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Abstract

One of the main problems in the treatment of rectal cancer is the development of local recurrences. In the last decades, major
improvements have been realized in the surgical treatment of rectal cancer. The introduction of TME-surgery has led to a large
reduction in local recurrence rates and improved survival. TME-based operations are now established as the standard of care for

rectal cancer, and should form the basis for trials concerning the role of (neo)adjuvant therapy. However, training and quality con-
trol are prerequisites to obtain good results in all surgeons’ hands. Furthermore, standardization in the description of operations and
reporting of pathology specimens should be implemented as important features of quality control. In general, it is thought that high

volume and specialist care produces superior results to low volume and non-specialist care, especially for those less frequent forms of
cancer and in technically difficult operations, like those for rectal cancer. However, limiting the performance of rectal cancer surgery
to highly specialized surgeons or to only those general surgeons who perform more than a certain volume is impractical in view of the

prevalence of rectal cancer. This article reviews developments in the treatment of especially mobile rectal cancer and pays attention to
variability in outcomes and quality assurance of surgery. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Colorectal cancer is the most common gastro-
intestinal cancer in the Western world. In 1995, 8000
new colorectal cancer patients were registered in The
Netherlands, of whom approximately 25% had rectal
carcinoma [1]. One of the main problems in the treat-
ment of rectal cancer is the development of local recur-
rences; local recurrence rates vary widely with reported
incidences from 5 to 45% [2,3]. These cause severe dis-
abling symptoms, are difficult to treat, and usually kill
the patient [4]. Recurrences of rectal cancer are often
confined to the pelvis without distant metastases, and
are considered locoregional failures [5,6]. Most of them
become overt within 2 years of operation. In the last
decades, major improvements have been realised in the
surgical treatment of rectal cancer. This article reviews
developments in the treatment of especially mobile rec-
tal cancer and pays attention to variability in outcomes
and quality assurance of surgery. Quality assurance has

become an important topic in rectal cancer surgery and
is of major importance for standardisation of treatment
in (neo-)adjuvant therapy studies and improvement of
outcomes.

2. Traditional surgical treatment

The surgical principles in the treatment of colorectal
cancer were formulated by Lord Moynihan for the first
time in 1908 [7]. Early in the beginning years of the
1900s, the local recurrence rate following surgery for
rectal cancer was nearly 100%. Miles described a
combined radical abdominal and perineal approach (APR)
[8] to remove the pelvic mesocolon and the ‘zone of
upward spread’ to solve this problem. For a long time,
Miles’ operation was the ‘gold standard’ for the treatment
of rectal cancer, even for tumours above 15 cm from the
anal verge. A frequently heard comment was indeed
‘‘One had not done a proper cancer operation if the
man was not impotent thereafter’’. Since Miles described
his abdominoperineal resection technique, various
modifications have been proposed to improve patient
prognosis and quality of life.
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Surgery related factors to which much attention has
been paid are early vascular isolation and bowel liga-
tion. Turnbull [9] described a technique in which lym-
phovascular isolation and ligation was performed prior
to mobilisation of the segment of tumour-bearing colon.
The idea behind this ‘no-touch’ isolation technique was
to prevent early venous and lymphatic spread of tumour
cells, based on the observation that tumour cells have
the capacity to appear in the venous bloodstream at all
times, especially after manipulation of any kind [10]. A
prospective randomised multicentre study evaluating
the effect of the ‘no touch’ concept, however, could not
demonstrate a benefit with respect to overall survival. In
subgroup analysis, the concept was shown to be of sta-
tistically significant benefit only when microscopic vas-
cular invasion was present in the tumour [11].
En bloc resection of lymph nodes at the origin of the

inferior mesenteric artery (IMA) from the aorta, often
called ‘high’ ligation, was assumed in the 1960s to give a
survival benefit compared with ‘low’ ligation, which allows
selective preservation of the left colonic artery. Such bene-
fit was demonstrated for cancer of both the left colon and
rectum [12]. Two more recent comparative studies have
failed, however, to show a survival benefit for ‘high’ or
‘low’ ligation [13,14]. It might be argued that once the
tumour has spread to the ‘high’ nodes, the disease is gen-
eralised and surgery for cure cannot be achieved anymore.
Improvement in the quality of life after surgery was

obtained due to the introduction of mechanical stapling
devices [15] together with the observation that the safe
distal margin is 2 cm from the primary tumour [16,17].
The combination of these two factors made lower
resection with reconstruction possible, guaranteeing an
anatomically and functionally intact anal sphincter,

instead of the much more mutilating abdominoperineal
resection with implicite definite colostomies. Develop-
ments of new approaches also included the coloanal
anastomoses [18]. This technique has acceptable func-
tional results and complication rates and therefore has
become a viable alternative to the abdominoperineal
resection in the treatment of low rectal cancer. In addi-
tion, significant functional improvement, particularly in
the first 12–24 months after surgery, have been achieved
with use of the colonic J-pouch [19].
Although controversy has existed [20,21], it is now

clear that sphincter-saving surgery has no effect on
cancer recurrence and mortality. In addition to the
aforementioned surgical technicalities, the availability
of blood transfusion and major improvements in
anaesthesia, perioperative care management and control
of infectious complications, have also enabled surgeons
to resect the tumour and reconstruct the continuity of
the bowel, rather than to only construct a colostomy
and to leave the tumour in situ [22].
Nevertheless, despite the aforementioned develop-

ments, one of the problems in the treatment of rectal
cancer surgery has been the inability of surgeons to
optimise local tumour control. The basic conventional
procedure involving blunt dissection, often resulted in
incomplete removal of mesorectal tissue with high local
recurrence rates [2,20,23]. Table 1 shows local recur-
rence after ‘curative’ surgery in conventional surgery;
local recurrence from 12% up to 38% were reported. In
addition, damage to the autonomous pelvic nerve
plexus with the consequence of a high incidence of sex-
ual [24] and bladder dysfunction [25] was very likely in
conventional surgery with a great impact on the quality
of life after surgery.

Table 1

Local recurrence after ‘curative’ conventional surgery

Years

studied

Patients

investigated (n)

Local

recurrence (n)

Local

recurrence (%)

Remarks

Rao 1981 [107] 1967–1972 204 44 21.6

Rich 1983 [108] 1968–1972 142 43 30.3

Pahlman 1984 [109] 1974–1979 197 74 37.6

Phillips 1984 [20] 1976–1980 848 124 14.6

Philipsen 1984 [48] 1968–1976 382 105 27.5 27% received preop RT

McDermott 1985 [110] 1950–1983 934 193 20.7

Pescatori 1987 [111] 1967–1980 162 19 11.7

Athlin 1988 [112] 1971–1980 99 37 37.4 Undefined no. of pts received postop RT/CT

Rinnert-Gongora 1989 [113] 1973–1982 258 53 20.5

Zirngibl 1990 [114] 1969–1985 1153 265 23.0

Akyol 1991 [115] 1985–1989 294 49 16.7

Stipa 1991 [116] 1970–1991 235 42 17.9

Norstein 1993 [117] 1986–1988 275 81 29.5

Adam 1994 [118] 1985–1990 141 32 22.7 6% received postop RT

Nymann 1995 [119] 1982–1990 175 37 21.1

Damhuis 1997 [120] 1984–1991 902 162 18.0 8% received postop RT

Mollen 1997 [64] 1981–1986 232 42 18.1 27% received postop RT

Kapiteijn 1998 [23] 1988–1992 668 150 22.5 36% received postop RT

RT, radiotherapy; CT, chemotherapy; preop, preoperative; pts, patients.
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3. Variability in outcomes

3.1. Hospital- and surgeon-related variability

There is evidence to suggest an association between
higher-frequency and specialised institutions and sur-
geons, and improved outcome in oesophageal cancer,
breast cancer, and periampullary/pancreatic neoplasms
[26–28]. Inter-institution and intersurgeon variabilities
in colorectal cancer surgery have also been shown in
several studies. This applies to immediate results, such
as surgical morbidity and mortality [29–33], as well as
long-term results, such as local recurrence and survival
[20,23,29,34–37]. An explanation of interinstitution and
inter-surgeon variation in outcome is always difficult.
The different patient and tumour-related factors have to
be considered as well as the surgical technique itself;
anaesthesia, pre- and postoperative care (including
management of postsurgical complications and further
follow-up), additional non-surgical treatment mod-
alities, diagnosis and management of recurrences.
Table 2 shows a complete overview of published stud-

ies which have investigated the influence of hospital- and
surgeon-related factors in colorectal cancer according to
short- and long-term outcomes. With regard to short-
term outcomes [20,23,30–33,36]. Fielding and colleagues
drew attention to the differences in rates of clinically evi-
dent anastomotic leakage after resection for large bowel
cancer [31]. A study by Hannan and colleagues [32]
showed that hospitals with volumes of 40 or less proce-
dures for colectomies had significantly higher standar-
dised in-hospital mortality rates compared with hospitals
with volumes higher than 40. Other studies found no
correlation between hospital- and/or surgeon-related
factors and short-term outcomes [31,38,39].
Several studies have investigated the effect of hospital

volume on long-term outcomes. However, findings in
literature are controversial [23,34–36], with also one
report suggesting that, for example, hospital volume
predicts clinical outcome for colorectal cancer, but not
in the absolute magnitudes in comparison with the var-
iation observed for higher-risk cancer surgeries [40–42].
Other studies investigated type of hospital, teaching
status and localisation of hospitals. Hakama and col-
leagues [43] found university districts to have a better
survival than non-university districts. Blomqvist and
colleagues [44] found that 1-year relative survival was
higher in large regional versus small local hospitals. We
did not find an association between hospital volume and
local recurrence rate in a population-based registry
study in The West Netherlands [23].
The influence of individual surgeon volume and specia-

lisation have also been investigated in several studies
[20,29,36,37]. Hermanek suggests that, in order to main-
tain good quality of surgery, the minimum volume per
surgeon should be approximately one or two radical

resections per month [45]. In his study [36], however,
there was one particular high-volume surgeon with a very
poor outcome, which makes the conclusion about the role
of volume controversial. In the study of Porter and col-
leagues, it was shown that outcome is improved both with
colorectal surgical subspeciality training and a higher fre-
quency of rectal cancer surgery [37]. Other studies, how-
ever, did not find associations between surgeon-related
factors (e.g. consultants versus junior staff) and outcome
[20,46,47], although sometimes wide variations between
individual surgeons were reported [20,29].
When reviewing the data in the literature with respect

to volume, it must be considered that the definitions of
high volume are different with varying cut-off points.
This makes comparison of the studies on hospital- and
surgeon-related factors and outcome difficult, also since
the data sources and statistical methods used are differ-
ent. Cut-off points should be defined prospectively to
avoid biases inherent in post-hoc analysis (in which the
cut-off point can be selected to maximise volume-out-
come associations).
In conclusion, it is evident from the data published that

surgery is less than optimal as reflected in some hospitals
or by some surgeons. It is therefore important to give
surgeons the opportunity to undergo training and to
adopt new and improved techniques. It is more difficult
to find good arguments which support the hypothesis
that treatment volume or specialisation in colorectal sur-
gery per se are important factors. Rather, it could be that
the relationship between treatment volume and results is
more a consequence of bad organisation or badly trained
surgeons than volume or specialisation itself.

3.2. Variability in definitions

Apart from variability in hospital and surgeon out-
come, important factors responsible for the large range
of local failure rates, are different definitions used for
rectal cancer, curative resection, local recurrence and the
methods used for detecting such a local failure. Tumour
localisation is usually measured by endoscopy, but not
all papers give accurate information on the assessment
of tumour height [48,49]. The site of the tumour is
important; lower tumours (i.e. below 10 cm) show higher
local recurrence rates than higher tumours [48,50].
Furthermore, consensus is needed with regard to the

definition of a curative resection and which group of
patients is to be analysed for a certain outcome to make
studies comparable. A study of Marsh and colleagues
[51] showed that it is possible to define local recurrences
in many different ways and by doing so widely different
numerical values can be obtained. For the same series of
patients, it was demonstrated that the local recurrence
rate could be calculated as low as 4% or as high as 43%
by exclusion or inclusion depending on the used defini-
tion. Marsh proposed in his paper that local recurrence
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Table 2

Studies which have investigated the influence of hospital- and surgeon related factors in the outcome of colorectal cancer

Study Study period Patients

(n)

Hospitals

(n)

Surgeons

(n)

Analysed

factors

Analysed

outcomes

Results

Short-term, hospital factors

Luft and colleagues,

1979 [121]

1974–1975 73 427 colectomies

(12 surgical procedures

investigated)

1498 Hospital volume In-hospital mortality For colectomy, the actual death

rate tends to flatten out at

relatively low volumes; i.e.

10–50 procedures per yr

Flood and colleagues,

1984 [33]

1972 17 872 large bowel

operations with

cancer diagnoses

(15 surgical categories

investigated)

1040 Hospital volume Death in hospital � Evidence that high-volume

is associated with better

outcomes for surgical pts

(including large bowel

operations with cancer

diagnoses)

� Some evidence that low-

volume hospitals are associated

with the poorest outcome for

low-risk surgical pts

� Earlier publication 1982 [39]:

mortality not related to volume

Kessler and colleagues,

1993 [30]

1984–1986 1115 rectal cancer pts 7 Individual hospitals Operative/postoperative

mortality

Institution was an independent

factor for operative/

postoperative mortality

Begg and colleagues,

1998 [122]

1984–1993 3380 pelvic exenterations,

pts 565 yrs (5 major cancer surgery

procedures investigated)

26 Hospital volume 30-day mortality Higher volume was linked with

lower mortality for pelvic

exenteration

Short-term, surgeon factors

Reinbach, 1994 [123] 1992 116 colorectal cancer pts 2 10 Surgeon speciality interest � Resection type Surgeons without a speciality

interest in colorectal cancer

� removed less amount of

colon/rectum

� showed less lymph nodes in

the mesenteric resection specimen

� had less operative mortality

Lothian and Borders

large bowel cancer project,

1995 [124]

1990–1992 750 colorectal cancer

pts, 260 pts with

rectal cancer

28 consultant

surgeons

Variability between

surgeons

� Resection type

� Leak rate

The five consultants responsible

for half of the rectal cancer pts

had similar APR rates but lower

leak rates in LAR pts compared

with the others

Rosen and colleagues,

1996 [125]

1986–1994 1753 colorectal

cancer pts

1 39 Colorectal versus. other

institutional surgeons

In-hospital mortality Mortality rate and length of stay

was lower/shorter if a colorectal

surgeon rather than a general

surgeon had operated
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Table 2 (continued)

Study Study period Patients

(n)

Hospitals

(n)

Surgeons

(n)

Analysed

factors

Analysed

outcomes

Results

Khuri and colleagues,

1999 [38]

1991–1993 11 330 partial

colectomies (eight

procedures investigated)

125 Surgical volume 30-day mortality rate No correlations found

Short-term, hospital+surgeon

factors

Fielding, 1980 [31] 1976–1980 1466 colorectal

cancer pts

23 84 � Variation between

surgeons

� Comparison of

teaching and district

general hospitals

Leakage � Variation in leakage: 5–30%.

The surgeon was probably the

most important single factor

influencing leakage.

� No difference between teaching

and district general hospitals.

Kelly and colleagues,

1986 [126]

1977 2612 cancers of the colon

or rectum (4 procedures

investigated)

116 434 Hospital and physician

factors: volume, board

certification, teaching

status, size and location

In-hospital mortality � Higher volume and teaching

hospitals had less in-hospital

mortality

� Pts were more likely to die in

public hospitals compared with

private, non-profit hospitals

Hannan and colleagues,

1989 [32]

1986 10 297 colectomies

(5 procedures investigated)

250 1997 Hospital and physician

volume

In-hospital mortality Annual hospital thresholds

appear to exist at 40

procedures for colectomies

Burns and colleagues,

1991 [127]

1988 3457 large bowel resections

(11 medical conditions and

five surgical conditions

investigated)

47 Several hospital and

physician characteristics

(including volume)

� Length of stay

� Patient mortality

� Volume of pts with the same

condition treated by the

hospital increases length of

stay and mortality

� Volume of pts treated by the

physician decreases length of

stay and mortality among those

with surgical conditions

� Medical school attended by

the physician influences length

of stay

Harmon and colleagues,

1999 [128]

1992–1996 9739 colorectal cancer pts 50 812 � Hospital volume

� Surgeon volume

� In-hospital death

� Total hospital

charges

� Length of stay

� Higher surgeon volume was

associated with improvement

of all three outcomes

� Medium volume surgeons

achieved results equivalent to

high-volume surgeons when

they operated in high- or

medium-volume hospitals

(continued on next page)
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Table 2 (continued)

Study Study period Patients

(n)

Hospitals

(n)

Surgeons

(n)

Analysed

factors

Analysed

outcomes

Results

Long-term, hospital/district factors

Hakama and colleagues,

1989 [43]

1970–1981 7078 colon cancer pts 21 hospital

districts

Type of hospital in district

of residence

Actuarial relative

survival

University did better than

non-university districts

Mohner and Slisow,

1990 [129]

1976–1980 15 731 rectal cancer pts 334 Degree of centralised

treatment in district

5-yr survival Higher 5 yr relative survival in

districts with a centralisation

index of at least 60 (=at least

12 cases/yr)

Launoy 1992 [130] 1978–1984 1331 colorectal pts Type of hospital Actuarial survival No association between hospital

type and survival

Kapiteijn and colleagues,

1998 [23]

1988–1992 668 rectal cancer pts 12 Hospital volume LR No correlation between hospital

volume and LR

Dahlberg 1998 [87] 1974–1995 423 rectal cancer pts 1 Concentration of surgery to a

colorectal team

LR Results of treatment can be

improved by concentration of

surgery to a colorectal team

Blomqvist and colleagues,

1999 [44]

1973–1992 30 811 rectal cancer pts 100 Hospital catchment area Relative survival 1-yr relative survival was higher

in large regional versus small local

hospitals

Luna Perez 1999 [131] 1980–1995 82 pts with mid-rectal

cancer

Cancer centre versus

general hospitals

� Hospital volume

� Surgeon volume

� LR

� OS

� OS

Favourable prognostic factor for

LR and OS was treatment at a

cancer centre

� No detectable caseload effect for

surgeons

� Survival of pts treated in

hospitals with caseloads above 33

cases/yr was slightly worse than

for those treated in hospitals

with fewer caseloads

Kee et al. 1999 [132] 1990–1994 3217 colorectal

cancer pts

19 71

Kapiteijn and colleagues,

2001 (submitted),

conventional surgery

1987–1990 269 rectal cancer pts 16 Hospital volume � LR

� DR

� OS

Significant association between

higher hospital volume and lower

distant recurrence risk and higher

survival

Kapiteijn and colleagues, 2001

(submitted), TME -surgery

1996–1999 661 rectal cancer pts 84 Hospital volume and

specialisation

� LR

� DR

� OS

No associations found

Long-term, surgeon factors

Phillips 1984 [20] 1976–1980 2336 colorectal

cancer pts

Consultants versus junior staff � LR � No assocation between

consultants versus junior

staff and LR

� Wide variation between

consultant surgeons; significant

for incidence of LR
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Table 2 (continued)

Study Study period Patients

(n)

Hospitals

(n)

Surgeons

(n)

Analysed

factors

Analysed

outcomes

Results

Porter and colleagues,

1998 [37]

1983–1990 683 rectal cancer pts 5 52 Surgeon

� Volume

� Specialisation

� LR

� DSS

DSS correlated positively with

surgeon specialisation and volume

Long-term, hospital and surgeon

factors

Norstein, 1998 [133] 1986–1988 1049 rectal cancer

pts <75 yrs

64 Hospital

� Volume

� University/district/community

� Specialism

Surgeon

� Specialists in GE/consultant/

in training

LR � University hospitals had lower

LR rates than district and

community hospitals

� Hospitals with a documented

interest had lower LR rates than

hospitals without

� Pts operated on by surgeons

in training had lower LR rates

than pts operated on by a

consultant or specialised surgeon

Parry and colleagues,

1999 [46]

1993 927 colorectal cancer pts Hospital volume

Surgeon

� Consultant

� Volume

� Department

� Surgeon volume

Survival

� Cancer-related

5-yr survival

No assocations between hospital

or surgeon volume and patient

outcome

� Surgical volume did not

influence prognosis

� Department was a significant

factor in rectal carcinoma,

whereas surgical quality group

was only significant when

department was excluded

from the model.

Hermanek and colleagues,

1999 [47]

1984–1986 1539 colorectal cancer

pts; 712 with rectal

carcinoma

3 of 7

departments

43

Results from earlier publications:

� Institution and surgeon are

independent prognostic factors

for LR and OS [36,134]

� A minimum of 1 or 2 radical

resections/month is necessary

to obtain good quality of

surgery [45]

Short+long -term

Kingston et al. 1992 [135] 1981–1983 567 colorectal cancer pts 6 12 interested

in colo-proctology

Type of hospital � Operative mortality

� 5 yr survival

Operative mortality and 5-yr

survival were similar in teaching

and district general hospitals

(continued on next page)
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Table 2 (continued)

Study Study period Patients

(n)

Hospitals

(n)

Surgeons

(n)

Analysed

factors

Analysed

outcomes

Results

Simons and colleagues, 1997 [35] 1988–1992 2006 rectal cancer pts 125 � Type of hospital

� Hospital volume

� Surgical procedure

� Survival

� More SSP in teaching and

high-volume hospitals

� Improved survival in high-

volume hospitals

Schrag and colleagues, 200034 1991–1996 27 986 colon cancer

pts aged 65 yrs

611 Hospital volume � 30-day postoperative

mortality

� OS

� Cancer-specific

survival

� Difference in 30-day

postoperative mortality

between low versus

high-volume hospitals

� Association between higher

hospital volume and longer

survival

Simunovic and colleagues,

2000 [136]

1990 1072 rectal cancer pts Hospital

� Volume

� Teaching status

� Treatment measures

� Operative mortality

� Long-term survival

No effect hospital volume and

teaching status on treatment

and outcome measures

McArdle and Hole,

1991 [29]

1974–1979 645 colorectal cancer pts 1 13 (specialised

consultants)

Variation between surgeons � Postoperative

complications

� Postoperative mortality

� Survival

Significant variations between

surgeons in: curative resections,

leakage. postoperative mortality,

LR, survival

Holm and colleagues, 1997 [137] 1980–1993 1399 rectal cancer pts 14 11 � Hospital volume, university

versus non-university

� Surgeon volume, experience

� Postoperative

morbidity and mortality

� LR

� Death from

rectal cancer

� Lower LR risk and death

from rectal cancer in

university hospitals

� Lower LR risk and death

from rectal cancer in more

experienced surgeons

LAR, low anterior resection; APR, abdomino perineal resection; SSP, sphincter-saving procedure; LR, local recurrence; DR, distant recurrence; DSS, disease-specific survival; OS, overall survival; yr, year; pts,

patients; TME, total mesorectal excision; GE, gastro-enterology.
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after operation for rectal carcinoma should be defined
as any detectable local disease at follow-up, occurring
either alone or in conjunction with generalised recur-
rence, in all patients who have undergone resection.
Another confounding factor of analysis of local

recurrence rates is the impact of the follow-up regimen
on the eventually reported results. The methods for
detecting local failure differ in accuracy [52], and the
only reliable means to detect the true rate would be to
do a routine autopsy [53] or second look operations
[54]. However, this is not feasible and the most impor-
tant recurrences are those which are clinically apparent
and potentially harm the patient. In recent years, ima-
ging diagnostics have improved (e.g. magnetic reso-
nance imaging (MRI)), and potentially curable local
recurrence patients can be more accurately identified.
In conclusion, investigators publishing about rectal

cancer treatment should clearly state crucial definitions.
It is obvious that the diversity in conducting and
reporting surgical studies in rectal cancer does little to
facilitate interstudy comparison or the evaluation of
novel therapies.

4. Surgery in (neo-)adjuvant therapy studies

In order to improve local control and survival of
conventional surgery, additional radiotherapy has been
given. The results of studies using radiotherapy for rec-
tal cancer, suggest that preoperative radiotherapy is
more effective than postoperative irradiation in redu-
cing local recurrence rates [55–57]. Swedish trials have

shown improved local control and survival with the
short-term 5�5 Gy preoperative radiotherapy scheme
[55,56]. So far, chemotherapy alone for rectal cancer has
shown little or no effect on disease-free and overall sur-
vival in combination with conventional surgery [58].
Combinations of radiotherapy and chemotherapy have
also been given with improved outcomes, but sometimes
at the expense of severe toxicity [59–61].
The studies so far published on adjuvant therapy have

been carried out without any adequate definition of the
surgical procedure and without appropriate quality
control. In contrast with chemotherapy and radio-
therapy, the quality of surgery appears to be difficult to
examine. Nevertheless, standardisation and quality
control of surgery are prerequisites to study the effect of
(neo-)adjuvant therapy reliably, also since the surgeon
can be an important factor in the accomplishment of
tumour control (Table 2). In some trials, operation
reports were reviewed by a surgical board [62], but
otherwise no meaningful quality control on surgery was
enhanced. Local recurrence rates in the ‘surgery alone’
control groups of these trials were often high; 20% or
higher [359,60,63–65,83,78,111,693], representing non-
standardised, conventional surgical techniques. Table 3
shows local recurrence rates after ‘curative surgery’ in
surgery alone arms of randomised trials.
In addition, in none of the studies was explicit details

given of safety margins, excision of mesorectum and
lymph node dissection. Optimal quality control of the
surgical procedure must also include a standardised
examination by pathologists. Quirke and colleagues [66]
described a method of detection of mesorectal spread

Table 3

Local recurrence after ‘curative’ surgery in surgery alone arms of randomised trials

Years studied Patients investigated (n) Local recurrence (n) Local recurrence (%)

Preoperative RT

VASOG I 1975 [138] 1964–1969 87 32 36.8

EORTC 1988 [63] 1976–1981 175 49 28.0

Stockholm I 1990 [139] 1980–1987 425 120 28.2

Bergen 1990 [140] 1976–1985 131 31 23.7

North-West 1991 [141] 1982–1986 126 46 36.5

St. Marks 1994 [142] 1980–1984 210 51 24.3

MRC II 1996 [143]a 1981–1989 140 65 46.4

SRCT 1997 [56] 1987–1990 557 131 23.5

Postoperative RT

Odense 1986 [144] 1979–1985 250 57 22.8

Rotterdam 1991 [145] 1982–1989 84 28 33.3

MRC III 1996 [146] 1984–1989 235 79 33.6

EORTC 1997 [147] 1981–1986 88 30 34.1

Postoperative RT+CT

GITSG (7175) 1985 [59] 1975–1980 58 14 24.1

NSABP R01 1988 [60] 1977–1986 184 45 24.5

Tveit, NARCPG 1997 [65] 1987–1991 70 21 30.0

RT, radiotherapy; CT, chemotherapy; EORTC, European Organization for Research and Treatment of Cancer; MRC, Medical Research Council;

SRCT, Swedish Rectal Cancer Trial; NSABP, National Surgical Adjuvant Breast and Bowel Project.
a Only tethered tumours.
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which required systematical examination of the speci-
men, by serial sectioning of the whole tumour and the
surrounding mesorectum in the transverse plane. This
method should be used to monitor differences in the
operative technique. Furthermore, surgery can be
documented photographically due to reproducible gross
specimen features [67].

5. Lymph node dissection

In order to reduce local recurrence, and hence
improve survival, more radical resections have been
devised. Extended lymphadenectomy, involving dissec-
tion of pelvic and aortoiliac lymph nodes without
resection of organs other than the rectum, was described
as early as 1942 [68], but several subsequent papers in
the late 1950s and early 1960s reported no statistically
significant difference in survival after lateral pelvic node
dissection [69,70] Stearns and Deddish [69] showed a
greatly increased morbidity after the radical procedure,
and noted that, in 51 patients with recurrence who came
to autopsy, 23 (45%) had residual tumour in the pelvis.
Renewed interest in extended lymphadenectomy was

reported by Koyama and colleagues in 1975 [71]. In
1989, Hojo and colleagues [72] reported the results of
437 patients, of which 192 had wide pelvic lymphaden-
ectomy. The local recurrence rates for extended excision

were significantly lower than those of conventional
excision in patients with Dukes’ B and C stages. Enker
reported a large retrospective series consisting of 412
patients [73], of whom 192 had en bloc pelvic lymph-
adenectomy. The group of patients who seemed to ben-
efit most from the extended dissection were those with
mid-rectal Dukes’ C cancers who underwent a sphinc-
ter-saving operation with a better cancer-specific 5-year
survival in the extended lymphadenectomy group.
However, a local recurrence rate of the 382 evaluable
patients did not differ between the pelvic lymphaden-
ectomy and conventional group. In a paper by Moriya
and colleagues of 448 patients operated upon with
curative intent, local recurrence rate was 9.3% of cases
and disease-free 5-year survival was 70% [74]. Local
recurrence rates in studies with extended lymphaden-
ectomy are shown in Table 4.
Most studies on extended pelvic lymphadenectomy

(EPL) have been retrospective with historical controls
used as the control group. Only one prospective trial
has been performed and this could not demonstrate an
overall benefit, although in a subgroup analysis this
benefit was present [75]. Partly because of the wide
variety in lymph node yield and salvage methods and
the differences in the definition of lymph node meta-
stasis, there is still widespread controversy on the extent
of LND that is recommended for primary cancer of the
rectum.

Table 4

Local recurrence after ‘curative’ extended pelvic lymphadenectomy (versus conventional surgery in some studies)

Years

studied

Patients

investigated (n)

Local recurrence

(LR) (n)

Local

recurrence (%)

Remarksa

Stearns 1959 [69] 122 22 18.0

Glass 1985 [148] 1960–1981 75 10 13.3

Hojo 1989 [72] 1969–1983 P<0.05 for Dukes B and C

� Extended excision 192 27 14.1

� Conventional excision 245 47 19.2

Michelassi 1988 [149] 1965–1981 P=0.16

� Wide pelvic lymphadenectomy 54 10 16.4

� Conventional 73 7 9.4

Moriya 1989 [150] 1974–1986 P=NS

� Extended lat node dissection 43 5 11.6 Only 2 pts had postoperative RT

� Conventional lat node dissection 131 22 16.8 Dukes’ B and C

Moriya 1995 [151] 1975–1992 133 11 8.2

Enker 1986 [73] 1968–1976 P=NS

� Pelvic lymphadenectomy 176 49 27.8 25% of extended and 20% of conventional

pts received preoperative RT

� Conventional 206 59 28.6

Moreira 1994 [152] 1981–1991 P<0.05

� Lateral lymph node dissection 95 7 7.4

� No lateral lymph node dissection 83 13 15.7

Hida 1997 [153] 1979–1988 144 18 12.5

Moriya 1997 [74] 1980–1994 Overall LR Overall LR

� Lateral dissection 322 42 9.4

� Without lateral dissection 126

Saito 1999 [154] 1984–1995 177 14 7.9

RT, radiotherapy; NS, Non-significant.
aP=P value of the comparison of local recurrence rates between resection types.
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Furthermore, extended lymph node dissection carries
a higher postoperative morbidity which may be due to a
longer time of operation and increased blood loss.
Another strong argument against pelvic LND is the
very high rate of bladder and sexual dysfunction [76]
compared with the rates following conventional resec-
tions. The technique of nerve-sparing LND might
decrease these complications [72], but it requires a
meticulous surgical technique and accurate knowledge
of the anatomy of the pelvic autonomic nervous system
and prolongs the operation time even more [76].
For the aforementioned reasons, extended lymph

node dissection has not become standard surgical prac-
tice in the Western world. In Japan, however, extended
lymph node dissection has been the standard surgical
procedure since the mid-1970s. This may be because
postoperative morbidity and mortality are minimal in
Japanese patients, possibly because of the low pre-
valence of obesity and atherosclerosis.

6. Total mesorectal excision (TME) surgery

The concept of TME was introduced by Heald at the
North Hampshire Hospital in Basingstoke in 1979 [77].
By using a sharp dissection under direct vision a rela-
tively bloodless plane is followed along the lipoma-like
outer surface of the mesorectum. The sharp technique
used in TME ensures a specimen with intact meso-
rectum with negative tumour margins in the majority of
resectable (i.e. mobile) rectal cancers. Furthermore,
the sharp technique allows for preservation of the

pelvic autonomic nerves, reducing sexual and urinary
dysfunction.
Heald’s first series of 112 curative anterior resections

showed a cumulative risk of local recurrence at 5 years
of 2.7% and an overall corrected survival at 5 years of
87.5% with tumour-free survival of 81.7%. These
results were, at the time, the best reported in rectal
cancer treatment up to than [49]. However, many
investigators doubted these findings and criticism
focused on the patient case mix and analytical techni-
ques [78], unclarified selection process [79] and incorrect
use of definitions [51]. In Enker’s series of 246 curable
Dukes’ B and C cases, only 18 tumours (7.3%) recurred
locally, actuarial cancer-specific 5-year survival was
74.2% [80]. Aitken published a series of 64 curatively
resected TME cases with at least 24 months follow-up:
only 1 patient (1.6%) developed a local recurrence [81].
The acknowledgement of the important role of cir-

cumferential involvement in the occurrence of local
recurrences [66,82–84] has led to the general introduc-
tion of TME surgery [85–87]. In The Netherlands, Swe-
den and Norway, nationwide projects have been
conducted in which surgeons were trained to perform a
proper TME in an attempt to improve their treatment
results. Table 5 shows the local recurrence rates after
TME in several studies.
In addition to better results in terms of recurrence, the

introduction of TME surgery has been shown to result
in a reduction of APRs [85,86]. However, higher leak
rates with TME surgery compared with conventional
surgery have been reported [88,89]. This increase can be
partly explained by the removal of the pain-sensitive

Table 5

Local recurrence after ‘curative’ total mesorectal excision

Years

studied

Patients

investigated (n)

Local

recurrence (n)

Local

recurrence (%)

Remarks

Heald 1986 [49] 1978–1986 112 3 2.7

Colombo 1987 [155] 1977–1981 89 10 11.2

Belli 1988 [156] 1981–1984 72 3 4.2

Kirwan 1989 [157] ??–?? 67 3 4.5

Karanjia 1990 [158] 1978–1987 152 4 2.6

Cawthorn 1990 [82] 1980–1987 122 9 7.4

Dixon 1991 [159] 1978–1987 227 9 4.0

Moran 1992 [160] 1983–1988 55 4 7.3 Only LAR

Tagliacozzo 1992 [161] 1984–1987 248 41 16.5

Jatzko 1992 [162] 1984–1990 187 25 13.4

MacFarlane 1993 [3] 1978–1991 135 7 5.2

Enker 1995 [80] 1979–1993 246 18 7.3 70 patients had perioperative RT with or without CT

Aitken 1996 [81] 1989–1995 64 1 1.6

Eu 1997 [163] 1989–1994 278 26 9.4

Carvalho 1997 [164] 1994–1995 51 1 2.0 Adjuvant therapy was given in 33 patients

Hainsworth 1997 [165] 1989–1993 45 8 17.8

Arenas 1998 [166] 1984–1997 64 4 6.3 42 patient received pre or postoperative RT

Maas 2000 [99] 1994–1995 42 3 7.1

Martling and collegues 2000 [86] 1995–1996 381 21 5.5 54% of the pts received 5�5 Gy preoperative RT

Kapiteijn 2000 [167] 1996–1999 661 57 8.6

Tocchi 2001 [168] 1990–1995 53 5 9.4 Only LAR

LAR, low anterior resection; CT, chemotherapy; RT, radiotherapy.
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peritoneum, which prevents early detection of anasto-
motic failure [89,90]. Various other factors such as ana-
stomotic technique [91–93], method of preparation of
the bowel [94], use of a diverting colostomy [90], and the
method of pelvic drainage [95] have been found to be
related with leakage.
In higher rectal tumours (i.e. over 10 cm from the anal

verge), a TME does not necessarily have to be per-
formed. Studies on resected rectal specimens [96] sug-
gest that metastatic spread in the mesorectum will rarely
be found more than 3 cm distal to the macroscopic pri-
mary tumour. Thus, a distal mesorectal resection mar-
gin of less than 5 cm will most probably suffice [81] and
although further studies are required, many advocates
of TME now accept that a partial mesorectal excision
(PME), which leaves the distal tail in situ, can be per-
formed safely for tumours at 10–15 cm levels at a right
angle to the bowel, and if the surgeons do not ‘cone in’
obliquely through the mesorectal fat during the resection.
The question has yet to be answered as to whether in

combination with TME surgery with its low local
recurrence rates and improved survival, adjuvant ther-
apy is capable of achieving any further improvement in
outcome. In most countries, mesorectal excision has
become the new standard of operative management for
rectal cancers, replacing the conventional resection
technique. Current clinical trials examining the role of
adjuvant therapy in patients who are undergoing stan-
dardised operations should now set the standard of
surgical care in several countries.

7. Recent developments in The Netherlands

In The Netherlands, standards of care for rectal can-
cer surgery have been subject of interest for some years.
The results of extended pelvic lymphadenectomy in
Japan and the excellent results of TME by Heald and
Enker were welcomed with interest, but also with scep-
ticism; could these results be repeated in other surgeons’
hands? Initially, attention was focused on the Japanese
style extended lymphadenectomy. In his thesis, Steup
concluded that the value of extended lymphadenectomy
should be studied in a randomised controlled trial [97]
and a trial was proposed to compare the D3 lymph-
adenectomy technique with TME. Many Dutch sur-
geons, however, feared a considerable morbidity with
the Japanese D3 technique in Dutch patients. A second
and third proposal was to compare conventional sur-
gery with TME surgery or compare in a two-by-two
factorial design yes/no short-term preoperative
radiotherapy and conventional versus TME surgery.
Both designs for trials, however, would allocate 25–30%
of the patients to the inferior arm of conventional sur-
gery without preoperative radiotherapy. The data from
literature were so convincing with regard to the super-

iority of the TME technique [3,80,81], that a majority of
the Dutch surgeons were of the opinion that it would be
unethical to randomise patients in such a design. Fur-
thermore, there are potential difficulties in a surgeon ran-
domly applying different surgical techniques [98]. A final
proposal was made for the TME trial: compare TME
surgery with or without preoperative radiotherapy.
Moriya from the National Cancer Center Hospital in

Tokyo visited The Netherlands in 1994–1995 to assess
the feasibility of nerve preservation and pararectal
resection comparable to the TME technique in a series
of 47 Dutch patients. The nerve-preserving technique
yielded good results in terms of morbidity and func-
tional outcome. Of the 42 curatively operated patients, 3
(7.1%) developed a local recurrence. Sixty-seven percent
were overall free of recurrence. From these results, it
was concluded that preservation of the pelvic autono-
mous nerve system does not compromise radicality in
mesorectal excision [99].

7.1. The TME trial

A large prospective randomised trial (TME trial) was
started in 1996 under the auspices of the Dutch Colo-
Rectal Cancer Group (DCRCG) to document local
control when standardised TME is used and to answer
the question of whether radiotherapy is still beneficial in
TME-treated patients [85]. Eligibility criteria included
histologically-confirmed primary adenocarcinoma of
the rectum without evidence of distant metastases (M1).
An extensive structure of workshops (run together

with Heald, Enker and Moriya), symposia, and instruc-
tion videos helped to accomplish that TME was per-
formed according to strict quality demands. In addition,
a monitoring committee of 21 specially trained instruc-
tor-surgeons was installed for on-site instructions. In
each hospital, the first five TME procedures had to be
supervised by an instructor-surgeon. Special training
courses were given to pathologists for instruction of the
protocol of Quirke [66]. The results of histopathological
examination of the specimens were reviewed by a panel
of supervising pathologists and a quality manager [100].
Treatment and follow-up details were checked by the
study-coordinators. Local and distant recurrences were
checked by a radiation oncologist.
The system of specially trained surgeons was vali-

dated in the previously conducted Dutch Gastric Cancer
Trial (1989–1993) comparing Japanese style D2 lymph
node dissection to routine dissection [101]. Surgical
quality control turned out to be crucial in testing the
hypothesis [102]. In addition, the role of the pathologist
in quality control of surgery, was emphasised [103].
Patients were enrolled in the TME trial between Jan-

uary 1996 and December 1999. In total, 1861 patients
were randomised; 1530 patients from 84 Dutch hospi-
tals, 228 patients from 13 Swedish hospitals and 103
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patients from 11 other European and Canadian centres.
Short-term analysis showed that blood loss during the
operation in irradiated patients was slightly increased
(median 1100 ml in the RT+TME group and 1000 ml
in the TME group, P<0.001) and irradiated APR
patients showed more perineal complications (29 and
18% in the RT+TME and TME groups, respectively,
P=0.008). In LAR patients, no significant difference
was observed in clinical leakage (12% in the RT+TME
group versus 11% in the TME group). The number of
reinterventions (15 and 14% in the RT+TME and
TME groups, respectively) and in-hospital deaths (4%
in the RT+TME-group versus 3.3% in the TME
group) in all eligible patients did not differ significantly
(data not shown).
Before the start of the TME trial, there were doubts

as to whether the excellent results obtained by special-
ised surgeons [3,80,81] could be repeated in a large
multicentre trial. To investigate this, we compared the
outcome in Dutch TME alone patients of the TME trial
with results from a former randomised trial, the Cancer
Recurrence And Blood transfusion (CRAB) trial) [104],
in which conventional, non-standardised surgery was
performed. This analysis (data not shown) showed that
introduction of TME had led to a substantially lower
local recurrence rate when analysing only the events
that occurred within 2 years; 16.3% in the CRAB trial
versus 8.6% in the TME trial. With this low local
recurrence rate in the TME trial, we concluded that
good results can be achieved in all surgeons’ hands with
thorough surgical instruction. These results are in con-
cordance with the report of Martling and colleagues
[86], who compared the Stockholm I and II randomised
trials in which conventional surgery with or without
preoperative radiotherapy was performed, with the
TME project introducing the concept of TME to sur-
geons in Stockholm, and found that 2-year local recur-
rence rates had decreased from 14–15 to 6%.
We also investigated hospital volume in the CRAB

versus TME trial. In the TME trial, the TME technique
was taught to 1–3 surgeons per hospital surgical unit, of
whom most had a special interest in oncology. The
CRAB trial was performed during a period in which
specialisation to oncology within a hospital surgical unit
was not yet installed with every surgeon of the unit
performing rectal cancer surgery. In the CRAB trial,
higher hospital volume was associated with a lower dis-
tant recurrence (P=0.006) and higher overall survival
(P=0.011). The association between higher hospital
volume and lower local recurrence risk was of border-
line significance (P=0.07). In the TME trial, hospital
volume did not have an effect on any long-term out-
come. The effect of surgeon volume was not analysed in
the CRAB trial since no information was available on
the individual surgeons and in the TME trial most
operations were performed by two surgeons, the oper-

ating surgeon either with an instructor or non-instructor
surgeon colleague, which makes individual surgeon
volume analyses difficult to perform. We did analyse
operations attended by instructor-surgeons (37% of the
operations) versus those not attended by these surgeons.
There was no effect of presence of instructor-surgeons
on the outcomes, indicating that non-instructor sur-
geons were instructed well and have become familiar
with the concept of TME surgery reaching equal out-
comes to those achieved by instructor-surgeons. It is
remarkable that the aforementioned improvements have
been achieved in a relatively short time period (4 years),
with a large number of surgeons participating in the
trial (n=213).
The local recurrence analysis for all (Dutch+foreign)

patients of the TME trial showed a 2-year local recur-
rence rate of 5.3%. The 2-year local recurrence rates
were 8.2% in the TME group and 2.4% in the
RT+TME group (P<0.0001). Preoperative radio-
therapy reduced the local recurrence rate significantly
for tumours with an inferior margin within 10 cm, but
not for tumours 10–15 cm from the anal verge. For
TNM II and III tumours, preoperative radiotherapy
had a significant beneficial effect, but not for TNM I
and IV tumours. The main conclusion of this analysis
(data not shown) was that in a setting of standardised
surgery, short-term preoperative radiotherapy still has
beneficial effect on the local recurrence risk.
So far, chemotherapy has shown no effect on disease-

free and overall survival, which may in part be
explained by the high rates of local recurrence with
conventional surgery. The role of adjuvant chemo-
therapy in combination with TME surgery is currently
under investigation in the Preoperative Radiotherapy
and/or Adjuvant Chemotherapy Combined with TME
Surgery in Operable Rectal Cancer (PROCTOR) trial,
the successor trial of the TME trial. In Europe, several
other studies are investigating (neo-)adjuvant therapy in
combination with optimal surgery [105].

8. Conclusions

In the last decades, major improvements have been
made in the treatment of rectal cancer by the introduc-
tion of new surgical techniques and additional techni-
calities. This article reviewed developments in rectal
cancer surgery and paid attention to variability in out-
comes and quality control of surgery. Quality assurance
has become an important topic and is of major impor-
tance for the standardisation of treatment in (neo-)adju-
vant therapy studies and improvement of outcomes.
The introduction of TME surgery has led to a major

improvement in local control and survival of rectal
cancer patients. Now the question has to be answered as
to whether other (neo-)adjuvant therapies other than
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short-term preoperative radiotherapy can improve the
results after TME surgery even more. TME-based
operations are now established as the standard of care
for mobile rectal cancer and should form the basis for
trials investigating the role of (neo-)adjuvant therapy.
In general, it is thought that high volume and specia-

list care produces superior results to low volume and
non-specialist care, especially for those less frequent
forms of cancer and in technically difficult operations,
like those for rectal cancer. However, limiting the per-
formance of rectal cancer surgery to highly specialised
surgeons or to only those general surgeons who perform
more than a certain volume is impractical in view of the
prevalence of rectal cancer. The concentration process
can also take place within one hospital surgical unit
with 1–3 surgeons performing rectal cancer surgery.
This has been demonstrated in the TME trial, in which
training in TME surgery to surgeons who are dedicated
to oncology, has led to an improved outcome without
volume- or specialisation-related differences.
Quality assurance of the surgical technique requires

besides training, adequate knowledge of the anatomy of
the organs and nerves in the pelvis and other related
structures. Furthermore, standardisation in the descrip-
tion of operations and reporting of pathology specimens
should be implemented as important features of quality
control. In addition, a multidisciplinary approach pro-
vides the best care for patients, because the benefits are
primarily related to the access and use of standardised
and up-to-date therapy. Similarly, patients participating
in clinical trials generally experience a survival advan-
tage over non-participating patients, which is probably
partly due to the standardised treatment [106].
Within the TME trial structuralisation and audit of

rectal cancer treatment has led to an improvement of
treatment results and this infrastructure provides optimal
conditions for conducting future rectal cancer trials.
However, it is of utmost importance that outside the set-
ting of trials, standardisation of treatment is also applied
and sustained. Prospective audit is now essential to ensure
that standards are maintained and optimum management
is achieved. Population-based cancer registries, covering
an increasing proportion of the world’s population, are an
invaluable source of data for these ultimate goals.
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