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Objectives: To analyse the extent of variation by county and hospital in the use of breast-
conserving surgery in the initial management of breast cancer and to assess some factors that
might explain the observed variation.
Design: Population-based retrospective cohort study.
Setting: Ontario.
Patients: All women with breast cancer newly diagnosed from Jan. 1, 1989, to Dec. 31,
1991.
Main outcome measure: Proportion of women undergoing unilateral breast cancer surgery
who had breast-conserving surgery in each hospital and county.
Results: Of the 14 570 women with newly diagnosed breast cancer 12 815 (88.0%) under-
went unilateral breast cancer surgery. The mean proportion of breast-conserving procedures
by county was 52% and ranged from 11% to 84%. The proportion of breast-conserving pro-
cedures in individual hospitals with one or more cases of breast cancer per month ranged
from 6% to 84%. The variations in the rates between hospitals was greater than that expected
by chance alone (p < 0.0001).
Conclusions: There was marked variation at the hospital and county level in the use of
breast-conserving surgery in the initial management of breast cancer. This variation was
strongly associated with the hospital where the surgery was performed.

Objectifs: Analyser l'importance de la variation, selon le comte et l'hopital, du nombre
d' interventions chirurgicales non mutilantes pratiquees comme traitement initial du cancer du
sein et evaluer certains facteurs qui pourraient expliquer la variation observee.
Conception : Etude retrospective de cohortes fondee sur la population.
Contexte : Ontario.
Patientes: Toutes les femmes atteintes d'un cancer du sein qui venait d'etre diagnostique,
entre le ler janvier 1989 et le 31 decembre 1991.
Principale mesure des resultats: Proportion des femmes devant subir une intervention
chirurgicale contre un cancer du sein unilateral qui ont subi une intervention non mutilante
dans chaque hopital et chaque comte.
Resultats: Parmi les 14 570 femmes chez lesquelles on a diagnostique un cancer du sein,
12 815 (88,0 %) ont subi une intervention chirurgicale contre un cancer du sein unilateral. La
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moyenne des interventions non mutilantes selon le comte s'est etablie 'a 52 % et a varie de 11
% a 84 %. La proportion des interventions non mutilantes dans chaque hopital qui a traite un
ou plusieurs cas de cancer du sein par mois a varie de 6 % 'a 84 %. Les variations des taux en-
tre les hopitaux ont ete superieures 'a ce que l'on pouvait attribuer du hasard seulement (p <
0,000 1).
Conclusions: On a constate, au niveau des hopitaux et des comt6s, une variation importante
quant au nombre d'interventions chirurgicales non mutilantes pratiquees comme premier
traitement du cancer du sein. La variation etait liee de pres a l'hopital ou l'operation s'est
faite.

In 1985 the report of the National Surgical Adjuvant
Breast Project (NSABP) B-06 trial revealed that
women with early-stage breast cancer who under-

went breast-conserving surgery and postoperative radia-
tion of the residual breast tissue had the same clinical
outcomes as women who underwent mastectomy.' This
meant that a woman willing to receive postoperative
breast irradiation and in whom the tumour was no larger
than 4 cm in diameter could legitimately choose to have
a breast-conserving procedure, provided the tumour
could be excised with clean margins and a satisfactory
cosmetic result could be achieved. Data from the Ontario
Cancer Registry for 1980 to 1989 showed that surgeons
performing breast cancer surgery in Ontario responded
to the trial's findings by changing how they treated
breast cancer.' The extent to which they used breast-
conserving procedures at the end of the decade exceeded
that of their US counterparts.34

Using procedure data linked to the diagnosis of
breast cancer, we sought to determine the current vari-
ation in the use of breast-conserving procedures through-
out Ontario. Is practice fairly homogeneous or are there
hospitals or regions where practice proceeds as if the
NSABP trial had never occurred? Data from the United
States suggest that some states lag far behind others in
adopting breast-conserving surgery.3'4 If significant vari-
ation exists, could identifiable factors be associated with
a particular practice style? For example, would the fre-
quency of breast-conserving surgery be related to the in-
volvement of the institution in the NSABP trial, the
academic affiliation of the institution, the presence of ei-
ther radiation or chemotherapy treatment programs, the
number of cases of breast cancer managed or the size of
the community?

Methods

The Ontario Cancer Registry was established by the
Ontario Cancer Treatment and Research Foundation in
1964 to provide data on cancer incidence and prevalence
rates in Ontario. Information in the registry is compiled
from data describing hospital inpatient separations in
which cancer is given as any diagnosis (data supplied by
the Hospital Medical Records Institute [HMRI]). These
data are linked to patient registration information ob-
tained from one of eight regional cancer centres or the
Ontario Cancer Institute-Princess Margaret Hospital as

well as from inpatient and outpatient pathology reports
and death registration reports in which cancer is men-
tioned. The linkage has been reported to be over 95%
complete, varying from 91 % for cutaneous melanoma to
over 98% for cancer of visceral digestive organs.5

The registry file for Jan. 1, 1989, through Dec. 31,
1991, was searched for cases of invasive breast cancer,
as defined by the International Classification of Dis-
eases, 9th revision (ICD-9 code 174).6 Inpatient proce-
dure codes were identified according to the Canadian
Classification of Diagnostic, Therapeutic and Surgical
Procedures7 (Appendix 1). Because any patient could
have had multiple procedures associated with the initial
diagnosis a hierarchy of procedures was predetermined
to select the definitive or most invasive procedure used
within 90 days after diagnosis of the breast cancer.

The procedures were grouped into bilateral breast-
ablative procedures, unilateral breast-ablative proce-
dures, unilateral breast-conserving procedures, other
procedures and no procedure. The ratio of breast-
conserving procedures to all unilateral procedures was
defined as the BCS proportion. The inclusion of only
patients who underwent a unilateral procedure restricted
the enquiry to patients in whom the extent of breast can-
cer surgery was most likely to be an option. However,
we did examine the ratio of patients undergoing any uni-
lateral procedure to all patients with breast cancer by
county to determine whether the omission of the patients
not undergoing a unilateral procedure would introduce a
bias.

Since the intent was to examine practice variation
rather than access to treatment, the location of the proce-
dure, not the residence of the patient, was used to class-
ify the case to a specific Ontario county or hospital. To
provide summary information about counties and hospi-
tals with very low case volumes, counties and hospitals
were divided into quartiles according to their total vol-
ume of incident cases of breast cancer over the study pe-
riod. For descriptive purposes high-volume counties or
hospitals were those with one or more cases per month.

All counties with five or fewer cases were omitted
from the assessment of practice by caseload. The On-
tario Cancer Registry has a requirement to preserve hos-
pital anonymity in publications. To meet this require-
ment hospital groupings of three or more had to be
maintained for geographic analysis. Therefore, counties
with fewer than three hospitals were combined with an
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adjacent county that had the closest BCS proportion.
These combined regions were referred to as counties.

Hospitals were coded (a) as being affiliated with a
medical school if they regularly had trainees in postgrad-
uate surgery programs, (b) as having a chemotherapy
program if there was the ability to deliver routinely cyto-
toxic chemotherapy to cancer patients and (c) as having
radiation treatment facilities if they were adjacent to one
of the eight regional cancer centres or the Princess Mar-
garet Hospital. Because the three hospitals participating
in the NSABP B-06 trial may have behaved differently
as a result of their accumulated experience in the trial, a
dichotomous code for trial participation was used.

A previous analysis, for the period 1980 to 1989,
demonstrated that there was an interaction between the
impact of the NSABP B-06 trial and patient age.2 The
greatest impact of the trial was for women under the age
of 75; women older than that had a higher BCS propor-
tion before the publication of the trial. As a result, we
examined the BCS proportions by county for women
less than 75 years of age at diagnosis.

The BCS proportions between levels of each of the
predictive factors were compared with the use of the X2
test. Multiple logistic regression analysis was used to ex-
amine the simultaneous effects of predictive factors.
Since many of the factors were clustered by hospital, use
of patient-level data in a regression model would have
underestimated variances. We therefore used a robust re-
gression procedure to correct for this clustering.8 To test
whether variation by county and hospital arose by
chance the log-likelihood ratio was tested against the
null hypothesis that the logistic regression coefficients
for each county and for each hospital were equal to each
other. This test permits adjustment for factors that may
account for differences between counties, such as patient
age. A p value of less than 0.05 was considered statisti-
cally significant.

Results

During the study period 14 570 cases of breast can-
cer were newly diagnosed. Two of the cases did not have
a county identifier and were excluded from further
analysis.

Variation between counties

Overall, 52.4% of the women undergoing a unilat-
eral procedure had breast-conserving surgery. Fig. 1
shows the distribution of BCS proportions by county
caseload. Fig. 2 illustrates the geographic distribution
across Ontario. The variation between counties with
very low caseloads may be attributed in part to the small
numbers involved. The BCS proportion ranged from
11% (based on 44 cases) to 84% (based on 37 cases).
The proportion was 30% or less in 3 counties, 31% to
40% in 3 counties, 41% to 50% in 12 counties, 51% to

60% in 13 counties, 61% to 70% in 4 counties and more
than 70% in 3 counties.

During the study period 52.2% of the women less
than 75 years of age at diagnosis had a breast-conserving
procedure. The BCS proportion by county ranged from
9% to 80% in this age group. The number of counties
with one or more cases per month involving women less
than 75 years of age was 34. The BCS proportions for
these 34 counties were uniformly similar to those for all
cases regardless of age.

Variation between hospitals

In all, 182 hospitals had at least one woman with
breast cancer undergo definitive surgical management
during the study period. Fig. 3 illustrates the distribution
of BCS proportions by hospital caseload. The average
frequency and variability of breast-conserving surgery
were not related to the volume of surgical practice. In-
deed, hospitals with more than one case per week (at
least 157 cases over the study period) had a BCS propor-
tion of 15% to 76%. These extremes occurred in one
county, metropolitan Toronto.

Because of the large caseload in Toronto and the
wide variation in breast-conserving surgery already
noted, we examined this region in greater detail. Fig. 4
shows a plot of the BCS proportion against caseload
groups in Toronto. Unilateral surgical procedures were
performed in 4341 cases in 25 hospitals. There was little
relation between caseload and the average frequency of
breast-conserving surgery in metropolitan Toronto.

Fig. 1: Distribution of breast-conserving surgery (BCS)
proportions by county caseload in Ontario from Jan. 1,
1989, to Dec. 31, 1991. The line in the middle of a box rep-
resents the median or 50th percentile, the box extending
from the 25th to 75th percentile or interquartile range.
The lines emerging from the box are "whiskers" and ex-

tend to adjacent values, defined as three-halves the in-
terquartile range. Observed points more extreme than this
are individually plotted. Counties with five or fewer cases

during the study period are omitted.
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Effect ofpredictive factors

Factors that could influence the use of breast-
conserving surgery are reported in Table 1. The number
of hospitals in each group, the number of cases of unilat-
eral breast cancer and the BCS proportions are pre-
sented. The important predictors were participation by
the hospital in the NSABP B-06 trial, affiliation of the
hospital with a medical school and availability of radio-
therapy on site. The presence of a chemotherapy pro-
gram on site was of borderline significance. Age at
diagnosis was not found to be a significant factor. The

_d _'1, M,.

population of the town or city where the surgery was
performed was correlated with the other variables but
was not found to be a significant predictor. None of
these factors was statistically significant individually or
in a multivariate logistic model using robust regression.

The model was used to examine individual counties
and the effects of individual hospitals with more than
one case per month. The hypothesis tested was that the
BCS proportion attributed to these various groupings
was distributed randomly around a baseline proportion
and could have arisen by chance. The baseline propor-
tion chosen was that for metropolitan Toronto (54%).

w

.s
a._..

a 71%-100%
a 1% 70%

a 51%- 60%

a ;41%- 50%

31%- 40`%
c 0%

Fig. 2: Distribution of cases of breast-conserving surgery by county or region. Haliburton is excluded because no cases
were registered there. Counties with fewer than three hospitals reporting breast cancer surgery are combined with
neighbouring counties with the closest BCS proportion.

Fig. 3: BCS proportions by hospital caseload in Ontario.
Fig. 4: BCS proportions by hospital caseload in metropoli-
tan Toronto.
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We fo'und that the degree of variation in the BCS propor-
tions could not have arisen by chance alone: it was due
to the differences associated with individual hospitals
(X2 = 613.9, p < 0.0001) and not differences between
counties after the effect of individual hospitals was con-
trolled for (X2 = 1.8, p > 0.05) (Table 2).

Checks against imprecision and bias

Because we were interested primarily in the propor-
tion of women undergoing unilateral breast cancer

surgery who had a breast-conserving procedure, we ex-
amined the ratio of the sum of unilateral breast-conserv-
ing and breast-ablative procedures to the number of
cases of breast cancer in order to exclude the possibility
of bias in subsequent analyses. During the study period
12 815 (88.0%) of all women underwent a unilateral
procedure. Only three counties had a ratio below 0.80,
and only one of these counties, with a ratio of 0.79, had
a large number of cases (136). Ten counties had a ratio
between 0.80 and 0.85, 12 between 0.85 and 0.89, 16 be-
tween 0.90 and 0.94 and 5 greater than 0.94. Given the

No. of cases
No. of of unla,teral- BCS

Factor hospitals surgery proporo %

Hospital participated
in NSABP B-06 trialt
Yes
Nb

Hosptl affiliated.
withmedical school

Yes
No

Radiotherapy available
at hospitalI
Yes
No

Chemotherapy program
at hospitl-
Yes
No

Age of patient at
-diagnosis, yr

<504;50-64
65-74
>75-

3
179

22
160

8
174

47
135

1 048
11-767

4266
8 549

1 155
*11 660

7309
5 506

3 003
4188
3194
2 386

59.5
51.8

56.7
50.2

58.8
51.8

53.3
51.2

-51.9
51 4
52.8
53.4

*No statistically significant difference was found in robust regression.
tNSABP = Nanl Sura Ajuvant Breast Proet.

Crudex2 value
(and degrees

Null hypothesis of freedom) p value

All county rates are
the same 422.6 (43) < 0.0001

All high-volume hospital*
rates are the same 870.9 (93) < 0.0001

County rates are the same
after controlling for
individual hospitals 1.8 (2) 0.407

Hospital rates are the same
after controlling for
individual counties 613.9 (61) < 0.0001

*Hopitals with one or more case of breast cancer per month.
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high degree of uniformity, particularly in counties with
high caseloads, we believe that there was no meaningful
bias introduced by our examination of the proportion of
all unilateral surgical procedures that were breast-
conserving procedures.

The data reported do not include outpatient surgical
procedures. To assess the stability of our data the HMRI
inpatient and outpatient data files for the fiscal year May
1, 1991, to Apr. 30, 1992, were examined. This was the
first year for which complete ambulatory procedure
records were available. We used the same rules as those
for selecting the most definitive procedure, and the data
for only counties with more than 11 cases in this interval
were compared with our 1989-91 data. Unilateral proce-
dures were performed in 6171 women with breast can-
cer. Of the 47 counties 42 had caseloads ranging from 12
to 1826. Of the nine high-volume counties in the
1989-91 set of data with a BCS proportion below 40%,
eight remained among the nine with the lowest propor-
tion on the basis of the HMRI data. The seven counties
with a BCS proportion of more than 60% according to
the 1989-91 data remained at the same level or were at a
higher one on the basis of the HMRI data.

Discussion

Descriptions of regional variations in the delivery
of medical services have been cited by critics as indic-
ative of the need for better management of medical prac-
tice. However, analysts interested in variations in
procedure rates have faced difficulties in determining
whether there is any right rate against which practice
patterns should be compared. In one striking example,
Rand Corporation researchers could not find consistent
correlations between rates of procedure utilization and
the proportion of those procedures deemed appropriate
when explicit criteria were applied in chart audits.'
These results do not support the hypothesis that "more
care means poorer care."

In our study, however, we examined variations in
the choice of a surgical procedure, not in whether phys-
icians act upon a given diagnosis. We found a wide vari-
ation in the use of breast-conserving surgery in Ontario
during 1989-91. We could not find any meaningful ex-
ternal influences on the observed variation when we ex-
amined the relation of the hospital or county BCS
proportion to the presence of a postgraduate surgical
training program, an on-site chemotherapy program or
an on-site radiation treatment facility or whether the hos-
pital was an active participant in the NSABP B-06 trial.
We did find, however, that the extent to which breast-
conserving surgical practices were adopted was not pri-
marily a function of these local environmental factors;
rather, it was strongly linked to individual hospital prac-
tices. For many counties both the number of hospitals
and the number of surgeons were limited, and the county
profile reflected individual hospital profiles very closely.

In counties with large numbers of hospitals, such as met-
ropolitan Toronto, the influence of any individual hosp-
ital on the county's overall BCS proportion was less. We
observed as much variation in Toronto as in the entire
province.

Are there sources of error in the information or
other factors that explain some or all of the variation ob-
served? Northern Ontario was characterized by small
caseloads and great distances (Figs. 1 and 2). The low
BCS proportions observed in many areas of the north
may be the result of two factors. First, because of the
great distances, patients may present to their health care
workers with disease that is too advanced for breast-
conserving surgery. We do not have any readily available
data on the extent of disease at diagnosis and cannot
comment on the appropriateness of the type of operative
procedure selected. Second, the follow-up of patients
may be extremely difficult. In this context any procedure
that reduces the complexity of follow-up and the chance
of recurrence would be very beneficial. The two thera-
peutic options that reduce the risk of local recurrence are
breast-ablative surgery, and breast-conserving surgery
followed by irradiation of the remaining breast tissue.
Because radiation treatments are restricted to cities that
may be far from the patient's residence breast-ablative
surgery may rightly be a more attractive option. How-
ever, in northern Ontario the BCS proportions varied
greatly, some regions having some of the highest in the
province. Therefore, geography alone is not the overrid-
ing criterion when the type of breast cancer surgery is
selected.

Even if the low BCS proportions in some regions of
northern Ontario can be partly explained by geography,
the same cannot be said for southern Ontario. Distances
to health care workers and treatment centres do not pose
the same difficulties in the south as in the north. It could
be argued that patients in some areas present with dis-
ease that occupies too much of the breast, rendering
breast-conserving surgery inappropriate. For this to be a
major source of the observed variation in the BCS pro-
portions we would have to postulate that women in vari-
ous regions of Ontario have different body builds or that
some areas have a disproportionate number of women
with more advanced primary lesions in the breast. Al-
though these factors undoubtedly occur, we believe that
they would explain only a small fraction of the observed
variation.

Our examination of procedures was based on the
location of the most invasive procedure. Therefore, exci-
sion of a breast mass followed by mastectomy would
have been identified only once, as mastectomy. This
guards against the counting of two-stage procedures
twice and the false elevation of the BCS proportion.

Could patient referral outside the local hospital or
the county of residence account for some of the observed
variation? The number of hospitals in which breast-
conserving surgery was performed argues against this
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procedure being a highly specialized one, such as organ
transplantation, for which patients are referred to partic-
ular locations. We examined the HMRI data and found
similar levels of variation in the BCS proportion by
county when the data were analysed by the patient's
county of residence rather than by place of procedure.
Therefore, we do not believe that referral patterns ex-
plain the extent of the variation observed.

The BCS proportion for counties and hospitals with
low volumes will inherently be unstable because of the
small numbers involved. The range of variation was still
large even when only the high-volume counties and hos-
pitals were considered. Therefore, although some of the
extreme values observed for smaller counties and hospi-
tals may have arisen by chance, the variation observed in
the large centres was still much greater than expected by
chance alone.

If the observed variation was not primarily due to
geography or patient factors, could it have been due to
errors in the data? We do not believe that any source of
error can be attributed to data linkage at the Ontario
Cancer Registry. If this had occurred the effects of link-
age problems would have systematically affected the en-
tire province and not a limited number of regions. Some
hospitals may have had more errors in data abstraction
before the data were sent to HMRI. We do not have
quality-control information on the accuracy of data ab-
straction at the hospital level; however, hospitals employ
carefully trained coders. A recent study showed that
87.7% of procedures were coded correctly in HMRI
files.'0 There is no reason to believe that the data for
breast cancer would be more or less valid than the data
for other illnesses.

Our analysis was limited to inpatient procedures.
Variations in practices regarding outpatient breast-
conserving procedures may have accounted for some of
the observed differences. However, our examination of
the ambulatory data for 1991-92 suggests that the im-
pact was minimal. Further research should address this
issue in detail as well as differences in practices of one-
stage versus two-stage procedures.

We believe that the data fairly represent the state of
unilateral breast cancer surgery in Ontario from 1989 to
1991 for women with incident cases of breast cancer. We
did not expect breast cancer surgery to have been uni-
formly practised in Ontario, and we do not know what
proportion of women were appropriate candidates for
breast-conserving surgery nor what proportion would
have wanted this procedure if offered. The phys-
ician-patient relationship at the time of breast cancer di-
agnosis is complex. The physician has to inform the
patient about the management options available to her.
The nature of this information, coupled with the recent
diagnosis of cancer, may make it difficult for patients
and their families to select a procedure. This situation is
compounded by the sense that surgery needs to be done
promptly. Hence, we cannot underestimate the difficul-

ties in arriving at the "best" decision under these circum-
stances.

However, the BCS proportions varied more
markedly than expected. Moreover, the data demon-
strated that the decision to perform a breast-conserving
procedure or a breast-ablative procedure was primarily
related to factors at the local hospital level. As long as
breast cancer surgery is performed at Ontario's public
hospitals the responsibility for quality control of this
surgery rests with the medical profession and those hos-
pitals in which the surgery is being performed. There-
fore, the demonstration that physicians at some hospitals
practice differently than their peers should provide the
surgical community and all hospitals with the incentive
to look at their own practices to see whether there is
room for improvement. Information and good intentions
alone are sometimes insufficient to bring about desired
change," and the information from our study should be
viewed as the first of many steps in a continuing process
of evaluating and improving medical care for women
with breast cancer. Also, our study may serve as a model
for continual evaluation of selected marker activities by
hospitals and the professionals working in them. Finally,
prehospital and posthospital factors play an important
role. Physicians may be practising optimally within con-
straints posed by the health care system. Our data repre-
sent a positive challenge for physicians involved in the
treatment of breast cancer in Ontario women not to do
more, but to do better.
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Procedure Code

Breast-ablative surgery
Simple mastectomy 9712
Modified radical mastectomy 9714
Radical mastectomy 9716
Extended radical mastectomy 9718

Breast-conserving surgery
Lumpectomy 9711
Quadrantectomy 9727
Partial mastectomy 9728

*Procedures coded according to the Canadian Class-
ification of Diagnosftc, Therapeutic and Surgical Pro-
cedures.?
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Medical Congress - Gastroenterology, Endoscopy and
Laparoscopy

Cairo, Egypt
Official language: English
Hamdy M. Abdalla, congress secretary general, Clinical and

Scientific Society, Faculty of Medicine, Ain Shams
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235-5451

Apr. 16-19, 1994: Society of American Gastrointestinal
Endoscopic Surgeons 1994 Scientific Session and
Postgraduate Course

Nashville, Tenn.
SAGES, 101-1 1701 Texas Ave., Los Angeles, CA 90025; tel

(310) 479-3249, fax (310) 479-9744

Apr. 17, 1994: 6th Annual Symposium on Treatment of
Headaches and Facial Pain

New York
Dr. Alexander Mauskop, director, New York Headache

Center, 301 E 66 St., New York, NY 10021; tel (212)
794-3550

Apr. 18-21, 1994: T-Cell Receptor Use in Human
Autoimmune Diseases (cosponsored by the Arthritis
Foundation)

San Diego
Geraldine Busacco, conference director, New York Academy

of Sciences, 2 E 63rd St., New York, NY 10021; tel (212)
838-0230, fax (212) 838-5640

Apr. 21-24, 1994: Women's Health: Key Research and
Health Care Issues- a National Multidisciplinary
Conference

Hamilton, Ont.
Keynote address: Dr. Judith Kazimerski
Child care available during the conference.
I. Ellis, conference coordinator, Faculty of Health Sciences,
Room 1M 10, McMaster University, 1200 Main St. W,
Hamilton, ON L8N 3Z5; tel (416) 525-9140, ext. 2182, fax
(416) 521-2100

continued on page 363
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