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Background: There is a lack of information from Canadian hospitals on the role of hospital characteris-
tics such as procedure volume and teaching status on the survival of patients who undergo major cancer
resection. Therefore, we chose to study these relationships using data from patients treated in Ontario
hospitals. Methods: We used the Ontario Cancer Registry from calendar years 1990–2000 to obtain
data on patients who underwent surgery for breast, colon, lung or esophageal cancer or who underwent
major liver surgery related to a cancer diagnosis between 1990 and 1995 in order to assess the influence
of volume of procedures and teaching status of hospitals on in-hospital death rate and long-term sur-
vival. For each disease site and before observing patient outcomes data, volume cut-off points were se-
lected to create volume groups with similar numbers of patients. Teaching hospitals were those directly
affiliated with a medical school. Logistic regression and proportional hazards models were used to con-
sider the clustering of data at the hospital level and to assess operative death and long-term survival. We
also used 4 measures to gauge the degree of procedure regionalization across the province including (1)
the number of hospitals performing a procedure; (2) the percentage of patients treated in teaching hos-
pitals; (3) the percentage of rural patients treated in higher volume procedure hospitals; and (4) median
distances travelled by patients to receive care. Results: The number of patients in our cohorts who un-
derwent resection of the breast, colon, lung, esophagus or liver was 14 346, 8398, 2698, 629 and 362,
respectively. Surgery in a high-volume versus a low-volume hospital did not have a statistically signifi-
cant influence on the odds of operative death for patients who underwent colon, liver, lung or
esophageal cancer resection. The risk of long-term death was increased in low-volume versus high-
volume hospitals for patients who underwent resection of the breast (hazard ratio [HR] 1.2, 95% confi-
dence interval [95% CI] 1.0–1.4, p < 0.05), lung (HR 1.3, 95% CI 1.1–1.6, p < 0.01) and liver (HR
1.7, 95% CI 1.0–2.7, p = 0.04). There were no significant differences in the odds of operative (in-
hospital) death or risk of long-term death among patients treated in teaching compared with nonteach-
ing hospitals. There was more regionalization of liver, lung and esophageal operations versus breast and
colon operations. Conclusions: Increased hospital procedure volume correlated with improved long-
term survival for patients in Ontario who underwent some, but not all, cancer resections, whereas hospi-
tal teaching status had no significant impact on patient outcomes. Across the province, further regional-
ization of care may help improve the quality of some cancer procedures.

Contexte : On manque de données provenant des hôpitaux canadiens au sujet du rôle que jouent des
caractéristiques hospitalières comme le volume des interventions et le statut d’établissement d’enseigne-
ment sur la survie des patients subissant une résection d’un cancer majeur. Nous avons donc décidé 
d’étudier ces liens à partir des données provenant de patients traités dans des hôpitaux de l’Ontario.
Méthodes : Nous avons utilisé le Registre du cancer de l’Ontario des années civiles 1990 à 2000 afin de
réunir des données sur les patients qui ont subi une intervention chirurgicale pour un cancer du sein, du
côlon, du poumon ou de l’œsophage, ou qui ont subi une chirurgie majeure du foie reliée à un diagnos-
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Outcomes for certain cancer pro-
cedures are improved for pa-

tients who undergo their surgery in a
hospital that performs a high volume
compared with a low volume of the
examined procedure — a positive
volume–outcome relation.1–12 Other
research has demonstrated better pa-
tient outcomes in teaching versus
nonteaching hospitals.13,14 The find-
ing of superior patient outcomes in
high-volume versus low-volume or
teaching versus nonteaching hospi-
tals often results in calls to centralize
or “regionalize” particular cancer op-
erations.

Population-based studies of hospi-
tal characteristics and cancer surgery
outcomes using data from Ontario
(population 12 million) have typi-
cally focused on operative mortality,
and few have considered the role of
hospital teaching status.15–18 Surpris-
ingly, most papers do not report a
positive influence on operative mor-
tality for increased hospital volume
or teaching status, except for im-
proved results after pancreatic cancer

surgery in high-volume hospitals.17,18

Urbach and colleagues17 suggested
that cancer surgery in Ontario is al-
ready highly regionalized, although
they did not attempt to quantify the
degree of regionalization.

We are also unaware of cancer
studies using data from any Canadian
jurisdiction that have considered the
influence of hospital characteristics
on long-term patient survival. There-
fore, we wished to measure the im-
pact of hospital procedure volume
and teaching status on in-hospital
operative mortality and long-term
survival among patients in Ontario
who underwent surgery for cancer of
the colon, breast, lung, esophagus or
liver. An ancillary objective was to
quantify the degree of regionaliza-
tion across the province for the 5
procedures. We speculated that this
would allow a comparison of region-
alization patterns and volume–out-
come relations. For example, are
highly regionalized procedures more
or less likely to demonstrate positive
volume–outcome relations?

Methods

We obtained data from the Ontario
Cancer Registry (OCR) from calen-
dar years 1990–2000 for patients
newly diagnosed with cancer of the
breast, colon, lung or esophagus, or
patients who underwent major liver
surgery related to a cancer diagnosis.
This registry uses probability linkage
strategies to identify and collect in-
formation on every newly diagnosed
case of cancer in the province. Data
sources include the Canadian Insti-
tute for Health Information (CIHI)
and the Ontario Registered Persons
Database (RPDB). The CIHI data-
base contains information on every
patient discharged from an Ontario
hospital, including patient demo-
graphics (age, sex, postal code or
place of residence), major diagnoses
and procedures, and outcomes such
as discharge status (dead or alive).
The RPDB contains information on
all births and deaths in the province
and, thus, can provide information
on long-term survival. In addition,

tic de cancer entre 1990 et 1995, afin d’évaluer l’influence du volume des interventions et du statut
d’établissement d’enseignement des hôpitaux sur le taux de mortalité hospitalière et de survie à long
terme. Pour chaque site morbide et avant d’observer les données sur les résultats chez les patients, on a
choisi des points limites de volume afin de créer des groupes comptant des nombres semblables de pa-
tients. Les hôpitaux d’enseignement étaient ceux qui étaient affiliés directement à une faculté de
médecine. On a utilisé des modèles de régression logistique et de danger proportionnel pour étudier le
regroupement des données au niveau de l’hôpital et pour évaluer la mortalité opératoire et la survie à
long terme. Nous avons aussi utilisé quatre paramètres pour mesurer le degré de régionalisation des in-
terventions dans la province, soit les suivants : (1) le nombre d’hôpitaux qui pratiquent une interven-
tion; (2) le pourcentage des patients traités dans des hôpitaux d’enseignement; (3) le pourcentage des
patients ruraux traités dans des hôpitaux où le volume des interventions est plus élevé; (4) les distances
médianes parcourues par les patients pour se faire traiter. Résultats : Le nombre de patients dans nos
cohortes qui ont subi une résection du sein, du côlon, du poumon, de l’œsophage et du foie s’est établi
à 14 346, 8398, 2698, 629 et 362 respectivement. Le fait que les interventions chirurgicales aient été
pratiquées dans des hôpitaux à volume élevé plutôt que dans des hôpitaux à faible volume n’a pas eu
d’influence statistiquement significative sur risque de décès pendant l’intervention pour les patients qui
ont subi une résection d’un cancer du côlon, du foie, du poumon ou de l’œsophage. Le risque de décès
à long terme a augmenté dans les hôpitaux à faible volume par rapport aux hôpitaux à volume élevé
dans le cas des patients qui ont subi une résection d’un cancer du sein (taux de risque [TR] 1,2; inter-
valle de confiance à 95 % [IC à 95 %], 1,0–1,4, p < 0,05), du poumon (TR 1,3; IC à 95 %, 1,1–1,6, 
p < 0,01) et du foie (TR 1,7; IC à 95 %, 1,0–2,7, p = 0,04). Il n’y avait pas de différences significatives
au niveau du risque de décès pendant l’intervention (à l’hôpital) ou du risque de décès à long terme
chez les patients traités dans les hôpitaux d’enseignement comparativement aux autres. La régionalisa-
tion des opérations au foie, au poumon et à l’œsophage était plus importante que celle des opérations
au sein et au côlon. Conclusions : On a établi un lien entre le volume accru d’interventions dans les
hôpitaux et l’amélioration de la survie à long terme chez les patients de l’Ontario qui ont subi une résec-
tion pour une partie mais non la totalité des cancers, tandis que le statut d’hôpital d’enseignement n’avait
pas d’effet important sur l’évolution de l’état de santé des patients. Dans la province, une régionalisation
plus poussée des soins pourrait contribuer à améliorer la qualité de certaines interventions contre le cancer.



by law, hospitals and laboratories in
Ontario must forward to the OCR
copies of all pathology reports con-
taining a cancer diagnosis, although
data from these reports are not sys-
tematically abstracted. There are
published reports on OCR linkage
strategies, which detail high rates of
case capture.19,20

We used data from patients newly
diagnosed with cancer of the breast,
colon or lung in 1991–1993 and
with cancer of the esophagus or who
underwent any major liver procedure
related to a cancer diagnosis in
1990–1995. For the latter 2 sites,
more years of data were captured be-
cause of low annual case volumes.
We created patient cohorts by link-
ing diagnosis codes contained in the-
clinical modification of the Interna-
tional Classification of Diseases, 9th
revision (ICD-9-CM)21 to Canadian
Classification of Diagnostic, Thera-
peutic and Surgical Procedures
(CCP) codes.22 For the 5 disease
sites, we included major extirpative
procedures for which it was reason-
able to assume that the surgical in-
tent was patient cure or long-term
palliation. Thus, linkages were breast
cancer to partial or total mastectomy,
colon cancer to large-bowel resec-
tion, lung cancer to pneumonectomy
or lobectomy, esophageal cancer to
resection resulting in an esophageal
anastomosis, or any cancer diagnosis
to liver lobectomy. Patients with pre-
vious diagnoses of cancer were ex-
cluded, with the exception of those
with liver cancer, as were those
younger than 20 years. For breast
surgery, because many patients un-
dergo more than 1 procedure to de-
finitively deal with their cancer, we
used the hospital admission with the
most major breast operation in a 4-
month period. The order of selection
was mastectomy, partial mastectomy
and excisional biopsy.

Calculations for hospital volume
for a procedure considered the ad-
ministrative merging of institutions
over time. For each disease site vol-
ume cut-off points were selected to

create volume groups with about
equal numbers of patients.23 Because
of the small numbers of patients in-
volved, only 2 volume groups were
created for liver procedures, whereas
4 volume groups were created for
the others. A teaching hospital was 1
of the 21 hospitals in the province
directly affiliated with a medical
school.

We used the modification of a co-
morbidity index validated by Deyo
and associates24 for the ICD-9-CM
database to define comorbidity for
individual patients: only diagnoses
coded during the hospital admission
of interest were considered. We used
household income as a marker of so-
cioeconomic status. A conversion file
that incorporates Statistics Canada
census data from 1991 allowed the
linking of postal codes to household-
size-adjusted household income and
the determination of rural versus ur-
ban place of residence.25

Stage of disease is an important
prognostic marker among patients
with cancer. To assess whether pa-
tients with similar stages of cancer
were treated in the various hospital
groups, we abstracted data from ran-
dom samples of pathology reports
for 979 breast, 960 colon, 692 lung,
301 esophageal and 354 liver lobec-
tomies. This provided such patho-
logical information as T and N cate-
gory, but not M category.26 T and N
categories are not relevant to liver
surgery, so we measured the number
of lesions removed and the percent-
age of lesions that were greater than
5 cm in diameter.27 We hypothesized
that the distribution among hospital
groups of the T and N category mea-
sures would parallel the distribution
of M category measures and, thus,
overall stage.

The patient outcomes of interest
were in-hospital operative mortality
and long-term survival from the date
of admission for major surgery.
Follow-up data were available to
Dec. 31, 2000. We measured in-
hospital operative mortality because
patients who may die of operative or

perioperative complications can do
so after an arbitrary time point such
as 30 days. Data on operative death
were censored before the survival
analyses were carried out.

We defined regionalization of
cancer surgery as a tendency for pa-
tients to undergo surgery in fewer lo-
cations. Previous research has shown
that centres performing a high vol-
ume of the procedure are more likely
to be teaching hospitals and to be lo-
cated in urban centres.16,18 In addi-
tion, distances travelled by patients
to receive care should be greater for
more regionalized procedures. We
therefore quantified regionalization
of surgical care using the following 4
measures: the number of hospitals
performing a procedure; the percent-
age of patients treated in teaching
hospitals; the percentage of rural pa-
tients treated in high-volume hospi-
tals; and the median distances trav-
elled by patients to receive care.
Patient and treating hospital postal
codes allowed the calculation of me-
dian distances travelled.

We used descriptive, univariate
and multivariate analyses. All hypoth-
esis tests were 2-sided and consid-
ered statistically significant at p <
0.05. Logistic regression and propor-
tional hazards multilevel models
were designed to consider patient
clustering at the hospital level when
measuring operative mortality and
long-term survival.27,28 All models in-
cluded the explanatory variables of
hospital teaching status (yes or no),
hospital volume group (high,
medium–high, low–medium or low),
and various patient characteristics in-
cluding age, sex, comorbidity score,
place of residence (rural v. urban)
and socioeconomic status (high-
income, medium-income or low-
income level). Patient age was
treated as a continuous variable.

In an effort to test the robustness
of model results, volume cut-off
points were changed to divide the
patient cohorts into thirds or fifths,
with respective groupings again con-
taining roughly equal numbers of pa-
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tients. With respect to the liver mod-
els, only thirds were created because
of the small numbers of patients. We
also measured interactions between
hospital procedure volume and
teaching status. We also reran the
survival models without censoring
the data for operative mortality. Fi-
nally, operative mortality and survival
models were run using the respective
subset cohorts with pathology data.
In addition to the covariables already
mentioned, T-category and N-
category measures were included for
all sites except the liver. For the liver
model, pathology covariables were
number and size of lesions. Hierar-
chical models were created using
MLWin (version 1.1, Centre for
Multilevel Modelling, Institute of
Education, London, UK) and S-Plus
(version 6.1, Insightful Corporation,
Seattle Wash.).

Results

The numbers of patients who under-
went resection for breast, colon,
lung, esophageal or liver cancer were
14 346, 8398, 2698, 629 and 362,
respectively (Table 1). Patients oper-
ated on in high-volume hospitals
were more likely to be treated in
teaching centres (p < 0.001 for all).
Median age was lowest for patients
with breast cancer (age 61 yr) and
highest for patients with colon can-
cer (age 70 yr). Among the hospital
volume groups, for the liver site
there was no significant differences in
the percentage of patients with more
than 1 lesion removed or with le-
sions larger than 5 cm. For the other
4 sites there were no significant dif-
ferences in the distribution of T and
N category measures. The distribu-
tion of pathology measures was also
similar in teaching and nonteaching
hospitals (data not shown).

The mean provincial postoperative
death rate was 0.2% for breast proce-
dures, 4.5% for colon procedures,
3.6% for liver procedures, 4.5% for
lung procedures and 10.5% for
esophageal procedures. Among the 5

surgical sites, the unadjusted opera-
tive death rates (Table 1) were signif-
icantly greater in low-volume hospi-
tals for lung and liver procedures 
(p < 0.01 for both). In multivariable
models, with the incorporation of
patient and hospital variables, hospi-
tal procedure volume did not affect
the odds of postoperative death in
low-volume versus high-volume cen-
tres, except for breast cancer surgery
(odds ratio [OR] 10.0, 95% confi-
dence interval [95% CI] 1.1–91.8, 
p = 0.04) (Table 2). The wide CI
and, thus, the instability of this result
probably reflects the small number 
of operative deaths after breast 
resection (29 patients over 3 years).
For lung procedures, the odds of 
operative death were lower in
high–medium than in low-volume
hospitals (OR 2.8, 95% CI 1.2–6.3,
p = 0.01), and there was a trend for
better results in high-volume hospi-
tals (OR 2.2, 95% CI 0.8–5.6, 
p = 0.11). There was a similar trend
for better results in high-volume in-
stitutions for liver procedures (OR
7.1, 95% CI 0.5–99.7, p = 0.15).

Hospital procedure volume did
not affect the risk of long-term death
for patients who underwent colon or
esophageal resection (Table 3).
However, hazard ratios (HRs) were
significantly increased in low-volume
versus high-volume hospitals for pa-
tients who underwent breast (HR
1.2, 95% CI 1.0–1.4, p < 0.05), lung
(HR 1.3, 95% CI 1.1–1.6, p < 0.01)
and liver (HR 1.7, 95% CI 1.0–2.7,
p = 0.04) resection, respectively. For
all sites, there were no significant dif-
ferences in the odds of operative
death or hazard of long-term death
among patients treated in teaching
compared with nonteaching hospitals
(Table 2, Table 3).

The model results were robust to
changing volume groups from halves
to thirds for liver lobectomy, and
from quarters to thirds or fifths for
the other sites. For all sites, there
were no significant interactions be-
tween hospital volume and teaching
status. Including in the survival mod-

els patients who suffered operative
death did not change the direction
or size of HRs. The inclusion of
pathology variables did not change
the direction or size of survival HRs
for any of the sites, but the associa-
tions between low hospital volume
and worse survival became nonsignif-
icant for breast (HR 1.3, 95% CI
0.8–1.9, p = 0.27), lung (HR 1.1,
95% CI 0.7–1.5, p = 0.76) and liver
(HR 1.6, 95% CI 0.9–3.0, p = 0.13)
resections, respectively.

The number of hospitals provid-
ing breast and colon operations was
greater than the number providing
lung, esophageal and liver operations
(Table 4). A minority of breast and
colon resections and most liver, lung
and esophageal resections were pro-
vided in teaching centres. Across the
5 disease sites, the percentage of pa-
tients with a rural status ranged from
14.7% to 17.7%. Surgery in high-
volume and medium–high-volume
centres occurred for a majority of
rural patients with lung or
esophageal cancer (61.2% and 62.8%
respectively) and a minority of rural
patients with breast or colon cancer
(22.1% and 30.9% respectively). The
median distance travelled by patients
for breast, colon, lung, esophageal
and liver cancer procedures was 5.6,
5.1, 8.5, 11.8 and 20.8 km, respec-
tively. These measures likely demon-
strate a propensity to provide breast
and colon resection close to patients’
homes (i.e., less regionalized care),
and liver, lung and esophageal proce-
dures in high-volume or teaching
centres (i.e., more regionalized care). 

Discussion

In this series of patients in Ontario
who underwent major cancer proce-
dures, we found that surgery in a
high-volume versus a low-volume
hospital did not have a statistically
significant influence on the odds of
operative mortality, with the excep-
tion of breast surgery, although this
finding must be interpreted cau-
tiously because there were so few op-
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erative deaths. There was also a trend
for lower odds of operative death
with increased procedure volume for
both lung and liver procedures. In-

creased hospital procedure volume
did correlate with improved long-
term survival for patients who under-
went breast, liver and lung cancer

surgery, although these results be-
came nonsignificant for subsets of
patients for whom pathology data
were available. This probably re-
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Table 1

Patient and hospital characteristics by hospital procedure volume for cancer surgery in Ontario

Hospital volume

Characteristic Low Low–medium Medium–high High p value

Breast (n = 14 346)
Procedure volume cut-off points/3 yr* ≤ 102 103–158 159–264 ≥ 265 NA

No. of cases (and %) 3569 (24.9) 3540 (24.7) 3603 (25.1) 3634 (25.3) NA

No. of hospitals 94 29 19 10 NA

No. of cases in teaching hospitals (and %) 159 (4.5) 642 (18.1) 982 (27.3) 2889 (79.5) < 0.001

Median age of patients, yr 63 62 60 60 < 0.001

Stage T3 or T4, %† 8.1 10.0 10.4 9.9 0.85

Node positive, %† 27.6 26.8 31.9 31.4 0.51

Operative death, %† 0.3 0.2 0.3 0.1 0.12

Colon (n = 8398)
Procedure volume cut-off points/3 yr* ≤ 61 62–90 91–137 ≥ 138 NA

No. of cases (and %) 2092 (24.9) 2139 (25.5) 2076 (24.7) 2091 (24.9) NA

No of hospitals 90 28 19 14 NA

No. of cases in teaching hospitals (and %) 0 (0) 563 (26.3) 572 (27.6) 1325 (63.4) < 0.001

Median age of patients, yr 70 70 70 70 0.59

Stage T3 or T4, %† 83.8 83.3 83.5 83.1 1.00

Node positive, %† 42.6 39.2 38.6 35.7 0.50

Operative death, % 4.2 4.9 4.3 4. 5 0.72

Lung (n = 2698)
Procedure volume cut-off points/3 yr* ≤ 32 33–85 86–130 ≥ 131 NA

No. of cases (and %) 653 (24.2) 730 (27.1) 644 (23.9) 671 (24.9) NA

No. of hospitals 42 14 7 4 NA

No. of cases in teaching hospitals (and %) 43 (6.6) 426 (58.4) 332 (51.6) 671 (100.0) < 0.001

Median age of patients, yr 64 65 65 66 0.23

Stage T3 or T44, %† 14.5 11.9 12.3 9.9 0.66

Node positive, %† 35.4 38.7 36.3 38.9 0.88

Operative death, % 5.8 5.9 3.7 2.4 < 0.001

Esophagus (n = 629)
Procedure volume cut-off points/6 yr‡ ≤ 7 8–19 20–43 ≥ 44 NA

No. of cases (and %) 147 (23.4) 174 (27.7) 155 (24.6) 153 (24.3) NA

No. of hospitals 46 15 3 4 NA

No. of cases in teaching hospitals (and %) 27 (18.4) 80 (46.0) 132 (85.2) 153 (100.0) < 0.001

Median age of patients, yr 63 65 65 65 0.31

Stage T3 or T4, %† 65.2 80.5 67.1 71.0 0.17

Node positive, %† 61.4 60.0 60.0 62.0 0.99

Operative death (%) 12.9 11.5 5.8 11.8 0.17

Liver (n = 362)
Procedure volume cut-off points/6 yr§ ≤ 23 ≥ 24 NA

No. of cases (and %) 178 (49.2) 184 (50.8) NA

No. of hospitals 38 3 NA

No. of cases in teaching hospitals (and %) 116 (65.2) 184 (100.0) < 0.001

Median age of patients, yr 62 63 0.35

> 1 lesion, %† 21.8 25.6 0.41

Lesion size > 5 cm† 42.9 45.0 0.70

Operative death, % 6.7 0.5 < 0.01
*Date of diagnosis, Jan. 1, 1991 to Dec. 31, 1993
†Measures based on random samples of pathology reports (979 breast, 960 colon, 692 lung, 301 esophagus and 354 liver resections).
‡Date of diagnosis Jan. 1, 1990, to Dec. 31, 1995.
§Date of hospital admission for major liver resection related to a cancer diagnosis, Jan. 1, 1990, to Dec. 31, 1995.



flected a decreased power to detect
differences because of smaller cohort
sizes. Of interest is that the teaching
status of the treating institution had
no influence on the odds of opera-
tive death or long-term survival. A
positive influence of increased hospi-
tal volume on patient survival was
noted in more regionalized (liver and
lung) and less regionalized (breast)
cancer procedures. This suggests that
positive volume–outcome relations

may persist following successful ef-
forts to regionalize a particular can-
cer operation.

Is further regionalization of can-
cer surgery needed in Ontario?
There are reasons to support this for
liver, lung and esophageal proce-
dures. First, long-term survival rates
for the patients who had liver lobec-
tomy or lung resection were superior
in high-volume hospitals. Because
the influence of operative mortality

was removed from these analyses,
processes of care provided outside
the operating room, such as superior
patient selection, were likely respon-
sible for this finding. Second, for pa-
tients who underwent esophageal re-
section, operative death rates in
low-volume and high-volume hospi-
tals were 12.9% and 11.8% respec-
tively. Hence, there is a need to im-
prove surgical performance across
the province, something more read-
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Table 4

Measures of regionalization

Measure Breast* Colon* Lung* Esophagus† Liver‡

No. of hospitals 152 151 67 68 41

No. of cases in teaching hospitals, % 32.6 29.3 54.6 62.3 82.9

Rural status, %§ 22.1 30.9 61.2 62.8 42.3

Median distance travelled, km 5.6 5.1 8.5 11.8 20.8
*Date of diagnosis, Jan. 1, 1991, to Dec. 31, 1993.
†Date of diagnosis, Jan. 1, 1990, to Dec. 31, 1995.
‡Date of hospital admission for major liver resection related to a cancer diagnosis, Jan. 1, 1990, to Dec. 31,
1995.
§Percentage of rural patients treated in medium–high- or high-volume hospitals.

Table 2

In-hospital operative mortality and its association with hospital volume and teaching status*

Associated characteristic; OR (95% CI) [and p value]

Hospital volume

Location of cancer Low Low–medium Medium–high Nonteaching hospital

Breast 10.0 (1.1–91.8) [0.04] 6.2 (0.7–56.2) [0.11] 8.8 (1.0–74.0) [0.04] 0.8 (0.3–2.5) [0.68]

Colon 1.0 (0.7–1.6) [0.94] 1.1 (0.8–1.7) [0.52] 1.1 (0.7–1.6) [0.71] 1.0 (0.7–1.4) [0.98]

Lung 2.2 (0.8–5.6) [0.11] 2.8 (1.2–6.3) [0.01] 1.4 (0.6–3.5) [0.46] 1.4 (0.8–2.5) [0.27]

Esophagus 0.9 (0.3–2.5) [0.83] 0.8 (0.3–1.9) [0.59] 0.5 (0.2–1.2) [0.10] 1.3 (0.6–2.8) [0.57]

Liver 7.1 (0.5–99.7) [0.15] 0.4 (0.1–1.9) [0.22]
*Multilevel models controlled for hospital volume (reference comparison = high volume), hospital teaching status (reference comparison = teaching) and various
patient characteristics including age, sex, comorbidity score, place of residence (rural v. urban) and socioeconomic status (high-, medium- or low-income level).
CI = confidence interval,, OR = odds ratio.

Table 3

Long-term patient survival and its association with hospital volume and teaching status*

Associated characteristic; HR (95% CI) [and p value]

Hospital volume

Location of cancer Low Low–medium Medium–high Nonteaching hospital

Breast 1.2 (1.0–1.4) [< 0.05] 1.1 (0.9–1.2) [0.34] 1.1 (0.9–1.2) [0.55] 1.0 (0.9–1.1) [0.96]

Colon 1.0 (0.8–1.1) [0.56] 1.0 (0.9–1.2) [0.76] 1.0 (0.8–1.1) [0.55] 1.1 (1.0–1.2) [0.19]

Lung 1.3 (1.1–1.6) [< 0.01] 1.4 (1.2–1.6) [< 0.001] 1.2 (1.0–1.4) [0.02] 1.1 (1.0–1.3) [0.10]

Esophagus 1.2 (0.8–1.6) [0.37] 1.3 (1.0–1.8) [0.06] 1.0 (0.8–1.4) [0.76] 1.0 (0.7–1.2) [0.74]

Liver 1.7 (1.0–2.7) [0.04] 1.0 (0.6–1.5) [0.97]
*Multilevel models controlled for hospital volume (reference comparison = high volume), hospital teaching status (reference comparison = teaching) and various
patient characteristics including age, sex, comorbidity score, place of residence (rural v. urban) and socioeconomic status (high-, medium- or low-income level).
CI = confidence interval, HR = hazard ratio.



ily done by concentrating care in a
small number of hospitals. Third, 
regionalization would likely result 
in the more efficient use of scarce 
resources and personnel, which is 
especially important for procedures
with low annual case volumes.
Fourth, the minimal differences in
median distance travelled by patients
for liver, lung and esophageal proce-
dures versus breast and colon resec-
tions suggests that most patients
would not be geographically incon-
venienced by more regionalized
care. With regard to breast cancer, it
is probably impractical to regionalize
the large annual volumes of these
procedures despite the better sur-
vival for patients treated in high-
volume centres. It may be more ef-
fective to identify the processes that
contribute to better patient out-
comes in high-volume breast cancer
treatment centres and implement
their wider adoption.

The goal of any change in cancer
surgery practice or organization in
the province should be to improve
patient outcomes. This underscores
the need for ongoing data monitor-
ing. It would make no sense to
transfer a patient requiring a lung re-
section to a centre with poor out-
comes, simply because the centre
was already a high-volume institu-
tion. Furthermore, whereas teaching
hospitals typically act as regional re-
ferral centres and thus are well posi-
tioned to increase case volumes if
greater regionalization is imple-
mented, the results of this study in-
dicate that in Ontario this would not
guarantee improved patient out-
comes. For procedures where re-
gionalization may not be justified
(colon surgery) or practical (breast
surgery), or for hospitals that are
designated to become referral cen-
tres, ongoing data monitoring and
the sharing of such information with
surgeons may assist in ensuring im-
proved surgical care or best practice
by individual surgeons and hospitals.
This would further assist in deter-
mining whether regionalization will

lead to improved patient outcomes.
The limitations of this study 

include the use of retrospective ad-
ministrative data. Despite our ef-
forts to adjust results using avail-
able variables and to consider the
clustering of data at the hospital
level, there is still the potential for
unforeseen confounding. For exam-
ple, we lacked full tumour staging
data. However, among the hospital
groups, sub-samples of patients for
whom pathology reports were avail-
able had very similar distributions
of relevant pathology measures.
There is also evidence that the data-
bases used in this study have a high
degree of accuracy for coding pro-
cedures, major diagnoses and major
outcomes, such as operative mortal-
ity.29,30 Another drawback was the
use of inception cohorts from the
early 1990s. But this was necessary
to obtain adequate follow-up for
long-term survival analysis. We also
could not isolate surgeons’ volume
of procedures, or the use of hor-
mone therapy or chemotherapy.
This last point may be important in
explaining hospital-volume survival
differences observed for patients
who underwent breast surgery.

Surgery for cancer in a high-
versus low-volume hospital did not
have a statistically significant influ-
ence on the odds of in-hospital 
operative death for patients in On-
tario who underwent colon, liver,
lung or esophageal cancer surgery
but did correlate with improved
long-term survival for patients who
underwent liver, lung or breast
cancer surgery. Hospital teaching
status had no significant impact on
patient outcomes. There was more
regionalization of liver, lung and
esophageal procedures than breast
and colon procedures, and further
regionalization of the former group
should be considered. Efforts to
improve the quality of surgical
care, whether through increased re-
gionalization or hospital level pro-
jects, should include ongoing data
monitoring.
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