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Abstract. – In the last two decades we
have seen major advances in the strategy of the
treatment of rectal cancer. Important studies
were published to confirm the role of imaging
MRI in the treatment plan and in detecting the
prognostic factors, the improved outcome of the
new surgical technique based on total mesorec-
tal excision and the combined treatments. 

Many studies demonstrated that MRI is equiv-
alent to histology in measurement of extramural
depth, is also highly accurate in staging ad-
vanced rectal cancer, in the assessment of
mesorectal fascia infiltration and to distinguish
cT3 from cT4, in the measuring the distance from
the anorectal ring. With the introduction of total
mesorectal excision the local recurrence rate is
dramatically reduced, especially in selected cen-
tres. Preoperative radiotherapy ± in combination
with chemotherapy still reduces this rates respect
to only surgery or postoperative treatment.

In this time of changing therapeutic approach-
es, a common standard for large heterogeneous
patient groups will likely be substituted by more
individualised therapies. It will depend from new
evidence of more tailored diagnosis, surgery, ra-
diotherapy and chemotherapy.
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Background

Although surgery remains the most important
treatment of rectal cancer, the management of
this disease has evolved to become more multi-
disciplinary. Multidisciplinary management is
the preferred approach and offers the best clinical
outcome1. 

During the first decade of the 21st century a
number of important European randomized stud-
ies have been published. They have examined a
variety of adjuvant approaches and most have re-
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quired the use of total mesorectal excision
(TME). In addition, advances in both pathology
and imaging have further contributed to the mul-
tidisciplinary management1.

At present many controversies still remain
open: we report the actual evidences and the re-
search scenario for the different stage of rectal
cancer.

Diagnostic

There are many different imaging modalities
suitable for rectal cancer staging, tumor location,
restaging but not all of them have the same accu-
racy for each indication. 

T Stage
For assessing cT1 vs cT2 endoluminal ultra-

sound (EUS) has an overall accuracy between 69
and 97%2, especially in expert hands. Endorectal
magnetic resonance imaging (MRI) can be con-
sidered as accurate as EUS for staging superficial
tumors, more objective in high located or stenos-
ing cancers and less observer dependent than
EUS even if is more expensive, technically more
demanding for the MR unit and less comfortable
for patients. 

Endorectal MRI can be considered as accurate
as EUS for differentiation of superficial (cT1
and/or cT2) rectal tumors from cT3. EUS and
phased array MRI fail in the differentiation be-
tween T2 versus borderline T3 lesions and over-
staging is the main cause of errors: is difficult to
distinguish by MRI between desmoplasia with-
out tumour cells (stage pT2) and desmoplasia
with tumour cells (stage pT3)3. 

Phased array MRI and multidetector computed
tomography (CT) seem to have equal accuracy
for staging advanced T3 tumors, although the
number of available comparative studies is limit-
ed. CT cannot assess the depth of extramural



spread as accurately as histology but MRI has
been shown to be equivalent to histology in mea-
surement of extramural depth1. Phased array MRI
is highly accurate in staging advanced rectal can-
cer, in the assesment of mesorectal fascia infiltra-
tion and to distinguish cT3 from cT41.

Phased array MRI is accurate in measuring the
distance between the anorectal junction and the
distal part of the tumor and also the length of the
tumor. Still remain a controversy regarding the
definition of the extra and intra peritoneal rectum
by imaging, even if the external phased array
MRI contributes to the identification of the peri-
toneum in the upper rectum1.

N Stage
Identifying nodal disease is still a diagnostic

problem for the radiologist: nodes of >8 mm are
defined as malignant nodes on CT, MRI and EUS
even if size is not a good predictor for malignan-
cy and should not be used for defining whether
lymph nodes are involved or not. The most reli-
able method of positively identifying nodal
metastases is based on morphological features
such as the presence of mixed signal intensity
within the lymph node and/ or irregularity of the
borders of the lymph node due to capsular pene-
tration by malignancy. 

M Stage
The minimum requirements in clinical rectal

cancer staging are chest X-ray, abdominal CT or
MRI: Thoracic and abdomen CT are recom-
mended as part of the staging protocol to detect
distant metastases, especially for the high risk
rectal cancer1.

Imaging After Radio(chemo)therapy
The detection of small clusters of residual tu-

mor cells remains a problem and a complete re-
mission after neoadjuvant chemoradiation can not
be reliably predicted with non-invasive imaging
tools. Reasonably high level of accuracy has been
observed by phased array MRI when the endpoint
is differentiating ypT0-2 vs ypT3. Although it
could be useful for the surgeons to plan less exten-
sive surgery, there is no solid evidence for this4. 

Pathology

Handling of the Specimen
Guidelines are important and there should be

national or preferably international guidelines
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for the dissection and reporting of CRC. The
Guidelines of the Royal College of Patholo-
gists in the United Kingdom have gained wide-
spread acceptance as the minimum standard
for reporting this disease. They are available at
http://www.rcpath.org/resources/pdf/colorectalca
ncer.pdf

The distance of direct tumor spread outside the
muscularis propria should be recorded and the
area in which tumor spreads closest to the CRM
(circumpherential resection margin) should be
identified macroscopically. One group1 has report-
ed higher local recurrence rates, higher distant
metastases rates and lower survival when clear-
ance is less than 2 mm rather than 1 mm. Patients
with less than 2 mm could be considered at higher
risk, but more studies are needed to change this
figure from 1 mm to 2 mm in routine practice.

Accurate nodal staging is of critical impor-
tance for selecting patients for adjuvant thera-
pies. Careful slicing of the mesorectal fat, visual
inspection and palpation are recommended to
find sufficient numbers of lymph nodes. There is
a negative correlation between the number of
lymph nodes examined and local recurrence in
Stage II disease1.

T N M Stage System
Classification System

At the moment, as indicated also in the EURE-
CA document5 the version 5 is the preferred op-
tion, over TNM 6 and version 7 as they show
marked interobserver variation in defining stage
II and III.

Staging After Radio(chemo)therapy
There is good evidence that preoperative

chemoradiotherapy is able to downstage rectal
tumours: in approximately 8-30% of cases this
can lead to complete disappearance of tumour
cells. Recently, a protocol to classify a tumor
having a complete pathological response has
been recommended1. 

There are a number of suggested methods for
assessing tumour regression after pre-operative
treatments. These are modifications of the scor-
ing system developed by Mandard et al6. for oe-
sophageal carcinoma.

Treatment Options 

We evaluate the different treatment options ac-
cording to the different stage in rectal cancer.
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Early Localized Tumors (c/p T1-2 N0 M0)
They represent 3-5% of rectal cancers, and in-

clude small, exophytic, mobile tumors without
adverse pathologic factors (i.e., high grade, blood
or lymphatic vessel invasion, colloid histology,
or the penetration of tumor into or through the
bowel wall) and can be adequately treated with a
variety of local therapies. 

Surgery
Early carcinomas limited to T1sm1 with

well/good differentiated tumours, no evidence of
blood or lymphatic vessel invasion and negative
margins, can be safely and effectively resected
by endoscopic mucosal resection (EMR). After
EMR, pathologic analysis of submucosa infiltra-
tion is essential to assess the completeness of the
resection. However, there is not enough evidence
to recommend this procedure as standard treat-
ment.

Patients with T1 small, exophytic, mobile tu-
mors without adverse pathologic factors can be
adequately treated with local excision alone,
preferably a TEM procedure1.

In case of pT2 tumors the risk of positive lym-
phatic nodes ranges between 15-20%: local exci-
sion alone is an inappropriate procedure and it
should be integrated with combined treatment
(radiotherapy ± chemotherapy), preferably pre-
operatively, when major surgery is contraindicat-
ed or refused.

At least half of the patients who undergo sal-
vage abdominoperineal resection (APR) for local
recurrence after local excision and/or radiothera-
py can be cured. However, if those patients had
been offered definitive surgery as the first treat-
ment, cure rates would be higher.

Radiotherapy and Chemotherapy 
Patients with pT1 tumors (after local excision)

with adverse pathologic factors or with any doubt
about quality of the local excision procedure
have to undergo a resection of the entire rectum.
Postoperative radio(chemo)therapy could be con-
sidered for compromised general conditions or if
the patient refuses surgery1. 

The optimal treatment of a pT2 tumor after a
local excision is not clear, since large random-
ized trials are not available. Local excision
alone is insufficient and radical surgery is
therefore recommended. Postoperative ra-
dio(chemo)therapy is a reasonable alternative
when adverse prognostic factors are absent and
the patient has co-morbidity or refuses surgery.

However, in series with long term follow-up, the
pelvic failure rates are 18-25%1.

The series that have measured sphincter func-
tion after local excision and radiotherapy report
favorable outcomes1.

A feasible alternative to local excision in pa-
tients with poor medical condition or who
refuse any surgical treatment might be external
radiotherapy or contact therapy alone in early
rectal cancer. However, the evidence is limited
and definitive recommendation requires further
studies.

Preoperative short course radiotherapy in clini-
cally operable cT2N0 rectal cancers <15 cm
from anal verge results in an even lower risk of
local failure but is usually not indicated since the
absolute risk of a local failure in these early tu-
mours is very low, provided very high quality
staging and surgery can be performed. 

Intermediate Stage (c/p T3-4 or
N1-2 M0-Stage II-III Resectable)

Intermediate tumors are defined as neoplasms
extending beyond the rectal wall but without un-
resectable infiltration to surrounding organs.

Surgery
Local relapses after total mesorectum excision

(TME) alone for pT3-4 N1-2 of the medium or
low rectal cancer still range between 15-21% in
randomized trials7,8. The efficacy of TME is
closely related to the training and the volume of
cases per year of each surgeon. The surgeon rep-
resents one of the major prognostic factors for
the treatment of rectal cancer.

In patients with tumors in the middle or distal
third of the rectum, lymph nodes or other tumour
deposits can be found in the mesorectum up to 4
cm distally from the tumor. Complete removal of
mesorectum distally is always indicated in these
tumours locations9.

Pathological studies of the CRM at the level of
the anorectal junction and anal sphincters show
high risk of tumor involvement1. The quality of
surgery in the levator/anal canal area below the
mesorectum varies between surgeons who may
operate in different surgical planes: intrasphinc-
teric/submucosal plane, sphincteric plane and le-
vator plane1.

With an APR there are two planes: one for the
mesorectum and one for the anal canal. It is cru-
cial to have the correct strategy when an APR is
performed. The dissection from above has to be
stopped before entering the levator plane. The
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rectal cancer who require additional therapy to
surgery (chemoradiation or short course radio-
therapy) should receive it preoperatively7,11,13.

Four meta-analyses report partly conflicting
results14-16: all of them reveal a decrease in local
recurrence rates but the analysis by Camma et
al14 and the Collaborative Colorectal Cancer
Group15 reported a survival advantage, whereas
the analysis by Munro and Bentley16 did not. The
Swedish Council of Technology Assessment in
Health Care (SBU) performed a systematic re-
view of radiation therapy trials17 and reported
that survival is improved by about 10% using
preoperative radiotherapy. 

Short course radiotherapy definitively reduces
local recurrence risk for patients with most rectal
cancers. The relative risk reduction may actually
be higher the lower the absolute risk of a local
failure is. The largest absolute gains have in the
trials been seen in patients with extramural
spread and node positive disease7,8. For patients
with positive CRM, there is a reduction in local
failure rates after short-course radiation. This is
also seen in these locally advanced cases, al-
though the magnitude of benefit is not sufficient8

.

Two recent randomized trials have showed an
improvement in the results of preoperative radia-
tion in patients with locally advanced rectal can-
cer when 5FU based chemotherapy is added to
radiotherapy. A significant decrease in local re-
currence was observed in those receiving
chemotherapy as well as an increased rate of
pCR (pathologic complete response). Five year
overall survival was not changed by chemothera-
py, but the trials were underpowered to detect a
5% difference in overall survival18,19.

After preoperative radiochemotherapy a vari-
able percentage of pCR specimens has been re-
ported. Although some series show no correla-
tion20, many series report that patients who
achieve a pCR following preoperative ra-
diochemotherapy have improved long-term out-
comes in terms of excellent local control rates
and this is independent of their initial clinical T
and N stage21,22. The increased incidence of pCR
in the radiochemotherapy arms did not improve
the final outcome of the randomized studies13,18.

To increase the efficacy of bolus or infused 5-
FU or capecitabine these agents have been com-
bined, in several phase II studies, with oxaliplatin
or irinotecan plus radiation. The apparently posi-
tive results of these studies have supported many
ongoing phase III studies. At the present, infused
5-FU as well as oral fluoropyrimidines remain

next step is to dissect from below outside the
sphincteric plane and by doing so finally divide
the levators from below. With this technique a
waist in the specimen, ar an “apple core” just at
the place of the tumor, can be avoided and pre-
vent the specimen from having positive CRM1,9.

Modern preoperative radiochemotherapy has
further changed surgical philosophy, since many
surgeons claim that more sphincters can be
safely preserved when the tumor is shrunk after
treatment10. Even if there are no randomized tri-
als or meta-analyses that support this idea, only
a subgroup analysis of one of the large trials re-
ported increased sphincter preservation5. The
sphincter preservation is largely practiced when
negative margins can be reached after ra-
diochemotherapy in spite of the pre-treatment
tumour location10.

Sphincter preservation without good function
is of questionable benefit. Based upon reports,
most patients are considered to have an accept-
able to good function but as many as 20% will be
more or less incontinent, not only for flatus or
loose stool but also for solid stool. For some el-
derly and immobile patients a stoma can even be
preferable to a preserved but moderately func-
tioning sphincter. 

Radiotherapy and Chemotherapy 
There are two conventional treatment ap-

proaches for patients with intermediate stage re-
sectable rectal cancer. The first approach is pre-
operative radio(chemo)therapy followed by
surgery if the tumor is uT3-4 and/or N+, and then
postoperative chemotherapy can be considered.
The second is initial surgery followed by postop-
erative combined modality therapy if the tumor is
pT3 and/or N1-21. 

Preoperative and postoperative therapy have
been compared in randomized trials7,11,12. Two
(Intergroup 0147 and NSABP R-03) closed early
due to lack of accrual. The completed trial, the
German Rectal Cancer Trial, showed fewer local
recurrences and less acute and late toxicity but
no survival benefit with preoperative therapy. In
one trial when short-course preoperative radia-
tion was compared with long-course RT alone
and in another trial compared with long-course
chemoradiation for the subsets with a high-risk
of recurrence, more favourable results were seen
in the preoperative arms.

At the present time, given the improved local
control and acute and long-term toxicity profile
reported in the German trial, patients with cT3
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the standard agents in combination with preoper-
ative radiotherapy1.

There is insufficient evidence on the benefit of
adjuvant postoperative chemotherapy after pre-
operative chemoradiation to come to a consensus
about its use1.

T4 Unresectable Rectal Cancer
Locally advanced tumours are defined as neo-

plasms extending beyond the rectal wall with un-
resectable infiltration to surrounding organs or
structures, and/or perforation of the visceral peri-
toneum (c/p T4 N0 -2 M0).

Surgery 
A rectal cancer is defined as unresectable if a

potentially curative surgical resection is not fea-
sible. The evaluation of resectability depends on
the extent of the operation the surgeon is able to
perform as well as the degree of morbidity the
patient is willing to accept. The heterogeneity of
the presentation and a definition of resectability
based on clinical rather than objective criteria
make it difficult to compare between series.

A R0 total pelvic exenteration is potentially
curative operation for patients with advanced
pelvic cancer: 5-year overall survival is accept-
able (52%-60%)1, but it has high morbidity and
impaired quality of life, the morbidity rate is
higher than 50% and includes: pelvic abscess or
fistulas, sepsis, leak of the perineal suture, anas-
tomotic leak, perineal wound infection, intestinal
obstruction and pulmonary disease. Physiologi-
cal age and absence of co-morbidities appear to
be more acceptable when selecting patients for
exenteration than chronological age1.

Radiotherapy and Chemotherapy 
Patients with primary unresectable rectal can-

cer should receive preoperative chemoradiation:
this includes radiation in the range of 50-54 Gy
plus 5FU-based chemotherapy with the goal of
increasing R0 resectability17,23.

Although 50-90% of patients will be able to
undergo a R0 resection many still develop a local
recurrence. In attempt to reduce this, a concomi-
tant or sequential RT boost can be delivered in
preoperative setting with the goal of increasing
the dose. However, doses above 50.4 Gy may be
associated with a higher complication rate. Posi-
tive evidence of the role of higher dose is still to
be confirmed in randomized studies24-27.

A large single dose (10-20 Gy) of radiation by
electron beam or brachytherapy (Intraoperative

radiation or IORT) can be delivered to the tumor
bed. Most North American and European single
institution studies suggest a favorable local con-
trol rate in patients who also have positive mar-
gins or microscopic residual disease1. However,
not all series show a benefit.

Given the limitation of the total radiotherapy
dose which can be delivered to the bulky tumor
in the pelvis and the frequent problem of local
recurrence, the surgeon should be aggressive and
not risk leaving microscopic residual tumour. Ex-
tended surgery to the infiltrated organs should
still be considered even if there is a favourable
response after preoperative therapy1.

The high incidence of metastases in unre-
sectable patients is the rationale for the use adju-
vant chemotherapy after chemoradiation and
surgery. However the definitive study in this sub-
set of patients is not available.

Research Scenario

In this time of changing therapeutic approach-
es, a common standard for large heterogeneous
patient groups will likely be substituted by more
individualised therapies. It will depend from new
evidence of more tailored diagnosis, surgery, ra-
diotherapy and chemotherapy. The main ques-
tions addressed by ongoing research in these dif-
ferent fields are outlined.

Diagnostic
Substaging of T3 tumors by MRI has been

proposed to identify different risk groups. 
Identifying nodal disease is a diagnostic prob-

lem for the radiologist. Recent developments
have shown that MRI with lymph node specific
contrast enhancement may be the most promising
modality for distinguishing between the lower
risk N0 and higher risk N1 and N2 rectal cancer
patients, but their role is still under clinical evalu-
ation. 

Perfusion indices and apparent diffusion coef-
ficients inside the tumor region seemed to be of
predictive value for the outcome of preoperative
therapy in patients with primary rectal carcino-
ma. MRI diffusion-weighted imaging (DWI) in
combination with T(2)-weighted imaging
(T(2)WI) for the detection of rectal cancer as
compared with T(2)WI alone seems in prelimi-
nary reports to provide better identification of
rectal cancer and local nodes. Ongoing research
will clarify the role of this imaging modality. 
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Diffusion-weighted MRI seems to be reliable
to monitor the therapy response and to predict
prognosis in patients with primary rectal carcino-
ma. However, further studies are needed. 

FDG PET with contrast enhanced CT proto-
cols could become a single-step staging proce-
dure in evaluating metastases at the diagnosis,
but its role is still under clinical evaluation. At
this time the evidence is limited. 

Surgery
Organ preservation represents one of the ongo-

ing topics of surgical research: the experience with
preoperative chemoradiation followed by local ex-
cision is being investigated. Most series are limit-
ed to highly selected patients with cT3 disease
who are either medically inoperable or refuse radi-
cal surgery. Since most series limit this approach
to those patients who responded to preoperative
therapy there is a need to identify prognostic and
predictive factors to better define patients who are
suitable for limited surgery. Trials are ongoing.

It is questioned if a local excision can be
avoided if the tumour has regressed completely
following radiotherapy. Intensive follow-up with
the “wait-and watch” philosophy has been advo-
cated by one group with impressive results, simi-
lar to those seen after radiotherapy for anal carci-
noma. This treatment policy has been adopted in
patients where an APR has been the alternative
procedure. However, it must be emphasized that
this is an investigational approach and the stan-
dard of care remains surgery.

Laparoscopic rectal cancer surgery seems to
offer less blood loss, less pain, earlier return of
bowel function and shorter hospitalization. The
long-term impact on oncological endpoints
awaits the findings from large on-going random-
ized trials28.

Pathological studies of the CRM at the level of
the anorectal junction and anal canal show a high
risk of tumor involvement. A waist is often creat-
ed by the surgeon where the mesorectum termi-
nates and the levator (m. puborectalis) inserts in-
to the sphincter complex. The quality of surgery
in the levator/anal canal area below the mesorec-
tum varies between surgeons who may operate in
different surgical planes. Prospective studies on
the reliability of the levator plane to reduce
CRM+ are under clinical evaluation.

Radiotherapy and Chemotherapy
Data from the Uppsala group have shown that

short-course radiotherapy and delayed surgery in

T4 tumours based upon MRI-staging also results
in a chance of R0 resection, indicating that
down-sizing will occur after this treatment regi-
men29. Ongoing studies are evaluating the role of
short-course radiotherapy and delayed surgery in
resectable patients.

Open questions of intensification of preopera-
tive chemoradiation and post-operative adjuvant
treatment are currently addressed by three large
trials (CAO/ARO/AIO-04 in Germany, PETACC
6 in Europe, and NSABP R-04 in the US). They
investigate the value of oxaliplatin in addition to
pre-operative chemoradiation with 5-FU
(CAO/ARO/AIO-04) or capecitabine (PETACC
6) as well as in the post-operative phase for the
prolonged period of 4-5 months. The NSABP R-
04 trial compares capecitabine with 5-FU in a 2
× 2 factorial design with or without oxaliplatin. 

In patients treated with 5 × 5 Gy pre-opera-
tively, post-operative chemotherapy has not been
evaluated so far but is currently being tested in a
randomised trial (SCRIPT trial, “Simply
Capecitabine in Rectal cancer after Irradiation
Plus TME”). 

An Italian trial (INTERACT-LEADER) is test-
ing a combination of preoperative radiotherapy
with capacitabine and oxaliplatin versus acceler-
ated radiotherapy by concomitant boost and only
capecitabine. The cT3N0-1 MRI responding pa-
tients receive local excision, and if pCR is con-
firmed no further surgery is performed.

The early delivery of highly active systemic
combination treatment before chemoradiation
and TME is currently being investigated in
phase II trials. Both approaches indicate that
treatment of advanced rectal cancer has become
truely “multidisciplinary”, requiring improve-
ment in all fields of surgery, radiation and
chemotherapy for optimal local control and re-
duction of distant metastases in order to improve
overall prognosis.

The next generation of clinical trials are begin-
ning and will integrate novel “targeted” drugs
like bevacizumab and cetuximab in both the pre-
operative and post-operative setting. The Epider-
mal growth factor receptor (EGFR) is a promis-
ing target of antitumor treatment because it is in-
volved in cell division, inhibition of apoptosis,
and angiogenesis. Current trials with a traditional
sequence/timing did not show improved results
indicating that more intense preclinical investiga-
tions are neede to identify the relationship with
metabolic constrains (K-ras) and to establish the
best sequence of triple combinations30,31.
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Inhibition of vascular endothelial growth fac-
tor (VEGF) via an anti-VEGF antibody (beva-
cizumab) has been shown to block the growth of
a number of human cancer cell lines, including
colorectal, in nude mice. Preliminary clinical da-
ta indicate significant activity, however data on
safety are limited. Several trials are ongoing re-
garding this issue.

In the face of current and future schedules and
the increasing number of therapeutic options and
intensities, translational research is urgently re-
quired for the identification of patient groups, by
both clinical-pathological features and molecular
and genetic markers, that will gain maximum
benefit from each treatment option.

References

1) VALENTINI V, BEETS-TAN R, BORRAS JM, KRIVOKAPI Z,
LEER JW, PÅHLMAN L, RÖDEL C, SCHMOLL HJ, SCOTT N,
VELDE CV, VERFAILLIE C. Evidence and research in
rectal cancer. Radiother Oncol 2008; 87: 449-474.

2) BIPAT S, GLAS AS, SLORS FJ, ZWINDERMAN AH, BOSSUYT

PM, STOKER J. Rectal cancer: local staging and as-
sessment of lymph node involvement with endolu-
minal US, CT, and MR imaging: a meta-analysis.
Radiology 2004; 232: 773-783.

3) BEETS-TAN RG, BEETS GL, VLIEGEN RF, KESSELS AG, VAN

BOVEN H, DE BRUINE A, VON MEYENFELDT MF, BAETEN

CG, VAN ENGELSHOVEN JM. Accuracy of magnetic
resonance imaging in prediction of tumour-free
resection margin in rectal cancer surgery. Lancet
2001; 357: 497-504.

4) BARBARO B, FIORUCCI C, TEBALA C, VALENTINI V, GAMBA-
CORTA MA, VECCHIO FM, RIZZO G, COCO C, CRUCITTI

A, RATTO C, BONOMO L. Locally advanced rectal
cancer: MR imaging in prediction of response af-
ter preoperative chemotherapy and radiation ther-
apy. Radiology 2009; 250: 730-739.

5) VALENTINI V, ARISTEI C, GLIMELIUS B, MINSKY BD, BEETS-
TAN R, BORRAS JM, HAUSTERMANS K, MAINGON P, OVER-
GAARD J, PAHLMAN L, QUIRKE P, SCHMOLL HJ, SEBAG-
MONTEFIORE D, TAYLOR I, VAN CUTSEM E, VAN DE

VELDE C, CELLINI N, LATINI P; SCIENTIFIC COMMITTEE.
Multidisciplinary rectal management: 2nd Euro-
pean Rectal Cancer Consensus Conference (EU-
RECA-CC2). Radiother Oncol 2009; 92: 148-163.

6) MANDARD AM, DALIBARD F, MANDARD JC, MARNAY J,
HENRY-AMAR M, PETIOT JF, ROUSSEL A, JACOB JH,
SEGOL P, SAMAMA G, et al. Pathologic assessment
of tumor regression after preoperative chemora-
diotherapy of esophageal carcinoma. Clinico-
pathologic correlations. Cancer 1994; 73: 2680-
2686.

7) SEBAG-MONTEFIORE D, STEPHENS RJ, STEELE R, MONSON

J, GRIEVE R, KHANNA S, QUIRKE P, COUTURE J, DE METZ

C, MYINT AS, BESSELL E, GRIFFITHS G, THOMPSON LC,
PARMAR M. Preoperative radiotherapy versus se-
lective postoperative chemoradiotherapy in pa-
tients with rectal cancer (MRC CR07 and NCIC-
CTG C016): a multicentre, randomised trial.
Lancet 2009; 373: 811-820.

8) PEETERS KC, MARIJNEN CA, NAGTEGAAL ID, KRANEN-
BARG EK, PUTTER H, WIGGERS T, RUTTEN H, PAHLMAN L,
GLIMELIUS B, LEER JW, VAN DE VELDE CJ; DUTCH COL-
ORECTAL CANCER GROUP. The TME trial after a medi-
an follow-up of 6 years: increased local control
but no survival benefit in irradiated patients with
resectable rectal carcinoma. Ann Surg 2007; 246:
693-701.

9) NAGTEGAAL ID, QUIRKE P. What is the role for the
circumferential margin in the modern treatment
of rectal cancer? J Clin Oncol 2008; 26: 303-
312.

10) WEISER MR, QUAH HM, SHIA J, GUILLEM JG, PATY PB,
TEMPLE LK, GOODMAN KA, MINSKY BD, WONG WD.
Sphincter preservation in low rectal cancer is fa-
cilitated by preoperative chemoradiation and in-
tersphincteric dissection. Ann Surg 2009; 249:
236-242.

11) SAUER R, BECKER H, HOYHENBERGER W, et al. For the
German Rectal Cancer Study Group. Pre-opera-
tive versus post-operative chemoradiotherapy for
rectal cancer. N Engl J Med 2004; 351: 1731-
1740.

12) PAHLMAN L, GLIMELIUS B. Pre- or postoperative ra-
diotherapy in rectal and rectosigmoid carcinoma.
Report from a randomized multicenter trial. Ann
Surg 1990; 211: 187-195.

13) BUJKO K, NOWACKI MP, NASIEROWSKA-GUTTMEJER A,
MICHALSKI W, BEBENEK M, KRYJ M. Long-term results
of a randomized trial comparing preoperative
short-course radiotherapy with preoperative con-
ventionally fractionated chemoradiation for rectal
cancer. Br J Surg 2006; 93: 1215-1223.

14) CAMMÀ C, GIUNTA M, FIORICA F, PAGLIARO L, CRAXÌ A,
COTTONE M. Preoperative radiotherapy for re-
sectable rectal cancer: A meta-analysis. JAMA
2000; 284: 1008-1015.

15) COLORECTAL CANCER COLLABORATIVE GROUP. Adjuvant
radiotherapy for rectal cancer: a systematic
overview of 8,507 patients from 22 randomised
trials. Lancet 2001; 358: 1291-1304.

16) MUNRO, AJ, BENTLEY, A. Adjuvant radiotherapy in
operable rectal cancer: a systematic review. Sem
Colon Rectal Surg 2002; 13: 31-42.

17) GLIMELIUS B, GRÖNBERG H, JÄRHULT J, WALLGREN A,
CAVALLIN-STÅHL E. A systematic overview of radia-
tion therapy effects in rectal cancer. Acta Oncol
2003; 42: 476-492.

18) BOSSET JF, COLLETTE L, CALAIS G, MINEUR L, MAINGON

P, RADOSEVIC-JELIC L, DABAN A, BARDET E, BENY A, OL-
LIER JC; EORTC RADIOTHERAPY GROUP TRIAL 22921.

V. Valentini, M.C. Barba, M.A. Gambacorta



EORTC Radiotherapy Group Tr ial 22921.
Chemotherapy with preoperative radiotherapy in
rectal cancer. N Engl J Med 2006; 355: 1114-
1123.

19) GÉRARD JP, CONROY T, BONNETAIN F, BOUCHÉ O,
CHAPET O, CLOSON-DEJARDIN MT, UNTEREINER M,
LEDUC B, FRANCOIS E, MAUREL J, SEITZ JF, BUECHER B,
MACKIEWICZ R, DUCREUX M, BEDENNE L. Preoperative
radiotherapy with or without concurrent fluo-
rouracil and leucovorin in T3-4 rectal cancers: re-
sults of FFCD 9203. J Clin Oncol 2006; 24: 4620-
4625.

20) PUCCIARELLI S, TOPPAN P, FRISO ML, RUSSO V, PASETTO

L, URSO E, MARINO F, AMBROSI A, LISE M. Complete
pathologic response following preoperative
chemoradiation therapy for middle to lower rec-
tal cancer is not a prognostic factor for a better
outcome. Dis Colon Rectum 2004; 47: 1798-
1807.

21) CAPIRCI C, VALENTINI V, CIONINI L, DE PAOLI A, RODEL

C, GLYNNE-JONES R, COCO C, ROMANO M, MANTELLO

G, PALAZZI S, MATTIA FO, FRISO ML, GENOVESI D, VI-
DALI C, GAMBACORTA MA, BUFFOLI A, LUPATTELLI M,
FAVRETTO MS, LA TORRE G. Prognostic value of
pathologic complete response after neoadjuvant
therapy in locally advanced rectal cancer: long-
term analysis of 566 ypCR patients. Int J Radiat
Oncol Biol Phys 2008; 72: 99-107.

22) VECCHIO FM, VALENTINI V, MINSKY BD, PADULA GD,
VENKATRAMAN ES, BALDUCCI M, MICCICHÈ F, RICCI R,
MORGANTI AG, GAMBACORTA MA, MAURIZI F, COCO C.
The relationship of pathologic tumor regression
grade (TRG) and outcomes after preoperative
therapy in rectal cancer. Int J Radiat Oncol Biol
Phys 2005; 62: 752-760.

23) BRAENDENGEN M, TVEIT KM, BERGLUND A, BIRKEMEYER

E, FRYKHOLM G, PÅHLMAN L, WIIG JN, BYSTRÖM P, BU-
JKO K, GLIMELIUS B. Randomized phase III study
comparing preoperative radiotherapy with
chemoradiotherapy in nonresectable rectal can-
cer. J Clin Oncol 2008; 26: 3687-3694.

24) MYERSON RJ, VALENTINI V, BIRNBAUM EH, CELLINI N,
COCO C, FLESHMAN JW, GAMBACORTA MA, GENOVESI

D, KODNER IJ, PICUS J, RATKIN GA, READ TE. A phase
I/II trial of three-dimensionally planned concurrent
boost radiotherapy and protracted venous infu-
sion of 5-FU chemotherapy for locally advanced

rectal carcinoma. Int J Radiat Oncol Biol Phys
2001; 50: 1299-1308.

25) MOHIUDDIN M, WINTER K, MITCHELL E, HANNA N,
YUEN A, NICHOLS C, SHANE R, HAYOSTEK C, WILLETT C;
RADIATION THERAPY ONCOLOGY GROUP TRIAL 0012.
Randomized phase II study of neoadjuvant com-
bined-modality chemoradiation for distal rectal
cancer: Radiation Therapy Oncology Group Trial
0012. J Clin Oncol 2006; 24: 650-655.

26) DE RIDDER M, TOURNEL K, VAN NIEUWENHOVE Y, EN-
GELS B, HOORENS A, EVERAERT H, OP DE BEECK B,
VINH-HUNG V, DE GRÈVE J, DELVAUX G, VERELLEN D,
STORME GA. Phase II study of preoperative helical
tomotherapy for rectal cancer. Int J Radiat Oncol
Biol Phys 2008; 70: 728-734.

27) JANJAN NA, CRANE CN, FEIG BW, CLEARY K, DUBROW

R, CURLEY SA, ELLIS LM, VAUTHEY J, LENZI R, LYNCH P,
WOLFF R, BROWN T, PAZDUR R, ABBRUZZESE J, HOFF

PM, ALLEN P, BROWN B, SKIBBER J. Prospective trial
of preoperative concomitant boost radiotherapy
with continuous infusion 5-fluorouracil for locally
advanced rectal cancer. Int J Radiat Oncol Biol
Phys 2000; 47: 713-718.

28) GUILLOU PJ, QUIRKE P, THORPE H, WALKER J, JAYNE

DG, SMITH AM, HEATH RM, BROWN JM; MRC CLAS-
ICC TRIAL GROUP. Short-term endpoints of conven-
tional versus laparoscopic-assisted surgery in pa-
tients with colorectal cancer (MRC CLASICC tri-
al): multicentre, randomised controlled trial.
Lancet 2005; 365: 1718-1726.

29) RADU C, BERGLUND A, PÅHLMAN L, GLIMELIUS B. Short-
course preoperative radiotherapy with delayed
surgery in rectal cancer–a retrospective study.
Radiother Oncol 2008; 87: 343-349.

30) CZITO BG, BENDELL JC, WILLETT CG, MORSE MA,
BLOBE GC, TYLER DS, THOMAS J, LUDWIG KA, MANTYH

CR, ASHTON J, YU D, HURWITZ HI. Bevacizumab, ox-
aliplatin, and capecitabine with radiation therapy
in rectal cancer: Phase I trial results. Int J Radiat
Oncol Biol Phys 2007; 68: 472-478.

31) RÖDEL C, ARNOLD D, HIPP M, LIERSCH T, DELLAS K,
IESALNIEKS I, HERMANN RM, LORDICK F, HINKE A, HO-
HENBERGER W, SAUER R. Phase I-II trial of cetuximab,
capecitabine, oxaliplatin, and radiotherapy as pre-
operative treatment in rectal cancer. Int J Radiat
Oncol Biol Phys 2008; 70: 1081-1086.

341

The role of multimodality treatment in M0 rectal cancer: evidence and research


