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Background: Reorganization of colorectal cancer services has led to surgery being increasingly, but not
exclusively, delivered by specialist surgeons. Outcomes from colorectal cancer surgery have improved,
but the exact determinants remain unclear. This study explored the determinants of outcome after
colorectal cancer surgery over time.
Methods: Postoperative mortality (within 30 days of surgery) and 5-year relative survival rates for
patients in the West of Scotland undergoing surgery for colorectal cancer between 1991 and 1994 were
compared with rates for those having surgery between 2001 and 2004.
Results: The 1823 patients who had surgery in 2001–2004 were more likely to have had stage I or
III tumours, and to have undergone surgery with curative intent than the 1715 patients operated on
in 1991–1994. The proportion of patients presenting electively who received surgery by a specialist
surgeon increased over time (from 14·9 to 72·8 per cent; P < 0·001). Postoperative mortality increased
among patients treated by non-specialists over time (from 7·4 to 10·3 per cent; P = 0·026). Non-specialist
surgery was associated with an increased risk of postoperative death (adjusted odds ratio 1·72, 95 per
cent confidence interval (c.i.) 1·17 to 2·55; P = 0·006) compared with specialist surgery. The 5-year
relative survival rate increased over time and was higher among those treated by specialist compared
with non-specialist surgeons (62·1 versus 53·0 per cent; P < 0·001). Compared with the earlier period, the
adjusted relative excess risk ratio for the later period was 0·69 (95 per cent c.i. 0·61 to 0·79; P < 0·001).
Increased surgical specialization accounted for 18·9 per cent of the observed survival improvement.
Conclusion: Increased surgical specialization contributed significantly to the observed improvement in
longer-term survival following colorectal cancer surgery.
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Introduction

Survival from colorectal cancer has improved over the
past 30 years in the UK1–3 and other European countries,
mainly owing to improved treatment and, to a lesser
extent, earlier presentation and diagnosis4. However,
colorectal cancer outcomes in the UK remain poorer
than in many other Western European countries5. There
is some evidence that this difference is not explained
by later stage at diagnosis but may reflect differences

in clinical management of the disease6,7. A number
of advances in clinical care have occurred over time,
including reductions in emergency operations, improved
resection techniques, better patient selection aided by
advanced radiological imaging, and greater use of adjuvant
oncological therapies. There have also been widespread
changes in the organization of care, with greater surgical
specialization, multidisciplinary team (MDT) working, and
coordination of care within managed clinical networks.
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A limitation of previous studies using national cancer
registry data to describe temporal and geographic
comparisons of colorectal cancer outcome has been
the limited availability of clinical data4. To understand
better the factors associated with improved survival from
colorectal cancer there is a need to include more complete
staging data as well as adjustment for other patient- and
treatment-related factors8.

The aim of the present study was to explore determinants
of survival in patients with colorectal cancer over a 10-year
period in a detailed clinical audit data set linked to cancer
registry records. Demographic, socioeconomic and clinical
information, including tumour site, disease stage, mode of
presentation, intent of surgery and speciality of surgeon,
were included.

Methods

Patients admitted to six hospitals in the West of Scotland
who underwent surgery for colorectal cancer during
two time intervals (1 January 1991 to 31 December
1994, and 1 January 2001 to 31 December 2004) were
included. Information was abstracted from case notes
during the earlier period (1991–1994) by a specially trained
data manager. Data for 1991 and 1992 were collected
retrospectively and those for 1993 and 1994 were collected
prospectively, as described previously9. Data were collected
prospectively in the later period (2001–2004) by the West
of Scotland Colorectal Cancer Network. Comparable
details included age, sex, deprivation category, mode of
presentation, site of tumour, extent of tumour spread,
pathological stage, intent of surgery, anastomotic leak
and speciality of surgeon (colorectal specialist or non-
specialist). Individual patient records were then linked to
the Scottish Cancer Registry (SMR 06).

Tumours were classified according to their anatomical
site in accordance with the International Classification
of Diseases and Health Related Problems, tenth revision
(ICD-10). Lesions from the caecum to the sigmoid colon
were classified as colonic cancers (C18). Carcinomas of
the rectosigmoid junction and rectum were classified
as rectal cancers (C19–C20). Tumours of the appendix
(C18·1) and anus (C21) were excluded. The extent of
tumour spread was assessed by hybrid staging based on
histological examination of the resected specimen and
radiology reports.

Patients were deemed to have had a curative resection
if the surgeon considered that there was no macroscopic
residual tumour once the resection had been completed
and verified histologically as a complete resection (R0).
Surgery was deemed palliative if there was incomplete

(R1, R2) or unresectable disease at time of surgery, or as
identified before surgery from staging investigation. Mode
of presentation was defined as emergency if presentation
was via an unplanned hospital admission with significant
rectal bleeding, intestinal obstruction or perforation.

Individual surgeons were identified as specialists
(colorectal surgeons) or non-specialists (general surgeons)
by a panel of senior consultants using a similar method,
as described previously10. Surgeons were identified as a
specialist if they had a major commitment to colorectal
cancer surgery within the UK National Health Service
(NHS), were regarded as a colorectal surgeon by their
peers and colleagues, had access to a dedicated colonoscopy
session, and (for the later group) were a member of a
colorectal cancer MDT. All other surgeons were classified
as non-specialists.

The extent of socioeconomic deprivation was defined
using the Carstairs index11, an area-based measure of
deprivation derived from the 1991 and 2001 census data
based on a patient’s postcode of residence at the time of
diagnosis. A categorical form of the Carstairs score, the
DEPCAT, describes seven categories of deprivation, from
1 (most affluent) to 7 (most deprived). DEPCATs were
grouped into three conventional bands: 1 and 2 (affluent),
3–5 (intermediate), and 6 and 7 (deprived).

All patient records were linked to the General Registry
Office for Scotland death records to allow a minimum of
5 years’ follow-up. Postoperative mortality was defined as
any death occurring within 30 days of operation. Relative
survival is expressed as the ratio of the observed survival
within the study cohort to the survival that would be
expected when exposed to the background mortality of a
specific population. Annual age- and sex-specific Scottish
life-tables produced by the London School of Hygiene
and Tropical Medicine were used to estimate background
mortality rates.

Ethical approval

The West of Scotland Cancer Surveillance Unit obtained
permission to obtain cancer registry data both from
Caldicott Guardians of all health boards in the West of
Scotland and from the information services division of the
NHS in Scotland privacy advisory committee. Permission
to obtain clinical audit data was granted by the West of
Scotland Colorectal Cancer Managed Clinical Network
advisory board.

Statistical analysis

Comparisons of the association between baseline clinico-
pathological characteristics, treatment variables and time
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Table 1 Baseline characteristics of patients in 1991–1994 and
2001–2004

1991–1994
(n = 1715)

2001–2004
(n = 1823) P†

Mean(s.d.) age (years) 68·5(11·6) 69·1(11·3) 0·137‡
Sex ratio (M : F) 896 : 819 979 : 844 0·385
Socioeconomic group* 0·007

Affluent 191 (11·1) 206 (11·3)
Intermediate 931 (54·3) 1075 (59·0)
Deprived 593 (34·6) 542 (29·7)

Tumour site 0·012
Colon 1087 (63·4) 1103 (60·5)
Rectum 588 (34·3) 648 (35·5)
Multiple 40 (2·3) 72 (3·9)

Mode of presentation 0·674
Elective 1161 (67·7) 1222 (67·0)
Emergency 554 (32·3) 601 (33·0)

Tumour stage < 0·001
I 56 (3·3) 245 (13·4)
II 739 (43·1) 631 (34·6)
III 442 (25·8) 549 (30·1)
IV 401 (23·4) 365 (20·0)
Unknown 77 (4·5) 33 (1·8)

Intent of surgery 0·026
Curative resection 1140 (66·5) 1286 (70·5)
Palliative resection 460 (26·8) 420 (23·0)
Surgery, no resection 115 (6·7) 117 (6·4)

Speciality of surgeon < 0·001
Specialist 236 (13·8) 1233 (67·6)
Non-specialist 1479 (86·2) 590 (32·4)

Values in parentheses are percentages unless indicated otherwise.
*Carstairs DEPCAT 1991 (for 1991–1994) and 2001 (for 2001–2004).
†χ2 test, except ‡t test.

interval were made using χ2 or t tests where appropriate.
Factors associated with postoperative mortality were
assessed by means of univariable and multivariable logistic
regression models. Survival time was calculated from date
of surgery to the date of death or censor at 5 years. Patients
were excluded from the relative survival analysis where
no follow-up time was calculable (patient died on day of
surgery). Five-year relative survival estimates using annual
life-tables were calculated, and rates were compared using
the log rank test. The Hakulinen–Tenkanen approach to
modelling excess mortality was used for the multivariable
relative survival analysis. Relative excess risk ratios are
presented with 95 per cent confidence intervals (c.i.) and
P < 0·050 was considered statistically significant. Analysis
was performed using the software package STATA
release 11(IC) (StataCorp LP, College Station, Texas,
USA).

Results

Baseline patient characteristics are shown in Table 1.
Compared with the earlier period (1991–1994), patients

Table 2 Anastomotic leak and postoperative mortality rates in
1991–1994 and 2001–2004

1991–1994 2001–2004
Anastomotic leak rate* n = 1310 n = 1418 P†

Overall 58 (4·4) 33 (2·3) 0·002
Age (years)

< 65 26 of 405 (6·4) 15 of 433 (3·5) 0·047
65–74 16 of 466 (3·4) 11 of 463 (2·4) 0·337
≥ 75 16 of 439 (3·6) 7 of 522 (1·3) 0·02

Intent of surgery
Curative resection 41 of 929 (4·4) 22 of 1085 (2·0) 0·002
Palliative resection 17 of 336 (5·1) 10 of 306 (3·3) 0·259
Mode of presentation

Elective 42 of 877 (4·8) 20 of 966 (2·1) 0·001
Emergency 16 of 433 (3·7) 13 of 452 (2·9) 0·494

Specialist surgeon
Overall 9 of 170 (5·3) 26 of 952 (2·7) 0·077
Elective 6 of 122 (4·9) 16 of 695 (2·3) 0·100
Emergency 3 of 48 (6) 10 of 257 (3·9) 0·458

Non-specialist surgeon
Overall 49 of 1140 (4·3) 7 of 466 (1·5) 0·006
Elective 36 of 755 (4·8) 4 of 271 (1·5) 0·016
Emergency 13 of 385 (3·4) 3 of 195 (1·5) 0·202

Postop. mortality rate n = 1715 n = 1823
Overall 125 (7·3) 129 (7·1) 0·807
Age (years)

< 65 20 of 560 (3·6) 19 of 569 (3·3) 0·831
65–74 44 of 621 (7·1) 45 of 614 (7·3) 0·869
≥ 75 61 of 534 (11·4) 65 of 640 (10·2) 0·485

Intent of surgery
Curative resection 52 of 1140 (4·6) 52 of 1286 (4·0) 0·530
Palliative resection 50 of 460 (10·9) 52 of 420 (12·4) 0·484
Surgery, no resection 23 of 115 (20·0) 25 of 117 (21·4) 0·797

Mode of presentation
Elective 56 of 1161 (4·8) 46 of 1222 (3·8) 0·202
Emergency 69 of 554 (12·5) 83 of 601 (13·8) 0·496

Specialist surgeon
Overall 16 of 236 (6·8) 68 of 1233 (5·5) 0·443
Elective 9 of 173 (5·2) 24 of 890 (2·7) 0·082
Emergency 7 of 63 (11) 44 of 343 (12·8) 0·705

Non-specialist surgeon
Overall 109 of 1479 (7·4) 61 of 590 (10·3) 0·026
Elective 47 of 988 (4·8) 22 of 332 (6·6) 0·186
Emergency 62 of 491 (12·6) 39 of 258 (15·1) 0·343

Values in parentheses are percentages. *For anastomoses created. †χ2

test.

in the later period (2001–2004) were less deprived, had
a smaller proportion of colonic cancers, were more likely
to have stage I or III tumours, and were less likely to
have stage II tumours or metastatic disease at presentation.
Patients in the later cohort were more likely to undergo
surgery with curative intent and receive surgery under the
care of a specialist colorectal surgeon. The proportion of
patients presenting electively who received surgery under
the care of a specialist surgeon increased from 14·9 per
cent in the early period to 72·8 per cent in the later
period (P < 0·001; grouped data not shown in Table 1).
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Table 3 Univariable and multivariable logistic regression analysis of factors associated with postoperative mortality for all 3538 patients

Univariable analysis Multivariable analysis

Odds ratio P Odds ratio P

Age (years)
< 65 1·00 1·00
65–74 2·17 (1·48, 3·19) < 0·001 2·52 (1·68, 3·78) < 0·001
≥ 75 3·36 (2·32, 4·86) < 0·001 3·62 (2·45, 5·35) < 0·001

Sex
F 1·00 1·00
M 1·28 (0·99, 1·66) 0·061 1·38 (1·04, 1·82) 0·025

Socioeconomic group*
Affluent 1·00 0·354
Intermediate 0·82 (0·55, 1·24) 0·851
Deprived 1·04 (0·68, 1·59)

Mode of presentation
Elective 1·00 1·00
Emergency 3·39 (2·61, 4·40) < 0·001 2·59 (1·95, 3·44) < 0·001

Tumour stage
I 1·00 1·00
II 1·40 (0·71, 2·77) 0·329 0·82 (0·41, 1·66) 0·585
III 1·84 (0·93, 3·65) 0·080 1·03 (0·51, 2·10) 0·929
IV 4·37 (2·25, 8·49) < 0·001 1·07 (0·48, 2·35) 0·873
Unknown 7·28 (3·32, 15·94) < 0·001 1·68 (0·66, 4·29) 0·276

Tumour site
Rectum 1·00 1·00
Colon 2·06 (1·50, 2·82) < 0·001 1·58 (1·12, 2·23) 0·009
Multiple 3·72 (2·05, 6·75) < 0·001 2·12 (1·09, 4·10) 0·026

Speciality of surgeon
Specialist 1·00 1·00
Non-specialist 1·48 (1·13, 1·93) 0·005 1·33 (1·01, 1·76) 0·045

Intent of surgery
Curative resection 1·00 1·00
Palliative resection 2·93 (2·20, 3·89) < 0·001 2·37 (1·57, 3·58) < 0·001
Surgery, no resection 5·82 (4·01, 8·46) < 0·001 4·39 (2·46, 7·85) < 0·001

Anastomotic leak
No 1·00 1·00
Yes 5·65 (3·51, 9·07) < 0·001 8·09 (4·70, 13·93) < 0·001

Values in parentheses are 95 per cent confidence intervals. *Carstairs DEPCAT 1991 (for 1991–1994) and 2001 (for 2001–2004).

There was a reduction in those presenting as an emergency
and undergoing surgery under the care of a non-specialist
surgeon from 88·6 per cent in the earlier group to 42·9 per
cent in the later group (P < 0·001; grouped data not shown
in Table 1).

Anastomotic leak and postoperative mortality rates are
shown in Table 2. The anastomotic leak rate halved over
time. Reduced rates of anastomotic leak were seen in
patients aged less than 65 years or 75 years and above, in
those undergoing curative resection, in those presenting
electively, and in those having elective surgery under the
care of a non-specialist surgeon. There was a trend toward
reduced anastomotic leakage among those treated by a
specialist surgeon. The proportion of elective patients who
underwent a primary anastomosis increased over time.

There was no difference in the overall postoperative
mortality rate between time periods. However, specialists

Time after surgery (years)

1201 973 777 678 609
No. at risk

1991–1994 1710
2001–2004 1821 1453 1218 1063 955 874
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Fig. 1 Five-year relative survival curves after surgery for
colorectal cancer in 1991–1994 and 2001–2004. P < 0·001
(log rank test)
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Table 4 Five-year relative survival rates following surgery for
colorectal cancer in each period

5 year relative survival (%)

1991–1994
(n = 1710)

2001–2004
(n = 1821) P*

All patients 45·7 (42·8, 48·6) 59·1 (56·3, 62·0) < 0·001
Intent of surgery

Curative resection 64·3 (60·5, 68·0) 77·0 (73·7, 80·2) < 0·001
Palliative resection 10·2 (7·3, 13·6) 20·3 (16·2, 24·9) < 0·001

Mode of presentation
Elective 52·3 (48·6, 55·9) 67·9 (64·4, 71·3) < 0·001
Emergency 31·7 (27·1, 36·5) 41·0 (36·3, 45·8) 0·003

Speciality of surgeon
Specialist 51·7 (43·6, 59·8) 62·1 (58·6, 65·5) 0·004
Non-specialist 44·7 (41·6, 47·9) 53·0 (48·0, 57·9) 0·016

Tumour stage
I 89·4 (71·7, 99·0) 94·5 (87·3, 99·0) 0·676
II 71·4 (66·6, 76·0) 81·9 (77·0, 86·4) 0·009
III 36·3 (31·2, 41·7) 53·4 (48·3, 58·4) < 0·001
IV 6·7 (4·4, 9·9) 9·7 (6·7, 13·4) 0·001

Values in parentheses are 95 per cent confidence intervals. *Log rank test.

Table 5 Five-year relative survival estimates and multivariable relative excess risk ratios for 3531 patients

Unadjusted 5-year relative survival (%) P Multivariable analysis of relative excess risk P

Age (years) 0·001
< 65 53·5 (50·4, 56·6) 1·00
65–74 53·8 (50·4, 57·1) 1·22 (1·08, 1·39) 0·002
≥ 75 51·3 (46·9, 55·8) 1·46 (1·28, 1·67) < 0·001

Sex 0·147
F 54·7 (51·7, 57·6) 1·00
M 50·8 (47·9, 53·6) 1·08 (0·97, 1·21) 0·157

Socioeconomic group* 0·182
Affluent 58·1 (51·8, 64·2) 1·00
Intermediate 52·0 (49·3, 54·7) 1·20 (0·99, 1·44) 0·056
Deprived 52·0 (48·3, 55·6) 1·20 (0·99, 1·47) 0·064

Mode of presentation < 0·001
Elective 60·4 (57·8, 62·9) 1·00
Emergency 36·6 (33·2, 40·0) 1·62 (1·45, 1·82) < 0·001

Tumour stage < 0·001
I 93·6 (87·0, 99·1) 1·00
II 76·3 (72·9, 79·6) 2·05 (1·22, 3·44) 0·007
III 45·8 (42·1, 49·5) 5·29 (3·18, 8·80) < 0·001
IV 8·1 (6·2, 10·5) 7·29 (4·31, 12·31) < 0·001
Unknown 20·5 (12·5, 30·2) 5·15 (2·90, 9·13) < 0·001

Tumour site 0·001
Colon 53·2 (50·6, 55·8) 1·00
Rectum 53·4 (49·9, 56·8) 1·03 (0·91, 1·16) 0·668
Multiple 34·6 (24·5, 45·5) 1·00 (0·77, 1·30) 0·995

Speciality of surgeon < 0·001
Specialist 60·4 (57·2, 63·6) 1·00
Non-specialist 47·1 (44·4, 49·8) 1·51 (1·35, 1·69) < 0·001

Intent of surgery < 0·001
Curative resection 71·1 (68·6, 73·6) 1·00
Palliative resection 15·0 (12·5, 17·8) 3·08 (2·62, 3·62) < 0·001
Surgery, no resection 2·3 (0·8, 5·5) 6·64 (5·24, 8·41) < 0·001

Anastomotic leak < 0·001
No 53·1 (51·0, 55·2) 1·00
Yes 37·2 (26·4, 48·5) 1·93 (1·46, 2·57) < 0·001

Values in parentheses are 95 per cent confidence intervals. *Carstairs DEPCAT 1991 (for 1991–1994) and 2001 (for 2001–2004).

had approximately half the rate of non-specialists in the
later period. Postoperative mortality was significantly lower
among those who presented electively and received care
by a specialist than by a non-specialist surgeon only in the
later period (P < 0·001). There was no overall difference
in postoperative mortality by speciality of surgeon in
either time period for those presenting as an emergency.
Factors associated with postoperative mortality are shown
in Table 3. On multivariable analysis, surgery under
the care of a non-specialist surgeon was independently
associated with higher postoperative mortality. Factors
associated with postoperative mortality were assessed in
each time period separately. From 1991 to 1994, speciality
of surgeon was not associated with postoperative mortality
(adjusted odds ratio 0·97, 95 per cent c.i. 0·53 to 1·75;
P = 0·907). However, from 2001 to 2004, surgery under
the care of a non-specialist surgeon was associated with
higher postoperative mortality (adjusted odds ratio 1·72,
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Table 6 Relative excess risk for patients treated in 2001–2004
versus those treated in 1991–1994 (reference group)

All patients

Relative excess risk P

Unadjusted 0·67 (0·60, 0·75) < 0·001
Adjusted for mode of presentation

and age
0·66 (0·59, 0·74) < 0·001

Adjusted for mode of presentation,
age and tumour stage

0·66 (0·59, 0·74) < 0·001

Adjusted for mode of
presentation, age, tumour stage
and intent of surgery

0·63 (0·56, 0·70) < 0·001

Adjusted for mode of presentation,
age, tumour stage, intent of
surgery and anastomotic leak

0·63 (0·56, 0·70) < 0·001

Adjusted for mode of presentation,
age, tumour stage, intent of
surgery, anastomotic leak and
speciality of surgeon

0·70 (0·61, 0·79) < 0·001

Adjusted for mode of
presentation, age, tumour
stage, intent of surgery,
anastomotic leak, speciality of
surgeon and tumour site

0·69 (0·61, 0·79) < 0·001

Values in parentheses are 95 per cent confidence intervals. Factors not
associated with time interval but associated with survival were introduced
into the model first. Factors associated with period and survival were
introduced sequentially based on the strength of association in the
univariable analysis.

1·17 to 2·55; P = 0·006). No significant difference in the
strength of association was seen for any other variable
when this analysis was performed for each time period
separately.

Five patients from the earlier period and two patients
from the later period died on the day of surgery and
were excluded from the relative survival analysis. The 5-
year relative survival rate following surgery for colorectal
cancer increased from 45·7 (95 per cent c.i. 42·8 to 48·6) per
cent in the earlier period to 59·1 (56·3 to 62·0) per cent in
the later period (P < 0·001) (Fig. 1). Relative survival rates
at 5 years by time period and intent of surgery, mode of
presentation, speciality of surgeon and pathological stage
are shown in Table 4. The more recent 5-year relative
survival rates were higher for each category of resection
type and mode of presentation. Only in the later period
was 5-year relative survival significantly higher for those
treated by a specialist compared with a non-specialist. In
patients undergoing surgery with curative intent, relative
survival at 5 years was higher under the care of a specialist
than for those treated by a non-specialist, a difference
found in both time periods separately.

Factors associated with 5-year relative survival are
shown in Table 5. On multivariable analysis for risk of
death, operation by a non-specialist surgeon was among
the significant variables. No significant difference in the

strength of association was seen for any variable when this
analysis was performed for each time period separately.

A forward stepwise relative excess risk model was used
to determine the relative contribution of differentials in
case mix, mode of presentation, age, stage of disease, intent
of surgery, anastomotic leakage, speciality of surgeon and
site of tumour in relation to survival between the later
(2001–2004) and earlier (1991–1994) periods (Table 6).
The increase in surgical specialization over time accounted
for 18·9 per cent of the observed survival improvement
between time periods.

Discussion

This study reports on short- and longer-term outcomes
after surgery for colorectal cancer in the West of Scotland
over two time periods before the introduction of a national
bowel screening programme. Five-year relative survival
rates improved, in part owing to the influence of increased
surgical specialization rather than earlier disease stage.
Overall postoperative mortality rates did not change over
time, but an increase in postoperative deaths among those
treated by non-specialist surgeons was observed. Thus,
although fewer patients were treated by non-specialists,
their short-term outcomes worsened over time. Therefore,
the importance of receiving specialist care for colorectal
cancer was greater than in previous decades.

The temporal improvement in relative survival after
colorectal cancer surgery reported in this study is consistent
with observed patterns in longer-term outcomes reported
recently from population-based studies in the UK1–3.
The main weakness of survival analyses based solely on
cancer registry data is that they lack detailed information
on treatment and tumour characteristics. Analysis of the
determinants of survival improvement from such studies is
therefore limited. There is also a paucity of clinical studies
examining longer-term survival improvements following
surgery over time using relative survival methodologies.
These results show that longer-term relative survival after
surgery for colorectal cancer has improved significantly
over recent decades, largely owing to increased surgical
specialization in the West of Scotland.

Notable changes in the case mix of patients having
surgery for colorectal cancer were seen over time in this
study. Despite the overall reduction in deprivation, 29·7
per cent of the later cohort was classified as deprived. Those
treated during the later period were more likely to undergo
surgery with curative intent. This reflects changes in both
surgical technique (for example widespread adoptation of
total mesorectal excision in rectal cancer surgery) and
opinion as to whether patients with certain stages of disease

 2013 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2013; 100: 1388–1395
Published by John Wiley & Sons Ltd



1394 R. Oliphant, G. A. Nicholson, P. G. Horgan, R. G. Molloy, D. C. McMillan and D. S. Morrison

(such as patients with resectable metastases) can be treated
surgically with curative intent. The improvement in 5-year
relative survival of patients with metastatic disease may
reflect this more aggressive approach to surgical treatment.

The main determinant of the observed improvement
in longer-term survival in this study was the influence of
increased surgery performed under the care of specialist
surgeons. Operation under the care of a non-specialist
surgeon also became associated with higher rates of
postoperative mortality. Specialization has also been
associated with improved longer-term survival following
surgery for colorectal cancer over recent decades10,12,13.
The underlying reasons for the differential in outcome for
those treated by specialists compared with non-specialists
could be due to differences in surgical technique, patient
selection, or referral for adjuvant oncological treatment.
Specialists may also be more likely to be based in high-
volume units with greater access to specialist nursing
staff. However, the exact facets of specialist care that
lead to improved outcome remain subject to ongoing
research.

Increased specialization is a hallmark of recent changes
to colorectal cancer services in the UK. The West of
Scotland Colorectal Cancer Managed Clinical Network
was established in 2000 with the aim of improving and
standardizing treatment via the widespread adoption of
specialist MDT-based care. Although the present study did
not measure directly the influence of MDTs on outcome, it
may be that some of the unexplained survival improvement
over time could have been due to the reorganization of
cancer services that occurred between the two time periods.
Survival improvements following the introduction of MDT
care for colorectal14 and breast15 cancer have been reported
previously in this region.

There was no significant difference in the proportion
of patients presenting as an emergency despite changes in
disease stage over time. Emergency presentation has been
shown consistently to be associated with poorer outcome
after surgery for colorectal cancer16,17. Strategies focused
on reducing emergency presentation of colorectal cancer
are likely to lead to further improvements in survival.
The introduction of population-based bowel screening
programmes in the UK has resulted in the identification of
disease at an earlier stage18. An additional benefit of this
may be a reduction in emergency presentation and surgery
over time, and ongoing prospective evaluation of bowel
screening is required.

Despite the clear improvement in 5-year relative
survival, no significant change in the overall 30-day
postoperative mortality rate was evident between time
periods. Postoperative mortality rates in each period

were similar to contemporary data published from other
areas of the UK13,19,20. The postoperative mortality rate
remained unchanged despite the reduction in reported
anastomotic leak. Any resultant survival benefits derived
from improvements in perioperative care and safety over
the study interval may have been offset by more aggressive
surgery performed in an older population with high levels
of background co-morbidity.

An increase in postoperative mortality was observed in
patients receiving care under a non-specialist surgeon after
adjustment for a range of case-mix variables, including
mode of presentation. These findings are similar to those
of previous studies from the UK13. The proportion of
patients treated by non-specialists fell from 86·2 to 32·4
per cent over the study interval. It is not clear whether this
reduction in overall caseload of non-specialists contributed
to their relatively poorer outcomes over time. These results
suggest that the poorer outcomes associated with non-
specialist care have, if anything, worsened, making the
relative benefits of specialist colorectal cancer surgery
greater than reported previously. Therefore, surgery
for colorectal cancer should be performed by specialist
colorectal surgeons where possible.

A particular strength of this study is the use of relative
survival to assess longer-term outcomes. Relative survival
analyses are regarded as the standard for assessing longer-
term outcome in patients with cancer21. Variations in
background mortality rates and life expectancy over time
can be adjusted for to allow the true effect of the disease
under study to be assessed more accurately. However, one
of the main limitations of this study was that analysis
was restricted to the examination of variables collected
in the original data sets. The availability of additional
patient-(for example measure of co-morbidity, body mass
index, smoking status, biochemical or haematological
markers), tumour-(such as tumour node metastasis
category, lymph node yield, tumour characteristics) and
treatment-(for instance urgency of surgery, chemotherapy
and radiotherapy treatment, intensive care or high-
dependency level nursing care) related factors would have
enabled more detailed analysis.
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