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Introduction
Colorectal cancer, with over 1 million new cases every 

year, is the third most common cancer worldwide. The 
opening years of the 21st century are seeing a revolution in 
the management of rectal cancer. 

Abstract
In the last 25 years rectal cancer has changed from 

a surgically managed disease into a multidisciplinary 
treatment model. Accurate staging has a critical role in 
the decision-making process of patients with rectal cancer. 
The four most commonly used imaging modalities in the 
pretherapeutical staging include endoscopic ultrasound, 
computerized tomography, magnetic resonance imaging  
and positron emission tomography. 

Locoregional tumor control in rectal cancer surgery 
has improved significantly over the last 15 years, after the 
introduction of total mesorectal excision, which leads to 
the complete removal of the intact mesorectum including 
the lymphatics, lymph nodes, nerves, and vascular supply. 

At the present time, given the improved local control, 
acute and long-term toxicity profile, and sphincter 
preservation rate, patients who require combined modality 
therapy should receive concomitant radiochemotherapy 
preoperatively. Recently, the novel ‘targeted’ therapies 
have been incorporated into a multidisciplinary approach 
for rectal cancer.
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The disease has changed from a surgically managed    
disease into a multidisciplinary treatment model.

Significant progress has been made in the understanding 
of the molecular mechanisms involved in colorectal cancer 
development and progression. In this respect, colorectal 
cancer is one of the most studied tumor types, and this 
knowledge has already had an impact on the diagnosis, 
staging, treatment and care of these patients. 

The need for a multidisciplinary management of 
patients with newly diagnosed rectal cancer is obvious, and 
the team approach, prior to any therapeutic intervention, is 
a prerequisite for this.

Staging
Accurate staging has a critical role in the decision-

making process of patients with rectal cancer.
There is an increasing role for imaging in the pre-

therapeutical staging of rectal cancer. The four most 
commonly used imaging modalities include endoscopic 
ultrasound (EUS), computerized tomography (CT), 
magnetic resonance imaging (MRI) and positron emission 
tomography (PET). The information offered by these 
imaging modalities, necessary to select appropriate 
treatment, include depth of tumor and adjacent organs 
invasion (T stage), lymph node involvement (N stage), and 
metastatic spread (M stage).

A recent meta-analysis of EUS, CT and MRI reported 
that EUS and MRI had similar sensitivity (94%) in T staging, 
but EUS had higher specificity (86%) than MRI (69%) [1]. 
Of great concern was the equally poor sensitivity (67%) 
and specificity (77%) of EUS and MRI in detecting lymph 
node metastases. CT scan cannot reliably predict T and N 
stage. EUS is limited by its inability to detect lymph nodes 
outside the range of its transducer (such as iliac, mesenteric, 
inguinal, and retroperitoneal). CT and MRI offer the 
advantage of providing detailed anatomic information, as 
well as detecting abdominal and pelvic metastatic spread. 
Data also suggest that EUS is more accurate in predicting 
T3 and T4 cancers than T1 or T2 [2].

Metabolic imaging with PET has an evolving role in 
the management of rectal cancer. Two important functions 
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of PET scans are the detection of regional and metastatic 
disease and the assessment of tumor response to therapy. 
Recently, several small series have reported that the PET 
scan has changed the treatment in as many as 17% of 
patients and has altered the preoperative stage in nearly 
40% of patients [3]. The PET scan may be useful in the 
assessment of tumor response to preoperative therapy and 
preliminary studies indicate that it is more accurate in 
assessing response to therapy than the CT scan [4].

As modern multislice CT scanners can generate images 
of the chest and abdomen in one breathhold, they have 
become a very effective tool for screening distant metastases 
and with a sensitivity varying between 70-85%, CT is the 
second most sensitive non-invasive diagnostic tool for the 
detection of liver metastases, after contrast enhanced MRI. 
When the functional information of FDG-PET is added 
to the CT images in hybrid whole body PET-CT imaging, 
the sensitivity for lesion detection is further improved [5]. 
Whole body MRI will become a serious competitor to 
PET-CT for distant staging of colorectal cancer patients for 
several reasons. MRI is less costly than PET-CT and there 
is no exposure to radiation [6].

The best estimation of prognosis in colorectal cancer 
is related to the anatomic extent of disease determined by 
the pathological examination of the resection specimen. 
The TNM staging of the American Joint Committee on 
Cancer is universally recommended. The most important 
aspect in surgical staging is known as the R-classification: 
R0, no residual tumour; R1, microscopic residual tumour; 
R2, macroscopic residual tumour.. The status of the 
circumferential (radial) margin must be specified.

Surgical management
Besides a thorough diagnosis and staging, the main 

goals of rectal cancer surgery are locoregional control and a 
high cure rate. Locoregional tumor control in rectal cancer 
surgery has improved significantly over the last 15 years 
after the introduction of total mesorectal excision (TME).

 TME is based on the fact that the mesorectum is 
often a site of nodal or occult micrometastatic disease 
that is frequently left in situ within the pelvis, when the 
mesorectum is bluntly mobilized and divided during 
“traditional” surgery.

TME involves removal of the mesorectum in the 
mesorectal plane by sharp dissection or careful diathermy. 
TME leads to the complete removal of the intact 
mesorectum including the lymphatics, lymph nodes and 
vascular supply. 

A large international retrospective study reported a local 
recurrence rate of 32% to 35% following conventional 
surgery compared with 4% to 9% following TME [7]. The 
study also reported a 30% absolute increase in the overall 
survival and cancer-specific survival in the TME group. 
Similar findings were noted by the Dutch ColoRectal Cancer 
Group when they analyzed data from two prospective 
randomized studies. The introduction of TME decreased 

the local recurrence rate from 16% to 9%, and TME was an 
independent predictor of overall survival [8].

Excision of the regional lymphatics has important clinical 
implications, and often guides clinicians in determining the 
need for adjuvant therapy. Analysis of an intergroup trial 
on rectal cancer has determined that the minimum number 
of lymph nodes examined to define node status accurately 
is 14 [9]. They also reported that in patients with node-
negative disease, the number of lymph nodes examined 
was significantly associated with survival. 

While randomized trials have established laparoscopic 
colectomy as an accepted procedure for colon cancer, only 
limited randomized data are available for patients with 
rectal cancer. The only large randomized trial that has 
included patients with rectal cancer is the English CLASICC 
trial, comparing the conventional versus laparoscopic-
assisted surgery in colorectal cancer [10]. The trial showed 
equivalent length of bowel resection, equivalent lymph node 
harvest, and equivalent complication rates. A significant 
concern is the high rate of positive surgical margins among 
all patients, and in particular in those patients treated by 
laparoscopic low anterior resection (12%) compared with 
open low anterior resection (6%). The study was unable 
to document a significant postoperative quality of life 
benefit associated with laparoscopic surgery. Laparoscopic 
resection for rectal cancer has technical limitations and a 
potential for harm. Additional randomized trials are needed 
to document safety, efficacy, and benefit to patients.

Local excision for early (T1) rectal cancers is highly 
attractive because of its safety, rapid recovery time and 
outstanding long-term functional results. There are no 
randomized trials addressing this question. The largest 
published series of local excision alone for T1 rectal 
cancer reports tumor recurrence rates of 4% to 29% and 
overall survival rates of 83% to 100% [11]. The majority of 
tumor recurrences are local. This indicates that inadequate 
resection of locoregional disease is a major cause of 
treatment failure. Once tumor recurrence has been detected, 
salvage therapy has limited curative potential. Stringency 
of patient selection is undoubtedly important. A careful 
examination of the operative specimen by the pathologist, 
after local excision, can identify low (R0, in situ) or high risk 
(R1, vascular invasion, pT2, poor differentiation) of local 
residual disease and can identify patients in need of further 
surgery or adjuvant radiotherapy (± chemotherapy).

A study in 2006 analyzed the incidence and predominant 
location of local recurrences in rectal cancer after TME – 
based on 17 reports published in these domains [12]. Five 
subsites were defined as the predominant areas at risk for 
local recurrence: mesorectal, posterior pelvic, lateral pelvic, 
inferior pelvic, and anterior pelvic subsite (Table I).

The risk of lymph node involvement was analyzed, 
discussing the distribution and frequency of pathologic 
lymph nodes, based on histopathological examination at 
primary surgery. Five lymph node regions were defined, 
as follows: mesorectal, upward, lateral, external iliac, and 
inguinal lymph nodes (Table II).



Management of rectal cancer                                                                                                                                                                    71

Table I. Local recurrence per pelvic subsite [12]

Pelvic subsite at risk Risk for 
recurrence

Involvement of 
subsite in R+ 

patients 
Mesorectal
Posterior pelvic (presacral 
space)
Lateral pelvic
Inferior pelvic 
Anterior pelvic

? (TME significantly reduced)

22 %
6 %
11 %
5 %

49 %
21 %
12 %
17 %

Table II. Lymph node involvement per lymph node region [12]
Lymph node regions (LNR) 
at risk

Risk for N+ Involvement of 
LNR in N+ pts

Mesorectal LN
Upward LN
Lateral LN

External iliac and inguinal LN

46 %
28 %
13 %

T1-2: 5 %
T3: 14 %
T4: 15 %

4 %

87 %
56 %
27 %

9 %

Exploration of these risk sites help to assess and target 
the adjuvant treatments: radiotherapy and chemotherapy.

Radiation
Radiotherapy can be given to the bulky primary tumor 

and to the positive nodes, as a first treatment, attempting 
to promote R0 resectability, and/or postoperatively to the 
subclinical pelvic deposits to prevent recurrence.

Early rectal cancer
The decision on the timing of radiotherapy is set by the 

multidisciplinary team in accordance with the individual 
characteristics of the patient. Early localized tumors (3-
5% of rectal cancers) without adverse pathological factors 
(i.e. high grade, blood or lymphatic vessel invasion, colloid 
histology, or the penetration of tumor into or through the 
bowel wall) are adequately treated with a variety of local 
therapies such as local excision or endocavitary radiation.

Most investigators have used intracavitary irradiation 
alone or a combination of temporary Iridium-192 implants 
and external beam radiation for more advanced tumors 
(more than cT2 and/or N+) [13]. Overall, 5-year survival 
ranges between 65% and 81%.

Local excision has been performed both pre- and post-
radiation therapy. The main advantage of a local excision 
prior to radiation is that pathologic details such as margins, 
depth of bowel wall penetration, and histological features 
can be assessed.

In a series of local excision followed by postoperative 
therapy, the average local failure rate increases with the T 
stage: pT1, 5%; pT2, 14%; pT3, 22%. [14, 15]. The high 
local failure rates for pT3 tumors suggest that this approach 
is not enough and these lesions should be treated with 
radical surgery and pre- or postoperative therapy. There are 

some experiences with preoperative radiation + 5FU-based 
concomitant chemotherapy followed by local excision, 
but most series are limited to highly selected patients with 
cT3 disease, who are either medically inoperable or refuse 
radical surgery [16, 17].

Locally advanced operable rectal cancer
Postoperative radiotherapy
The main advantage in this approach is the better 

selection of the patients, based on pathologic staging. The 
primary disadvantages include an increased toxicity related 
to the amount of small bowel in the radiation field [18], 
a potentially more radio-resistant hypoxic post-surgical 
bed and, if the patient has undergone an abdominoperineal 
resection, the radiation field has to be extended to include 
the perineal scar as well as a longer interval until the onset 
of irradiation to permit the recovery after surgery.

In 1990, the NCI Consensus Conference, analyzing the 
postoperative North American chemoradiotherapy studies, 
stated that combined modality therapy was the standard 
post-operative treatment for patients with pT3 and/or N1-
2 disease [19]. The standard design consisted of 6 cycles 
of chemotherapy with concurrent radiation during cycles 3 
and 4. A 10% survival advantage from continuous infusion 
5FU versus bolus 5FU combined with radiotherapy was 
reported in the Intergroup/NCCTG trial (20).

In 2004, a German group published a trial that planned 
accrual of over 800 patients and compared preoperative 
combined modality therapy (with 5FU) vs postoperative 
combined modality therapy [21]. Patients were stratified 
by the surgeon, in order to overcome surgical bias. The 
preoperative group had a significant decrease in local 
failure (6% vs 15%, p=0.0006), acute toxicity (27% vs 
40%), p=0.0001), chronic toxicity (14% vs 24%, p=0.012) 
significant compared with postoperative group. In 194 
patients judged by the surgeon to require an APR and 
randomized to receive preoperative combined modality 
therapy, a significant increase in sphincter preservation 
(39% vs 20%, p=0.004) was observed. With a median 
follow-up of 40 months there was no difference in 5-year 
survival (74% vs 76%).

At the present time, given the improved local control, 
acute and long-term toxicity profile, and sphincter 
preservation rate reported in the German trial, patients with 
T3 rectal cancer who require combined modality therapy, 
should receive it preoperatively.

Preoperative radiotherapy
The potential advantages of the preoperative approach 

include decreased tumor seeding, less acute toxicity, 
increased radiosensitivity due to more oxygenated cells, and 
enhanced sphincter preservation. The main disadvantage is 
related to overtreatment of patients with early stages (pT1-
1N0) or undetected metastatic disease [22].

The Swedish Council of Technology Assessment in 
Health Care in 2003 performed a systematic review of 
radiation therapy trials [23].They analyzed data from 42 
randomized trials and 3 meta-analyses, 36 prospective 
studies, 7 retrospective studies and 17 other articles, for 
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a total of 25,351 patients. The main conclusion was that 
preoperative radiotherapy at biologically effective doses 
above 30 Gy decreases the relative risk of local failure by 
50-70%, and by 30-40% for postoperative radiotherapy 
at doses which are usually higher than those used 
preoperatively. Survival is improved by about 10% using 
preoperative radiotherapy.

Two randomized trials have examined whether 
chemotherapy improves the results of preoperative radiation 
in patients with cT3 rectal cancer. The EORTC 22921 [24] 
is a four-arm randomized trial of preoperative 45 Gy with 
or without concurrent bolus 5FU/leucovorin followed by 
surgery with or without four cycles of postoperative 5FU/
leucovorin. A significant decrease in local recurrence was 
observed in three chemotherapy groups: 8.8%, 9.6%, 8.0% 
with either preoperative RT-CT, postoperative CT and both, 
vs 17.1% without (p=0.002). Five years overall survival 
was not affected by chemotherapy at the median follow-
up of 5.4 years: 66% vs 65% (p=0.798) for preoperative 
RT-CT vs preoperative RT; 67% vs 63% (p=0.132) for 
postoperative CT vs nil. An increased rate of pT0 (14% 
vs 5%, p=0.0001) was observed in preoperative RT-CT 
vs preoperative RT. The authors stated that in view of the 
benefit of preoperative RT-CT on conservative surgery and 
the bad compliance of postoperative CT, preoperative RT-
CT might be preferred.

The second trial (FFCD 9203) compared preoperative 
45 Gy with or without bolus 5FU/leucovorin, and all 
patients received postoperative chemotherapy [25]. An 
improvement in the pCR rate was observed (12% vs 4%, 
p≤ 0.0001) but no difference in the sphincter preservation 
rate (52% vs 53%). Overall survival at 5 years was the 
same (67%), local recurrence was lower in preoperative 
RT-CT: 8% vs 16% of preoperative RT. Grade 3+ toxicity 
was increased (15% vs 3%, p≤ 0.0001) (Table III).

In addition to local control and survival, acute toxicity, 
sphincter preservation, and quality of life are important. For 
sphincter preservation, preoperative therapy may decrease 
the volume of the primary tumor (26). When the tumor is 
located in close proximity to the dentate line, shrinking 
of the tumor volume may allow the surgeon to perform 
a sphincter conserving procedure more easily. However, 
sphincter preservation is unlikely when the tumor directly 
invades the anal sphincter.

Conventional doses and techniques of radiation are 
recommended when the goal of preoperative therapy is 
sphincter preservation. Multiple field techniques, a total 
dose of 45-50.4 Gy at 1.8 Gy/fraction, 4-7 weeks of interval 
between surgery and the completion of radiation are the 
main features of long-course preoperative radiotherapy.

Although some series show no correlation [27], many 
series report that patients who achieve a pathological 
complete response following preoperative radiotherapy 
± concurrent chemotherapy, have improved long-term 
outcomes including local control, metastases-free survival, 
and overall survival, independent of their initial clinical T 
and N stage [28].

Chemotherapy
Systemic chemotherapy has at least two important roles 

in this multi-modality approach: a) addition to radiotherapy 
in pre- and post-operative chemoradiation, aiming to 
enhance the efficacy of radiation (resulting in favorable 
local control), and b) adjuvant systemic chemotherapy after 
completion of radio(chemo)therapy, aiming to eradicate 
micrometastases and therefore reduce rate of distant 
relapse. 

Due to the modulating effect of chemotherapy on 
tumor cells and therefore enhanced sensitivity for radiation 
damage, chemoradiotherapy was expected to be superior to 
radiotherapy alone. Two large randomized trials from the 
EORTC (24) and the French FFCD group [25] addressed 
that question. As expected, the addition of chemotherapy 
enhances radiation effects, resulting in significantly higher 
rates of tumor eradication (pathologic complete response, 
pCR) and in a significant reduction of local relapse rate. 
Tumor eradication was seen in 11% and 16% respectively 
in the chemoradiation arms, whereas it was rarely observed 
after radiation alone. Local failure rates for radiation alone 
were in the range of 17% and therefore more than twice 
as high when compared to radiation with chemotherapy. 
However, although preoperative radiotherapy significantly 
reduced tumor size, pTN stage and significantly decreased 
lymph node invasion, rates of sphincter preserving surgery 
could not be improved. This is in contrast with the findings 
of the German trial where pre-operative chemoradiation 
was able to improve rates of sphincter preservation – but 
only when compared to no treatment.

Pre-operative chemotherapy should be used as standard 
when it is combined with concomitant radiotherapy, 45 (-
50.4) Gy. Even the absolute reduction of 5-7% for local 
relapses does not alter the relapse rate of 40-45% after 
five years, due to rates of distant metastasis 31-38%. As a 
consequence, further improvement can only be achieved if 
the rate of distant metastasis is reduced. 

5FU with or without folinic acid has been for more 
than 40 years and still is, the cornerstone in treatment of 
colorectal cancer.

Capecitabine mimics the pharmacokinetics of 
continuous 5FU infusion while avoiding the potential 
complications associated with central venous access 
and reducing the time patients need to spend receiving 
treatment in infusional centres. Moreover, capecitabine 
is preferentially converted to the active 5FU metabolite 
within tumor cells by exploiting the higher activity of 
the enzymatic activity in tumor tissue compared with 
normal tissue. Consequently, capecitabine was evaluated 
in numerous trials in pre-operative chemoradiation. The 
schedule leads to the radiographical downstaging of 
tumours and pathological complete response rates of 11-
24% and therefore seems to be as active as 5FU [29]. 

Oxaliplatin and irinotecan are also excellent candidates 
for inclusion into neoadjuvant regimens because of their 
rapid cytoreductive capacity. Oxaliplatin is an attractive 
combination partner to 5FU because of lack of similar 
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acute dose-limiting side effects. Moreover, preclinical 
and clinical studies have demonstrated that oxaliplatin 
is a potent radiosenzitising agent [30]. Several trials 
incorporated oxaliplatin with 5FU/FA (31), capecitabine 
(32), UFT/FA (33) and raltitrexed (34). The results indicate 
that these combinations are feasible and show interesting 
activity with pCR rates of 15% to 28%. These rates are 
higher compared to 5FU.

Targeted therapies

Recently, the novel ‘targeted’ therapies have rapidly 
been incorporated into clinical practice, as far as the results 
of randomized clinical trials are concerned. Bevacizumab, 
the monoclonal antibody targeting the vascular endothelial 
growth factor, as well as cetuximab and panitumumab, 
which are monoclonal antibodies against epidermal growth 
factor receptor, have recently been approved to be used 
against advanced colorectal cancer. Moreover, novel 
antibodies and tyrosine kinase inhibitors are undergoing 
active investigation in clinical trials. The optimal use of 
these agents, as well as their combined administration, 
are currently the focus of several ongoing studies [35]. 
Although bevacizumab seems to have no significant clinical 
activity as a single agent in advanced colorectal cancer and 
the activity of single-agent cetuximab is only modest, both 
agents improved results when combined with chemotherapy 
[36, 37]. Furthermore, a combined analysis of three studies 
suggests that the addition of bevacizumab may even 
compensate for the lack of an active chemotherapeutic 
agent in the first-line setting because patients treated with 
FU/leucovorin plus bevacizumab had improved results 
when compared with patients administered FU/ leucovorin 
or irinotecan/ FU/ leucovorin [38].

Conclusions
There is evidence that the optimal management of rectal 

cancer requires a multidisciplinary approach with a focus 
on the achievement of clear circumferential, mesorectal 
surgical margins. The selection of patients with high-risk 
features for preoperative chemoradiation is a critical point. 
The development of more accurate preoperative imaging 
and staging methods will also contribute in tailoring 
treatments according to the patient’s characteristics. 
Significant evidence has been collected in the past years, 
which supports the positive role of radiochemotherapy 
in the treatment of rectal cancer. Technical advances 
in radiotherapy and improvement in the sequencing of 
radiotherapy, chemotherapy, and surgery will offer further 
advantages. Optimal surgical techniques after preoperative 
treatment will enable clearance of circumferential margin 
and histopathology will assess the effect of neoadjuvant 
therapy, confirm complete surgical removal and provide 
quality control for both the radiologist and surgeon. Thus, 
the team work of the surgeon, radiologist, pathologist, 
radiotherapist and medical oncologist can reduce recurrence 

rates and improve survival in patients with rectal cancer. In 
the face of current and future schedules and the increasing 
number of therapy options and intensities, translational 
research is urgently required for the identification of 
patients groups, by both clinical-pathological features 
and molecular and genetic markers, which will gain the 
maximum benefit from each treatment option.
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