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Abstract
Purpose Total mesorectal excision (TME) is the standard
surgical treatment for rectal cancer. The roles of chemother-
apy and radiotherapy have become more defined, accompa-
nied by improvements in preoperative staging and
histopathological assessment. We analyse our ongoing
results in the light of changing patterns of treatment over
consecutive time periods.
Methods In total, 151 consecutive patients underwent po-
tentially curative rectal excision for cancer in a single insti-
tution. Management and outcomes were compared between
1993–1999 and 2000–2007 which corresponded with the
restructuring of the regional oncological services.
Results We found an increase in patients treated with neo-
adjuvant chemoradiotherapy after 1999 (20/89 vs 1/62, p<
0.001). There was an increase in the mean number of lymph
nodes examined (11.9 vs 9.4, p00.037). The locoregional
recurrence rate was 5.3%. The rates were not significantly
different between the two study periods [4/89 (4.5%) 1999–
2007 vs 4/62 (6.5%) 1993–1999, p00.597]. There was no
statistical difference in overall or disease-free survival in the
time periods examined.
Conclusions Increasing use of neoadjuvant therapy and
concomitant improvement in lymph node assessment did
not translate into a concurrent reduction in the local recur-
rence, disease-free and overall survival rates. Our results
demonstrate the enduring benefit of specialist training in

TME in the outcome of rectal cancer surgery. This observa-
tional study suggests that low local recurrence rates are
surrogate markers for improved overall and disease-free
survival. Multidisciplinary team practice should be exam-
ined and made cost effective according to the individual
unit’s local recurrence rate in the light of this and other
reports.
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Introduction

Total mesorectal excision (TME) has become the standard
surgical treatment in rectal cancer [1, 2]. It has led to durable
reductions in local recurrence and overall survival in pop-
ulations where it has been introduced [3–5]. Resection of
rectal cancer by those skilled in TME may have a larger
impact on disease control than either case volume, neoadju-
vant or adjuvant treatment [6–9].

In parallel to the advancement of TME training, there has
been an evolution in neoadjuvant and adjuvant treatment of
rectal cancer, with preoperative radiotherapy becoming ac-
cepted practice for appropriate cases, with reported im-
proved local control and a less morbid side effect profile
compared with postoperative radiotherapy [10]. This has
been aided by improvements in imaging, in particular de-
velopment of magnetic resonance imaging (MRI), and helical
computerised tomography (CT) [11, 12]. Histopathological
assessment of resected tumours has improved, with recogni-
tion of the importance of lymph node assessment and the
circumferential resection margin [13]. The benefit of adjuvant
chemotherapy, after optimal resection of colonic cancer has
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been confirmed, with a small but definite survival benefit,
even in those with stage II disease [14]. Novel targeted ther-
apies in conjunction with conventional chemotherapy have
established efficacy in advanced disease, and their utility as
first line adjuvant therapy is being investigated [15]. The
universal application of adjuvant chemotherapy in rectal can-
cer may lead to overtreatment of a significant number of
patients, and may not be necessary in subgroups with favour-
able disease (e.g. ypT0-2N0) [16, 17]. Increasing complexity
of multidisciplinary management has led to the widespread
adoption of the multidisciplinary team meeting (MDT) as a
forum to direct treatment and improve quality of care [1, 18].

These changes have been reflected in our practice. Prior
to 1999, ready access to neoadjuvant/adjuvant therapy was
not available locally. At the time of our previous study,
rectal cancer treatment was primarily, and almost exclusive-
ly, surgical [7]. Changes in access to radiation and chemo-
therapy services in our geographical area, allied with
improved adjuvant protocols have allowed us to analyse
two time periods of rectal cancer treatment. The first
(1993–2000) was previously analysed and published [7] .
From 1999 to present, medical and radiation oncology serv-
ices have been formally added to the surgical treatment of
rectal cancer as per international protocols. This study
assesses the impact of neoadjuvant and adjuvant treatments
on the outcomes of rectal cancer in this geographical area.

Methods

Patients

Patients who underwent rectal excision in a single institution
between September 1993 and June 2007 were identified.
Patient and tumour parameters and survival data were retro-
spectively collected. Management and outcomes were com-
pared between 1993–June 1999 (first study period) and July
1999–2007 (second study period) which corresponded with
the restructuring of regional oncological services.

Operative technique

The rectal dissection for TME was performed, by, or under
the supervision of a single surgeon, in a single institution, as
previously described [7]. Sharp dissection in the appropriate
anatomical plane was performed, and the splenic flexure and
transverse colon were mobilized in all patients. At anterior
resection colonic continuity was re-established by colorectal
or coloanal anastomosis using a circular stapling device
(Covidien, Norwalk, Connecticut, USA). The bowel edges
excised by the circular stapler (“doughnuts”) were
inspected, and the neorectum was tested for anastomotic
air leak. A suction drain was placed in the pelvis and a

diverting stoma was performed if the patient was aged 75
or over, in case of faecal spillage, if the resection “doughnuts”
were not intact, if there was leak on testing, neoadjuvant
radiotherapy, or where there was any concern regarding a
satisfactory blood supply. Laparoscopic assisted resection
was performed in four patients with intracorporeal
anastomosis.

Patients undergoing abdominoperineal resection (APR)
had dissection down to the levator ani muscles, completed
during the abdominal component of the procedure. Only
mobilization and dissection of the anal canal and sphincter
complex was performed through the perineal incision. Fol-
lowing surgery, patients attended the outpatient clinic every
3 months for 2 years, 6 monthly up to 5 years and yearly
thereafter. Liver ultrasonography or CTwas performed yearly
and colonoscopy was performed at 6 months, 1 year and
3 years post-surgery, then three yearly.

Radiotherapy and chemotherapy

In the time period from 1999 to 2007, patients with pre-
dicted MRI diagnosis of T3 or T4, or node positive rectal
tumours, with no evidence of distant spread on CT and MRI,
received neoadjuvant chemoradiotherapy (the German re-
gime) [19]. Preoperatively 45–50 Gy of radiation was de-
livered in 25–28 fractions to the pelvis. During the first and
fifth weeks of radiotherapy, concurrent 5-FU was adminis-
tered as a 120-h continuous infusion at a dose of 1,000 mg/m2/
day. Surgery was performed 4–6 weeks after the completion
of therapy. Four weeks following surgery, bolus injections of
5-FUwere given at a dose of 500mg/m2/day for 5 consecutive
days repeated every 4 weeks for a total of 4 cycles as tolerated
[19].

Post resection of the rectum, patients with Stage II or
Stage III disease received adjuvant therapy as per O’Connell
et al. as tolerated [20]. Patients underwent an initial 9-week
cycle of systemic chemotherapy, followed by radiation and
concomitant fluorouracil, followed in turn by a second cycle
of systemic chemotherapy. Radiation therapy consisted of
45 Gray, delivered in 1.8 Gy fractions over 5 weeks. During
irradiation therapy, fluorouracil was administered by pro-
tracted venous infusion at a rate of 225 mg/m2/day. During
systemic chemotherapy phase of the treatment, patients re-
ceived fluorouracil by bolus injection at a dose of 500 mg/m2

on days 1 to 5 and days 36 to 40; and 450 mg/m2 on days 134
to 138 and days 169 to 173 [20].

Statistical analysis

Data were compared with Chi-square, Fisher’s exact test,
Student’s t test and Mann–Whitney U test as appropriate.
Survival was estimated using the Kaplan–Meier method and
compared using the log-rank test. Cox proportional hazard
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regression was performed using the forward conditional
method. All analyses were performed with SPSS version
16.0 (SPSS, Illinois, USA), and Microsoft Excel 2007
(Microsoft, Washington, USA).

Results

Patients

We identified 151 patients, out of 222 consecutive patients
with rectal cancer (tumours located within 15 cm of the anal
verge), who underwent potentially curative total mesorectal
excision between September 1993 and June 2007 (62 during
the first study period, 89 during the second study period). Of
the 222 patients identified, 71 were excluded from the study
group. The indication for rectal surgery amongst those ex-
cluded from subsequent analysis included tubulovillous ad-
enomas with various levels of dysplasia (15) and patients
with established metastatic disease or a macroscopic R2
resection at the time of treatment. Patient and tumour char-
acteristics during the two time periods examined are sum-
marized in Table 1. The mean number of curative resections
per year was 10.8.

Operative procedures

There was no difference in the ratio of APR to sphincter-
preserving surgery in the two time periods examined. In the
first study period, there were 54 anterior resections [24 low
anterior resections (LAR)], 8 APR (APR rate 12.9%). In the
second, there were 77 anterior resections (27 LAR) and 12
abdominoperineal resections (APR rate 13.5%). There were

two emergency rectal resections for obstructing rectal
tumours and both were in the first study period. Overall,
covering stomas were formed in 45 of 131 anterior resec-
tions (34%), including 13 of 17 patients receiving neoadju-
vant radiotherapy. There were significantly more covering
stomas formed in LAR, when compared to high anterior
resections (24 of 27 vs 21 of 59, p<0.001). There were less
covering stomas in the first study period but this is not
statistically significant (22 covering stomas in 52 anterior
resections compared to 32 covering stomas in 54 anterior
resections in the second study period).

With regard to complications, the majority occurred in the
first study period. There were two radiologically confirmed
anastomotic leaks and two peri-operative mortalities (within
30 days of the procedure), all of which occurred in the first
study period. The mortalities were attributed to pulmonary
embolism and Gram negative septicemia. There were four
cases requiring major peri-operative transfusion (defined as
replacement of greater than 50% of the blood volume, or >5
units of packed cells, in 24 h), three in the first study period
and one in the second. Three post-operative rectal strictures
were noted during the first study period and two cases of
radiation enteritis occurred in the second, all occurring in
patients who received adjuvant radiotherapy. There have been
no rectal strictures or radiation enteritis since the shift in
practice from adjuvant to neoadjuvant radiotherapy. There
was one rectovaginal fistula in the first study period, in a
patient who did not undergo radiotherapy.

Radiotherapy and chemotherapy

There was a significant increase in patients who received peri-
operative (adjuvant or neoadjuvant) chemotherapy (15/62 vs

Table 1 Patient and tumour
characteristics

aMean±standard deviation

Variables First study period
(1993–1999)

Second study period
(1999–2007)

p value

Number (%) Number (%)

Agea 62.9±11.3 65.9±12.3 0.129

Gender (male) 42 (67.7) 58 (65.2) 0.742

ASA classification 0.949
Class I 16 (27.6) 21 (26.6)

Class II 35 (60.3) 47 (59.5)

Class III 7 (12.1) 11 (13.9)

AJCC stage 0.666
0 3 (4.8) 5 (5.6)

I 8 (12.9) 9 (10.1)

II 22 (35.5) 40 (44.9)

III 29 (46.8) 35 (39.3)

Procedure type 0.918
Anterior resection 54 (87.1) 77 (86.5)

Abdominoperineal resection 8 (12.9) 12 (13.5)
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36/82, p00.014) in the second study period, which was
accounted for by increased neoadjuvant treatment. There
was a shift from adjuvant to neoadjuvant radiotherapy in the
time periods studied, with one receiving neoadjuvant and 15
receiving adjuvant therapy in the first study period, compared
with 20 and 9 receiving neoadjuvant (p<0.001) and adjuvant
radiotherapy (p00.035), respectively in the second study pe-
riod. There was a higher proportion of stage II (22/62 vs
40/89, p00.320) and less stage III disease (29/62 vs 35/89,
p00.457) in the second study period, probably as a result of
downstaging neoadjuvant therapy.

The distribution of tumour stage in the preoperative
group receiving neoadjuvant chemoradiotherapy was altered
compared to the postoperative post-therapy tumour stage,
with 13 of 20 downstaged (complete pathological response
n01, ypT1 n01, ypT2 n012, ypT3 n07). Neoadjuvant
radiotherapy did not lead to a statistically significant change
in the number of patients receiving sphincter sparing surgery
(p00.155).

Histopathological assessment

There was no significant difference in the tumour stage
at histopathological examination between the two time
periods studied (p00.666). There were seven R1 resec-
tions identified in total, with 6 occurring in the second
study period, probably reflecting improved assessment
of the circumferential resection margin. There was an
overall increase in the mean number of lymph nodes
examined over time, with a mean of 11.9 in the second
study period, compared with 9.4 in the first (p00.037).
There was no significant difference in the number of
lymph nodes involved (p00.418) or assessed (p00.725)
in those who received neoadjuvant radiotherapy. There
was no significant increase in the number of N1 and N2
cases (N1022 and N206 in the first study period; N10
34, N2013 in the second, p00.564).

Outcomes

In total there were eight local recurrences, representing
5.3% of the total cases, without a significant difference
between the two time periods [4/58 (6.5%) vs 4/89 (4.5%),
p00.597]. There were 13 (8.6%) patients who developed
distant metastases after resection, without a significant dif-
ference in the incidence between the two time periods [7/62
(11.3%) vs 6/89 (6.8%), p00.327]. Three had synchronous
local and distant recurrence, all of which occurred in the
second study period.

The mean overall survival in the first and second study
periods were 11.2 and 6.4 years respectively (Fig. 1a). The
mean disease-free survival rates were 10.1 and 5.7 years,
respectively (Fig. 1b). The 5-year overall survival in the first

and second study periods were 86% and 78%, respectively
(p00.227, Fig. 2). The 5-year disease-free survival rates
were 85% and 72%, respectively (p00.245, Fig. 3). Table 2
compares our local recurrence and survival rates with inter-
national literature.

Fig. 1 Comparison of overall and disease-free survival for patients
undergoing curative resection of rectal cancer in the first and second
study periods. Kaplan–Meier survival curves for: a overall survival, b
disease-free survival for the entire cohort before (first study period) and
after June 1999 (second study period). There was no significant dif-
ference between the groups using the log-rank test
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Fig. 2 Comparison of 5-year
overall survival by stages for
patients undergoing curative
resection of rectal cancer in the
first and second study periods.
Kaplan–Meier survival curves
for overall survival by stages in
the: a first study period,
b second study period for the
entire cohort
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Fig. 3 Comparison of 5-year
disease-free survival by stages
for patients undergoing curative
resection of rectal cancer in the
first and second study periods.
Kaplan–Meier survival curves
for disease-free survival by
stages in the: a first study
period, b second study period
for the entire cohort
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Discussion

In our cohort of patients with early stage rectal cancer treated
with TME, there was a marked increase in the number of
patients treated with radiotherapy and adjuvant chemotherapy
over the two time periods, without a concurrent reduction in
local disease recurrence. The most notable shift in manage-
ment was from adjuvant to neoadjuvant radiotherapy. There
was no case of rectal strictures and radiation enteritis in the
second study period. Similarly, there was a significant in-
crease in the use of adjuvant chemotherapy, although we
found no difference in the disease-free or overall survival
between the two study periods (1993–June 1999 and July
1999–2007). This may reflect the small numbers of recurren-
ces involved in both time periods.

Our observations suggest that the most important factor
in achieving good outcomes in localized rectal cancer
remains technical proficiency in rectal cancer surgery. The
time periods we studied are of interest, as locally and inter-
nationally, they span the transition from rectal cancer sur-
gery treatment occurring as part of a general surgical
practice, to a more subspecialised practice. From 1999 to
present, the international shift to multidisciplinary manage-
ment of rectal cancer has been mirrored in our institution.
Local changes have included the establishment of a regional
radiation oncology centre, improved radiological diagnos-
tics (MRI and CT), appointment of medical oncologists,
with a special interest in colorectal cancer, and the creation
of a regional MDT meeting. Our cohort has been previously
studied, and this data represents an opportunity for compar-
ison of the contemporary MDT model [7]. While our results
demonstrate improved access to chemotherapy and radio-
therapy, and suggest improvements in the quality of multi-
disciplinary care in line with best practice, evidenced by
increased mean lymph nodes assessed post-resection,

reduced metastatic nodes after neoadjuvant treatment and
increased identification of R1 resection, the overall and
disease-free survival has not altered [13].

We report a satisfactory overall survival (67% actuarial
overall survival after a median follow-up of 4.6 years), with
a relatively low APR to anterior resection ratio (overall APR
rate 13.2%). The shift to neoadjuvant treatment led to an
apparent downstaging of tumours with increased number of
stage II and reduced amount of stage III disease in the
second study period. However, increased use of chemora-
diotherapy has not translated into improvements in oncolog-
ical outcome over and above that conferred by TME. There
was no significant difference in overall and disease-free
survival between the two study periods. Survival rates in
the first study period appeared to be better, albeit not statis-
tically significant. This may have been due to the inclusion
of more advanced tumours in the second study period that
had been downstaged following neoadjuvant therapy and
underwent “curative” resections. The heterogeneity and rel-
atively small size of our sample may obscure some of the
benefit accruing from changes in management, in particular
changes in chemoradiotherapy practice. It has been demon-
strated that although benefit for adjuvant chemotherapy after
curative resection may be real, that benefit may be small (e.g.
absolute benefit ranging from 3.6% to 5.4%) [14]. The major-
ity of the benefit may be conferred to younger patients, hence
our sample may be underpowered to detect a difference, and
the older age profile of our cohort may not achieve optimal
benefit from adjuvant treatment. It could also be argued, that if
a TME is performed adequately, in selected cases it may be
difficult to justify the additive risk of morbidity associated
with chemoradiotherapy.

A flaw with studies using volume as an indicator of rectal
cancer resection quality is that pooling of outcome data from
several surgeons may obscure or dilute the influence of

Table 2 Reported rates of local recurrence after rectal cancer surgery

Publication Recurrence rate 5-year overall survival Comment

Chang et al. 5.3% 82.0% Current study
4.5% (first study period) 86% (first study period)

6.5% (second study period) 78% (second study period)

Kusters et al. [34] 4.6–11.0% Not reported TME and radiotherapy versus TME alone in Dutch TME trial

Polyglase et al. [35] 5.2% 80.8% Consecutive mid and distal third rectal cancers

Heald et al. [36] 6.0–8.0% 81.0% Basingstoke experience at 5- and 10-year follow-up

Martling et al. [3] 8.2% 58.2% Post TME introduction in Sweden

Wibe et al. [21] 9.2–12.5% 57.8–64.4% Norwegian Rectal Cancer Project

Stocchi et al. [37] 11.0–17.0% 56.0–60.0% High versus low volume centres

Chiappa et al. [38] 17.0% 77.0% Post TME introduction at the European Institute of Oncology

Porter et al. [39] 10.4% (colorectal-trained) Not reported Colorectal trained versus general trained surgeons
27.4% (general trained)

Engel et al. [40] 6.7–26.1% 65.2% Examination of volume on recurrence in Munich
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specialist training on cancer outcomes. In the first study
period, our case volume could be considered medium to
low, however on current volumes, our institution would be
considered a high volume centre (more than 30 cases of
rectal cancer/year) and is increasing with the appointment of
four additional gastrointestinal surgeons [21, 22]. One of the
benefits of our study is that the operator was specifically
trained in TME, and this allows a more accurate longitudinal
assessment of outcomes and the influence of changes in
multidisciplinary rectal cancer management.

Our local recurrence rate of 5.3% compares favourably to
published data (Table 2) [21]. In low volume hospitals,
where there is a proficiency in TME, results do not deviate
significantly from the international average [22]. Although
volume is often used as a surrogate for quality, recent
literature suggests that training may be a more important
factor in cancer, and specifically rectal cancer, outcomes [6,
23–25]. Smith et al. demonstrated that although case volume
was associated with beneficial outcomes, there was a stron-
ger association with specialist training and specialisation
[6]. A recent analysis showed that individual surgeon vol-
ume had no effect on outcomes, if surgeons were adequately
credentialed [26]. It has also become recognized that mis-
classification of data may bias the volume/outcome assump-
tions made on SEER-Medicare data [27].

From a health policy perspective, a treatment strategy
should not only be effective, but also cost-effective. The
clinical benefits of neoadjuvant chemoradiotherapy should
be weighed against its societal costs and quality-adjusted life
expectancy. Van den Brink et al. performed a cost-utility
analysis of neoadjuvant radiotherapy in patients with rectal
cancer undergoing TME in the Dutch trial and concluded that
preoperative radiotherapy was both effective and cost-
effective [28]. Similarly, Dahlberg et al. found that short
course preoperative neoadjuvant radiotherapy in the context
of the Swedish Rectal Cancer Trial to be a cost effective
intervention [29]. These findings have been debated however,
as themain economic benefit accruing from these trials may be
related to a reduction in local recurrence, attributable to radio-
therapy, with the local recurrence rates in the non-irradiated
arms of these trials ranging from 8.2% to 27%. This local
recurrence rate is higher than with current standards of TME
and hence may limit general application of neoadjuvant radio-
therapy, particularly in the context of low contemporary rates
of local recurrence rates (for example our rate of 5.3%) with
satisfactory TME [30]. It does appear that the forum of MDT
meetings and multidisciplinary management of colorectal can-
cer are valued by clinicians, and may improve accuracy of
staging and clinical outcomes, but the cost-effectiveness of the
paradigm remains uncertain [31–33]. In our geographically
peripheral unit, capital investment in radiation and chemother-
apy services to attain international standards of rectal cancer
treatment did not appear to translate into better outcomes.

In conclusion, the evolution in the management of rectal
cancer in our centre reflects international best practice and
has allowed us to examine the effect of multidisciplinary
management of rectal cancer. In particular, we found an
increased use of chemoradiotherapy and a shift from adju-
vant to neoadjuvant treatment, without a concurrent reduc-
tion in the disease recurrence rates. Our results reaffirm the
enduring benefit of specialist training in TME in the out-
come of rectal cancer, and suggest an incremental benefit
from improvements in the multidisciplinary management.
Whilst this is a retrospective observational study, additional
therapy has not impacted on local recurrence, overall and
disease-free survival rates. The quality of TME surgery
remains the mainstay of rectal cancer treatment.
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