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Abstract

Background: A number of studies have documented variation in treatment patterns
by treatment setting or by region. In order to better understand how treatment
setting might affect survival, we compared the survival outcomes of women
with node-negative breast cancer who were initially treated at teaching hospitals
with those of women initially treated at community hospitals.

Methods: We constructed a retrospective cohort consisting of a random sample of
938 cases, initially diagnosed in 1991, drawn from the Ontario Cancer Registry.
Exposure was defined by the type of hospital in which the initial breast cancer
surgery was performed. Outcomes were ascertained through follow-up of vital
statistics.

Results: The crude 5-year survival rate was 88.7% for women who had their initial
surgery in a community hospital and 92.5% for women who had their initial
surgery in a teaching hospital. Women in higher income neighbourhoods experi-
enced better survival at 5 years regardless of which type of hospital they were
treated in. Multivariate proportional hazards regression modelling demonstrated 
a 53% relative reduction in risk of death among women with tumours less than 
or equal to 20 mm in diameter who were treated at a teaching hospital (relative
risk [RR] = 0.47, 95% confidence interval [CI] 0.23–0.96), whereas among those 
with larger tumours there was no demonstrated difference in survival 
(RR = 1.32, 95% CI 0.73–2.32). Other variables that were significant in the model
were age at diagnosis, estrogen receptor status and the use of radiation therapy.

Interpretation: Women with node-negative breast cancer and tumours less than or
equal to 20 mm in diameter who were initially seen at a teaching hospital had
significantly better survival than women with similar tumours who were initially
seen at a community hospital. Survival among women with larger tumours was
not statistically significantly different for the 2 types of hospital.

Many studies have demonstrated variation in treatment for breast cancer
across regions and populations. These variations include different pat-
terns of initial breast surgery,1,2 use of chemotherapy,3 hormone therapy4

and radiation therapy.5,6 Characteristics of both patients and care providers have
been related to these variations. One key factor that has been considered is the
teaching or academic status of both the treating physician and the institution where
care is provided. A major point of contention is whether these variations are related
to differences in outcomes.

Variations in care may lead to different outcomes through different access to
services or different use of proven therapies. Certain physicians may acquire greater
skills through frequently dealing with certain types of case, as has been suggested in
studies of the volume–outcome relationship.7 Teaching status may affect patient
outcomes directly because of better knowledge and skills or indirectly as a result of
improved processes of care, such as the use of multidisciplinary clinics. Breast can-
cer survival has been shown to vary by region and socio-economic status,8–10 as well
as by hospital and physician characteristics.11–16

We located 6 published studies examining the relationship between hospital or
surgeon characteristics and breast cancer survival. Of these, 4 considered hospital
size or teaching status11–13,16 and 2 considered surgeon specialization.14,15 Five of the 6
studies demonstrate better survival where initial surgery was performed at large or
specialized centres. All but one of these studies15 have been synthesized in a review
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by Grilli and colleagues,17 who report a significant pooled
odds ratio of 0.82 (95% confidence interval [CI]
0.77–0.88), showing a reduction in risk of death. The co-
horts for these studies were constructed over a period of
6–11 years prior to 1990. Treatment information was avail-
able for only 3 of the 6 studies, and not all were able to
control for stage of disease.

This study compares the 5-year survival of women with
node-negative breast cancer who received initial surgical
treatment in teaching hospitals with those treated in non-
teaching hospitals, while controlling for potential con-
founders. Because the cohort we examined is composed of
women diagnosed in the same year with well-defined local-
ized cancer, variation in stage is unlikely to play a role in
our findings.

Methods

We conducted a retrospective, population-based, cohort study
by identifying cases of node-negative breast cancer that were newly
diagnosed in 1991 in Ontario. This study is based on an earlier
study that compared patterns of practice for breast cancer in 2
Canadian provinces.2 The Ontario Cancer Registry, which has been
shown to have a high level of coverage,18,19 was used to select cases.
Because the cancer registry does not contain detailed information
on cancer stage, the records of all cases that met the basic inclusion
criteria were further reviewed to assess eligibility for the study.

The basic inclusion criterion was that nodal status was con-
firmed to be negative by pathologic examination. Patients for
whom management was more likely to be complex or who were
less likely to receive standard treatments were excluded. Patients
thus excluded were those over 90 years of age, those whose breast
cancer was diagnosed by death certificate only or who died within
30 days of diagnosis, those with nonepithelial forms of cancer,
those with previous invasive cancer or breast carcinoma in situ,
those with tumours extending to the chest wall or skin, and those
with bilateral breast cancer or carcinoma in situ. Cases in which
initial treatment was provided out of province were also excluded.
In addition, cases from one community hospital and one cancer
center were excluded because the institutions did not participate
in our study. The baseline characteristics of these cases were not
different from those of the whole sample. Construction of the co-
hort, physician characteristics and the proportion of cases ex-
cluded are described in detail elsewhere.2

Data elements required for the study were identified and de-
fined before data were collected. On the basis of the framework
proposed by Deber and Thompson,20 the data were grouped into
categories by patients’ demographic variables (age and region of
residence), tumour characteristics (size, margins, location, and
lymphatic, vascular or neural invasion, and extent of ductal carci-
noma in situ), physician characteristics (year of graduation from
medical school and academic affiliation), hospital characteristics
(teaching status and number of beds) and treatments received
(type of surgery and use of radiation and systemic therapy). All in-
formation held in the cancer registry in electronic form was re-
trieved first, followed by centrally stored paper documents (e.g.,
reports from pathologic examinations) and by information from
other databases (e.g., drug data and physician billings). Next, data
abstractors reviewed information contained in medical records at
cancer centres and larger hospitals. Finally, the remaining infor-

mation was sought by writing to hospital records departments or
to the physician most involved in a particular patient’s care.

Hospital teaching status was assigned according to the 1991
Canadian Hospital Directory,21 which defines teaching hospitals
as those with membership in the Association of Canadian Teach-
ing Hospitals. Information about physician characteristics was ob-
tained through the 1991 Canadian Medical Directory and about
hospital characteristics from the 1991 Canadian Hospital Direc-
tory.21 Before this information was merged with other data, names
and other identifying information were removed. The patients’
socio-economic status was inferred from the “forward sortation
area” of each patient’s postal code.22 Each forward sortation area
includes a population of approximately 10 000; the median family
income for each area was obtained from the 1991 census. For
analysis, the median incomes were divided into 2 equal groups,
based on statistical power considerations.

The data abstractors were certified health records technicians
who were trained as a group at the start of the study. There were
regular quality control checks including duplicate reviews. Any
discrepancies or items of concern with which the abstractors had
difficulty were reviewed in conjunction with the investigators.
Throughout the study, the anonymity of patients, physicians and
hospitals was preserved. The study was approved by all relevant
institutional ethics committees.

For each case, the most definitive surgical procedure per-
formed within 6 months of diagnosis was assessed. On the basis of
a review of reports from pathologic examinations and of notes
from surgery, the abstractor categorized each procedure as a mas-
tectomy or as breast-conserving surgery (BCS), which included
any procedure less extensive than a mastectomy. Radiation ther-
apy for the initial treatment was defined as a course of radiation
treatment begun within 12 months of diagnosis that was not for a
recurrence of cancer.

The main outcome, survival after breast cancer, was assessed
by linking the cohort back to the Ontario Cancer Registry.23 The
registry receives copies of mortality data based on death registra-
tions from the Ontario Registrar General. In addition, the reg-
istry links data about death notifications from cancer centres and
in-hospital deaths of patients who had a cancer diagnosis. The
current analysis was based on mortality records through to Dec.
31, 1996. Cause of death was assessed and coded using the Inter-
national Classification of Diseases, ninth revision,24 based on in-
formation on the death certificate. The death certificates were re-
viewed for all subjects in the cohort known to have died in order
to ascertain the recorded principal and contributing causes of
death and to verify the primary cause.

Descriptive statistics were used to compare the case mix of
women initially treated at teaching hospitals versus community
hospitals. Kaplan-Meier survival curves and the Cox proportional
hazards model were used to assess the relationship between indi-
vidual explanatory variables and survival outcomes. A multivariate
proportional hazards regression model was developed, initially
grouping variables by patient, tumour, treatment and provider
characteristics. Interactions between each of the significant vari-
ables and the main exposure, teaching status, were assessed. Sur-
vival time was calculated as the time between date of diagnosis
and date of death.

Results

The final cohort was composed of 938 women diag-
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nosed with breast cancer in 1991. Of these women, 292
(31%) had had their initial surgery at a teaching hospital.
Table 1 summarizes the characteristics of these women by
initial treating hospital. The 2 populations were similar
with respect to distribution by socio-economic status (me-

dian neighbourhood family income) and proportion living
in urban residences. Neighbourhood income was divided
based on the median value; however, using other cutoff
points did not change the results. Distance to the nearest
radiation treatment facility, which was also used as means

of considering issues of accessibility, did not provide
additional information.

Women seen in teaching hospitals were signifi-
cantly younger, had smaller tumours and were more
likely to be diagnosed with multifocal disease and ex-
tensive ductal carcinoma in situ. Information about tu-
mour grade was more likely to be missing for women
seen in community hospitals. However, data about es-
trogen receptor status were missing more often for
women seen at teaching hospitals, which is contrary to
information reported in other studies.

The proportion of women receiving different
modes of therapy is shown in Table 2. Women seen in
teaching hospitals were significantly more likely to re-
ceive BCS and adjuvant therapy, and they had a
greater number of lymph nodes examined. They were
less likely to be treated with surgery alone.

The crude 5-year survival rate was 88.7% for
women having initial surgery in a community hospital
and 92.5% for women with initial surgery in a teach-
ing hospital (p = 0.07). Women in higher income
neighborhoods experienced better survival at 5 years
whether they were treated at community or teaching
hospitals (Table 3). Fig. 1 shows the 5-year Kaplan-
Meier survival curves stratified by hospital type.

The results of proportional hazards regression
modelling are presented in Table 4. Modelling the ef-
fect of hospital type on its own showed a 33% reduc-
tion in risk for women seen at teaching hospitals (rela-
tive risk [RR] = 0.67, 95% CI 0.53–1.03). In the
multivariate model, a significant interaction was noted
between size of tumour and the type of hospital at
which initial surgery was performed. Women with tu-
mours less than or equal to 20 mm in diameter experi-
enced a 53% reduction in risk of death (RR = 0.47,
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Table 1: Distribution of characteristics by type of hospital where
surgery was initially performed

No. (and %) of patients*

Characteristic
Community

hospital
Teaching
hospital

Odds ratio
(and 95% CI)

No. of women 646 292
No. (and %) of deaths
(all causes) 85 (13) 26 (9)
No. (and %) of deaths
from breast cancer 55 (9) 15 (5)
Mean age, yr 60 58
Age, yr
< 50 149 (23) 85 (29) 1.44  (1.01–2.06)
50–64 249 (39) 109 (37) 1.11  (0.80–1.53)

≥ 65 248 (38) 98 (34) 1.00

Family income
< $ 45 000 337 (52) 159 (54) 1.10  (0.83–1.45)
Urban residence 542 (84) 258 (88) 1.46  (0.96–2.20)
Mean tumour size, mm 18.5 17.6

Tumour size  ≤ 20 mm 436 (67) 211 (72) 1.28  (0.94–1.75)

Tumour grade
Well-differentiated 59 (9) 43 (15) 1.00
Moderate 169 (26) 139 (48) 1.13  (0.72–1.77)
Poor 129 (20) 57 (20) 0.61  (0.37–1.00)
Unknown 289 (45) 53 (18) 0.25  (0.15–0.41)
ER status
Positive 409 (63) 188 (64) 1.00
Negative 137 (21) 44 (15) 0.70  (0.48–1.02)
Missing 100 (15) 60 (21) 1.31  (0.91–1.88)
Extensive DCIS 78 (12) 54 (18) 1.65  (1.13–2.41)
Multifocal tumour 40 (6) 33 (11) 1.93  (1.19–3.13)

Note: CI = confidence interval, ER = estrogen receptor, DCIS = ductal carcinoma in situ.
*Unless stated otherwise.

Table 2: Treatment received, by type of hospital where surgery was initially
performed

No. (and %) of patients*

Treatment
Community

hospital
Teaching
hospital

Odds ratio
(and 95% CI)

Breast-conserving surgery (BCS) 422  65) 212  (72) 1.41  (1.04–1.91)
Radiation therapy following BCS 306  (73) 173  (82) 1.67  (1.10–2.52)
Chemotherapy   50    (8)   20    (7) 0.88  (0.51–1.51)
Hormone therapy 196  (30)   67  (23) 0.67  (0.46–0.92)
Surgery only 198  (31)   72  (25) 0.72  (0.53–0.99)
Mean no. of nodes sampled 9.2 11.1

≥ 10 nodes sampled 272  (42) 172  (59) 1.95  (1.47–2.59)

*Unless stated otherwise.



95% CI 0.23–0.96) if initial surgery was carried out in a
teaching hospital, whereas no difference was found among
those with larger tumours (RR = 1.32, 95% CI 0.73–2.32).
The effect of hospital type on survival did not vary greatly
with the introduction or removal of treatment variables.

The power for disease-specific analysis was quite limited
(Table 1). Multivariate modelling of breast cancer deaths
alone did not show any a significant difference in survival
(RR = 0.74, 95% CI 0.41–1.32).

Interpretation

This study demonstrates a survival advantage for women
with small tumours who underwent initial surgery at a
teaching hospital. Although this advantage appears small in

absolute terms, it is comparable to that observed for adju-
vant systemic therapy. The difference is not explained by
patient characteristics, such as age or socio-economic sta-
tus, disease stage or treatment variables. Accounting for pa-
tient case mix increased the difference in survival.

There are several possible explanations for our results.
First, there may be differences in the 2 patient populations
in terms of characteristics not controlled for in the analysis.
There may be different patterns of use of early detection
and other diagnostic tests among women who seek treat-
ment at different facilities. For example, women with non-
palpable tumours detected by mammography, which tend
to be smaller and localized, were perhaps more likely to be
seen at teaching facilities. Data on screen-detected versus
clinically detected tumours were not available to enable
finer analysis. There may also be variable referral patterns.
However, one would generally expect surgeons in teaching
hospitals to receive more complex cases, which may explain
the finding that there is no difference in survival for women
with larger tumours. On the other hand, women who ask
to be or are referred to a teaching hospital, or seek out an
academic surgeon, may be in generally better health or
have healthier behaviours, resulting in improved survival.
Very few of the women in our cohort (2%) were enrolled
in clinical trials.

Another possible explanation may be that what is being
observed is an artifact of misclassification of cases by dis-
ease stage. There were fewer numbers of nodes examined
in community hospital cases, which might have led some
women with node-positive disease to be misclassified as
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Table 3: Crude 5-year survival estimates

% of patients (and 95% CI)

Stratification variable
Community

hospital
Teaching
hospital

Hospital type 88.7 (86.3–99.1) 92.5 (89.4–95.5)
Median neighbourhood
    family income, $
   < 45 000 87.8 (84.3–91.3) 89.9 (95.3–94.6)

   ≥ 45 000 89.6 (86.2–93.0) 95.4 (92.0–99.0)

Tumour size, mm

   ≤ 20 90.6 (87.9–93.3) 95.7 (93.0–98.5)

   > 20 84.3 (79.3–89.3) 83.1 (74.7–91.5)

Fig. 1: Kaplan-Meier survival curves for patients by type of hospital at which initial surgery for breast cancer was performed.
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node-negative. However, whereas the mean number of
nodes examined in the community hospital was lower than
that examined in teaching hospitals, it was still high (9.2),
making this explanation unlikely. A more subtle bias may
have arisen if there were systematic differences in the use of
nodal dissection across the 2 types of hospital, given that
women with unassessed nodal status were excluded from
the study. For example, if community hospitals were more
likely to forgo nodal dissections in some cases of clearly lo-
calized disease or, conversely, if teaching hospitals were
more likely to forgo nodal dissections in cases of more ad-
vanced disease, the 2 cohorts would not be as comparable
as has been thought. Although it is more likely that nodal
dissections would have been forgone in women with more
advanced disease, there is no reason to expect evidence to
suggest that this would be more likely in teaching hospitals
than in community hospitals.

Finally, there may indeed have been subtle differences in
the processes of care in the 2 types of hospital, leading to
different outcomes. This could include greater use of mul-
tidisciplinary teams in the teaching hospitals, with more ap-
propriate use of adjuvant therapy, closer surveillance in fol-
low-up, with a reduction in the number and severity of
recurrences, and improved supportive care. Resources
available in the teaching hospitals, such as access to special-
ized breast pathology, may also play a role. This may be re-
flected in the differences in assessment of tumour grade or
estrogen receptors between teaching and community
hospitals.

Although the role and skills of the surgeon may be im-
portant factors in outcomes for many surgical procedures,
they are less likely to be the explanations here. First, breast
surgery procedures are not as complex as other procedures

where volume–outcome relationships have been observed.
Second, we have observed long-term outcomes from breast
cancer, and the characteristics of the surgery itself play only
a small part in determining the outcome.

There are several notable limitations to this study. The
number of events was small, limiting the study’s power.
The classification of exposure was done post hoc in a retro-
spective study. However, it would be difficult to evaluate
this hypothesis using an experimental design. We had lim-
ited information on comorbidities and other health behav-
iours that may have affected survival. Finally, there was
some missing information on tumour characteristics that
may not have been random across the 2 populations.

In conclusion, this study suggests that treatment at
teaching centres may be advantageous for women with
small tumours. There is a need to identify whether these
results can be attributed to differences in specific processes
of care. If this is indeed the case, then these processes could
be applied in community settings.
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