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ABSTRACT
Total mesorectal excision has recently replaced conventional blunt dissection as the standard treatment for
rectal cancer, based on evidence indicating superior treatment outcomes achieved by this procedure. The best
known and most emphasised aspect of this treatment is improved pelvic control. However, less information is
available on other parameters, including distant control, survival, and functional outcomes such as sphincter
preservation and sexual and urinary functions.

This evolution in surgical practice raises a fundamental question: what is the evolving role of adjuvant
therapy for rectal cancer in the total mesorectal excision era? To answer this question, this article first
evaluates what total mesorectal excision can accomplish in terms of both oncological and functional outcomes,
and then investigates prognostic factors, particularly the revived role of circumferential resection margin, in
guiding adjuvant treatment selection. Recommendations are made for adjuvant strategy in the total mesorectal
excision era in the light of recently reported adjuvant studies.
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INTRODUCTION
Rectal cancer constitutes a significant health problem
worldwide. In Hong Kong in 2000, rectal cancer ranked
fifth in both cancer incidence and cancer death rates
according to the Hong Kong Cancer Registry.1 Surgery
is the mainstay of treatment for rectal cancer. Local fail-
ure after conventional blunt dissection alone is common,
occurring in 25% to 30% of patients with stage II dis-
ease and rising to 50% or more for those with stage III
disease.2 Three main adjuvant strategies have been used
to improve treatment outcomes:3,4

• preoperative short-course radiotherapy (PSCRT; 5 Gy
daily fractions for 5 days, followed by operation within
1 week)5-7

• preoperative long-course radiotherapy (conventional
1.8 to 2.0 Gy daily fractions up to 40 to 54 Gy, followed
by operation 4 to 8 weeks later) with or without
5-fluorouracil (5-FU)–based chemotherapy8-10
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• postoperative conventional radiotherapy plus 6 cycles
of 5-FU–based chemotherapy.11-13

Even with the addition of adjuvant therapy to conven-
tional surgery, a significant proportion of patients still
develop local failure. Gunderson et al conducted a pooled
analysis of 3791 patients enrolled into the North Central
Cancer Treatment Group (NCCTG) 794751, NCCTG
864751, US Gastrointestinal Intergroup 0114, National
Surgical Adjuvant Breast and Bowel Project (NSABP)
R01, and NSABP R02 trials.14 For patients treated with
postoperative adjuvant chemoradiation, the 5-year
local relapse rates were 9% to 18% in the moderately
high-risk groups (T1-2N2, T3N1, T4N0) and up to 33%
in the high-risk groups (T3N2, T4N1-2). In the Swedish
Rectal Cancer Trial comparing PSCRT with con-
ventional surgery alone in resectable rectal cancer, sig-
nificant improvement in both local control and overall
survival was demonstrated in the PSCRT group.5 How-
ever, the 5-year local failure rates, despite preoperative
radiotherapy, were still high at 20% for Dukes’ C stage
and 10% for Dukes’ B stage.

Total mesorectal excision (TME) has recently replaced
conventional surgery as the standard practice for
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mid- and lower rectal cancer.15 In contrast to blunt
dissection in conventional surgery, TME sharply dissects
the mesorectum under direct vision, permitting en bloc
resection of an intact rectal tumour, together with its
lymphovascular and supporting structures.16 This adop-
tion of a new surgical standard is based on evidence in-
dicating superior treatment outcomes achieved by
TME, the best known of which is improved pelvic
control. Less information is available for other treatment
outcome parameters, including distant control, survival,
and functional outcomes such as sphincter preservation
and sexual and urinary functions.

This change in surgical practice raises a fundamental
question: what are the evolved roles of adjuvant therapy
for rectal cancer in the TME era? To answer this question,
this article first evaluates what TME can achieve in terms
of both oncological and functional outcomes and then
examines prognostic factors that are helpful for guiding
patient selection for adjuvant therapy. Taken together,
recommendations are made relating to the adjuvant strat-
egy in the TME era in light of recently reported adjuvant
studies of TME-treated rectal cancer.

TOTAL MESORECTAL EXCISION
TME has been advocated based on the recognition of
lateral mesorectal tumour spread (LMTS) in rectal can-
cer and the inadequate resection of LMTS by con-
ventional surgery, leading to high local recurrence risk.17

The modes of LMTS include direct tumour invasion,
isolated mesorectal tumour deposits, mesorectal lymph-
adenopathy, and venous and perineural invasion.
Reynolds et al noted mesorectal tumour deposits in 17 of
44 patients (39%) with pT3 tumours and mesorectal
nodal involvement in 23 of 44 patients (52%).18 Cawthorn
et al showed LMTS in 117 of 167 patients with rectal
cancer (70%) and found that the extent of LMTS influ-
enced survival. The 5-year survival rate was significantly
greater in patients with slight LMTS (≤4 mm) than in
those with more extensive LMTS (>4 mm).19

Quirke et al examined 52 unselected rectal cancer op-
erative specimens and found lateral resection margin
(LRM) involvement in 14 (27%), including 7 with gross
and 7 with microscopic involvement.17 Subsequent
local relapse occurred in 85% of the patients with posi-
tive LRM. In the prospective study by Adam et al, posi-
tive LRM was present in 35 of 141 specimens (25%),
of which the surgeons thought that the resection was
potentially curative.20 The frequency of local relapse
was significantly greater for patients who had tumour

involvement of LRM than for those without such
involvement.

Why is conventional rectal surgery so prone to inad-
equate resection of LMTS? During conventional blunt
dissection, the rectum is mobilised by entering the dis-
secting hand into the presacral space, where the recto-
sacral fascia is encountered. To avoid avulsion injury
to the rectosacral fascia and bleeding from the presac-
ral vessels, the dissecting hand may naturally shift
forward and inadvertently enter the mesorectum, lead-
ing to inadequate resection of the mesorectal tissue.21

In contrast, TME employs meticulous sharp dissection
under direct vision along the mesorectum and parietes,
resecting the tumour en bloc with the intact mesorec-
tum and thus resolving the problem of residual tumour
left behind after blunt dissection.16

Many single-group studies of TME have reported re-
markable local relapse rates of <10%.16,22-25 However, no
randomised controlled trial exists comparing the thera-
peutic efficacy of TME versus conventional surgery in
rectal cancer, due to the difficulty in conducting such a
trial in an unbiased manner.26 Nevertheless, many large-
scale comparative studies have consistently demonstrated
the superiority of TME over conventional surgery in
terms of both oncological and functional outcomes.

Impact on Local Control and Overall Survival
TME accomplishes better local control and survival in
rectal cancer than conventional surgery. In the Norwe-
gian national audit reported by Wibe et al, involving
1794 patients with curatively resected rectal cancer, the
conventional surgery group had a higher risk of local
relapse by a factor of 2.7 (hazard ratio, 2.7; 95% con-
fidence interval [CI], 1.7-4.2) and reduced survival
rate by a factor of 1.4 (hazard ratio, 1.4; 95% CI, 1-1.9)
compared with the TME group.27

Havenga et al performed an international analysis of
1411 patients with stage II and III rectal cancer treated
with either TME or conventional surgery.28 The authors
found that TME produced significantly better local
control, cancer-specific survival, and overall survival
rates compared with conventional surgery for high-risk
rectal cancer. The 5-year local relapse rates for the TME
groups were 4% and 9% compared with 30% and 35%
for the conventional surgery groups. Cancer-specific
5-year survival rates were 75.1% and 80.0% after TME
compared with 52.2% and 52.4% after conventional
surgery. The 5-year overall survival rates for the TME
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groups were 61.6% and 75.3% compared with 41.9%
and 43.7% for the 2 conventional surgery groups.
Multivariate analysis suggested that the improved
survival was attributed to the improved local control
achieved by TME.

Kapiteijn et al compared the treatment outcomes of
661 patients with rectal cancer treated in a TME trial
with 269 patients treated with conventional surgery in
an earlier cancer recurrence and blood transfusion
(CRAB) trial.29 The 2-year local relapse rate was found
to decrease from 16% in the CRAB trial to 9% in the
TME trial. Type of operation (TME versus conventional
surgery) was an independent predictor of both local
recurrence (p = 0.002) and overall survival (p = 0.019)
in favour of TME.

Impact on Distant Failure
No randomised data exist regarding the relative distal
control attained by TME versus conventional surgery.
By comparing contemporary TME studies with older
conventional surgical series, no significant differences
in distant relapse risk have been noted.

Martling et al compared the treatment outcomes of the
Stockholm I and II trials (conventional surgery with or
without preoperative short-course radiotherapy) with a
TME trial and found no significant difference in distant
metastasis rates at 2 years (15% in Stockholm I, 18% in
Stockholm II, and 14% in the TME trial; p = 0.28).30 In
Kapiteijn et al’s study comparing a Dutch TME trial
with the CRAB trial (conventional surgery), the 2-year
distant relapse rates were 17% in both studies.29 In the
Norwegian national audit reported by Wibe et al, no
significant difference was noted in the rate of total dis-
tant metastases between the TME-treated group and the
non-TME–treated group (12% versus 13%) at a median
follow-up of approximately 30 months.27

Theoretically local residual tumour cells can metastasise.
Hence, it is logical to postulate that, by eradicating local
mesorectal residue, TME could achieve a better distal
control than conventional blunt dissection. The lack of
distal control benefit with TME noted in these studies
may be due to several reasons. Distant failure is domi-
nated by pre-existing micrometastasis outside the pelvis.
The sample size of these studies was not large enough
to detect a small improvement attributed to pelvic re-
sidual disease. The follow-up duration of these studies
was not sufficiently long to detect a significant differ-
ence in distal control.

Impact on Functional Outcomes
Conventional surgery for rectal cancer causes signifi-
cant sexual and urinary morbidity.31-36 These functional
impairments are due to pelvic autonomic nerve damage
during blunt dissection.21

Anatomically, the sympathetic nerves enter the pelvis
via 3 routes.37 The most prominent is from the paired
hypogastric nerves. The remaining 2 routes are the sac-
ral sympathetic trunk and the superior rectal plexus
from the inferior mesenteric plexus. However, the pel-
vic parasympathetic fibres arise from the splanchnic
branches of the S2, S3, and S4 sacral nerves. Hypogas-
tric nerve injury leads to failure of complete bladder
filling and loss of ejaculation in men. Damage to the
sacral parasympathetic nerves causes loss of the urge to
void and, in men, impotence.38,39

Havenga et al studied the anatomical relationship between
the pelvic autonomic nerves and the pelvic fasciae by
cadaver dissection, and recommended surgical techniques
to preserve the pelvic autonomic nerves during rectal
surgery.21 The hypogastric nerves run anterior to the vis-
ceral fascia, from the sacral promontory in a laterocaudal
direction following the course of the ureters and the in-
ternal iliac arteries along the pelvic sidewall. The splanch-
nic branches of the sacral nerves originate from the sacral
foramina, posterior to the pelvic parietal fascia. These
nerves run caudalaterally and anteriorly along the pelvic
sidewall. After piercing the pelvic parietal fascia, the
nerves run between a double layer of the visceral part of
the pelvic fascia. The hypogastric nerves and the sacral
splanchnic nerves join laterally on the pelvic sidewall to
form the pelvic autonomic nerve plexus, which inner-
vate the genitourinary organs.

In principle, the technique of TME, together with an
awareness of pelvic autonomic nerve pathways, enables
identification and preservation of pelvic autonomic
nerves, thereby minimising sexual and urinary dys-
function. Most studies of postoperative sexual and void-
ing functions after TME reported favourable outcomes.
Results of the studies of sexual and urinary functions in
TME-treated patients with rectal cancer are summarised
in Table 1.40-45

Further studies suggested that the level of sexual and
urinary dysfunction after rectal surgery is related more
to the degree of pelvic autonomic nerve preservation
(PANP) than TME per se. Shirouzu et al found that those
patients with TME plus PANP had much better urinary
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and sexual functions than those with TME without
PANP.44 A prospective study by Junginger et al showed
that patients with PANP had significantly reduced uri-
nary dysfunction compared with those without nerve
identification (4.5% versus 38.3%; p < 0.001).45

The TME technique allows for greater sphincter preser-
vation than conventional surgery. In the review by
Arbman et al, the abdominoperineal resection (APR) rate
was 48% before TME was introduced compared with a
reduced rate of 14% after TME was introduced.23

Martling et al showed that the proportion of APR was
significantly lower in the TME trial than in the Stock-
holm trials, in which conventional surgery was used
(60% in Stockholm I, 55% in Stockholm II, and 27% in
the TME trial; p < 0.0001).30

PROGNOSTIC FACTORS
Most TME studies have reported remarkably low pel-
vic failure rates of less than 10%.16,20-25 However, some
patient subgroups do have worse results than others.
A number of prognosticators have been identified,

Table 1. Reported sexual and urinary functions of patients with rectal cancer after total mesorectal excision.

Study Evaluation Treatment Number of M:F Results
design tools patients ratio

Havenga Retrospective Questionnaire TME with ANP 136 82:54 Sexual function
et al41 evaluation 80% of men maintained ability to achieve orgasm

85% of women able to experience arousal with
vaginal lubrication and 91% maintained ability to
achieve orgasm
Urinary function
Majority had few or no complaints

Maurer Retrospective Questionnaire Conventional 60 24:36 Significant advantage in preservation of
et al40 evaluation surgery versus postoperative sexual function in men treated with

TME with ANP TME with ANP
Shirouzu Retrospective Questionnaire TME without 292 Not Sexual function
et al44 evaluation ANP versus stated Men <60 years:

TME with ANP 0% TME without ANP had erection or ejaculation
79% of TME with ANP preserved erection and
86% preserved ejaculation
Urinary function
Good urinary function:
84% TME with ANP
2% TME without ANP

Junginger Prospective Urologic history TME with 150 93:57 Urinary function
et al45 evaluation Ultrasound complete ANP Significantly less postoperative voiding

measurement versus partial disturbance in TME with ANP than in TME
of residual ANP versus without ANP
urine volume no ANP
Urodynamic study

Nesbakken Prospective Questionnaires TME or PME 49 27:22 Sexual function
et al42 evaluation Flowmetry Men:

Ultrasound 6/24 some reduction in erection
measurement 1/24 became impotent
of residual 2/24 retrograde ejaculation
urine volume Women:
Urodynamic study 3/6 reported reduction of libido sexual activity

Urinary function
2 had signs of bladder denervation
4 had postoperative transitory moderate urinary
incontinence

Kim et al43 Prospective Questionnaires TME with ANP 68 68:0 Sexual function
evaluation Ultrasound Significant decrease in mean IIEF domain scores

measurement (worse sexual function)
of residual Urinary function
urine volume Significant reduction in mean maximal flow rate
Urodynamic study and mean voided volume

No significant reduction in mean residual volume
Significant increase in total mean IPSS score
(worse urinary function)

Abbreviations: TME = total mesorectal excision; PME = partial mesorectal excision; ANP = autonomic nerve preservation; IIEF = International
Index of Erectile Function; IPSS = International Prostate Symptom Score.
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including circumferential resection margin (CRM)
status, tumour stage, and proximity to the anal verge.

Circumferential Resection Margin
CRM is the closest distance between the rectal tumour
and the mesorectal fascia in the TME specimen. Stand-
ardised pathological examination using the protocol of
Quirke et al17 should be utilized to accurately measure
CRM.46 In an analysis of 769 patients with rectal can-
cer in the TME only group of the Dutch TME Study,
Nagtegaal et al identified CRM as an independent prog-
nostic factor for local recurrence, distant recurrence,
and survival.47 A CRM of ≤2 mm was associated with a
higher local relapse risk of 16% at 2 years compared
with 5.8% for patients with a wider CRM (p < 0.0001).
In addition, patients with a CRM of ≤1 mm showed
a higher 2-year distant metastasis rate (37.6% versus
12.7%; p < 0.0001) and a lower 2-year overall survival
rate (67.9% versus 90.9%; p < 0.0001).

Echoing the above findings, Wibe et al also demonstrated,
by multivariate analysis, the independent prognostic value
of CRM to local relapse, distant metastasis, and overall
survival in a study of 686 TME-treated patients.48 The
local relapse risk increased by a hazard ratio of 12
(95% CI, 2.6-55.8) when the CRM was reduced from
20 mm to ≤1 mm. In addition, the risk of developing
distant metastasis was increased by a hazard ratio of
4.7 (95% CI, 2.3-9.5) when the CRM was reduced from
20 mm to ≤1 mm. Furthermore, the decreasing CRM from
20 mm to ≤1 mm increased mortality by a hazard ratio
of 3.7 (95% CI, 1.7-8.4).

In the past, the preoperative evaluation of CRM was
hampered by the inability of endorectal ultrasonogra-
phy to clearly identify mesorectal fascia, because of the
limited soft tissue contrast resolution and field of view.
Modern magnetic resonance imaging (MRI) techniques,
with endorectal and phased array coils, allow better spa-
tial resolution and accurate estimation of CRM. A study
by Beets-Tan et al demonstrated that preoperative MRI
could predict the CRM of rectal cancer treated by TME
with high accuracy and consistency.49 In addition, MRI
has high predictive values for the staging of T3 and T4
rectal cancers.

Disease Stage
Although many TME studies have reported an overall
local relapse rate of <10%, the denominator in most of
these studies was composed of a mixture of stages II
and III disease, and even stage I.16,22-25 A number of

studies have consistently shown that the local relapse
risk after TME is dependent on stage.27,50-53 Table 2 sum-
marises the results of 4 large clinical studies with clearly
stated local relapse rate by stage.

Analysis by Nagtegaal et al of 656 Dutch non-irradi-
ated patients in the Dutch TME Study identified TNM
stage as an independent prognostic factor for distant
metastasis, survival, and local relapse.47 The relative
risks for distant metastasis for stage I/II and III disease
were 1.0 and 4.1, respectively, (95%CI, 2.7-6.1), whilst
the relative risks for survival for stage I/II and III dis-
ease were 1.0 and 2.3, respectively, (95%CI, 1.5-3.3).
The 2-year local relapse rate was <5% for stages I and
II disease and >10% for stage III. The 2-year local re-
currence rate was 21.4% for stage III disease with CRM
≤2 mm and 12% for stage III disease with wider CRM.

In an evaluation of 2136 rectal cancer patients under-
going TME with curative intent, Wibe et al showed that
both tumour status and nodal status were independent
prognostic factors of local relapse and mortality.48

Bonadeo et al studied 417 TME-treated patients and
found stage-dependent 5-year local recurrence rates for
stage I, II, and III disease of 3.1%, 4.1%, and 24.1%,
respectively, (p < 0.0001).51 Law and Chu prospectively
evaluated 563 patients with rectal cancer treated with
anterior resection by TME.52 The 5-year local recurrence
rates were 0% for stage 0/I disease, 8.6% for stage II,
and 14.8% for stage III (p = 0.01).

Tumour Location
Close proximity to the anal verge is associated with
a higher local relapse risk. In the Dutch TME Study,
tumour location was classified into ≤5.0 cm, 5.1 to
10.0 cm, and 10.1 to 15.0 cm from the anal verge.47

Multivariate analysis revealed that tumour location was
an independent predictor of local recurrence, with higher
hazard ratio in tumours closer to the anal verge.50

In a prospective national cohort study, which was part
of the Norwegian Rectal Cancer Project, tumour level
was categorised into 3 groups of 0 to 5 cm, 6 to 8 cm
and 9 to 12 cm.54 Tumour level was found to be an in-
dependent prognostic factor for local relapse. The
hazard ratio for local recurrence was 1.8 (95%CI, 1.1-
2.3) in the 0 to 5–cm group and 1.6 (95%CI, 1.1-2.9) in
the 6 to 8–cm group.

Furthermore, Bonadeo et al found that the lower third
of the tumour was associated with a significantly higher
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local relapse rate than the middle and upper thirds of the
tumours, with 5-year local recurrence rates of 17.9%,
7.1%, and 5.1%, respectively (p = 0.002).51

Quality of Mesorectal Excision
The quality of the mesorectal excision is reflected by
the intactness of mesorectum in the resected TME
specimens. Mesorectal excision of poor quality is
susceptible to leaving tumour in the residual meso-
rectum. Nagtegaal et al graded the quality of mesorectal
excision according to the integrity of the mesorectal
fascia, the regularity of CRM, and the degree of coning,
and examined the relationship between the quality of
mesorectum in the resected specimens and the clinical
outcomes in 180 TME-treated patients.55 The authors
demonstrated that patients with complete and near-
complete mesorectum had significantly higher local
control and survival rates than patients with an incom-
plete mesorectal excision.

Surgeon Factors
In a study of 652 rectal cancer patients treated in the
TME project in Stockholm, Martling et al found that
treatment outcomes were significantly better in patients
operated on by high-volume surgical teams (>12 opera-
tions per year) than low-volume surgical teams (≤12
operations per year).56 With a median follow-up of more
than 40 months, the crude rates of local relapse after

curative surgery were 4% and 10% for high-volume and
low-volume teams, respectively, (p = 0.02). The crude
rates of rectal cancer death were 11% and 18% for high-
volume and low-volume teams, respectively, (p = 0.007).

Surgery Type
The prognostic value of surgery type is controversial.
Bonadeo et al found that APR was associated with a higher
local relapse rate than anterior resection.51 However,
multivariate analysis in the Dutch TME Study and the
Norwegian national audit did not show any independent
prognostic value of the resection type for local control.27,50

Others
Other prognostic factors for local relapse include
lymphovascular invasion,57,58 perineural invasion,59 and
rectal perforation at or near the rectal tumour.51

REAPPRAISAL OF ADJUVANT
THERAPY
The improved local control after the introduction of
TME prompts reappraisal of the roles of adjuvant
therapy for rectal cancer. A number of recently reported
trials shed light on this issue.

Dutch Total Mesorectal Excision Study
The Dutch TME Study evaluated the value of PSCRT
in addition to TME.50 1861 patients with non-fixed

Table 2. Local relapse rates by stage for patients with rectal cancer after total mesorectal excision.

Study Wibe et al27 Kapiteijn et al50 Bonadeo et al51 Law and Chu52

Study design Norway national Multicentre Prospective single Prospective single
audit randomised controlled institution study institution study

trial — TME alone group
Number of patients 1794 908 417 563
Median age (range) [years] 69 (18-94) 66 (23-92) 66 (20-90) 67 (31-92)
M:F ratio 1.36:1 1.75:1 1.48:1 1.64:1
Tumour location from anal verge — 12-16 cm 26 10.1-15.0 cm 31 11.1-15.0 cm 27.8 >10-20 cm 32.5
percent of patients 6-11 cm 40 5.1-10.0 cm 40 7.1-11.0 cm 42.2 ≤10 cm 67.5

<6 cm 22 ≤5.0 cm 29 0-7.0 cm 30.0
Not stated 12 Unknown  <1

Tumour stage — percent of patients A 32 0 2 I 24.7 0/I 18.1
B 37 I 27 II 43.4 II 39.8
C 30 II 27 III 31.9 III 40.3
Not stated 1 III 36

IV 7
Unknown <2

Operation type — percent of patients AR 69 AR 67 AR 81.8 AR 100.0
APR 27 APR 26 APR 15.6
Hartmann 4 Hartmann 4 Hartmann 2.6
Not stated 9 None 3

Unknown <1
Local relapse rate by tumour stage — 4-year rates 2-year rates 5-year rates 5-year rates
percent of patients I 5 I 0.7 I 3.1 0/I 0

II 10 II 5.7 II 4.1 II 8.6
III 18 III 15 III 24.1 III 14.8

Abbreviations: AR = anterior resection; APR = abdominoperineal resection.
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rectal cancer were randomised to PSCRT (25 Gy in 5
daily fractions) followed by TME within 1 week of the
end of radiotherapy versus TME alone. This study dem-
onstrated a significantly lower 2-year local recurrence
rate of 2.4% in the PSCRT group compared with 8.1%
in the TME alone group (p < 0.001). The 2-year local
recurrence rates dropped from 5.7% to 1.0% and from
15.0% to 4.3% for stage II and III disease, respectively.
However, no significant benefit in distant failure and
overall survival was detected between the 2 groups,
although the median follow-up duration was relatively
short at 24.9 months.

The efficacy of PSCRT depends on the CRM status.
In the evaluation of 1318 Dutch patients enrolled in
the Dutch TME Study, Marijnen et al found that,
within the wide-CRM category (>2 mm), the local
relapse rate at 2 years was 0.9% in irradiated patients
versus 5.8% in the TME alone patients (p < 0.0001).60

Similarly, a significant benefit in local control was
noted in patients with narrow CRM (1.1 to 2.0 mm),
with a 2-year local relapse rate of 0% in the irradiated
patients versus 14.9% in the TME alone patients
(p = 0.02). However, PSCRT did not produce any signi-
ficant benefit in local control for patients with positive
CRM (≤1 mm).

Further analysis by the authors suggested that post-
operative radiotherapy did not compensate for positive
CRM in patients treated by TME alone.60 Of 120 pa-
tients with a positive CRM in the TME alone group, 56
patients (47%) received postoperative radiotherapy
(45 to 60 Gy). No significant difference in the local re-
lapse rate was noted between the postoperatively irra-
diated and non-irradiated groups (2-year local relapse
rate, 15.7% vs 17.3%; p = 0.98). However, the data
should be interpreted with caution in view of the non-
randomised nature of the comparison.

Patients with local relapse after PSCRT plus TME
fare worse than those with local relapse after TME alone.
Van den Brink et al investigated the prognosis of lo-
cally recurrent rectal cancer after TME with or without
PSCRT by evaluating 1434 Dutch patients in the
Dutch TME Study.61 The survival after local relapse in
the PSCRT plus TME group was significantly shorter
than in the TME alone group (median survival, 6.1
versus 15.9 months; p = 0.008).

From the above findings, PSCRT plus TME can im-
prove local control compared with TME alone. This

therapeutic advantage is present in patients with wide
or narrow CRM, but not in those with positive CRM. In
addition, positive CRM apparently cannot be salvaged
by postoperative pelvic radiotherapy.

German Rectal Cancer Study
The German Rectal Cancer Study (CAO/ARO/AIO-94)
compared preoperative long-course radiochemotherapy
(PLCRCT) versus postoperative long-course radio-
chemotherapy in locally advanced rectal cancer treated
with TME.62 Sauer et al randomised 823 patients with
operable rectal cancer located within 16 cm from
the anal verge, clinically stage T3/4 or N+ M0 (staged
by endorectal ultrasonography and computed tomo-
graphy scan of the abdomen and pelvis), to preoperative
chemoradiation versus postoperative chemoradiation.62

In both groups, a total radiation dose of 50.4 Gy was
applied to the tumour and pelvic lymph nodes. 5-FU
1000 mg/m2/day was given concurrently in the first
and fifth week of radiation as a 120-hour continuous
infusion. Four additional cycles of intravenous bolus
5-FU 500 mg/m2/day were administered on days 1 to 5
every 4 weeks.  The chemoradiation regimen was
identical for both groups except for a small-volume
tumour bed boost of 5.4 Gy for the postoperative group.
The surgery was TME and the time interval between
chemoradiation and  surgery was 4 to 6 weeks in both
groups.

The preoperative chemoradiation group had a signifi-
cantly lower 5-year pelvic relapse rate than postopera-
tive chemoradiation group (7% versus 11%; p = 0.02).
In addition, there was a significant tumour downstaging
after preoperative chemoradiation with a pathological
complete remission rate of 8%. The rate of sphincter
preservation for low-lying tumours was significantly
higher in the preoperative chemoradiation group
compared with the postoperative chemoradiation group
(39% versus 19%; p = 0.004). However, there was no
significant difference in 5-year distant relapse, disease-
free survival, and overall survival rates between the
2 groups. The authors concluded that PLCRCT is the
preferred approach for locally advanced TME-treated
rectal cancer compared with postoperative adjuvant
chemoradiation.

Preoperative Short-course Radiotherapy
Versus Long-course Radiochemotherapy for
Sphincter Preservation
Bujko et al evaluated the relative efficacy of PSCRT
versus PLCRCT for sphincter preservation for rectal
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cancer in a randomised trial of 316 patients with resect-
able clinical T3-4 rectal carcinoma accessible to digital
rectal examination and without sphincter infiltration.63

Patients in the PSCRT group received 5 Gy in 5 short
courses of radiotherapy with TME performed within
7 days of the end of radiotherapy. Patients in the
PLCRCT group received preoperative radiotherapy
50.4 Gy in 1.8 Gy daily fractions with 2 courses of
concomitant bolus 5-FU and leucovorin, followed by
TME after 4 to 6 weeks.

No significant difference in sphincter preservation
rate was noted between the 2 groups (61% in the PSCRT
group and 58% in the PLCRCT group; p = 0.57), even
though the PLCRCT group had a significantly better
tumour response rate, higher microscopic complete
response rate, and reduced positive CRM. This lack of
benefit in sphincter preservation, despite significant tu-
mour response, might be explained by the possibility
that some surgeons based their selection of surgical
type on the initial pretherapy tumour volume rather
than the tumour status at the time of surgery. In fact,
the authors noted 5 patients in the PLCRCT underwent
APR despite clinical complete response.

Lyon R96-02 Trial
The Lyon R96-02 trial randomised 88 patients with low
rectal cancer located not further than 6 cm from the
anal verge, staged T2 or T3 with endorectal sonography,
and not involving more than two-thirds of the rectal
circumference to receive preoperative external beam
radiotherapy (EBRT) alone versus the same EBRT
with a boost.64 The dose-fractionation of EBRT was 39
Gy in 13 fractions over 17 days. Endocavitary contact
X-ray boost comprised a total dose of 85 Gy in 3 frac-
tions started 2 weeks prior to EBRT. The surgery was
TME and was planned after a minimum interval of
5 weeks after the end of EBRT.

A significant improvement was observed in favour of
the EBRT plus boost group for complete clinical
response (24% versus 2%; p < 0.05) and for a complete
or near-complete sterilisation of the operative specimen
(57% versus 34%; p = 0.027). In contrast to Bujko et al’s
findings,63 this significant tumour response translated
into a statistically and clinically significant increase in
sphincter preservation rate in the EBRT plus boost group
compared with the EBRT alone group (76% versus 44%;
p = 0.004). At a median follow-up of 35 months, there
was no difference in local relapse, overall survival, and
morbidity.

EORTC 22921 trial
The EORTC 22921 trial was a 2 x 2 factorial trial
examining the addition of chemotherapy to preopera-
tive long-course radiation and that of postoperative
chemotherapy versus no chemotherapy for clinical
stage T3 or T4 resectable rectal cancer treated with
TME.65,66 The preoperative radiation dose was 45 Gy
in 25 fractions over 5 weeks. The concurrent chemo-
therapy comprised 5-FU 350 mg/m2/day and leucovorin
20 mg/m2/day on days 1 to 5 in the first and fifth
weeks of the radiation course. Four more cycles of
chemotherapy were given to the group receiving post-
operative chemotherapy.

1011 patients entered the trial. The median follow-up
duration was 5.4 years. The preoperative chemoradiation
group produced a small but marginally significantly
better sphincter preservation rate compared with
preoperative radiation alone group (55.3% versus
52.8%; p = 0.05). In addition, the local relapse rates
decreased in the 3 groups given chemotherapy (8.8%,
9.6%, and 8.0% for preoperative, postoperative, or
both, respectively, versus 17.1% for no chemotherapy;
p = 0.002). No significant difference in overall survival
and progression-free survival were noted between the
preoperative chemoradiation and preoperative radiation
alone groups, or between the postoperative chemo-
therapy and no chemotherapy groups.

The authors concluded that some form of chemotherapy
seemed to benefit local control, but the results did not
indicate the best timing. Nevertheless, in view of the
benefit of preoperative chemotherapy on sphincter pres-
ervation and the poor compliance to postoperative
chemotherapy, preoperative chemoradiation might be
preferred.

Postoperative Adjuvant Chemoradiation
Lee et al reported a randomised trial with the aim of
defining the optimal sequence of chemotherapy and
radiotherapy in the postoperative adjuvant setting.67 380
patients with post-TME stage II and III rectal cancer
were randomly allocated to either early radiotherapy
(concurrent with the first and second 5-FU/leucovorin
chemotherapy cycles) or late radiotherapy (concurrent
with the third and fourth 5-FU/leucovorin chemotherapy
cycles).

Disease-free survival was significantly better with
early radiotherapy than with late radiotherapy, whilst
no significant difference was observed in overall
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survival. A remarkably low overall local recurrence rate
of 4% was noted at a median follow-up of 4 years.

ADJUVANT THERAPY STRATEGIES
Indications for Adjuvant Therapy
The Dutch TME Study provides randomised evidence to
support the use of preoperative adjuvant radiotherapy in
rectal cancer, even when TME substitutes conventional
blunt dissection. The addition of PSCRT to TME further
improved local control in non-fixed rectal cancer.50 It
should be noted that PSCRT is effective in narrow and
wide CRM, but not in positive CRM.60 Therefore, the
optimal candidates for PSCRT are patients with non-fixed
rectal cancer with clinically predicted negative CRM.

The German Rectal Cancer Study showed that PLCRCT
is the preferred approach compared with its postopera-
tive counterpart for clinical stage T3/4 or N+ rectal
cancer.62 In addition to the advantage in pelvic control,
this preoperative strategy produced a significantly bet-
ter sphincter preservation rate and reduced acute and
chronic toxicities.

Eligible patient populations for PSCRT and PLCRCT
overlap. Patients with clinically non-fixed plus radio-
logically predicted T3 or N+ rectal cancer are suitable
candidates for these 2 preoperative adjuvant strat-
egies. The question remains as to how to allocate pa-
tients between these 2 regimens. Based on the data of
the Dutch TME Study and the prognostic significance
of CRM, Wiggers and van de Velde recommended
that patients with locally advanced disease, defined as
estimated CRM <2 mm, should receive a long course
of preoperative radiotherapy to downsize the tumour
and to enhance the clear resectability rate, while pa-
tients with primary resectable disease should benefit
from PSCRT.68 A histological CRM of ≥2 mm can
be predicted with high confidence by MRI scan
when the measured distance on MRI scan is at least
6 mm.49

Sphincter Preservation
A number of phase II studies have reported that 30%
to 89% of patients, who initially were believed to
require an APR, could eventually undergo a sphincter-
preserving procedure after preoperative chemoradi-
ation.69-73 The German Rectal Cancer Study showed that
pre-TME long-course radiochemotherapy produced a
significantly better sphincter preservation rate than
TME followed by postoperative adjuvant chemo-
radiation (39% versus 19%; p = 0.004).62

Two randomised trials directly addressed the issue
of sphincter preservation in different preoperative
regimens. The randomised trial by Bujko et al compar-
ing PSCRT plus TME versus PLCRCT plus TME,
showed that the preoperative long-course regimen did
not produce a significant advantage in the sphincter pres-
ervation rate compared with PSCRT.63 In contrast,
the randomised trial by Gerard et al demonstrated that
EBRT with endocavitary contact X-ray boost plus TME
produced a significantly better sphincter preservation
rate than preoperative EBRT plus TME.64

These inconsistent results highlight the difficulty in
evaluating the capacity of preoperative adjuvant therapy
to further improve sphincter preservation in TME treated
patients. The success of sphincter preservation may
rely on the specific radiotherapeutic technique. Surgeon
factors may be even more determining. Opinions of
surgeons vary as to whether it is safe not to resect the
tissues that are macroscopically free at the time of sur-
gery but involved in pretreatment tumour evaluation.

CONCLUSIONS
The shift of surgical practice for rectal cancer from con-
ventional blunt dissection to TME results in a signifi-
cant improvement in local control and survival. In
addition, TME enhances sphincter preservation as well
as sexual and urinary functions after surgery. Although
many studies reported a <10% local relapse risk after
TME alone, some prognostic groups do worse than
others. The key prognostic factors are CRM, tumour
stage, and tumour location. Other prognostic factors
include the training and experience of the operating
surgeons, surgical type (APR versus anterior resection),
quality of mesorectal excision, lymphovascular
invasion, and tumour perforation.

The Dutch TME Study provided randomised evidence
to support the continued use of preoperative adjuvant
therapy to further improve local control in TME-treated
patients with rectal cancer.50 The German Rectal Can-
cer Study demonstrated that PLCRCT is the preferred
approach in view of superior local control, treatment-
related toxicity, and sphincter preservation rate com-
pared with its postoperative counterpart.62 Further study
is required to refine the patient-selection criteria for
these 2 preoperative adjuvant strategies. Patients with
predicted CRM <2 mm should be treated with PLCRCT
to downsize the tumour and to enhance the clear re-
sectability rate. Circumferential resection margin can
be predicted with high accuracy by MRI scan.
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Despite the improved local control after TME and
adjuvant therapy, distant failure remains a critical prob-
lem in rectal cancer treatment. Given the proven ben-
efit of new cytotoxic agents and biologics (such as
irinotecan, oxaliplatin, cetuximab, and bevacizumab) for
metastatic colorectal cancer, further research incorpo-
rating these new chemotherapeutic agents into rectal
cancer adjuvant regimens could be promising.74-77
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