for 

women with ER-negative tumours (Early Breast Cancer Trialists' Collaborative Group, 1998). 

With respect to use of chemotherapy, the same group found a 25% reduction in relative risk of 

recurrence and a 18% reduction in risk of mortality among women with node-negative breast 

cancer (Early Breast Cancer Triaiists' Collaborative Group, 1992). When stratified by age, the 

effect of chemotherapy on survival was not apparent arnong those age 70 years or older. As 

with radiation therapy, there is variation in terms of the type of chemotherapy regimens and 

agents administered (Early Breast Cancer Trialists' Collaborative Group, 1992; G.I.V.I.O., 

1988) as well as in the duration and dose of hormone therapy regimens (Early Breast Cancer 

Trialists' Collaborative Group, 1998). 

Existing guidelines genedly recommeml that among women with node-negative breast cancer, 

those with tumours greater than lOmm in combination with negative estrogen receptors, poor 



grade or lymphatic and vascular invasion be considered high nsk, as should those with large 

tumours (>30mrn) irrespective of other factors (Provincial Breast Cancer Disease Site Group, 

1998; The Steering Cornmittee on Clfical Practice Guidelines for the Care and Treatment of 

Breast Cancer, 1998; British Columbia Cancer Agency, 1998). The role of chemotherapy in 

women at moderate risk of recurrence continues to be evaluated. 

3.4 Variation in Process of Care by Treatment Setting 

Table 2 provides a summary of studies which have looked at the relationship between treatrnents 

administered to women with breast cancer and provider characteristics, such as hospital teaching 

status, hospital size, and physician specialization. Greater use of BCS has been fairly 

consistentiy reiated to larger hospitals, surgeons with greater caseload and surgeons with 

academic Of the studies which reported on use of radiation therapy following BCS, 

one found greater use among women seen at teaching hospitals (Basnett et al., 1992) and 

another found no difference by hospital teaching status (Hand et al., 1991). 

Of those which looked at the relationship of Chemotherapy (CT) use to provider characteristics, 

Basnett et al. found that women seen at teaching hospitals were less likely to receive CT if nodal 

status was negative but were more likely to receive CT if nodal status was undetermined. Of the 

other two studies, one found greater use among patients seen by surgeons with greater caseload 

(Sainsbury et al., 1995) and the other found no difference in use by hospital teaching status 

(Hand et al., 1991). 



Table 2: Summary of Published Studies Looking at Variation in Breast Cancer Treatment 
by Provider Characteristics 

-- - 

MISSING 
!XAGlNG DATA 

GlVIO 1986 

GIVlO 1986 

Raak 1997 

H;ud 1 9 1  

H d  1991 

Basncit 1992 

Gillis 1996 

Large hospitds 
(>5oobcds) 

Hospitah witû 
oncology depdwasd 

C;urer centre 

li;iching hospiuls 

ïaching hospiuls 

more complcce paihology diua 
morc cornpletc saging &ta 

morc cornpletc paùiology data 
. more complcle staging data 

. lcss likcly to bc missing ER suau 

no difierence in honnonc rcccpror 
dclcrmimtion (Stage 11- IV) 
. no diflcrmcc in likelihood of axiilary 
dissection (Stage 1 and II) 

les likcly ro pcrform uillary w p c r y  

Specirlist surgeon - lcss likcly to be missing both nunour s i x  
and nodal snnu 

GlVIO 1YM 

Rubc 1997 

Gillis 1996 

- no signifiunt diffcrcnce in m m  number 
of nodcs svnplcd 

- signiiimt differmcc in ihc modion number 
of noda aiunincd 

- mort Iiktly ta sample 4 or more nodu 

m m  OF 
NODAL 
DISSECTION 

Hospicais with 
oncology dcptlwnl 

C m r  centre 

Spcciaiiit surgeon 

Tcaching hospicais 
Tmching hospiuls 
Taching hospiols 

- grwter WC of mammognphy 
- grmrcr use of livcr s u n  
- grcatcr use of banc scm 

(OR: 15.6; 9S5Ck7.8-32.0) 
(OR: 14.9; 95%Cl:9.4-24.0) 
(OR: 5.0 ; 95%C1:3.8 - 6.7) 

- - 

BCS USE Hospimls with 
oncology ward/dcpt 

C m r  ccnuc 
Taching hospimis 
brgcr hospicais 
Tuching hospiwls 
Tuching hospin1 
Tuching hospiwl 
Taching hospital 

- grcatcr wc of BCS in patienu <50 y u n  oId 

Sma JM 1904 
Naitingcr 1992 
Saiariw 
tee-Fttâsicin 1994 
Fostcr 1995 
lscoc 1994 
Stuûnicki 1993 

- gruttr use of BCS for loc~lizod cancer 
- gruier use of BCS 
- gruicr use of BCS + RT 
- greatcr usc of BCS 
- gruier wc of BCS 
- no signifim Jiffcrcnce in use of BCS 
- p a t e r  wc of BCS 

(OR: 1.24; 9S%CI: 1.12-1.37) 
(0R:I .4 ; gS%CI: 1.3-1.3 
(OR:2.13; 95%CI:1.73-2.62) 
(60% vs 25%) 
(73% vs 22%; p c  o.oao1) 
(57% vs 50%; ns) 
(58% vs 17%; p=O.Ool) 

RT USE Tuching hospinls 

Taching hospimis 
Grater caseIoad 

- no dilference in use of RT aftcr BCS 
(Sugc I & Il) 

- grmter usc of RT foilowing BCS 
- gratcr use of RT (dl m g a )  

Ci' USE Tmching hospicals 

Tuching hospiuls 
Tcaching hospimis 
Tuching hospiois 

Grutcr useIoad 
Tuching hospiml 

- no di f fcmc  in use of aôjuvant thcnpy 

(Sngc IO 
- no diff in w of CT in nadc + vc patiuiu 
- lcss use of CT in node -vc patients 
- gruter usc o f  CT in patients wiiti nodal s t m s  

wdncrmincd 
- gruier w of CT 
- g r a m  w of C? followuig NCI rlcn 

HT USE Tuching hospirais 
Greafcr cucloaâ 

- g r a m  use iunong itiaK 5û or okîcr 
- grcaler w of HT (ail aga) 



Of the studies which looked at extent of nodal dissection, two found a sigaificantly greater 

number of nodes were examined by specialist surgeons (Gillis and Hole, 1996) and surgeons at 

cancer centers (Raabe et al., 1997) and one found no difference in extent of nodal dissection by 

specialization (GIVIO, 1986). Studies which report on whether or not axillary dissection was 

done present conflicting results. 

As well, there is reason to believe that academic and comrnunity hospitals may differ with 

respect to extent of staging procedures. Basnett et al. found that patients seen at teaching 

hospitals were much more likely to have undergone specific diagnostic tests. Patients seen at 

large hospitals, teaching hospitals, and specialized centres were less likely to have data missing 

on various tumour characteristics, including stage, turnour size, and hormone receptor status. 

3.5 Breast Cancer Survival by Treatment Setting 

A number of studies have looked at the relation between patient survival and provider 

characteristics, such as university affiliation, hospital size, surgeon specialization and surgeon 

caseload. The different characteristics used reflect the fact that the components of specialization 

which might contribute to survival differences have not been isolated. Six studies have looked 

specifically at survival among women with breast cancer (see Table 3) and of these three have 

looked at hospital teaching status. Al1 found more favorable outcornes among women treated at 

larger or specialized centres though not al1 were statistically significant. The six studies were 

carried out in England, Scotland, Australia, Finland and the United States. 



In a study looking at geographic variation in survival, Kajalainen found that women resident in 

university hospital districts experienced better survival than their counterparts (Kajalainen, 

1990). Women resident in districts with radiation therapy facilities, however, did not have a 

survival advantage as compared to those living in other districts. Cases diagwsed between 1970 

and 198 1 were identified through the Finnish Cancer Registry. Patients were classified based on 

place of residence into one of 2 1 hospital districts, al1 of which had facilities for cancer surgery 

and five of which encompassed university afiliated hospitals. Radiation therapy facilities were 

available at four university hospital districts and four other hospital districts. Observed five- 

year survival rates ranged from 53% to 67% by hospital district. Women resident in university 

hospital districts tended to be younger and the proportion of localized cases varied by district. 

Cnide rates were indirectly standardized to adjust for differences in age distribution and relative 

sunival rates were calculated to adjust for other causes of death. Upon stratifying by extent of 

disease, variation among those with localized disease could be explained by differences in age 

or attributed to random variation but among those with non-localized disease there was variation 

beyond that which could be attributed to random variation. The study also looked at survival 

fiom prostatic cancer and found that regional differences in survival could be explained by 

patient and disease characteristics. 

In a British study, Basnett et al. found that women initially treated at a non-teaching centre 

experienced poorer survival (RR 1.74,95%CI: 1.34-2.27) as compared to those treated at a 

teaching centre in the same region &er controlling for patient age and stage at diagnosis 

(Basnett et al., 1992). Median follow-up was less than 5 years. Cases initially treated at one of 



Table 3: Results of Pubiished Studies Lookuig at Breast Cancer Survival 
by Provider Characteristics 

itudy (Publication) Year of Shidy Population Sarnple size E W  of Spadalfration on Survival Significant Precficîon 
Diagnosis or of Survival 
Treabnsnt 

relative sunrival was beW for patients 
living in univenity hospibl districts; 
no diflbrance was observed for patients 
living in hosp districts wiîh RT facilities 

Finland 1 ô678 TOTAL 

! Basnelt et al. (1 892) England 990 TOTAL 
436 teactiing 
583 non-teactiing 

%Je 
stage 
hospihl district 

t4aching hosp 
nan.teoching hosp 

United States 3746 TOTAL 
2273 small hosp 

889 large hosp 
380 HM0 
204 teaching 

Among womn with 
small hosp 
large hosp 
HM0 
teaching hasp 

I. Lee-Feldstein et al. 
(1 994) 

age 
tumur sue 
nodal involvement 
treatmnt(surgîRT) 
hospita1 type 

2146 TOTAL 
1327 S ~ ~ I I  nosp 
464 large hosp 
200 HM0 
1 SS teaching 

Among women with 
small hosp 
large hosp 
HM0 
teadiing hosp 

I. Bonnet et al. (1991) 

5. Gillis 8 Hole (1986) 

Australia 1 07 3 TOTAL 
327 srnall hosp 
396 large public 
350 large private 

aga 
tumour size 
nodal involvement 

srnaIl hosp 
large public hosp 
large privaie hosp 

SmUand 3786 TOTAL 
2868 non-apedalist 

91 8 specialist 

age 
SES 
tumaur size 
nodal involvement 
surgeon category 

non-spedalist surg 
spedallst surgeon 

England 12861 TOTAL 
1251 et0 cases 
5820 10-29 cales 
1857 30.48 cases 
3827 >50 cases 

3. Sainsbury et al. (1985) age 
SES 4 0  cases 

10-29 
30.49 cases 
a50 Cam 

diseam extent 
tumaur grade 
perlod of diagnosis 
treatment 
(surg,RT.CT, HT) 
consultant caselaad 

7. Grilli et al. (1908) Meta-analysb of finit five studios As defineâ within 
eadi study: 
not spacialùed 
spedalited 

Pwled OR: 

the two centres between 1982 and 1986 were identified through several sources: hospitai 

activity data, the Thames Cancer Registry, and hospital pathology and diagnostic registers. The 

teaching centre was in an urban setting and the non-teaching centre was in a rural setting, 

radiation therapy and chemotherapy were available at both. Women treated at the teaching 



centre were younger, presented with more advanced disease, and were more likely to undergo 

diagnostic tests. Disease stage was assigned using the RJM system and was based on pre- or 

postsperative data as available fiom the patient chart. Information on socio-econornic status 

was not available. 

Lee-Feldstein et al., in an Arnerican study of non-Hispanic white women, looked at survival at 

teaching hospitals, HMO's, and large hospitals (daily census 2200) as compared to small 

hospitais (daily census ~200)  within an urban setting (Lee-Feldstein et al., 1994). Among 

women with localized breast cancer, the study found a non-significant nsk ratio of 0.96 (95%CI: 

0.54-1.68) for teaching hospitals and a significant risk ratio of 0.74 (95%CI: 0.59-0.94) for other 

large hospitals as compared to small hospitals. Among women with regional disease, there was 

a non-significant survival advantage arnong those treated at teaching hospitals (RR=0.78; 95%CI: 

0.52- 1.16) and a significant survival advantage among those treated at large hospitals (RR=0.74; 

95%Ci:0.60-0.9 1 ) as compared to small hospitals. Factors controlled for in the multivariate 

analysis were age, tumur size, number of positive lymph nodes, histology, and local therapy 

(surgery and radiation). Interactions were tested and found to be not significant. The outcome 

was deaths due to al1 causes. Teaching hospitals had the youngest patients and were most likely 

to have patients treated with BCS plus radiation. Turnor size did not differ significantly by 

hospital type. Socioeconomic status and hedth insurance indicators were not available. 

In a study of 1073 breast cancer cases for which tumour size and nodal status were available, 

Bonnet et ai. found no significant ciifference in 5-year relative survival among women treated at 



large public (83%) or large private (77%) hospitals as compared to small hospitds (8 1%) 

(Bonett et al., 1991). Cases were identified through the Cancer Registry and women were 

classified based on diagnosing hospital. Only deaths due to cancer were considered. Relative 

survival rates were calculated using age and sex standardized rates in the general population of 

South Australia. Maximum likelihood ratios were used to compare survival curves and Cox's 

proportional hazards modelling was used to obtain adjusted risk ratios. After controlling for 

age, tumor size, and nodal status, hospital category was not significant for large public (RR= 

0.93,95%CI:0.68,1.27) or large private (Rit=! .28,95%CI:0.94,1.75) hospitals as compared to 

smaller hospitals. 

A study conducted in Scotland by Gillis and HoIe found differences in five and ten year survival 

in relation to treatrnent by specialist versus non-specialist surgeons (Gillis et ai., 1996). Incident 

cases were identified through the Cancer Registry for the period 1980 to 1988. Follow-up was 

also conducted through the Cancer Registry. Surgeons were classified as specialist or non- 

specialist based on local perception and specialist surgeons were asked to provide names of their 

patients. In this way 9 18 of the 3786 cases were classified as treated by specialist surgeons. 

Patient and disease characteristics, specifically patient age, SES (denved from small area census 

statistics), tumour size and nodal status, were controlled for in the anafysis. After adjusting for 

case-mix, there was a 16% nsk reduction among those seen by specialist surgeons. Difference 

in sumival was most pronounced arnong younger women and among women with tumours 20 to 

39mm in diameter. Tumour size andfor nodal stanis were missing for approximately one third 

of the cases; these cases experienced poorer survival and were more likely to be treated by non- 



specialist surgeons. 

As well, a study by Sainsbury et al., which looked at the effect of treatment patterns and 

clinician caseload on patient survival in the UK, found that patients treated by surgeons 

consulting on fewer than 10 new cases per year experienced poorer swival  than those treated 

by surgeons with higher caseloads (Sainsbury et al., 1995). Incident cases were identified for a 

single Health Authority in the U.K. for the penod 1979 to 1988. Clinician caseload was defmed 

as the median number of patients seen as primary consultations per year, averaged over the 

number of years contributed to the period under study. The snidy consisted of 12,861 patients 

treated by 160 physicians. Potential confounders controlled for in the analysis included patient 

age, SES, tumour grade, and extent of disease, as defined by lymph node involvement and 

metastases. SES was assigned using an index of affluence and deprivation (Townsend Index) 

based on small area statistics but the authors do not report what factors are considered in 

construction of the index. The largest differences in survivd were attributed to case-mix. Afier 

case-mix adjustment, there was little difference in survivd across SES groups. Patients 

managed by surgeons with annual caseloads greater than 29 patients per year experienced 

significantiy better survival (RR= 0.85,95%CI: 0.77-0.93) as compared to those managed by 

surgeons seeing fewer than 10 cases per year. There was also a difference in survival between 

those managed by surgeons seeing between 10 and 29 cases per year, but this difference was not 

significant (RR= 0.97,95%CI: 0.90-1.06). The study also found considerable variation across 

caseload categories with respect to treatments administered in the nine weeks following 

diagnosis. Arnong physicians seing 10 or more cases per year, proportion of patients receiving 



chemotherapy, for example, varieci from O and 46% and proportion receiving hormone therapy 

varied fiom 0% to 86%. 

in a review of studies which looked at the effect of speciaiization on process of care and 

mortality Grilli et al. found that overail, cancer patients cared for in specialized centres had a 

lower risk of mortality (Grilli et al., 1998). A meta-analysis of five of the six breast cancer 

studies mentioned above, excluding that by Sainsbury et al. (1995), generated a pooled risk ratio 

of 0.82 (95%CI: 0.77-0.88) for specialized versus not specialized centers, as defined within each 

study. The study also found that specialized centres were more likely to perform specific 

diagnostic or staging procedures and were more likely to administer conservative surgical 

procedures. 

3.6 Summary 

Studies reporting on the relationship of patient and disease characteristics to specialized versus 

not specialized centres are few. Of the studies which have looked at similarities and differences 

between centers, most found that women treated at specialized centers were younger but report 

no difference in tems of distribution by SES. In terms of tumour characteristics, differences 

have been noted with respect to extent of missing clinical information but little difference has 

k e n  noted when tumour characteristics are reported. So while it may be reasonable to expect 

that patients treated at specialized centres will have different tumour characteristics, this 

relationship has not been documented with respect to breast cancer. 



More attention has been paid to issues of process of care. Here studies have found differences 

between regions, hospitals, and specialized versus not specialized centres. This variation is not 

entirely surprising given the present uncertainty which surrounds treatment of women with 

node-negative breast cancer, particularly with respect to use of systemic therapy. As weli, 

diagnostic and staging procedures, which may determine course of treatment, appear to be more 

extensivrly done at specialized centres. Studies have also fond  that teaching hospitals and 

other specialized centres alter practice patterns more quickly on the basis of new evidence, 

including treatment guidelines. It is interesting to noie that of the studies which considered 

differences in survival by SES, those which involved a single institution or which were done in 

the presence of treatment guidelines did not report a difference in survival upon controlling for 

patient case-mix. 

To date there have been six published studies which have looked at survival of women with 

breast cancer in relation to provider characteristics. The three studies conducted in Britain and 

one in Finland found significant differences in survival favoring women treated at specialized 

centres. One study conducted in the US. reported a difference in swival by hospitai size but 

not by hospital teaching stahis and the one study conducted in Australia found no significant 

difference in swival by hospital size. The cohorts for these studies were constructed over a six 

to eleven year period pnor to 1990. Information on treatment received was available in only 

three of the six studies. 



CHAPTER 4: METHODS 

This shidy used a previously existing cohort of a random sarnple of women diagnosed with 

breast cancer in Ontario in 1991. Teaching status of the initial treating hospital was available on 

this file. As of part of this thesis the cohort was followed up to the end of 1996 through the 

Ontario Cancer Registry (OCR) to determine vital status, date and underlying cause of death. 

For those women known to have died in Ontario, a review of death certificates was done to 

c o n f i  the wornan's date of death and to obtain additional information on cause of death. This 

chapter will provide an overview of the data sources, a description of the study C O ~ O ~  

defmitions of measures of exposure and outcome, and an account of the statistical methods used 

in the analysis. 

4.1 The Ontario Cancer Registry 

The Ontario Cancer Registry is a population-based disease registry. The OCR is administered 

by Cancer Care Ontario, formerly the Ontario Cancer Treatment and Research Foundation, 

which was incorporated in 1943 by the Cancer Act of Ontario and is supported primarily by the 

Ontario Ministry of Health (Clarke et al., 1987). Although cancer is legally reportable in some 

provinces, this is not the case in Ontario. As a result the OCR relies on a passive registration 

process through which data are collected fiom existing data sources. 

4.1.1 Description of the Database 

The OCR captures data on newly diagnosed primary cancers, excluding non-melanoma skin 

cancers. In general, the OCR considers a second cancer site in the same individual to be 



metastatic unless it is clearly shown to be otherwise. Because other cancers rarely metastasize 

to the breast, breast cancer is always assumed to be a prirnary site. 

Since 1977, the Registry has relied on four major data sources: 1) hospital discharge sumrnaries 

(impatient ody) which mention cancer as one of the 16 discharge diagnoses; 2) pathology 

reports fiom hospital and private labs which include any mention of cancer; 3) records of 

patients referred to any of the nine Regional Cancer Clinics or the Princes Margaret Hospital; 

and 4) provincial death certificates with cancer indicated as the underlying cause of death. 

Data from al1 sources except pathology reports are coded at the source and received by the OCR 

in machine-readable format. Pathology reports are received by the Registry in hard copy form 

and are coded and entered by OCR staff. Because the source files do not contain a comrnon 

unique identifier, data fiom al1 sources are then processed using well established probabilistic 

record linkage techniques (Felligi and Sunter, 1969; Newcombe, 1988) to identifi records 

belonging to the same individual. The process is automated and was originally developed using 

the Generalized Iterative Record Linkage System (GRLS) (Howe and Lindsay, 1981) designed 

at Statistics Canada. Since 1995, AUTOMATCH linkage software, which employs the same 

linkage methodology, has been used. 

In situations where reports of a single case are received fiom more than one source, a series of 

standard case resolution d e s  are applied to reconcile the data, which may be potentiaily 

confîicting (Clarke et al., 1987). These d e s  were deveioped by OCR staff and employ medical 



logic to determine the most accurate disease site, histology, and date of diagnosis fiom the 

source records. Decisions as to which data are captured on the case record depend on the 

consistency and precision of the reported diagnostic data and the vaiidity and reliability of the 

data source reporting the data. For example, a data source reporting a more specific disease site 

will be given precedence over one reporting a more general or 'unspecified' site. If two or 

more 3-digit ICD-9 site codes are indicated, the site from the more reliable source will be 

selected. The Regional Cancer Centers and the Princess Margaret Hospital are considered the 

most reliable data sources followed by pathology reports and then hospital discharge records. 

Death certificates are considered the least reliable source. Cases which cannot be resolved using 

the set of case resolution d e s  are reviewed on a case by case bais by OCR staff. 

4.1.2 Reliability and Validity of the Data 

Given the mechanism by which cancer cases are reported to the OCR, there is potential for both 

under-reporting and over-reporting. Under-reporting wodd occur in cases where the patient is 

not in contact with any of the systems used for registration, e.g. patients diagnosed and treated 

on an out-patient oniy basis, or if the condition was inaccurately coded as other than cancer on 

the source file. These situations are thought to be minimal in the case of breast cancer patients. 

Of relevance to this study, because the study considers only outcornes following surgical 

intervention, we wodd expect that cases of interest will have had specimens sent to a pathology 

lab and many will have k e n  admitted to hospital and, therefore, will be known to the OCR via 

the hospitai discharge summaries or pathology reports. 



Two indicatoa of data quality have been traditiodly used in assessing the quality of cancer 

registry data: percent of cases registered by death certificate ody, and percent of cases which are 

histologically verified. Over the period 1980 to 199 1,0.8% of breast cancer cases were 

registered by death certificate ody, which is in line with nationally set standards, and 94.4% of 

breast cancer cases were histologically verified, which is slightly below that known to be 

attained by other North Arnerican Cancer Registries (98%) (Holowaty et al., 1995). 

A study conducted by CC0 employed a method of capture-recapture to estimate completeness 

of cancer registration in the province (Robles et al., 1988). A similar method has been used to 

estimate the number of births and deaths in developing countries and to estimate the prevalence 

of certain disorders in human populations. The study, conducted for the period 1976 to 1986, 

estimated breast cancer registrations to be 97.5% complete (Holowaty et al., 1995). 

Over-reporting would occur in situations where a single case is reported via more than one 

source but the records are not recognized as bclonging to the same individuai. The case would 

then be captured twice. This is essentially a limitation of the automated record linkage process. 

Accuracy of the record linkage procedure is dependent on the discriminating power of the 

identifiers available for linkage as well as on the quality and completeness of the data available 

for linkage. In other words, quality of the linkage is dependent on the quality of the data sets 

k ing  linked. The OCR has estimated over-reporting to be 1.2% for the period 1988-1 99 1. 

Ail cancer sites are coded using the International Classification of Diseases Ninth Revision 



@CD-9) (World Health Organization, 1977). A single three digit level code (1 74) can be used to 

identfi individuals diagnosed with breast cancer. A fourth digit of the code provides a h e r  

description of the anatomic location of the cancer. By Wtue of the registration process, a cancer 

site is mandatory for enrollment into the OCR; however, approximately 3% of registered cases 

have sites that are ill-defined or of unknown topography (Holowaty et al, 1995). 

Place of residence is captured using Ontario Ministry of Health codes and postai codes and 

reflects the patient's usual place of residence at the time of diagnosis. If more than one source 

provides data on place of residence, data are taken fiom the source deemed most reliable. 

Residential data are missing, at the county level, for 1.8% of reported breast cancer cases in the 

OCR. 

Date of diagnosis is captured as the earliest date reported fiom arnong al1 sources and date of 

birth is captured as reported most consistently or by the most reliable source. Date of diagnosis 

and date of birth are available for greater than 99.4% of OCR cases. Indicators of the patient's 

SES, such as occupation, education, or income, are not available through the OCR. 



4.2 Vital Statistïcs Regkations 

The Office of the Registrar-General is responsible for maintainhg a register of al1 deaths 

occuning in the Province of Ontario. Data are collected using two standard forms: a statement 

of death, which collects demographic idonnation and place and date of death; and a medical 

certificate, which is completed by the attending physician at tirne of death and captures 

information on place and date of death, circumstances and cause of death, as well as any other 

signifiant medical conditions (Rosa Ventresca, persona1 communication, September 1998). 

These documents are filed with the Ofice of Registrar-General and a death certificate is issued. 

The death certificate is required before the body can be disposed of or transported out of 

province. 

nie  statement of death and medical certificate are filed with the Division Registrars, ie. the 

municipal divisions, but coding and checks for completeness are performed centrally by the 

Onice of the Registrar-General. Causes of death are coded by trained medical coders, using 

ICD-9 coding. If any mandatory data are missing or unclear, follow-up is done via 

correspondence with the attending physician's office. The data are provided to the OCR in 

cornputer-readable format on a regular basis (see section 4.5). Data are not captured on the 

mortality file for Ontario residents who have died out of province. 



4.3 Study Cohort 

The cohort used for this study consists of 938 randomly selected node-negative breast cancer 

incident cases diagnosed in Ontario in 1991. The cohort was originally constnicted for a study 

cornparhg patterns of treatment in Ontario and British Columbia (Goel et al., 1997). This study 

will subsequentiy be referred to as 'the original study'. Information relevant to the study at 

hand is provided below. 

Women in the cohort were identified through the OCR. Of approximately 5700 breast cancer 

cases registered in 199 1'29 17 cases were randomly selected fiom among those eligible for 

inclusion. Cases eligible for inclusion were those which met the followhg critena: patients with 

invasive breast cancer (ICD-9 site 1 74) newly diagnosed in 199 1 ; residents of Ontario at the 

t h e  of diagnosis; females age 20 to 90 inclusive at time of diagnosis; patients with no previous 

malignant primary and no previous carcinoma in situ of the breast; and patients who had a 

minimum survival of 30 days following diagnosis. Overall, this represented a 55% sarnpling 

rate of those eligible for inclusion. 

Following ethics approval, data pertaining to patient, disease, and treatment characteristics were 

obtained for each patient. Data items not available through the OCR data base were compiled 

fiom a number of sources, including pathology reports, hospital medical records, and through 

correspondence with the most responsible physician. Abstraction of chart data was performed 

by a group of certified health-records technicians who were centrally trained and provided with 

a detailed coding manuai. The research coordinator conducted checks for quality assurance 



including re-audit of a random sample of charts. Any difficulties were reviewed with the study 

investigators. Table 4 provides a summary of the data items collected for the original study and 

the source fkom which they were obtained. 

Additional data obtained fiom hospital charts were used to further assess eligibility and cases 

were subsequently excluded if they met any of the following critena: 

the patient had a previous invasive cancer or breast carcinoma in situ, 

the patient had bilateral breast cancer, 

the patient had non-invasive breast neoplasm, 

the patient had clinical stage IIIB (tumour extending to chest wall or skh) or stage IV, 

nodal status was positive or unknown, 

non-epithelial foms of cancer were present, or 

initial treatment was received out of province. 

As well, data for one regional cancer centre (272 cases) and one community hospital(3 cases) 

were excluded as a result of refusal of the institution to participate. 

Individual level measures of SES are not available through the OCR and are not routinely 

captured in patient charts, the two primary sources of data used to compile the original study 

cohort. As a result, median neigbborhood household income is used. These data were obtained 

by Iinkixig the patient's six character residential postai code at diagnosis, to a census 

enmeration area or census tract via Statistics Canada's Postai Code Conversion File. Median 

household income of the patient's census tract or enuneration area was then assigned as 



determined fiom the 1991 census ( W i s ,  1993). 

Table 4: Summary of Data Items and Data Sources 
Used 

Ontario Cancer Registry, 
supplemented by chart review 

I Statistics Canada ( 1 99 1 census) 

- 

Pathology reports and c h i c  notes 
(hospital chart) 

Surgical notes 
(hospi ta1 chart) 

Cancer Clinic notes and 
Correspondence with Physician 

1 Canadian Hospital Directory 

1 Canadian Medical Directory 

Data Items 

patient characteristics : 
date of diagnosis 
date of birth 
sex 
place of residence 
treating hospital 

neighborhood median household income 
(derived fiom place of residence) 

tumour characteristics: 
tumour size 
tumour grade 
margins 
hormone receptor status 
rnultifocality 
lymphatic, vascular, or neural invasion 
extent of ductal carcinoma in situ 

treatment characteristics : 
type of surgical procedure 

treatment characteristics: 
use of radiation therapy 
use of chemotherapy 

use of tamoxifen 

hospitai characteristics: 
teaching status 
number of beds 

physician's characteristics: 
year of graduation fiom medical school 
academic affiliation 

Data initiaiiy obtained fiom the Cancer Registry were supplemented by that obtained fiom chart 

review. Date of diagnosis used in this study was that obtained fiom chart review, which was 

dehed as the date of the first microscopie (histologie or cytologie) confirmation. 



4.4 Exposure Ascertainment 

Exposure is treated as a point in tirne event, Le. patients are classified based on the hospital in 

which they received initiai treatment regardless of where they received subsequent treatments 

over the period under consideration. The hospital in which the patient underwent most 

definitive initial surgery was classified into one of two groups according to the 199 1 Canadian 

Hospital Directory (Canadian Hospital Directory 199 1 - 1 992, 1 99 1): 

1. teaching hospital, or 

2. non-teaching (cornrnunity ) hospital . 

The Canadian Hospital Directory defines teaching hospitals as those with membership in the 

Association of Canadian Teaching Hospitals. Criteria for membeahip, as they were in 1991, 

are provided in Appendix B. Most definitive surgery is defuied as the most extensive procedure 

for initial local management of the breast cancer within 90 days of diagnosis. Approximately 

30% of the cases are classified as having received initial treatment in a teaching hospital and the 

remaining 70% were classified as having received initiai treatment in a community hospital. 

4.5 Outcome Ascertainment 

Outcornes were ascertained through the OCR, which regularly conducts an automated 

probabilistic record linkage of cancer incidence records to Ontario mortality records which are 

provided by the Registrar-General's office. Out of province deaths are not registered by the 

Registrar-General's office but may become known to the OCR via other sources. Follow-up 



was done to the end of 1997, the last complete year for which vital status was available fiom the 

Ontario Cancer Registry. 

A number of studies have evaluated the sensitivity and specificity associated with using 

probabiiistic linkage to death registrations as a method of outcome ascertainment (Newcombe et 

al., 1983; Smith et al., 1982). A study cornparhg individual follow-up to computerized record 

linkage found computerized record linkage to be a more efficient and more accurate method of 

ascertainhg mortality, even in the presence of inaccurate or incomplete personal identiQing 

data (Shannon et al., 1989). A study by Schnatter et al. assessed the validity of death 

ascertainment for a cohort of Canadian refinery and petrochemical workers via computerized 

record linkage (using GRLS software) to death registrations. The study estimated the case 

ascertainment rate for deaths occurring in Ontario to be close to 98% (90%Ck95-99%) . The 

study found a very low false positive rate and estimated the overall specificity to be 99.8% 

(Schnatter et al., IWO). 

Follow-up data obtained fiom OCR include date of death, single (underlying) cause of death, 

and death certificate number. Death certificate number was used to retrieve the original death 

certificate for reasons detailed in the following section. 



4.6 Review of Death Certif~cates 

Follow-up via the OCR provided only a single (underlying) cause of death and this was missing 

for 19 cases. Upon approval fiom the Office of the Registrar-General, death certificates were 

reviewed in order to obtain additional causes of death and to assess whether the death was due to 

cancer or to other causes. Dates of death were also verified. The following process was used in 

reviewing death certificates. 

The death certificate was located using year of death and death certificate number, both 

obtained fiom the OCR. 

Birth date was used to verify that the correct death certificate was located. This was the 

only common personal identifier available. 

Date of death provided by the OCR was compared to that on the death certificate and any 

discrepancies noted. 

Underlying and al1 secondary causes of death were recorded dong with any pre-existing 

conditions, without reference to cause of death provided by the OCR. 

If breast cancer was not listed among the causes of death, a note was made of whether or 

not breast cancer was listed anywhere on the death certificate, as well a note was made of 

who completed the death certificate (Le. attendhg physician, coroner, or other). 

Following review of death certificates, an assessrnent was made of whether or not the death 

could be attributed to breast cancer. Cases were independentiy assessed by two reviewers, who 

subsequently met to resolve any discrepancies. As well, a cornparison was made of the two data 

sources using Cohen's Kappa. 



4.7 Anaiysia 

4.7.1 Initial Data Review 

Statistical aaalysis, data manipulation, and graphic presentation were done using SAS statistical 

software and Microsoft Excel. Summary statistics were generated for dl covariates, which are 

listed and defined in Table 5. Univariate and bivariate statistics were calculated for continuous 

variables, overall and withia exposure groups. Frequency tables and histograms were generated 

for categorical data, overall and within exposure groups. Coding of variables obtained from the 

original study are shown in Appendix A. 

Table 5: List of lovariates, Defmitions, and Number of Missing Values 

1 none 1 Age at diagnosis as calculated from date of birth and date of diagnosis 1 

I 
- -- 

Median family incorne I Median family incorne for the neighbourhood (Enurneration Area or Census ~ Tract) in which the patient lived when diagnosad 1 
1 UrbsnlRunl nsidence 1 none 1 Patient's residenes at time of diagnosis (distinction is bas4  on postal code) 1 

I Distance to radiation facility none 1 Straight line distance from patient's residence to the closest facility 
providing radiation therapy 

1 Tumour size 1 10 1 Sùe of the turour r t  its lergest disrneter (in millimeten) 1 
1 Grade 1 342 1 Degree of tumour differentiation 1 

1 Extentof DClS 1 none 1 M e n t  of ductal carcinoma in situ with the invasive cancer 1 

ER Status 

PR Status 

Multifocality 

1 LVN invasion 1 579 1 Whether or not patient had local invasion of lymphatics. veino or nrrves 1 

I Type of Hospital 

160 

161 

nons 

Hospital in which patient undsrwent the most extensive procedurs for initial 
local management of the bmast cancer within 90 days of diagnosis 1 

Estrogen receptor status (positive, negativs, missing) 

Progesterons recaptor status (positive, negative, missing) 

Whether the neoplasm had muitiple foci ( or two or more invasive lesions) 

1 SUWY tYW 1 none 1 Most definitiie suigery receivad within 90 dayr of diagnosie 1 
1 Radiation thsrapy 1 5 1 Whether radiation thespy was pmvidad as pan of the prima y tmatment 1 

- 

C hemotherapy 

Hormone therapy 

Nodes examined 

1 

22 

24 

Whether chernothempy was provideci as part of the primary ûeatment 

Whether hormone therapy (tamoxifsn, endocrine, or other) was provideâ as 
part of the primary batment 

Nurnber of regional nodes examineâ 



Categorizing Continuous Variables 

The following continuous variables were categorized based on a priori lcnowledge and, in the 

case of median income, on fiequency distributions: age, tumour size, median income, and 

number of nodes dissected. Age at diagnosis was categorized as <50,50-65, or 65-90. Tumour 

size was categorized as s20m.m or >20mm, as is used in the TNM classification system to 

obtain prognostically similar groups (Harris, 199 1). Nurnber of nodes examined was classified 

as 4 0  nodes or 2 10 nodes, based on recommendations of a number of studies looking at the 

relationship between number of nodes examined and assessrnent of nodal status (Sosa et al., 

1998; Raabe et al., 1997; Steering Cornmittee on Clinical Practice Guidelines for the Care and 

Treatment of Breast Cancer, 1998). 

Handling Missing Values 

The number of missing values for each covariate are also show in Table 5. Data on patient 

charactenstics, diagnosis date, and initial treating hospital were cornpiete for al1 records. 

Missing values were treated one of three ways: 

where only a few values were missing for a particular data item, as was the case for 

tumour size (n=1 O), radiation therapy (n=5), chemotherapy (n=1 ) and hormone therapy 

(n=22), these were coded as missing, meaning that the records would be excluded fiom 

subsequent analyses which involve that pamicular variable; 

where a particular data item was missing for a large proportion of records, as was the 

case for grade (36%) and LVN invasion (63%), missing values were treated as a 

homogenous group; and 



mwhere appropriate, based on cluiical ratiode and the relationship to the curent 

exposure and outcome of interest, missing values were collapsed into an existing 

category. This was the case for ER statu (n=160) and PR status (n=161) which were 

grouped with ER and PR positive hunours. The relationship of women with ER 

unknown tumours to hospital type and sunival outcornes is not significantly different 

fiom that of women with ER positive turnours. With respect to treatment, women with 

undetermined ER status are treated similady to those with known positive receptors in 

that they will be considered at low risk if the tumour is small and Tamoxifen has been 

s h o w  to have a benenciai effect for women with both ER positive and ER untested 

tumours (Early Breast Cancer Trialists' Collaborative Group, 1998). When ER status 

and PR status were modelled in three categories (missing, positive, and negative), neither 

missing ER nor missing PR contributed independently in the presence of other tumour 

variables. 

Relationship Between Covarîates 

The relationship of covariates to one another was examined using contingency tables and a chi- 

square test for categoncal variables. Among the patient variables, urban~rurai residence, median 

family income, and distance to nearest radiation facility were highly correlated. Arnong the 

disease variables, tumour size, tumour grade, ER statu and PR status were highly correlated. 

Extent of DCIS and multifocality were also highly correlated. Among the treatment variables 

BCS and RT were highly correlated. 



4.7.2 Survival T h e  Calculation 

SuMval tirne was calculated as the time dürerence, in years, between date of diagnosis and date 

of death or December 3 1, 1996, for those not known to have died during the follow-up period. 

Date of diagnosis used to calculate survival time was that obtained fiom chart review. For the 

analysis of cancer only deaths, patients dying of causes other than breast cancer were censored 

on their date of death. 

4.7.3 Descriptive Analysis 

In order to meet the first study objective, summary statistics were generated to compare the 

characteristics of women initially treated at each of the two hospital types. The relationship of 

each covariate to the exposure variable (hospital type) was examined by calculating odds ratios 

and confidence intervals. Chi-square statistics were calculated to determine whether differences 

in proportions between the two exposure groups could be attributed to random variation. 

The relationship of each covariate to the outcome of interest (survival) was examined by 

modelling each variable individually using Cox's proportional hazards model. The Wald test 

statistic was used to test for significance. Five-year survival estimates were obtained using 

product I h i t  estimates and Kaplan-Meier suMval curves plotted. Survival curves were 

compared using the Log-Ranlr statistic. 



4.7.4 Survivd AnalysW: Al1 Causes Mortality and Cancer Mortality 

Multivariate analysis was performed using Cox's proportional hazards model. Hazard ratios 

were calculated for women initally treated at teaching hospitals as compared to community 

hospitals (reference category). The analysis was done for all-cause mortality and for breast 

cancer specific mortality, in which deaths £tom other causes were censored at t h e  of death. 

n i e  following steps were used in building the model: 

1. Patient, disease, and treatment variables were modelled on their own to identie 

significant explanatory factors within each group of variables. Manual backward 

stepwise regression was used and variables which were highly conelated were M e r  

investigated through subset analyses. Variables significant at &=O. 10 were retained. 

2. Significant variables fiom the previous three analyses were then assessed collectively. 

Manual backward stepwise regression and subset analysis was used, with the finai model 

retaining variables significant at a=0.10. 

3. Interactions between hospital type and each of the terms in the model were tested for 

significance. Disease and treatment variables may be related to process of care or extent 

of disease and could result in an effect modification. Similarly, patient characteristics 

may be tied to process of care. 

4. The final model, includhg any significant interaction terms, was rem using manual 

backward stepwise regression, and only those variables significant at a=0.05 were 

retained. The models were compared in terms of changes to the risk estimates and 

standard errors. 



Large changes in the standard errors were used to assess collinearity of terms in any given 

model. Cox's proportional hazards model is a semi-parametric model so that the shape of the 

underlying hazard is not specified. It does assume, however, that the hazards are proportional 

over t h e .  The proportional hazards assumption was assessed graphically and with the 

introduction of time dependent variables into the model. 

4.8 Statistical Power 

With the 938 cases which comprise the cohort, of which approximately 30% were initially 

treated at a teaching hospital, and assuming an average five year survival of 85% (Stage I and 

II), it would be possible to detect hazard ratios of 2.0, 1.7, and 1.6 with powers of 98%, 86% and 

76% respectively. This caiculation is based on total survival time contributed to the study. 



CHAPTER 5: ETHICAL CONSIDERATIONS 

Approval for the original study was obtained fiom Cancer Care Ontario and Sunnybrook Health 

Sciences Centre. The approved protocol covered retrieval of al1 records used in the curent 

study . 

The current study uses secondary data sources to obtain required data items. No contact was 

required with individual patients or theu physicians. Outcornes were ascertained through 

linkage with the OCR using record identifiers which were assigned to each individual in the 

cohort. The OCR prepared a file with the last known vital status of each subject. This file was 

merged with the cllliical information file (which contains no identifien) using the record 

number. Approval for access to the appropriate vital statistics documents was obtained through 

the relevant govemment Freedom of Information Office. 

In order to maintain confidentiality, the analysis file contains no personal identifying data. Al1 

results are presented such that individuai hospitals or patients cannot be identified. 



CIIAPTER 6: RESULTS 

Of the 938 women in the cohort, 292 (3 1%) received initial surgery at teaching hospitals and 

the remaining 646 (69%) at community hospitals. Overall, survival of the cohort at 5 years was 

89.9%. The mean age of the cohort was 59.7 years, with women initially treated at teaching 

hospitals tendiag to be younger (2=58 years) than those seen at community hospitals @=60 

years). The cohort consisted largely of women resident in urban areas of the province (85%) at 

the time of diagnosis. 

Table 6 shows the number of deaths and censored observations for analysis of dl-causes 

mortality and deaths due to breast cancer. The number of deaths which could be attributed to 

breast cancer are few (70 in total). Descriptive statistics presented (Sections 6.1-6.3) are based 

on deaths fiom al1 causes. Results of multivariate analysis are presented for deaths fiom al1 

causes (Section 6.4) and cancer only deaths (Section 6.5). 

Table 6: Number of Deaths and Censored Observations by Type of Hospital, 
Deaths From d l  Causes and Deaths Due to Breast Cancer 

1 HaspiCd Oeaths From All Causes Deaths Due to Bmast Cancer 
Observations 1 Numberof 1 Deaths Censored Censored 1 

Teaching 

Total 

292 

938 

26 ( 9%) 266 (91%) 

111 (12%) 827 (88%) 

15 (5%) 277 (95%) 

70 ( 7%) 868 (93%) 



6.1 Relationship of Patient and Disease Cbamcteristlcs to Exposure and Outcome 

Cnide swival estimates, at 5 years, are show in Table 7 below. Estimates by hospital type 

show better sunival among women receiving initial treatment at teaching hospitals as compared 

to community hospitals @=0.067). This difference was apparent, though not statistically 

significant, over age and income groups. When stratified by tumour size, women with nimours 

less than 20mm in diarneter experienced significantiy better survival at teaching hospitals as 

compared to community hospitals; there was little difference in survival among those with 

larger tumours. Kaplan-Meier survival curves for each of the stratification variables (hospitals 

combined) are provided in Appendix C. 

Table 7: Five-Year Suntival Estirnates by Hospital Type, Age, Median Family Income, 
Tumour Size and Estrogen Receptor Status 

Stratificatfon Five-Year Survival Log Rank 

Variable (Productllimit Estimates) P-value 

Community Teach ing Pifference 

Hospital Type 

Age at Diagnosis: 

< 50 

50 - 65 

65 - 90 

Median Family Incorne: 

< 45,000 

>=45,000 

Tumour Sire: 

<=20 mm 

> 20 mm 

Estrogen Reœptor Status: 

positivelmissing 

negative 



Table 8 provides a summary of patient and disease characteristics as they relate to patient 

outcomes. As would be expected, significantly lower unadjusted risk ratios were observed for 

younger patients ( 4 0  and 50-65), patients with smaller tumours (<20mm), well differentiated 

tumeurs, and hormone receptor positive nimours. Women living in neighbourhoods with higher 

family incomes experienced better swival, which was of bordedine significance. Urban 

residence and close proximity to a facility providing radiation therapy were also related to better 

outcomes but the differences were not significant. 

Women missing information on tumour grade experienced outcomes which fell between those 

observed for women with moderately and poorly differentiated tumours. Women missing data 

on L W  invasion experienced outcomes similar to that observed for women with no evidence of 

LW invasion. Women with unknown ER and PR status experienced outcomes which were 

better than that observed for women with reported ER and PR positive tumours, although the 

difference was not statistically significant. 



Table 8: Relationship of Patient and Disease Chamcteristics to Patient Outcome 

Aga at diagnosis 

Distance to nearest < 50 

radiation facility >= 50 

IISEASE CHARACTERISTICS I 
~urnor size -20 mm1 

missing I 

m t  of DCIS invasive 

invasive + DCIS 

extensive DCIS 

LVN Invasion 

ER Status 

PR Status 

no invasion 

LVN invasion 

unknown 

positive 

negaîive 

missing 

positive 

negative 

missi% 

1 

boîdd values are signif i i t  at 0.05 

Rkk 96% Confidona WaMSQt 

MO Inb~d P-VO~W 



The relationship of patient and disease characteristics to initial treating hospital is shown in 

Table 9. Women younger than age 50 were significantly more likely to be Uiitially treated at 

teaching hospitals as compared to those 65 or older (OR=1.44; 95%CI: 1.01-2.06). Women seen at 

teaching hospitals were significantly more likely to live in close proximity (40km) to a facility 

providing radiation therapy (97% vs. 88%). There was little difference in distribution by 

median household income, with approximately equal distribution between high and low uicome 

groups, or the proportions living in rural areas (12% vs. 16%). 

Women living in urban areas were less likely to present with large tumours as compared to those 

living in rural areas, aithough the difference was not statistically significant. Women living in 

urban areas were also more likely to be resident in neighbourhoods with higher family incomes. 

Women with multifocal tumours and tumours with an extensive in situ component reported 

were significantly more likely to have receive initial surgery at a teaching hospital. Forty five 

percent of women initially treated at comrnunity hospitals were missing information on tumour 

grade as compared to 18% of those initially treated at teaching hospitals (OR=0.27; 95%CI:0.20- 

0.38). Information on hormone receptor status was more often unknown among women initially 

treated at teaching hospitals (2 1% vs 15%) but the difference was not significant. 



Table 9: Relationship of Patient and Disease Characteristics to Type of Hospital 

SATIENT CHARACTERISTICS 

Age at diagnosis c 50 

50 - 65 

65 -90 

Çamily Incorne e 45,000 

>=45,000 

Distance to nearest c 50 

radiation facility >= 50 

urban 

rural 

IISEASE CHARACTERISTICS 

Tumor sire <=20 mm 

> 20 mm 

rnissing 

Grade well 

moderate 

POO1 

unknown 

Extent of OClS invasive 

invasive + DClS 

extensive DCIS 

LVN Invasion no invasion 

LVN invasion 

unknown 

PR Status 

Muitiility 

positive 

negatiie 

missing 

positive 

negative 

rnissing 

f 

I 

1 

l 

l 

l 

l 

l 

I 

l 

I 

I 

I 

I 

l 

1 

1 

I 

I 

1 

I 

l 

I 

1 

I 

I 

I 

I 

boldsd values 



6.2 Relationship of Treatment Received to Exposure and Outcoome 

The relationship of treatment received to exposure (type of hospital) and outcome (sumival) is 

summarized in Tables 10 and 1 1 .  Women initially treated at teaching hospitals were 

significantly more likely than their counterparts to receive BCS (72% vs. 65%) as opposed to 

mastectomy. They were also significantly more likely to receive radiation therapy following 

BCS (82% vs. 73%). 

Table 10: Relationship of Treatment Received to Type of Hospital 



The difference in use of chemotherapy among those having received initiai surgical treatment at 

a teaching hospital as compared to community hospital was not statistically signincant (7% vs 

8%). Women initially treated at commuai@ hospitals were, however, signincantly more likely 

to receive hormone therapy (30% vs. 23%). Overall, women initiaily treated at community 

hospitals were more likely to undergo surgery with no subsequent therapy (3 1% vs 25%) and 

were significantly less likely to have 10 or more nodes dissected (42% vs. 59%). 

The relationship of treatment received to patient outcornes is summarized in Table 1 I. Wornen 

receiving radiation therapy experienced significantly better suMval (RR=0.5 1 ; 95%CI:O.3 5-0.75) 

than those not receiving radiation therapy, and this remained ûue upon controlling for type of 

surgery received. Type of surgery, use of chemotherapy, and use of hormone therapy were not 

significantly related to survival. 

Women having 10 or more nodes sampled experienced significantly better survival (RR=0.6 1 ; 

95%CI: 0.42-0.9 1) than those having fewer than 10 nodes sampled. As well, women receiving 

surgery without any subsequent treatment experienced significantly poorer survival than those 

receiving some follow-up therapy . 



Table 1 1 : Relationship of Treatment Received to Patient Outcome 

'REATMENT CHARACTERISTCS 

B m t  con-ng no 

surgery Y= 

Radiation therapy no 

received Yes 

missing 

no 

yes 

missing 

Hmone therapy no 

r e œ i i  Y= 

missing 

Surgery only no 

(no follow-up treatrnent) Yes 

missing 

Rkk 96% Confidance Wald Strt 

Ratio Interval P-vrlw 

6.3 Relationsbip of Patient and Disease Characteristics to Treatment Received 

Table 12 provides an overview of the relationships shown in Tables 7 tbrough 1 1, i.e. the 

relationship of patient, disease, and treatment characteristics to exposure and patient outcomes. 

Overall, there was not an obvious relationship between women having characteristics with more 

favourable outcomes and type of hospital in which they received initial surgery. 



Table 12: Reiationship of Covariates to Exposure and Outcome 

Covariate 
Relationship to Relationship to 

Exposure (hospital) Outcoma (survival) 

youngest teaching beîîer 

hig hast NS botter 

1 Urûanirunl residence 1 urban 1 NS (teaching) 1 NS (better) 1 
Distance ta radiation facility closest teaching 1 NS (wom) 

- - - 

Sue 1 unallest - 1 US (tsaching) 1 botter 

1 missing 1 NS (teaching) 1 NS (better) 

botter 

Estrogen receptor status 

Progestsrone receptor status 

NS (teaching) 

- 

Grade 

-- - - -  

well difierentiated 

missing 

positive 
1 

1 missing 1 NS (teaching) 1 NS (better) 

positive 

Extent of DCIS 

community 

NS (teaching) 

NS (wone) 

better 

NS (tsaching) better 

multifocal 

extensive DClS 

1 SuWWtyP. 1 BCS 1 teaching 1 NS (better) 1 

Lymph, Vascular, or Neural 1 LVN invasion ",: ( m u n i t y )  
Invasion 

missing 

1 Radiation thenpy 

teaching 

teaching 

NS (worse) 

NS (bettsr) 

NS (better) 

NS (better) 

1 Hormone therapy 1 Y- 1 sommunity 1 Pls 1 

Y= 

Y- 

NS = not significant at 0.05 

teaching 

NS 

better 

NS (wow) 



As shown previously, women initially treated at teaching hospitals were more iikely to receive 

BCS and RT but were less likely to subsequentiy receive HT. Table 13 shows the proportion of 

women receiving BCS, RT, CT, and HT by age group, hospital type and himour size. The 

association between RT, CT and HT by age group, hospital type and type of surgery is shown in 

Table 14. 

As compared to community hospitals, women initially treated at teaching hospitals were more 

likely to undergo BCS for small himours regardless of age group. Also arnong those with 

smaller tumours, there was a pattern of increased use of BCS with increasing patient age at both 

cornrnunity and teaching hospitals. 

In comparing patterns of RT use, a higher proportion of women receiving initial surgery at 

teaching hospitals subsequentiy received RT, regardless of age group. Women age 65 or older 

were less likely to receive UT, as were women with larger tumours. Among those initially 

treated at both community and teaching hospitals, subsequent use of CT was largely restncted to 

women under the age of 50 and among these women, those with larger tumours were more 

likely to receive CT. 



Table 13: Proportions of Women Treated with %CS, RT, CT, and HT 
by Tumour Size, Type of Hospital, and Age Group 

"et~dud8~ 10 cases for which tumour sue was not reported 

T a n g  Hasptd 
%BCS 'KiIT'ï %CT %HT TW (n) 

TI% (44) 72% (41) 14% (8) 14% (8) 57 

8û%(67) 73%(61) 1%(1) 21%(17) 84 

as% (a) 61% (43) 0% (O) 23% (16) 70 

. 

Table 14: Proportions of Women Treated with RT, CT, and HT 
by Type of Surgery, Type of Hospital, and Age Group 

Pee 
Graq  

44% (12) 52% (14) 33% (9) 33% (9) 27 

52% (12) 43% (10) 4% (1) 35% (8) 23 

59% (16) 33% (9) PA (0) 28% CI) n 

< 50 

6590 

4 3  Cmmunity Hospitd 

Group % RT % CT % HT Tdd (n) 

Amorrg women mcWing BCS 

CamuiityHasptd 

% E S  %RT %CT %Hl Tdd(n) 

6û% (3s) ô4% (38) 40% (24) 23% (13) 6û 

49% (34) 41% (28) 4% (3) 49% (32) 09 

43% (32) 2% (20) 0% (0) 33% (25) 75 

1 T a  ( 7% (15) 8% (19) 27% (ôû) 224 

T m i n g  Hosprbl 

%RT % CT %Hi Tdd (n) 

r 

TunawSire~2ûm, 

14% (4) 34% (10) 24% (7) 29 

3% (1) 3% (1) 34% (10) 29 

5% (1) 0% (O) 29% (6) 22 

c 50 

5[)66 

6590 

65% (ss) 51% (43) 17% (14) 16% (13) 84 

75% (135) 65% (115) 4% (7) 33% (58) le0 

73% (126) 43% (74) 1% (1) 33% (s) in 



6.4 Analysh of Deaths From AU Causes 

Among the 938 women in the cohort, a total of 1 1 1 deaths occurred on or prior to December 3 1, 

1996. Ninety one percent of teaching hospital cases were censored as compared to 87% of 

commwiity hospital cases. As shown in the table below, the follow-up tirnes were very similar. 

Table 15: Summary Statistics for Survival Times 
by Type of Hospital, Deaths From Al1 Causes 

Community Teaching Total 

Hospitals Hospitals 

Number of deaths 85 (13%) 26 ( 9%) i f 1  (12%) 

Number œnsoted 561 (87%) 266 (9 1 %) 827 (88%) 

Survival Tirne (years): 

Mean 5.1 9 5.27 5.21 

Median 5.41 5.41 5.41 

Minimum 0.58 0.61 0.58 

Maximum 6 6 6 

6.4.1 Building the Model 

Due to the number of potentid confoundea, patient, disease and treatment variables, as shown 

in the previous sections, were modelled in three separate analyses in order to identiS, those 

which were independent predictors of survival. Among the patient characteristics, age ( 4 0  and 

50-65) and income group were found to be independent predictors of survival @=O. 10). Among 

the disease characteristics, tumour size, ER and PR status were significant (a=O. 10) and among 

the treatment characteristics, RT and number of nodes dissected were significant @=O. 10). 

Having received CT or HT was not significantly related to survival. 

These eight ternis and the primary exposure variable (hospital type) were then anaiysed in 

combination. Hospital type was not signincant (RR=0.87; p=0.546). Ail other variables 



remained significant at a =O. 10 and aii except PR status were significant at a =0.05. 

Testing Interaction Terms 

interactions between hospital type and each of the eight terms in the model were tested for 

significance. Each of the disease and treatment variables in the model are related to process of 

care or extent of disease and could result in an effect modification. Similady, patient 

characteristics may be tied to process of care. The ody significant interaction was that of 

hospital and tumour size @=0.027) which resulted in a significant risk ratio for hospital type. 

Table 16: Results of Mdtivariate Analysis (a =O. 10) with the Interaction Term 

(n=923, events=lll) 
Hospital Type 

Community 

Teaching 

hge at Diagnorh 

< 50 

50-65 

65-90 

M i a n  Famlly lncome 

< 45,000 

>= 45,000 

ïumour S b  

<= 20 mm 

20 mm 

ER Statua 

positiimissing 

negative 

PR Statu 

positiielmissing 

negative 

Numkr of N m  Examineci 

< 10 nodes 

>= 1 O nades 

Radiation thonpy 

not rscsivsd 

m i v e d  

Homital Tumour S b  1 .O384 0.4701 0.0272 2.83 (1 -12.7.101 



Reducing to the Final Mode1 

Manual backward stepwise regression was used to reduce the mode1 fiom those terms 

significant at a=0.10 to only those significant at a=0.05. The resulting model is shown in Table 

17. Median incorne group, PR status, and nurnber of nodes dissected were removed as a result. 

Removal of the three variables resulted in a more significant and more precise estimate of the 

effect of hospital type on survival. The eflect of hospital type becarne slightly larger as 

compared to that in the previous model. Overall, the level of significance for each of the 

remaining variables did not change. The effect of younger age and estrogen receptor status 

become greater in magnitude and slightly more significant. Removal of median farnily income 

changed the effect of hospital type on survivai only slightly. 

Table 17: Results of Multivariate Analysis (a=0.05) with the Interaction Tem 
Variabk Parametw Standard Wald Rkk Ratio 86% CI 

Estimatm E m r  P-valua 

'n=923, events=lll) 
408pitaI Type 

Community - - - 1 .O0 

Teaching -0.75608 0.36592 0.0386 0.47 (0.22, 0.96) 

&go at Dlrgnorb 

< 50 4.93846 0.2651 8 0.0004 0.39 (0.23,O.W) 

50-65 4.85463 0.22992 0.0002 0.43 (0.27,0.67) 

65-90 - - 1 .O0 - 
rumeur 

<= 20 mm - - - 1 .O0 - 
> 20 mm 0.441 64 0.22222 0.0469 1 .56 (1.01,2.40) 

ER Stam 

positivdmissing - - - 1 .O0 - 
negative 1 .14910 0.20606 0.0001 3.16 (2.1 1.4.73) 

Radiation f)Wrapy 
not receivsd - - - - 
rscsivsd -0.45481 0.20357 0.0255 0.M (0.43,0.95) 



6.4.2 Inveatigating the Effect of Treatment on Suwival by Hospital Type 

To determine if the difference in suMval by hospital type, or the effect of the interaction 

between hospitai and tumour size, could be attributed to treatment received following surgery, 

treatment variables (RT, CT, and HT) were reintroduced into the model, individually and 

collectively. The effect on the interaction tem and the primary exposure variable is shown in 

Table 18. The risk estimates and level of significance for hospital, tumour size, and the hospital 

and tumour size interaction did not Vary greatly with the removal or introduction of treatment 

variables. 





6.4.3 StraMed Analysis 

The analysis was rem,  followiag steps similar to that outlined previously, for only those cases 

with tumours less than 20mm to determine if there were additional explanatory factors within 

this group. The results of this analysis are shown in Table 19. Analysis of cases with tumours 

greater than 20mm is also shown but the number of cases was smdl (n=28 1). Among those 

with small tumours PR receptor status surfaced as an additional factor but the effect of hospital 

type on survival remained significant and was of similar magnitude to that observed previously. 

Table 19: Results of Analysis Stratified by Tumour Size 
Variable Qanmatar Standard Wald Riak Ratio 96% CI 

Estimate Emr P-va lue 

Tumour size -20mm ( ~ 6 4 4 ,  events=57): 

Hospital Type 

Community - - - 1 .O0 - 
Teaching -0.76927 0.3671 3 0.0361 0.46 (0.23,0.95) 

ER Status 
positivelmissing - - - 1 .O0 - 
negative 0.77953 0.34630 0.0244 2-96 (1.11,4,30) 

PR Sbtus 
positivelmissing - - - 1 .O0 - 
negative 0.68207 0.33271 0.0404 1.98 (1 .03, 3.80) 

Radiation tharapy 

not received - - - 1 .O0 - 
received -0.56778 0.27071 0.0360 0.57 (0.33,0.96) 

Tumour ske >20mm (n=281, events=S]: 

Hospital Typa 

Community - - - 1 .O0 - 
Teaching 0.34920 0.29724 0.2401 1.42 (0.79,Z.S) 

A- Gtoup 

c 50 -1.24700 0.36637 0.0007 0.29 (0.14,0.59) 

50-65 -1 A391 5 0.37308 0.0001 0.24 (0.1 1,0.49) 

65-90 - - - 1 .O0 - 
ER S b U  

positivdmissing - - - 1 .O0 - 
negative 0.93019 0.301 87 0.0021 2.53 (1.40,4.58) 

Noôm Eruminod 

e 10 nodes - - - 1 .O0 - 
r1Onodos -0.57224 0.29392 0.0515 0.56 (0.31,l.ûû) 



The results with respect to ciifferences in sunrival by hospital type are consistent with those 

found previously. Receiving initial surgery at a teaching hospital provided a survival advantage 

among women with hunours less than 20mm (RR=0.46; 95%CI:0.23-0.95) but was not significant 

among those with larger hunours (RR=1.42; 95%CI:0.79-2.54). The effect of age on suMval 

among those with small tumours was not significant. The effect of age among those with larger 

 uno ours was significant and greater in magnitude than was observed for those with smaller 

tumours (R.R=0.297 vs. 0.250). The effect of ER status was significant and of similar 

magnitude for both smail and large tumours. The effect of RT on survival was significant for 

those with small but not large tumours. RT had a greater effect arnong those with small tumours 

(RR=0.57; 95%CI:0.33-0.96) as compared to their counterparts (RR=0.75; 9S%CI:O.4 1- 1.37). 

Among those with large tumours, number of nodes examined was aiso significantly related to 

sumival 6 ~ 0 . 0 5  1). 



6.44 Summary 

The presence of a significant interaction between hospital type and tumour size indicates that the 

effect of hospital on swival was different for large as compared to small turnours. Among 

women with small node-negative tumours, being initially treated at a teaching hospital reduced 

the risk of death by 53% (RR= 0.47; 95%CI:0.23-0.96), afler accounting for patient and disease 

characteristics and treatment received. Among women with large node-negative tumours, 

however, being initially treated at a teaching hospital did not resuli in a swival advantage 

(RR= 1.32; 95%CI:0.73-2.32 ). n i e  difference in survival is m t  accounted for by the type of 

treatments received following surgery. 

Table 20: Sumrnary of Andysis of Deaths From Al1 Causes 

1 Small Tumoun Large Tumoun 

Numtmr of Cases 

Community Hospital 436 

Teaching Hospital 21 1 

Cnide 5-year Survival 

Comrnunity Hospital 90.6% 

Teaching Hospital 95.7% 

Adjusted Risk Ratio 

Cammunity Hospital 1.00 - 
Teaching Hospital 0.47 (0.23 ,0.96) 

Stratified Analysis - Adjustecl Risk Ratio 

Cornmunity Hospital 1-00 - 
Teaching Hospital 0.46 (0.23 ,0.95) 

Table 21 shows the proportion of variance explained by initial treating hospitai, patient 

characteristics, disease characteristics, and treatment received. The largest portion of 



explainable variation was accounted for by disease characteristics These characteristics provide 

an indication of the extent of disease as well as an indication of response to therapy. Initial 

treating hospital accounted for close to 5% to the total explained variance. 

Table 2 1 : Percent of Variance Explained by Patient, Disease, and Treatment Variables 

Mods( (Cavul-) -UogUk6U?lood P m t  al 
Erpldned vwlnœ 

No ~ o ~ a ( s 8  1484.618 - 

The following two figures show adjusted survival curves by tumour size and teachiag statu of 

the initial treating hospital. The figures represent expected survival for a hypothetical cohort of 

women with selected characteristics as indicated on each chart. Point estimates and 95% 

confidence intervals at 1,2,3,4 and 5 years are provided in Appendix D. 







6.5 Analysis of Deaths Due to Breast Cancer 

Following review of death certificates, a total of 70 deaths could be classified as due to breast 

cancer (see Section 6.6). There were 15 deaths due to cancer arnong those initially treated at 

teaching hospitals and 55 arnong those initially treated at community hospitais. The power to 

detect a difference in survival is small. Table 22 shows the mean, median, maximum and 

minimum swival times by hospital. Table 23 shows the distribution of deaths due to cancer 

and deaths due to other causes by age group. As would be expected, the majority of deaths due 

to other causes occurred among women in the oldest age group. 

Table 22: Summary Statistics for Survival Times by Type of Hospital, 
Deaths Due to Breast Cancer 

Community Teaching Total 

Hospitals Hospitals 

Number of deaths 55 (9%) 15 (5%) 70 ( 7%) 

Numbar censored 591 (91%) 277 (95%) 868 (93%) 

Survival Time: 

Mean 5.19 5.27 5.21 

Mdian 5.41 5.40 5.41 

Minimum 0.57 0.61 0.58 

Maximum 6.00 6.00 6.00 

Table 23: Number and Proportion of Deaths Due to Cancer and to Other Causes 
by Age Group 

Cause of math Age Gioup 
Classification 

e 50 50 to 65 r 65 

Deaths Due to h a s t  Cancer 18 (26%) 24 (34%) 20 (40%) 
Deaths Due to Other Causes 3 ( 7%) 6 (15%) 32 (78%) 

Total 21 (1 9%) 30 (27%) 60 (54%) 



Product-Limit Estimates 

Cnide 5-year survival estimates (see Table 24) by hospital type show a 2.8% diffetence in breast 

cancer survival that is not significant @=0.069). When stratified by tumour size, the difference 

in survival was 3.2% e0.068) arnong those with mal1 tumours (<=20mm); there was little 

difference in suMval(0.7%) among those with large tumours (>20mm). 

Table 24: Cnide Five-Year Survival Estimates by Type of Hospital, Age, Median Income, 
Tumour Size, and Estrogen Receptor Status, Deaths Due to Breast Cancer 

StraMeation Fiva-Yarr Survival Log Rank 

Vatiabk (Ploduct-Limit Eatimiitar) P-value 

Community Toaching Mforsnca 

Hospital Type 

Age at Diagnosis: 

c 50 

50 - 65 
65 - 90 

Median Family Income: 

c 45,000 

>=45,000 

Tumour S b :  

<=20 mm 

> 20 mm 

Estrogen Receptor Status: 

positimlmissing 

negative 



Multivariate Analysis 

An analysis of deaths due to cancer was camied out using steps similar to that used for analysis 

of deaths due to al1 causes. In modelling patient, disease and treatment characteristics 

separately, tumour size, LVN invasion, grade, ER status, PR status and CT were significant at 

a=0.10. None of the patient characteristics were significant. 

When these six variables were modelled in combination with hospitai type, tumour size, LVN 

invasion and ER status remained significant (a=0.05). Hospital type was not significant. 

Interactions between hospital type and the other variables in the mode1 were tested but none 

were significant. 

Table 25: Results of Multivariate Analysis, Deaths Due to Breast Cancer 

Varkbk Paranntur Standard Wald Rkk Ra& 95% CI 

E8timato Emr P-valua 

Cmmunity 

Teaching 

Tumour Size 

*= 20 mm 

> 20 mm 

LVN Invmion 

absenVmissing 

preserit 

ER Stahir 

posiWrnissing 

negative 



6.6 Results of Death Certificate Review 

As a result of death certificate review, cause of death information was obtained for al1 19 cases 

for which it was not available through the OCR; however, thirteen of these cases couid not be 

classified with certainty based on information provided on the death certificate. Of the 

remainder, one could be classified as a death attributable to breast cancer and five as deaths 

attributable to other causes. Results of this review are presented in the following table. 

Table 26: Cause of Death Classification Before and Mer Death Certificate Review 

Vi l  Statistics Tape 
(obtained via CCO) 

h a s t  Cancer Death 
Non-Breast Cancer Death 
Missing 

'excludes 6 cases for which death certificate number was not ûvaifable 

Ereast Cancer Non-Breast Equivocal 
Death Cancer Death 

Al1 of the 64 cases which were initially attributed to breast cancer were confirmed as such. Of 

the 22 attributed to other causes, 5 were reclassified as breast cancer deaths and 13 could not be 

classified based on the information available fiom the death certificate. Twenty eight (27%) of 

the death certificates reviewed had no mention of cancer as either a cause of death or a 

significant condition. Date of death provided by OCR agreed with that recorded on the death 

certificate for aH cases. 

Total 

Cohen's Kappa was used to assess agreement beyond chance. Since the data being compared 

have essentially corne fiom the same source, Kappa here provides a measure of completeness 



rather than a measure of reliability. Considering only those cases which could be classified by 

either source as a death due to cancer or not (see below), Kappa was 0.58. 

Breast Cancer 
Other Causes 
Total 

Breast Othsr 
Cancer Causes Total Observed ~0.93 

64 O 64 Expeded =0.84 
3 It 9 
69 4 73 Kappa = 0.58 

nie same measure calculated for whether the case could be classified at al1 (n=105) was 0.46. 

Classified Equivocal Total Observeci =0.82 
Classified 73 13 86 Expected =O.= 
Equivocal A 1FL 19 
Total 79 26 1 O5 Kappa = 0.46 



CHAPTER 7: DISCUSSION 

7.1 Summary of Key Findings 

The primary objective of this study was to compare the 5-year overall swvival of women 

undergohg surgical treatment at teaching hospitals with that of women receiving surgical 

treatment at community hospitals (non-teaching hospitals). Results of multivariate analysis 

indicate that there is a significant difference in survival among women diagnosed with tumours 

20mm or less in diameter. M e r  accounting for differences in patient and disease characteristics 

and treatment received, women initially treated at teaching hospitals experienced a 53% 

reduction in relative risk of death as compared to those initially treated at community hospitals. 

Arnong women with tumours greater than 20mm at diagnosis, there was a 32% increased nsk of 

mortality arnong those initiaily treated at teaching hospitals but this difference was not 

statistically significant. 

The power to detect a difference in cancer survival was small due to the small numbea of deaths 

wtiich could be attributed to breast cancer. The mode1 for deaths due to breast cancer did not 

show a difference in survivai. 



7.2 Objective 1: De~criptive Statistics 

Similar to that found in other snidies looking at treatment of breast cancer by provider, women 

receiving initial surgical treatrnent at teaching hospitais were younger than those receiving 

initial surgical treatment at community hospitals (Lee-Feldstein et al., 1994; Basnett et al., 

1992; Karjalainen, 1990; Sallisbury et al., 1995) but the two groups were similar in terms of 

distribution by socioeconornic status (Sainsbury et al., 1995; Gillis and Hole, 1996). Women 

treated at teaching hospitals were also more likely to live in close proximity to a facility 

providing radiation therapy. 

With respect to tumour characteristics, the two populations did not differ signifkantly in terms 

of turnour size, which is similar to that reported in other studies (Gillis and Hole, 1996; Lee- 

Feldstein et al., 1994). The two populations did differ significantly in terms of multifocality and 

extent of DCIS. Women with multifocal tumours or extensive DCIS components reported were 

almost twice as likely as women without these attributes reported to be treated at a teaching 

hospital. It is dificult to know if this is due to differences in pathoiogy reporting or extent of 

tissue sampling or if, as a result of screening or biopsy, women with these characteristics were 

refered to or sought treatment at a teaching hospital. 

Women treated at teaching hospitals were more likely to have hormone receptors reported to be 

positive and tumours reported to be well or moderately differentiated, although the difference 

was not significant. Values for tumeur grade and LVN invasion were more likely to be misshg 

for women treated at community hospitais but hormone receptor status was more likely to be 



missing for women treated at teaching hospitals. Previous studies have generally found data on 

tumour characteristics to be rnissing less often at teaching hospitals and specialized centres 

(Gillis and Hole, 1996; Sainsbury et al., 1995; Raabe et al., 1997). 

As has been shown fairly consistently in the literature, women undergoing surgery at teaching 

hospitals were significantly more likely to receive breast conserving surgery and to subsequently 

receive radiation therapy than were their counterparts (Basnett et al., 1992; Sainsbury et al., 

1995; Lee-Feldstein et al., 1994; Satariano et al., 1992; GIVIO, 1988; Nattinger et al., 1992). 

The magnitude of these differences (OR= 1.4 and 1.6 respectively) are also shilar to those 

reported in other studies. 

Women undergoing surgery at comrnunity hospitals were more likely to subsequently receive 

hormone therapy but there was no difference in use of chemotherapy. Previous studies have 

reported conflicting fuidings with respect to use of chemotherapy and hormone therapy among 

women treated at teaching hospitals or specialized centres. Women receiving surgery at 

community hospitals were more likely to receive surgery with no subsequent therapy, which 

also has been previously reported (Sainsbury et al., 1995). 

As well, there was a significant difference in the number of axillary lymph nodes examined. As 

compared to community hospitals, teaching hospitals were twice as likely to examine ten or 

more nodes. This relationship has been reported in some (Gillis and Hole, 1996; Raabe et al., 

1997) but not all  (GMO, 1988) studies looking at breast cancer treatment in relation to teaching 



status or specialization. Further reference to these findings will be made in the following 

sections. 

7.3 Objective 2: Survival Analysis 

With respect to differences in survival by treatment setting, results of this study are consistent 

with four of six other studies which have also looked at the effect of treatment setting or 

specialization on survival of women with breast cancer. Of the four studies which found a 

significant difference, two (Karjalainen, 1990; Basnett et al., 1992) looked at the effect of 

teaching status and two (Sainsbury et al., 1995; Gillis and Hole, 1996) at the eflect of 

specialization, as defined by the surgeon's caseload and by surgeon's specialist interest in breast 

cancer. 

In cornparison with these same studies, this study differs in that the risk reduction (53%) was 

resûicted to wornen with small tumours. Basnett et al. detected a risk reduction of 43% arnong 

those seen at teaching hospitals. The median follow-up for this study was, however, less than 

three years. Both Sainsbury et al. and Gillis and Hole, both using a measure of surgeon's 

specialization and both conducted in Britain, detected risk reductions in the range of 15% to 

18%. Summary statistics are not available fiom Karjalainen, who used standardized differences 

to assess differences in survival. The anaiysis was stratified according to local and regional 

disease. Among women with local disease, Werences in survival by district could be 

accounted for by random variation. Among those with regional disease there was greater 



variation, with women resident in teaching hospital districts experiencing better swival. 

Of the other two studies, Lee-Feldstein and coileagues found a significantly reduced risk (26%) 

among women initially treated at large cornmunity hospitals but not arnong those UUtially 

treated at teaching hospitals, as compared to small hospitals. Bonnet et al. fouad no significant 

difference in survival arnong women treated at large public or large private hospitals as 

compared to small hospitals, upon controllhg for patient case-mix. In cornparhg relative 

swival of women diagnosed at large public, large private, and small hospitals, Bonnet et al. 

found relative survival to be significantly better at large private hospitals as compared to large 

public hospitals. Neither was significant when compared to small hospitals. Multivariate 

analysis, however, found no significant difference in deaths due to cancer at the large public or 

private hospitals as compared to small hospitals. The difference in results of these two studies 

might be explained by differences in the population being studied. 

Al1 of these six studies looked at cohorts of women who were diagnosed and treated over a six 

to eleven year period prior to 1990, and thus over a period of time when mamrnography was 

king phased in and surgical management and use of systemic therapy in women with node- 

negative breast cancer was king reassessed. Three of the studies had available idormation on 

type of surgery and use of RT and two on use of systemic therapy. Al1 detected a greater change 

over t h e  in use of treatments at teaching hospitals and among surgeons with greater caseloads. 

An interaction of tumour size with the primary exposure was not detected in any of these 



studies, and it is not known if the interaction was tested for in five of the six studies. Lee- 

Feldstein et al. note that al1 interactions were tested and not significant. If an interaction were 

present, two of the studies (Karjalainen and Sainsbury) would not have k e n  able to detect it 

because information on tumour size or stage was not available. 

If the difference in effect by tumour size is real and present in other settings, we would expect 

that studies looking at swival differences among a cohort comprised mostly of women with 

large tumours would likely not find a significant difference without this interaction. Similarly, 

in a cohort consisting mostly of women with small tumours, a significant effect would more 

likely be observed. How this effect modification would present itself in studies classifying 

tumours by stage rather than size and lymph node status, is difficult to say since Stage II 

classification includes both large node-negative and small node-positive tumours. 

Within our cohort, there was a significant difference in sudval by RT which is dificult to 

explain. A similar observation has been reported in other cohort studies (Lee-Feldstein et al., 

1994). There are at least three possible explanations for this finding. While clinical trials have 

shown that, overall, RT does not significantly affect survival outcornes, there may be subsets of 

women for whom RT does significantly affect swival (Rutqvist, 1996). A second explanation 

may be that what is king obsewed is a reflection of patient or disease characteristics which 

were not controlled for in the analysis. A third explanation is that having received RT may be a 

surrogate for having received treatment at a Cancer Centre, which could affect the patient's 

subsequent course of treatment. 



Table 27: Prognostic and Treatment Factors Considered in Published Studies 
Looking at Survival by Treatment Setting 

- - 

Gillis & Hok 

(1 Q W  

Basnett et ai. 
( 1 S U )  

LeaFeldstein et 
al. (1984) 

Sainsbuty et al. 
(19Qs) 

Boneîî el al. 
(1991) 

STUDY YEARS 

COUNTRY 

1982-80 

England 

PROGNOSllC FACTORS 1 
Age at diagnosis J (relative atss 

and indirect 
standardkation) 

Tumor size (un) 

- - 

stage 

Tumor grade 1 
ER status 1 
PR status 1 

Period of dtagnosis 1 J 

TREATMENT FACTORS 1 
Type of surgery 1 / 

Radiation lherapy 1 J 

signilicantly mduceâ 
rirk aman0 Chose 
mted at teaching 

hospitals 

Significantly 
rsduced risk 
ammg those 
mted by 
s p a i a  
surgeons 

No difhmnca in 
survival at large 
priva& or puMlc 

hospitals as 
compamd (o 

smll hospitais 

RdaUve r u M l  
was batlsr for 
tnosa living in 

university hospbl 
d l 8 W  

Signiîkanüy 
beltsr survival at 

largs hospbb but 
nct at mching 

hospitais as 
cornparad to small 

ha~itals 

SignMcanUy better 
suMval amng thosa 
traated by surgeons 

with grnater 
Caseloads 



7.4 Interpretatioa of Findings 

There are a number of possible explanations for the findings of this shidy. Survival differences 

by hospital type may be reflection of: residual confounding arising from factors not controlled 

for in the analysis, an artifact arising from misclassification of cases with respect to disease 

stage, or differences in care received. Coafounding would corne into play if the two patient 

populations differed in terms of prognostic factors which were not controlled for in the analysis. 

We wouîd expect this difference to be apparent by tumour size as well as by hospital type, since 

the survival advantage was apparent only among those with srnaller tumours. 

An example of this would be differences in the proportion of women screened via 

marnrnography and subsequently treated at teaching as compared to community hospitals. This 

could resdt if those physicians who are most likely to recommend mammographie screening are 

also most likely to refer patients to teaching hospitals. The diference in survival could be due 

to lead time bias, ie. the tumour being detected earlier rather than an achial increase in survivd 

resulting from interventions, or to differences in the type of himours being detected. Screen 

detected tumours are likely to be less aggressive with a longer pre-dinical period and may have 

better prognosis than those presenting cllliically, irrespective of treatrnent administered. As 

well, women who attend screening may have different behaviours or attitudes with respect to 

health and are likely to be fiom higher SES groups. These biases as a result of mammography 

would play a bigger role in small tumours which are less likely to be symptomatic and less 

likely to be detected via physicai exam. Turnours greater than 20mm are more likely to be 

symptomatic and detected by the patient. 



A second explmation for the hdings may be that what is king observed is an artifact due to 

misclassification of tumours, particularly with respect to nodal status. Lymph node status is 

currently considered one of the most important prognostic factors in women with breast cancer 

and is a factor in determining treatment. In limiting the cohort to women with confrmed node- 

negative nimours and controllhg for other prognostic factors in the multivariate analysis, we are 

making the assurnption that we are comparing outcornes among women with similar prognostic 

factors. However, there is evidence to suggest that examination of fewer nodes increases the 

risk of classiQing a patient as node-negative when she in fact does have involved nodes. Within 

our cohort, teaching hospitals examined a significantly greater number of nodes as compared to 

community hospitals; this was tme for both srnall and large turnours. While nodal status can 

also be assessed via physical exam, Fisher et al. found clinical assessrnent to have high false- 

positive and false-negative rates (Fisher et al., 1989). From this we might expect that there is a 

greater chance that women treated at community hospitals were rnisclassified as node-negative. 

There is also evidence to suggest that teaching hospitals and specialized centres are more likely 

to do a more thorough diagnostic workup in general (Basnett et al., 1992; Greenberg et al., 

1991). In our cohort, we observed a lower rate of missing values for important prognostic 

factors among women initially treated at teaching hospitals. 

We would expect misclassification to occw more fiequently arnong women with smaller 

tumours. Probability of metastasis, as well as lymph node involvement, increases with 

increasing tumour size and evidence of metastasis is less likely to be missed than nodal 

involvement without metastasis. As weli, information on nodal status may be more likely to 



influence decisions regardhg use of adjuvant therapy in treatment of women with srnail as 

cornpared to large turnours ( H a m  et al., 1997). 

A third expianation for the findings of this study may lie in differences in practice patterns 

between the hospitals. In this study, we have controlled for whether or not specific treatrnents 

were administered but within any mode of treatment there is room for variation in tems of how 

and to whom it is administered. A nurnber of studies have demonstrated that this variation does 

in fact exist. There is also evidence to suggest that teaching hospitals and specialized centres are 

quicker to alter practices based on new evidence and guidelines (Sainsbury et al., 1995; Lee- 

Feldstein et al., 1994; Basnett et al., 1992; Studnicki 1993) and more likely to administer 

appropriate care (Schleifer et al., 199 1 ; Gdli et al., 1993; Hand et al., 199 1). 

There are a nurnber of reasons why treatment pattems may play a bigger role in the outcornes of 

women with small tumours. Medical interventions, particularly systemic therapy, may have a 

greater impact on the survival among women diagnosed with srnall turnours. As well, 

appropriate treatment of women with small node-negative turnours, particularly those at 

moderate risk of recurrence, is not as well established as that for women with larger tumours, 

who will generdly be considered at high risk. Randomized ûiais, and meta-analyses of these 

triais (Early Breast Cancer Trialists' Collaborative Group, 1992; 1998), are identifying subsets 

of women with early breast cancer who can benefit fiom chemotherapy and hormone therapies, 

tarnoxifen in particular. AU of this allows room for variation in treatment based on physician 

and patient preferences. 



7.5 Deatb Certificate Review 

Review of death certincates was undertaken in an effort to obtain more complete information 

regardiig cause of death. However, the quality of data was not significantly improved as a 

result of this review. Of the cases for which cause of death was missing, only a third could be 

clsissified as due to or not due to breast cancer based on the information obtained fiom the death 

certificate. In total, 25% of the cases could not be classified based on the data available fiom the 

death certificate. 

Although Vital Statistics data are generally accepted to be reliable with respect to deteminhg 

vital status, in some cases they do not provide suficient information to accurately detennine 

cause of death for women diagnosed with breast cancer. If breast cancer survival is to be used 

as an outcome other sources of information will need to be assessed. 



7.6 Study Limitations 

One limitation of the study lies in the short period of follow-up. It has been suggested that 

caution be used in d y s i s  of survival data at five years as this may not be predictive of long- 

tem outcornes. As well, given the method of follow-up used, it was not possible to distinguish 

alive cases fkom those lost-to-follow-up. A study looking at the validity of outcome 

ascertainment using Vital Statistics death registrations estimated the rate for ascertainment of 

deaths occurring in Ontario to be close to 98% (Schnatter et al., 1990). A similar study, 

however, has not been done for women with breast cancer. 

As well, grouping together al1 non-teaching hospitals, based on the 199 1 Canadian Hospital 

Directory, may have damped the effect of treatment setting on survival since some of these 

hospitals may be more similar to teaching hospitals than to the smaller community hospitals. A 

more appropnate hospital classification may be one based on the presence of a multi- 

disciplinary breast program. 

Data were not available for menopausal status or presence of comorbid conditions and, although 

data for most variabies used in this study were fairly complete, grade was not available for over 

a third of the cases. The study had limited power for suMval analysis of mortaiity fiom breast 

cancer. Sub-group analysis was also restricted due to the small number of cases. 

In terms of generalizability of the study, the cohort excluded node-negative women treated at 

two facilities which r e k d  to participate in the original study, one of which was a regional 



cancer centre (272 cases) and the other a community hospital(3 cases). As well, the study 

cohort excluded women with node-positive tumours and those with undetermined nodal statu. 

7.7 Impücations 

A two-fold difference in survival, if it cannot be accounted for by patient differences, suggests 

that there is room for change in care being provided to women with node-negative breast cancer. 

This is particularly important since fewet than half of women diagnosed with early breast cancer 

were treated at teaching hospitals. 

What this means for the way health care is delivered to these women depends on what is giving 

rise to this difference. If the difference in survival between teaching and cornmunity hospitals is 

attributed to differences in treatment or to misclassification with respect to disease staging, 

efforts need to be directed at facilitating physician and patient education. The need to promote 

consistent evidence-based care has been previously identified and a number of regions, 

including Ontario, have responded by establishing systems for development of guidelines for the 

treatment of women breast cancer. As there is also evidence to suggest that in the presence of 

clinical guidelines (Olivotto et al., 1997; Schleifer et al., 1 WI), there remains variation in the 

care delivered to women with breast cancer, an understanding of factors which conhibute to this 

variation and how this relates to patient outcomes is required. 

If the difference is attributed to care being received in a multidisciplinary setting or expertise 



g&ed through specialization, howledge which is not conveyed through evidence-based 

guidelines, efforts rnay need to be directed at facilitating consultation between physicians and 

between physicims and other health service providers. Centralising the treatment of women 

with breast cancer is likely not a feasible option simply given the volume of cases. 

Implementation of a regionalized system of care is being undertaken in Ontario. As well, other 

regions with existing practice guidelines have indicated specific situations when consultation 

with or referral to a specialist would be appropriate. 

While the gain in survival may not appear large because of the generally good suMval rate 

among women with node-negative breast cancer, the difference observed between treatment 

settings is similar to that ascribed to the use of systemic therapy. As well, there are subsets of 

node-negative women for whom this difference in survival could be considerable. 



CHAPTER 8: FUT= RESEARCH 

This study adds to a small but growing body of literature looking at the effect of specialization 

and treatment setting on survival of women with breast cancer. It is the first to be done in 

Canada and one of the few in which data on treatments received was available but thete remain 

many unanswered questions. 

Replication of the study with greater power and longer duration of follow-up is required, as are 

studies which examine this relationship with respect to recurrence and disease-fiee survival. 

There is also a need to identiQ specific components of care which may contribute to differences 

in survival by treatment setting. Replication of the study in other provinces would help to shed 

light on factors which may or may not be contributing to this difference in survival. As well, 

studies are required to determine if a similar relationship exists among women with node- 

positive breast cancer and women for whom nodal statu is undetermined. 
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THE NODE-NEGATIVE COHORT: 
CODING OF VARIABLES ON THE ORIGINAL DATA FILE 



Node-Negative Cohort - OrigiaPl Data Flle 

age at diagnosis DXAGE 

O = curai (2nd digit = '0') 
1 = urban 

postal code 

AVGMED 

diagnosis date 

range O 1- 90 
999 = unknown, not stated 

tumour size (in mm) SIZE 

location of tumour LOCATION 

- - 

1 = central 
2 = non-centrai 
3 = multifocal 
9 = unknown, not statd 

grade GRADE 1 = well 
2 = moderate 
3 = poor 
9 = not determimû, not srated 

EXAMNODE range: 1-  31 
98 = unknowu, al1 were negative 

- - - - -- - 

lymph, vascular, neauai invasion O = no invasion 
1 = LVN invasion 
9 = unkaown 

-- 

extent of ductal carcinoma in situ 1 = invasive 
2 = invasive + DCIS 
3 = in_ DCIS + 

estrogen receptor status O = positive 
1 = negative 
2= unknown 



O= positive 
1 = negative 
2= Unknow11 

type of surgery received 1 = breast conserving surgery 
2 = MRM (mastectomy) 

O = none 
1 = micro 
2 = macro 
3 = DCIS-mis 
4 = DCIS-mac 
9 = unknown 

1 = no raâiation therapy 
2 = raâiation therapy received 

13 =udcnown 

Radiation treatment summary 

1 = no chemotherapy 
2 = chemotherapy received 
3 = unhown 

- - 

Hormone treatment summary 1 = no hormone therapy 
2 = hormone therapy received 
3 = unkiown 

Hospital in which surgery was 
psifomd 

TYPEHOSP L = cancer centre 
2 = teacihg hospital 
3 = commiinity hospital 



ASSOCIATION OF CANADIAN TEACHING HOSPITALS: 
MEMBERSHIP REQUIREMENTS 



Requirements for Active Membership in the 
Association of Canadian Teaching Hosp itals 

The following is taken fiom page 6 of the Canadian Hospital Directory 1991-92: 

Article II of the Constitution and Bylaws of the Association of Canadian Teaching 
Hospiials States that: 

i) To be eligible for active membenhip, it is required of the hospital 

a) That it be a party to a signed affiliation agreement or Act, or presents olher acceptable 
evidence of affdiation with a University Faculty of Medicine, whereby the hospital 
provides for its active participation in the teaching of undergraduate students in medicine; 

b) That, (subject to rare exceptions), it be approved for, and participate in the provision of 
specialty residency training programs in designated specialties w hich may include Family 
Med ic ine ; 

c) That, (subject to rare exceptions), it be approved for the provision of Preregistration 
Phys ician Training Programs ; 

d) That, in the case of a specialty hospitai, there be a dernonstrated major participation in 
undergraduate and postgraduate medical education programs in the specialty field of the 
hosp ital . 



APPENDK C 

KAPLAN-MEIER SURWAL CURVES 
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POINT ESTIMATES AND CONFIDENCE INTERVALS 
FOR ADJüSTED SURVIVAL CURVES 



Table D. 1: Point Estimates and 95 % Confidence Intervals 
for Adjusted Survival Curves: 

Women age 50-64 with ER-positivelmissing tumours and who received radiation therapy 

Tumoun s 20mm Tumoun 20mm 
Teaching Hospital Cornmunity Hospibl 1 Teaching Hospital Comrnunity Hospital 1 

I 
- - - 

5 years 0.944 (0.901.0.987) 0.884 (0.829,0.942) 0.775 (0.656.0.916) 0.825 (0,744.0.915) 

- - 

1 year 

2 yeam 

Table D.2: Point Estimates and 95 % Confidence Intervals 
for Adjusted Survival Curves: 

Women age 50-64 with ER-negative tumours and who received radiation therapy 

I 
- - - - - - - 

Suwival Time I Tumours s 20mm 
Teaching Hospital Community Hospital 

0.995(0.990,0.999) 

0.986 (0.975,0.998) 

I 
- --- - - 

Tumoum 2Omm 
Teaching Hospital Comrnunity Hospital 

1 1 year 1 0.998 (0.997.0.999) 1 0.996 (0.993.0.999) 1 0.993 (0.987.0.999) 1 0.995 (0.990.0.999) 1 

0.989(0.981,0.997) 

0.971 (0.954,0.989) 

0.978(0.959,0.998) 

0.941 (0.901.0.984) 

3 yeam 

4 yean 

O.ffl(0.970.0.997) 

0.956 (0.928,0.983) 

0.991 (O.-, 0.998) 

0.987 (0.977,0.997) 

0.981 (0.971.0.991) 

0.972 (0.958,0.986) 

0.962 (0.937,O.W) 

0.943 (0.906,0.981) 

0.971 (0.954, 0.988) 
1 

0.957 (0.932,0.981) 


