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Background: Oncological procedures may have better outcomes if performed by high-volume providers.
Methods: A review of the English language literature incorporating searches of the Medline, Embase and
Cochrane collaboration databases was performed. Studies were included if they involved a patient cohort
from 1984 onwards, were community or population based, and assessed health outcome as a dependent
variable and volume as an independent variable. The studies were also scored quantifiably to assess
generalizability with respect to any observed volume–outcome relationship and analysed according to
organ system; numbers needed to treat were estimated where possible.
Results: Sixty-eight relevant studies were identified and a total of 41 were included, of which 13 were
based on clinical data. All showed either an inverse relationship, of variable magnitude, between provider
volume and mortality, or no volume–outcome effect. All but two clinical reports revealed a statistically
significant positive relationship between volume and outcome; none demonstrated the opposite.
Conclusion: High-volume providers have a significantly better outcome for complex cancer surgery,
specifically for pancreatectomy, oesphagectomy, gastrectomy and rectal resection.
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Introduction

A relationship between high provider volume (both
hospital and surgeon) and better outcome for complex
surgical procedures has long been postulated. Since the
groundbreaking work of Luft et al.1 almost 25 years
ago, the medical literature has abounded with studies
appearing to support this hypothesis. There is an
international trend towards regionalization of cancer
services. Volume–outcome studies appear to support such
a strategy, with a number demonstrating a significant
volume–outcome relationship for the treatment of
cancer5–47. However, there is substantial variation in
results between studies, which is further confounded by
heterogeneous study design, size, currency and scientific
rigour. The aim of the present study is to synthesize
the available volume–outcome data relating specifically
to surgery for cancer in a structured systematic review
and thereby determine whether high provider volume
is associated with improved outcome for oncological
procedures. In addition, the relative contributions to this
relationship of hospital volume and surgeon volume ae
examined.

Methods

Multiple electronic searches of the Medline database (from
1984 to 2004) were performed for reports published in
the English language literature with the keywords (alone
or in combination): volume, outcome, mortality, cancer
and regionalization. The search strategy incorporated
MESH terms, and results were evaluated for sensitivity and
specificity. In an attempt to reduce ‘hand-picked’ selection
bias, the explicit study inclusion criteria used by Dudley
et al.2 and the Institute of Medicine3 were employed to
identify appropriate studies. These inclusion criteria were:
patient cohort treated from 1984 onwards, community-
or population-based sample (case series excluded), data
referring solely to operations for malignant disease, health
outcome(s) assessed as dependent variables, volume as an
independent variable and study quality score greater than
4. Multiple studies from the same database were excluded
(only the most recent and complete were used), as were
single-institute studies because of the poor generalizability
of the data. Reports in which the health outcome was
a composite of death and complications, as determined
by administrative databases, were also excluded owing
to the poor reliability of such databases in identifying
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complications. The Cochrane Collaboration database was
searched for systematic reviews and the bibliography of
any included articles was also reviewed. Where papers
examined more than one procedure, the data for each
procedure were analysed separately. Included studies were
scored using the quality scoring system produced by
Halm et al.3 to quantifiably assess data generalizability
with respect to the nature and magnitude of any
volume–outcome relationship (Table 1)3. Three reviewers
(S.D.K., J.C.C. and M.J.O.) examined each article for
inclusion and independently assigned quality scores. Inter-
reviewer discrepancies were resolved by majority vote.
The number needed to treat, that is the number of patients
who must be treated to prevent one adverse outcome, was
estimated from pooling available absolute risk differences
for each procedure where available4.

Results

Volume–outcome literature is heterogeneous. In total 68
studies were identified and 41 fulfilled the inclusion criteria.
Thirteen studies involved assessment of medical therapies,
whereas five involved samples that were not community
or population based and six did not evaluate volume as an
independent variable; these papers were excluded. Seven
reports described more than one procedure. Eighteen
studies were based on clinical and 24 on administrative
data. The variable platforms used precluded formal meta-
analysis.

Pancreatic resection

Eleven studies investigated pancreatic resection for
malignant disease (Table 2)5–15. The study scores varied
widely from 5 to 10 (median 7). The unit of analysis was the
hospital in eight studies, with three assessing both hospital
and surgeon volumes. Definitions of low-volume hospitals
varied markedly from one case per year to fewer than 22
cases per year. No study examined the appropriateness of
patient selection, and none based risk adjustment on clinical
variables or investigated clinical processes. Inpatient and
30-day mortality were the primary outcomes assessed.
Simunovic et al.6 examined length of hospital stay whereas
Glasgow et al.7 recorded bleeding and infection rates.

All reports demonstrated a statistically significant inverse
relationship between hospital volume and mortality. Of the
three studies that described hospital and surgeon volume,
two10 found that surgeon volume was an independent
predictor of outcome and another8 that hospital volume
was significant regardless of surgeon volume. These papers,
while heterogeneous in design, demonstrate a strong

Table 1 Scoring system for rating the quality of research on
volume and outcome3

Characteristic Score

Representativeness of sample
Not representative 0
Representative 1

No. of hospitals or surgeons
< 20 hospitals and/or < 50 surgeons 0
� 20 hospitals and/or � 50 surgeons 1

Total sample size (patients)
< 1000 0
� 1000 1

No. of adverse events
� 20 0
21–100 1
> 100 2

Unit of analysis
Hospital or surgeon 0
Both separately 1
Both together 2
Both + 3

Appropriateness of patient selection
Not measured 0
Measured separately 1
Measured and analysed separately 2

Volume
Two categories 0
Multiple categories 1

Risk adjustment
None 0
Administrative only 1
Clinical data 2
Clinical + C > 0·75 and H/L test* 3

Clinical processes of care
Not measured 0
1 1
� 2 2

Outcomes
Death only 0
Death + other 1

*Logistical regression model demonstrating good calibration by the
Hosmer–Lemeshow (H/L) test and good discrimination (by a C-statistic
of 0·75 or greater).

provider–outcome relationship. The magnitude of this
volume effect is large; the number needed to treat for a
high-volume provider to prevent one death is ten to 15
patients.

Oesophagectomy

Ten studies investigating surgical volume for oesophageal
cancer and outcome were included (Table 3). Quality scores
varied from 6 to 10 (median 7). Four studies examined
oesophageal cancers exclusively16–18,20. The hospital was
the sole unit of analysis in seven studies, with only two
assessing both hospital and surgeon volume. All studies
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Table 2 Studies of pancreatic resection

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals

Unit
of
analysis

Primary
outcome

Risk
adjustment
data
source

Definition of
volume
(per year)

Volume–
outcome
results

Study
quality
score3

5 1984–1991 1972 NS 184 H, S both Hospital
mortality

Admin. vLVH: < 10
LVH: 10–50
MVH: 51–80
HVH: > 81
LVS: < 9
HVS: > 41

RAMR 21·8 versus
12·3 versus
4·0% for VLVH
versus LVH
versus HVH

RAMR 15·5 versus
4·7% for LVS
versus HVS

8

6 1994–1995 842 NS 68 H Hospital
mortality:
mortality at
64 days

Admin. LVH: < 22
MVH: 22–42
HVH: > 42

Mortality 5·1 and
4·5% for LVH
and MVH versus
HVH

6

7 1990–1994 1705 NS 298 H Hospital
mortality,
bleeding,
infection

Admin. LVH: 1–5
HVH: > 50

RAMR 14 versus
3·5% for LVH
versus HVH

8

10 1998–1999 3060 1624 NS H, S, both Operative
mortality;
death before
discharge or
30-day
mortality

Admin. LVH: < 3
MVH: 3–13
HVH: < 13
LVS: < 2·0
MVH: 2–4
HVH: > 4

OR = 3·61 for LVS
versus HVS.
Surgeon volume
accounted for
55% of
observed effect
of hospital
volume

10

8 1990–1995 1236 373 48 H, S, both Hospital
mortality

Admin. LVS: < 2·0
MVS: 2·0–4·0
HVS: > 4·0
LVH: < 3·0
MVH: 3·0–13·0
HVH: > 13·0

RR 19·3% for LVH
versus HVH
HVH better
regardless of
surgeon volume

9

9 1994–1999 1840 NS 1053 H Operative
mortality;
death before
discharge or
30-day
mortality

Admin. LVH: < 11 Difference in
RAMR 12%
(vLVH versus
vHVH)

8

11 1994–1999 686 NS 49 H 30-day
mortality

Admin. Quantiles: 2·2 for
lowest quartile
versus 24·8 for
highest quartile

RAMR 2·2 for
lowest quartile
versus 1·0 for
highest quartile.
No significant
relationship

6

12 1994–1998 1,126 NS 257 H Hospital
mortality

Admin. LVH: < 5
HVH: > 25

Lower RR (20
versus 3%) for
HVH

6

13 1988–1995 24 926 NS 938 H Hospital
mortality

Admin. LVH: < 10 RAMR 1·5 for LVH 8

14 1995–1997 3414 NS 483 H Hospital
mortality

Admin. LVH: < 3
MVH: 3–13
HVH: > 13

Mortality 13·1
versus 2·5% for
LVH versus HVH

8

15 1991–1994 579 NS 117 H Hospital
mortality

Admin. LVH: 1–5
HVH: > 25

Mortality 14·3
versus 2·2% (RR
6·87) for LVH
versus HVH

5

H, hospital; S, surgeon; (v)LVH, (very) low-volume hospital; MVH, medium-volume hospital; (v)HVH, (very) high-volume hospital; LVS, low-volume
surgeon; HVS, high-volume surgeon; Admin. administrative; RAMR, risk-adjusted mortality rate; OR, odds ratio; RR, relative risk: NS, not specified.
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Table 3 Studies of oesophageal cancer (including cardia)

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit
of
analysis

Data
source

Definition
of volume
(per year)

Volume–
outcome
results

Study
quality
score3

10 1998–1999 1640 997 NS Operative
mortality;
death before
discharge or
30-day
mortality

H, S, both Admin. LVH: < 13
LVS: < 2
MVS: 2–6
HVS: > 6

OR for operative
death 2·30 (LVS
versus HVS)
Surgeon volume
accounted for
46% of
observed effect
of hospital
volume

10

9 1994–1999 6337 NS 1405 Hospital
+ 30-day
mortality

H Admin. Continuous
variable with
quintiles:

vLVH: < 2
LVH: 2–4
MVH: 5–7
HVH: 8–19
vHVH: > 19

Absolute RAMR
decrease of
> 10% for vHVH
versus vLVH
(20·3 versus
8·4%)

10

11 1994–1999 613 NS 49 30-day
mortality

H Admin. Quantiles RAMR 1·9 versus
1·0 for LVH
versus HVH

6

14 1995–1997 5282 NS 603 Hospital
mortality

H Admin. LVH: < 3
MVH: 3–13
HVH: > 13

Operative mortality
15·0 versus
6·5% for LVH
versus HVH

8

16 1984–1999 1136 NS 52 Hospital
mortality,
LOS and
cost

H Admin. LVH: < 3
MVH: 3–13
HVH: > 13

Operative mortality
16 versus 2·7%
for LVH versus
HVH
Decreased LOS
and cost for
HVH

7

17 1995–1999 3025 NS > 200 Operative
mortality and
LOS

H Admin. LVH: < 3
MVH: 3–5
HVH: > 6–16
vHVH: > 16

Operative mortality
13·0 versus
3·7% for LVH
versus HVH

8

18 1995 1125 64 NS 30-day
mortality;
5-year
survival

S Clinical Infrequent
operator: < 4

Intermediate: 4–11
Frequent: > 12

No significant
relationship

9

19 1996–1997 1512 731 23 Hospital
mortality

H, S, both Clinical LVH: 7–32
MVH: 35–53
HVH: 60–83
LVS: 1–6
MVS: 7–14
HVS: 157–48

Operative mortality
decreased by
41% for each
10-patient
increase in
operator volume.
OR 0·6. No
relationship with
hospital volume

10

20 1990–1994 1561 NS 273 Hospital
mortality

H Admin. LVH: < 5
HVH: > 30

Mortality 16 versus
4·8% for annual
case load < 30
versus > 30

8

22 1984–1993 503 NS 190 Hospital
+ 30-day
mortality

H Clinical LVH: < 5
HVH: 11

Mortality 17·3
versus 3·4% for
LVH versus HVH

6

H, hospital; S, surgeon; v(LVH), (very) low-volume hospital; MVH, medium-volume hospital; h(HVH), high-volume hospital; LVS, low-volume
surgeon; MVS, medium-volume surgeon, HVS, high-volume surgeon; Admin., administrative; LOS, length of stay, OR, odds ratio; RAMR, risk-adjusted
mortality rate; NS, not specified.
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performed risk adjustment. Administrative data were used
in seven studies. The definition of a low-volume provider
differed greatly with hospitals performing less than two,
five or 13 cases per year being classified as low volume.
High-volume institutes were variably defined as those
performing more than six or 83 operations per year.
Thirty-day or inpatient mortality was the predominant
outcome. No study examined processes of care or co-
morbidities and study designs were heterogenous. All
studies except one found a statistically significant difference
in mortality with respect to outcome. The magnitude of this
difference was notable. Birkmeyer et al.10 demonstrated a
greater than 10 per cent absolute reduction in risk-adjusted
mortality rate (RAMR) from 20·8 per cent for low-volume
hospital to 8·4 per cent for high-volume facilities, whereas
Finlayson et al.14 found an 8·5 per cent reduction in the
same variable for high-volume hospitals. So the number
of oesphagectomies that a high-volume provider needs
to prevent one death appears to be as low as seven to
nine.

Surgery for gastric cancer

Five included studies investigated gastrectomy and
volume–outcome correlations (Table 4). Quality scores
ranged from 4 to 10 (median 7). Only Bachmann et al.19

exclusively examined gastric cancer resection. The unit of
analysis was the hospital itself in three studies10,14,21, and
two studies assessed both hospital and surgeon impact19,23.
All studies performed risk adjustment, four employing
only administrative data, with one group using clinical
variables19. Definitions of volume status varied. The
primary outcome assessed was inpatient mortality. No
study examined survival data or relevant co-morbidities,
and none reviewed sample representiveness. Three papers
described a statistically significant inverse relationship
between provider volume and mortality10,19,23. Hannan
et al.23 showed a significant mortality reduction for
both higher-volume hospitals (7·1 per cent) and surgeons
(6·0 per cent) with respect to mortality after gastrectomy.
This was mirrored by the findings of Birkmeyer et al.10

(1·1 per cent reduction in RAMR) and Bachmann et al.19

Table 4 Studies of surgery for gastric cancer

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit of
analysis

Data
source

MVH: 6–12
definition
volume
(per year)

Volume–
outcome
results

Study
quality
score3

14 1995–1997 16 081 NS 911 Hospital
mortality

H Admin. LVH: < 5
MVH: 6–12
HVH: > 13

RAMR 8·7 versus
6·9% for LVH
versus HVH
(P < 0·07)

8

23 1994–1997 3711 1114 207 Hospital
mortality

H, S, both Admin. LVS: < 1–2
HVS: > 12
LVH: < 15
HVH: > 63

RAMR decreased
by 7·1% for HVH
versus LVH
RAMR
decreased by
6·0% for HVS
versus LVS
(P < 0·001)

10

9 1994–1999 31 944 NS 3423 Hospital
+ 30-day
mortality

H Admin. vLVH: < 5
LVH: 5–8
MVH: 9–13
HVH: 14–21
vHVH: > 21

Absolute decrease
in RAMR of
1·1% for vHVH
versus vLVH
(P < 0·001)

10

19 1996–1997 731 NS 23 Hospital
mortality

H, S, both Clinical LVH: 9–26
MVH: 31–40
HVH: 44–67

Operative mortality
decreased by
40% for each
10-patient
increase in
operator
volume. OR 0·6
(P = 0·047)

10

21 1987–1997 1978 NS 22 Hospital
mortality

H Admin LVH: < 7
MVH: 7–10
HVH: > 10

No significant
relationship

4

H, hospital; S, surgeon; (v)LVH, very low-volume hospital; MVH, medium-volume hospital; (v)HVH, very high-volume hospital; LVS, low-volume
surgeon; HVS, high-volume surgeon; Admin., administrative; RAMR, risk-adjusted mortality rate, OR, odds ratio; NS, not specified.
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(operative mortality decreased by 40 per cent for each ten-
patient increase in operator volume). Finlayson et al.14

demonstrated a 2·2 per cent reduction in RAMR for
high-volume hospitals, but this was not statistically
significant.

The studies of provider volume and outcome in gastric
cancer surgery demonstrate a significant inverse relation-
ship. Although Hannan et al.23 found that the mortality
benefit with high-volume providers was preserved for both
hospital and surgeon volume after adjustment, the rela-
tive contribution of hospital and surgeon volume remains
uncertain23. The magnitude of the volume effect on mor-
tality is variable, with a mortality reduction typically in the
region of 1–6 per cent. Owing to low patient throughput,
a high-volume provider needs to treat 20–100 patients to
prevent one death.

Surgery for lung cancer

Ten studies examining volume and outcomes of surgery
for lung cancer were identified, with two solely assessing
oncological procedures (Table 5)25,26. Quality scores
ranged from 6 to 10 (median score 7). The majority
of studies used the hospital as the unit of analysis
and inpatient or 30-day mortality as the primary
outcome variable. Hannan et al.23 and Birkmeyer et al.10

assessed both hospital and surgeons, whereas one study
detailed postoperative complication rates and 5-year
survival rates25. Two studies used clinical data for risk
adjustment22,25.

Four studies demonstrated an inverse relationship
between hospital volume and outcome of variable mag-
nitude (reduction in RAMR ranging from 1·65 to
5·4 per cent), which was maintained when Birkmeyer
et al.10 analysed pneumonectomy and lobectomy sep-
arately. Bach et al.25 also reported a statistically sig-
nificant lower 30-day and postoperative complication
rate for lung cancer resections performed in high-
volume units. With respect to lobectomy, Hannan
et al.23 found that the observed volume–mortality bene-
fit with high-volume surgeons disappeared after adjust-
ment for hospital volume, confirming the findings of
Birkmeyer et al.10 who estimated that surgeon volume
accounted for only 24 per cent of improved volume-related
outcome.

The weight of evidence supports a volume–outcome
relationship for lung cancer resections, although this is not
as marked as it is for other malignancies. The estimated
number of patients that a high-volume unit would need to
treat to prevent one death associated with low volume is
between 20 and 5010,25.

Breast cancer

Four studies were identified relating to breast cancer
surgery volume and outcome (Table 6)27–30. Quality scores
were high, ranging from 7 to 11 (median 9). Patient
numbers were generally large. The unit of analysis was
the hospital in two studies and the surgeon in two.
The primary outcome assessed was 5- year survival. The
definition of a low-volume provider varied. Surgeons
performing fewer than ten and 30 operations per year were
classified as low volume by Roohan et al.27 and Sainsbury
et al.28 respectively. Hospitals with fewer than ten breast
procedures per year were deemed low volume by both
Roohan et al.27 and Stefoski et al.30. The risk assessment
in all studies27,30 used clinical data including cancer stage,
adjuvant therapies received, patient co-morbidities and
operation.

Three studies found a significant inverse relationship
between provider volume and outcome for breast cancer
procedures27,28,30. Roohan et al.27 had the largest study
population and found a significantly increased risk of death
of 19 per cent for moderate- versus high-volume hospitals,
30 per cent for low- versus high-volume hospitals and
60 per cent for very low- versus high-volume hospitals27.
The authors speculate that, as operative and inpatient
mortality is very low, the observed volume–outcome
relationship may result from better adjuvant therapy
provided at large-volume centres. Sainsbury et al.28 found
a significantly lower risk of death for patients of high-
volume surgeons (over 29 operations per year) compared
with patients of low-volume surgeons (fewer than ten
operations per year), which was preserved after volume
adjustment28. Stefoski et al.30 demonstrated decreased
mortality for patients of very high-volume surgeons (over
49 procedures per year) compared with those treated
by low-volume operators (fewer than ten procedures per
year)30. The single study that failed to show a significant
volume–outcome correlation was the smallest of those
included, with only 2409 patients and nine hospitals29.
No study evaluated the relative contribution of surgeon
or hospital volume to the improved survival figures for
patients with breast cancer treated in high-volume units.

Colorectal cancer resection

The 16 studies of colorectal cancer resection had qual-
ity scores ranging from 5 to 11 (Table 7)9,14,22,31–43.
They were heterogeneous in design, definitions used,
variables assessed and results. Twelve studies examined
colorectal cancers exclusively, with Schrag et al.33 inves-
tigating rectal cancer only. The remaining four had
detailed subset analysis. All studies involved resections
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for malignant disease only. The unit of analysis was
hospital volume only in nine reports, surgeon vol-
ume in one, and both hospital and surgeon volume
in six.

The definition of low volume ranged from one to fewer
than 12 procedures for low-volume surgeons and from
one to fewer than 84 operations per year for low-volume
hospitals. All studies performed risk adjustment; ten used

Table 5 Studies of surgery for lung cancer

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit of
analysis

Data
source

Definition of
volume
(per year)

Volume–
outcome
results

Study
quality
score3

14 1995–1997 27 890 NS 674 Hospital
mortality

H Admin. LVH: 14
MVH: 14–37
HVH: 37

RAMR 10·6%
versus 8·5 for
LVH versus HVH
(P < 0·07)

8

11 1994–1999 5156 NS 54 30-day
mortality

H Admin. Quantiles No significant
relationship

6

23 1994–1997 3711 373 178 Hospital
mortality

H, S, both Admin. LVS: < 23
LVH: < 38

RAMR decreased
by 1·65% for
HVH versus LVH
(P < 0·005)
No relationship
for surgeon

10

24 1991–1995 1583 147 NS Hospital
mortality

S Admin. LVS: < 10 No significant
relationship

6

9 1994–1999 75 563
(pulmonary
resection)

NS 2763 Hospital
+ 30-day
mortality

H Admin. vLVH: < 9
LVH: 9–17
MVH: 18–27
HVH: 28–46
vHVH: > 46

Absolute RAMR
reduction of
5·4% for vHVH
versus vLVH
(P < 0·001)

10

9 1994–1999 10 410
(pneumo-
nectomy)

NS 1817 Hospital
+ 30-day
mortality

H Admin. Continuous
variable

vLVH: < 9
LVH: 9–17
MVH: 18–27
HVH: 28–46
vHVH: > 46

Absolute RAMR
reduction of
1·7% for vHVH
versus vLVH
(P < 0·001)

10

10 1998–1999 24 092 4178 NS Operative
mortal-
ity; death
before
dis-
charge
or
30-day
mortality

H, S, both Admin. LVS: < 7
MVS: 7–17·0
HVS: > 17
LVH: < 17
MVH: 17–35·0
HVH: > 35

OR 1·24 for LVS
versus HVS.
Surgeon volume
accounted for
24% of
observed effect
of hospital
volume

10

25 1985–1996 2118 NS 76 Hospital
+ 30-day
mortal-
ity;
compli-
cations;
5-year
survival

H Clinical vLVH: < 8
LVH: 9–14
MVH: 15–19
HVH: 20–66
vHVH: > 66

5-year survival 44
versus 33% for
HVH versus LVH
Post operative
complication
rate 20 versus
44%
30-day mortality
3 versus 6%

10

22 1984–1993 1375 NS 313 Hospital
+ 30-day
mortality

H Clinical LVH: < 6 No significant
relationship

6

26 1983–1986 12 439 NS 389 Hospital
+ 30-day
mortality

H Admin. LVH: < 9 OR 0·6 for HVH
versus LVH

8

H, hospital; S, surgeon; (v)LVH, low-volume hospital; MVH, medium-volume hospital, v(HVH), high-volume hospital; LVS, low-volume surgeon;
HVS, high-volume surgeon; Admin., administrative; RAMR, risk-adjusted mortality rate; OR, odds ratio; NS, not specified.
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Table 6 Studies of surgery for breast cancer

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit of
analysis

Data
source

Definition
of volume
(per year)

Volume–
outcome
results

Study
quality
score3

27 1984–1989 47 890 NS 266 5 year survival H Clinical LVH: < 10
HVH: > 149

OR 1·6 for HVH
versus LVH

10

28 1979–1988 12 861 180 NS 5 year survival S Clinical LVS: < 10
MVH: 10–29
LVH: 30–49
vHVH: ≥ 50

Adjusted RR: < 10
patients, 1·0;
10–29 patients,
0·97; 30–49
patients, 0·85;
≥ 50 patients,
0·86

11

29 1980–1995 2409 NS 9 5 year survival H Clinical LVH < 25 No significant
relationship

7

30 1989–1994 11 329 176 NS 5 year survival S Clinical LVS: < 10
MVS: 10–29
HVS: 30–49
vHVS: > 49

5-year survival 68
versus 60% for
vHVS versus
LVS
RR 1·15 and
1·10 for LVS and
MVS versus HVS

11

H, hospital; S, surgeon; LVH, low-volume hospital; HVH, high-volume hospital; LVS, low-volume surgeon, MVS, medium-volume surgeon; v(HVS),
(very) high-volume surgeon; OR, odds ratio; RR, relative risk; NS, not specified.

clinical data and eight incorporated this in risk assessment.
Schrag et al.33 analysed abdominoperineal resection rates
and overall survival, whereas Ko et al.32 incorporated data
on emergency and elective procedures. The outcomes used
were primarily inpatient or 30-day mortality, and nine
studies also assessed 5-year survival data10,15,23,31–34,35,40.
No study measured pertinent complications such as
infection or anastomotic leak.

Most authors found a significant relationship between
provider volume and outcome. Of the fifteen that assessed
hospital volume (either alone or in conjunction with
surgeon volume) and outcome, ten noted a significant
inverse relationship. The reduction in RAMR ranged
from 1·1 to 1·9. Two studies showed a volume–outcome
relationship that disappeared when surgeon volume was
controlled22,33. Simunovic et al.40 and Meyerhardt et al.41

demonstrated no significant relationship between hospital
volume and outcome.

Of the seven studies that measured surgeon volume
(either alone or in conjunction with hospital volume), three
found a significant volume–outcome relationship with a
reduction in risk-adjusted mortality of between 0·5 and
0·6423,33,35. However, when Hannan et al.23 controlled for
hospital volume, surgeon volume had no effect on outcome.
Of the three studies that failed to show a significant
correlation, the investigation by Parry et al.36 involved only
927 patients, one of the smallest study populations of any of
the included reports. McArdle et al.34, although failing to

demonstrate a significant volume–outcome relationship,
did show an increase in 5-year cancer-specific survival
after curative resection for patients treated by specialist
colorectal surgeons (72·7 versus 63·8 per cent). Schrag
et al.33 demonstrated a surgeon-specific improvement in
2-year mortality rate for high-volume surgeons performing
rectal cancer procedures after adjustment for hospital
volume. There was no inpatient or 30-day survival benefit
and there was no survival benefit for high-volume hospitals
after adjusting for surgeon volume. However, Hannan
et al.23 showed that the surgeon volume-related outcome
benefit for oncological colectomy disappeared when risk
adjustment was controlled for hospital volume.

The studies of provider volume and outcome in surgery
for colorectal cancer demonstrate a significant inverse
relationship. The relative contribution of hospital and
surgeon to this volume-associated outcome remains to be
elucidated. Furthermore, the magnitude of the volume
effect on mortality is variable and small, typically in the
region of 1–2 per cent. This translates into a number
needed to treat of 50–100 patients.

Operations for miscellaneous cancers

Three studies examined provider volume and outcome
with respect to cystectomy (Table 8). Birkmeyer et al.10

found a significant inverse relationship between provider

Copyright  2005 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 389–402
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/92/4/389/6144209 by guest on 20 April 2024



Provider volume and outcome for oncological procedures 397

Table 7 Studies of colorectal resection

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit
of analysis

Data
source

Definition
of volume
(per year)

Volume–
outcome
results

Study
quality
score3

31 1991–1996 24 166 2682 579 Hospital
mortality;
2-year
survival and
stoma rates

H, S, both Admin. vLVH: 1–61
LVH: 62–116
MVH: 117–167
HVH: 169–383
vLVS: 1–9
LVS: 10–16
MVS: 17–27
HVS: > 28–85

RR mortality 1·15
for vLVH versus
1·10 for LVH
versus HVH:
(P < 0·001)
RR mortality
1·06 for LVS
versus HVS
(P = 0·10)

9

11 1994–1999 18 898 NS 134 30-day
mortality

H Admin. Quantiles No significant
relationship

6

32 1996 22 408 (colon) NS 600 Hospital
mortality

H Clinical None Probability of
in-hospital
mortality 12 in
1000 for
baseline versus
11 in 1000 and
10 in 1000 for
HVS and HVH
respectively

5

23 1994–1997 22 128 2052 229 Hospital
mortality

H, S, both Admin. LVS: < 12
HVS: > 34
LVH: < 84
HVH: > 253

RAMR decreased
by 1·9% for HVH
versus LVH
No surgeon
effect when
hospital volume
controlled

10

9 1994–1999 304 285 4587 NS Hospital
+ 30-day
mortality

H Admin. Continuous
variable but
quintiles

Absolute RAMR
reduction of
1·1% for vHVH
versus vLVH

10

33 1992–1996 2815 1141 420 30-day, 2-year
mortality;
overall
survival;
APR

H, S, both Clinical Continuous
variable but
quantiles with
top quantile as
referral category

RAMR at 2 years
0·86 versus 1·36
for HVS versus
LVS. No
relationship with
hospital volume
once surgeon
volume
controlled

11

34 1991–1994 3200 94 11 5-year survival S Admin. LVS:< 30
MVH: 30–60
HVH: < 60 in study
period

No significant
relationship on
adjustment for
volume

9

35 1992–1996 9739 812 50 Hospital
mortality

H, S, both Admin. LVS: < 6
LVH: < 40

OR 0·64 for HVS
versus LVS
OR 0·78 for HVH
versus LVH
MVS at
HVH/MVH
equivalent to
HVS; HVS better
at any hospital

10

36 1993 (6
months)

927 123 39 30-day
mortality;
3-year
survival

H, S, both Clinical LVS: < 7 in 6
months
LVH: < 30 in 6
months

No significant
relationship

9

(continued overleaf)
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Table 7 (Continued)

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit
of analysis

Data
source

Definition
of volume
(per year)

Volume–
outcome
results

Study
quality
score3

37 1991–2000 22 633 NS 172 5-year survival H Clinical LVH: < 25
HVH: > 25

Decrease in RAMR
of 7% for
colonic and 11%
for rectal cancer
in HVH versus
LVH

10

38 1991–1996 27 986 611 NS 30-day
mortality;
5-year
survival

H Clinical vLVH: < 58
LVH: 58–112
MVH: 113–165
HVH: > 166

30-day mortality
3·5 versus 5·5%
for HVH versus
vLVH

9

39 1990–1994 3127 NS NS 2-year survival H,S, both Clinical vLVH: < 33
LVH: 33–46
MVH: 47–54
HVH: > 54

No significant
relationship

9

40 1990 418 124 NS 30-day
mortality

H Clinical LVH: < 11
MVH: 12–17
HVH: > 18

No significant
relationship

6

41 1990–1992 1330 NS 646 Rates of
sphincter-
preserving
operations,
overall
survival and
cancer
recurrence

H Clinical LVH: < 8·3
MVH: 8·4–16·7
HVH: > 16·8

No significant
effect on rectal
cancer
recurrence or
survival when
patients
completed
standard
adjuvant
therapy

8

42 1994–1997 7257 NS 367 Colostomy
rates:
30-day and
2-year
mortality

H Clinical Quartiles
LVH: < 7
MVH: 7–13
HVH: 14–20
vHVH: > 20

Higher colostomy
rates (OR 1·37),
30-day (OR 2·64)
and 2-year
mortality (HR
1·28) in LVH

43 1988–1992 3161 NS 1078 5-year survival H Clinical LVH: < 46
MVH: 47–84
HVH: > 85

5-year survival
63·8 versus
67·3% in LVH
versus LVH (HR
1·16).

No difference in
recurrence

9

H, hospital; S, surgeon; (v)LVH, (very) low-volume hospital; MVH, medium-volume hospital; (v)HVH, (very) high-volume hospital; (v)LVS, very
low-volume surgeon; MVS, medium-volume surgeon; HVS, high-volume surgeon; Admin. administrative; APR, abdominoperineal resection; RR,
relative risk; RAMR, risk-adjusted mortality rate; OR, odds ratio; HR, hazard ratio; NS, not specified.

volume and outcome, with an absolute reduction in RAMR
of 1·83 per cent for high-volume hospitals compared
with low-volume institutes. In a separate Medicare-
based nationwide study, the same group estimated
that surgeon volume accounted for 39 per cent of the
observed volume–outcome relationship10. Both studies
used administrative data for risk adjustment and had high
quality scores. However Finlayson et al.14 failed to show
any significant volume–outcome correlation for radical
cystectomy for malignancy. This was also a nationwide

study that used administrative data to conduct risk
adjustment.

Similarly, there is conflicting evidence regarding a
volume–outcome correlation for nephrectomy. Birk-
meyer et al.9 showed a 0·5 per cent reduction in RAMR
for high-volume hospitals whereas Finlayson et al.14

found no significant relationship. Given the paucity
of studies, contrasting findings and small magni-
tude of the correlation described in the positive
studies, it is difficult to support the idea of a
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Table 8 Studies of surgery for miscelloneous cancers

Reference Interval

No.
of

patients

No.
of

surgeons

No.
of

hospitals
Primary
outcome

Unit
of analysis

Data
source

Definition
of volume
(per year)

Volume–
outcome
results

Study
quality
score3

Cystectomy
14 1995–1997 4937 NS 590 Hospital

mortality
H Admin. LVH: < 4

MVH: 5–8
HVH: ?> 8

No significant
relationship

8

9 1994–1999 22 354 NS 2422 Hospital
+ 30-day
mortality

H Admin. vLVH: < 2
LVH: 2–3
MVH: 4–5
HVH: 6–11
vHVH: > 11

Absolute RAMR
reduction of
2·9% for vHVH
versus vLVH
(P < 0·001)

10

10 1998–1999 6340 2918 NS Operative
mortality;
death before
discharge or
30-day
mortality

H, S, both Admin. LVS: < 2
MVS: 2–3·5
HVS: > 3·5
LVH: < 4·0
MVH: 4·0–10·0
HVH: > 10

OR 1·83 for LVS
versus HVS.
Surgeon volume
accounted for
39% of
observed effect
of hospital
volume

10

Nephrectomy
9 1994–1999 61 430 NS 3292 Hospital

+ 30-day
mortality

H Admin. vLVH: < 7
LVH: 7–12
MVH: 13–19
HVH: 20–31
vHVH: > 31

Absolute RAMR
reduction of
0·5% for vHVH
versus vLVH
(P < 0·001)

10

14 1995–1997 23,278 NS 820 Hospital
mortality

H Admin. LVH: 12
MVH: 13–33
HVH: > 33

No significant
relationship

8

Radical prostatectomy
44 1989–1995 66 693 NS 550+ Hospital

+ 30-day
mortality;
cost; LOS

H Admin. LVH: < 25
MVH: 25–54
HVH: > 54

LVH 78% more
likely to have a
death (OR 1·78
for LVH versus
HVH). Increased
LOS (7·3 versus
6·1 days) for
LVH (P < 0·001)

8

Hepatic resection
45 1990–1994 507 NS 138 Hospital

+ 30-day
mortality

H Admin. LVH: < 2
HVH: > 16

RAMR
22·7
versus 9·4% for
LVH versus HVH

6

22 1984–1993 801 NS 250+ Hospital
+ 30-day
mortality

H Clinical. LVH: 1–5
HVH: > 11

Unadjusted 30-day
mortality:
5·4 versus 1·7%

8

17 1996–1997 2097 NS 221 Hospital
+ 30-day
mortality

H Admin. LVH: < 10
HVH: > 10

40% lower risk of
death for HVH
(OR 0·6)

8

Intracranial tumours
46 1996–1997 7547 379 637 Hospital

mortality
H, S Admin. Quartiles Lower adjusted

mortality for
HVH (OR 0·58;
P = 0·038) and
HVS (OR 0·42;
P = 0·012)

9

H, hospital; S, surgeon; (v)LVH, (very) low-volume hospital; MVH, medium-volume hospital; (v)HVH, (very) high-volume hospital; LVS, low-volume
surgeon; MVS, medium-volume surgeon; HVH, high-volume surgeon; Admin., administrative; LOS, length of stay; RAMR, risk-adjusted mortality rate;
OR, odds ratio; NS, not specified.
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volume–outcome relationship for either of these proce-
dures.

The single eligible study assessing hospital volume and
outcome for radical prostatectomy found a decreased
mortality rate for high-volume providers44. Although
overall mortality was 0·25 per cent, low-volume hospitals
were 78 per cent more likely to have a death than high-
volume providers. Length of stay and cost were also higher.
This was a large nationwide study involving over 66 000
patients and multiple outcome variables.

Three included studies describing liver resection found
lower adjusted and unadjusted mortality rates in high-
volume units21,45,46. Studies involved primary or secondary
liver malignancies. Two were national studies17,22 and
Begg et al.17 used clinical data for risk adjustment.
The hospital was the unit of analysis and inpatient
mortality the primary outcome assessed. Dimick et al.17

described a 40 per cent decrease in adjusted mortality,
Begg et al.22 a 3·7 per cent decrease in absolute mortality
and Glasgow et al.45 a 13·3 per cent reduction in
RAMR for high-volume hospitals, suggesting a significant
volume–outcome relationship for hepatic resections.

Cowan et al.46 found a lower adjusted mortality rate
associated with operations for intracranial tumour for
high-volume hospitals and surgeons, with an odds ratio of
0·58 for high-volume hospitals and 0·42 for high-volume
surgeons after multiple logistic regression analysis.

Discussion

All studies showed either an inverse relationship, of variable
magnitude, between provider volume and mortality, or
no volume–outcome effect. The majority of clinical
studies, except two that scored low for quality, revealed
a statistically significant correlation between volume and
outcome; no study demonstrated the opposite relationship.
This suggests that outcome for most cancer procedures is
intrinsically linked to provider volume. Although other
factors undoubtedly have a bearing, provider volume
is the only acutely mutable variable. The magnitude
of this relationship varies from procedure to procedure
and the limitations of the studies examined here permit
only speculation about the mechanisms underlying this
phenomenon.

Present findings support volume-based referral initia-
tives. Centralization of most, if not all, oncological pro-
cedures now seems appropriate. Certainly, given the low
numbers needed to treat to achieve a reduction in mortality,
pancreatectomy, oephagectomy, gastrectomy and oncolog-
ical rectal resections should be performed by high-volume
providers. In the USA the Leapfrog group already has

minimal volume-based criteria for a number of operations,
including pancreatectomy and oesphagectomy. There are
also sufficient grounds to suggest that surgeon-based vol-
ume parameters may justifiably be added to such criteria.

The question of whether the hospital or the doctor is
a stronger influence is difficult to answer. Given the large
sample-size requirements encompassing many surgeons
and hospitals, and the difficulty in obtaining surgeon-
specific volume estimates, few studies have simultaneously
assessed the effect of surgeon volume and hospital volume.
Only six studies analysed both variables simultaneously,
often with conflicting results. It seems that the impacts
of surgeon and hospital volumes differ from procedure
to procedure, with surgeon volume more important in
technically demanding operations such as pancreatectomy,
oesphagectomy, gastrectomy and rectal cancer procedures
(compared with colonic resections). In contrast, patients
having lung resection rarely die because of technical
complications; rather they die from cardiac events and
pneumonia. Hospital-based services such as intensive care,
physiotherapy and pain management, are often vital and so
it is not surprising that hospital volume has a major role in
the outcome of operations requiring such services.

The underlying mechanism of this relationship remains
elusive. In complex procedures the surgeon’s ability and
experience may be enhanced with familiarity, i.e. there is a
direct causal relationship. Furthermore, ‘inverse causality’
may result from better outcomes leading to increased
referrals. Whatever the mechanism, better outcomes would
be achieved by referral to high-volume units. The issue is
further clouded by clustering of good or bad outcomes
within a particular provider. It is important to determine
whether low-volume providers generally achieve worse
outcomes or whether a few high-volume providers with
exceptionally good outcomes make low-volume providers
look bad. A high volume–better outcome relationship
found among many high-volume providers supports a
regionalization policy, but if only a few providers exhibit
this relationship, strategies to identify the features of their
practice that make them successful seem more rational.

A note of caution is advisable before advocating policy
changes based solely on currently available evidence. Many
studies have assessed a single measure of provider volume,
namely either hospital or surgeon volume, and there is
no consensus definition of low- or high-provider volume.
Most have used restrictive databases (such as Medicare
which is confined to patients aged 65 years of age or older)
which make assessment of cancer stage, adjuvant treatment
and time to intervention impossible. Subgroup analysis
in large studies was frequently based on relatively small
numbers of patients9, and assignment of unique provider
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identification numbers and data entries are subject to
coding errors. In addition, most of the included studies
involved risk assessment based on administrative data.
Some experts have suggested that risk analysis based
on clinical data is less likely to reveal a significant
association between volume and outcome. The present
review, however, has disproved this as most studies
using clinical variables for risk adjustment demonstrated a
positive correlation between volume and outcome. Despite
all of the above caveats, it appears that high-volume
providers are associated with a significantly better outcome,
at least after complex surgery for cancer. These findings
support the centralization of oncology services.

References

1 Luft HS, Bunker JP, Enthoven AC. Should operations be
regionalized? The empirical relation between surgical
volume and mortality. N Engl J Med 1979; 301: 1364.

2 Dudley RA, Johansen KL, Brand R, Rennie DJ, Milstein A.
Selective referral to high-volume hospitals: estimating
potentially avoidable deaths. JAMA 2000; 283: 1159–1166.

3 Halm EA, Lee C, Chassin MR. For Committee on Quality
of Health Care in America and the National Cancer Policy
Board. Interpreting the Volume-outcome Relationship in the
Context of Health Care Quality. Institute of Medicine:
Washington, 2000; 1–128.

4 Altman DG, Andersen PK. Calculating the number needed
to treat for trials where the outcome is timed to an event.
BMJ 1999; 319: 1492–1495.

5 Lieberman MD, Kilburn H, Lindsey M, Brennan MF.
Relation of perioperative deaths to hospital volume among
patients undergoing pancreatic resection for malignancy. Ann
Surg 1995; 222: 638–645.

6 Simunovic M, To T, Thieriault M, Langer B. Relation
between hospital surgical volume and outcome for pancreatic
resection for neoplasm in a publicly funded health care
system. CMAJ 1999; 160: 643–648.

7 Glasgow RE, Mulvihill SJ. Hospital volume influences
outcome in patients undergoing pancreatic resection for
cancer. West J Med 1996; 165: 294–300.

8 Sosa JA, Bowman HM, Gordon TA, Bass EB, Yeo CJ,
Lillemoe KD et al. Importance of hospital volume in the
overall management of pancreatic cancer. Ann Surg 1998;
228: 429–438.

9 Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA,
Lucas FL, Batista I et al. Hospital volume and surgical
mortality in the United States. N Engl J Med 2002; 346:
1128–1137.

10 Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP,
Wennberg DE, Lucas FL. Surgeon volume and operative
mortality in the United States. N Engl J Med 2003; 349:
12 117–2127.

11 Urbach DR, Bell CM, Austin PC. Differences in operative
mortality between high- and low-volume hospitals in Ontario

for 5 major surgical procedures: estimating the number of
lives potentially saved through regionalization. CMAJ 2003;
168: 1409–1414.

12 Gouma DJ, van Geenen RC, van Guilk, de Haan RJ, de
Wit LT, Busch OR et al. Rates of complications and death
after pancreatoduodenectomy: risk factors and the impact of
hospital volume. Ann Surg 2000; 232: 786–795.

13 Kotwall CA, Maxwell JG, Brinker CC, Koch GG,
Covington DL. National estimates of mortality for radical
pancreaticoduodenectomy in 25 000 patients. Ann Surg Oncol
2002; 9: 847–854.

14 Finlayson EV, Goodney PP, Birkmeyer JD. Hospital volume
and operative mortality in cancer surgery: a national study.
Arch Surg 2003; 138: 721–725.

15 Imperato PJ, Nenner RP, Starr HA, Will TO,
Rosenberg CR, Dearie MB. The effects of regionalization on
clinical outcomes for a high risk surgical procedure: a study
of the Whipples procedure in New York State. Am J Med
Qual 1996; 11: 193–197.

16 Dimick JB, Cattaneo SM, Lipsett PA, Pronovost PJ,
Heitmiller RF. Hospital volume is related to clinical and
economic outcomes for esphageal resection in Maryland. Ann
Thorac Surg 2001; 72: 334–339.

17 Dimick JB, Cowan JA Jr, Ailawadi G, Wainess RM,
Upchurch GR Jr. National variation in operative mortality
rates for esophageal resection and the need for quality
improvement. Arch Surg 2003; 138: 1305–1309.

18 Gillison EW, Powell J, McConkey CC, Spychal RT.
Surgical workload and outcome after resection for carcinoma
of the oesophagus and cardia. Br J Surg 2002; 89: 344–348.

19 Bachmann MO, Alderson D, Edwards D, Wotton S,
Bedford C, Peters TJ et al. Cohort study in South and West
England of the influence of specialization on the
management and outcome of patients with oesophageal and
gastric cancers. Br J Surg 2002; 89: 914–922.

20 Patti MG, Corvera CU, Glasgow RE, Way LW. A hospital’s
annual rate of esophagectomy influences the operative
mortality rate. J Gastrointest Surg 1998; 2: 186–192.

21 Damhuis RA, Meurs CJ, Dijkhuis CM, Stassen LP,
Wiggers T. Hospital volume and post-operative mortality
after resection for gastric cancer. Eur J Surg Oncol 2002; 28:
401–405.

22 Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of
hospital volume on the operative mortality for major cancer
surgery. JAMA 1998; 280: 1747–1751.

23 Hannan EL, Radzyner M, Rubin D, Dougherty J,
Brennan MF. The influence of hospital and surgeon volume
on in-patient mortality for colectomy, gastrectomy, and lung
lobectomy in patients with cancer. Surgery 2002; 131: 6–15.

24 Silvestri GA, Handy J, Lackland D, Corley E, Reed CE.
Specialists achieve better outcomes than generalists for lung
cancer surgery. Chest 1998; 114: 675–680.

25 Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE,
Begg CB. The influence of hospital volume on the survival
after resection for lung cancer. N Engl J Med 2001; 345:
181–188.

Copyright  2005 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 389–402
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/92/4/389/6144209 by guest on 20 April 2024



402 S. D. Killeen, M. J. O’Sullivan, J. C. Coffey, W. O. Kirwan and H. P. Redmond

26 Romano PS, Mark DH. Patient and hospital characteristics
related to in-hospital mortality after lung cancer resection.
Chest 1992; 101: 1332–1337.

27 Roohan PJ, Bickell NA, Baptiste MS, Therriault GD,
Ferrara EP, Siu AL. Hospital volume differences and
five-year survival from breast cancer. Am J Public Health
1998; 88: 454–457.

28 Sainsbury R, Haward B, Rider L, Johnston C, Round C.
Influence of clinician workload and patterns of treatment
on survival from breast cancer. Lancet 1995; 345:
1265–1270.

29 Harcourt KF, Hicks KL. Is there a relationship between case
volume and survival in breast cancer? Am J Surg 2003; 185:
407–410.

30 Stefoski Mikeljevic J, Haward RA, Johnston C, Sainsbury R,
Forman D. Surgeon workload and survival from breast
cancer. Br J Cancer 2003; 89: 487–491.

31 Schrag D, Panageas KS, Riedel E, Hsieh L, Bach PB,
Guillem JG et al. Surgeon volume compared to hospital
volume as a predictor of outcome following primary colon
cancer resection. J Surg Oncol 2003; 83: 68–78.

32 Ko CY, Chang JT, Chaudhry S, Kominski G. Are
high-volume surgeons and hospitals the most important
predictors of in-hospital outcome for colon cancer resection?
Surgery 2002; 132: 268–273.

33 Schrag D, Panageas KS, Riedel E, Cramer LD, Guillem JG,
Bach PB et al. Hospital and surgeon procedure volume as
predictors of outcome following rectal cancer resection. Ann
Surg 2002; 236: 583–592.

34 McArdle CS, Hole DJ. Influence of volume and
specialization on survival following surgery for colorectal
cancer. Br J Surg 2004; 91: 610–617.

35 Harmon JW, Tang DG, Gordon TA, Bowman HM,
Choti MA, Kaufman HS et al. Hospital volume can serve as a
surrogate for surgeon volume for achieving excellent
outcomes in colorectal resection. Ann Surg 1999; 230:
404–411.

36 Parry JM, Collins S, Mathers J, Scott NA, Woodman CB.
Influence of volume of work on the outcome of treatment
for patients with colorectal cancer. Br J Surg 1999; 86:
475–481.

37 Rabeneck L, Davila JA, Thompson M, El-Serag HB.
Surgical volume and long-term survival following surgery for

colorectal cancer in the Veterans Affairs Health-Care
System. Am J Gastroenterol 2004; 99: 668–675.

38 Schrag D, Cramer LD, Bach PB, Cohen AM, Warren JL,
Begg CB. Influence of hospital procedure volume on
outcomes following surgery for colon cancer. JAMA 2000;
284: 3028–3035.

39 Kee F, Wilson RH, Harper C, Patterson CC, McCallion K,
Houston RF et al. Influence of hospital and clinician
workload on survival from colorectal cancer: cohort study.
BMJ 1999; 318: 1381–1385.

40 Simunovic M, To T, Baxter N, Balshem A, Ross E, Cohen Z
et al. Hospital procedure volume and teaching status do not
influence treatment and outcome measures of rectal cancer
surgery in a large general population. J Gastrointest Surg
2000; 4: 324–330.

41 Meyerhardt JA, Tepper JE, Niedzwiecki D, Hollis DR,
Schrag D, Ayanian JZ et al. Impact of hospital procedure
volume on surgical operation and long-term outcomes in
high-risk curatively resected rectal cancer: findings from the
Intergroup 0114 Study. J Clin Oncol 2004; 22: 166–174.

42 Hodgson DC, Zhang W, Zaslavsky AM, Fuchs CS,
Wright WE, Ayanian JZ. Relation of hospital volume to
colostomy rates and survival for patients with rectal cancer. J
Natl Cancer Inst 2003; 95: 708–716.

43 Meyerhardt JA, Catalano PJ, Schrag D, Ayanian JZ,
Haller DG, Mayer RJ et al. Association of hospital procedure
volume and outcomes in patients with colon cancer at high
risk for recurrence. Ann Intern Med 2003; 139: 649–657.

44 Ellison LM, Heaney JA, Birkmeyer JD. The effect of hospital
volume on mortality and resource use after radical
prostatectomy. J Urol 2000; 163: 867–869.

45 Glasgow RE, Showstack JA, Katz PP, Corvera CU,
Warren RS, Mulvihill SJ. The relationship between hospital
volume and outcomes of hepatic resection for hepatocellular
carcinoma. Arch Surg 1999; 134: 30–35.

46 Cowan JA Jr, Dimick JB, Leveque JC, Thompson BG,
Upchurch GR Jr, Hoff JT. The impact of provider volume
on mortality after intracranial tumor resection. Neurosurgery
2003; 52: 48–53.

47 Cowan JA Jr, Dimick JB, Leveque JC, Thompson BG,
Upchurch GR Jr, Hoff JT. The impact of provider volume
on mortality after intracranial tumor resection. Neurosurgery
2003; 52: 48–53.

Copyright  2005 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 389–402
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/92/4/389/6144209 by guest on 20 April 2024


