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v

 During the last 15–20 years, the treatment of colorectal cancer has changed 
dramatically. From involving almost only surgeons in the treatment, the sci-
entifi c progress in adjuvant therapy, neoadjuvant therapy, diagnostics and 
pathology now set the demand for a broader approach when deciding the 
treatment for the individual patient. 

 The Calman and Hine report from 1995 [1] fi rst argued for the multidisci-
plinary approach and has now been implemented in many countries through-
out the world and in fact sets the golden standard for modern oncological 
treatment for all forms of cancer. In the fi eld of rectal cancer, solid documen-
tation exists for the effi cacy of this approach in terms of local recurrence rates 
[2–4]. The reasons for this could be more accurate staging with MRI and 
ultrasound, the use of neoadjuvant radiochemotherapy – sometimes in 
selected patients – and, not at least, the evaluations of operative specimens in 
order to be sure that the correct operative technique has been used [5]. The 
effect on the improvement in surgical techniques, dissecting in the correct 
embryological planes, also plays a role for this improvement [6] not only in 
rectal but also in colonic cancer surgery [7] – although never proven in a 
proper randomised trial. The use of postoperative adjuvant chemotherapy [8] 
and the more aggressive approach to salvage surgery and other effective treat-
ments for metastatic disease has become common practise [9]. Apart from 
these already-achieved improvements, we will, in the future, hear a lot about 
selective individual therapy based on tumour markers and individual geno-
types [10, 11]. 

 In the context of the multidisciplinary approach to colorectal cancer, it 
seems obvious to have multidisciplinary team conferences – the so-called 
MDT conference. This has during the last couple of years been introduced in 
every centre dealing with colorectal cancer treatment with its many different 
modalities and is in many places a part of the daily practice. Every speciality 
involved in the handling of these patients is represented – surgery, medical 
and radiation oncology, pathology, radiology, nuclear medicine, clinical 
genetics and specialised nurses. The structure on the meetings is locally 
organised and guidelines for MDT conferences have been launched [12]. In 
some places a dedicated co-ordinator is nominated and gets special salary for 
the job [13]. The conferences are ideal forums for discussion and not at least 
education of younger doctors, and communications between the specialities 
are thought to be improved [14, 15].    Even though one has to consider the time 
spent at these conferences and whether it really is  cost- effective seen from the 
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patient’s point of view [15]. The MDT approach for treatment strategy has 
been proven to enhance the quality of the operative specimens as regarded 
from the proportion of circumferential margin (CRM) positivity [16], but 
whether this is due to the MDT conference itself or just refl ects the results of 
the MDT thinking is unknown. It has been proven that patients which have 
been objects for a MDT conference have a signifi cant better survival, as com-
pared to patients that did not [17]. These results are to be taken with great 
reserve due to the historical design of the study, which enhances the risk of 
bias considerably. During the same period, many new treatment modalities 
have been introduced such as better anaesthesia, better surgery and fast-track 
surgery. A proper randomised trial will never be performed due to lack of 
acceptance and equipoise – not at least among doctors but perhaps also 
among patients. It is strange that only this study evaluating the effi cacy of 
MDT conference exists, but perhaps others are on their way, now that the 
MDT approach has gained broad acceptance. 

 The approach demands    training both in organising and in uniforming the 
language of the different specialities. In this respect national guidelines might 
be important, although the level of evidences does not seem to improve dur-
ing the years [18]. National MDT courses and training programmes have 
been introduced in several countries, and with this book as a backbone for 
this training, we probably can get even better – although it is diffi cult to 
prove. Anyway the MDT conference has probably come to stay. 

        Copenhagen ,  NV ,  Denmark Peer Wille-Jørgensen, Dr Med Sci                      
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 The multidisciplinary team (MDT) approach to rectal or colorectal cancer 
treatment is becoming the gold standard. It has become mandatory for institu-
tions treating these diseases in more countries and the term is now well estab-
lished within the involved medical disciplines. The concept has become 
self-assertive as the number of possible treatments and combinations of treat-
ments have increased. More treatment modalities mean more choices and 
therefore higher demands to the preoperative staging of the disease and 
assessment of the patient’s physics and preferences. 

 Multidisciplinarity is defi ned in the Wikipedia encyclopedia as “a non- 
integrative mixture of disciplines in that each discipline retains its method-
ologies and assumptions without change or development from other 
disciplines within the multidisciplinary relationship”. It has been discussed if 
the correct term should be “interdisciplinary” because “interdisciplinarity 
blends the practices and assumptions of each discipline involved”. The estab-
lished teams will, with time, have more and more diffi culties in defi ning the 
interrelationships and their effects on the process leading to decisions at the 
MDT meetings. No matter what the correct term is, the collaboration is an 
important means to determine the best treatment, to develop future treatments 
and to educate the future MDT members. 

 I was introduced to surgery and colorectal cancer patients by Dr. Carl 
Zimmermann-Nielsen, DMSc, at Svendborg Hospital in Denmark many 
years ago. He taught some strange principles of colorectal cancer treatment 
which seemed quite old fashioned at that time: He emphasised the impor-
tance of individualising the treatment. He executed this based on his experi-
ence and intuition. At that time, we, youngsters, were learning new words as 
“evidence based”. To our best knowledge it meant that there was only one 
“best treatment” and this should be offered to all patients without discrimina-
tion. We are now beginning to reach the same level of wisdom as that of 
Carl’s, but this time, to some extent, based upon evidence. He also meant that 
monkeys could be taught the scientifi c part of patient treatment and that “the 
art of medicine” was the diffi cult part. It might have been true then, but our 
knowledge has grown and even the cleverest monkey will encounter diffi cul-
ties now. Nevertheless, the art of medicine is still crucial, in particular in the 
relations with cancer patients and their relatives. 

 Carl also taught us that whenever you divide a responsibility between two 
persons, they will be left with approximately fi ve percentages each. This is 
one of the main dangers of multidisciplinary handling of patients and should 
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be prevented by all means. We will have to prove him wrong on this one in 
the years to come, and this is actually one of the motivations for this book. 

 Some of the top European doctors and scientists have agreed to participate 
in the writing of this book, all of them with experience, dedication and pro-
nounced infl uence on the development of the MDT concept as well as other 
aspects of high-quality, individualised treatment of colorectal cancer patients. 
The book is intended for the MDT members and for those training in the 
fi elds of colorectal cancer management. The book presents updated important 
knowledge but is not intended to be comprehensive within the different disci-
plines. Focus has been on controversies and on the aspects of common inter-
ests amongst the MDT members. 

 It is the main obligation for any MDT to provide the best possible treat-
ment and care and to implement evidence-based principles whenever possi-
ble. It may seem somewhat confl icting that evidence-based principles have to 
be the foundation of MDT discussions, whereas at the same time we have to 
admit that the concept of formalised MDT meetings in itself is yet not very 
strongly evidence based. The near future will provide us with the necessary 
evidence.  

    Svendborg, Denmark Gunnar     Baatrup  ,   DMSC    
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3G. Baatrup (ed.), Multidisciplinary Treatment of Colorectal Cancer,
DOI 10.1007/978-3-319-06142-9_1, © Springer International Publishing Switzerland 2015

    Abstract  

  The multidisciplinary colorectal cancer team (CRC MDT) decides the 
treatment strategy after the disease has been diagnosed, classifi ed, and 
staged by the team members. It also executes quality control after the treat-
ment has been completed. The core MDT team consists of colorectal sur-
geons, oncologists, radiologists, and pathologists [ 3 ]. Some institutions 
also include patient care representatives and other disciplines in the team as 
they take on other obligations concerning the patient’s way from referral to 
discharge from the last follow- up visit [ 3 ]. 

 The team should ensure that decisions are evidence based whenever 
possible and the decisions are based upon all necessary preoperative diag-
nostic and staging modalities. It is further ensured that diagnostics and 
staging procedures are of high quality and that no unnecessary procedures 
are delaying the treatment. The team defi nes guidelines to ensure that the 
patient fl ow is effi cient, fast, and without dropouts. The team meetings are 
learning platforms for younger doctors in specialist training.  

        G.   Baatrup    ,  DMSC       
  Institute of Regional Health Science, 
University of Southern Denmark ,   Svendborg , 
 Denmark   

  Department of Surgery A ,  Odense University Hospital , 
  Svendborg ,  Denmark   
 e-mail: gunnar@baatrup.com  

  1      Organizing the 
Multidisciplinary Team  

           Gunnar     Baatrup     

mailto:gunnar@baatrup.com


4

        Organizing the Team 

 In organizing the CRC MDT, there are local mat-
ters to consider. The meetings can be organized in 
many different ways. The team has to defi ne the 
tasks they want to take responsibility for. Not all 
teams will take responsibility for all the jobs listed 
below, but it may serve as a list from which you 
can choose those necessary to deal with in your 
hospital. It is a suggestion for those who have not 
yet found a satisfactory organization and may act 
as a checklist for those who have. Weekly meet-
ings are to be recommended. Even if the patient 
number is low, it is not advisable to prolong the 
patients’ way through the system. The very com-
plex diagnostic, staging, and treatment lead the 
patient through many consultations and periods of 
waiting before the treatment is completed. A 
study conducted in the Section of Colorectal 
Surgery, Haukeland University Hospital, through 
2006–2008 revealed that the patient or the 
patient’s papers are transferred from one person to 
another 15 times before the patient is operated on 
in the case of rectal cancer and 6 times for colon 
cancer patients (not published). For psychological 
and possibly for outcome reasons [ 1 ,  2 ], the team 
must strive for an effi cient and fast handling in 
every step toward end of treatment. More national 
guidelines are now indicating maximum times for 
the preoperative handling of these patients [ 3 – 5 ], 
and accidental dropouts have recently made head-
lines in the Norwegian newspapers. The team 
must consider cost-effectiveness of their algo-
rithm for the preoperative handling of the patients. 
Unnecessary procedures should be identifi ed and 
omitted from the routine. The team setting is, on 
the other hand, ideal for evaluating new proce-
dures and defi ning research protocols. The team 
should, after some time, be able to answer ques-
tions as: Are we performing acceptably as com-
pared to national results? Is transrectal 
ultrasonography or MRI of the pelvic region more 
accurate for T staging in our hands? Could we 
restrict MRI investigations to the large cancers? 
By omitting unnecessary procedures, we may be 
able to fi nd time and resources to conduct investi-
gations and research. 

 The team shall be responsible for:

    1.    Tailoring treatment   
   2.    Deciding the general procedures for diagnos-

tics, staging, and treatment   
   3.    Conducting routine quality control   
   4.    Organizing patient fl ow   
   5.    Conducting research and quality control 

studies   
   6.    Training younger doctors and nurses     

 The team consists of one or more dedicated 
representatives from colorectal surgery, medical 
oncology, radiotherapy, radiology, and pathology 
but serves also as an open meeting for training 
and education of younger colleagues. The team 
meets to demonstrate the clinical, radiological, 
and histological data obtained and from these 
data decide a treatment strategy. Each specialty 
takes responsibility for the data they obtain and 
offers a treatment best fi tted to the individual 
patient. The team decision emerges from these 
facts. It might therefore seem unnecessary for the 
team members to have any detailed knowledge 
about the background for suggestions and deci-
sions taken by their colleagues. The practical 
experience from the daily work clearly reveals 
that this is not the case. The quality of the discus-
sion and decisions taken is very much dependent 
on the team member’s transdisciplinary knowl-
edge and insight. 

 The UK guidelines [ 3 ] are defi ning a more 
extended MDT group to handle further aspects of 
the patient’s disease and treatment. They recom-
mend the participation of a palliative team, dedi-
cated nurses, physiotherapists, medical coordinator, 
and a team secretary. Further they describe the staff 
involved in an “extended MDT” from gastroenter-
ology, liver surgery, thoracic surgery, interventional 
radiologists, GPOs/primary care teams, diarists, 
liaison psychiatrist, social worker, clinical genetics, 
and research nurse. 

 The participation of a geriatric specialist may 
be useful to many colorectal cancer cases. 

 The entire staff taking care of the patient 
throughout his hospital contact consists of many 
other specialties and professions. Indeed, the 
patient may remember his hospitalization as 
mainly managed by professionals who are not 
members of the CRC MDT. The CRC MDT is 
not meant to be a forum for all professionals 
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involved in the treatment and care of the CRC 
patients, and it is critical for the team to focus on 
well-defi ned tasks. The team aspect of problem 
solving may add further complexity to the admin-
istration of the patient fl ow. The aspects handled 
by the team should therefore primarily be those 
which benefi t from the team approach. 

 In larger centers also dealing with surgical 
treatment of liver metastasis, the CRC MDT is 
often additionally handling these patients at the 
same meeting. Alternatively the liver MDT may 
be held immediately before or after the CRC 
MDT meetings as some of these patients will 
need discussion between the two teams. This 
may be even more important as the “liver-fi rst 
strategy” is becoming more widespread in the 
case of synchronous liver metastasis 1 . The entire 
strategy for resection of the primary tumor and 
resection or destruction of liver metastasis and 
oncological adjuvant and neoadjuvant treatment 
will have to be coordinated. 

 Ad hoc groups may be formed to discuss the 
rare cases for intended curative treatment of can-
cers involving other organs.  

    Tailoring Treatment 
for the Individual Patient 

 During the meetings, easy access to all results, 
photo-documentation, and radiologic demonstra-
tion is ensured. In high-volume centers, it is 
important that the demonstration is well orga-
nized and all relevant data immediately accessi-
ble. One appointed member is responsible for the 
demonstration and the accessibility of data dur-
ing the meeting. It should be allowed to include 
patients for demonstration until shortly before 
the meeting, and the preparation should be done 
by all team members immediately before the 
meeting. The fi le containing data of the patients 
of the week should therefore be accessible to all 
team members. The presentation of each patient 
is often performed by the surgeon who has been 
talking with the patient about options and prefer-
ences. A decision on the treatment strategy is 
agreed upon for each patient based upon the 
patient’s physical performance and age, the stage 

and grade of the disease, and the available facili-
ties for treatment. The motivated decision is doc-
umented together with the name of the doctor in 
charge of the patient. This is the main focus of 
the weekly meeting regarding the treatment of 
the patient. 

 If the team has taken responsibility for individ-
ualized care and support as well, nurses and phys-
iotherapists will offer a plan for introducing the 
patient to the facilities for the course of his postop-
erative recovery and mobilization and to scrutinize 
the patient’s resources and preferences and pre-
pare him in the case a stoma may be necessary. 

 Some teams also perform quality control and 
feedback on a weekly basis at these meetings. 
The fi nal histology of tumors from patients oper-
ated earlier is compared with the results from the 
preoperative staging. Photos documenting the 
quality of the operation specimen are shown to 
adjust the patient’s prognosis [ 6 ] and decide upon 
any further oncological treatment. Other centers 
have monthly or rarer meetings for quality con-
trol to allow a higher number of patients to be 
evaluated at the same time. 

 Some centers treating patients with colorectal 
cancer do not have all the necessary specialties 
present at their own hospital. The demands to 
centers for modern cancer treatment are to solve 
this by agreements with outside specialists to join 
the meetings, to arrange video meeting with out-
side specialists, or to stop the activity.  

    Patients for MDT Discussion 

 All patients with rectal cancer should be dis-
cussed at a MDT meeting. Individualization is 
benefi cial not only for the advanced cancers that 
may be subject to possible combination therapy 
but also for the very early ones, in which cases 
local treatment may be an option. Despite the fact 
that most large T2 and early T3 cancers are 
 obvious candidates for surgery-alone treatment, 
quality control of the staging procedures is nec-
essary.    Quality control of the staging procedures 
is easiest and most reliable in these medium-
sized cancers because there is no chemoradia-
tion-induced downstaging between the periods of 
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preoperative staging to the resection specimen is 
available for evaluation. It has also been argued 
that the pathologist rather than the surgeon should 
assess the quality of the resection specimen. 

 The CRC MDT is also an obvious forum to 
discuss the advanced anal cancers or those which 
have recurred after radiation therapy because a 
collaborative treatment between the oncologists 
and the surgeons may be an option. 

 It is debatable if colon cancer patients should 
be discussed in the MDT. Most patients with a 
good physical performance and without locally 
advanced, primary colon cancers might be dealt 
with by the surgeon himself. Some advanced 
colon cancer patients defi nitely need a multidis-
ciplinary approach from the beginning and should 
only be treated in institutions with the necessary 
expertise present. The guidelines from the 
National Comprehensive Cancer Network in the 
USA are recommending preoperative chemother-
apy and radiation in more and more situations of 
advanced colon cancer treatment [ 7 ]. 

 It is likely that multidisciplinary handling of 
the rectal cancer patient has contributed to the 
increasing long-term survival observed in most 
countries during the last 10 years. At present, the 
5-year survival of rectal cancer disease is exceed-
ing that of colon cancers in some countries [ 8 ]. 
It may be time to organize, systematize, and pri-
oritize the treatment of colon cancers as it has 
been done for breast and rectal cancers. 

 It may, as a minimum, be advantageous to 
mention all colon cancer patients at the MDT 
meeting to alert the department of medical oncol-
ogy of possible candidates for adjuvant chemo-
therapy and to enroll them in the patient fl ow 
control system.  

    Organizing and Scrutinizing 
the Patient Flow 

 It is the obligation of the team to defi ne the 
patient’s pathway from the time of admission to 
end of treatment and the acceptable maximum 
time spent during this. 

 We conducted a study of the paper and patient 
fl ow for colorectal cancer patients in our 

 department. From the time the referring doctor 
sends our department a letter concerning a patient 
with suspected rectal cancer, the papers are send 
to a new instance more than 15 times, and the 
patient will meet 6 times at 5 different clinics or 
departments before he is operated on (unpub-
lished). The 30 visits for chemoradiation treat-
ment are not included. It is hopefully much better 
in most hospitals, but the risk of errors leading to 
delay in treatment or to the loss of the papers is 
obvious. The patient may be lost to the system. 
This has in our institution lead to delays of treat-
ment for up to 9 months in a selected case. 
Therefore, our conclusion was that the ever-
increasing complexity of the patients’ way to 
cure needs a well- organized system of scrutiniz-
ing the fl ow of every single patient, with systems 
of automatic alarm in case of delay at any point. 
Any unexpected long waiting times for a patient 
at any stage should be detectable and immedi-
ately acted upon, even though it is not necessarily 
dealt with at the MDT meetings. A survey system 
also helps the team to identify departments with 
problems of capacity and to act upon that quickly. 
It is further important that the clinicians meeting 
the patient are informed about the waiting time 
for the different investigations for preoperative 
oncological treatment and surgery. 

 In our hospital, the mere focus and investiga-
tion of all the steps in the fl ow resulted in a sig-
nifi cant reduction in the time to surgery for our 
colon and for our rectal cancer patients. This was 
achieved without utilization of more resources 
(unpublished). 

 Acceptable waiting times have to be defi ned 
by the MDT taking the patient’s best interest, 
national recommendations, and the realistic 
capacity of the hospital into account. Acceptable 
mean times and extremes have to be defi ned for 
all out clinic visits and all types of preoperative 
investigation [ 3 ,  4 ]. This should be systematized 
to follow all patients entering the department for 
diagnosis and further handling of colorectal can-
cers. The system needed, whether it is manual or 
electronic, depends on local matters such as case-
load and the presence of a dedicated secretary. 
Deviations from the defi ned standards should be 
presented at the MDT meeting.  
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    Feedback: Quality Control 
and Procedure Adjustments 

 The team needs feedback in order to execute 
quality control of their decisions and on preop-
erative diagnostic procedures to fi nd the best 
possible combination of investigations. This 
cannot be adapted exclusively from the litera-
ture as the accessibility of procedures differs 
and the accuracy of most of the procedures is 
highly dependent upon local matters. Accuracy 
of T and N staging varies between 50 and 95 % 
even for MRI and perhaps even more for ultra-
sonography [ 9 ]. 

 Results from the preoperative investigations 
have to be compared with the results from the 
pathological examination of the resection speci-
men. Photos of the transanal endoscopic micro-
surgery (TEM) or the total mesorectal excision 
(TME) specimens can illustrate the quality of the 
surgical performance and possibly the advance-
ment of the cancer. The photos are important in 
the discussion of possible postoperative onco-
logical, adjuvant treatment. The patient’s post-
operative course and complications should also 
be discussed. Is the local frequency of neoadju-
vant treatment acceptable? The frequency of 
perineal wound dehiscence in patients having 
radiation therapy may lead to a discussion on 
routine plastic surgical reconstruction after 
abdominoperineal resection. A high frequency 
of postoperative infections may lead to a discus-
sion on the routine of antibiotics used for pro-
phylaxis. Sudden changes in routines in the 
clinical departments, the anesthetic department, 
the ICU, or other places may lead to unexpected 
changes in outcome. These matters may be dif-
fi cult to discover in low-volume diseases as rec-
tal cancer. A systematic continuous quality 
control system may be of great help. It took us 
almost 6 months to discover a doubling of the 
frequency of postoperative infections after rectal 
resections in our department, and it took a fur-
ther 3 months to identify the cause because we 
lacked the systematic scrutinizing of postopera-
tive results [ 10 ]. 

 The clinical nurse specialist and others may 
need meetings to discuss and develop services for 

the nonclinical needs of the patient such as infor-
mation and support [ 3 ]. 

 Quality control cannot be discussed on a 
weekly basis. It takes several months to obtain a 
number of procedures high enough to justify any 
discussion. For some parameters as frequency of 
local recurrence and T- and N-specifi c accuracy 
of staging procedures, it may, in most institu-
tions, take years before the discussion can be 
meaningful. It is, nevertheless, necessary to col-
lect all these data and to analyze and discuss 
them in order to improve. 

 Most MDTs will meet monthly or every third 
month to discuss these matters. It may be useful 
to have regular meetings to discuss patient fl ow, 
waiting times, and matters such as suggestions 
for new research protocols, presentations of news 
from the literature, having guest lecturers, etc.  

    Research and Teaching 

 The introduction of TME surgery some 15 years 
ago reduced the local recurrence rate with more 
than 50 % in many institutions. It is, however, 
diffi cult to demonstrate a signifi cant increase in 
long-term survival related to the TME technique. 
This illustrates that the days of single procedure- 
related signifi cant achievements in terms of 
increased long-term survival of colorectal cancer 
patients are over. Improvements of survival will, 
in the future, come from multidisciplinary col-
laborations, and the MDT is therefore an obvious 
forum for discussing and developing new 
research protocols. This may also be an argument 
for systematic inclusion of colon cancer patients 
into the MDT discussions. 

 The weekly meetings are well suited for edu-
cation of young doctors seeking training in the 
treatment for CRC.  

    One Example of How to Organize 
the MDT 

 One example of formalized and systematic pre-
sentation of information concerning evaluation 
and treatment of CRC patient is described below. 

1 Organizing the Multidisciplinary Team
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    Access to Data 

 Communication on a common electronic meeting 
platform is very useful for all involved members 
of the team. Members of the staff at the surgical, 
medical oncology, radio-physical, pathological, 
and radiology departments can have access to 
add information or to create links to the MDT 
platform. They also have access to all informa-
tion on the presentation platform in order to pre-
pare themselves before the MDT meeting. All 
patients to be discussed are present on this plat-
form. This allows for discussing patients a few 
hours after the needed information has been col-
lected. Once they have been discussed and a deci-
sion has been made, the team decision is noted 
and accessible to all participants.  

    Preoperative Presentation 

 Each MDT has to defi ne a set of necessary infor-
mation and to determine the minimum information 
accepted for deciding which treatment the patient 
should be offered. To collect this amount of infor-
mation within a few days and have them evaluated 
and discussed in the MDT, the team must organize 
a very effi cient and secure system for patient fl ow 
and handling during the preoperative phase.  

    Information from the Surgeon 

 The surgeon presents information on the patient’s 
preference, his physical performance, and the oper-
ative morbidity and mortality risk. The stage of the 
disease according to the clinical investigation with 
photography from the endoscopic examination and 
video sequences from the transanal ultrasonogra-
phy is also presented to the team. A drawing of the 
rectum indicating the position and size of the tumor 
may be helpful. Complex cases with T4 cancers or 
metastasis may need additional information.  

    Information from the Radiologist 

 The minimum set of radiological investigations for 
T, N, and M staging is presented, and the radiologist 

states a radiologic TNM stage for the case in ques-
tion. For patients undergoing neoadjuvant treat-
ment, a radiologic stage before and after is noted 
together with the response upon the treatment.  

    Information from the Pathologist 

 Benign or malignant biopsy. If any grading fea-
tures can be deducted from the biopsy, it is also 
discussed.  

    Information from the Oncologists 

 Course of any neoadjuvant treatment.  

    Preoperative Decision 

 The conclusion for further investigation or treat-
ment is noted. The fi le holds clear information on 
who is in charge of the patient’s further handling.  

    Postoperative Data 

 Data obtained for decision on further treatment 
or follow-up and for long-term quality control:  

    From the Surgeon 

     1.    Type of operation   
   2.    Photography of the resection specimen (meso-

rectal fascia intact?). Three pictures: left lat-
eral, right lateral, and posterior   

   3.    Completeness of resection   
   4.    Distance to oral and anal margins   
   5.    Special pictures and text for locally resected 

cancers   
   6.    Morbidity and mortality      

    From the Pathologist 

     1.    Pictures of the macro preparation   
   2.    Microscopic pictures of the tumor   
   3.    T and N stage   

G. Baatrup



9

   4.    Tumor grading and other risk factors   
   5.    Distance to lateral margin   
   6.    Completeness of resection   
   7.    Special pictures and text for locally resected 

cancers       

    Advanced Cases 

 Advanced cases may need the collection of more 
information and may need discussion with other 
surgical specialties such as liver surgeons, vascu-
lar surgeons, gynecologists, or urologists or may 
need another regimen for neoadjuvant treatment. 
Often these cases are handled individually. Only 
few departments are engaged in the treatment of 
all types of advanced cases. 

    Additional Information Needed 
in Advanced Disease 

 Locally advanced cases (T4) and recurrences: 
The surgical options must be evaluated by rele-
vant specialties. The need for special neoadju-
vant treatment with chemotherapy and or 
radiation must be discussed with the oncologists. 
Participation of vascular surgeons, urologists, 
gynecologists, etc., must be arranged. 

 Distant metastasis: The potential for curability 
must be discussed between the oncologists and 
the colorectal and liver surgeons. Determination 
on operability of distant metastasis must be clari-
fi ed. Timing of medical, radio-physical, and sur-
gical treatment of primary and secondary tumors 
should be discussed between all parts.      
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Infl uence on Outcomes 
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    Abstract 

  Background . Colorectal cancer is the most common cancer in the western 
world. Although different treatment modalities are available, many patients 
suffer from poor functional outcomes, recurrent disease and/or death. 

  Methods . In 1993 the fi rst national educational programme was 
launched in Norway in order to improve standards of treatment for rectal 
cancer and, thus, the prognosis of this disease. Several multidisciplinary 
workshops were arranged. Simultaneously a national rectal cancer registry 
was established. In 1995 a similar programme started in Sweden, later 
several countries have followed. The aim of this chapter is to describe how 
these projects were developed, how they were run, what were the prob-
lems and what were the results and the consequences. 

  Results . A few years after starting the projects, the prognosis of rectal 
cancer improved at national levels. There was a considerable variation of 
results between hospitals. Patients treated by health-care professionals 
having attended multidisciplinary workshops had better prognosis than 
other patients. Multidisciplinary teams have been developed in order to 
secure work-up, decision making and treatment. During the last years, 
colon cancer has been included into the same  projects. The treatment of 
colorectal cancer has been increasingly multimodal and tailored according 
to stage of the disease and the status of the patient. 

  Conclusions . The lesson to learn is that colorectal cancer treatment is 
no more a matter of a single surgeon working alone in a small hospital. 
Modern colorectal cancer treatment is advanced medicine that has to be 
performed by multidisciplinary teams (MDTs). Multimodal tailored treat-
ment has been developed and should be offered to every patient with 
colorectal cancer. Standards of care can only be evaluated within national 
audits. Quality assurance of cancer care should be mandatory.  
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        Background 

 The prognosis of rectal cancer has been generally 
poor, even for patients undergoing radical sur-
gery. In a review in 1995 including more than 
10,000 rectal cancer patients radically treated by 
surgery alone, the mean local recurrence rate was 
18.5 % [ 1 ]. The poor outcome after radical sur-
gery for rectal cancer, mainly caused by the det-
rimental effect of LR, has been regarded as an 
irrefutable fact even in contemporary literature 
[ 2 ]. Professional bodies had consequently advo-
cated adjuvant chemoradiotherapy as standard 
treatment [ 3 ], as recommended by the National 
Cancer Institute in the USA in 1990 [ 4 ]. This 
treatment was based on the staging system by 
Dukes and/or TNM, and according to these 
guidelines, patients with a tumour growing 
through the muscularis propria (Dukes B/TNM 
stage II) and/or with malignant infi ltration of any 
lymph node (Dukes C/TNM stage III) should be 
offered adjuvant therapy. 

 However, during the 1980s most opinion lead-
ers of rectal cancer treatment appeared to miss 
the important message of the work of Richard J. 
Heald, published in 1982 and 1986 [ 5 ,  6 ]. He 
named this procedure total mesorectal excision, 
TME, thus describing a complete removal of the 
fatty tissue surrounding the rectum, i.e. contain-
ing vascular, lymphatic and nervous tissue sup-
plying the rectum. For many years, these 
milestone reports were not appreciated by the 
professional international colorectal community. 
The problem appeared to be the exceptional good 
results that he presented from his own cohort [ 7 ], 
and he was met with arguments that his low local 
recurrence rates were consequences of referral or 
other selection bias [ 8 ], although a review sug-
gested otherwise [ 9 ]. Another controversy was 
the alleged technical complexity of the proce-
dure; it was thought impractical to perform this 
technique outside specialist centres. 

 At that time, data from some Norwegian uni-
versity hospitals showed that 21–34 % of radi-
cally treated rectal cancer patients developed 
local recurrence (LR) [ 10 ,  11 ], with a 5-year sur-
vival of 55 % [ 12 ]. For patients who developed 
local recurrence, the 5-year survival was 8 %. 

 Interestingly, there were reported very good 
results from rectal cancer treatment at one 
Norwegian hospital, actually similar to Dr. 
Heald’s local recurrence rate of 4 % [ 13 ]. Thus, 
the Norwegian surgical community realised that 
there was a huge variation of results from hospi-
tal to hospital and that the standard of surgery had 
to play the major role for this variation. At that 
time in Norway, radiotherapy was only used for 
fi xed tumours, and patients treated with a cura-
tive intent neither received radiotherapy nor 
chemotherapy. 

 Another support to Dr. Heald’s work was the 
macroscopic and microscopic studies of rectal 
cancer specimens by the pathologist Philip Quirke. 
He reported that the major cause of local recur-
rence was the malignant infi ltration of the circum-
ferential resection margins, implying that a high 
rate of local recurrence is caused by inadequate 
surgical resections [ 14 ]. 

 Although radiotherapy had been used in rectal 
cancer treatment for decades, and with a signifi -
cant benefi t for reducing local recurrence, still in 
the early 1990s there had been no effect on over-
all survival. Despite the fact that postoperative 
chemotherapy was established as routine treat-
ment for colon cancer in TNM stage III, there 
was no scientifi c support for survival benefi t of 
chemotherapy for rectal cancer.  

    Norwegian Experience 

 In 1993 the Norwegian surgical community 
invited Dr. Heald and Dr. Quirke and launched 
the national Norwegian Rectal Cancer Project. 
Surgeons and pathologists from all over the coun-
try were invited to participate in this fi rst “multi-
disciplinary” workshop for rectal cancer at the 
National Hospital in Oslo. During a live video 
procedure Dr. Heald demonstrated the meticu-
lous TME dissection, and afterwards Dr. Quirke 
performed detailed examination of the specimen 
with specifi c focus on mesorectal spread and the 
relation between the tumour and the circumferen-
tial resection margin according to his recommen-
dations described in his reports. Altogether, there 
were 16 similar courses in Norway during the 
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next 3 years. The day after the fi rst course, the 
Norwegian Rectal Cancer Registry started to 
include rectal cancer patients. This registry con-
tained demographic, clinical, pathological and 
follow-up data from different sources, thus giv-
ing the opportunity to crosscheck the accuracy 
and the completeness of the data [ 15 ]. This rectal 
cancer registry was the fi rst to include every case 
of rectal cancer at a national level and to report 
the results of each hospital, each region and for 
the whole nation. 

 At the beginning, the intention was to run this 
national project through 1999. Financial support 
was given by the Norwegian Medical Association 
and by the Norwegian Cancer Society (a non- 
profi t organisation). Assembling data was made 
possible through a close collaboration with the 
Cancer Registry of Norway. This registry has col-
lected demographic and clinical data from every 
case of cancer in Norway since 1952. Due to a 
compulsory reporting system, both clinicians and 
pathologists are obliged to report data on cancer 
patients. In the fi rst years of the project, also the 
experienced epidemiologists and statisticians at 
the national cancer registry made an important 

contribution to secure correct data handling. 
Together with a clinician as daily manager, a com-
plete research group was established. The project 
was led by a board consisting of surgeons, oncol-
ogists, pathologists and radiologists from all the 
fi ve health regions of the country, thus securing 
full geographic participation, necessary for the 
project in order to be trusted at a national level. 

 The board established their own regulations 
on how to handle the database. Thus, every 
planned study had to be approved by the board. 
The fi rst results showed that this national initia-
tive had taken a huge step forward in order to 
improve standards of treatment. Compared to 
national results prior to the project, the rate of 
local recurrence had dropped substantially, from 
28 to 13 %, and furthermore, there was a consid-
erable ongoing reduction of local recurrence dur-
ing the project, from 17 % in 1994 to 8 % in 1999 
(Fig.  2.1 ) [ 16 ].

   At the same time, the overall survival for radi-
cally treated rectal cancer patients had increased 
from 55 % prior to the project to 71 % in the 
period 1993–1999 (for patients younger than 75 
years) (Fig.  2.2 ) [ 16 ,  17 ].
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  Fig. 2.1    Risk of local recurrence for radically treated rec-
tal cancer patients in Norway during the fi rst years of the 
project (log scale) (© (2006) Blackwell Publishing Ltd. 

on behalf of the Association of Coloproctology of Great 
Britain and Ireland)       
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   What could explain such immediate response? 
As only 9 % of the patients had radiotherapy and 
2 % had chemotherapy, it was obvious that 
improved surgery had to be the major contributor 
to the better results. But, there was a huge varia-
tion of results between hospitals and also between 
types of hospitals (Fig.  2.3 ). The smallest hospi-
tals had doubled the rate of local recurrence and 
a signifi cant lower survival compared to the larg-
est hospitals. The 5-year local recurrence rates 
were 17.5 and 9.2 % ( p  = 0.003), and the 5-year 
overall survival rates were 57.8 and 64.4 % 
( p  = 0.105), respectively, in hospitals with annual 
caseload less than ten compared to more than 30 
[ 18 ]. These analyses even strengthened the mes-
sage that surgery had to be the single most impor-
tant part of the treatment, as half of the hospitals 
had to perform better than the mean within each 
group. What did they do different than the hospi-
tals not performing that well?

   Despite the comprehensive educational pro-
gramme going on from 1993 to 1996, where gas-
trointestinal surgeons were taught the principles 
of TME, it was clear that there was a need to con-
tinue the project as a continuous quality assur-
ance programme for rectal cancer. Again regular 

national workshops were started, including not 
only live TME surgery but also detailed educa-
tion in comprehensive preoperative work-up 
radiology, oncological therapy and pathology. 
The strategy of the project included systematic 
training and accreditation of surgeons, ending up 
with specialised dedicated teams responsible for 
rectal cancer treatment. The national programme 
stated that multidiscipline preoperative and post-
operative evaluations were mandatory for quality 
assurance of rectal cancer treatment. 

 Turning the second millennium, it was obvious 
that the Norwegian Rectal Cancer Registry con-
tained data that were most important also for the 
international community. Several study groups 
were established, and both surgeons and oncolo-
gists started as research fellows. The study groups 
were recruited from every health region, each ana-
lysing different topics of rectal cancer treatment. 
Thus, no competition developed, and the board of 
the project gained even more support from all over 
the country. At that time, the project had changed, 
from a time set developing project, moving on to 
permanent quality assurance for one of the most 
common cancer diseases. From 2000 the project 
has been funded by the Ministry of Health. 
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rectal cancer patients in Norway during the fi rst years of 
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 Why had the project succeeded? There may be 
many reasons for that. First of all, the project was 
initiated by the clinicians themselves, those doing 
the work, treating the patients and delivering the 
data. If this project had been pushed onto the clini-
cians by the health-care authorities, it may have 
failed. Secondly, all the clinicians received their 
own results, i.e. the result of their hospital, and the 
national means for comparison. That had never 
happened before in their professional life. In addi-
tion, every hospital receives all their data back for 
their own scientifi c purpose, thus stimulating to 
publish their own results, which often happens, 
especially during the annual national surgical 
week. Although the results of single hospitals so far 
have been anonymously reported from the national 
registry, many hospitals prefer to publish their own 
data. This feedback of data is a true win-win situa-
tion, supporting both the national project and the 
standard of treatment at each hospital. Another 
benefi t of feedback of results is that underperform-
ing departments make every possible effort in order 
to catch up with the best performing hospitals. 
Detailed analyses for single hospitals enable them 
to identify what may cause inferior results and/or 
violation of national guidelines. 

 Thirdly, the board of the project includes 
experts from different specialities working 
together towards a common goal. That has 
increased the competence of the group, securing 
the development of the project heading in a direc-
tion based on international science. 

 During national workshops the multidisci-
plinary collaboration of the board has been trans-
ferred to each hospital. The clinicians have 
picked up knowledge and competence from dif-
ferent specialities, showing the necessity of clini-
cians working together across different 
specialities. The future of the patient is their com-
mon goal. 

 Another main issue for the success was that 
the decision of taking part in the national rectal 
cancer registry was left to the discretion of each 
hospital. Apart from the compulsory reporting of 
the standard dataset to the main cancer registry, 
every hospital was invited to report their detailed 
data of treatment and follow-up of their rectal 
cancer patients. 

 During the fi rst years of the project, although 
every hospital wanted to take part in the project, 
a few of the 55 hospitals treating rectal cancer did 
not report their own data, and the central staff of 

60

55

50

45

40

35

30

25

20

15

10

5

0
0 50 100 150 200

Hospital caseload

R
at

e 
of

 lo
ca

l r
ec

um
en

ce
 (

5 
ye

ar
s)

250

  Fig. 2.3    Local recurrence at each hospital in Norway 
related to hospital caseload in the period November 1993–
December 1999 [ 16 ] (© (2006) Blackwell Publishing Ltd. 

on behalf of the Association of Coloproctology of Great 
Britain and Ireland)       

 

2 Multidisciplinary Treatment: Infl uence on Outcomes



16

the project visited these hospitals and collected 
missing data. However, following the fi rst feed-
back of results to each hospital, reporting of data 
has been smooth. 

 The board has no formal responsibility for the 
treatment given at each hospital, neither have 
the members of the board any knowledge of the 
results of single hospitals. Such results are only 
known by the offi ce staff. Thus, the board has 
always voiced that the head of the department is 
responsible for the quality of care. 

 One main policy of the project has been that 
no directives are to be sent to the hospitals, nei-
ther from the staff nor from the board. But, based 
on international and national data, nationwide 
guidelines have been regularly revised [ 19 ]. 

 During the fi rst years of the project, it became 
obvious that surgery for rectal cancer should be 
performed by fewer surgeons specially trained in 
the TME technique. Thus, it was necessary to 
change the educational programme for general 
surgery and to remove rectal cancer surgery from 
the programme. The professional community 
recommended that rectal cancer procedures only 
should be performed by specialists in gastrointes-
tinal surgery. A few years later, following the 
report showing a wide variation of results 
between hospitals, the regional health-care 
authorities decided that rectal cancer patients 
only should be treated by multidisciplinary teams 
at central hospitals and university hospitals. 
Although most general surgeons at local hospi-
tals already had ceased rectal cancer surgery due 
to their very bad results during the fi rst years of 
the project, some surgeons at small hospitals had 
to be convinced that without a team of dedicated 
specially trained experts, many rectal cancer 
patients would not be cured. Thus, the results of 
single hospitals changed clinical practice all over 
the country, and most of this change was initiated 
by the process itself. Ten years after the project 
started, rectal cancer treatment had been central-
ised to less than half of Norwegian hospitals. 
That solved the problem of missing competence 
related to low caseload, but what about larger 
hospitals with bad results? 

 Reorganising of the whole treatment line was 
performed at several large hospitals. One example 
of that was the development of modern treatment 

principles at Haugesund Central Hospital. In the 
fi rst 5 years of the project, the rate of local recur-
rence was 31.5 % at this hospital. The staff was 
reorganised, and they made several initiatives to 
improve their standards of care. They attended the 
national workshops; they got some new retractors 
for the procedure; they followed the national 
guidelines for neoadjuvant therapy; CT, rectal 
ultrasound and MRI became routine for preopera-
tive work-up; a multidisciplinary team was estab-
lished; and a small dedicated group of specialists 
in gastrointestinal surgery performed the proce-
dures. In the next 3-year period, their local recur-
rence was 11 %, later 6 %, and since 2005 none of 
their patients have developed local recurrence 
[ 20 ]. Similarly, at Levanger Hospital, they had 
19 % local recurrence during the 1990s, but, after 
receiving their results from the national project, 
the staff came aware of their inferior standards, 
and in the following period, 2000–2004, they 
managed to reduce their local recurrence rate to 
2 % ( p  = 0.006) [ 21 ]. In other words, due to the 
national project, every hospital has got a tool to 
discover missing standards and to develop their 
competence and skills through close collaboration 
with staff members of the project. 

 The project resulted in much focus on cancer 
surgery. Newspapers and television companies 
got interested in the results, especially the wide 
variation in standards of care between hospitals. 
That became a political issue which seemed to 
ease project funding from the Ministry of Health. 
Similarly, the health-care bureaucracy at the hos-
pital, regional and national level regularly 
receives results from the project, which seems to 
have been important in order to keep focus on 
standards of cancer care in general, and specifi c 
regulations for treatment of all gastrointestinal 
cancers have been implemented all over the 
country.  

    European Experience 

 The Swedish Rectal Cancer Registry was estab-
lished in 1995. The collection of data is based on 
regional cancer registries, but complete national 
rectal cancer analyses are performed on similar 
data sets as in Norway. The Swedish project is 
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based on similar workshops as in Norway, with 
live video demonstrations of TME surgery by Dr. 
Heald. Although the surgical communities in 
Norway and Sweden have had close collaboration 
for decades, their treatment policies for rectal can-
cer have been different. Since the randomised 
Swedish studies [ 21 ,  22 ], their philosophy for 
treating rectal cancer has been based on short-
course preoperative radiotherapy of 5 × 5 Gy to 
most patients and long course with 54 Gy for 
advanced cases, in contrast to Norway with a tai-
lored treatment policy, with long-course radiother-
apy only for advanced cases and no radiotherapy 
for >90 % of the patients. How could these differ-
ent guidelines be implemented? May be the expla-
nation is that the literature was interpreted 
differently. In Norway a nationwide audit of rectal 
cancer treatment for the period 1986–1988 told us 
that the prognosis was bad in general, but single-
hospital studies showed a huge variation of results 
between hospitals. Furthermore, rectal cancer sur-
gery was performed by 245 surgeons with an 
annual median number of one procedure per year 
[ 12 ]. Then, in Norway we trusted the reports from 
Heald [ 6 ] and Bjerkeset [ 13 ], both with 4 % local 
recurrence and almost without any use of radio-
therapy. When no other therapy was given and the 
results were different, there was no other explana-
tion but the standard of surgery had to play the 
major role for local recurrence and survival. 
Another reason for not using radiotherapy as rou-
tine treatment for rectal cancer was the well-
known acute and late toxicity. 

 That information made the basis of the 
Norwegian strategy implementing the principle 
of tailored treatment of the tumour and the 
patient. The Norwegian surgical and oncological 
community agreed that routine radiotherapy for 
all or most rectal cancer patients would imply 
overtreatment and severe complications resulting 
in reduced functional outcomes and unnecessary 
loss of lives. A meta-analysis from the UK of 
more than 8,500 patients confi rmed this view. 
Radiotherapy increased the risk of death from 
nonrectal cancer by 15 %, mainly due to vascular 
and infective complications [ 23 ]. For patients 
over 75 years, there were more side effects than 
benefi cial effects of radiotherapy. 

 In Sweden the professional surgical and onco-
logical community had experienced a consider-
able effect of radiotherapy in reducing local 
recurrence, from 27 to 11 % [ 22 ]. It was also 
thought that preoperative short-course radiother-
apy for 1 week and surgery the next week would 
result in less toxicity and postoperative complica-
tions, but with the same positive effect on reduc-
ing local recurrence as the long-course schedule. 

 Although Norway and Sweden established 
national rectal cancer projects almost simultane-
ously, in 1993 and 1995, respectively, and with 
the same professional support, their treatment 
policies were different. Interestingly, in Norway 
in 1997, 12 % of the patients had radiotherapy, 
compared to 55 % in Sweden. But the national 
mean rates of local recurrence and overall sur-
vival were similar in the two countries (10 % and 
9 %, and males 62 % and females 58 % and males 
56 % and females 56 %, in Norway and Sweden, 
respectively) [ 24 ]. 

 In Denmark a national rectal cancer registry 
was developed in 1994 [ 25 ], and Belgium started 
a comprehensive registration in 2007 [ 26 ]. Since 
2006 the Spanish Association of Surgeons has 
arranged similar workshops as in Norway and 
Sweden, and a registry is now covering 1/3 of the 
Spanish rectal cancer patients [ 27 ]. Seventy of 
the largest hospitals in Spain are now included in 
this initiative. For some years a German-Polish 
collaboration are collecting data on rectal cancer 
patients [ 28 ], and in 2008 a Dutch national 
colorectal cancer registry was launched [ 29 ]. 
In Great Britain a colorectal cancer registry is 
based on administrative data [ 30 ]. Although these 
registries may not have the exact same type of 
data, all these registries are established with the 
same goal. All the work with workshops, collect-
ing data, analyses and reporting are established 
and run by clinicians in order to improve the 
prognosis of rectal cancer patients. Have all these 
efforts had any effect on patients’ life expec-
tancy? In Norway and Sweden it has had a con-
siderable effect. Before the projects started, the 
prognosis of rectal cancer was substantially 
worse compared to colon cancer; now patients 
with rectal cancer have better survival than those 
with colon cancer.  
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    Multidisciplinary Meeting 
and Treatment 

 That radiotherapy has benefi cial effect on rectal 
cancer in reducing local recurrence has been 
known for decades, but in the era of TME this 
benefi t has not been translated into an increased 
overall survival. In spite of that, in many coun-
tries radiotherapy has been used, and still is, for 
most rectal cancer patients. 

 After implementing optimised surgery by 
TME, some opinion leaders became even more 
sceptical to any survival benefi t for radiotherapy. 
This was tested in the Dutch TME trial where 
patients were randomised to TME surgery alone 
or with preoperative short-course RT + TME. 
The last group had less local recurrence, 11 % vs. 
6 %, but there was no signifi cant effect on overall 
survival [ 31 ]. In a Swedish study, before TME 
was implemented, preoperative RT had increased 
survival, with a 5-year rate of 58 % vs. 48 % for 
patients treated by surgery alone [ 22 ]. However, 
in this study the effect on local recurrence was 
much larger than for overall survival, may be due 
to some radiation toxicity. This information 
might imply that the Dutch and the Swedish stud-
ies did not include anything about tailoring 
treatment. 

 As local recurrence was known to be a main 
contribution for reducing overall survival 
(HR = 6.0) [ 7 ] and according to Dr. Heald and Dr. 
Quirke’s studies in the 1980s, most focus should 
be directed towards all the details within the 
mesorectum. During the 1990s there was a tech-
nical and radiological development of the use of 
MRI for rectal cancer. CT scanning of the thorax 
and the abdomen became more common, and 
some surgeons and radiologists had used endorec-
tal ultrasound for preoperative staging for some 
time. But as for every advanced technical medi-
cal development, the individual competence and 
skills are of major importance in order to reach 
acceptable accuracy. However, in the early 1990s, 
surgeons realised that collaboration across speci-
alities was necessary in order to improve progno-
sis for rectal cancer. Treating rectal cancer was 
no longer a “one-man show”. An increasing 

amount of information was send to and from 
 different specialists in order to stage and treat 
every single patient until formal multidisciplinary 
team (MDT) meetings were established as rou-
tine in most hospitals. Of course these meetings 
may be time consuming, but we have to realise 
that organising medical treatment is an ongoing 
development and change of traditions. The main 
focus is the patient. Nowadays the work-up and 
the treatment of single patients are the 
 responsibility of a group of different specialists 
working together. The benefi ts of such an organ-
isation are obvious. It is a matter of safety in 
medicine. The more competence and skills inside 
such groups, the better the prognosis of their 
patients. 

 All the knowledge of single participants of the 
MDT group is shared with the other members, 
and one or a few missing members do not affect 
outcomes as long as all necessary specialities are 
present. In biology, there always will be border-
line cases, cases being in between different 
defi ned groups. Although most rectal cancer 
patients do belong to one or another defi ned 
stage, in some cases it is diffi cult to decide 
because of missing accuracy. Commonly the age 
and the status of the patient are of major impor-
tance in order to decide the best strategy for treat-
ment. Due to development of all specialities and 
the increased amount of detailed information, 
well known to be crucial for the single patient, 
modern medicine has reached a level of complex-
ity that overrules the competence of one doctor. 
Multidisciplinary teams for colorectal cancer 
most commonly include dedicated colorectal sur-
geons, MRI and CT radiologists, gastrointestinal 
pathologists and medical and radiation oncolo-
gists. Some teams also include an administrative 
and a stoma nurse. Usually the MDTs discuss 
each case following complete work-up, after neo-
adjuvant therapy and also after surgery in order to 
decide if additional therapy of any kind is 
indicated. 

 In primary advanced tumours with growth 
into the ureters, the prostate, the pelvis, etc., 
urologic or orthopaedic surgeons should be 
included in the discussion within the MDT 
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meeting. For treatment of metastases, the MDT 
should be supplied by liver surgeons or thoracic 
surgeons. 

 The main focus of the MDT is decision mak-
ing. It is a matter of safety in advanced medical 
treatment. It is the sum of all the details that 
decide the prognosis of the patient. This sum is 
more likely to be present within an MDT com-
pared to one single surgeon working in a local 
hospital. Thus, the skills and competence of one 
single physician are not suffi cient. Standards of 
care are best explained by health-care structures 
and processes of care. For complex medical treat-
ment, the skills of the team of clinicians and the 
hospital organisational skills are equally impor-
tant [ 32 ,  33 ]. 

 MDT meetings are the best arena to convey 
knowledge and experience to colleagues and 
young doctors. It has also become a secure plat-
form for the administrative part of the handling of 
work-up and treatment of the patients. Another 
benefi t is that both the patients and the manage-
ment of the hospital are more likely to trust the 
decisions made by a group of dedicated experts 
compared to single doctors’ preferences. 

 There is a lot of evidence that the new knowl-
edge gained at multidisciplinary workshops has 
benefi cial effects [ 34 ]. In a paper from Stockholm 
including 652 patients treated in 1995–1996, 
Martling et al. found that surgeons having 
attended multidisciplinary workshops more 
commonly performed TME, sphincter-saving 
surgery and preoperative radiotherapy [ 35 ]. 
Outcome was better for patients treated by high-
volume surgeons (>12 operations per year) com-
pared to low-volume surgeons, as local 
recurrence rates were 4 % vs. 10 % in the two 
groups and cancer- related deaths were 11 and 
18 %, respectively. Norwegian data on 1,794 
patients treated in 1993–1997 reported similar 
results. Patients treated by surgeons using TME 
had 6 % local recurrence and 73 % 4-year sur-
vival compared to 12 % local recurrence and 
60 % survival for patients treated by non-TME 
technique [ 7 ]. In Denmark the survival of rectal 
cancer improved following implementation of 
TME in 1996 [ 36 ]. 

 In a Dutch study the rate of local recurrence 
was 9 % in the TME group compared to 16 % in 
the non-TME group [ 37 ]. 

 Such evidence support the view that partici-
pants of multidisciplinary workshops translate 
their new knowledge into their daily clinical 
practice, and national initiatives with the focus on 
developing competence and skills of all the dif-
ferent specialties working within the same fi eld 
seem to be very appropriate. Interestingly, none 
of these projects has ceased, and practical and 
scientifi c collaboration between countries with 
rectal cancer specifi c registries have became 
common. 

 In a UK report on 460 colorectal surgeons and 
colorectal clinical nurses who responded to a ques-
tionnaire about the importance of MDT meetings, 
96.5 % answered that they considered these meet-
ings improved the overall quality of care of colorec-
tal cancer. They also considered that the MDT 
concept improves training and that MDTs are cost-
effective [ 38 ]. Another UK report concluded that 
90 % of the MDT decisions were implemented 
[ 39 ]. Reasons for non- implementation were co-
morbidity, patient choice and new clinical informa-
tion not available at the meeting. The changed 
decisions were more conservative than the original 
treatment plan. A third UK study of 310 patients 
reported that undergoing MDT discussion improves 
survival in Dukes C from 58 to 66 % [ 40 ]. The 
interpretation of their data suggested that this 
improvement was due to more adjuvant chemo-
therapy in the MDT group. A Swedish study of 
1,449 patients with colorectal cancer stage IV dis-
ease analysed the impact of MDT meetings [ 41 ]. It 
was found that MDT increased the proportion of 
patients who had surgery for metastases, and it 
concluded that MDT assessment opens up the 
opportunity for more aggressive treatment with 
better outcomes. Another UK study confi rmed 
their conclusion and reported improved overall sur-
vival if patients with metastatic disease from 
colorectal cancer was discussed in MDT meetings 
including a liver surgeon [ 42 ]. In one study it was 
found that the rate of CRM involvement was 
reduced in rectal cancer patients when MRI was 
discussed in MDT meetings [ 43 ].  
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    What Next? 

 The fi rst national rectal cancer programme to be 
developed, the Norwegian project, was planned 
to run only for 6 years. However, due to the con-
siderable improved outcomes for patients treated 
at some hospitals and the variation between hos-
pitals, it was thought unmoral to stop developing 
standards of treatment for all patients. Major dif-
ferences in the given treatment, the rates of local 
recurrence, overall survival, 30-day mortality and 
postoperative complications made a solid plat-
form in order to apply for funding for the Ministry 
of Health to change the temporary project into 
permanent quality assurance at a national level, 
not only for rectal cancer but also for colon can-
cer, like what happened in Sweden and the 
Netherlands. Interestingly, although overall sur-
vival has been better for colon than for rectal can-
cer, because of the national projects, now rectal 
cancer has better prognosis than colon cancer, in 
both Norway and Sweden [ 44 ]. Later it has been 
decided to establish similar comprehensive edu-
cational programmes and registries for all gastro-
intestinal cancer in Norway. This decision was 
based on the view that quality assurance at differ-
ent health-care levels can only be evaluated 
within audits. Both the professional community 
treating the patients and the health- care bureau-
cracy have realised that the rapid development of 
knowledge and technology makes a demand for 
continuous quality control. Due to the national 
project, a close collaboration between the health-
care authorities and the professionals has devel-
oped, most likely to be very fruitful for the 
treatment of future cancer patients.     
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    Abstract  

  This chapter describes the evolution in colorectal cancer surgery since the 
end of the nineteenth century to the beginning of the twenty-fi rst century. 
The most dramatic changes came in the 1950s when antibiotic and throm-
boembolic prophylaxis was introduced. Later the knowledge of the nega-
tive side effects of bowel preparation was obvious. However, the most 
important change was when the whole idea to operate in the embryologi-
cal plane became evident. It was fi rst demonstrated in rectal cancer sur-
gery and later in colonic cancer surgery. During the last three decades, 
laparoscopic surgery for bowel cancer has been tested, and so far the evi-
dence indicates that a colonic cancer can be treated equally good with a 
laparoscopic approach as an open one. For rectal cancer the results from 
randomised trials are still awaited. During the last two decades, reports on 
the importance of auditing the outcome have become very evident.  

        L.   Påhlman ,  MD, PhD      
  Department of Surgery ,  University Hospital of Uppsala , 
  Uppsala   751 85 ,  Sweden   
 e-mail: lars.pahlman@surgsci.uu.se  

  3      Introduction to Surgery 

           Lars     Påhlman     

        From Miles to Heald and Further 

 With more than one million new cases yearly in 
the world, colorectal cancer (CRC) is one of the 
most frequent cancers and approximately one 
half of the patients will die from the disease [ 1 ]. 
The individual lifetime risk to achieve a CRC is 
5 % in developed and industrialised countries [ 2 ]. 
In Europe it is the third most prevalent cancer and 
the second most important regarding cancer- 

specifi c mortality [ 3 ,  4 ]. Surgery has been and is 
still the only option to be cured for colorectal 
cancer, and the fi rst report of a successful resec-
tion of a colonic cancer including an anastomosis 
was from Reybard of Lyon in 1833 [ 5 ]. However, 
the majority of patients had a palliative defunc-
tioning colostomy only due to severe complica-
tions, but later a resection and double-barrel 
colostomy were used to achieve intestinal conti-
nuity. Successively more    surgeons obtained 
experience with intestinal suture leading to an 
increasing number of colonic resections being 
performed but still the mortality for intra- 
abdominal resection, and anastomosis was 
approximately 40 % at the end of the nineteenth 
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century due to problems with intra-abdominal 
leakage and sepsis [ 6 ]. 

 The Danish surgeon, Bloch in 1894, presented 
an idea of preventing intra-abdominal complica-
tions by introducing the concept of extraperito-
neal resection and anastomosis, based upon two 
cases in which the loop of colon containing the 
carcinoma had been mobilised and brought out 
through the abdominal wall. Later the same 
manoeuvre was also independently described by 
von Mikulicz of Breslau [ 7 ]. Paul of Liverpool 
also described a very similar manoeuvre (Paul 
1895), but in his operation the protruding loop 
was excised at the time of exteriorisation and spe-
cial large, right-angled glass tubes were tied into 
the lumina of the distal and proximal ends of the 
colon [ 8 ], a procedure which became known as 
the Paul–Mikulicz procedure (although Bloch’s 
name should have been added) and was popular 
throughout the world. 

 In rectal cancer the limitation of radical sur-
gery was more a matter of possibilities to survive 
why the earliest surgical approaches to carci-
noma of the rectum were via the perineum by 
Faget (1739), Lisfranc (1826) and Verneuil 
(1873). Subsequently the technique was entirely 
extraperitoneal, but despite this approach, 
patients rarely survived the operation due to peri-
neal sepsis locally or a locally non-radical proce-
dure [ 9 – 11 ]. Not until Ernest Miles realised that 
cancer surgery is more a matter of resecting the 
lymph node than the bowel, the outcome started 
to change. Although his initial results was devas-
tation due to postoperative mortality, his philoso-
phy gain acceptance worldwide [ 12 ]. Another 
technique to achieve cure but reduce mortality 
was an abdominal resection without an anasto-
mosis proposed by Hartmann [ 13 ]. 

 However, in the early days, limitations to radi-
cal surgery were more a matter of good anaesthe-
siology and postoperative pain control than 
surgery by itself. Not until appropriate anaesthe-
siology was available, surgery could become 
more radical. Also with the new anastomotic 
technique, developed in the late nineteenth cen-
tury, surgery became more reliable to all patients. 
Doing the fi rst pass of the twentieth century, a 
major change in the treatment was seen and 

 surgery was rather standardised with limited 
 segmental resection in colon cancer patients, and 
for rectal cancer patients an abdominal perineal 
excision became the standard of care after Earnest 
Miles’ data were presented as well as data from 
Henry Hartmann. After that it ended up with sto-
mas. The postoperative mortality was very high 
as well as the postoperative infection rates. 
During the last century, however, several things 
slowly changed making surgery more secure.  

    Mechanical Bowel Preparation 

 It was a non-disputed knowledge since the late 
nineteenth century that a better outcome was 
received if faeces were removed from the bowel. 
Several sophisticated techniques with mechani-
cal preoperative bowel preparation have been 
used like salted water enema to per oral bowel 
preparation with polyethylene glycol or sodium 
phosphate. However, based upon experience in 
surgery for emergency cases, where resection has 
been more common, data from the 1980s and 
1990s have proven that the outcome might be 
worse after mechanical bowel preparation for 
elective surgery. Two large randomised trials 
have now shown that bowel prep should not be 
used in colonic surgery [ 14 ,  15 ]. The evidence is 
not that strong in rectal cancer surgery, but a lot 
of data support that surgery can be done safely 
without major bowel prep even for rectal cancer 
surgery [ 16 ].  

    Antibiotic Prophylaxis 

 Before the era of antibiotics, more than 30 % of 
the patients experienced wound infections. Once 
antibiotics were introduced, several methods of 
using antibiotics have been tested. In the begin-
ning both per oral and intravenous antibiotics 
were given to the patients postoperatively. During 
the 1960s and 1970s, randomised trials clearly 
showed that preoperative given antibiotics are 
better than administrated postoperatively. 
Moreover, the number of doses has been reduced 
to one dose preoperatively covering both aerobic 

L. Påhlman



27

and non-aerobic microbes. This is now the stan-
dard of care, and only in emergency surgery with 
extremely contaminated wounds one could con-
sider postoperative antibiotics too.  

    Thromboembolic Prophylaxis 

 It is well known that the risk of having a throm-
boembolic event is increased after major abdomi-
nal surgery for cancer. It increases even more if 
surgery is performed in the pelvis. Based upon 
the knowledge from randomised trials in hip and 
knee surgery, new trials have been run showing 
that there is an increased risk of having deep vein 
thrombosis but also pulmonary embolism after 
colorectal cancer surgery if no prophylaxis is 
used. Subsequently the recommendation is to 
give some type of prophylaxis and the most com-
monly used is un-fractionated heparins or equiva-
lent treatment, and this should be ongoing at least 
1 week and probably 1 month postoperatively. In 
cancer surgery of the large bowel, the dose has to 
be doubled [ 17 ].  

    Anastomotic Techniques 

 The classic anastomotic technique has for many 
years been a double- or triple-layer anastomosis 
with an inner row of adapting the mucosa and an 
outer row of adapting the serosa. In the late nine-
teenth century, there was an academic fi ght 
between Mikulicz and Billroth whether the 
mucosa in the anastomosis should be invaginated 
or not. It was not an evidence-based discussion 
but merely a matter of who was the strongest sur-
geon at that time. Billroth won and since his time 
an invagination of the anastomosis by knitting 
serosa to serosa became the standard of care. 
Until the last 25 years of the twentieth century, 
the most common sewed material was catgut and 
silk. At that time staplers were introduced, both 
circular staplers for low rectal anastomoses and 
also staplers for colonic anastomoses. During the 
same time period, modern suture material like 
polyglycolic acid entered the market and hand-
sewn anastomoses with a single-layer interrupted 

or non-interrupted anastomosis technique were 
also introduced. Other techniques like compres-
sion anastomoses with metal ring (the Murphy 
button) or by a biodegradable material (Waltrac®) 
have also been used but not popularised. The lat-
est type of anastomotic techniques is a compres-
sion anastomosis with the use of a memory-shaped 
nitinol, a metal alloy that contains a nearly equal 
mixture of nickel and titanium. This technique is 
still under investigation. 

 The most common technique is either hand-
sewn or stapled anastomosis, and several 
 randomised trials have shown that stapled anasto-
moses are as good as handsewn anastomoses, and 
it is nowadays the preference for surgeons to use 
either technique.  

    Important Steps in Modern Rectal 
Cancer Surgery 

 In the beginning rectal cancer surgery was per-
formed with a posterior approach, mainly due to 
the problem with anaesthesia. Once anaesthesi-
ologists were able to take care of the patients, 
more advanced surgery can be done. Earnest 
Miles observed a very high local recurrence rate 
and therefore proposed an abdominal approach to 
be able to take care of the lymph nodes. In his 
initial experience with an abdominoperineal 
excision, the mortality was high for the fi rst time 
patients could be cured [ 12 ]. Henry Hartmann, a 
French surgeon, also introduced an abdominal 
resection of the rectum, i.e. the tumour-bearing 
part of the rectum was resected, the distal rectal 
stump closed and a sigmoidostomy was per-
formed [ 13 ]. This became popular since mortal-
ity could be kept on an acceptable level. In the 
1930s Dixon proposed that low-situated sigmoid 
cancer and recto-sigmoid tumours could be 
treated with an anastomosis instead of a stoma 
[ 18 ]. Dixon has been claimed to be the father of 
anterior resection. However, a very low anterior 
resection and sphincter-preserving    procedure 
were not introduced until the stapler device 
appeared on the market in the late 1970s. Once 
sphincter- preserving surgery became more com-
mon, there were a debate about the safety and 
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length of the distal margin, and for many years 
the distal margin should be at least 5 cm, based 
upon anatomical and pathological studies. 

 When the results were analysed, data on unac-
ceptable high local recurrence rates became more 
obvious, with reports on recurrence rates of 50 % 
[ 19 ]. Moreover, reports indicated the importance 
of the operating surgeon [ 20 ] and more attention 
to the circumferential resection margin than the 
distal margin [ 21 ]. With the knowledge of 
the local recurrence and not only the radicality in 
the distal margin but also in the lateral margin, it 
was obvious in the early 1980s that the majority 
of the local recurrences could be prevented with 
surgery alone. However, already at that time adju-
vant and neo-adjuvant radiotherapy had started to 
be used and in several countries radiotherapy was 
thought to be the solution (see Chap.   12    ). 

 At the same time as radiotherapy was popula-
rised, reports from single centres showed very 
good results without radiotherapy [ 22 – 24 ]. 
Professor Bill Heald introduced the whole con-
cept of total mesorectal excision (TME) [ 25 ]. 
In that concept a dissection following the embry-
ological planes with a radical circumferential 
resection margin was as important as the distal 
margin. With the knowledge that the distal mar-
gin in very low rectal cancer could be as short as 
1 cm, the proportion of sphincter-preserving pro-
cedure increased, and in devoted centres 80 % 
will not have a sigmoidostomy [ 26 ]. With the 
introduction of TME, the local recurrence rate 
continued to decrease and national training pro-
grammes were launched resulting in a dramatic 
change in the local recurrence rates below 10 % 
with subsequent survival benefi ts [ 27 – 29 ]. 

 In one group of the patients, i.e. those having 
an abdominoperineal resection (APR), the local 
recurrence rate was still very high mainly due to 
a non-radical excision with a positive circumfer-
ential resection margin. With the introduction of 
a more cylindrical excision of the levator area 
when an APR is performed, the coning into the 
tumour area is prevented. With this technique the 
local recurrence rate after an APR has been 
reduced [ 30 ]. To achieve a specimen with nega-
tive resection margins, it is important to stop the 
abdominal phase at the level of cervix or vesicles 

and start to operate from below and follow the 
pelvic fl oor laterally and divide the pelvic fl oor 
together with the specimen making a good cylin-
drical excision.  

    Important Steps in Modern Colon 
Cancer Surgery 

 An important consideration in colon cancer sur-
gery is the distance from the tumour to the resec-
tion margin. The rational is to excise lymph 
nodes along the bowel which can be metastatic. 
Japanese data have shown that 10 cm from the 
tumour is a safe margin, since tumour deposits 
rarely are found more laterally from the primary 
tumour [ 31 ,  32 ]. The same philosophy as for rec-
tal cancer, i.e. following the anatomical and 
embryological planes, can also be applied on 
colon cancer surgery too. Very little attention to 
the colonic anatomy has been paid, but very 
recent data from the Erlangen group have empha-
sised the importance and have also presented 
very good results [ 33 ]. Still it is too early to eval-
uate this philosophy, but based upon the dramatic 
change in rectal cancer surgery, this will probably 
also change colon cancer surgery to the same 
extent.  

    Training Organisation 

 Based upon the national quality register, it is 
obvious that surgery can be improved. The expe-
rience from rectal cancer registries from the 
Scandinavian countries have showed that sur-
geons can train and learn better [ 27 – 29 ]. Also the 
experience from the Netherlands, where surgeons 
was taught to do a proper TME before they 
included patients in Dutch radiotherapy trial, 
could demonstrate an improvement. The training 
programme in rectal cancer surgery run in 
Stockholm area, Sweden, has also shown that 
raining is important [ 34 ]. 

 Concentration of surgery to fewer centres with 
more devoted surgeons has also been proposed, 
although the individual surgeon is more impor-
tant than the “unit” [ 35 ]. To create a good milieu 
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for surgery, most centres with good results pro-
pose two consultant surgeons operating together 
making the rectal cancer procedure quick and 
easy and possible to learn from each other. This 
has become the tradition in the Scandinavian 
countries and by doing so the results have 
improved steadily. To follow the process auditing 
the results is essential.  

    Laparoscopic Surgery 

 The fi rst laparoscopic bowel procedure was per-
formed in 1991. Very soon afterwards several 
reports on feasibility of laparoscopic surgery for 
cancer were presented. However, the whole idea 
of laparoscopic colonic resection for cancer was 
stopped due to several reports of port-site recur-
rences [ 36 ]. It was diffi cult to understand why a 
recurrence appeared at the site of the ports. 
Hypothesis like the “chimney effect”, contami-
nated instruments, creating a tumour cells aerosol 
and adherence of disseminated cancer cells to 
different materials were tested experimentally. 
Unfortunately, all data ended up with a rather 
simple knowledge that most reasons for having 
port-site metastases were a matter of bad surgical 
technique traumatising the tumour during 
instrumentation. 

 Due to the uncertainty of the rational of lapa-
roscopic bowel resection for cancer, several ran-
domised trials were started, and all of them 
showed that in selected patients, no difference in 
cancer-specifi c or overall survival could be dem-
onstrated [ 37 – 40 ]. A meta-analysis of these for 
trials could not demonstrate any difference in 
outcome, stage by stage [ 41 ]. However, one has 
to remember that there were selections to these 
trials, and several patients are still not suitable to 
laparoscopic resection, like T4 tumours growing 
into other organs. The laparoscopic technique has 
demonstrated several advantages, less complica-
tions, shorter length of stay and quicker return to 
daily living and work. The laparoscopic  technique 
has illustrated the importance of early discharge, 
and with an enhanced recovery programme to 
patients having opened surgery, a similar effect 
can be reached. 

 For rectal cancer the evidence is not that 
strong. There are several hospital reports indicat-
ing that the results are as good as with open sur-
gery [ 42 ,  43 ]. In one of the randomised trials, 
rectal cancer was included [ 40 ], but the numbers 
were few and the evidence is not clear regarding 
laparoscopic surgery for rectal cancer. At least 
three ongoing trials will answer this question. 

 Although, laparoscopic surgery for both colon 
and rectal cancer is growing, not more than 60 % 
in dedicated centres will have a laparoscopic pro-
cedure. On national level in the majority of coun-
tries, less than 10 % of all patients will undergo a 
laparoscopic procedure. Probably this frequency 
will increase steadily over the years.  

    Robotic Surgery 

 The introduction of robotic surgery has given a 
new dimension in colorectal cancer surgery. 
It has been tested in the lesser pelvis treating 
prostate cancer and has later been used for rectal 
cancer surgery. It is an expensive tool, but those 
having learned the technique have stated that the 
precision in dissection is much better than lapa-
roscopy, mainly due to the degree of freedom on 
how the instruments can be used. Still there are 
no randomised trials showing any benefi t, but 
those are ongoing. The most important advantage 
is dissection in an obese patient with a narrow 
pelvis [ 44 ].  

    Surgery Is Not Just Operation, 
It Is Academic 

 During the last two decades, evidence-based 
medicine has become more and more important. 
Lots of dogmas in colorectal cancer surgery have 
slowly been changed, but this change has only 
been possible due to a good evidence. The best 
way to challenge dogmas is of course using ran-
domised trials. 

 Changes we have seen over the years, based 
upon randomised trials, are that the drainage will 
increase anastomotic leakage and should there-
fore be used selectively. We have also learned 
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that the mechanical bowel preparation will 
increase morbidity postoperatively, is not well 
tolerated and should only be used when it is nec-
essary, like fi nding polyps with a preoperative 
colonoscopy or other very specifi c reasons. 
Enhanced recovery programmes have also been 
evaluated in randomised trials, and based upon 
those data, the fast-track idea has become the 
standard of care in most patients with colorectal 
cancer. The use of prophylactic antibiotics has 
been changed, based upon randomised trials, 
from postoperative to preoperative administra-
tion and shorter treatment time. Other important 
changes, studied in large randomised trials, are 
the use of thromboembolic prophylaxis. 

 In this way, with randomised trials, surgery 
has slowly been changed, and by moving for-
ward, step by step, new hypotheses have been 
tested rejecting some old-fashioned dogmas. 
This is the way surgery will improve. However, 
once the evidence is available, it has been shown 
that it takes up to 10–15 years until the majority 
(more than 95 %) of the hospitals have adopted 
the evidence according to literature and imple-
mented in the practice.     
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        Introduction 

 Rectal    cancer is a disease where surgical mastery 
of anatomical detail is the principal determinant 
of outcome. Classical anatomy is based on 

 cadavers which differ from live humans, whilst 
inaccessibility and bleeding during surgery have 
limited our understanding of surgical ‘TME anat-
omy’ until this generation. MDT management 
and the use of preoperative staging by MRI not 
only show clearly who really needs RT but also 
introduce a whole new anatomy which must be 
understood by all who contribute to MDT 
decisions. 

 In addition, MRI provides unique opportu-
nities for surgeons to grasp the 3D anatomy of 
the pelvis and the relations of the surgical 
specimen to the crucial nerves, organs and 
muscles that surround it. Each MDT should be 
an anatomy lesson for every surgeon present    
(Fig.  4.1 ).
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Mesorectal Excision) 
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    Abstract 

 Rectal cancer is a disease where surgical mastery of anatomical detail is 
the principal determinant of outcome. Classical anatomy is based on 
cadavers which differ from live humans, whilst inaccessibility and bleed-
ing during surgery have limited our understanding of surgical ‘TME anat-
omy’ until this generation. MDT management and the use of preoperative 
staging by MRI not only show clearly who really needs RT but also intro-
duce a whole new anatomy which must be understood by all who contrib-
ute to MDT decisions. 

 In addition, MRI provides unique opportunities for surgeons to grasp 
the 3D anatomy of the pelvis and the relations of the surgical specimen to 
the crucial nerves, organs and muscles that surround it. Each MDT should 
be an anatomy lesson for every surgeon present.  
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       Total Mesorectal Excision (TME) 
Current Controversies 

 TME is the key surgical objective [ 1 – 19 ]—can it 
however be achieved as well or better by laparos-
copy, or by the da Vinci robot? When truly neces-
sary, can the poor results so often obtained by the 
‘standard’ APE be improved upon by superior 
access—e.g. the Kocher–Holm position face 
down with excision of the coccyx? All these are 
controversial issues (Fig.  4.2 ).

   Current priorities include better visualisation 
and more precise dissection, improved haemosta-
sis and less collateral damage by diathermy (e.g. 
the use of TriVerse monopolar and LigaSure 
bipolar electricity). Gradually, surgeons, open, 
laparoscopic and robotic, are learning to recog-
nise all the components of the autonomic nervous 
system of the pelvis which surround the TME. 
Indeed, surgeons are rewriting the anatomy books 
as surgical technology advances. The preserva-
tion of these crucial nerves depends a great part 
of human happiness and dignity. 

 There are few branches of surgery where care 
and effort in the craft of surgery yield so much 
benefi t to our patients or where surgical anatomy 
is so important and advancing so rapidly.  

    Objectives 

 These are cure of cancer, local control of a dis-
ease where local failure causes great misery, 
keeping permanent stomas to a minimum and 
avoidance of collateral damage’   . As a basic prin-
ciple of any cancer operation, the block of tissue 
to be removed should be precisely defi ned and 
subjected to scrutiny by an independent patholo-
gist. Thus, surgical anatomy and histopathologic 
audit should become exact sciences in their own 
right and surgical practice refi ned to include 
meaningful judgement of the oncologic quality 
of the specimen. It is rewarding to report that 

  Fig. 4.1    Carcinoma threatening the mesorectal fascia on 
the left       

  Fig. 4.2    A near perfect TME specimen (PO Nystrom)       
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naked-eye evaluation of the excised specimen 
has become mandatory in Germany. Our own 
teaching workshops always emphasise the 
importance of ‘specimen-orientated surgeons’—
i.e. surgeons whose fi rst priority during the pro-
cedure is the quality of the fascial-covered 
untorn envelope of tissue that constitutes an opti-
mal TME specimen.  

    Defi nition of the Rectum Itself 

 Unfortunately, this varies across the world, and 
all actual defi nitions are inherently unsatisfac-
tory. For simplicity, we choose arbitrarily to 
defi ne it as the bowel up to 15 cm above the anal 
verge (patient conscious). The low rectum is also 
arbitrarily defi ned as up to 6 cm, the mid as 6–12 
and the upper as 12–15 cm.  

    Partial Mesorectal Excision (PME) 

 Height measurement, by general agreement, is 
from the anal verge in the conscious patient using 
a rigid sigmoidoscope. In the new world of MRI, 
the MRI height should also be recorded, and 
there is an argument for considering as truly 
‘low’ cancers extending below the origins of the 
levator muscles on the coronal slice. Heights 
measured under anaesthesia need to be from the 
dentate line since the external sphincter dilates 
and retracts (add about 1.5 cm). Care is neces-
sary: any instrument can push a mobile tumour 
up; fl exible ones often give falsely high measure-
ment. With these qualifi cations, it can be said 
that, in our view, most cancers with the lower 
edge at or below 12 cm should have TME as the 
key component of a radical cancer operation 
because the mesorectum is the primary fi eld of 
lymphovascular spread (Fig.  4.3 ).

   The decision as to whether the smaller  partial  
mesorectal excision is adequate is fi nally con-
fi rmed after the mobilisation has been completed 
to the point where the mesorectum must be liber-
ated from the adherent inferior hypogastric 
plexus—the region is usually referred to as the 
‘lateral ligament’. It has long been convention 

and a very sound rule, borrowed from German 
surgical practice, that a minimum of 5 cm of mes-
entery should always be excised both proximal 
and distal to any colorectal cancer. Whilst lower-
ing of    muscle tube margin may safely be reduced 
to 1 cm in the interest of anal conservation, we 
have always believed that if less than a total 
mesorectal excision for a high tumour is contem-
plated, a minimum of 5 cm of the mesorectum 
distal to the lower edge of the cancer must be dis-
sected in the perimesorectal (holy) plane. If, 
therefore, after initial mobilisation there is a clear 
5 cm of mesorectum, then tapering into the mes-
entery, in the interest of making a more minor 
operation and a higher anastomosis, becomes 
acceptable. 

 The operation then becomes perimesorectal 
mobilisation, mesorectal transection, anterior 
resection and primary anastomosis for rectal can-
cers above around 12 cm. Either 5 cm of meso-
rectum distal to the tumour or the whole 
mesorectum must be removed intact with the 
same preoccupation with clear circumferential 
margins.  

    Oncologic Envelopes to Be Excised 

 There is a need for real understanding of where the 
satellites of cancer commonly occur since the 
ideal radical cancer operation should encompass 
only the common fi elds of spread that do not exact 
too high a penalty from the patient. The design of 

  Fig. 4.3    The pelvis after laparoscopic PME       
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the optimal operation that modern surgery can 
now offer should take into account the fi eld of 
spread amenable to surgical removal with the pri-
mary tumour, the disabilities infl icted by each 
component of the surgery and the point in time at 
which cure becomes impossible by local surgery 
because metastases have already become estab-
lished. TME is by far the most important onco-
logic unit of cure in rectal cancer. A perfect surgery 
is achieved    without infl icting lasting morbidity 
only if the surgical anatomy of TME is fully under-
stood. Preoperative assessment should supplement 
full clinical and endoscopic appraisal with a com-
puted tomography (CT) scan of the whole body 
for metastatic spread, and a specialised magnetic 
resonance imaging (MRI) is necessary for the 
most precise picture of the primary cancer, its 
locoregional spread and the anatomical relations 
of the mesorectum and its contained malignancy.  

    The Embryologic Basis of Cancer 
Surgery: Exemplifi ed by Colorectal 
Cancer: ‘The Holy Plane’ or ‘Holy 
Space’ 

 Conceptually, TME has a basis in scientifi c 
thought which is attractive to all members of the 
modern multidisciplinary team with background 
training in basic science. The theory behind it is 
that all lymphovascular cancer spread will tend, 
initially at least, to remain within the embryologic 
hindgut ‘envelope’. The gut of the pre- 10 mm 
embryo extruded itself and secondarily became 
‘plastered’ back onto the retroperitoneal struc-
tures and into the developing pelvis: it retains its 
midline lymphovascular integrity, and its artery 
arises from the front of the aorta. It remains sepa-
rated from the surrounding paired organs and 
parietes by a collagenous cobweb of areolar tis-
sue. This allows a degree of movement and is rec-
ognisable by the surgeon as a ‘surgical dissection 
plane’ and is developed by traction and counter-
traction into an almost entirely avascular space—
‘the holy space’. In a number of publications, the 
authors have drawn attention to the ‘holy plane of 
rectal surgery’ and attempted to point out the 
value of painstakingly following this perimeso-
rectal avascular plane around the midline hindgut 

into the depths of the pelvis as a practical surgical 
policy. Doing so was eventually shown to improve 
local recurrence rates in a dramatic way. Straying 
into the fi eld of cancer spread within the mesorec-
tum was, and still is in conventional practice, an 
extremely common cause of involved surgical 
margins and potential residual pelvic disease: 
straying out can damage the autonomic nerve lay-
ers and is a common cause of impotence. 
Publications from the Karolinska Hospital, Solna, 
Sweden, demonstrate that more than one-half of 
all local recurrences are associated with residues 
of mesorectum left behind by the surgeon. Thus, 
inadequate TME, i.e. incomplete emptying of the 
central compartment (within the nerve layer), is a 
far more important cause of failure than ignoring 
the internal iliac and other compartments outside 
the visceral mesorectal ‘core’. This is of great 
practical importance because, although a chal-
lenging  dissection, TME is a standard reproduc-
ible teaching operation. The lateral compartments 
are surgically much more diffi cult and much less 
rewarding—perhaps best left to a few  high-volume 
specialist surgeons along with other extended pro-
cedures such as sacrectomy. In summary, TME 
anatomy describes the precise ‘emptying’ of the 
posterial central compartment of the pelvis and 
the anatomical composition of the relations of 
each part of the mesorectal surface. 

 The basic TME hypothesis is essentially that 
embryology defi es the oncologic envelope that 
encompasses the primary fi eld of all locoregional 
spread—lymphatic, vascular, perineural and 
‘random’. Distally, this tapering hindgut ‘pack-
age’, surrounded by the ‘holy plane’, is inserted 
into the funnel-shaped sloping levator muscles, 
which merge and overlap with the skeletal exter-
nal sphincters distally.  

    The Anatomy of the Mesorectum 
for the Surgeon: The Planes 
of the Pelvis 

    Surgical Anatomy 

 The original idea of TME was born from the 
practice of surgery. The mesorectum only 
becomes a reality for each individual surgeon 
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from enthusiasm for slow, meticulous, painstak-
ing dissection in diffi cult but achievable planes. 
These, once recognised and identifi ed, become 
the defi ning objectives of the surgery and the 
redefi ned building blocks of the anatomy. 

 The innermost ‘holy plane’ is that which sur-
rounds the midline hindgut within its lymphovas-
cular envelope of visceral fascia—the core—whilst 
the two surrounding lamellae comprise a neural 
layer and a Wolffi an ridge layer, which develop 
from the paired structures outside the hindgut. 
This concept has been made easier to compre-
hend by the Japanese comparison with the layers 
of an onion—or perhaps the core of the posterior 
of two onions separated by Denonvilliers’ 
septum. 

 Much of the surgery of the whole gastrointes-
tinal tract is a question of pursuing the planes 
between embryologically distinct lymphovascu-
lar entities. The careful and thoughtful surgeon 
who is mobilising any part of the large intestine 
by sharp dissection becomes aware of surgically 
satisfying planes, which assume special value in 
his or her journey down into the pelvis. The 
mesorectum is a complete fatty and lymphovas-
cular surround on all aspects of the middle third 
of the rectum, which constitutes the greater part 
of the organ and the most common site for can-
cer. In the upper third, the anterior aspect is cov-
ered only by peritoneum with ‘mesorectum and 
mesorectosigmoid’ at the back and the sides as 
the peritoneal refl ection tapers forward towards 
the ‘cul-de-sac’ or recto-vesical pouch. In the 
lower third of the rectum, little or no fatty tissue 
intervenes between the anterior aspect of the rec-
tum and the back of the prostate. Posteriorly, the 
prostate has an important posterior condensed 
fascial covering called Denonvilliers’ septum. 
The upper part of the septum is usually adherent 
to the anterior mesorectal fat of the middle third 
so that the surgeon must divide this layer from 
above to enter the plane between the rectum and 
the prostate in the male. How low this line of 
division should be may vary according to the 
position of the cancer—for a very low anterior 
tumour, it is essential to divide it very low so that 
the tumour is well cleared anteriorly, preferably 
with Denonvilliers’ fascia as an extra safety layer. 
In posterior or higher tumours, the surgeon will 

give greater priority to avoiding damage to the 
converging nerves lateral to the edges of 
Denonvilliers’ septum. In all cases, a u-shaped 
incision in the septum must be made so as to clear 
the tumour safely whilst preserving the converg-
ing nerves laterally. In the female, the middle 
third has only a rather thin and tenuous fatty layer 
between the rectum and vagina with Denonvilliers’ 
fascia being often scant and diffi cult to identify; 
certainly, a recognisable condensed ‘septum’ is 
often not found as in the male. Is this perhaps 
because of its dissolution during childbirth or 
sexual activity? Denonvilliers’ septum is recog-
nised by some embryologists as the downward 
prolongation of the peritoneum, which has 
become distally obliterated as a cavity. As we 
become more fastidious in our dissections,  two 
layers  of the septum begin to become apparent. It 
is now clear to surgeons that, in the male at least, 
this trapezoidal ‘bib’ with defi ned lateral margins 
just medial to the important neurovascular bun-
dles is indeed a reality, and with improving tech-
nique, two layers may indeed become apparent 
(Fig.  4.4 ).

   Posteriorly and posterolaterally, the areolar 
plane is well defi ned around the globular expand-
ing bilobed mesorectum. A condensation of the 
fascia called the rectosacral ligament—or 
Waldeyer’s fascia—often presents a barrier to the 
surgeon posteriorly below the promontory. It is 
essential that this be positively divided with 
either diathermy or scissors. Beyond it, the 

  Fig. 4.4    Denonvilliers’ septum       
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 forward angulation demands strong anterodistal 
retraction to facilitate direct visualisation. 
Understanding the importance of this forward 
angulation is critical to mastering the traction and 
countertraction instruments necessary in open, 
laparoscopic and robotic TME. Confusingly, the 
middle third of the rectum is often called the hor-
izontal segment because MRIs are typically 
viewed as if the patient is vertical (Fig.  4.5 ).

   The crucial anatomical reality is that this seg-
ment is angled posteriorly relative to the anal 
canal by almost a right angle. The ‘horizontal’ 
segment follows the curve of the sacrum, and the 
upper third angles backwards to merge with the 
sigmoid.   

    Histopathology Audit 

 For proper independent audit, the surgeon should 
not cut the specimen except to open the bowel 
away from the tumour to let in the formalin. 
Completeness and intactness of the specimen are 
crucial factors—ideally it should be one recogni-
sable block of tissue with a fascial covering. Its 
anatomical orientation and former relations 
should be identifi able. ‘Specimen-orientated 

 surgery’ has become an established practice, and 
recognition of the features of the TME specimen 
and the freedom of its margins from cancer 
involvement are the key factors of audit. In most 
cases, naked-eye inspection provides quality con-
trol, with microscopic examination of any sus-
pected areas of margin involvement as a logical 
primary audit objective for the surgeon. 

 Visual inspection of the front of a well- 
performed TME specimen should show three 
clear landmarks:
•    The cut edge of the peritoneal refl ection and 

the whole ‘cul-de-sac’  
•   The smooth shiny anterior surface of the ante-

rior mesorectum of the middle third—
Denonvilliers’ fascia—or the rectogenital 
septum (upper half)  

•   The anterior aspect of the anorectal muscle—
in the lowest anterior resections or abdomino-
perineal excision (APE) specimens only    
 Laterally, the fatty mesorectum expands dis-

tally beyond an anteroposterior groove made by 
the nervi erigentes so that an embryologically 
perfect specimen has a lateral dilatation dis-
tally—corresponding with the part related to the 
inside of the levator muscles beyond their origins 
from the pelvic sidewall. Posteriorly, a perfect 
specimen exhibits perfectly curved ‘buttocks’ 
with a central midline groove corresponding to 
the anococcygeal raphe (the pubococcygeus 

  Fig. 4.5    Sagittal MRI cancer at 5 cm posteriorly       

  Fig. 4.6    Posterior aspect of a TME, ‘the buttocks’       
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muscle) with distal dilatations from beyond the 
nerve pillars (Fig.  4.6 ).

       Modern Imaging: Fine-Slice High- 
Resolution MRI 

 Brown, Blomqvist and others have shown us that 
specialised fi ne-slice high-resolution MRI can 
visualise this ‘holy plane’ before the surgery and 
thus predict the detail of the oncologic specimen 
that the surgeon endeavours to remove and its rela-
tionship to the tentacles of tumour. The recent 
‘MERCURY’ study from the Pelican Centre in 
Basingstoke has demonstrated reliable equiva-
lence between MRI prediction and histopathologic 
reality. It also demonstrates that a 1-mm mesorec-
tal ‘clearance’ does indeed predict a ‘safe margin’ 
provided the surgeon is faithfully following the 
‘holy plane’. Surprisingly, it is not a component of 
any staging system; extra-mural vascular invasion 
was an even more important prognostic indicator 
than nodal involvement at the N1 level. Some may 
take this as an indication for giving preoperative 
CRT to all patients with EMVI. 

 Conversely, ‘threats’ by proximity of an 
involved node to the margin did not appear to 
lead to local recurrence (0/63). This almost cer-
tainly refl ects the extra care taken by the surgeon 
to keep clear of such a node by the surgeon who 
is thus forewarned of the morbid anatomy by the 
MRI. It thus shows the anatomical value of MRI 
in relation to surgery. 

 Similarly, this clearance on MRI between cancer 
within and mesorectal fascia without can be reliably 
used to predict a safe margin which does not need 
neoadjuvant ‘downstaging’. It can also warn the 
surgeon when the mesorectal margin is in danger of 
being breached during surgery. It can thus provide a 
‘workshop guide’ for anatomical surgery, whether 
this be performed laparoscopically or open. This 
may become particularly crucial for laparoscopic 
surgeons as they increasingly extend their dissec-
tions into the challenging depths of the true pelvis 
where the inability to feel the cancer can be a seri-
ous disadvantage. We emphasise the importance of 
displaying MRIs in the OR during the actual 

 surgery, and surgeons should exercise their ability 
to correlate MRI anatomy with the surgery.  

    Critical MRI and Surgical Anatomy 
in Lower-Third Cancers 

 One focal area of current controversy centres on 
the anatomical and embryologic fact that the 
mesorectal envelope tapers down in this (intrale-
vator) lower third to appear very thin indeed—
particularly on the crucial coronal oblique MRI 
cuts on which decisions in modern multidisci-
plinary teams (MDTs) are made. On such an 
MRI, it is extremely tempting to predict that this 
tapering and narrowing area of the mesorectum 
will constitute a hazardous margin: thus, a deci-
sion may be made to administer preoperative 
downstaging neoadjuvant therapy or even choose 
abdominoperineal excision for fear of margin 
involvement when in fact a carefully orientated 
axial oblique sequence with the axial cuts pre-
cisely at right angles to the tumour segment may 
demonstrate a potentially safe clearance. 

 In addition to imaging, it is essential that an 
experienced surgeon examines the patient him-
self or herself to establish free mobility of the 
cancer within the puborectal sling in the con-
scious patient (with muscle tone). In the authors’ 
opinion, this clinical observation on the sphincter 
complex and adjacent organs does almost invari-
ably mean that a TME will be an achievable sur-
gical objective. It does not confront the issue of 
the higher incidence of internal iliac and 
 particularly obturator node involvement in 
tumours less than 4 cm from the anal margin.  

    Preoperative MDT 1 

 This is an exercise in predicting the ‘morbid anat-
omy’ in the individual case and cancer in the con-
text of the patient’s general health and personal 
wishes. Thus, the treatment and operation are 
planned. MRI anatomy provides education for all 
in the process.  
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    Post-op Review of Patient Recovery, 
Specimen, and Histology (MDT 2) 

•      Review of the Detail of the Surgery— TME or 
‘TME plus’. ‘TME minus’ or ‘partial TME’ 
for upper one-third cancers.  

•   Detailed audit of the specimen after removal 
with special emphasis on naked-eye assess-
ment of mesorectal integrity and microscopic 
evaluation of the margins. Postoperative che-
motherapy is considered.     

    Principles of Surgery Based 
on ‘TME Anatomy’ 

 It is impossible to describe TME anatomy 
without describing the surgery that has 
defined it. It is truly a set of new pages in the 
anatomy books from a new source—surgery 
itself:
•    Perimesorectal ‘holy plane’ sharp dissection 

by monopolar diathermy and scissors under 
direct vision. Three-directional traction and 
countertraction are vital for diathermy dis-
section as it is essential that the areolar tissue 
be ‘on stretch’—thus creating ‘the holy 
plane’.  

•   ‘Specimen-orientated’ surgery and histopa-
thology, of which the object is an intact meso-
rectum with no tearing of the surface and no 
circumferential margin involvement (CMI)—
naked eye or microscopic.  

•   Recognition during surgery of, and preserva-
tion of, the autonomic plexuses and nerves, 
on which sexual and bladder functions 
depend.  

•   A major increase in anal preservation and 
reduction in the number of permanent colosto-
mies by skilful extension in the holy plane 
into the depths of the pelvis.  

•   Stapled low pelvic reconstruction, usually 
using the Moran triple stapling technique, 
plus creation of a short colon pouch or a side-
to- end anastomosis to low rectum or anal 
canal.     

    Preoperative Assessment 
of the Morbid Anatomy 

 CT scans and colonoscopy report should always 
be at hand in the operating room. Never com-
mence surgery without having examined the 
patient digitally when awake plus performing 
bimanual examination under anaesthesia. This is 
especially true in female patients so as to estab-
lish whether the tumour is fully mobile on the 
posterior vaginal wall.  

    Laparoscopic Anterior Resection 

 The authors take a major interest in this area of 
extending laparoscopic practice but continue 
themselves to perform open surgery for rectal 
cancer as detailed. The anatomical principles 
remain the same, and there is no doubt that 
excellent clearance of many cancers can be 
achieved laparoscopically by the increasing 
skill of specialised surgeons. The elevation of 
an intact mesorectal package, safely encom-
passing a large cancer, requires carefully applied 
but substantial upward traction, which is often 
diffi cult to achieve with laparoscopic instru-
ments. Few laparoscopic instruments exist how-
ever that bend effectively round a really large 
cancer to apply upward traction in a safe gentle 
way.  

    The Anatomy 

  Starting Right —the ‘pedicle package’—the clue 
to the top of the ‘holy plane’ and the anatomical 
adventure which is TME. 

 Starting correctly involves three-directional 
traction on the colon and retroperitoneum to 
identify the plane between the back of the ped-
icle package and the gonadal vessels, ureter 
and preaortic sympathetic nerves—all of which 
must be carefully preserved. The key to this 
phase is the recognition of the shiny fascial-
covered surface of the back of the pedicle—
like a tapering longitudinal ‘sausage’ with the 
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inferior  mesenteric vessels within. The whole 
sigmoid and its mesentery must be gently lifted 
forward, usually in open surgery on the left. It 
is equally satisfactory, as commonly performed 
in laparoscopic surgery, to start on the right. In 
either case, the identifi cation of the shiny fas-
cial envelope behind, what we like to call the 
‘pedicle package’, is crucial to proper entry 
into the pelvis and to the preservation of the 
nerves.  

    High Ligation of the Inferior 
Mesenteric Vessels (IMA and IMV) 

 These are the principal and often the only major 
blood vessels supplying the rectum and mesorec-
tum. Small vessels from the pelvic fl oor and in 
the area of lateral adherence are present but 
minor. However, a substantial collateral fl ow via 
the rectum itself does maintain viability of the 
whole organ even when the IMA is ligated. 

 With the pedicle package lifted gently for-
ward, the dissection behind it can be extended up 
to its proximal end; separate high ligations of the 
inferior mesenteric artery and vein can be per-
formed with the pedicle controlled by the left 
index fi nger with the surgeon standing on the 
patient’s left side. The artery is taken 1–2 cm 
anterior to the aorta so as to spare the sympa-
thetic nerve plexuses; the vein is divided above 
its last tributary close to the pancreas. These two 
high ligations are an integral part of the otherwise 
avascular planes, which need to be developed 
upwards extensively for a full mobilisation of the 
splenic fl exure. The need for this is dictated by 
the decision to perform a TME and therefore an 
anastomosis of 3–6 cm from the anal verge. The 
mobilised colon must lie without tension in 
the hollow of the sacrum, and the two vessels are 
the main ‘anchors’ that prevent this. 

 The ascending left colic artery and either the 
accompanying inferior mesenteric vein or its last 
tributary from the left colon also need to be 
divided separately to complete the vascular isola-
tion of the specimen with full mobilisation for 
ultralow pouch anastomosis. 

 In a minority of cases, a particularly long and 
healthy sigmoid may obviate the need for this full 
mobilisation process, which is not entirely with-
out risk (e.g. to the spleen itself). Thus, it is logi-
cal, if a decision is made to use such a long 
healthy sigmoid and thus avoid the splenic fl ex-
ure, to ligate the inferior mesenteric artery just 
distal to the ascending left colic, which is essen-
tially a part of its primary blood supply. Particular 
care over the ligation is necessary as the stump 
will pulsate vigorously. If there were obvious 
lymph nodes that would be thus left behind, then 
so low a division would not be sensible.  

    The ‘Division of Convenience’ 

 The sigmoid mesentery and the sigmoid colon 
are divided well above the cancer. This is an 
important step in every cancer dissection as opti-
mal mobility of the top of the specimen facilitates 
gentle opening of the perimesorectal planes by 
traction and countertraction in any direction 
throughout the pelvic dissection. After the divi-
sion, there is also the best possible visualisation 
of the pelvis with all of the gut to be retained 
drawn upwards and to the right. Most laparo-
scopic surgeons do not fi nd that this division 
helps them.  

    Pelvic Dissection: The Anatomy 
of Pelvic Planes 

 In both laparoscopic and open surgeries, fi rm 
anterior traction lifts the intended specimen for-
ward from the preaortic nerve plexuses. The sur-
geon is now optimally placed to identify the key 
planes that must be developed circumferentially 
around the mesorectum. He or she starts at the 
back and then follows identifi able areas of the 
‘holy plane’ at various points on the mesorectal 
circumference in a stepwise manner. If lower 
down in the pelvis, bleeding in one area is trou-
blesome due to inaccessibility, it is sensible to 
tackle the opposite circumference so that pres-
sure is applied whilst progress continues.  
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    The Planes Posteriorly 

 There is no real substitute in open surgery for the 
St. Mark’s retractor or our own reverse concavity 
version (Heald retractor)—both available from 
Bolton Surgical of Sheffi eld or from many instru-
ment manufacturers. Forward traction demon-
strates the shiny posterior surface of mesorectum 
within the bifurcation of the superior hypogastric 
plexus. This plane is extended downwards 
towards and eventually beyond the tip of the coc-
cyx, step by step as other sectors of the circum-
ference are developed.  

    Division of the Rectosacral 
Ligament or Fascia 

 This condensation may constitute an apparent 
barrier to downward progress posteriorly, requir-
ing positive division with scissors or diathermy. 
Just in front of it, within the mesorectum, the 
superior rectal vessels can often be seen through 
the back of the mesorectal fascia, and around 
them cancerous nodes are likely to occur only 
millimetres away. An intact shiny visceral fascia 
over these must be jealously guarded and tearing 
avoided at all costs. This poses one of the greatest 
dangers of blunt manual extraction or of any 
haste or roughness, since the rectosacral ligament 
may be stronger than the surface fascia over the 
nodes. Thus, tearing into the lymphatic fi eld by 
the inserted hand becomes a real risk and must 
have disrupted the anatomy frequently in the 
past. Sharp dissection under direct vision is cru-
cial and lighting essential. A further safety factor 
in identifying positively the ‘holy plane’ posteri-
orly in front of the presacral fat pad (when pres-
ent) is that one avoids the risk of tearing 
thin-walled presacral veins, which often have no 
valves and can bleed prodigiously when cut or 
torn. The key to the ‘holy space’ anatomy is that 
the surgeon must remain on the yellow mesorec-
tal inner dissection plane which is opened by 
traction and countertraction. Sometimes there is a 
presacral fat pad behind the plane, and it is impor-
tant to recognise and leave this in situ.  

    Planes of the Lateral Pelvic Sidewall 

 Dissection involves forward extension of the 
plane around to the sides, gently easing the adher-
ent hypogastric nerves laterally off the mesorec-
tal surface under direct vision. Freedom to lift the 
divided rectosigmoid forward often means that 
the tangentially running hypogastric nerves are 
fi rst positively identifi ed at this stage, the supe-
rior hypogastric plexus itself only becoming 
obvious proximal to the nerves after they have 
been dissected away from the mesorectal surface 
on each side. The superior hypogastric plexus is 
sometimes ensheathed by fatty tissue and not 
immediately recognised as a nerve bifurcation. 

 These nerves are far more important than hith-
erto appreciated because they subserve many of 
the functions of orgasm in both sexes, whilst the 
inferior, more distal plexus is necessary for the 
more obvious parasympathetic function of erec-
tion—certainly in the male and presumably clito-
ral function in the female as well.  

    The Loss of the Plane in the ‘Lateral 
Ligament’ Area 

 The ‘holy plane’ is followed downwards towards 
the vesicles with the expanding plexiform band 
of inferior hypogastric plexus outside it but 
increasingly adherent to it. In essence, there is 
no actual ligament, but there is an area of adher-
ence between the mesorectum medially and 
plexus laterally: small branches of nerves and 
vessels penetrate through at this point, but none 
generally reaches more than 1 mm in diameter. 
The key nerves entering this fl attened band from 
above are largely sympathetic hypogastric nerves 
 curving distally from the superior plexuses and 
more distally the ‘erigent’ parasympathetic 
nerves coming forward to it from behind. These 
arise from the front of the roots of the sacral 
plexus (especially S3, out of sight behind the 
parietal sidewall fascia). This fascia is quite 
robust laterally, and the surgeon will note that he 
or she usually cannot even see the internal iliac 
vessels, which are outside it. Posteriorly, these 

R.J. Heald and B.J. Moran



43

‘erigent pillars’ from the roots around S3 curve 
forward outside the parietal fascia but medial to 
the branches of the internal iliac vessels 
(Fig.  4.7 ).

   A little way behind the vesicles, the erigent 
pillars pierce the fascia to join the inferior hypo-
gastric plexus and often contribute nerve branches 
to the mesorectum and rectum. These ‘neural 
T-junctions’ are the nearest structures to ‘lateral 
ligaments’ that the most careful surgeon will fi nd 
with precise dissection. Another often described 
structure that we believe to be found only rarely 
by the surgeon during this dissection is a true 
middle rectal artery. We also believe that in the 
past what the surgeon believed to be a middle 
rectal artery was most often a lateral intra- 
mesorectal artery, and the so-called lateral stalk 
being divided represented a ‘coning in’ to the 
mesorectum. The surgeon dissecting perfectly 
between the mesorectum and the inferior hypo-
gastric plexus discovers nothing more than a tiny 
vessel that requires no more than a touch of dia-
thermy. Thus, the clamp and cut routine implied 
a poor quality of the dissection, damaged nerves 
and left a substantial residue of dangerous 
 tissue—probably all a part of the prodigious 
30–40 % local recurrence rate that was once 
commonplace. 

 Occasionally, the perivascular plane medial to 
the internal iliacs is the only way to achieve a 
clear margin. Rarely it may become necessary to 

go outside these vessels, but venous bleeding can 
be a problem.  

    Anterior: Denonvilliers’ Septum 

 Dissection anterolaterally and anteriorly follow-
ing the correct plane forward will encompass the 
peritoneal refl ection that remains on the speci-
men and thus allows positive identifi cation of the 
backs of the seminal vesicles. Forceful forward 
retraction on these with a St. Mark’s retractor 
will facilitate the development of the areolar 
space between the vesicles and the smooth front 
of the mesorectal specimen. We call this smooth 
surface that is generally adherent to and clearly a 
part of the mesorectum Denonvilliers’ fascia or 
the rectogenital septum. As one works distally, 
there comes a point where this fascia must be 
divided transversely as it becomes adherent to the 
posterior capsule of the prostate. The neurovas-
cular bundles (of Walsh) constitute the distal con-
densation of the inferior hypogastric plexuses 
and are here joined by numerous veins and small 
arteries—hence the title neurovascular. More dis-
tally, they run posterolateral to the prostate and 
converge in the bulb of the penis to supply it and 
subserve erection as the so-called cavernous 
nerves. 

 These bundles are impossible to see in open 
surgery from above because of the forward angu-
lation behind the vesicles, bladder and prostate 
and are in particular danger from surgeons who 
somewhat blindly ‘take a slice off the back of the 
prostate’. This is highly likely to cause impo-
tence because of the close relationship of the 
neurovascular bundles to the back of the 
prostate. 

 The pillar-like appearance is in part due to the 
forcible forward traction on the prostate and 
bladder to see the structures during an open oper-
ation, and this tends to bow the nerves medially 
and thus make them stand out. This retraction 
does not occur to the same extent in a laparo-
scopic operation, which may account for the 
reported higher incidence of nerve damage 
recorded from several centres.  

  Fig. 4.7    The right erigent pillar and neural plate       
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    Anatomy of the Most Distal 
Mesorectum from Above 

 The anatomy of the insertion of the mesorectal 
‘package’ into the pelvic fl oor also becomes 
increasingly diffi cult for the surgeon to grasp 
from above—again because of inaccessibility 
behind the vesicles and prostate and behind the 
vagina in females. The situation is further com-
plicated by the fact that the levators are like a 
‘fl ower pot’ in continuity with the tube of exter-
nal sphincter distally. 

 Careful pursuit of the plane at this level even-
tually liberates the mesorectal package and takes 
the operator down to a clean muscle tube. 
Although crossed by a few small arteries and 
veins from the puborectal sling and some slips of 
sphincter muscle, the ‘holy plane’ here becomes 
the intersphincteric plane, which is familiar to 
proctologists from below—a tube of red skeletal 
muscle outside a tube of whiter smooth muscle 
within. On the inner aspect, the mucosal lining of 
the rectum becomes a transitional zone which 
interdigitates with pectineal skin as the dentate 
line. This marks the transition from pain- sensitive 
to insensitive mucosa.  

    The Anatomy of Abdominoperineal 
Excision: New TME Anatomy 
from Behind with the Patient 
Facedown (The Kocher–Holm 
Position) 

 The views into the pelvis from behind are consid-
ered by many surgeons to be superior to those in 
the conventional steep Trendelenburg position (a 
point originally observed by Theodor Kocher 
more than 100 years ago). In particular, spectacu-
lar access is provided if the coccyx is excised with 
the cancer. Once the coccyx has been liberated by 
diathermy and osteotome, the presacral fascia is 
incised—hopefully onto the gauze swab left on the 
abdominal side. The levators are divided far out 
near to their origins from the surface of the obtura-
tor internus muscle, working gradually across 
various levator bundles towards the puborectal 
sling which must be carefully identifi ed. 

 Provided all the abdominal operation has been 
completed, the colon and rectum can be fully 
delivered below to provide maximum access to 
the all-important interface between cancer speci-
men and prostate. 

 As this dissection progresses, the liberated 
bowel segment with coccyx attached can be 
eased downwards to open the recto-prostatic 
planes (12 o’clock) upwards through the trans-
verse perineal muscles and perineal body 
(6 o’clock) and then laterally (3 and 9 o’clock). 
The advantage becomes even greater as the 
neurovascular bundles are carefully identified 
coursing towards the bulb of the penis. 
Random fatty tissue tends to obscure these, 
and it helps to identify them if a LIGACLIP 
has been placed on the top of the neurovascu-
lar inferior hypogastric plexuses by the 
abdominal operator. 

 The key to not damaging these hitherto largely 
unrecognised nerves is care in dividing the 
puborectal sling which can be seen just after its 
division on the right side of the prone male in a 
white divided muscle bundle in close proximity 
to the longitudinally running nerve bundle—now 
called the cavernous nerves.  

    ‘Lipo-anatomy’ in APE 

 The authors have a particular preference for the 
avoidance of surgical removal of the macro-
globular ischiorectal fat so well adapted to sit-
ting upon (and also elegant in a swimming 
costume!). Apart from rare extremely advanced 
cancers, whose MRI will clearly show invasion 
through the levator muscle, the inferior haem-
orrhoidal vessels and lymphatics are not a fi eld 
of spread for adenocarcinoma. The facedown 
APE can therefore usually be commenced in a 
tidy bloodless way following a perfect surgical 
plane  outside the external sphincters but within 
the macroglobular fat. This reduces the ulti-
mate size of the dead space and hopefully the 
need for plastic surgeons’ assistance to fi ll it 
(Fig.  4.8 ).

   The urethra is not far away anteriorly: dur-
ing operation, it should always have a 
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 substantial (easy to feel) catheter in place—
even if this is removed at the end and its func-
tion taken over by the suprapubic catheter, 
which is our preferred routine for both AR and 
APE. A curious muscle called rectourethralis 
intervenes and connects the urethra to the pre-
rectal muscle. 

 Distally, the perineal body is worrying for the 
surgeon because it is fi bromuscular and dissec-
tion through it is not in a recognisable surgical 
plane. The rectourethralis remains something of a 
practical challenge, but the essence of this part of 
the procedure is carefully to fi nd a safe covering 
for the urethra on the one hand and for the tumour 
specimen on the other.  

    The Ideal APE Specimen 

 The surgeons’ objective is a perfect TME with its 
distal component wrapped in levators and 
sphincter muscles with the coccyx attached but 
no signifi cant ‘waist’, i.e. the distal one-third of 
the ‘holy plane’ has not been converted into a 
‘space’ by dissection. The authors’ personal 
preference is for the MR to be used for planning, 
applying similar principles to those outlined 
above—but using as the defi ned margin the plane 
outside the anal sphincters and levator muscles, 
so that if these are clear low rectal cancers may 

not need to have radiotherapy with its disastrous 
implications for wound healing in this area 
(Fig.  4.9 ).

       The Posterior Vaginal Wall 

 This is very close to the anterior aspect of a TME 
specimen. Bimanual examination via the rectum 
and the vagina in the anaesthetised patient is 
essential. If there is free mobility of the cancer on 
the posterior vaginal wall, then it need not be 
excised. If tethered over a small area, a disc of 
vagina may be taken with the tumour, or in a case 
that requires APE because of a margin threaten-
ing the sphincters, the whole or most of the pos-
terior wall from the perianal skin upwards may 
need to be removed. 

 During abdominal dissection, the anatomy of 
the vaginal fornix and the relation of an anterior 
cancer to it and to the uterine fornix are crucial: 
these must be determined before the surgery by 
EUA and MRI.  

  Fig. 4.8    Retention of ischiorectal fat       

  Fig. 4.9    The APE specimen       
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    Other Organs Occasionally 
Requiring En Bloc Removal 
on Account of a Direct Invasion: 
Anatomical Relation and Adherence 
to a Cancer 

•     Seminal vesicles.  
•   One or both ureters.  
•   Ileum.  
•   The folded-over sigmoid.  
•   One or both hypogastric plexuses.  
•   Parts of the neural lamella may have to be 

removed in continuity with the primary or 
even a node—going laterally until a clear 
plane can be identifi ed.  

•   Appendix.  
•   Uterus, ovaries and adnexal structures.  
•   Bladder wall.  
•   Extra-mesorectal lymph nodes.     

    Conclusion 

 Rectal cancer surgery is probably the most 
rewarding of all the challenges to the aspiring 
gastrointestinal surgeon. Arguably, there is no 
cancer    operation where proper understanding 
of the complex anatomy, what we may call 
‘TME anatomy’, and surgical skill of the high-
est order can bring so much benefi t to the 
patient.     
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    Abstract  

  The treatment pathways for rectal cancer are evolving, in particular for 
patients who present with an early detected rectal cancer. Currently, the 
golden standard for rectal cancer treatment is radical surgery, i.e. low ante-
rior resection or abdominoperineal resection both with adherence to the 
total mesorectal excision (TME) principles as advocated by Bill Heald. 
This type of meticulous surgical technique together with neo-adjuvant 
(chemo)radiotherapy in selected cases has led to high cure rates. However, 
the excellent oncological results are offset by signifi cant morbidity, 
adverse functional outcome (bowel, urinary and sexual function) and even 
mortality. In patients with early rectal cancer, these ‘side effects’ of radical 
surgery become even more signifi cant since in a proportion of these 
patients, radical surgery is overtreatment and local excision with preserva-
tion of the rectum is adequate. It is undisputed that local excision of poorly 
selected rectal cancers results in an unacceptably high incidence of local 
recurrence; however, some impressive results have been obtained with the 
use of local excision for low-risk early stage cancers or when used in com-
bination with neo-adjuvant treatment for less favourable T2 disease. 

 Here we will describe the application of local excision (predomi-
nantly transanal endoscopic microsurgery, TEM) for early rectal cancer 
(ERC), from pragmatic assessment of patients, operative techniques and 
most importantly management decisions on the basis of postoperative 
pathology.  
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        Introduction 

 Over the last few decades, we have been fortu-
nate to witness the dramatic improvement in out-
come that can be achieved by meticulous surgical 
technique of total mesorectal excision (TME). 
Some surgeons already had an anatomical 
awareness within the pelvis, intuitively preserv-
ing natural planes, but it was the evangelical pop-
ularisation of this technique by Bill Heald that 
translated optimum surgical technique into better 
outcomes for patients with rectal cancer through-
out the world. Rates of local recurrence after 
TME for rectal cancer have been reduced to less 
than 10 % in routine practice with appropriately 
trained surgeons, and this can be further reduced 
with preoperative short-course radiotherapy [ 1 ]. 
However, this oncological excellence comes at a 
cost. Mortality rates vary from 1 to 13 % being 
particularly high in the elderly and co-morbid 
population. Anastomotic dehiscence can occur in 
up to 20 % of cases, and the sequelae of pelvic 
sepsis and stoma formation can have catastrophic 
effects on quality of life. Even for those who 
make an uncomplicated recovery, bowel, urinary 
and sexual dysfunction compromise daily living. 

 These poor functional and quality of life out-
comes are more signifi cant when we consider 
that for a proportion of patients with early stage 
cancer, there is evidence that radical surgery is 
overtreatment and local excision (LE) with pres-
ervation of the rectum is adequate. The challenge 
arises in identifying these early stage cancers and 
presenting patients with a reasonable estimate of 
risk of recurrent disease to be balanced against 
their individual risk of mortality and serious mor-
bidity. This concept of ‘trading off’ oncological 
excellence against reduced surgical morbidity 
and maintenance of quality of life is controver-
sial, and the strongest critics often refl ect on the 
dreadful results of LE following transanal exci-
sion of rectal cancer [ 2 – 4 ]. However, for many of 
these patients, treatment was viewed as a com-
promise from the outset, follow-up was not rigor-
ous and recourse to radical surgery in the face of 
unfavourable prognostic factors was not consid-
ered after LE. Addressing these weaknesses and 
providing LE within a carefully managed  strategy 

offer the opportunity to minimise  overtreatment 
in early stage rectal cancer while avoiding the 
disasters of oncological compromise by inappro-
priate application of LE. This approach is 
founded on meticulous pathological assessment 
and recourse to completion resection in the face 
of poor histology along with close surveillance of 
those managed by LE to detect early disease 
recurrence and offer salvage surgery. For many 
clinicians this will not be acceptable but many 
patients devastated with a cancer diagnosis and 
the prospect of major surgery are willing to 
explore this option.  

    Patient Selection 

 The defi ning feature of an ERC suitable for local 
excision is the absence of lymph node disease, 
and thus, the goal in selection is to identify the 
risk of lymph node disease in a given patient. 
Depth of tumour invasion is a potent predictor of 
this, as T1 cancers with invasion restricted to the 
submucosa are less likely to metastasise due to 
the paucity of lymphatics within the colorectal 
mucosa. Furthermore, small cancers, particularly 
less than 3 cm, are less likely to have nodal dis-
ease, and the absence of poor differentiation, 
tumour budding and vascular or lymphatic inva-
sion are also associated with reduced incidence 
of nodal disease [ 5 ]. These factors are considered 
in selecting patients for LE and recommending 
radical surgery for less favourable cancers. Early 
cancers deemed ‘oncologically’ suitable for LE 
must then be judged if they are technically ame-
nable for a safe excision (i.e. ideally lying in the 
extraperitoneal rectum and of a size that is ame-
nable to an adequate TEM), coining the phrase 
‘TEM-able’.  

    Preoperative Staging 

 As in any rectal cancer assessment, digital exam-
ination, rigid sigmoidoscopy and endoscopic 
assessment are important in determining suitabil-
ity for LE. The site, size and height above the 
anal verge and anorectal junction should be 
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determined and recorded. Position of the lesion 
can be diffi cult to establish at fl exible endoscopy, 
and instilling some water into the lumen during 
endoscopy can help considerably by providing a 
reference point. Morphology plays an important 
role; those cancers showing non-exophytic ulcer-
ated characteristics tend to be of a more advanced 
stage than exophytic tumours [ 6 ]. Histological 
confi rmation of cancer is desirable but not essen-
tial before undertaking LE; in fact 40 % of can-
cers in the UK TEM database were only 
confi rmed as such on post-TEM pathology [ 5 ]. 
Controversy exists as to how vigorously preop-
erative pathology should be sought with some 
experts advocating a generous biopsy to obtain 
suffi cient tissue to allow realistic assessment of 
differentiation grade and possible lympho- 
vascular invasion, the presence of which may 
preclude LE. On the other hand, some avoid 
repeated biopsies as fi nal histological assessment 
may be diffi cult due to post-biopsy artefacts. The 
architectural disruption resulting from biopsies 
and fi brosis can mimic malignant infi ltration 
which is interpreted as pseudo-invasion; how-
ever, the distinction with true invasion is diffi cult. 
A more direct determination of the local exten-
sion of tumour growth (T stage) and lymph node 
involvement (N stage) is provided by imaging. 
This should include endorectal ultrasound 
(ERUS), magnetic resonance imaging (MRI) and 
a multi-detector computed tomography (MDCT). 
ERUS provides evaluation of the T stage with 
high discrimination of the rectal wall and its layer 
confi guration with a reported accuracy of 
82–93 %. However, for more advanced lesions 
and those in the upper rectum, the accuracy of 
ERUS decreases and additional information can 
be provided by MRI and to a lesser extent by CT. 
Although the risk of lymph node involvement in 
ERC is low, positive lymph nodes can still be 
present in 2–14 % [ 7 ], but preoperative identifi -
cation of nodal disease is challenging, with the 
conventional imaging modalities all lacking 
accuracy. These modalities are unable to identify 
small metastatic deposits in normal-sized lymph 
nodes, and nodal size alone is a poor predictor if 
there is no extracapsular extension or lymph node 
necrosis. Encouraging results to improve 

 accuracy of MRI for nodal disease have been 
achieved with the use of lymphotrophic contrast 
media [ 8 ]. However, their use needs to be further 
investigated in larger clinical trials. It is likely 
that developments in applying molecular profi l-
ing to cancers will be valuable in the next 5 years. 
This approach has already been used in fi ner dis-
crimination of prognosis in advanced cancer [ 9 ], 
and a role in selecting early stage cancers suitable 
for LE is a natural extension of this work. The 
value of CT is mainly in the exclusion of distant 
disease, which is an uncommon but important 
factor in early rectal cancer as the treatment 
options alter dramatically. 

 A pragmatic approach suitable for most prac-
tice is to assess the primary tumour for ‘TEM- 
ability’ by clinical examination and ultrasound 
and use MRI to identify those with unexpected 
advanced T stage and more importantly evidence 
of nodal involvement. So, an ERC most suitable 
for a local excision needs to be <3 cm, freely 
mobile, ultrasound stage T1, well or moderately 
differentiated on biopsy, lack lympho-vascular 
invasion and mucinous architecture and be free 
from nodal disease on MRI.  

    Surgical Procedures for Local 
Excision 

 As a general rule, whichever technique is used 
for LE of an ERC, it must ensure a complete 
macroscopic excision with safe margins and an 
intact specimen for accurate histopathological 
examination [ 10 ]. The most common conven-
tional technique for lesions within 6–10 cm from 
the anal verge is the Parks’ per anal resection. 
The major drawback of this technique is the 
restricted access and view that can lead to less 
precise excisions with a higher rate of specimen 
fragmentation and positive resection margins. 
This is the likely cause of the reported high local 
recurrence rates [ 11 ]. Alternative local tech-
niques for the resection of larger tumours of the 
mid or upper rectum are the Kraske (supra-
sphincteric/trans- sacral) or York-Mason (trans-
sphincteric) procedures. These are however 
technically demanding and associated with high 
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postoperative morbidity rates. Gerhard Buess 
introduced and popularised transanal endoscopic 
microsurgery (TEM) which has become the treat-
ment of choice for local excision of tumours 
throughout the rectum and even the distal sig-
moid. It provides a magnifi ed and stable view of 
the operative fi eld which allows an accurate 
resection of the lesion with adequate margins and 
avoiding fragmentation. TEM is furthermore 
associated with low postoperative morbidity and 
mortality rates. 

    Patient Preparation and Set-up 
for TEM 

 The patient can be admitted on the day of the pro-
cedure and receives a cleansing enema 2 h before 
surgery. Some surgeons advocate a complete 
bowel preparation, both mechanical and antibi-
otic, especially if there is a risk for perforation 
into the peritoneal cavity with higher lesions. 
This is however not our practice. The patient is 
positioned such that the bulk of the tumour lies at 
the 6 o’ clock position: lithotomy for posterior 
lesions, lateral decubitus for lateral lesions and 
for anterior lesions the patient is positioned in 
prone position with the legs spread.  

    TEM Procedure 

 Once the patient is positioned, the perianal area is 
prepped, and an anal local anaesthetic block is 
injected to improve anal dilatation allowing the 
rectoscope to be gently inserted. The rectoscope 
is advanced to the desired position under direct 
vision and fi xed with a supporting arm. The 
tumour, with a 1-cm margin of clearance of nor-
mal mucosa, is outlined with eschar dots. The dis-
section is started by incising the rectal wall layer 
by layer until the desired level, which is usually 
full thickness. A partial-thickness excision is 
associated with a sixfold increase in risk of a posi-
tive resection margin, so a full-thickness excision 
should be standard for any lesion distal to the 
peritoneal refl ection where TEM is performed 
with curative intent. The extraperitoneal part of 

the rectum runs up to 20 cm from the  dentate line 
posteriorly, 15 cm laterally and 10–12 cm anteri-
orly, but these heights can vary particularly in 
female patients. The dissection should always be 
carried out close to the rectal wall to avoid inad-
vertent damage to the vaginal wall and urethra or 
accidental entry into the abdominal cavity. For 
posteriorly located lesions, the mesorectal fat can 
be resected by continuing the dissection onto the 
presacral fascia. This allows for    lymph node sam-
pling but can lead to troublesome bleeding, and a 
subsequent classical resection will encounter a 
spoiled mesorectal margin and will be technically 
more diffi cult. After removal of the specimen, the 
defect is rinsed with a copious amount of a tumor-
icidal agent to prevent the theoretical possibility 
of tumour implantation. The defect is usually 
closed with a running 2-0 PDS suture, with silver 
clips to the secure the ends. Some surgeons leave 
all defects open provided there is no peritoneal 
breach. The specimen should be handled with 
care and pinned out on a piece of cork with dress-
maker’s pins to preserve the orientation and rela-
tionship between the normal margin and the 
tumour. These specimens are best delivered fresh 
to the pathologist, with all the relevant clinical 
information.  

    Complications and Risks of TEM 

 A possible major complication is perforation 
into the peritoneal cavity. If the peritoneal cavity 
is accidentally entered, the defect should be 
closed to prevent soiling and loss of a stable 
pneumorectum. For large defects, it may be pru-
dent to perform a laparoscopic exploration at the 
end of the procedure to test the site of closure 
and washout of the pelvis. Postoperative morbid-
ity rates after TEM are low (5–10 %), and com-
plications are predominantly minor. The most 
frequent complication is dysuria or urinary 
retention which usually resolves spontaneously 
in the fi rst 24 h after surgery or may need tempo-
rary urethral catheterisation. This complication 
tends to be more common after excision of 
lesions within 2 cm of the dentate line. 
Postoperative haemorrhage can be treated 
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 conservatively in the majority of cases, but if 
severe enough, an urgent rectoscopy is required 
to deal with the focus of bleeding, which is usu-
ally the suture line or a mucosal tear. Pelvic sep-
sis can be controlled by local drainage via the 
rectum and antibiotics, but if sepsis persists, a 
diversion colostomy or ileostomy may be neces-
sary. Other less frequently reported complica-
tions are fi stulas to the perineum or vagina, 
surgical emphysema and rectal strictures.   

    Postoperative Follow-up 
and Treatment Strategies 

 Subsequent management after LE of early rectal 
cancer depends predominantly on histological 
parameters, and, of course, the patient’s physi-
ology and wishes are also critical. Further treat-
ment may demand radiotherapy, chemotherapy, 
radical surgery or a combination of these. The 
fi nal histology will provide information based 
on which one can estimate the chance of subse-
quent development of local recurrence and the 
likelihood of positive lymph nodes being left 
behind. The reported incidence for lymph node 
involvement in T1, T2 and T3 tumours are 
0–12 %, 12–28 % and 36–66 %, respectively 
[ 11 – 13 ], and the risk of local recurrence after 
LE also correlates directly with the depth of rec-
tal wall invasion: 5–29 % for T1 tumours, 
18–62 % for T2 tumours and greater than 40 % 
for T3 tumours [ 2 ,  14 ,  15 ]. 

 Therefore, LE can only be accepted as an 
oncological safe procedure in T1 tumours, but 
even within this early stage, important subdivi-
sions exist which allow cancers to be divided into 
‘low’ and ‘high’ risk including Haggitt’s classifi -
cation for pedunculated polyps, Kikuchi submu-
cosal invasion for sessile lesions and several 
important histological criteria as described in 
Table  5.1 . In the case of completely excised ‘low- 
risk’ cancers, local recurrence rates are low and 
comparable to those after radical surgery for an 
ERC, so no further surgical treatment is neces-
sary (Table  5.2 ).

    Although recurrence rates following LE in 
carefully selected cases should be low, it is imper-

ative that those that fail should be identifi ed at the 
earliest opportunity. The aim is to provide a safety 
net for those who choose some degree of oncologi-
cal ‘trade-off’ detecting recurrence at a presymp-
tomatic stage. Preliminary evidence  suggests that 
salvage surgery under these circumstances can 
have more favourable outcomes than traditionally 
reported and can be managed without recourse to 
multiviscera resection and offer acceptable rates of 
margin involvement [ 21 ]. There is however no real 
consensus on follow-up schedule after local exci-
sion of an ERC. Recurrences usually occur within 
the fi rst 2 years after resection, so investigation 

   Table 5.1    Pathological determinants of risk of local 
recurrence after local excision for early rectal cancer   

 Low-risk ERC  High-risk ERC 

  Absolute factors  
 Morphology  Polypoid  Ulcerated 

 Sessile  Flat raised 
 Tumour grade  G1–G2  G3–G4/signet 

ring 
 Depth of invasion  Haggitt 1–3  Haggitt 4 

 pT1sm1  pT1sm2–3 
 Lympho-vascular 
invasion 

 No  Yes 

 Resection margin  R0  Rx or R1 
  Relative factors  
 Tumour budding  −  + 
 Mucinous histology  −  + 
 Distal 1/3 rectum  −  + 
 Tumour size  <3–4 cm  >3–4 cm 

   Table 5.2    Recurrence rates and survival after local exci-
sion for early rectal cancer   

 No. of 
patients 

 Local 
recurrence 
(%) 

 5-year 
survival 
rate (%) 

 Borschitz et al. [ 16 ]  Low risk 
 n  = 89 

 6  89 

 High risk 
 n  = 21 

 39  93 

 Heintz et al. [ 17 ]  Low risk 
 n  = 46 

 4.3  79 

 High risk 
 n  = 12 

 33  62 

 Lee et al. [ 18 ]  52  4.1  100 
 Winde et al. [ 19 ]  24  4.2  96 
 Bretagnol et al. [ 20 ]  31  9.6  81 
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should be rigorous in this time period. The Oxford 
protocol  consists of follow-up in clinic and fl exi-
ble endoscopy at 3-monthly intervals for 2 years, 
thereafter 6-monthly for up to 5 years. Pelvic MRI 
is performed at 3, 9 and 24 months postopera-
tively, and a CT of the chest, abdomen and pelvis 
is performed annually for 3 years. At present 
PET-CT is not routinely recommended but can be 
employed to resolve uncertainty if local recur-
rence is suspected on MRI or CT. Although not 
part of our protocol, CEA levels can be determined 
every 3–6 months for 2 years, then every 6 months 
for a total of 5 years in patients who are potential 
candidates for resection of isolated metastasis. 
Many institutions with enthusiasm and expertise 
for ERUS will use this instead of MRI with impres-
sive results but without the reproducibility and 
valuable baseline reference images of MRI. 

 In case of ‘high-risk’ ERC or unexpected pT2 
cancer, the patient should be offered ‘completion 
surgery’ or early salvage as it is usually referred 
to in the literature, if there are no extenuating 
circumstances. The term ‘completion surgery’ is 
preferable to ‘salvage’ which has a negative con-
notation, and the patient must understand that 
the TEM specimen is an excisional biopsy and 
that further treatment (completion of therapy) 
may be necessary. Furthermore, data from the 
literature suggests that completion surgery, i.e. 
anterior resection or abdominoperineal excision, 
can offer comparable oncological outcomes after 
TEM compared to radical surgery performed as 
a primary treatment [ 5 ,  22 ]. Thus, if adverse 
pathology is detected following TEM, comple-
tion surgery can be undertaken without compro-
mising oncological excellence. However, certain 
technical issues may make radical surgery after 
TEM more diffi cult, and there is perhaps a ten-
dency towards abdominoperineal resection 
rather than restorative anterior resection in can-
cer of the lower third. There is no consensus on 
the timing of completion surgery nor on the use 
of preoperative radiotherapy. In the authors’ 
practice, patients are usually not given 
 neo-adjuvant radiotherapy, and surgery is per-
formed when the TEM site has completely 
healed and the infl ammation at the site has 

 subsided. In patients with signifi cant co-morbid-
ities that preclude major abdominal surgery, 
completion surgery is of course not an option for 
‘high-risk’ early rectal cancer or pT2 disease. 
For these patients, adjuvant radiotherapy is a 
reasonable option. There is no high- quality data 
in the literature regarding postoperative adjuvant 
radiotherapy; however, a report by Duek et al. 
hints at some benefi t [ 23 ]. Twelve patients with 
T2 rectal adenocarcinoma who had undergone 
radiotherapy after TEM remained disease free 
after a median follow-up of 3 years, while a 
50 % recurrence rate was seen in four patients 
who refused adjuvant treatment. Patients may 
also choose close follow-up with regular scan-
ning and sigmoidoscopy as outlined above; how-
ever, they must be counselled and made clear 
that this is an oncological compromise.  

    Conclusion 

 LE for ERC is controversial not least because 
we have invested considerably in improving 
outcomes from radical surgery since the 
1980s. However, the presentation of rectal 
cancer is changing with a signifi cant propor-
tion of cancers presenting at an early stage as 
a result of screening. In addition, we are 
slowly gaining insight into tumour behaviour 
through molecular analyses and will be able to 
create a tumour profi le that allows us to tailor 
treatment to fi t more precisely with the needs 
and desires of individual patients. For the vast 
majority, radical surgery along the principles 
of total mesorectal excision will continue to 
be the standard of care, but an important 
minority may choose to compromise onco-
logical excellence in favour of quality of life. 
The challenge is to allow this practice to 
evolve in a safe, carefully managed and 
audited environment. It is imperative that any 
move towards avoiding radical surgery is tem-
pered by adherence to a strategy that embraces 
LE for carefully selected early rectal cancers. 
It must also provide appropriate guidance 
should adverse features be identifi ed and a 
safety net for those who develop recurrent dis-
ease in an effort to do no harm.     
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    Abstract  

  Allocation into high- and low-risk cancers is useful when considering 
local excision of rectal cancers. It is referring to the risk of local recur-
rence after the transanal procedure as compared with open major surgery. 

 T1 cancers in the early substages sm1 and sm2 are generally considered 
low risk, whereas T1sm stage 3 is classifi ed as high risk together with 
tumours of higher T stages. The risk can be modifi ed by histological fea-
tures. Patient-related factors determine the acceptable level of risk in indi-
vidual cases. 

 The risk of local recurrence may be signifi cantly reduced by combining 
the transanal surgery with radiation or chemoradiation to a level where pre-
viously ‘high-risk’ cancers become ‘low risk’. This is still experimental. The 
accumulating evidence of the oncological outcome after combined treat-
ment is still not suffi cient for a fi rm conclusion. Early reports suggest that 
complete responders and good responders to chemoradiation or radiation 
may have acceptable long-term cancer-free results after local resection. 

 In case of preoperative under-staging, early, major ‘rescue surgery’ 
may produce a late outcome comparable with primary major surgery, 
whereas late ‘salvage surgery’ has a high risk of being non-curative.  

        T.   Borschitz ,  MD      
  Department of Surgery and Coloproctology , 
 Centre of Competence and Reference of 
Coloproctology, German Clinic for Diagnostic , 
  Wiesbaden ,  Germany   
 e-mail: thomas@borschitz.de  

  6      ‘High-Risk’ Early Rectal Cancers 
and (Neo)Adjuvant Therapy 
for Advanced Carcinomas 
in Addition to TEM Surgery 

           Thomas     Borschitz     

        Introduction 

 The suggestion to divide early, i.e. pT1, rectal 
carcinomas into ‘low-risk’ and ‘high-risk’ crite-
ria was fi rst published in 1986 by Hermanek and 
Gall [ 1 ]. They defi ned risk factors for lymph 
node metastases in pT1 carcinomas and thus cri-
teria for local carcinoma excisions. Hermanek 
et al. were able to demonstrate that in well- to 
moderately differentiated (G1–2) tumours, which 
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did not show invasion of the lymphatic systems 
(L0) or of blood vessels (V0), lymph node metas-
tases occur in <3 % of cases. In pT1 tumours with 
tumour-related L1/V1 fi ndings (Fig.  6.1 ) or with 
bad differentiation (G3–4), N+ fi ndings were 
present in >10 % of cases. In a literature analysis, 
Deinlein et al. further confi rmed this observation 
and calculated a percentage of 1.4 % for ‘low- 
risk’ pT1 carcinomas and 14 % lymph node 
metastases for ‘high-risk’ pT1 tumours [ 2 ]. The 
aim of this classifi cation was to identify risk fac-
tors which speak for a ‘low’ or ‘high’ potential of 
local recurrence development after local treat-
ments. The results suggested that so-called high- 
risk pT1 rectal cancers are not treated adequately 
by local surgery, since lymph node metastases 
are not considered and a high number of local 
recurrences can be expected.

   Independent from this, it was documented 
that the proportion of ‘high-risk’ tumours to be 
expected is ~13 % [ 3 ]. Nevertheless, only a few 
studies about local excisions of rectal carcino-
mas provide information about these ‘high-risk’ 
criteria [ 3 – 9 ]. 

 The relevance of tumour-related blood vessel 
invasion (V1) was relativized since, in cases with 
V1 situation, a systemic spread is already  present. 

However, the impact of the risk potential of V1 
fi ndings on the development of local recurrences 
is unclear but is generally estimated to be low 
(low evidence level). 

 Apart from this classifi cation, further defi ni-
tions for ‘high-risk’ tumours exist. Some authors 
do consider tumour differentiation (G3–4) only; 
others include incomplete (R1) or inadequate 
resections (Rclose/Rdoubtful) without providing 
detailed explanations or defi nitions [ 5 – 9 ].  

    Results After Local Excision of pT1 
‘High-Risk’ Rectal Carcinoma 
and the Infl uence of the Submucosa 
Level (sm1–3) as well as the Surgical 
Quality on the Risk for Local 
Recurrences 

 The differentiation of pT1 rectal cancers into ‘low-
risk’ and ‘high-risk’ criteria was already recom-
mended ¼ of a century ago, and a large number of 
studies about local excision exist. The majority of 
investigations, however, ignored this classifi ca-
tion. One possible reason may be that these so-
called high-risk criteria (G34/L1/V1) are diffi cult 
to determine preoperatively and that patients 

  Fig. 6.1    Tumour cell migration within a vein ( V1 ) and tumour cell invasion in a lymphatic vessel ( L1 )       
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decline further therapeutic steps after local exci-
sion after receiving these results [ 3 ,  10 ,  11 ]. 

 From large single mono- or multicentre stud-
ies, it became clear that a local recurrence rate of 
>20 %, and thus unfavourable oncological 
courses, can be expected in patients with pT1 
‘high-risk’ rectal cancers [ 3 – 10 ,  12 – 26 ]. If these 
results are further split into inadequate local exci-
sions (R1) and tumours that were not excised ‘en 
bloc’ or if the minimal distance of the tumour to 
the resection margin is smaller than 1 mm, the 
local recurrence rates rose to 50, 38, and 50 %, 
respectively [ 3 ,  4 ,  12 ]. Even if other researchers 
did not consequently separate their results 
according to these criteria, they indirectly con-
fi rmed the above-mentioned results since the 
median of recurrence rates from these studies 
was much higher (Table  6.1 ) [ 12 – 26 ].

   The importance of the invasion level of the 
tumour into the submucosa (sm), for the develop-
ment of local recurrences, was proven by other 
studies. Bach et al. and previously Schäfer et al. 
have demonstrated that the sm level is important 
for the risk for local recurrences (e.g. ~20 % for 
sm3 rectal carcinomas) [ 4 ,  26 ]. If only ‘low-risk’ 
(G1–2/L0) criteria were considered, similar 
results of 5 % local recurrences were found, as if 

the sm level (sm1/G1–2/L0) was additionally 
included. The reason for this is unclear. 

 One reason for this may be that the division of 
the submucosa (sm1–3) can vary from one inves-
tigator to the next. Further, with increasing depth 
of tumour invasion into the submucosa, the risk 
for lymph vessel invasion increases. In this con-
text it is unclear if determination of one parame-
ter (sm2–3 level or L1) is suffi cient or if both are 
needed for consideration. 

 Novel factors such as tumour buddings at the 
tumour front and molecular biological markers 
(factors for angiogenesis, their receptors, pro- 
and anti-apoptotic markers, regulatory T cells, 
etc.) have potential as prognostic markers for the 
development of local recurrences and lymph 
node metastases [ 27 – 30 ]. However, it needs to be 
mentioned that these have only been investigated 
in single studies with small patient collectives so 
far.  

    Results of Local Excision of pT2 
Rectal Carcinomas 

 The studies of local excision of pT2 rectal can-
cers are heterogeneous and reveal a broad range 
of local recurrences of 0–67 %. The reason is the 
inclusion of tumours with varying histological 
features. All studies considered prognostic unfa-
vourable results (‘high grade’/‘high risk’/R1/
Rdoubtful/Rclose) to different degrees (0–47 %) 
and included only few patients with short follow- 
ups [ 5 – 9 ,  31 ]. 

 Studies which separately described ‘low-risk’ 
pT2 tumours and adequate resections (R0 und R 
>1 mm) demonstrated that local recurrences can 
be expected in 29 % for these tumours. Thus, 
local excision in this situation cannot be consid-
ered oncologically adequate. The rate of local 
recurrences rises to >50 % if other high risk fac-
tors are added (G3–4/L1/V1 R1/Rdoubtful/
Rclose) [ 5 – 9 ,  31 ]. This high rate of local recur-
rences may be infl uenced by the potential to 
develop lymph node metastases, which is ~22 % 
for pT2 rectal cancers [ 32 ]. 

 If one wants to accept an increased risk for 
recurrences after local excision of ‘high-risk’ 

   Table 6.1    Local recurrences after local excision of pT1 
rectal cancer without excluding prognostic unfavourable 
histological fi nding   

 Local recurrences  Follow-up 
(months)   n  =  % 

 15 studies a   126/788  15.4 (9–40)  53 (29–85) 

 Bentrem, 
Chakravarti 
 Endreseth, 
Doornebosch 
 Helgastrand, Floyd, 
Garcia-Aguilar 
 Gopaul, Lamont, 
Mellgren 
 Nascimbeni, Paty, 
Stipa 
 Taylor, Whitehouse, 
Wirsing 

   a 11 studies without information about R1/Rdoubtful/
Rclose; 6 studies without information about L1/V1; 5 
studies including 0–34 % G3–4, 0–17 % R2, 9–17 % R1, 
2–20 % Rdoubtful, 17–32 % R1/Rdoubtful, 5 % Rclose  
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pT1 or pT2 carcinomas to avoid functional dis-
turbances (impotence, incontinence) after con-
ventional radical resection, the oncological 
approach should be in the foreground. But the 
possibility for using local excision as palliative 
approach is given. Such a highly individual 
approach should, however, be discussed with the 
patient.  

    Adjuvant Therapy After Local 
Excision of Rectal Cancers 

 For pT2 tumours, the option to perform adjuvant 
radio(chemo)therapy exists as an alternative to 
local excision alone. Only retrospective hetero-
geneous results support this concept of adjuvant 
therapy after local excision, and interpretations 
should only be considered with caution [ 33 ]. The 
single studies included different adjuvant thera-
peutic regimens, and even within one study, the 
patients were treated differently, i.e. with com-
bined radiochemotherapy or with radiation or 
chemotherapy only. Thus, the results obtained 
cannot be compared directly (Table  6.2 ) [ 33 ].

   The studies also included patients with vary-
ing risk factors [ 33 ]. Up to 44 % ‘high-grade’ or 
‘high-risk’ fi ndings, up to 29 % of cases with R1 
resections, and 57 % Rdoubtful or Rclose fi nd-
ings were included. The high rates of inadequate 
resections of pT2 rectal carcinomas do point to 
the diffi culties associated with the surgical proce-
dure if the tumour could not be excised by full- 
thickness technique. If, against expectation, a T2 
carcinoma is detected in a tumour preoperatively 
staged as adenoma or cT1 tumour, a high 

 frequency of inadequate resections can be 
expected if only mucosa or submucosa resection 
was performed [ 31 ,  32 ]. 

 Patients receiving radiochemotherapy after 
surgery developed local recurrences in 12 % of 
the cases. If only irradiation was offered, the 
local recurrence rate increased to 18 % [ 33 ]. 

 In comparison to local excision of pT2 rectal 
cancers alone, the local recurrence rate was 
halved using adjuvant radio(chemo)therapy. 
However, compared to results after primary radi-
cal surgery, these recurrence rates are still unac-
ceptably high [ 32 ,  33 ].  

    Immediate Radical vs. Salvage 
Surgery After Local Excision 

 After local excision of a pT1 rectal carcinoma 
with prognostically unfavourable criteria (G3–4/
L1/V1 R1/Rdoubtful/Rclose) or a pT2 carci-
noma, an immediate radical reoperation can be 
performed instead of an adjuvant therapy. 
Investigations have documented that after imme-
diate conventional reoperation, i.e. within 
4 weeks after local excision, oncological results 
comparable to those after primary radical surgery 
can be obtained [ 14 ,  33 ]. 

 In contrast, after follow-up and later salvage 
surgery for the recurrence, the developed recur-
rence is associated with a signifi cant higher risk 
of positive lymph nodes and systemic metastases 
[ 14 ,  33 ]. Therefore, if inadequate resections and 
‘high-risk’ pT1 or pT2 carcinomas are detected 
after the local excision, the procedure should be 
considered as an extended diagnostic procedure, 

   Table 6.2    Recurrences after local excision of pT2 rectal cancer and adjuvant therapy   

 13 studies   n  =  RT (%)  CT (%)  LR (%)  M 
 Follow-up 
(months) 

 Bleday, Russell, Steele, Lamont  107  100  100  12  11 %  49 (33–73) 
 Gopaul, Wagmann, Chakravarti, Bouvet   96  100  ~50  18  k.A.  45 (37–51) 
 Benson, Minsky, Le Voyer, Valentini, Fortunato   91  ~100  None  18  17 %  48 (37–56) 
 Total  294  ~100  ~40  16  11 %  47 (33–73) 

  R1 14 % (7–21 %), Rdoubtful/Rclose 16 % (8–18 %), G3–4/L1/V1 27 % (20–34 %) 
  RT  radiation,  CT  chemotherapy,  LR  local recurrences,  M  metastases  
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which requires additional therapeutic actions. In 
this context, adjuvant radiochemotherapy is 
clearly inferior to immediate radical reoperation 
[ 14 ,  32 ,  33 ].  

    Local Excision After Neoadjuvant 
Radio(chemo)therapy 

 The fi rst results of local excision after neoadjuvant 
radiochemotherapy of rectal cancers showed con-
sistently favourable results (Table  6.3 ) [ 14 – 39 ]. 
The local recurrence rate after neoadjuvant radio-
chemotherapy of cT2–3 carcinomas was only 
about 11 %. Prerequisite for this success and thus 
a decisive prognostic parameter for recurrence 
freedom was the primary response of the tumour 
to radiochemotherapy.

   In the case of ‘complete responders’ (ypT0), 
no local recurrences have been observed so far 
[ 34 ]. But also patients with a good response, i.e. 
a tumour response up to the submucosa level 
(ypT1), showed an encouraging low local recur-
rence rate of 2 % (0–6 %). Less clear-cut were the 
results of ypT2 fi ndings, since the local recur-
rences were 6–20 % in this group and they are 
therefore to be judged as less favourable. In addi-
tion, in the case of ypT2 tumours, persisting 
lymph node metastases is to be expected in more 
than 19 % of cases [ 40 ]. Unfavourable results 
were observed in nonresponders (ypT3), who in 

our analysis developed recurrences in 21 % of 
cases [ 34 ]. 

 The above-mentioned results in combination 
with the good results observed after radical surgery 
combined with neoadjuvant radiochemotherapy 
led to the discussion regarding if this approach 
does represent an alternative therapy for patients 
with a distal T2–3 rectal cancer [ 34 ]. Even in cases 
with more advanced (cT3) and primary non-resect-
able rectal cancers (cT4), complete remission can 
be achieved in ~20 %. After successful pretreat-
ment of these patients (with a response to ypT0–1 
level) followed by local excision, a stoma may be 
avoidable in a signifi cant number of patients. 

 However, almost all prior studies about local 
excision after neoadjuvant radiochemotherapy 
were retrospective analyses with selected patients. 
In addition, the follow-up was in the median 
35 months. Therefore, more long-term results are 
needed. An extension of the indication of local 
excision of rectal cancers can only be discussed 
after appropriate, controlled studies have been 
performed.     
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  7      Hartmann’s Resection 

           Ionica     Daniel     Vilcea       and     Ion     Vasile     

    Abstract 

 The resection of the rectosigmoid followed by intraperitoneal closure of 
the rectal stump and a terminal colostomy in a rectosigmoid junction can-
cer was fi rst described by Henri Albert Hartmann, as having the advantage 
of removal of the tumor and the avoidance of an anastomosis on an unpre-
pared and severely affected colorectum. 

 Nowadays, indications for Hartmann’s resection are related especially 
to complicated rectal cancer: tumoral perforation with peritonitis or 
abscess formation, obstructive rectal cancer with severely affected colonic 
wall, and postoperative peritonitis following an anastomotic dehiscence 
after an anterior rectal resection. A patient’s severely altered general sta-
tus, diffi culties in performing a very low anastomosis, or important dys-
functions of the anal sphincter may also represent a formal indication for 
Hartmann’s resection. 

 From a technical point of view, there are two major options: In a clearly 
palliative procedure (residual tumor, distant inoperable metastasis), the 
resection may be limited, without high ligation of the inferior mesenteric 
pedicle, but in cases with chance for cure, the principles of curative ante-
rior resection must be observed. The stoma formation has no peculiarities, 
but the surgeon must keep in mind that colostomy will be defi nite in many 
of these cases. 

 Although postoperative results of Hartmann’s resections have considerably 
improved over time, an important number of cases will continue to develop 
postoperative general complications and some specifi c morbidity: stoma-
related complications, pelvic abscesses, and rectal stump fi stula formation. 

 Regardless of its high morbidity and mortality, Hartmann’s resection 
remains a life- saving surgical procedure in the aforementioned conditions.  
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        Defi nition: Indications 

 The resection of the rectosigmoid followed by 
intraperitoneal closure of the rectal stump and a ter-
minal colostomy in an obstructive colorectal can-
cer was fi rst described by Henri Albert Hartmann 
in 1921 at the 30th Congress Françoise de Chirurgie 
[ 9 ]; his idea was extended later for lower rectal 
tumors (extended Hartmann’s procedure) and even 
for colon tumors in cases in which an anastomosis 
cannot be performed (á la Hartmann’s or Hartmann’s-
like procedure) [ 8 ]. The main advantage of this 
approach is represented by the removal of the 
tumor at the time of primary surgery and also by 
the avoidance of an anastomosis on an unprepared 
and severely affected colorectum. 

 In the long run, indications for Hartmann’s 
resection suffered several modifi cations; consid-
ered initially for obstructive carcinomas, nowa-
days the main indications for Hartmann’s 
procedure are represented by emergency rectal 
cancer surgery. The incidence of Hartmann’s 
resection varies between 11.5 and 31.9 % in 
acutely complicated colorectal cancer, being 
related to surgeon preferences and patient status 
[ 2 ,  5 ,  22 ]. 

 The most defi nite indication of Hartmann’s 
procedure in rectal carcinoma remains tumoral 
perforation with peritonitis or abscess formation, 
although several studies brought even this indi-
cation ton debate [ 3 ,  18 ]. It is highly recognized 
that, in such cases, performing an anastomosis is 
highly contraindicated, while tumor resection is 
imperative in order to remove the primary source 
of contamination [ 11 ,  12 ,  21 ,  22 ]. Also, in 
 postoperative peritonitis following an anasto-
motic dehiscence after an anterior rectal resec-
tion, the Hartmann’s procedure represents the 
best possible solution, especially for high ante-
rior resections, and also for low colorectal anas-
tomosis, in case of a large dehiscence or colic 
necrosis [ 16 ,  21 ]. 

 In obstructive rectal or left-sided colonic can-
cer, Hartmann’s resection remains an important 
option, even though a series of modern proce-
dures (intraoperative colic lavage, self-expanding 
metallic stents, bowel manual decompression and 
lavage with antiseptics, and protective 

 ileostomies) have decreased its incidence [ 13 ,  15 , 
 17 ,  21 ]. Still, the procedure of bowel decompres-
sion requires a longer operative time, a disadvan-
tage for these patients; it also appears that not 
bowel cleansing itself contributes to a lower 
dehiscence risk, but especially the quality of the 
bowel wall (bowel wall thinned or thickened by 
important edema, colonic vascularization 
affected by ateromatosis, colonic diverticulitis). 
The placement of a self-expanding metallic stent 
may alleviate the quality of the bowel wall after 
decompression, but this procedure is not always 
possible or, more often, is not available, 
Hartmann’s resection being a salvatory proce-
dure in these cases. 

 In patients with severe altered general status 
(severe comorbidities, low life expectancy,  multiple 
metastases, severe occlusive shock), the resection 
itself is under question, but, if it is possible, a 
Hartmann resection may be preferable to a proxi-
mal diverting stoma, due to its favorable effects 
(removal of the primary tumor creates a better 
quality of life and sometimes an improvement in 
local control and even survival) [ 10 ,  14 ]. A 
Hartmann procedure may also be employed during 
a presumed anterior resection or abdominoperineal 
resection, when the patient’s condition is altered 
severely, determining a reduction of the operative 
time [ 8 ]. 

 Advanced age of the patients may represent a 
formal indication for Hartmann’s resection, espe-
cially due to multiple comorbidities affecting 
such cases [ 12 ]. 

 Another indication for Hartmann’s resection 
in rectal carcinoma is like a palliative type of 
resection, in advanced cases, in which an anasto-
mosis is diffi cult to be performed; in these cases, 
cure cannot be achieved, due to inoperable dis-
tant metastasis, or due to local extent of the 
tumor, in which local recurrence is to be expected 
very soon after the resection (involved circumfer-
ential margins or even macroscopic residual 
tumor – R 2  resections). In these cases, the pur-
pose of palliation is to alleviate the patient’s 
symptoms, which is better achieved through the 
Hartmann’s procedure than an abdominoperineal 
resection (persistent perineal pain, sepsis related 
to perineal wound) [ 10 ]. Also, an anastomosis 
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performed under these circumstances will be 
quickly invaded by cancer, imposing a rapid, 
unjustifi ed reoperation, or, even worse, will lead 
to an anastomotic dehiscence and further severe 
complications. Hartmann’s procedure will also 
be preferable to a low anterior resection, when-
ever anal sphincter function is poor, leading to a 
postoperative anal incontinence [ 7 ,  22 ].  

    Surgical Technique 

 When discussing the Hartmann’s surgical tech-
nique, many authors consider it as an anterior 
rectal resection without an anastomosis; still, 
there are several differences in the technical 
approach over the Hartmann’s resection. 

 The surgical approach is routinely made by a 
median pubo-umbilical incision, prolonged 
above the umbilicus; a complete abdominal 
exploration is mandatory before considering a 
Hartmann’s resection: Synchronous colonic 
tumors, colonic diverticulitis, severe altered 
colorectal wall, and multiple metastases may 
infl uence the type of surgery. When the decision 
for resection without anastomosis is made, the 
resection is usually commenced with lateral 
mobilization of the sigmoid and, sometimes, 
descending colon (short, retracted sigmoid). 

 When the resection has a clearly palliative 
intention (short life expectancy, advanced cases, 
too frail patients with severe comorbidities), the 
mobilization may be more limited, specimen 
resection including the distal part of the sigmoid 
and the tumor-bearing rectum, along with at least 
4–5 cm of the distal rectum, in order to ensure a 
good cleaning of both the mesorectum and distal 
margin. In case of a middle rectal cancer, in order 
to preserve enough length of the distal rectum, 
the sectioning may be performed 2 cm below the 
tumor, but this recommendation makes sense 
when a future reversal procedure is foreseen [ 4 ]. 

 In these cases, lateral mobilization is followed 
by sigmoid mesentery sectioning at the level of 
presumed upper resection; the ligation and sec-
tioning of the inferior mesenteric artery and vein 
at the origin has no sense, due to the obvious 
character of palliation, so the vascular time will 

include only one or two of the sigmoid arteries 
and superior hemorrhoidal artery, which are dis-
tributed to the virtually removed colorectal seg-
ment (Figs.  7.1  and  7.2 ). Obviously, below the 
tumor, the rectal supplying arteries and veins will 
be divided until the distal limit of resection is 
reached. This technique has the advantage of a 
shorter operative time, which has a paramount 
importance in the postoperative evolution of a 
very frail patient, in spite of modern techniques 
in anesthesia and intensive care. Obviously, as I 
have already mentioned, this is recommended to 
be done only in clearly “no-chance for cure” 
patients, with a median of 11–12 months of sur-
vival after the operation.

    When Hartmann’s procedure is employed 
only because of the local condition (too altered 
colonic wall, peritonitis), otherwise in a patient 
with good condition and apparently localized 
rectal cancer, the resection type must be as 

IMA

UHA

SA

IMA - inferior mesenteric artery 

SA - sigmoid artery

UHA - upper haemorrhoidal artery

  Fig. 7.1    Low ligation of the distal sigmoid artery in a 
clearly palliative Hartmann’s resection       
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 similar as possible to the anterior resection. In 
these cases, ligation of the inferior mesenteric 
artery and vein must be done as close as possible 
to their origin, with or without preserving the left 
colic artery, but with the removal of the lymph 
node at this level (Figs.  7.3  and  7.4 ). The dilated 
bowel may induce diffi culty at this moment, but 
the exteriorization of the small bowel loops from 
the abdomen (covered with soft, moistened 
drapes) and a good lateral mobilization of the 
sigmoid and descending colon make the individ-
ualization and sectioning of these vessels possi-
ble. Except for a very short and retracted sigmoid 
or its mesentery, or a previously affected sig-
moid by diverticular disease, which recommend 
the removal of the entire sigmoid, the mobiliza-
tion of the splenic fl exure is not usually neces-
sary for future stoma creation.

    From this moment, the resection of the sig-
moid and rectum may be performed in the same 
manner as in the curative anterior resection: The 

colic mesentery will be divided, preserving the 
vascular marginal arcade along the segment 
which will be preserved. Different from rectal 
resection, dividing the sigmoid, at the level cho-
sen for resection, is not recommended in obstruc-
tive rectal cancer due to the increased risk of 
stercoral spillage in the peritoneal cavity, so the 
rectal resection will be made with sigmoid “in 
situ,” which may create some diffi culties in meso-
rectal dissection. Similar to the anterior resection, 
much attention must be given to preserving the 
upper hypogastric plexus and  hypogastric nerves 
and especially to not entering the mesorectal fas-
cia, with subsequent risk of residual microscopic 
cancer, which may compromise the oncologic 
result. Obviously, this is easier in upper rectal 
cancers, while in middle rectal cancers, dilated 
upper rectum will create many diffi culties in 
doing a correct mesorectal excision. This is also 
an explanation for some failures after Hartmann’s 
resection (or extended Hartmann’s resection) in 

IMA LCA

SA

SRS

D

D

IMA - inferior mesenteric artery
LCA - left colic artery
SA - sigmoid artery
SRS - sutured rectal stump
D - retrorectal drains

  Fig. 7.2    Final aspect after a 
clearly palliative Hartmann’s 
procedure; the rectal stump is 
closed with sutures and two 
drains are placed around it       
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patients otherwise suitable for cure (local disease 
leading only to intestinal obstruction, without 
perforation or metastasis). Nevertheless, it has 
been proven that circumferential margin involve-
ment is signifi cantly higher after Hartmann’s 
resection (31.7 % of cases) than after anterior 
resection or Miles’ procedure; this was explained 
partially by the palliative and emergency charac-
ter of resection [ 19 ]. 

 When the distal point of resection is achieved, 
the rectum will be transected, directly or using a 
stapling device. Usually, conditions claiming a 
Hartmann’s resection do not allow a total 
 mesorectal excision to be performed, but if can-
cer cure may be considered an endpoint, the total 
mesorectal excision must be performed in spite 
of all mentioned diffi culties. Still, in many cases, 
the mesorectal dissection will stop at the level of 
the rectal sectioning. 

 If a stapling device is not available or cannot 
be used, the rectal stump may be closed simply 
with interrupted or continuous sutures or may 
even be left open with a drain in it (usually, when 
the closure is very diffi cult, in case of a very nar-
row pelvis and a very low resection). In both such 
cases, due to the risk of pelvic sepsis (abscess 
formation), pelvic lavage followed by pelvic 
drainage is mandatory. It is now the moment for 
the sigmoid sectioning and rectal specimen 
removal.  

    Colostomy Formation 

 There are several possibilities of performing a 
colostomy, all of them being related to the sur-
geon’s preferences. Regardless of the technical 
varieties, there is a series of conditions to which 
a colostomy must submit: good vascularization 
of the exteriorized bowel, with no tension, and 
the possibility of being easily and effi ciently cov-
ered by a colostomy bag that implies a comfort-
able distance from the midline incision in order 
to avoid its contamination but also a suffi cient 
distance from the bony structures or cutaneous 
folds. Every time a colostomy creation is antici-
pated, the stoma area must be evaluated preoper-
atively and marked for the ease of intraoperative 
completion of the above enounced conditions. 
In Hartmann’s resection, the surgeon must also 
keep in mind that usually colostomy will be a 
defi nite in most of the cases. 

 Usually, the stoma-creation time commences 
with an incision on the left side of the rectus 
abdominis projection area, dissection of the sub-
cutaneous layer, and incision of the anterior sheet 
of the rectus abdominis. After the dissociation of 
the muscular fi ber, an incision is made on the 
posterior sheet of the rectum abdominis and peri-
toneal sheet, and the sigmoid (or the mobilized 
descending colon) is exteriorized. A series of 
sutures are then placed around the exteriorized 
bowel to ensure its fi xation to the tegument. In 
the case of good local condition, per primam 
maturation of the stoma might be possible, but 
sometimes a secondary opening of the stoma is 
performed 2 or 3 days later (Fig.  7.5 ).

IMA

LCA

SA

UHA

IMA - inferior mesenteric artery
 LCA - left colic artery
  SA - sigmoid artery
    UHA - upper haemorrhoidal
    artery

High IMA ligation:

  Fig. 7.3    The high ligation in Hartmann’s resection: infe-
rior mesenteric artery and vein ligated and divided just 
below the pancreatic border       
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       Postoperative Results 

 Although postoperative results of Hartmann’s 
resections have considerably improved over time, 
still an important number of cases will continue 
to develop postoperative complications, leading 
to an important morbidity and mortality after this 
procedure. The main cause of this situation is 
represented by the conditions themselves impos-
ing a Hartmann’s resection: severely altered gen-
eral status and advanced neoplastic disease at the 
time of surgery, emergency operation for 
obstructing or perforated rectal cancer, or, even 
worse, a reoperation for a postoperative peritoni-
tis after failure of an anterior rectal resection. 

 Excluding general complications, favored 
especially by the patient’s existing comorbidities 
and stoma-related complications, Hartmann’s 

LIMA

MA-SMA

DD

SRS - sutured rectal stump
D - retrorectal drains

SRS

LIMA - ligated inferior
mesenteric artery
MA-SMA - marginal
arcade anastomosis with
superior mesenteric artery

  Fig. 7.4    Final aspect after a 
high ligation in Hartmann’s 
resection, also with closing of 
the rectal stump and pelvic 
drainage       

  Fig. 7.5    Final aspect after a Hartmann’s resection: a mid-
line large incision with left colostomy; the exteriorized 
bowel will maturated 7 days after the resection       
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resection has a particular frequent type of postop-
erative  morbidity, represented by pelvic abscess 
and rectal stump fi stula formation. The latter has 
relatively little consequences in terms of gravity 
(except for its contribution in pelvic abscess for-
mation), but the former represents an important 
cause of death of these patients. 

 The incidence of pelvic sepsis after a 
Hartmann’s resection decreases from 30 (even 
75 % for extended Hartmann’s resection) to 
18.6 % in the study of Tøttrup et al. The inci-
dence of pelvic sepsis after Hartmann’s resection 
seems to be signifi cantly higher in men (45 %), 
with low closure of the rectal stump (below 2 cm 
from the pelvic fl oor) – 32.9 % [ 20 ]. 

 In order to reduce the incidence of pelvic sep-
sis after Hartmann’s resection and especially 
after extended Hartmann’s resection, the best 
method is to permit a good drainage of the rectal 
stump and its surroundings; therefore, a policy of 
non-peritonealization and a good drainage of the 
pelvis and presacral space are mandatory. 
Transanal drainage of the rectal stump may be 
useful in low or very low rectal resections, when 
the rectal stump suture line is diffi cult to be per-
formed or even impossible. 

 Postoperative mortality after Hartmann’s 
resection for rectal cancer decreases signifi cantly; 
still, it is impossible to disappear completely due 
to severe conditions imposing such type of resec-
tion. The highest mortality after Hartmann’s pro-
cedure is encountered in the study of Biondo 
et al., with 56.2 % of patients dying after this type 
of resection, but explained by the patient selection 
for the procedure: Only high- risk (ASA IV) 
patients with fecal peritonitis, renal failure, hemo-
dynamic instability, or advanced cancer were 
selected for resection without anastomosis [ 2 ]. 

 Regardless of its high morbidity and mortal-
ity, Hartmann’s resection remains a life-saving 
surgical procedure, which makes it diffi cult to 
believe that it will be surpassed by other thera-
peutic methods, at least for a specifi c category of 
rectal cancer patients: perforated tumors, 
advanced intestinal obstruction, and advanced 
locoregional or distant disease, otherwise requir-
ing an abdominoperineal resection. 

 In terms of long-distance results, the propor-
tion of patients with a chance of cure is still low: 

Only 30–34.1 % of patients with an apparently 
curative resection survive at 5 years. However, a 
 percentage of patients initially considered in a 
palliative resection will survive long enough to 
permit reevaluation of the initial stage and prog-
nosis [ 8 ,  19 ].  

    Hartmann’s Reversal Procedure 

 Sometimes after a Hartmann’s resection for rec-
tal cancer, it is possible to dismantle the initial 
colostomy and perform a colorectal anastomosis 
(Hartmann’s reversal). The percentage of 
Hartmann’s reversal in rectal cancer is relatively 
low, only about 24 % of cases; the reasons are 
represented by the initial conditions claiming a 
Hartmann’s resection, by the technical diffi cul-
ties (a very low rectal stump, hidden behind 
important urinary structure), or by the patient’s 
lost to follow-up or their refusal to be submitted 
again to surgery [ 22 ]. 

 The time of reversal also represents an oppor-
tunity to explore the peritoneal cavity, seeking 
metastasis or locoregional recurrences. This is 
the reason why a Hartmann’s reversal procedure 
after rectal cancer must not be employed before 
6 months or even a year after the initial operation 
and only after a good general preoperative evalu-
ation (CEA dosage, abdominal CT, pelvic MRI, 
or endorectal ultrasound). Only after the preop-
erative imaging modalities have excluded a dis-
tant or locoregional recurrence can a Hartmann’s 
reversal be taken into consideration. 

 If the reversal is possible, a good preoperative 
evaluation of the rectal stump and anal sphincter 
must be employed: anal manometry to test the 
quality of the anal sphincter (not mandatory but 
recommended in cases with weak preoperative 
anal pressure on rectal digital examination or if a 
history of preoperative anal incontinence is pres-
ent, especially in elderly patients) [ 11 ]. The length 
and quality of the rectal stump is needed to assess 
for the possibility of a low or a very low colorectal 
anastomosis or for associated pathology (procti-
tis); additionally, a good evaluation of the large 
bowel frame is mandatory, seeking for synchro-
nous or metachronous lesion (full-length colonos-
copy or barium enema) [ 11 ]. After the decision of 
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the reversal has been made, a good preoperative 
mechanical preparation of both the rectal stump 
and large bowel frame should be employed. 

 The reversal surgery usually commences with 
an iterative midline laparotomy, followed by a 
thorough exploration of the entire peritoneal cav-
ity and liver status (intraoperative ultrasound is 
very useful); only after that, the colostomy will 
be dismantled usually with a circumferential 
incision around the exteriorized sigmoid. A large 
mobilization of the large bowel frame is then nec-
essary to ensure a suffi cient length of the colon to 
perform a low colorectal anastomosis; the exteri-
orized portion of the sigmoid is recommended to 
be resected, in order to ensure a good healthy 
colic partner for the anastomosis. Obviously, the 
presence of diverticular disease or other colonic 
pathology will change the good progress of the 
surgery (Figs.  7.6 ,  7.7 ,  7.8 ,  7.9 ,  7.10 , and  7.11 ).

  Fig. 7.6    The iterative pubo-umbilical incision for 
Hartmann’s reversal.       

  Fig. 7.7    The mobilization of the left colon and splenic 
angle for Hartmann’s reversal.       

  Fig. 7.8    The colostomy is closed and protected with 
povidone-iodine gauze       

  Fig. 7.9    A circumferential incision around the colostomy 
for Hartmann’s reversal       
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        The identifi cation of the rectal stump repre-
sents a very important time of the reversal proce-
dure (a sigmoidoscope, a Hegar’s dilator, an anal 
tube, or even a circular stapling device may be 
very useful, but with much attention to avoid rec-
tal wall damage or perforation); unpleasant sur-
prises may still arise, even with a good 
preoperative exploration (important adhesions 
between the rectum and urinary bladder in men, 
with risk of ureteral or bladder lesion, undetected 
local recurrence). In order to minimize the risk of 
intraoperative ureteral or bladder damage, the 
least possible rectal dissection will be employed 
and a stapled or hand-sutured end-to-side anasto-
mosis on the anterior surface of the rectum will 
be performed [ 6 ,  11 ]. Diffi culties will be much 
higher in the case of a very short rectal stump, in 

which situation a circular stapler must be avail-
able. Additionally, the initial positioning of the 
patient must permit access to the perineum (clas-
sic gynecologic position). In case of doubtful 
integrity of the created colorectal anastomosis, a 
covering ileostomy must be taken into consider-
ation at the time of surgery. 

 Postoperative morbidity after open Hartmann’s 
reversal is high, affecting over 40 % of the cases 
(48.5 % overall rate, with 43.8 % surgical com-
plications in the study of Aydin et al.), with a 
mortality rate of 1.7 % in the same study [ 1 ].     
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    Abstract 
 The surgical treatment remains the corner-
stone in rectal cancer. Although many pro-
gresses have been made in the surgical 
treatment of rectal cancer in the recent years, 
starting with the developing of the total meso-
rectal excision by Heald, there are still some 
points of debate: how and when can we 
approximate the 2 cm limit from the lower 
border of the tumor: before or after the rectal 
mobilization? Is intraoperative rectoscopy 
mandatory? How laterally should the resec-
tion be extended? Is protective stoma neces-
sary in all cases and if so, is ileostomy better 
than colostomy? 

 For upper rectal cancer, the anterior resec-
tion with partial mesorectal resection (at least 
5 cm below the tumor), followed by a colorec-
tal anastomosis, will be the preferred opera-
tion by most surgeons; still, there are opinions 
about total mesorectal excision, even for this 
high location of the rectal cancer. The most 
challenging decision will be in the middle rec-
tal cancer: usually, a low or ultra-low anasto-
mosis will be performed, but some points of 

debate persist especially related to the way in 
which the 2 cm limit between the tumor and 
the anal sphincter is determined.     

     Defi nition: Indication 

    A resection of the cancerous rectum followed by 
an anastomosis between the distal colon and rec-
tum was originally performed by Cripps (1897) 
and Balfour (1910) [ 1 ], but the “father” of the 
end-to-end colorectal anastomosis following an 
anterior rectal resection for cancer is considered 
Claude Dixon (Dixon’s procedure or Mayo clinic 
procedure, 1939) [ 2 ,  5 ,  18 ,  25 ]. 

 The modern era of the anterior resection has 
been started by Bill Heald, who developed the 
technique of total mesorectal excision in rectal 
cancer [ 13 ,  14 ,  18 ]. This technique allows the 
removal of the entire fatty tissue surrounding the 
rectum along with perirectal lymph nodes and 
potentially tumoral deposits, ensuring a 4–8 % 
rate of local recurrence at 5 years [ 14 ,  35 ]. At the 
same time, performing a correct technique will 
allow to preserve the nervous plexus integrity, 
with a lower rate of functional (urinary or geni-
tal) disturbances [ 17 ,  24 ]. 

 An anterior resection is considered low when 
colorectal anastomosis is performed and located 
below the peritoneal refl ection of Douglas’ 
pouch, involving opening the pelvic peritoneum, 
dividing the lateral ligaments, and freeing the 
rectum down to the anorectal junction; the 
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 resection specimen will include the sigmoid with 
the inferior mesenteric pedicle and the rectum (at 
least 2 cm distal margin), with its attached meso-
rectum [ 14 ,  18 ,  35 ]. 

 Low anterior rectal resection is performed for 
mid- and lower rectal cancers, leading to an 
increased number of sphincter-saving resection 
[ 6 ,  7 ,  18 ]. Of course, the lower the rectal cancer 
is, the higher diffi culties will be encountered, 
both with the resection, but especially when fash-
ioning the colorectal anastomosis.  

    Surgical Technique 

 In order to perform an anterior rectal resection 
for cancer, a good colorectal preoperative prepa-
ration, both mechanically and with antibiotics, is 
necessary to be made, at least for elective cases. 
The technique of mechanical preparation may 
differ among surgeons, but the option is rela-
tively similar: a short period of solid food intake 
denial concomitant with an oral colonic lavage 
the day before surgery; the antibiotics used may 
also vary, but usually a combination of oral 
 antibiotics (the day before surgery) and intrave-
nous antibiotics (1 h before the operation com-
mences) active against Gram-negative and 
anaerobe  bacteria is used [ 7 ,  18 ,  21 ]. The pro-
phylaxis of venous thrombosis must be taken 
into  consideration (low-weight heparin just 
before surgery). The potentially stoma place-
ment must be selected and the patient informed 
about the possibility of a temporary diverting 
stoma or a defi nitive one [ 18 ,  21 ]. 

 The patient position on the operating table is 
usually in Trendelenburg position, but an easy 
access to the perineum must be granted, espe-
cially in low or very low anastomosis, or if an 
abdominoperineal resection is anticipated 
(Lloyd-Davies modifi ed position) [ 7 ,  18 ,  21 ]. 
Just before the surgery, a urinary catheter must be 
inserted; although some surgeons use a suprapu-
bic catheter during the intervention [ 21 ], the 
placement of a urethral Foley catheter has the 
advantage of making urethra easy to be identifi ed 
if an abdominoperineal excision will be neces-
sary to be performed. 

 The operation is made through a generous 
midline abdominal incision, having the advan-
tage of simplicity, but more important, allowing a 
good access over the entire abdominal cavity and 
pelvis; the incision commences at the pubis and 
ends above the umbilicus (at least 5 cm above) 
[ 18 ,  21 ,  36 ]. In addition, the midline incision has 
the advantage of letting free the abdominal fl anks, 
if stoma creation is necessary. 

 After the incision, the liver, peritoneum, and 
ovary must carefully be assessed, looking for 
metastasis (intraoperative ultrasound, biopsies 
from suspected lesion or enlarged lymph nodes 
with frozen-sections are very useful); also, the 
assessment of the large bowel frame is manda-
tory, especially when a preoperative pancolonos-
copy is not available, looking for synchronous 
lesions, diverticular disease, and vascular distri-
bution (continuity of the marginal arcade between 
proximal and distal colon). In pelvis, locore-
gional assessment (tumor extension, perirectal 
enlarged lymph nodes) will permit, along with a 
preoperative MRI, to anticipate the type of resec-
tion: R 0 /R 1  or R 2 ; also, it is very important to 
establish that an anastomosis is possible to be 
made or, at the end, an abdominoperineal resec-
tion will be performed. A tumor located at or 
above the Douglas pouch is easy to be explored at 
this moment, but tumors located below the peri-
toneum are diffi cult to be assessed at this point, 
sometimes being inaccessible to palpation before 
the rectum is mobilized; hence, the fi nal decision 
regarding the anastomosis will be made later, 
during the rectal mobilization [ 7 ,  36 ]. 

 After careful intraoperative full exploration, 
the bowel loops will be removed from the 
abdominal cavity and packed in a moistened, 
worm drape; also, without a major inconvenient, 
the small bowel loops may be removed from the 
pelvis and kept in the upper abdomen by an 
assistant or, if available, by a third valve of the 
retractor [ 7 ,  18 ]. 

 Starting from this point, the resection may 
evolve in two possible ways: from medial to lat-
eral (initial discovery and ligation of the mesen-
teric pedicle, followed by colic mobilization – more 
specifi c to laparoscopic resection), or from lateral 
to medial approach (initial mobilization of the 
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colon); there are not signifi cant differences in 
terms of oncologic results between these two 
modalities, usually resection commencing with 
lateral mobilization of the sigmoid and descend-
ing colon, using the avascular plane of Toldt’s 
fascia. The mobilization will be made medially 
till the aorta and aortic bifurcation, discovering 
the origin of the right common iliac artery, care-
fully not to injure the left ureter and genital ves-
sels. Moreover, the extent of the mobilization 
will depend on the length of the sigmoid, the 
quality of the bowel wall, and, of course, the 
quality of the marginal arterial anastomosis 
between the superior and inferior mesenteric ves-
sels. In the most favorable situation, the length 
will be enough to allow an anastomosis in pelvis, 
without a mobilization of the splenic fl exure, but 
usually this is necessary in order to ensure a 
tension- free suture between the colon and rectal 
stump (especially in very low resections). Distal, 
the peritoneal sectioning continues on both sides 
of the rectum (a subperitoneal tumor may become 
palpable at this point); the incisions will meet on 
the anterior surface of the Douglas pouch, includ-
ing 1–2 cm of the peritoneum from this level 
[ 13 ,  18 ,  21 ]. This is necessary for two reasons: to 
remove the possible malignant cells colonized 
peritoneum of Douglas pouch and also because 
the anterior plane of resection will include, for 
oncological reasons, the Denonvillier’s fascia, to 
avoid entering into the very thin anterior meso-
rectum [ 14 ,  15 ,  21 ]. 

 After careful colonic mobilization at the needed 
level, the vascular time will commence with the 
discovery of the inferior mesenteric artery on the 
aortic plane; (Fig.  8.1 ) the level of ligation will 
vary between the arterial origin and below the ori-
gin of the left colic artery [ 14 ] (the latter seems not 
to compromise the oncologic result, with the con-
dition of no enlarged lymph node at this level; still, 
the high ligation of the inferior mesenteric artery 
will allow a better length of the colon, which will 
not be retracted above by the left colic artery 
string). After the ligation of the inferior mesenteric 
artery, the inferior mesenteric vein (Fig.  8.2 ) will 
be dissected and ligated below the pancreatic bor-
der, removing, at the same time, the lymph node 
from this level. Care must be taken at this point not 

to damage the nervous fi bers of the inferior mesen-
teric nervous plexus, one of the delicate points of 
nervous damage in anterior resection; still, in case 
of an enlarged lymph node at this level, in spite of 
an indicator of poor prognosis, the nerve will be 
sacrifi ced [ 18 ].

    Regarding the vascular time of the anterior 
resection, there are surgeons who prefer the ligation 
of the inferior mesenteric vessels (vein and artery) 
before the mobilization of the left colon, in order to 
prevent mobilization of tumoral cells in portal 

  Fig. 8.1    Low    tie of the inferior mesenteric artery (intra-
operative aspect)       

  Fig. 8.2    Isolated and ligated inferior mesenteric vein 
(intraoperative aspect)       
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venous system (no-touch isolation); even though 
after the surgery malignant cells were discovered in 
the portal vein blood stream, it was established that 
this approach (somehow more diffi cult and risky) 
does not infl uence the recurrence or the survival of 
the patients. The same conclusion is available for 
tumor’s isolation between ties applied above and 
below the tumor, in order to prevent cancerous cells 
distal spillage and local anastomotic recurrences. 
For the latter reason, a good lavage with antiseptics 
(povidone- iodine) of pelvis and rectal stump will be 
more easy and effi cient than a rectal untimely mobi-
lization in order to isolate the tumor [ 7 ,  13 ,  14 ,  18 ]. 

 After the main vascular trunks were divided, 
the left colonic mesentery will be carefully sec-
tioned not to injure the left ureter and, also, not to 
interrupt the marginal vascular arcade up to the 
level chosen for sigmoid sectioning: at the 
descending-sigmoid junction or, if a long, 
healthy, sigmoid is available, a little more distal, 
preserving enough length for a low anastomosis 
(an approximation may be made at this point, 
descending the remaining colon until it reaches 
the pubis) (Fig.  8.3 ). At the chosen level, the vas-
cular marginal arcade will be ligated and divided; 
also, the bowel wall will be sectioned at this point 
(in order to avoid a septic time of the surgery 
from this moment on, the colon may be sectioned 
after the rectal dissection, but with the sectioning, 
the next operative movements will be much more 
easier) [ 18 ]. If the colon is sectioned, the upper 
colon will be wrapped with povidone moistened 
swabs and put back in the peritoneal cavity, while 

the resected sigmoid will be used for traction, in 
order to make mesorectal connections more evi-
dent with surrounding fascial and neurovascular 
structures.

   Obviously, in case of cancer invasion in the 
anterior structures, an en bloc resection of the 
invaded portion must be taken into consideration, 
if a radical resection (R 0 /R 1 ) seems probable (par-
tial cystectomy, hysterectomy). Nowadays, such 
cases are usually diagnosed preoperatively, there-
fore these patient benefi t from neoadjuvant 
chemoradiotherapy [ 10 ,  21 ,  30 ]. 

 From this moment on, the most delicate part 
of the resection begins: discovering and main-
taining a correct mesorectal plane and fashion-
ing a delicate colorectal anastomosis deep in 
the pelvis. The pelvic dissection commences on 
the posterior aspect of the resection specimen: 
maintaining a moderate traction on the inferior 
mesenteric pedicle (already sectioned) (Fig.  8.4 ) 
and the sectioned sigmoid, the dissection will 
continue downward on the anterior surface of 
the aorta, looking for the “holly,” avascular plane 
between the rectal fascia and presacral fascia 
[ 13 ,  14 ] (Fig.  8.5 ).

    At this point, great care must be taken for two 
possible major risks: the risk of nervous damage 
(hypogastric nervous plexus, located just below 
the bifurcation of the aorta, and hypogastric 
nerve, which origins at this level and continues to 
both sides just under the presacral fascia); the 
other important risk is leaving the holly plane and 

  Fig. 8.3    Sigmoid mesentery sectioning (intraoperative 
aspect)       

  Fig. 8.4    Upper rectal vascular package prepared to enter 
the posterior mesorectum (intraoperative aspect)       
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entering the rectal fascia (conning in) and leaving 
cancerous cell deposits or even lymph nodes in 
the pelvis, the source of local recurrence. Leaving 
the correct dissection plane and entering into the 
presacral fascia has another risk: lesions of 
the presacral veins, which tend to retract into the 
sacral foramen, hemostasis being very diffi cult to 
be achieved in such cases. 

 The posterior dissection is continued as deep 
as possible (until the tip of coccyx) with the rec-
tum put on tension and careful sharp sectioning 
(diathermy or blunt scissors), keeping under 
direct vision the shinny mesorectal fascia and 
maintaining its integrity using only sharp dissec-
tions and avoiding blunt dissection which will 
tear the mesorectal fascia [ 13 ,  14 ]. 

 When posterior dissection reached the desired 
level, low rectal resection will continue on the 
anterior plane, less risky in women, but with 
much more attention in men, in which leaving the 
correct plane may results in damage of the semi-
nal vesicle, prostate, bladder, or genitourinary 
nerves, or penetrating in the rectum, increasing 
the risk of local recurrence. For these reasons, the 
anterior dissection will commence with perito-
neal folds (already sectioned) put on tension and 
a good retraction of the bladder, using sharp scis-
sors, until it reaches the seminal vesicle and the 
prostate; at this level, the Denonvillier’s fascia 
will be sectioned, not too laterally to avoid dam-
aging the nervi erigentes. 

 With posterior and anterior plane of dissec-
tions fi nished, the cylindrical mobilization of the 
rectum may be achieved now, by sectioning the 
lateral aspect of the mesorectum (lateral rectal 
ligaments). The lateral sectioning will be made 
maintaining contact with mesorectal fascia and a 
good tension on the rectosigmoid upward and to 
the opposite site of dissection, with care not to 
damage the ureters, or the pelvic plexus with its 
genitourinary nerves. On the lateral ligaments, in 
15–20 % of cases, the middle rectal artery may be 
found, requiring careful diathermy or good 
 isolation and ligation, in order to prevent bleed-
ing (in case of bleeding the attempt to achieve the 
hemostasis increases the risk of autonomic pelvic 
plexus damage). 

 Obviously, a tumor extended beyond the 
mesorectal fascia will impose leaving this plane 
and removing all the surrounding tissue, regard-
less of the nerve damage, in order to ensure a 
good local clearance and prevent recurrence; 
still, in these advanced cases, a local recurrence 
is to be expected. 

 The level of rectal and surrounding mesorec-
tum sectioning depends mainly on the level of the 
tumor; it is commonly agreed that mid-rectal and 
distal rectal cancer will impose total mesorectal 
excision, with sectioning of the rectal wall at 
least 2 cm below the macroscopic lower edge of 
the tumor (a much lower level of sectioning is 
recommended in case of an undifferentiated 
 rectal cancer). For higher rectal cancers, it has 
been proved that total mesorectal excision is 
unnecessary, a level of the rectal and mesorectal 
sectioning located 5 cm below the tumor being 
suffi cient (usually there are not cancerous meso-
rectal deposits beyond this limit) [ 15 ,  18 ,  21 ]. 

 The distal limit of resection is, therefore, dif-
ferent, depending on the tumor topography: easier 
to be achieved in upper rectal cancer, but more 
diffi cult in case of a middle or lower rectal cancer. 
For the latter, there are two modalities of 
 sectioning the mesorectum and rectal wall: in the 
Heald’s vision, the posterior mesorectum will 
be removed from the pelvic wall until the anorec-
tal angle, then it is removed back from the rectal 
muscle tube, leaving a 1–2 cm posterior rectal 
wall with a possible defi ciency in the vascular 

  Fig. 8.5    Posterior mesorectal space dissected. The com-
mon risk on posterior dissection:  LU  left ureter,  RU  right 
ureter,  RCIA  right common iliac artery,  LCIV  left common 
iliac vein,  RHN  right hypogastric nerve (intraoperative 
aspect)       
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supply, explaining the higher incidence of anasto-
motic dehiscence in this approach. The other pos-
sibility is to section the mesorectum and rectal 
wall at the lowest level of the mesorectum (2–3 cm 
above the dentate line) in all middle and lower 
rectal cancers [ 18 ,  21 ]. In case of a too lower 
tumor, the sectioning plane may be lowered to the 
intersphincteric plane (ultralow rectal resection). 

 After the distal desired limit of the dissection 
has been reached, the rectum will be transected 
(with scissors or transverse stapler) (Figs.  8.6  
and  8.7 ). The resection specimen will be exam-
ined carefully to the distal resection limit 
(Fig.  8.8 ): a too close distal margin or even 
invaded distal margin will require a re-resection 
(usually it means transforming anterior resection 

into an abdominoperineal resection), but the post-
operative results may be compromised due to the 
risk of local recurrence (intraoperative contami-
nation and inadequate circumferential margin).

         Anastomosis 

 It is now the delicate moment of confectioning a 
colorectal anastomosis deep in the pelvis; the 
degree of diffi culty is variable with respect to the 
local conformation: much easier in women (but 
not always), the diffi culty increases in men with a 
deep and narrow pelvis. Before the anastomosis 
confectioning starts, a second control on mobi-
lized colon length and, especially, on its quality 
of vascularization, is mandatory; if the length 
appears to be insuffi cient, a large mobilization 
may be performed, in order to avoid a tensioned 
anastomosis, by sectioning the gastrocolic liga-
ment, but, in case of compromised vasculariza-
tion, a re-resection (along with supplementary 
mobilization) is mandatory to be performed, in 
order to ensure a very good arterial blood supply 
and venous drainage of the anastomotic colon 
(arterial pulsation of the vasa recta in the vicinity 
of the section level, arterial bleeding from the 
sectioned colon, normal color of the bowel wall). 

 The anastomosis itself may be performed 
manually (hand-sutured anastomosis) or with a 

  Fig. 8.6    Stapled rectal stump (StRS) and mesorectal 
postresectional space ( RHN  right hypogastric nerve) 
(intraoperative aspect)       

  Fig. 8.7    Rectal stump sectioned (SRS) and prepared for 
hand-sutured anastomosis (intraoperative aspect)       

  Fig. 8.8    Two centimeters safe distal margin in an ante-
rior rectal resection specimen       
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circular stapler; although there are several reports 
over an increase incidence in leakages and even 
local recurrence rate after stapled-anastomosis, 
no statistical signifi cance has been reached, and, 
on the other hand, this conclusion may be affected 
by the conditions in which the anastomosis was 
performed: usually, a stapled anastomosis 
(Figs.  8.9  and  8.10 ) will be constructed in diffi -
cult conditions, hand-suture anastomosis being 
much more diffi cult in a narrow pelvis with a low 
rectal resection [ 4 ,  34 ].

    Although considered possible, hand-sutured 
anastomosis (Figs.  8.11  and  8.12 ) will be much 

more diffi cult to be performed in low resections, 
especially in a narrow pelvis, therefore, in order to 
increase the number of sphincter-preserving resec-
tions, a stapler must be available when starting a 
presumed anterior resection; also, the initial 
 positioning of the patient must allow a good access 
to the anal canal, regardless the type of anastomosis 
intended to be done. Of a greater importance is 
avoiding the rectal stump to retract after sectioning; 
for this reason, stay sutures or an L-shape clamp 
must be applied before rectal sectioning. The prob-
lem of the rectal stump remains even in case of an 

  Fig. 8.9    The rectal and colonic stumps prepared for cir-
cular stapling (intraoperative aspect)       

  Fig. 8.10    Stapled    anastomosis (fi nal aspect)       

  Fig. 8.11    Hand-sutured anastomosis (posterior aspect 
fi nalized)       

  Fig. 8.12    Hand-sutured anastomosis (fi nal aspect)       
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anticipated stapled anastomosis: in a narrow pelvis 
it will be diffi cult to insert a TA-stapler in order to 
transect the distal rectum, and also a purse-string 
suture may be very diffi cult to be performed. The 
modifi ed double- stapling technique may be useful 
[ 27 ], but in a very low resection and great diffi culty 
in performing the purse-string suture (even transa-
nally in some cases!), a hand-sutured coloanal 
anastomosis may be preferable to a high risk 
colorectal anastomosis. Of course, in such diffi cult 
cases, a protective stoma is mandatory to be per-
formed [ 21 ].

    In order to ameliorate continence after a low 
anterior rectal resection, a series of modalities 
have been developed (side-to-end anastomosis, 
J-colonic pouches, coloplasty); still, in terms of 
long-distance dysfunctionalities, it is diffi cult to 
predict which one is the best fi tted for every 
patient, and every one of them carry its morbid-
ity. The most indicated situation which recom-
mends the colonic J-pouch or at least a coloplasty, 
it seems to be after a very low resection, with less 
than 2 cm of the rectal stump for anastomosis, 
while in case of an anastomosis located above 
8–9 cm from the anal verge, the postoperative 
results are similar between straight anastomosis 
and colonic J-pouches. In ultralow anastomosis 
(below 4 cm from the anal verge) and low anasto-
mosis (5–8 cm from the anal verge), the colonic 
J-pouch has a better functional outcome than 
straight anastomosis and even coloplasty [ 8 ,  16 ]. 

 The preoperative assessment of the anal 
sphincter quality is very important: a preopera-
tive anal incontinence will be more severe post-
operatively, regardless of the modality of 
colorectal or coloanal reconstruction; the same is 
available for intraoperative sphincteric trauma, 
in case of a diffi cult anastomosis, which may 
lead to a postoperative temporary (but some-
times permanent) incontinence [ 18 ]. Also, a pre-
operative or postoperative pelvic radiotherapy 
will lead to a number of cases with anal inconti-
nence [ 3 ,  11 ,  12 ]. 

 Anastomotic leakage represents the most fear-
ful and unpredictable unfortunate postoperative 
event after a low anterior resection. The incidence 
of anastomotic leakage after low anterior resection 
with total mesorectal excision is high, between 5 

and 15 % of the cases; although many of these 
leakages have little consequences, still a number 
of them will develop severe secondary morbidity, 
the most fearful being postoperative stercoral peri-
tonitis, with a very high mortality. Therefore, in 
order to reduce the consequences of the anasto-
motic dehiscence, a diverting protecting stoma 
must be taken into consideration whenever the 
quality of the low colorectal anastomosis is doubt-
ful, or if a preoperative chemoradiotherapy was 
employed [ 18 ,  22 ]; usually, an ileostomy [ 18 ,  21 ] 
(apparently easier to be performed and closed, 
with less postoperative complications), but also a 
transversostomy may be performed [ 7 ,  14 ,  15 ,  21 ]. 
In selected cases, even a virtual ileostomy may be 
performed [ 26 ]. Still, considering that the protect-
ing stoma will need a new operation for closure, 
with its own morbidity and mortality, and espe-
cially considering that protecting stoma has no use 
in the majority of resected cases, there are authors 
who avoid this procedure or, at least, are trying to 
reduce its indications, with results similar to those 
who perform it [ 20 ,  26 ,  32 ,  34 ]. Still, in a recent 
meta-analysis, Tan et al. have found that defunc-
tioning stomas decrease the clinical leakages and 
reoperation rate, hence recommended it in low 
rectal resections [ 31 ]. 

 Also, in order to reduce the consequences of 
the anastomotic leakage and also to ensure the 
removal of the serosanguinolent collection 
around the anastomosis (source of pelvic infec-
tion and eventually anastomotic leakage), we 
drain the pelvic space after the low anterior resec-
tion [ 14 ,  15 ,  32 ]. 

 Another postoperative specifi c problem of the 
low anterior rectal resection is represented by uri-
nary and genital complication, favored by intra-
operative lesions of the pelvic nervous plexuses, 
especially in anastomosis below 5–7 cm from 
the anal verge. Also, preoperative or postopera-
tive radiotherapy may play a role, but with the 
use of the total mesorectal excision developed 
by Heald, the incidence of such complications 
decreased signifi cantly [ 3 ,  14 ,  18 ]. Junginger 
et al. have found that previous pelvic surgery 
and  intraoperative blood loss increase the risk 
of pelvic  autonomic plexus lesions and subse-
quent postoperative urinary complications; also, 
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 urinary complications incidence was higher in 
men and locally advanced tumors [ 17 ]. Pocard 
et al. have found that a correct technique of total 
mesorectal excision with autonomic nerves iden-
tifi cation and preservation has no effect on uri-
nary and sexual functions [ 24 ]. 

 Using the described surgical technique, the 
locoregional recurrence after low anterior resec-
tion with total mesorectal excision has 
 signifi cantly decreased to 8 % at 10 years, even 
when using only surgery [ 15 ]; thus, a good surgi-
cal technique is considered the most principal 
predictor for cure. The same lower local recur-
rence rate was also reproduced by other surgeons, 
using TME in combination with or without neo-
adjuvant therapies, even in nonspecialized cen-
ters [ 9 ,  21 ,  32 ]. 

 Related to locoregional recurrence, another 
aspect must be mentioned: lateral lymph node 
involvement and, subsequently, the importance 
of extended lateral lymphadenectomy in rectal 
cancer. Considered very important in selected 
cases by the Eastern World (Japan, China, Korea) 
[ 19 ,  28 ,  29 ,  33 ], it is not considered necessary by 
the most developed Western countries (USA and 
Europe) [ 18 ,  23 ]. In addition, the lateral lymph-
adenectomy carries the risk of prolonging the 
operation, and increases the incidence of postop-
erative morbidity, especially lesions of the pelvic 
nervous plexus.     
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    Abstract 

 Abdominoperineal resection has represented 
for almost one hundred years, the “gold stan-
dard” in the rectal cancer surgery. Nowadays, 
the indication for an abdominoperineal resec-
tion is limited to the distal rectal cancer, in 
case of anal sphincter involvement or invasion 
of the cancer in the levatorian plane, thus no 
sphincter-preserving surgery is possible any-
more (no distal tumoral clearance is 
possible). 

 From the technical point of view, an abdom-
inoperineal resection specimen will include 
the cancerous rectum, along with the distal part 
of the sigmoid, the anal canal, the mesorectum, 
the levators and the ischiorectal fat and peri-
anal skin, followed by a defi nitive stoma for-
mation. For this to be possible, two major ways 
of approach are necessary: a laparotomy and a 
perineal incision, which can be made by one or 
two surgical teams, simultaneously. 

 Multiple intraoperative or postoperative 
problems may be raised by this operation, 
from which the modality of solving the peri-
neal wound and its complications continues to 
represent a diffi cult challenge.     

     Defi nition: Indications 

    Abdominoperineal resection (APR) of the rectum 
was the fi rst truly oncological type of surgery in 
rectal cancer, dealing with the primary tumor- 
bearing organ and his lymphatic spread in every 
possible ways: upward (the most common 
spread), laterally, and downward (very rare). 
Although many attempts to remove the cancerous 
rectum had been already reported at that time, the 
abdominoperineal resection is attributed to Ernest 
Miles, who developed the technique, established 
its indications in rectal cancer, but, most impor-
tant, had given a scientifi c basis for the proce-
dure, in 1908. From that moment on, for almost 
100 years, the abdominoperineal resection of the 
rectum was considered the “gold standard” in 
rectal cancer [ 10 ,  21 ,  27 ]. 

 Abdominoperineal resection specimen 
includes the sigmoid (or the distal part of it), the 
entire rectum along with the anal canal, the 
mesorectum, the levators and the ischiorectal 
fat, and, in some authors’ opinion, even the peri-
anal skin [ 8 ,  19 ] (Fig.  9.1 ). The vascular ligation 
is recommended to be performed at the origin of 
the superior rectal artery, just below to the take-
off of the left colic artery [ 17 ]. Due to its char-
acteristics, the abdominoperineal resection will 
be fi nalized with a permanent left sigmoid 
colostomy, a diffi cult burden for the patient, 
determining a signifi cant decrease in the quality 
of life [ 5 ,  7 ], hence being considered a “life-
altering event” [ 21 ].
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   That is the reason why, over time, many sur-
geons tried to avoid this operation; in declining 
the number of the APR, there were several events: 
the paramount importance was the observation 
that rectal cancer rarely extended beyond 
1–1.5 cm from the lower border of the tumor, thus 
a distal resection limit of 2 cm becoming suffi -
cient oncologically [ 10 ,  17 ,  20 ]. Once with the 
development of the stapling devices and also of 

the neoadjuvant therapies, the feasibility of 
sphincter-saving procedure has been proved, even 
for low rectal cancers. Also nowadays, a percent-
age of the distal T 1  or even T 2  distal rectal cancer 
patients may be safely treated by a local excision. 
As a consequence, the incidence of abdomino-
perineal resection has started to decrease, limited 
most often to the distal rectal cancer, but now con-
sidered mandatory only in case of anal sphincter 
involvement by cancer or invasion of the cancer in 
the levatorian plane, thus no sphincter-preserving 
surgery is possible anymore (no distal tumoral 
clearance is possible) (Fig.  9.2 ).

   Excepting for the local extension of the 
 rectal cancer, there are several other factors infl u-
encing the decision of performing an APR; the 
 preoperative anal sphincter dysfunction or intra-
operative diffi culties in performing a very low 
anastomosis with a high risk of leakage may lead 
to an APR. These factors have been already dis-
cussed by Rothenberger and Wong in their article 
and have been suffering very few modifi cations 
since then [ 22 ]. 

 Another reason for that is represented by the 
postoperative results, with a signifi cantly 
increased morbidity (55.4 % vs 34.2 %) [ 1 ] and a 
signifi cantly higher length of the hospital stay 
after APR, when compared to low anterior resec-
tion. Also, a higher local recurrence rate and a 
worst long-distance survival have been reported 

  Fig. 9.2    Ulcerated cancer ( black arrow ) of the distal rec-
tum located just above the dentate line ( white arrow ). No 
safe distal resection margin may be achieved – indication 
for abdominoperineal excision of the rectum (fresh resec-
tion specimen)       

  Fig. 9.1    Abdominoperineal    fresh-resection specimen 
(sigmoid, rectum, and anal canal with mesorectal enve-
lope and levator ani excised)       
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after APR [ 8 ,  12 ,  14 ,  24 ] but these results have 
been contested by other studies [ 1 ,  16 ]. 

 All of these considerations have made the 
APR to become an “endangered operation” [ 8 ]. 
This is due especially to Bill Heald and coll., who 
reported from 1997 only a 23 % of low rectal 
cancers (below 5 cm from the anal verge, or 
1–1.5 cm from the dentate line) treated with APR 
[ 8 ]. The same decline in APR incidence was 
reported later, by Tilney and coll., who found in 
England that only 24.9 % of rectal cancers had 
been treated by APR from 1996 to 2004 [ 24 ]. 

 In fact, sphincter-saving procedures became 
the standard procedure for low rectal cancer in 
many centers [ 5 ]; still, there are signifi cant differ-
ences between different surgical centers, with a 
percentage of 24–38 % of rectal cancer cases 
requiring an APR [ 4 ,  8 ,  13 ,  14 ,  24 ,  26 ].  

    Surgical Technique 

 From the surgical technique point of view, by 
defi nition, the abdominoperineal resection 
requires an abdominal approach, for vascular liga-
tion and removal of the most part of the sigmoid 
and rectum, and a perineal approach in order to 
remove the anal canal, the ischiorectal fat, and the 
lowest part of the rectum and mesorectum. The 
operation may be done in one team (as originally 
described by Miles) or in two synchronous teams 
(it has the advantage of shortening considerably 
the time of the operation – Lloyd- Davis) [ 10 ,  19 ]. 

 The preoperative preparations are similar to 
those described in the anterior resection; maybe 
much consideration must be given to establish 
preoperatively the level of the tumor from the 
anal verge and the impossibility of a sphincter- 
saving procedure (fi xed, bulky tumors, sphinc-
teric or levator invasion on digital examination, 
rigid rectosigmoidoscopy, MRI, or endorectal 
ultrasound) and also an indication for neoadju-
vant radio-chemotherapy; still, in some cases, the 
fi nal intraoperative assessment will decide over 
the impossibility of preserving the anal sphincter. 
In any circumstances, the preoperative psycho-
logical implication of the stoma creation must be 
discussed with the patient, and the place where 

stoma will be performed on the anterior abdomi-
nal wall must be noted, in order to ensure a good 
coverage by the colostomy device [ 19 ].  

    Abdominal Phase of the Operation 

 The abdominal phase of the operation is very 
similar to surgical elements presented at low 
anterior resection; therefore, in this chapter we 
will insist only on the particularities of the 
abdominal approach in APR. 

 The incision is a midline pubo-umbilical, 
extended above the umbilicus; some authors pre-
fer a right transrectal or even a transverse infra-
umbilical incision [ 10 ,  22 ]. Exploration and 
mobilization of the colon is similar to low ante-
rior resection, but the mobilization of the splenic 
fl exure is not usually needed. The recommended 
level of vascular ligation is at the origin of the 
superior rectal artery, just below of the takeoff of 
the left colic artery [ 11 ,  17 ,  19 ,  22 ]; there is no 
strong evidence that high ligation has a benefi t 
over the mentioned level [ 11 ]. Obviously, if 
enlarged    lymph nodes are detected at the superior 
rectal artery origin, or along it, for oncological 
reasons are indicated to perform a high-tie, at the 
origin of the inferior mesenteric artery. 

 The pelvic dissection is somewhat different in 
APR: after the sigmoid was divided, the posterior 
dissection starts in a similar way, as it was 
described in low anterior resection (total meso-
rectal excision), using also the nerve-sparing 
technique. In the classic view, the pelvic dissec-
tion had to be as complete as possible, down to 
the pelvic fl oor, before the perineal sequence 
begins [ 19 ,  22 ]. In the modern APR it is better to 
avoid a very low dissection on the anterior and 
lateral mesorectum, the pelvic dissection being 
stopped once the level of the distal rectal tumor 
has been reached, in order to avoid tumoral cells 
spillage [ 4 ]. This is determined by the levatorian 
plane shape, which may lead to a conning-in the 
mesorectum if after the plane of the levator ani is 
reached, with an increased risk of local recurrent 
disease (Figs.  9.3  and  9.4 ). Therefore, after the 
levatorian plane is reached laterally and seminal 
vesicles or the prostate base [ 10 ] anterior, the dis-
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section must commence from the perineum, 
much more favorably to a correct dissection, 
favored by the shape of levator ani.

        Perineal Phase of Surgery 

 The approach in the perineal sequence of the APR 
depends if the resection is performed by one team 
or synchronously, by two different surgical teams: 
in case of synchronous approach, the patient is 
positioned in modifi ed Lloyd-Davis position 
(shorter operative time, no repositioning of the 
patient, and dissection from two planes in bulky 
tumors, but less visibility and diffi cult dissection 
in anterior plane from the abdomen). In case of 
one team APR, after the abdominal time is over 
(the colostomy is matured and the abdomen is 
closed), the patient is turned into the prone, jack-
knife position [ 10 ]. The rectum is irrigated with 
povidone-iodine solution, after which the anus is 

closed in a purse-string suture (otherwise a source 
of perineal contamination with viable malignant 
cells and source of local recurrence) [ 8 ,  19 ,  22 ]. 
An ellipsoidal incision, 2–3 cm lateral the anal 
margin, is performed around the anal sphincter; 
the incision must encompass the entirely external 
anal sphincter [ 10 ,  19 ,  22 ]. The dissection starts 
posteriorly, with the sectioning of the ischiorectal 

  Fig. 9.3    Important coning-in the mesorectum ( black 
arrows ) due to the very low pelvic dissection in a distal 
rectal cancer (fresh resection specimen)       

  Fig. 9.4    APR with posterior partial colpectomy ( white 
arrow ).  Black arrow  indicates the presence of an area of 
coning-in the mesorectum due to distal pelvic resection in 
an inferior rectal cancer (fresh resection specimen)       
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fat, until the levatorian plane is reached; the infe-
rior rectal vessels are ligated or electrocoagulated. 
Posterior dissection in ischiorectal fossae leads to 
the discovery of the ano- coccigian ligament   , 
which will be sectioned sharply at the tip of the 
coccyx, thus entering into the retrorectal space. 
There is no consensus over the coccyx resection 
in order to enlarge the dissection space [ 12 ]. If the 
posterior mesorectal dissection was completed in 
pelvic phase, the two dissections plane will meet 
at this moment; in case of a bulky posterior tumor, 
if the posterior mesorectal excision was diffi cult 
through the abdomen, the dissection will progress 
from below, with care to avoid inadvertent perfo-
ration of the mesorectal fascia or the tumor. Along 
with the lateral resection of the levator ani, this is 
one of the delicate moments of perineal dissec-
tion, which could represent a source of local 
recurrence after APR; therefore, much consider-
ation must be given at this point [ 2 ]. Also, care 
must be taken not to enter the presacral fascia and 
disrupt the presacral venous plexus. 

 The dissection continues with the lateral dis-
section which will permit to enlarge the latero- 
retrorectal space, by sectioning the levator ani as 
laterally as possible, close to their origin, and 
avoiding inadvertent perforation of the tumor, as 
recommended by Miles himself [ 4 ,  12 ,  14 ]. 

 When posterior and lateral dissection is fi n-
ished, the rectosigmoid is extracted through the 
perineal wound and the anterior dissection com-
mences: less risky in women, in which the report 
between the anal sphincter and posterior vaginal 
wall will allow an easier dissection, and a lot risk-
ier in men, due to the vicinity between anal sphinc-
ter and male urethra and bladder [ 19 ]. Maintaining 
a good plane is mandatory in order to avoid uri-
nary lesions. After the ano-urethral plane is sur-
passed, the prostate must be dissected, and then, 
when the seminal vesicle is reached, the dissection 
is usually fi nished and the resection specimen is 
removed. If an anterior rectal cancer invades (or 
adheres) to the prostate or the vagina, an en bloc 
resection will be performed [ 4 ] (Figs.  9.4  and  9.5 ).

   A good lavage and drainage of the presacral 
space is mandatory along with a good control of 
hemostasis [ 10 ,  19 ,  22 ]; if years ago the perineal 
wound was packed-up (for hemostasis) and left 

open to heal  per secundam intentionem  [ 18 ], 
nowadays this is an exceptional method, limited 
to very particular cases, in which hemostasis can-
not be achieved otherwise. Hence, the perineal 
wound will be primarily closed in the majority of 
cases (over 90 % of cases) [ 4 ,  25 ] (Fig.  9.6 ). Still, 
due to the large muscular defect in the pelvic 
fl oor, an omentoplasty or sometimes a mesh may 
be used for “reconstruction”; also, using muscles 
fl aps from the rectus abdominis or gracilis fl aps 
may be used in order to prevent perineal hernia-
tion [ 6 ,  15 ,  18 ,  25 ].

  Fig. 9.5    APR specimen with total hysterectomy due to 
rectal cancer invasion in uterus (fresh resection specimen)       
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       Colostomy Formation 

 After the resection is completed through com-
bined abdominal and perineal approach, the 
abdominal surgeon will fi nish the operation with 
colostomy formation. There are no differences 
from the colostomy formation described at defi n-
itive Hartmann’s resection chapter    (Chap.   7    ); the 
same conditions are available: a well- vascularized 
with no tension exteriorized sigmoid must be 
used. After the colostomy is ended, an abdominal 
lavage is performed and the abdomen is closed, 
usually with a drain left deep in the pelvis 
(Fig.  9.7 ).

       Postoperative-Specifi c Morbidity 

 After APR, there are several specifi c postopera-
tive complications: urinary complications 
(chronic bladder retention, urinary tract infec-
tions, urethral, bladder or ureteral lesions, urinary 
fi stula formation), genital disturbances (impo-
tence, retrograde ejaculation), stoma complica-
tions (necrosis, stenosis or prolapse), and perineal 
wound complications (hemorrhage, abscess, 
local recurrence) [ 6 ,  10 ,  22 ]. 

 Many of these complications are also encoun-
tered after an anterior rectal resection, therefore 
they did not weight against one or another proce-
dure; besides these, there are a few who need a 
further discussion, being more specifi cally to 
APR, therefore contributing to the declining of 
this procedure. Genitourinary complications are 
relatively similar between these two types of 
resection; also stoma-related complications may 

weight against APR; still they are somehow 
counterbalanced by anastomotic leakages follow-
ing an anterior resection. 

 More specifi cally, it seems to be perineal 
wound-related complications, which are absent 
in case of an anterior resection; also, urethral 
lesions are specifi c to APR [ 19 ], while the ureters 
may be injured in both operations. Intraoperative 
bleeding also seem to be more important and fre-
quent after APR, requiring, in some cases, even a 
temporary packing of the perineal wound and 
pelvis; of course, this will increase the risk of 
 further infectious complications [ 18 ,  22 ]. 

 Management of the perineal wound represents 
a great challenge [ 6 ]. Infectious complications 
and delayed healing of the perineal wound with 
the persistence of a perineal sinus may represent 
a troublesome problem, which may also delay the 
adjuvant therapies in case they are needed, and 
also in other cases require surgical reinterven-
tions, not always easy to be performed or even 
successful [ 15 ,  22 ] (Fig.  9.8 ). Perineal wound 
complications increase the patient’s sufferance, 
prolong hospital stay and need for home care, 
and also may contribute to the increase of local 
recurrence incidence [ 25 ]. The incidence of the 
perineal wound dehiscence after APR was 
24.3 %, with a 14.4 % of cases with a persistent 
perineal fi stula, in the study of Ishikawa and col., 
in which the high-dose preoperative radiotherapy 
may have also played a role [ 9 ,  18 ,  25 ]. In one 
study the incidence of infection of the perineal 
wound has signifi cantly decreased and primary 
closure of the wound was signifi cantly more 

  Fig. 9.7    Final abdominal aspect after APR: midline inci-
sion extended above the umbilicus and left colostomy       

  Fig. 9.6    Primary closure of the perineal wound after an 
APR       
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often obtained using collagen resorbable sponge 
impregnated with gentamicin, applied into the 
sacral cavity after APR [ 3 ]. Other perineal wound 
complications, also diffi cult to treat, and creating 
a great discomfort for the patient are represented 
by perineal pain and perineal hernia [ 18 ].

   Local recurrence rate is maybe the most 
important “enemy” of the nowadays APR, a 
higher rate of local recurrence (both pelvic and 
perineal) being reported after the APR vs low or 
very low anterior resections. The local recurrence 
rate varies from 22.3 to 33 % after APR (vs 
1–13.5 % local recurrence rate for anterior resec-
tion) [ 8 ,  12 ]. This is due especially to the effect of 
coning-in when dissecting the mesorectum, with 
an increased rate of circumferential margin 
involvement (16.7–41 %) [ 12 ,  14 ,  23 ,  26 ], and 
even intraoperative perforation (13.7–16 %) [ 14 , 
 16 ] after APR due to inadequate dissection. 
Using a correct surgical but also a multimodal 
therapeutic approach, a local recurrence rate 
below 10 % could be obtained after APR with 
mesorectal excision [ 4 ].     
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        Primary Advanced Rectal Cancer 

    Introduction 

 A local recurrence is one of the worst outcomes 
of the treatment of rectal cancer. After the intro-
duction of the total mesorectal excision (TME) 
technique with or without a short course of pre-
operative radiotherapy, the local recurrence rate 
may not exceed 5 % [ 1 ,  2 ]. The surgeon has 
become the most important prognostic factor in 

the successful treatment of rectal cancer [ 3 ]. 
This makes him responsible for the result. 
Every attempt should be made to achieve an R0 
resection (complete macroscopic and micro-
scopic removal of the tumor including its lat-
eral and caudal lymphatic spread in the 
mesorectum). There is no role for debulking 
surgery. 

 In case of a threatened circumferential margin, 
primary resection of the tumor will result in a high 
percentage of an involved margin with a subse-
quent high local recurrence rate [ 4 ]. The TNM 
classifi cation is not suffi cient to make the distinc-
tion between primary resectable cases and patients 
needing neoadjuvant treatment [ 5 ]. The following 
defi nition will be used for locally advanced rectal 
cancers: any T4, any T3 with a predicted margin 
of less than 1 mm to the endopelvic fascia, and 
any lymph node outside the TME fi eld. A special 
challenge is the management of the tumors with 
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    Abstract 

 A successful treatment of locally advanced and recurrent rectal cancer is 
based on the responsibility of the surgeon to perform a radical of the resec-
tion. Planning of treatment starts with imaging with an MRI of the pelvis 
and a CT scan of the abdomen. Neoadjuvant chemoradiation is given to 
achieve downstaging and downsizing. After a waiting period of at least 
6 weeks, a total mesorectal excision is performed with often an extra-
anatomical extension based on the initial imaging. Reconstruction using 
several types of pedicled fl aps is often necessary to close the defect of the 
pelvis fl oor.  
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the synchronous  presence of distant metastases 
since most of these tumors are locally advanced as 
well. 

 Modern imaging techniques are necessary 
for accurate assessment of the extent of the 
tumor. Digital examination only is inferior 
[ 6 ]. This staging should include an abdominal 
CT scan (see Chap.   14    ) and an MRI of the 
pelvis. 

 After staging, three groups of tumors can be 
distinguished: tumors with extensive tumor 
growth toward the endopelvic fascia but within 
the mesorectal envelope (including pathological 
lymph nodes), tumors invading adjacent struc-
tures but with growth limited to the pelvis, and 
tumors with metastatic extra-pelvic disease 
(liver, lung, para-aortic, and/or inguinal). In the 
fi rst two situations, neoadjuvant radiotherapy 
(dose between 45 and 50 Gray) combined with 
chemotherapy as a radiosensitizer should be 
considered as standard therapy (Chap.   14    ). 
Neoadjuvant therapy with the goal of increasing 
the rate of sphincter-saving procedures has not 
been successful [ 7 ]. 

 Evaluation of the effect of the neoadjuvant 
treatment is diffi cult. Reporting the rate of R0 
resections gives a better insight in the aimed 
effect of the treatment and should be considered 
as a substitute of the complete response rate. 
Imaging with MRI after the induction treatment 
is diffi cult since it may be impossible to distin-
guish between scar and remaining tumor. 
However, a visible endopelvic fascia of the post-
treatment MRI has a high predictive value for the 
radicality of the resection [ 8 ]. 

 It is the best option to start with induction 
chemotherapy if a patient presents himself 
with synchronous metastases. A short course 
(5 × 5 Gy) of radiotherapy preceding the che-
motherapy is necessary to achieve similar 
results for local control as in patients without 
distant metastases [ 9 ]. The technical details for 
the rectal resection are the same as in cases 
without metastases. If technically feasible, a 
combined resection of the primary tumor and 
the rectum is advocated. An extensive liver 
should be performed fi rst followed by the rec-
tal resection after 1–2 months.  

    Any T3 with a Predicted Margin of Less 
Than 1 mm to the Endopelvic Fascia 

 After a waiting period of at least 6 weeks to allow 
for downsizing and downstaging, a TME resection 
may be performed in case of tumor confi ned to the 
pelvic envelope (even with sparing of the autonomic 
plexus and saving of the sphincter) (see Chap.   5    ).  

    T4 

 In case of T4 tumors, the operative procedure 
should exist in more extensive “en bloc” resec-
tions. The extent of the resection is mainly based 
on the primary imaging. This may include 
removal of the lateral side wall, pelvic fl oor, and 
involved organs. 

    Lateral Side Wall 
 The pelvis consists of two compartments: a 
 parietal outer compartment and a visceral inner 
compartment. The parietal compartment is built 
around the skeletal part of the pelvis (sacrum, 
pubic, iliac, and ischial bone). Muscles on the 
inside of the pelvis are the piriformis muscle, 
coccygeal muscle, levator ani muscle, and obtu-
rator muscle. The common internal and external 
iliac artery and vein belong to the parietal com-
partment as well as the lumbosacral nerve plexus. 

 If the tumor is close to the inferior hypogastric 
plexus (by means of palpation or MRI scan), or if 
a total pelvic exenteration is performed, a plane 
lateral to the inferior hypogastric plexus can be 
chosen. Resection of the internal iliac artery and 
vein creates laterally another few millimeters of 
extra margin. Resection of muscles is demanding 
and technical diffi cult. Some surgeons even 
advocate resection of bony structures and sacri-
fi cing the lumbosacral plexus (partially) [ 10 ]. 

 Sometimes enlarged obturator lymph nodes 
are seen on the pretreatment MRI. The obturator 
space is cleared if the nodes are still visible on the 
MRI after the chemoradiation. This resection is 
not en bloc with the primary tumor and usually 
vessels do not have to be sacrifi ced. The obtura-
tor nerve is spared during this dissection.  
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    Pelvic Floor 
 A complete removal of the levator muscle has 
become standard (extralevator resection) if an 
abdominoperineal resection with a wide local 
resection is necessary [ 11 ]. The prone position 
may facilitate this procedure especially if the os 
coccyx or even a part of the sacrum has to be 
removed. The patient is turned in the jackknife or 
knee-chest position. Special care has to be given 
to this positioning. A detailed description of the 
knee-chest position is as follows. Gravity will 
cause fl exion of hip and the knees. To prevent 
sliding away, a roll is put under the upper legs. 
The operation table is tilted some degrees of anti- 
Trendelenburg to balance the patient in a way that 
most of the weight is transferred to the upper legs. 
The chest is supported with a large, fi rm but soft 
roll. In this way the abdomen is hanging freely, 
facilitating ventilation. Performing the perineal 
phase in the knee-chest position instead of the 
standard position in stirrups has several advan-
tages: (a) exposure to the operative fi eld is better; 
(b) hydrostatic venous pressure is lower, reducing 
bleeding; (c) assistance and tutoring is feasible; 
and (d) gravity will pull the perineum downward, 
fl attening the pelvic fl oor. Contraindications for 
this position are instability of circulation, stiff hip 
joints, above-knee amputation, and severe over-
weight (>100 kg). 

 The perineal phase is started with closure of 
the anus with a purse string stitch. The perineal 
skin is incised in an ellipse extending to the 
perineum ventrally and extending some centime-
ters lateral to the anus. Dorsally the incision 
extends below the coccyx. In selected cases this 
incision is extended to include the coccyx or dis-
tal sacrum. Ventrally, the posterior vaginal wall 
in female patients may be included in the resec-
tion. The ischiorectal fat is then divided using 
diathermia. Some branches of the inferior rectal 
artery and vein are encountered. During the con-
tinuation of this dissection, the inferior outer sur-
face of the levator ani muscle and its insertion to 
the obturator muscle will be exposed. Ventrally 
the perineal muscle will be divided. This will 
expose the bulbus of the penis in male patients or 
the posterior vaginal wall in female patients. In 
male patients the ventral plane leads from the 

bulbus to the urethra. A transurethral catheter is 
helpful to identify the urethra by palpation. After 
identifying the urethra, it may be diffi cult to con-
tinue in the correct plane on the prostate because 
of a sharp dorsal angle in the dissection plane. 
During dissection on the bulbus, urethra, and 
prostate, the left and right levator muscles stand 
out as vertical columns which can be divided. 
Step by step the prostate is dissected and the leva-
tor is divided on its origin. The levator should be 
cut above the horizontal plan of the dorsal site of 
the prostate in order to prevent damage of the 
autonomic nerves entering the prostate laterodor-
sally. On the posterior side the dissection plane 
created during the laparotomy will be met. In 
some cases some upward dissection has to be 
made to reach this plane. Some authors advocate 
entering the retro rectal plane below the tip of the 
coccyx. This technique of the perineal phase 
ensures that the levator ani muscle is resected en 
bloc with the specimen, avoiding a positive mar-
gin in distal T3/T4 tumors because of a thin distal 
mesorectal layer. It is called the extralevator 
resection. The removed specimen has less perfo-
rations and a wider margin in comparison with 
the conventional technique [ 12 ]. As the levator is 
completely resected, the perineal wound presents 
as a large defect in the pelvic fl oor. An omento-
plasty is used to close this perineal defect. If it is 
not possible to make an omentoplasty, a rectus 
abdominis fl ap and in rare cases the gluteus fl ap 
will be used. After fi xating the omentoplasty or 
rectus fl ap in the perineal defect, the subcutane-
ous fascia is approximated. In cases with preop-
erative fi stula to the pelvic fl oor, a large skin 
defect has to be created. Under these circum-
stances a rectus abdominis fl ap with skin island is 
used [ 13 ]. Finally, the skin is closed with inter-
rupted sutures.  

    Involved Organs 
 The rectal cancer extends sometimes to the ante-
rior compartment of the pelvis. Organs within this 
internal compartment are the rectum and bladder 
and the genitourinary organs: in females the 
uterus; the round ligament of the uterus, tube, and 
ovaries; and the vagina and in males the seminal 
vesicles, the ductus deferens, and the prostate. 
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 Radical resection of the tumors invading one 
of these structures requires resection of the 
affected organs. This may result in partial bladder 
resection, selective resection of the seminal vesi-
cles, and resection of the uterus or posterior vagi-
nal wall en bloc with the total mesorectal 
excision. After resection of the vagina, a recon-
struction should be offered to a patient whom is 
sexually active. Several techniques are available 
such as the rectus abdominis fl ap, split skin on a 
mold [ 14 ]. 

 Resection of both the prostate and bladder is 
called a total pelvic exenteration. Pelvic exenter-
ation is in the initial phase similar to a standard 
low anterior resection or abdominoperineal 
resection. The patient’s position in stirrups, the 
midline incision from the pubic bone to just 
above the umbilicus, the careful inspection of the 
abdomen and liver for metastatic disease, and the 
exposition of the pelvis by installing a self- 
retaining retractor keeping the small bowel and 
omentum away are all the same. After mobilizing 
and dividing the sigmoid, the superior rectal 
artery is divided close to the inferior mesenteric 
artery. The presacral plane is developed. It is 
helpful to identify the hypogastric nerves at this 
stage and fi nd the plane posterior to these nerves, 
contrary to the regular rectal resection. This out-
ward plane follows the outer layer of the visceral 
pelvic compartment. It is fi lled with loose areolar 
tissue; some small vessels cross the layer. Often, 
this plane is edematous by the neoadjuvant radia-
tion therapy. The ureter is encountered at its 
crossing of the iliac artery. The ureter is divided 
at this point, putting a temporarily small (Chap.   8    ) 
silicone catheter in the ureter to allow observa-
tion of diuresis. Dividing the ureter at this point 
allows for an anastomosis to the Bricker loop at 
the promontory. A longer ureter could allow a 
Bricker anastomosis deeper in the pelvis, at risk 
for leakage in the pelvis as it is not covered with 
tissue and for obstruction in the case of recurrent 
disease. On the ventral side, the loose areolar tis-
sue of Retzius’ space is divided. The remaining 
bridge to the pelvic sidewall is now divided. This 
dissection is carried out close to the internal iliac 
artery and vein and its subsequent branches and 
just outside the pelvic autonomic nerve plexus. A 
bipolar vessel sealing device may facilitate dis-

section in the narrow working space in this part 
of the operation. At the caudal edge of the pubic 
bone, fi rm attachments of the prostate to the bone 
are found: the puboprostatic ligament. Under and 
lateral to this ligament is an extensive venous 
plexus. It can be the cause extensive bleeding if 
the dissection is carried forward into this plexus. 
After bilateral incision of the endopelvic fascia, 
the branches of the vesicoprostatic plexus are 
ligated and the dissection is continued within the 
prostatic capsule toward the pelvic fl oor. The ure-
thra is then encountered and divided. The fi nal 
part of the resection has two options. In case of a 
distal tumor, a perineal resection is mandatory 
(see perineal resection). In case of a more proxi-
mal tumor, future herniation is prevented by leav-
ing the pelvic fl oor intact.    

    Locally Recurrent Cancer 

    Introduction 

 The treatment strategy for locally recurrent 
 cancer is based on staging and a discussion in a 
multidisciplinary team to defi ne the maximal 
multimodality treatment. 

 Imaging focuses on establishing the local extent 
of the tumor and on detecting distant metastases. 
At least 50 % of the patients with a recurrence 
have detectable distant metastases at the time of 
diagnosis making them nearly always unsuitable 
for curative treatment [ 15 ]. A helical CT or a high-
resolution MRI with a phase array coil can assess 
local tumor extension. Due to its various pulse 
sequence techniques, MRI has better soft tissue 
resolution than CT. This is useful in assessing the 
extent of local recurrent disease, as it can better 
distinguish tumor from scar tissue due to a higher 
signal on the T2-weighted images. Tumor extent 
must be measured in ventral, dorsal, lateral, cau-
dal, and cranial directions. Reconstruction of the 
images in several planes is helpful in determining 
resection margins and the level of sacral transec-
tion. Introduction of the PET scan has been useful 
in distinguishing scar tissue from recurrence and 
in fi nding unsuspected metastatic disease espe-
cially in retroperitoneal lymph nodes and liver 
[ 16 ]. Patients with a previous anterior or Hartmann 
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resection should undergo a pelvic examination. In 
female patients this has to be extended with a 
gynecological examination and in some cases with 
a cystoscopy. A laparotomy can be part of the stag-
ing procedure. It may exclude extra pelvic disease, 
divert the bowel in case of a preceding low anterior 
resection, and fi ll the superior part of the pelvis 
with a (biological) spacer, such as omentum, to 
prevent irradiation of the small bowel. Diverting 
the colon in the presence of a low anterior recon-
struction can be diffi cult with regard to both mobi-
lization and vascularization of the afferent loop of 
the bowel. In these circumstances, it may be wise 
to divert via a loop ileostomy or a transversostomy. 
A practical algorithm for the initial approach has 
been published recently [ 17 ]. 

 Most surgeons consider the following features 
as (relative) contraindications for local resection: 
extensive pelvic sidewall involvement, sacral 
invasion above S2–S3 junction, encasement of 
external iliac vessels, extension of tumor through 
the sciatic notch, and presence of gross lower 
limb edema from lymphatic or venous obstruc-
tion. Deep infi ltration into the lumbosacral plexus 
or sacrum can never result in an R0 or R1 resec-
tion without severe mutilation. A predicted R2 
resection, distant metastases (which cannot be 
resected radically), and a poor performance sta-
tus are absolute contraindications. 

 A practical system is the classifi cation from 
the Leeds group [ 18 ] since it can be used in plan-
ning the operative treatment strategy: central 
(tumor confi ned to the pelvic organs or connec-
tive tissue without contact onto or invasion into 
bone), sacral (tumor present in the presacral 
space and abuts onto or invades into the sacrum), 
sidewall or lateral (tumor involving the structures 
on the pelvic sidewall, including the greater sci-
atic foramen and sciatic nerve through to pirifor-
mis and the gluteal region), and composite (sacral 
and sidewall recurrence combined).  

    Multimodality Approach 

 As with primary rectal cancer, the aim of the 
treatment is an R0 resection. Debulking has no 
place in the surgical strategy for these cases since 
postoperative radiotherapy cannot compensate 

for macroscopic residual disease. Inadequate sur-
gery has the disadvantages of an extensive opera-
tive procedure without any benefi cial palliative 
effect since the tumor causing the symptoms is 
not removed. Radiotherapy only has an effect on 
symptom control and is, depending if previous 
radiation was delivered, more effective with 
increasing dose. The duration of this symptom 
relief is usually between 6 and 9 months [ 19 ]. 
Surgery is benefi cial especially for, so-called, 
central recurrences with limited or no pelvic side-
wall involvement. The introduction of standard 
high-dose preoperative radiotherapy (usually 
50.4 Gy in 28 1.8 Gy fractions) in combination 
with extensive surgery has resulted in long-term 
survivors with an acceptable re-recurrence rate 
[ 20 ]. Additional intraoperative radiotherapy, by 
either an electron beam irradiation (IOERT) at a 
dose of 10–17.5 Gy or a high-dose-rate brachy-
therapy (HDR-IORT) of 10 Gy, has resulted in a 
cure rate not far below that achieved in locally 
advanced primary rectal cancer [ 21 ]. The combi-
nation of chemotherapy with a long course of 
radiotherapy is promising, as it may increase the 
R0 resection rate. 

 Treatment has now become more diffi cult after 
the introduction of TME surgery and preoperative 
radiotherapy since the anatomy is obliterated and 
the toxicity of more radiotherapy is cumulative. 
Increasing experience has been gained using pre-
operative re-irradiation of 30 Gy followed directly 
by resection and intraoperative radiotherapy of 
another 10 Gy [ 22 ]. Toxicity is considerable 
including radio necrosis and neuropathy by either 
the resection or the radiotherapy, but oncological 
outcome is comparable with primarily nonirradi-
ated patients [ 23 ]. After TME the recurrence may 
be located low in the pelvis with infi ltration of the 
pelvic fl oor relatively far from the nervous pelvic 
plexus making this location suitable for an 
abdominoperineal (sacral) approach. 

 Treatment of recurrent disease after transanal 
endoscopic microsurgery (TEM) is in the absence 
of metastatic disease feasible. Salvage surgery 
after chemoradiation follows the planes of the 
TME resection as in primary cases. In nearly all 
cases, an R0 resection can be achieved. The main 
problem is the high percentage of metastatic dis-
ease during follow-up [ 24 ].  
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    Surgical Treatment 

    General 
 A multidisciplinary team depending on the indi-
vidual experience of the members is needed and 
may include colorectal, urological, gynecologi-
cal, plastic surgery, and in rare cases neurosur-
gery and/or orthopedic surgery. The procedure 
begins with an exploratory laparotomy. Peritoneal 
seedings and unexpected not locally treatable 
liver metastases are in general a contraindication 
for continuing with the procedure. The aim of the 
technical approach is the development of a free 
circumferential margin.  

    Central 
 A centrally located recurrence is treated with an 
abdominoperineal resection or low anterior resec-
tion. The central dissection is comparable with the 
resection in primary cases. Most cases are after a 
low anterior resection, and there is always an 
adhesion at the dorsal site at the spot of the tran-
section of the mesorectum. If in doubt about the 
nature of this adhesion, a sacral resection has to 
be included in the procedure. A new anastomosis 
can be made if a safe distal margin can be 
obtained. Since the percentage of re- recurrence is 
considerable and there is a lot of fi brosis due to 
the radiotherapy and repeated surgery, it may be 
wise to end up with a permanent fecal diversion 
by means of a permanent colostomy.  

    Sacral 
 Extensive dorsal and dorsolateral invasion 
requires an abdominosacral approach with trans-
action of the sacrum. This part of the operation is 
done in the prone position (knee-chest or jack-
knife). A long dorsal midline sacral incision is 
used including the anus or anal scar. The gluteal 
muscles are mobilized laterally. The sacrotuber-
ous and sacrospinous ligaments have to be sacri-
fi ced. The level of transection of the sacrum is 
assessed after palpation of the cut of the chisel 
which was performed in the abdominal phase 
[ 25 ]. The highest level is mid S3. Resections 
above this level require additional measures to 
stabilize the pelvis and closure of the dural sac. 
Under these circumstances there is usually an 

extensive lateral spread with infi ltration of the 
lumbosacral plexus.  

   Lateral 
 If during the fi rst operation the endopelvic fascia 
was the anatomical limit of the dissection, a plane 
outside including resection of the vessels is still 
possible [ 26 ]. In general it follows the same prin-
ciple as an advanced primary tumor. Due to 
retraction of the vessels medially after the irradi-
ation, dissection can be cumbersome and some-
times leading to substantial blood loss. Before 
intraoperative irradiation of the lateral pelvic 
wall, the internal iliac vessels are ligated with 
nonabsorbable sutures to prevent later blowout in 
case of an infection with radio necrosis. Ventrally, 
dissection beyond the bladder or the internal gen-
ital organs is sometimes necessary for creation of 
a free resection margin. This will result in a pel-
vic exenteration. 

 After the resection the area at risk for possible 
tumor residue is determined and preferably quan-
tifi ed by frozen sections to defi ne the spots with 
minimal residual disease. 

 Either by electron beam irradiation or by high-
dose- rate brachytherapy, a boost of irradiation is 
given in a shielded operating room. 

 After this extensive surgery fi lling the dead 
space left by the resection is essential. It serves 
several purposes. There is often diffuse venous 
bleeding and although it may be necessary to pack 
the pelvic cavity, a tissue fl ap can help to achieve 
hemostasis. The second reason for putting vital 
tissue in the pelvis is the prevention of radio 
necrosis. Omitting this part of the operation may 
result in a blowout of the vessels in the postopera-
tive phase. Finally reconstruction of the pelvic 
fl oor prevents the development of a perineal her-
nia. An omentoplasty, due to the pliability and the 
strong hemostatic capacity, is the best option for 
fi lling the pelvic cavity [ 27 ]. A pedicled rectus 
abdominis fl ap is a good solution in case with 
extensive resection of the pelvic fl oor. It can even 
be used when two stomas are constructed at the 
site of the urinary stoma. An alternative in this 
situation is a mesh graft covered on the abdominal 
side by the omentum or the cecum and from the 
perineal side by a (double) graciloplasty [ 28 ]. 
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 The treatment of a local recurrence has certain 
disadvantages. The perioperative mortality is low 
(around 3 %) in experienced hands, but the short- 
term morbidity, although similar whether or not 
IORT is applied, is high. It includes wound infec-
tion (perineal), sacral plexus neuropathy, voiding 
problems, and fi stula formation [ 29 ]. The long- 
term morbidity is considerable but should be put 
in the perspective of uncontrolled tumor growth 
in the pelvis with severe pain, infection, and fi s-
tula often experienced for a long period in the 
absence of disseminated disease [ 30 ]. 

 Summarizing it has become clear that identifi -
cation of locally advanced rectal tumors is based 
on imaging guided staging. Presently effective 
neoadjuvant treatment is available after which in 
most cases radical surgery aiming on an R0 
resection is still possible. In recurrent cancers the 
strategy is useful with the drawback that in most 
cases full preoperative treatment is no longer 
possible and that anatomical plane are distorted 
making standard resection impossible.       
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        Introduction 

 Abdominoperineal resection (APR) is still the 
most common resectional procedure in patients 
with very low rectal cancer. 

 Perineal wound complications are common 
and include wound infections, abscess forma-
tions, delayed healing, and a persistent perineal 
sinus [ 1 ]. 

 The lack of primary perineal healing is associ-
ated with a signifi cant morbidity and prolonged 
hospital stay. 

 The high rate of infections is due to a large 
dead space in an irradiated fi eld. 

 The reported incidence of infectious complica-
tions varies substantially 0–44 % [ 2 – 7 ] – most 
likely due to different defi nitions of infection, vari-
ation in patient population and surgical technique. 

 In the long term APR may be associated with 
development of a perineal hernia in 1.4–6 % 
[ 2 ,  4 ,  7 ]. APR has not been standardised, and part 
of the reported variation in infection and perineal 
hernia might be due to differences in the extent of 
surgery. Variation in use of neoadjuvant irradia-
tion/chemo irradiation might also contribute to 
the variation in complication rates [ 8 ,  9 ]. 

 Recently more standardised APR techniques 
have been promoted, subdividing APRs into 
intersphincteric, extralevatory and ischioanal 
APR. At our clinic we use these three well- 
defi ned types of APRs depending upon the 
tumour location and extent. 

 Several techniques including omentoplasty 
[ 10 ], gracilis transposition [ 11 ,  12 ], mesh repair 
[ 13 – 16 ], rectus abdominis fl ap [ 2 ,  17 ,  18 ] and 
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    Abstract 

 Reconstruction after abdominoperineal resection for low rectal cancer is 
an ongoing challenge. Perineal wound complications have a signifi cant 
impact on postoperative morbidity. The use of neoadjuvant therapy may 
increase the risk of wound complications. Intraoperative perineal wound 
management has evolved from open wound packing to primary closure. 
Tissue transfer techniques are used as fi lling of the dead space and recon-
struction of large perineal defects. This chapter describes the management 
strategy of perineal reconstruction at our clinic.  
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gluteal fl aps [ 5 ,  19 ,  20 ] have been used to improve 
the perineal healing and reduce the risk of a peri-
neal hernia. 

 At our clinic we have never used omentoplasty 
and only very selectively gracilis fl ap, since the 
muscle is small and the blood supply to its skin 
unreliable. 

 Below I will describe our strategy for recon-
struction of the perineum following standardised 
APR surgery.  

    Perineal Reconstruction Following 
Intersphincteric APR (In-APR) 

 At our clinic we use an In-APR after TME sur-
gery when we abstain from performing a colo- 
anal anastomosis in patients with poor sphincter 
function, severe co-morbidity or disseminated 
disease. 

 In In-APR the pelvic fl oor is intact, the tissue 
loss in perineum is minimal and the irradiation 
fi eld will not include the external sphincter. 

 In these cases we perform a layered approxi-
mation of the puborectal muscle, the external 
anal sphincter and the perianal skin.  

    Perineal Reconstruction Following 
Extralevatory APR (E-APR) 

 In the E-APR the perineal dissection follows the 
peripheral/lower border of the external sphincter 
and pelvic fl oor, and a major portion of the leva-
tor plate is removed en bloc with the specimen. 
Compared to the conventional nonstandardised 
APR, there will be a larger defect in the pelvic 
fl oor, while the loss of tissue in the perineum is 
less extensive. 

 The defect in the pelvic fl oor cannot be 
adapted. 

 Results from our clinic indicate that the defect 
must be repaired since 21 % (7 out of 33 patients) 
will develop a clinical perineal hernia within 
1 year, if the perineal dead space is fi lled with a 
fasciocutaneous gluteal fl ap without  reconstruction 

of the pelvic fl oor. Our infection rate with this fl ap 
was only 6 % and all except one perineum were 
healed within 3 months [ 14 ]. Recognising this 
unacceptable high rate of perineal hernia, we 
changed strategy and reconstructed the pelvic 
fl oor defect with a biological mesh. A 10 × 10 cm 
porcine dermal collagen mesh was sutured to the 
cut edges of levator ani muscle and the paracoc-
cyx ligaments with interrupted monofi lament 
absorbable sutures. A suction drain was placed 
superfi cial to the mesh and a layered approxima-
tion of the subcutaneous tissue was performed. 

 In our fi rst consecutive 24 cases, we have 
observed no perineal hernia, the infection rate 
was 17 % and all except 1 perineum were healed 
within 3 months. No mesh was removed [ 14 ]. 

 The main advantages of the mesh technique 
are that it is technical simple and can easily be 
performed by a colorectal surgeon. Furthermore, 
the theatre time is shorter, there is no restriction 
in patient mobilisation and there is no donor site 
morbidity. 

 The main disadvantage is the cost of the mesh. 
We and others have used the costly biological 
mesh. A randomised trial is needed to show its 
advantage. 

 Torbjörn Holm has promoted the use of a mus-
culocutaneous gluteal fl ap to cover the defect of 
the pelvic fl oor and the dead space in the 
perineum. For larger defects he has used bilateral 
fl aps and he has also used the fl ap for vaginal 
reconstruction. In 28 cases the perineal infection 
rate was 11 % (3/28) [ 5 ]. The surgical procedure 
takes longer time, it is more complicated and 
there are restrictions in the early perioperative 
period. The long-term donor site morbidity is 
unknown. Only a randomised trial will be able to 
decide whether a mesh or the musculocutaneous 
gluteal fl ap is the most optimal procedure after an 
E-APR. 

 Selectively we have used the VRAM fl ap (see 
below) following E-APR for the reconstruction 
of the vagina and to cover the pelvic catheters 
when we have treated patients with advanced or 
recurrent rectal cancer with postoperative 
brachytherapy.  
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    Perineal Reconstruction Following 
Ischioanal Abdominoperineal 
Resection (Ia-APR) 

 We perform the Ia-APR procedure for anal can-
cer salvage surgery and when a rectal cancer has 
penetrated or perforated into the ischioanal fossa    
(Figs.  11.1  and  11.2 ).

    With this procedure, there is an extensive tis-
sue loss of the levator plate and the perineum 
within an irradiated fi eld. 

 In these cases we always reconstruct the 
perineum with a vertical rectus abdominis myo-
cutaneous fl ap (VRAM), to cover the defect in 
the pelvic fl oor and perineum. This fl ap is large 
and bulky and has a safe blood supply to the skin 
and subcutaneous tissue. 

 Generally the VRAM fl ap has been harvested 
from the right site of the abdominal wall. If there 
is a transverse incision on the right site of the 
abdominal wall, we perform Doppler ultraso-
nography to document that the inferior epigastric 
arteries are patent, since the fl ap is depending on 
its blood supply (Figs.  11.3  and  11.4 ).

    The harvest of fl ap and the perineal recon-
struction have always been performed by a dedi-
cated plastic surgeon. The VRAM fl ap has several 
advantages:
    1.    The muscular part can cover catheters in the 

pelvic cavity and thereby protect the small 
bowel against irradiation damage if postoper-
ative brachytherapy is used.   

   2.    It can be used for reconstruction of the vagina.   
   3.    It can cover a large defect in the perineum. In 

cases where there is very extensive loss of 
skin, the peripheral part can be left open and 
secondarily repaired by a split skin 
transplant.   

   4.    The reported primary healing rate of the 
perineum is very high, and in a consecutive 
series of Ia-APR for anal cancer salvage sur-
gery, no perineal surgical intervention was 
needed in 49 cases [ 21 ].     
 The main drawback of this fl ap is that it pro-

longs the operation time and that a plastic sur-
geon has to be involved. 

 Furthermore, there are some donor site mor-
bidities with herniation. 

 The fl ap is denervated and this might lead to 
atrophy of the muscle and sensory disturbances 
of the skin. 

 An alternative would be the use of one or two 
myocutaneous gluteal fl aps, but we have never 
used it in these cases due to our good results with 
the VRAM fl ap (Fig.  11.5 ).

  Fig. 11.1    Ia-APR specimen       

  Fig. 11.2    Defect following Ia-APR. Notice that the 
entire posterior wall of the vagina has been removed       
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a b

  Fig. 11.3    ( a ) VRAM fl ap harvest. The fl ap includes skin 
paddle, subcutaneous fat, a cuff of anterior rectus sheath 
fascia and one rectus abdominis muscle. ( b ) The rectus 

sheath is divided caudally to the pubic bone raised on 
inferior epigastric artery ( arrow ) serving as the vascular 
pedicle for the VRAM fl ap       
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       Conclusion 

 I would recommend standardised APR 
procedures. 

 For In-APR no pelvic fl oor reconstruction 
is needed. 

 Following E-APR we prefer a mesh recon-
struction, but an alternative might be a myocu-
taneous gluteal fl ap. Randomised studies are 
needed to document which procedure is best 
and whether a biological mesh has an 
advantage. 

 In the author’s experience, the VRAM fl ap 
is the method of choice when extensive defects 
of the perineum have to be repaired.     
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  Over the past two decades, the survival of patients 
with colorectal cancer (CRC) has increased con-
stantly, not only due to better selection of patients 
and better surgical techniques but also due to an 
increased use of effective chemotherapy in the 
adjuvant and the metastatic situation. 

 Establishment of multidisciplinary teams with 
participation of colorectal surgeons, medical and 
radiation oncologist, radiologists and pathologist 
as a minimum has probably been the most impor-
tant concept on its own perhaps in sharp competi-
tion with introduction of TME and resection of 
solitary metastasis. 

 Since the introduction of 5-fl uorouracil (FU) 
in 1957, numerous well-conducted phase III 
studies have proven effi cacy, although modest, of 

FU. For almost 40 years, FU, often biomodulated 
with folinic acid (FA), was the only available 
drug for patients with CRC, and therefore, 
numerous different treatment schedules were 
developed and compared. It was soon established 
that FA increased the effi cacy of FU, but the opti-
mal combination of FU and FA was still a matter 
of great debate – the dose of 5-FU and FA, bolus 
or infusion, one or several days of therapy and FA 
or FU fi rst were some of the many questions that 
were asked and discussed. A combination of FU 
and FA is even nowadays the backbone of sys-
temic therapy in patients with CRC. Presently, 
the most widely FU/FA schedule is a combina-
tion of FU bolus and infusion with high-dose FA 
(often called the “de Gramont” regimen). 

 The era of modern combination therapy started 
when it was shown that irinotecan prolonged 
median survival in patients with 5-FU-resistant 
disease. Since then, several new drugs have 
been approved for therapy in patients with CRC: 

    Abstract  

  Over the past decade, the effi cacy of modern chemotherapy, with or 
 without targeted therapy, has been markedly improved. Systemic therapy 
generates substantial tumour regression in around 50 % of patients with 
metastatic colorectal cancer, median progression-free survival is pro-
longed to around 9 months, median overall survival approaches 2 years 
and the chance for resection is increased. The optimal strategy must be 
decided on by a multidisciplinary team.     
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irinotecan and oxaliplatin, three oral formulations 
of FU (capecitabine, uftoral and S-1) and three 
targeted drugs – bevacizumab (targeting vascula-
ture), cetuximab and panitumumab (both targeting 
EGF receptor). However, since 2005, no new 
drugs have been approved for patients with CRC. 

 Modern combination chemotherapy with iri-
notecan or oxaliplatin generates tumour regres-
sion in 50 % of patients with metastatic CRC. 
Progression-free survival is prolonged to 9 
months, and median overall survival (OS) is 
approaching 24 months but only in fi t selected 
patients who are potential candidates for inclu-
sion in clinical trials. The addition of novel bio-
logic agents (e.g. cetuximab or bevacizumab), 
especially in patients with liver-only disease, fur-
ther increases response rates to almost 70 % and 
subsequently, the proportion of patients who are 
candidates for supplementary local therapy with 
curative intent. It is very important that the oncol-
ogist regularly considers the possibility for resec-
tion because even with response rates around 
70 %, the number of complete pathological 
response is still less than 10 %. 

 Approximately 30 % of patients with colorec-
tal cancer (CRC) will develop hepatic metastases 
at some point during the course of the disease. 

Surgical resection is the golden standard for 
patients with resectable CRLM. After micro-
scopic radical resection (R0), the expected 5-year 
survival is around 35 % and even higher in recent 
selected series. Peri-operative systemic therapy is 
used to reduce the risk of recurrence in patients 
with resectable CRLM, but major tumour regres-
sion has also permitted salvage surgery in 
10–30 % of patients with initially un-resectable 
CRLM. It is again important to notice that chemo-
therapy alone is not administered with curative 
intent but as downsizing therapy or neo-adjuvant 
therapy in patients with liver-only CRC. 

 Presently, around 10 % of patients with CRLM 
are candidates for local treatment. This number 
will defi nitely grow up due to introduction of 
newer surgical and ablative techniques and mark-
edly enhanced effi cacy of systemic chemother-
apy. The optimal combination of these different 
modalities must be decided on by a multidisci-
plinary team (MDT), as a minimum including 
liver surgeons, oncologists and interventional 
radiologists.    

  Disclosure   Part of the information in this introduction 
has been previously published in  Acta Radiol ., Sept 
2009;50(7):707–708. doi:  10.1080/028418509031722515    .     
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        Introduction 

 Worldwide, it is estimated that more than 1 mil-
lion patients are diagnosed with colorectal cancer 
(CRC) each year and that more than half a  million 

will die due to the disease [ 1 ]. At the time of 
diagnosis, approximately 20 % of the patients 
have synchronous metastases, but totally nearly 
50 % of patients will at some point develop meta-
static disease (mCRC).  

    Chemotherapeutics and Regimens 
Used in the Treatment 
of Colorectal Cancer 

    Fluoropyrimidines 

 For more than 50 years, 5-fl uorouracil (FU) has 
been the cornerstone in the treatment of patients 
with CRC [ 2 ]. The antitumour activity arises 
from several mechanisms (Fig.  13.1 ) including 

    Abstract   

  Recent modalities and strategies have increased the complexity of treat-
ment choice in patients with colorectal cancer (CRC), and therefore all 
cases should be assessed at a multidisciplinary conference. 

 Adjuvant chemotherapy for 6 months increases the chance of cure by 
absolutely 5 % in stage II and 10–15 % in stage III. Targeted therapy is not 
recommended in the adjuvant setting. 

 Treatment options in patients with non- resectable CRC are based on the 
extent of disease (resectable/potential resectable/non-resectable) and symp-
toms. Surgery fi rst or chemotherapy fi rst in patients with synchronous metas-
tasis is one of several yet unsolved questions which should be discussed at a 
MDT in each case taking into account patients symptoms and performance.  
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inhibition of the thymidylate synthase (TS) and 
incorporation of FU metabolites into RNA and 
DNA [ 3 ]. It has been proposed that the mecha-
nisms of action are dependent on the treatment 
schedule: bolus administration primarily results 
in inhibition of RNA synthesis, whereas pro-
longed venous infusion (PVI) inhibits TS and 
thereby DNA synthesis [ 4 ].

   For many years, the best administration sched-
ule for FU has been debated, and many efforts 
have been made in order to improve the effi cacy 

of FU. These include different ways of adminis-
tration (e.g. bolus injection, PVI and a combina-
tion of bolus injection and PVI (Table  13.1 )) as 
well as biochemical modulation of FU [ 5 ]. 
Traditionally FU was administered as a bolus 
injection; when using bolus regimens, a rapid 
intravenous injection produced higher response 
rates than short-time infusion of 15–30 min [ 6 ]. 
However, experimental data indicated that pro-
longed infusion time resulted in a longer expo-
sure to FU, thereby increasing the cytotoxic 

Capecitabine
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  Fig. 13.1    The metabolism of fl uoropyrimidines (Adapted from Longley et al. [ 3 ])       

   Table 13.1    Most important FU/FA regimens used in patients with colorectal cancer   

 Regimen  Doses of 5-fl ourouracil  Doses of folinic acid  Cycles 

 De Gramont  400 mg/m 2  bolus (2 h) 
followed by 600 mg/m 2  
infusion days 1–2 

 200 mg/m 2  days 1–2 (2 h inf.)  2 weeks 

 Mayo  425 mg/m 2  bolus days 1–5  20 mg/m 2  bolus days 1–5  4 weeks 
 AIO  2,600 mg/m 2  (24 h inf.)  500 mg/m 2  (24 h inf.)  Weekly 
 Roswell Park  600 mg/m 2  bolus  500 mg/m 2  bolus  Weekly 
 Nordic  500 mg/m 2  bolus (3 min) 

days 1–2 
 60 mg/m 2  days 1–2  2 weeks 

   FU/FA  5-fl uorouracil and folinic acid  
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effects [ 7 ,  8 ]. PVI has been tested in mCRC with-
out any fi nal conclusion; however, a meta- 
analysis demonstrated that PVI increased 
response rates (22 % vs. 14 %) and prolonged 
median overall survival (OS) marginally [ 9 ]. 
Preclinical studies showed that folinic acid (FA 
or leucovorin) added to FU resulted in a more 
stable binding to TS and improved growth inhibi-
tion in cell lines [ 10 ], which in the clinical setting 
was translated into a signifi cantly improved 
 effi cacy in terms of increased response rate (from 
11 to 23 %) and OS (from 10.5 to 11.7 months) 
[ 11 ,  12 ]. Therefore, FU, when given as intrave-
nous infusion, should always be administered in 
combination with Lv.

   FU is catabolised primarily in the liver by dihy-
dropyrimidine dehydrogenase (DPD) (Fig.  13.1 ), 
which is the rate-limiting enzyme in the catabo-
lism [ 6 ]. However, DPD is also found in high con-
centrations in the gastrointestinal (GI) tract making 
oral administration of FU impossible. 

 Capecitabine is an oral prodrug of FU, which 
is absorbed directly from the GI tract. After 
absorption, capecitabine is activated to FU by 
three enzymatic steps (Fig.  13.1 ). The last step is 
catalysed by thymidine phosphorylase (TP), 
which has been shown to have a higher activity in 
GI cancer tissue compared to the surrounding 
normal tissue [ 13 ,  14 ] indicating a preferential 
activation of capecitabine in tumour tissue. This 
has been confi rmed by the fi nding of higher con-
centration of FU in tumour compared to normal 
tissue after administration of capecitabine [ 15 ]. 

 As described, the effi cacy of FU is improved 
by modulation with FA, so naturally it has 
also been tested whether FA modulation of 
capecitabine would also improve effi cacy. This 
was investigated in a small randomised phase II 
study [ 16 ], where three different regimens were 
tested – a continuous regimen (capecitabine 
1,331 mg/m 2  days 1–21), an intermittent regimen 
(capecitabine 2,510 mg/m 2  days 1–14 every 3 
weeks) and an intermittent regimen in combina-
tion with FA (capecitabine 1,657 mg/m 2  and oral 
FA 60 mg, days 1–14 every 3 weeks). The addi-
tion of FA did not improve effi cacy but increased 
toxicity. This resulted in the establishment of a 
regimen with capecitabine as single agent 

2,500 mg/m 2 /day in 14 days followed by 1 week 
rest. 

 Capecitabine as single agent has been com-
pared to bolus FU/FA in two randomised phase III 
trials. Both studies demonstrated that capecitabine 
was as effi cient as bolus FU/FA [ 17 ,  18 ]. 

 A second available oral fl uoropyrimidine is 
UFT, which is a combination of uracil and 
Ftorafur, a prodrug of FU. Uracil reversibly 
inhibits DPD, thereby increasing the bioavail-
ability of FU [ 3 ]. In contrast to capecitabine, 
UFT is most often combined with FA. UFT/FA 
had equivalent effi cacy and was safer than bolus 
administration of FU/FA [ 19 ,  20 ]. In recent 
years, UFT/FA is seldom used in Europe and 
the USA, but UFT with or without FA or the 
related drug S1 is predominantly used and 
investigated in Japan. 

    Patient Preference 
 An obvious question is if the patients prefer oral 
or intravenous therapy. When chemo-naive 
patients were asked before they have received 
any treatment, the majority of patients would pre-
fer oral therapy [ 21 ], and these results were con-
fi rmed in a randomised crossover trial [ 22 ]. 
However, the Mayo regimen is probably the most 
toxic FU regimen, and consequently side effects 
are not comparable to side effects of the low- 
toxic UFT. 

 A Danish randomised study demonstrated that 
the administration route was of only minor 
importance compared to the toxicity of the treat-
ment [ 23 ], and these data were confi rmed in an 
English crossover study [ 24 ].   

    Oxaliplatin 

 Oxaliplatin is a third-generation platinum com-
pound, which is rapidly activated by nonenzymatic 
hydrolysis to form platinum derivates and oxalate. 
Newer studies suggest that not only the platinum 
derivates but also the intact oxaliplatin may exert 
cytotoxic effects [ 25 ]. The cytotoxicity of oxalipl-
atin arises from DNA damage by  several mecha-
nisms as DNA adducts formation, inter- and 
intra-strand DNA cross-link and DNA protein 
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cross-links [ 26 ]. In preclinical studies oxaliplatin 
as single agent has been shown to have antitumour 
activity against colon cancer cell lines [ 27 ], and 
adding FU/FA to oxaliplatin has been shown to 
result in a synergistic cytotoxicity. A clinical study 
confi rmed this, showing that oxaliplatin as single 
agent only had modest activity compared to the 
combination of oxaliplatin and FU/FA [ 28 ], and 
therefore oxaliplatin should preferably be deliv-
ered in combination with a fl uoropyrimidine. 

 The dose-limiting toxicity of oxaliplatin is 
neuropathy and is seen in two forms – an acute 
and a chronic form. 

 The acute form is usually transient and resolves 
within days and is seen in most patients treated 
with oxaliplatin and is characterised by cold-
induced paraesthesias and dysaesthesias during or 
shortly after the infusion [ 29 ]. The probability and 
severity of acute neuropathy are claimed to be 
dependent on the infusion rate so that prolongation 
of infusion with lower peak plasma concentrations 
of oxaliplatin will reduce acute neuropathy. 

 The chronic form of oxaliplatin-induced neu-
ropathy is characterised by sensory paraesthesias 
and dysaesthesias primarily in the extremities. 
The most important factor for chronic persistent 
neuropathy is still the total cumulative dose of 
oxaliplatin [ 30 ]. 

 In order to reduce neuropathy, a delivery time 
of 2 h of oxaliplatin is recommended; however, in 
the daily clinical practice with limited existing 
resources, a lower overall treatment time may be 
of importance. Therefore and inspired by a small 
study in patients with ovarian cancer [ 31 ], deliv-
ery of oxaliplatin as a 30 min infusion has been 
tested in several prospective trials in order to 
reduce overall treatment time. A 30-min infusion 
of oxaliplatin is feasible and apparently does not 
increase the severity of sensory neuropathy 
[ 32 – 37 ]. However, an infusion time of 30 min has 
never been directly compared to the standard 
120 min infusion in a randomised study.  

    Irinotecan 

 Irinotecan is a derivate of camptothecin and 
an inactive prodrug, which is converted to the 

active metabolite SN-38 by carboxylesterases 
[ 38 ,  39 ]. The cytotoxicity results from inhibi-
tion of the topoisomerase [ 40 ]. The active 
metabolite SN-38 is primarily inactivated in 
the liver by the UDP- glucuronosyltransferase 
(UGT) – primarily by the isoenzyme 1A1 
[ 41 ], which also  glucuronidates bilirubin. 
The inactivated SN-38 is mainly excreted in 
the bile. 

 The main severe adverse events of irinotecan 
are diarrhoea and neutropenia. The irinotecan- 
induced diarrhoea is seen in two forms – an 
early- onset and a late-onset form – and is 
caused by different mechanisms. The acute 
form is cholinergic and occurs during or shortly 
after administration of irinotecan and can be 
prevented by administration of atropine prior to 
treatment. 

 In recent years, genetic polymorphisms in 
UGT1A1 have been linked to the severity of 
adverse events of irinotecan. Patients with 
reduced UGT1A1 activity – primarily caused 
by the UGT1A1*28 polymorphism – have 
more severe reactions to irinotecan, and 
therefore in patients who are known homozy-
gotes for the UGT1A1*28 genotype, a 
reduced starting dose of irinotecan is recom-
mended [ 42 ].  

    Targeted Therapy 

 In recent years a number of biologically active 
substances attacking specifi c signalling path-
ways in cancer cells (targeted therapy) have been 
developed and included in the treatment of 
patients with CRC. Three monoclonal antibodies 
have by now been approved for therapy in 
mCRC. 

 Angiogenesis is essential in tumour develop-
ment and controlled in part by the vascular endo-
thelial growth factor (VEGF) system. VEGF-A 
has the greatest impact on angiogenesis, and spe-
cifi cally VEGF-A is inhibited by bevacizumab 
(Avastin®). 

 Cetuximab (Erbitux®) and panitumumab 
(Vectibix®) block the extracellular portion of the 
epidermal growth factor receptor (EGFR).     
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    Adjuvant Therapy After Radical 
Resection for Colon Cancer 

 In the adjuvant situation, patients with colon and 
rectal cancer are treated differently. Pre- and 
postoperative radiotherapy and chemoradiation 
for rectal cancer will be discussed in Chap.   12    . 
The scientifi c support for adjuvant chemotherapy 
in patients with rectal cancer is much less than in 
colon cancer, but – similar to the situation in 
colon cancer – adjuvant chemotherapy may be 
provided. However, in the metastatic situation, 
patients with colon and rectal cancer are treated 
as one group. 

    Summary 

•     Adjuvant single-agent chemotherapy increases 
the chance of cure by absolutely 5 % in stage 
II and 10 % in stage III.  

•   Stage II patients can be divided into high and 
low risk of recurrence, according to the pres-
ence of at least one of the following factors: 
lymph nodes sampling <12, poorly differenti-
ated tumour, vascular or lymphatic or perineu-
ral invasion, obstruction or perforation or pT4 
stage.  

•   Adjuvant chemotherapy should be offered to 
all medically fi t patients with high-risk stage 
II and stage III disease, should be started as 
early as possible (3–8 weeks after surgery) 
and should be given for 6 months.  

•   Fluoropyrimidine and oxaliplatin combinations 
are superior compared to single-agent 5-FU in 
terms of DFS and OS in stage III patients.  

•   Fluoropyrimidine and oxaliplatin combina-
tions might be considered in high-risk stage 
with multiple risk factors.  

•   The use of targeted therapy should be avoided 
outside clinical trials.    
 Since the publication of Moertel’s study in 

1990 [ 43 ] demonstrating superiority in terms of 
disease-free survival (DFS) and OS of FU com-
pared to surgery alone in patients with stage III 
colon cancer, FU has been the cornerstone in the 
adjuvant treatment. The effi cacy of biochemi-
cally FA-modulated FU as adjuvant therapy has 

subsequently been confi rmed in several studies 
[ 44 ]. Originally, adjuvant therapy was adminis-
tered for 12 months, but the duration of treatment 
can safely be reduced to 6 months without com-
promising effi cacy. 

 Oral prodrugs of FU (capecitabine and tega-
fur/FA) are alternatives to intravenous treatment 
with FU/FA as it has been demonstrated that 
these oral agents have at least similar effi cacy 
compared to intravenous FU-based regimens 
[ 45 ,  46 ]. 

 Adjuvant FU/FA for 6 months increases the 
chance of cure by absolutely 5 % in stage II and 
10 % in stage III [ 44 ] and was therefore the 
golden standard until the MOSAIC study was 
published in 2004 [ 47 ]. 

 The MOSAIC trial was the fi rst study to show 
that addition of oxaliplatin further improved effi -
cacy beyond FU/FA (Table  13.2 ). In a recent 
update of MOSAIC data, it was found that in 
patients with stage III disease, 6-year OS was 
increased from 68.7 to 72.9 % [ 48 ].

   The effi cacy and tolerability of oxaliplatin 
(Table  13.2 ) have since been confi rmed in 
NSABP C-07 [ 49 ], and recently it was demon-
strated that capecitabine in combination with 
oxaliplatin (CapOx) increased 3-year DFS [ 50 ]. 

 As described above, adjuvant fl uoropyrimidine- 
based chemotherapy is the standard of care in 
patients with radical resected stage III colon can-
cer, whereas it is more controversial in patients 
with stage II colon cancer. Only modest but defi -
nite benefi ts of 4–5 % benefi t in 5-year OS have 
been demonstrated in pooled analyses and in the 
Quasar study [ 44 ,  51 – 53 ] in patients treated with 
FU-based therapy. There is no signifi cant benefi t 
of adding oxaliplatin in an unselected group of 
patients with stage II disease. However, in the 
MOSAIC trial, patients with high-risk stage II 
had a nonsignifi cant reduction in the risk of 
relapse of 26 %, but no tendency for improve-
ment in survival. 

 There is a great variability in survival within 
patients with stage II disease [ 54 ], and probably 
the choice of adjuvant therapy should be individ-
ualised and based on the risk of recurrence and 
the expected relative reduction in recurrence 
(Table  13.3 ).
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   Most clinical guidelines [ 55 ,  56 ] recommend 
adjuvant chemotherapy to patients with high risk 
of recurrence (poorly differentiated adenocarci-
noma, T4 tumour, perineural/perivenous tumour 
growth, perforation, acute resection due to ileus 
or a yield of less than 12 lymph nodes). However, 
still additional markers to selected patients for 
adjuvant therapy are warranted. 

 The status of the DNA mismatch repair sys-
tem (MMR) is suggested to be a predictor of ben-
efi t of adjuvant therapy. Approximately 15 % of 
sporadic colorectal cancers have defective MMR 
(dMMR), and these patients have a lower risk of 
recurrence. Several studies have reported that FU 
therapy alone is of no value in dMMR patients 
[ 57 ]. It should be considered to assess MMR 

    Table 13.2    Single-agent fl uoropyrimidines versus oxaliplatin-based adjuvant chemotherapy in patients with colon 
cancer stage 3   

 Stage  3 year DFS (%)  5 year OS (%) 

 Fp  +oxaliplatin  Δ  Fp  +oxaliplatin  Δ 

 MOSAIC  3  65.3  72.2  6.9*  68.7  72.9  4.2* 
 C-07  3  71.5  76.1  4.6*  78.3  80.3  2.0 
 XELOXA  3  66.5  70.9  4.5*  74.2  77.6  3.4 

  MOSAIC: Andre et al. [ 48 ]; C-07: Kuebler et al. [ 49 ]; XELOXA: Haller et al. [ 50 ]. Δ = difference 
  Fp  fl uoropyrimidine, i.e.  FU/FA  5-fl uorouracil and folinic acid or  Cap  capecitabine * = signifi cant difference  

   Table 13.3    TNM 7th edition – correlation with Dukes classifi cation and 5-year survival for patients with colon cancer 
based on SEER data [ 54 ]   

 5-year survival (%) 

 Stage  T  N  Dukes  % of TxNxM0  Relative  Absolute 

 I  T1–T2  N0  A  21.4   97.1    76.3  
 II  T3–T4  N0  B  43.9   84.8    64.7  
 IIA  T3  N0  36.6  87.5  66.7 
 IIB  T4a  N0  4.5  79.6  60.6 
 IIC  T4b  N0  2.8  58.4  45.7 
 III  Any T  N1–2  C  34.7   60.3    47.8  
 IIIA  3.1  86.8  70.5 

 T1–T2  N1a  1.7  90.7  73.7 
 T1–T2  N1b  1.1  83.0  67.2 
 T1  N2a  0.3  79.0  64.7 

 IIIB  24.1  65.4  51.6 
 T3  N1a  8.0  74.2  58.2 
 T4a  N1a  1.5  67.6  52.2 
 T3  N1b  8.3  65.3  51.7 
 T1–T2  N2b  0.1  62.4  51.8 
 T4a  N1b  1.3  54.0  42.1 
 T3  N2a  4.9  53.4  42.8 

 IIIC  7.5  32.9  26.5 
 T4a  N2a  0.9  40.9  32.5 
 T3  N2b  3.0  37.3  30.4 
 T4b  N1a  0.8  38.5  30.6 
 T4b  N1b  0.9  31.2  25.4 
 T4b  N2a  0.7  23.3  18.3 
 T4a  N2b  0.6  21.8  17.5 
 T4b  N2b  0.6  15.7  12.9 
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 status in patients considered for FU as single-
agent therapy in the adjuvant setting. 

 So far only few data on the effect of the MMR 
status in patients treated with combination che-
motherapy are available [ 58 ]. 

 The recommended treatment duration of 
oxaliplatin based is currently 6 months, but sev-
eral ongoing international phase III studies are 
investigating whether treatment time can be 
reduced to 3 months. The purpose of IDEA 
(International Duration Evaluation of Adjuvant 
Chemotherapy) is to conduct a single, pooled 
analysis of all studies to test whether 3 months of 
oxaliplatin-based adjuvant therapy is non- inferior 
for disease-free survival (DFS) to 6 months of the 
identical therapy. The IDEA pooled analysis will 
consist only of stage III colon patients  randomised 
to 3 or 6 months of a FOLFOX regimen 
(FOLFOX4 or mFOLFOX6) or CapOx. 

 In contrast to the improvement in effi cacy by 
oxaliplatin-containing combination chemother-
apy regimens, it has not been possible to demon-
strate that irinotecan enhances the effect of FU/
FA as adjuvant therapy [ 59 – 61 ]. 

 The new targeted drugs (bevacizumab and 
cetuximab) have also been tested in the adjuvant 
setting. The fi rst study of several studies was pre-
sented in 2009. In NSABP C-08 study, patients 
were randomised to adjuvant FOLFOX for 6 
months with or without bevacizumab and then 
bevacizumab as maintenance therapy for addi-
tional 6 months. Unfortunately, preliminary data 
could not demonstrate an improvement in DFS 
by addition of bevacizumab [ 62 ]. 

 A similar phase III study (AVANT) is also 
evaluating the use of adjuvant bevacizumab. A 
press release September 2010 stated that ‘unlike 
the C-08 results, preliminary effi cacy data from 
AVANT numerically favour chemotherapy alone 
(the control arm)’. 

 N0147 assessed the potential benefi t of cetux-
imab added to FOLFOX in patients with colon 
cancer stage III. The primary end point was 3-year 
DFS. Initially patients were enrolled regardless of 
KRAS status, but when the impact of KRAS sta-
tus on the effect of anti-EGFR antibodies in the 
metastatic setting was established, the study was 
amended to include only patients with KRAS 

wild-type tumours. In patients with KRAS muta-
tions, both 3-year DFS and OS favoured FOLFOX 
alone [ 63 ]. It was planned to include 2.070 
patients with KRAS wild type, but NO147 closed 
after accrual of 1.760 patients when a pre-planned 
interim analysis demonstrated no benefi t of addi-
tion of cetuximab – in any subgroup. Cetuximab 
only added to toxicity [ 64 ]. 

 Data from ongoing or completed adjuvant tri-
als are awaited, but currently targeted therapy 
should be avoided outside trials.   

    Systemic Treatment of Metastatic 
Colorectal Cancer 

    Summary 

    Systemic Therapy 
•     The optimal strategy for every patient should 

be discussed in a multidisciplinary team.  
•   FU/FA single-agent treatment prolongs 

median OS from 6 to 12 months.  
•   Combination chemotherapy prolongs median 

OS further to around 20 months for medically 
fi t patients.  

•   It is important that fi t patients are exposed to 
all active drugs.  

•   A sequential strategy (single agent immedi-
ately followed by combination upon progres-
sion) in patients with unresectable disease and 
no tumour-related symptoms initially seems 
to be a safe strategy.  

•   Fit elderly patients tolerate combination che-
motherapy and have the same benefi t as 
younger patients.  

•   Targeted therapy enhances effi cacy of chemo-
therapy, but in the general population, the ben-
efi t is not as high as anticipated from the 
original trials.      

    Surgery 

•     The optimal strategy for every patient should 
be discussed in a multidisciplinary team.  

•   Surgery fi rst or chemotherapy fi rst in patients 
with synchronous metastasis should be 

13 Systemic Therapy for Patients with Colorectal Cancer: State of the Art



116

 discussed at an MDT in each case and taking 
into account symptoms (primary, metastasis) 
and performance.  

•   Patients with resectable metastases should 
receive perioperative treatment for 3 months 
preoperatively followed by resection followed 
by 3 months postoperatively.  

•   Good prognosis patients with a single small 
(<2 cm) metachronous liver metastasis should 
be considered for upfront surgery.  

•   If preoperative chemotherapy was not admin-
istered, adjuvant chemotherapy with fl uoropy-
rimidines with or without oxaliplatin for 6 
months should be the standard of care.    
 Patients with mCRC may be grouped accord-

ing to the resectability of their metastases: resect-
able at diagnosis and initially unresectable. 
Patients with initially unresectable mCRC can be 
further subdivided into two groups: potential 
resectable mCRC which is defi ned as disease that 
may become resectable after tumour shrinkage 
and non-resectable which is defi ned as disease 
remaining unresectable despite major tumour 
regression [ 65 ]. Treatment strategies depend on 
the resectability of the disease. For patients with 
non-resectable mCRC, therapy is primarily of 
palliative character.  

    Monotherapy with FU/FA 

 Palliative chemotherapy improves quality of life 
[ 66 ] and prolongs OS [ 67 ] in patients with 
mCRC. 

 For several years, FU/FA was the only avail-
able therapy in patients with mCRC producing 
response rates of 20 % and prolonging median 
OS from 6 to 12 months compared to best sup-
portive care (BSC) [ 2 ]. 

    Second-Line Therapy After FU/FA 
 Irinotecan and oxaliplatin were implemented in 
the treatment of CRC in the late 1990s. Irinotecan 
was introduced in the second-line setting in 
patients with mCRC resistant to FU/FA. In this 
setting, it was demonstrated that irinotecan sig-
nifi cantly prolonged median OS from 6.5 to 
9.2 months compared to BSC [ 68 ] and from 8.5 
to 10.8 months compared to FU/FA alone [ 69 ]. 

A recently published study comparing oxaliplatin 
and FU/FA (FOLFOX) and irinotecan as single 
agent in patients with mCRC resistant to FU/FA 
demonstrated similar survival in the two treat-
ment groups; however, the oxaliplatin-containing 
regimen produced signifi cant higher response 
rate and longer PFS than irinotecan as single 
agent [ 70 ]. 

 When oxaliplatin is given in combination with 
the ‘de Gramont schedule’ of FU/FA, the combi-
nation is generally is termed FOLFOX. This regi-
men has been modifi ed several times, but in this 
review we will not distinguish between the differ-
ent FOLFOX variations. 

 Rothenberg and colleagues performed a large 
study in patients resistant to irinotecan-based 
treatment, in which it was demonstrated that 
FOLFOX was superior to both oxaliplatin single 
agent and FU/FA in terms of response (9.9 % vs. 
1.3 % vs. 0 %) and PFS (4.6 months vs. 
1.6 months vs. 2.7 months); however, this benefi t 
was not translated into a signifi cant OS benefi t 
(9.8 months vs. 8.7 months vs. 8.1 months) [ 28 ].   

    Combination Regimens as First-Line 
Therapy 

 First-line therapies with fl uoropyrimidines com-
bined with either oxaliplatin [ 71 ,  72 ] or irinote-
can [ 73 – 75 ] are effective regimens (Table  13.4 ) 
producing response rates of up to 50 %, a PFS of 
6–8 months and an OS of 14–16 months. Some of 
the studies performed failed to demonstrate a sig-
nifi cant improvement in OS, which may be 
explained by crossover to the combination regi-
men after progressive disease to single-agent 
therapy.

   Many patients maintain an excellent perfor-
mance status despite progressive disease on 
second- line therapy. However, no chemothera-
peutic has proven effi cacy in the third-line set-
tings after progression to irinotecan and 
oxaliplatin and FU/FA [ 76 ,  77 ]. 

 Several studies have compared the different 
combinations head to head (summarised in 
Table  13.4 ). Effi cacy of the different regimens is 
similar – only the US IFL regimen is defi nite infe-
rior and should not be used [ 78 – 80 ]. It is of minor 
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importance in which sequence the different regi-
mens are used; however, it is important that 
patients are exposed to all three active drugs [ 81 ]. 

 Different treatment strategies have been tested 
in two large randomised trials, either starting with 
single-agent capecitabine or FU/FA (sequential 
therapy) or initiating therapy with combination 
chemotherapy. It was demonstrated that there 
were no differences in OS between the different 
strategies [ 82 ,  83 ]; however, higher response rates 
were obtained with initial use of combination che-
motherapy. This has led to a conclusion that in 
patients where response is of importance – e.g. in 
patients with a potentially curative resection of 
tumour after shrinkage or in patients with tumour-
related symptoms –  treatment with combination 
chemotherapy should be used initially. However, 
in patients with unresectable disease and no 
tumour-related symptoms, initially treatment with 

single-agent fl uoropyrimidine (either oral or intra 
venous) seems to be a safe strategy. 

    Capecitabine in Combination 
with Oxaliplatin 
 Different schedules of CapOx have been devel-
oped, but the most widely used regimen of CapOx 
is the 3-week schedule with oxaliplatin 130 mg/
m 2  day 1 and capecitabine 2,000 mg/m 2  days 
1–14 every 3 weeks, even though a randomised 
phase II study showed that oxaliplatin in combi-
nation with dose-intensifi ed capecitabine may be 
benefi cial in terms of improved response rate 
(54.4 % vs. 42.2 %) and longer PFS (10.5 months 
vs. 6.0 months) compared to the ‘standard’ 
CapOx regimen [ 84 ]. The dose-intensifi ed regi-
men did not increase the risk of toxicity. 

 The CapOx regimen has been compared to 
combination treatment with infusional FU/FA 

    Table 13.4    Selected phase III studies evaluating effi cacy of fi rst-line combination chemotherapy in patients with 
mCRC   

 Author, year  Regimen  No. of patients  RR (%) 
 Median PFS 
(months) 

 Median OS 
(months) 

  5FU/FA versus combination therapy with irinotecan  
 Saltz et al.  NEJM  
2000 [ 75 ] 

 FU/FA  226  21  4.3  12.6 
 IFL  231  39*  7.0*  14.8* 

 Douillard et al.  Lancet  
2000 [ 73 ] 

 FU/FA  187  22  4.4  14.1 
 FOLFIRI  198  35*  6.7*  17.4* 

 Köhne et al.  JCO  
2005 [ 74 ] 

 FU/FA  216  32  6.4  16.9 
 ‘FOLFIRI’  214  54*  8.5*  20.1 

  5FU/FA versus combination therapy with oxaliplatin  
 de Gramont et al.  JCO  
2000 [ 71 ] 

 FU/FA  210  22  6.2  14.7 
 FOLFOX  210  51*  9.0*  16.2 

 Giacchetti et al.  JCO  
2000 [ 72 ] 

 FU/FA  100  12  6.1  19.9 
 FOLFOX  100  34*  8.7*  19.4 

  Combination versus combination  
 Tournigand et al.  JCO  
2004 [ 80 ] 

 FOLFOX  111  54  10.9  20.6 
 FOLFIRI  111  56  14.2  21.5 

 Goldberg et al.  JCO  
2004 [ 79 ] 

 IFL  264  31  6.9  15.0 
 FOLFOX  267  45*  8.7*  19.5* 

 Glimelius et al.  Ann 
Oncol  2008 [ 78 ] 

 FLIRI  281  35  9.4  19.4 
 FOLFIRI  286  49*  9.0  19.0 

 Cassidy et al.  JCO  
2008 [ 85 ] 

 CapOx  1,017  47  8.0  19.8 
 FOLFOX  1,017  48  8.5  19.6 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion)  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri’  irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox’  oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference  
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and oxaliplatin in several randomised non- 
inferiority phase III trials (Table  13.5 ). The 
majority of the studies conducted in the fi rst-line 
setting [ 85 – 87 ] have demonstrated non- inferiority 
of CapOx compared to infusional-based regi-
mens. However, in a study conducted by the 
German AIO group [ 88 ], in which an alternative 
CapOx regimen was used (spilt course of oxali-
platin), a slightly inferior effi cacy of CapOx was 
found. A pooled analysis of data from studies 
comparing CapOx to infusional FU/FA and 
oxaliplatin regimens concluded that CapOx had 
similar PFS and OS compared to infusional regi-
mens; however, CapOx resulted in signifi cant 
lower response rates with an absolute difference 
of 6.6 % [ 89 ]. In second-line effi cacy, CapOx is 
comparable to FOLFOX [ 90 ].

        Duration of Combination 
Chemotherapy and Complete 
Chemotherapy-Free Intervals 

 When FU/FA was the only available drug, median 
PFS – and thus median duration of treatment – 
was around 4–5 months. Chemotherapy was reg-
ularly maintained until progression of disease, 
because there is no cumulative dose-limiting 

 toxicity. This approach was frequently carried on 
with the introduction of modern combination 
chemotherapy. However, this policy must be 
revised as recent studies have shown that differ-
ent stop-and-go strategies compared with con-
tinuous use of chemotherapy until progression do 
not necessarily reduce effi cacy [ 91 ]. 

 In a Medical Research Council trial, patients 
with mCRC started monotherapy (de Gramont, 
continuous infusional 5-FU or raltitrexed), and 
patients without progression at 12 weeks were 
randomised to continue therapy or to stop. There 
was no evidence of a difference in OS between 
the intermittent or the continuous group, and fur-
thermore patients on intermittent chemotherapy 
had signifi cantly less toxicity [ 92 ]. 

 The major issue with continuous oxaliplatin 
regimens is the risk of chronic neuropathy, and 
as a consequence the majority of patients will 
discontinue therapy before progression. The 
French GERCOR group has evaluated different 
stop-and- go strategies to optimise the use of 
oxaliplatin. First a ‘stop-and-go strategy with 
dose-intensive FOLFOX for 6 cycles followed 
by maintenance therapy with FU/FA alone 
until progression and reintroduction of oxali-
platin at progression’ (OPTIMOX approach) 
was compared with ‘standard FOLFOX until 

   Table 13.5    Phase III trials comparing CapOx to infusional FU/FA + oxaliplatin   

 Author  No  Regimen  mPFS (months)  mOS (months)  RR (%) 

  First-line therapy  
 Porschen et al.  JCO  
2007 [ 88 ] 

 474  CapOx  7.1  16.8  48 
 FUFOX  8.0  18.8  54 

 Diaz-Rubio et al.  JCO  
2007 [ 86 ] 

 348  CapOx  8.9  18.1  37 
 FUOX  9.5  20.8  46 

 Cassidy et al.  JCO  
2008 [ 85 ] 

 2,034  CapOx  8.0  19.8  47 
 FOLFOX  8.5  19.6  48 

 Ducreux et al.  IJC  
2011 [ 87 ] 

 306  CapOx  8.8  19.9  42 
 FOLFOX6  9.3  20.5  46 

  Second-line therapy  
 Rothenberg et al.  Ann 
Oncol  2008 [ 90 ] 

 627  CapOx  4.7  11.9  20 
 FOLFOX  4.8  12.5  18 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference  
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progression’  strategy. Patients receiving the 
OPTIMOX approach experienced less neuro-
toxicity and without any loss of effi cacy 
(Table  13.6 ) [ 93 ].

   Subsequently it was therefore natural to inves-
tigate whether patients could stay away from 
maintenance therapy with FU/FA, but a 
chemotherapy- free interval (CFI) after just 3 
months of FOLFOX and reintroduction after pro-
gression resulted in loss of effi cacy [ 94 ,  95 ]. 

 A follow-up of the two OPTIMOX studies 
concluded that if patients received chemotherapy 
for at least 6 months, a treatment pause is fully 
acceptable [ 96 ]. 

 In the Medical Research Council COIN trial, 
2,415 patients with mCRC received oxaliplatin-
fl uoropyrimidine- based (Ox-Fp) fi rst-line che-
motherapy according to three different strategies. 
In arms A and C, patients were randomised to 
continuous versus intermittent therapy (3 months 
of therapy, break and 3 months of therapy upon 
progression) [ 97 ]. 

 Patients receiving intermittent Ox-Fp (iOx-
 Fp) had signifi cantly less toxicity (fatigue, 
anorexia and diarrhoea) and spent a median of 
15 weeks on treatment compared to 25 weeks on 
continuous Ox-Fp (cOx-Fp). Median OS was 

only 15.6 months on cOx-Fp and 14.3 months on 
iOx-Fp. In a recent correspondence, the authors 
declared that they could exclude a survival dif-
ference of more than 10 weeks with continuous 
chemotherapy, and they concluded – as the 
GERCOR group – that discontinuation of che-
motherapy can be safely considered in selected 
patients [ 98 ]. 

 The Spanish MACRO study evaluated bevaci-
zumab as maintenance therapy in 480 previously 
untreated patients with mCRC [ 99 ]. After 6 
courses of CapOx + bevacizumab, patients were 
randomised to maintenance therapy with bevaci-
zumab or CapOx + bevacizumab until PD. The 
primary end point was PFS. There were no statis-
tically signifi cant differences in PFS, RR or OS, 
and as expected bevacizumab was better toler-
ated, especially relating to reduced neuropathy. 
The authors concluded that bevacizumab as a 
maintenance therapy following induction CapOx- 
bevacizumab was not inferior to continuation 
CapOx-bevacizumab. However, lack of a control 
arm makes a fi nal conclusion diffi cult, but 
 hopefully the questions of ‘bevacizumab after 
discontinuation of chemotherapy’ and ‘bevaci-
zumab after progression’ will be answered by 
ongoing phase III studies. 

   Table 13.6    Selected randomised studies evaluating a stop-and-go strategy in patients with mCRC   

 Author, year  Regimen  No. of patients  RR (%) 
 Median PFS 
(months) 

 Median OS 
(months) 

  Continuous FOLFOX versus stop-and-go strategy  
 Tournigand et al. 
 JCO  2006 [ 93 ] 

 FOLFOX  311  58.5  9.0  19.3 
 Stop-and-go a   309  59.2  8.7  21.2 

 Chibaudel et al.  JCO  
2009 [ 94 ] 

 FOLFOX  98  59.2  8.6  23.8 
 CFI b   104  59.6  6.6*  19.5 

 Adams et al.  ECCO  
2009,  ASCO  2010 
[ 97 ] 

 Continuous Ox-Fp  815  –  –  15.6 
 Intermittent Ox-Fp 
CFI b  

 815  –  –  14.3 

 Labianca et al.  ASCO  
2006 [ 91 ] 

 Continuous FOLFIRI  168  36.5  6.5  17.6 
 Intermittent FOLFIRI  b   163  33.6.5  6.2  16.9 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference 
  a Stop and go: FOLFOX 3 months → FU/FA 3 months → FOLFOX 3 months 
  b CFI: complete chemo-free interval: FOLFOX 3 months → pause → FOLFOX reintroduction after progression  
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    How Can We Best Integrate 
These Results into Daily Practice? 
 Whether an intermittent approach will prove best 
remains unanswered; however, clearly no patient 
should receive continuously fi rst-line therapy for 
more than 4–6 months without a defi nite objec-
tive. Most often intermittent treatment breaks are 
necessary, but this determination will require 
clinical assessment and individualisation. Some 
patients will benefi t from less toxic or biologic 
maintenance. In the future, we will identify, clini-
cally or by biomarker parameters, meaningful 
ways to tailor the optimal strategy.   

    Elderly Patients Tolerate and Benefi t 
from Combination Chemotherapy 

 Fit elderly patients (70+ years) enrolled in trials 
have benefi ts and toxicities of single-agent fl uo-
ropyrimidines and FOLFOX comparable to 
younger patients [ 100 ]. The only exception is 
thrombocytopenia and especially neutropenia, 
which is signifi cantly worse in older patients 
[ 101 ,  102 ]. 

 In a recent combined analysis of more than 
2,500 patients treated with different irinotecan/
FU schedules in four fi rst-line phase III trials, the 
authors concluded that elderly patients (70+ 
years) who fulfi lled the inclusion criteria of these 
trials had similar benefi ts and similar risk of tox-
icity as younger patients, and these results have 
been confi rmed in systematic reviews [ 103 ,  104 ]. 

 Nevertheless, a large community-based study 
demonstrated that elderly patients (age 65+ 
years) were less likely to receive fi rst-line dou-
blet chemotherapy and also less likely to receive 
irinotecan, oxaliplatin and bevacizumab during 
the entire course of the disease. In this unselected 
group of patients, the elderly had a shorter 
median survival (19.1 months vs. 24.5 months) 
and more toxicity-related hospitalisations (21 % 
vs. 11 %) than the younger patients. This dis-
crepancy between the results from subgroup 
analyses in randomised clinical trials and this 
community- based study is probably due to a 
higher proportion of patients with co- morbidities 
and poorer performance status in the unselected 

 community- based study than reported in ran-
domised clinical trials [ 105 ]. 

 The MOSAIC study showed that adjuvant 
FOLFOX signifi cantly improved 5-year DFS and 
6-year OS in patients with stage II colon cancer 
[ 48 ]. However, subgroup analysis indicated that 
patients above 65 years did not benefi t from 
FOLFOX. This tendency was confi rmed in a 
recent update of the MOSAIC study [ 106 ]. These 
data are in contrast to the XELOXA study where 
benefi t of CapOx (compared to FU) was main-
tained in elderly patients [ 107 ]. 

 It is very important to distinguish between the 
frail elderly patients with co-morbidity and poor 
performance status and the fi t elderly patient – as 
fi t elderly tolerate combination chemotherapy 
and have the same benefi t as younger patients.   

    Targeted Therapy 

    Inhibition of VEGF 

 Bevacizumab should be considered in patients 
with mCRC, as it increases the activity of many 
active cytotoxic regimens. It increases OS, PFS 
and RR in fi rst-line treatment in combination 
with IFL and in combination with FU/FA or 
capecitabine alone. In addition, bevacizumab 
improves also OS and PFS in combination with 
FOLFOX in second-line treatment (Table  13.7 ).

   Bevacizumab (Table  13.7 ) was approved 
(presently approved in combination with 
FU-containing chemotherapy) in Europe and 
America after the fi rst phase III study showed 
that bevacizumab increased the effi cacy of IFL 
[ 108 ]. In the fundamental Hurwitz study, 
improvement was seen in every effi cacy parame-
ters, and the prolongation of OS was one of the 
largest ever seen in mCRC. Unfortunately, IFL 
has signifi cantly lower effi cacy and higher toxic-
ity than other combination regimens [ 79 ], and 
therefore IFL is not recommended any longer. 
However, this principal fi rst-line study in mCRC 
created huge expectations for the future, and it 
was immediately anticipated that median OS eas-
ily would surpass 24 months if patients received 
optimal chemotherapy in combination with 
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 targeted therapy. This view was supported by two 
randomised phase II studies evaluating addition 
of bevacizumab to FU/FA as fi rst-line therapy in 
mCRC [ 109 ,  110 ]. In a recent Australasian study 
(MAX), adding bevacizumab to capecitabine sig-
nifi cantly improved PFS but did not prolong OS 
[ 111 ]. 

 However, in combination with CapOx or 
FOLFOX, the expectations were not met. 
Bevacizumab signifi cantly prolonged PFS 
[ 112 ], but surprisingly there was no signifi cant 
improvement in confi rmed response rate (38 % 
vs. 38 %) or OS (19.9 vs. 21.3 months). One 
and all had imagined a much larger benefi t in 
combination with oxaliplatin-based therapy. 
However, there is no doubt that bevacizumab 
has a clinically signifi cant activity, but oncolo-
gists must learn to select the right treatment to 
the right patients. Unfortunately, until now 
there is no valid predictive marker for effi cacy 
of bevacizumab. 

 Bevacizumab improves also the survival and 
progression-free survival in combination with 
FOLFOX as second-line treatment [ 113 ]. 

 Bevacizumab has a number of specifi c but rare 
side effects (hypertension, proteinuria, arterial 
thrombosis, bleeding) with gastrointestinal per-
foration (1–2 % patients) as the most serious.  

    Inhibition of EGFR 

    EGFR Inhibition in Patients 
with Chemoresistant mCRC 
 There are no established cytotoxic drugs or com-
bination in the third-line settings after progres-
sion to irinotecan and oxaliplatin and FU/FA, but 
this has changed when effi cacy of EGFRi was 
proven in patients with chemoresistant mCRC 
[ 100 ,  114 ]. 

 The promising activity observed in phase I 
and II studies was fi rst confi rmed in the pivotal 
BOND study [ 115 ] where 329 patients with 
irinotecan- resistant mCRC were randomised to 
receive either weekly single-agent cetuximab 
alone or cetuximab in combination with irinote-
can. The combination (CetIri) signifi cantly 
increased response rate from 11 to 23 % and pro-
longed PFS from 1.5 to 4.1 months. OS was not 
signifi cantly prolonged, perhaps due to crossover 
and use of CetIri as salvage therapy. As a result of 
the BOND study, CetIri was approved for patients 
with irinotecan-resistant disease in the USA and 
Europe in 2004. 

 One of the criticisms of the BOND study was 
the lack of a control group, and therefore 
NCIC-CO.17 was planned and completed [ 116 ], 
in which patients pretreated with irinotecan and 

    Table 13.7    Selected phase III studies evaluating effi cacy of bevacizumab and chemotherapy in patients with mCRC   

 Author, year  Regimen  No. of patients  RR (%) 
 Median PFS 
(months) 

 Median OS 
(months) 

  Combination ± bevacizumab, fi rst-line treatment  
 Hurwitz et al.  NEJM  
2004 [ 108 ] 

 IFL  411  35  6.2  15.6 
 IFL + Bev  402  45*  10.6*  20.3* 

 Tebbutt et al.  JCO  
2010 [ 111 ] 

 Cap  156  30  5.7  18.9 
 Cap + Bev  157  38  8.5*  18.9 
 Cap + MMC + Bev  158  46*  8.4*  16.4 

 Saltz et al.  JCO  2008 
[ 112 ] 

 IFL + Bev  701  38  8.0  19.9 
 ‘Ox’ + Bev  699  38  9.2*  21.3 

  Combination ± bevacizumab, second-line treatment  
 Giantonio et al.  JCO  
2007 [ 113 ] 

 FOLFOX  286  9  4.7  10.8 
 FOLFOX + Bev  291  23*  7.3*  12.9* 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference  
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oxaliplatin were randomised to receive best sup-
portive care (BSC – no crossover upon progres-
sion) or cetuximab monotherapy (Table  13.8 ). 
Compared to BSC, cetuximab prolonged OS 
from 4.6 to 6.1 months (Table  13.8 ).

   In a similar study using the fully human 
anti- EGFR monoclonal antibody panitu-
mumab, the value of EGFRi was confi rmed 
[ 117 ]. Panitumumab was approved for mono-
therapy of refractory mCRC by the US Food 
and Drug Administration in September 2006 
and conditionally approved in patients with 
tumours harbouring wild-type KRAS by the 
European Medicines Agency (EMEA) in 
December 2007. Presently there is insuffi cient 
data on the combination of panitumumab and 
chemotherapy as salvage therapy. In patients 
with allergic reactions to cetuximab, retreat-
ment with cetuximab is possible if patients 

receive premedication, but panitumumab is a 
good alternative in these patients [ 118 ,  119 ]. 
Indirectly these data suggest that CetIri 
increases response rate to more than 20 % and 
prolongs PFS from less than 2 months to more 
than 4 months and that OS is prolonged from 
around 5 to 9 months. 

 The EPIC and ‘181’ studies (Tables  13.8  and 
 13.10 ) showed that second-line CetIri or 
FOLFIRI + panitumumab, respectively, signifi -
cantly increased response rate and prolonged 
PFS [ 120 ,  121 ]. 

 Originally cetuximab was administered as a 
weekly infusion; however, cetuximab may also 
be administered as double dose every second 
week without compromising the effi cacy 
[ 122 ,  123 ]. For the convenience of the patient, 
CetIri may be infused as cetuximab 500 mg/m 2  
in only 60 min, immediately followed by 

     Table 13.8    Selected randomised studies evaluating effi cacy of EGFR inhibition (cetuximab or panitumumab) in 
patients with mCRC   

 Author, year  Regimen  KRAS 
 No. of 
patients  RR (%) 

 Median PFS 
(months) 

 Median OS 
(months) 

  Third-line therapy  
 Jonker et al.  NEJM  
2007 [ 116 ] 

 BSC  ?  285  0  1.8  4.6 
 Cet  ?  287  7*  1.9*  6.1* 

 Karapetis et al. 
 NEJM  2008 [ 132 ] 

 BSC  WT  113  0  1.9  4.8 
 Cet  WT  117  13*  3.8*  9.5* 

 Van Cutsem et al. 
 JCO  2007 [ 117 ] 

 BSC  ?  232  0  1.7  6.5 
 Pan + BSC  ?  231  10*  1.8*  6.5 

 Amado et al.  JCO  
2008 [ 131 ] 

 BSC  WT  119  0  1.7  7.6 
 Pan + BSC  WT  124  17*  2.8*  8.1 

 Cunningham et al. 
 NEJM  2004 [ 115 ] 

 Cet  ?  111  11  1.5  6.9 
 Cet + Iri  ?  218  23*  4.1*  8.5 

 Di Fiore et al.  ASCO  
2008 [ 133 ] 

 Weekly Cet + Iri  MUT  281  0  2.7  8.0 
 Weekly Cet + Iri  WT  43*  5.5*  13.2* 

 Jensen et al.  ASCO  
2010 [ 124 ] 

 Biweekly 
Cet + Iri 

 MUT  165  3  3.9  7.9 

 Biweekly 
Cet + Iri 

 WT  23*  5.5*  12.1* 

  Second-line therapy  
 Sobrero et al.  JCO  
2008 [ 120 ] 

 Iri  ?  650  4  2.6  10.0 
 Cet + Iri  ?  648  16*  4.0*  10.7 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference  
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 irinotecan 180 mg/m 2  in 30 min resulting in a 
total treatment time of only 90 min. In a large 
phase II study, it was concluded that activity, 
feasibility and safety of biweekly CetIri are 
comparable to results of weekly CetIri [ 124 ]. 
Panitumumab may be given every second or 
third week.  

    EGFR Inhibition as First-Line Therapy 
 Several phase II studies have shown promising 
activity for chemotherapy-cetuximab or panitu-
mumab combinations as fi rst-line therapy with 
response rates as high as 80 %, high liver resec-
tion rates and long OS [ 125 ]. Recently the fi rst 
phase III data (Table  13.9 ) confi rmed effi cacy of 
EGFRi in combination with irinotecan or oxali-
platin regimens.

   In the CRYSTAL study, more than 1,200 
patients with EGFR-expressing mCRC were 
randomised to FOLFIRI or FOLFIRI + cetux-
imab [ 126 ]. Response rate and resection rate 

were higher, and PFS was longer. Higher 
response rate and longer PFS were also observed 
in the OPUS and PRIME studies [ 127 ,  128 ], but 
in the COIN study only response rate was 
increased [ 129 ].  

    Predicting Effi cacy of EGFRi 
 High costs of targeted therapies warrant the 
selection of patients that actually benefi t from the 
therapy. Until recently, the development of skin 
rash during cetuximab therapy was the most 
promising predictive factor, but focus has 
changed towards assessment of tumour tissue 
[ 114 ,  130 ]. 

 EGFR expression cannot be used to predict 
effi cacy because there is no difference in activity 
in patients with EGFR-positive and EGFR- 
negative tumours. 

 The extracellular epidermal growth factor 
receptor has an impact in stimulating growth in 
cancer. A number of intracellular downstream 

     Table 13.9    Recent studies evaluating EGFR inhibition as fi rst-line therapy according to KRAS status   

 Author, year  Regimen  KRAS 
 No. of 
patients  RR (%) 

 Median PFS 
(months) 

 Median OS 
(months) 

  First-line therapy  
  Crystal   FOLFIRI  WT  350  40  8.4  20.0 
 van Cutsem et al. 
 NEJM  2009 & 
 ECCO  2009 
[ 126 ] 

 FOLFIRI + Cet  WT  316  57*  9.9*  23.5* 
 FOLFIRI  MUT  183  40  7.7  16.7 
 FOLFIRI + Cet  MUT  214  36  7.4  16.2 

  Prime   FOLFOX  WT  331  48  8.0  19.7 
 Siena et al. 
ASCO GI 2010 

 FOLFOX + Pan  WT  325  55  9.6*  23.9 
 FOLFOX  MUT  219  40  8.8*  18.7* 
 FOLFOX + Pan  MUT  221  40  7.3  15.1 

  Coin   ‘Ox’  WT  367  50  8.6  17.9 
 Maughan et al. 
 ECCO  2009 
[ 129 ] 

 ‘Ox’ + Cet  WT  362  59*  8.6  17.0 
 ‘Ox’  MUT  268  41  6.9  14.8 
 ‘Ox’ + Cet  MUT  297  40  6.5  13.6 

  Second-line therapy  
  181   FOLFIRI  WT  294  10  3.9  12.5 
 Peeters et al. 
 ECCO  2009 

 FOLFIRI + Pan  WT  303  35*  5.9*  14.5 
 FOLFIRI  MUT  248  14  4.9  11.1 
 FOLFIRI + Pan  MUT  238  13  5.9  11.8 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin. * = signifi cant difference  
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regulating molecules including KRAS reinforce 
this signal. Mutation in KRAS results in persist-
ing growth signal even though the extracellular 
receptor is inhibited. Consequently, KRAS mutant 
status, which is the case with approximately 40 % 
of mCRC patients, is a predictive marker for lack 
of effi cacy of EGFRi, but KRAS mutation in itself 
is not a prognostic factor [ 131 ,  132 ]. 

 In patients with normal KRAS (KRAS wild 
type), CetIri has extraordinary effi cacy in patients 
with chemoresistant tumours [ 124 ,  133 ], PFS is 
almost 6 months, and OS is prolonged from 
around 4–5 months to around 12 months. 

 In the CRYSTAL study, 1,200 patients were 
randomised, and the authors succeeded to collect 
and evaluate KRAS status in tumour tissue from 
1,063 patients (Table  13.9 ). In patients with 
KRAS wild type, response rate (40 % vs. 57 %), 
PFS (8.4 months vs. 9.9 months) and OS 
(20.0 months vs. 23.5 months) were signifi cantly 
improved in patients receiving FOLFIRI and 
cetuximab [ 134 ]. Based on data from the 
CRYSTAL trial [ 134 ] and the OPUS trial [ 127 ], 
the European Commission has extended its 
cetuximab licence to fi rst-line treatment of 
mCRC patients with KRAS wild-type tumours, 
in combination with chemotherapy. 

 Comparable effi cacy for panitumumab (Table 
 13.9 ) has been observed in the PRIME study (fi rst 
line) and ‘181’ study (second line) even though the 
difference in OS was not signifi cant [ 121 ,  128 ]. 

 The effi cacy of cetuximab and panitumumab 
therapy is confi ned to patients with KRAS wild 
type, and data suggest that KRAS status should be 
analysed in all patients with mCRC before therapy 
with EGFRi is commenced. However, it must also 
be stressed that presently, there are no available 
phase III results of studies comparing effi cacy of 
bevacizumab and cetuximab or panitumumab in 
patients with KRAS wild-type tumours.  

    Combinations of Targeted Therapies 
 In vitro studies have shown that simultaneous 
inhibition of VEGF and EGFR systems has addi-
tive and perhaps even synergistic effect, but sur-
prisingly this advantage could not be confi rmed 
in fi rst-line randomised studies (Table  13.10 ).

   In a small randomised phase II study 
(BOND2), a triple combination of CetIri and bev-
acizumab (CIB) was more effective than cetux-
imab + bevacizumab alone [ 135 ]. Even more 
interesting, PFS and OS for the CIB combination 
were considerably longer than the historical con-
trol of CetIri in BOND1 trial. It was therefore 

     Table 13.10    Recent studies evaluating double targeted therapy (inhibition of VEGF and EGFR) according to KRAS 
status   

 Author, year  Regimen  KRAS  No. of patients  RR (%) 
 Median PFS 
(months) 

 Median OS 
(months) 

  CAIRO2   CapOx + Bev  WT  156  50  10.6  22.4 
 Tol et al.  NEJM  
2009 [ 137 ] 

 CapOx + Bev + Cet  WT  158  61  10.5  21.8 
 CapOx + Bev  MUT  108  59*  12.5*  24.9* 
 CapOx + Bev + Cet  MUT  98  46  8.3  17.2 

  PACCE   ‘Ox’ + Bev  WT  203  56  11.5*  24.5* 
 Hecht et al.  JCO  
2009 [ 136 ] 

 ‘Ox’ + Bev + Pan  WT  201  50  9.8  20.7 
 ‘Ox’ + Bev  MUT  125  44  11.0  19.3 
 ‘Ox’ + Bev + Pan  MUT  135  47  10.5  19.3 
 ‘Ir’ + Bev  WT  58  48  12.5  19.8 
 ‘Ir’ + Bev + Pan  WT  57  54  10.0  NR 
 ‘Ir’ + Bev  MUT  39  38  11.9  20.5 
 ‘Ir’ + Bev + Pan  MUT  47  30  8.3  17.8 

   Abbreviations :  Bev  bevacizumab,  BSC  best supportive care,  Cet  cetuximab,  FLIRI  FU/FA with folinic acid + irinotecan 
(Nordic bolus regimen),  Fp  fl uoropyrimidine,  FU/FA  5-fl uorouracil/folinic acid, FOLFOX = oxaliplatin + FU/FA (com-
bined bolus and infusion),  FOLFIRI  irinotecan + FU/FA (combined bolus and infusion),  IFL  Irinotecan + FU/FA (US 
bolus regimen),  Iri  irinotecan, ‘ Iri ’ irinotecan regime,  MUT  mutated KRAS,  OS  overall survival, ‘ Ox ’ oxaliplatin regi-
men,  Pan  panitumumab,  PFS  progression-free survival,  RR  response rate,  WT  wild-type KRAS,  CapOx  
capecitabine + oxaliplatin, * = signifi cant difference  
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expected that a similar combination would 
increase effi cacy also as fi rst-line therapy. 

 In the PACCE study, more than 1,000 patients 
were randomised to a combination of chemother-
apy with bevacizumab (optional oxaliplatin- 
based regimen ( n  = 823) or irinotecan-based 
regimen ( n  = 230)) with or without panitumumab 
[ 136 ]. The four-drug combination of oxaliplatin- 
based therapy with bevacizumab and panitu-
mumab resulted in several serious adverse events 
and also a shorter PFS and OS, while there was 
no signifi cant difference in effi cacy data in the 
smaller group where therapy was based on irino-
tecan. Even in patients with KRAS wild type, 
there was evidence of a harmful effect of double 
targeted therapy (Table  13.10 ). 

 In the CAIRO-2 study, 734 patients were ran-
domised to CapOx + bevacizumab with or without 
cetuximab. Similar to PACCE study, PFS was sig-
nifi cantly shorter in patients receiving double tar-
geted therapy, and subgroup analysis of patients 
with KRAS mutations showed that effi cacy (RR, 
PFS and OS) was signifi cant worse [ 137 ]. 

 Double targeted therapy against VEGF and 
EGFR should not be used as fi rst-line treatment 
outside of controlled studies.   

    Conclusion 

 It was hoped that the new targeted drugs would 
add considerably to effi cacy of chemotherapy 
and perhaps even replace standard chemotherapy. 
There is no doubt that the new drugs add to effi -
cacy, but the overall benefi t must be described as 
modest and in the near future combination che-
motherapy will continue to be the backbone of 
systemic therapy. The search for predictive mark-
ers, such as KRAS status, will continue to protect 
patients – with little or no likelihood of success – 
from toxicity.  

    Treatment Algorithm 
in Metastatic CRC 

 In daily practice, it is very important to realize 
the goal of therapy for each individual patient 

when the treatment strategy is planned. The 
objective of therapy depends on the classifi cation 
of the disease – are metastases regarded as initial 
resectable, potentially resectable or never resect-
able? This classifi cation has to be done in a close 
collaboration between surgeons, oncologists, 
radiologist and pathologist – in a multidisci-
plinary team (MDT). 

 Of course the treatment decision is also depen-
dent on local conditions – which treatment is 
available and convenient – and on the expected 
individual patient tolerance. 

    Initially Resectable Metastases 
 Around 30 % of patients with colorectal cancer 
(CRC) will develop hepatic metastases (CRLM) 
at some point during the course of the disease. 
Despite lack of randomised, controlled trials 
(RCT), resection is the golden standard for 
patients with resectable CRLM. After micro-
scopic radical resection (R0), the expected 5-year 
survival is around 35 % and even higher in recent 
selected series [ 138 ,  139 ]. 

 Presently, around 10 % of patients with CRLM 
are candidates for local treatment. This number 
will defi nitely grow up due to introduction of 
newer surgical (e.g. preoperative portal vein 
embolisation and 2-stage resection) and ablative 
techniques, markedly enhanced effi cacy of sys-
temic and regional chemotherapy. The optimal 
combination of these different modalities must 
be decided on by a multidisciplinary team 
(MDT), as a minimum including liver surgeons, 
oncologists and interventional radiologists. In the 
same way, the possibility of resection of metasta-
ses limited to lungs should be continually 
assessed. 

 Peri-operative oxaliplatin-based therapy 
increases 3-year PFS with 7–8 % in patients with 
resectable CRLM [ 140 ]. A recent subgroup anal-
ysis showed that only patients with elevated CEA 
and excellent performance status may benefi t 
from perioperative chemotherapy [ 141 ]. 

 If not given, preoperative chemotherapy 
patients should be considered for adjuvant 
 chemotherapy [ 142 ]. It has been not demon-
strated that combination therapy is more effective 
than FU/FA alone, but many oncologists will 
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 nevertheless choose an oxaliplatin regimen based 
on experience from stage III colon cancer.  

    Potentially Resectable 
 In patients with potential resectable metastases 
(10–30 % of patients with initially unresectable 
CRLM), major tumour regression will permit sal-
vage surgery, and the likelihood of resection 
increases when the response rate is increased 
[ 143 ]. Therefore, patients with potential resect-
able metastases must always be offered combina-
tion chemotherapy often with targeted therapy. 
Modern combination chemotherapy generates 
tumour regression in at least 50 % of patients 
with CRLM. The addition of novel targeted 
agents (e.g. cetuximab, panitumumab or bevaci-
zumab) further increase response rates – perhaps 
to 70 % – and subsequently the proportion of 
patients who are candidates for cure, but new 
effective systemic therapies have also increased 
the complexity. It is very important that the 
oncologist regularly considers the possibility for 
local therapy because even with response rates 
around 70 %, the number of complete pathologi-
cal response is still less than 10 %. Furthermore, 
metastases should be resected before they may 
become radiological invisible. 

 In 2001, radio frequency ablation (RFA) was 
approved by the FDA in patients with unresect-
able CRLM, and since then, an increasing num-
ber of patients have received RFA as an adjunct 
to resection and as an alternative to resection in 
unfi t non-operable patients but unfortunately an 
increasing number of operable patients with 
resectable CRLM have been treated with local 
ablative techniques (LAT) even in the absence of 
phase III data and absence of a proper evaluation 
by a MDT [ 138 ]. 

 Based on an excellent review, Mulier et al. 
proposed a phase 3 study comparing RFA (or 
microwave ablation) to surgical resection in 
patients with resectable CRLM less than 3 cm 
[ 144 ]. However, others argue that it is not yet 
time for randomised studies in patients with 
resectable CRLM [ 145 ]. 

 Several chemotherapy regimens are known to 
induce hepatic injury such as hepatic steatosis 
and sinusoidal obstruction syndrome [ 146 ]. 

In such cases, surgical morbidity is increased, but 
mortality is not higher if duration of preoperative 
chemotherapy is limited to 3 months. 

 A major dilemma is how to treat patients with 
synchronous CRLM – resection of primary fi rst 
or metastases fi rst. For decades, the traditional 
approach to the management of the asymptom-
atic primary in patients with synchronous CRLM 
was to resect the primary to prevent obstruction, 
perforation or bleeding. However, the primary is 
as responsive as metastases, and consequently 
these complications are very seldom, and recent 
data supports the use of chemotherapy as initial 
therapy [ 147 ].  

    Never Resectable 
 In this group of patients, it is important to realise 
whether the patient have symptoms relating from 
tumour and therefore is in need of obtaining a 
high/rapid response in order to achieve the best 
palliation – and therefore a treatment strategy as 
described in section above (potentially resect-
able) must be chosen. However, if no tumour- 
related symptoms exit, then a less aggressive 
strategy – FU/FA or capecitabine followed by 
combination therapy upon progression – may be 
chosen in order to achieve the best palliation with 
a lesser amount of side effects.   

    Conclusion 

 Every patient with CRLM or lung-limited metas-
tases must be carefully evaluated by MDT and 
the optimal treatment chosen in respect to type, 
extent and location of tumour and co-morbidity. 

 RFA is not an alternative to surgery [ 138 ], but 
RFA can be combined with surgery if resection 
alone is not technically feasible and RFA may be 
the only local treatment in patients who are not 
candidates for resection. 

 During recent years, antibodies directed 
against the vascular endothelial growth factor 
(VEGF), bevacizumab, and against the epider-
mal growth factor receptor (EGFR), panitu-
mumab and cetuximab, have been implemented 
in the treatment of patients with mCRC and have 
added further to the benefi t of treatment [ 114 ]. 
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However, the largest benefi ts have been achieved 
with  modern chemotherapy, which remains the 
backbone of treatment of patients with mCRC. 
Modern systemic therapy has resulted in a 
marked improvement in OS [ 148 ] as well as in 
the rate of long-term survivors (defi ned as 
patients alive after 5 years from initiating of sys-
temic treatment for mCRC). In a study, includ-
ing patients enrolled into clinical trials 
investigating the effi cacy of FU (in the period 
1972–1995), the rate of long-term survivors was 
1.3 % [ 149 ]. In another recent publication – 
which was an update of a randomised trial inves-
tigating combination chemotherapy as fi rst-line 
treatment in patients with mCRC – a 5-year sur-
vival rate of 9.8 % was seen in patients treated 
with FOLFOX [ 150 ]. Of the patients (from all 
treatment arms) surviving 5 years, only 7 % 
underwent resection, thereby indicating that 
most patients survived due to drug therapy alone. 

 However, these survival data are from patients 
included in clinical trials. In a recent population- 
based study including more than 700 unselected 
patients with mCRC, there was a clear difference 
in characteristics as well as OS between patients 
enrolled into clinical trials and patients receiving 
chemotherapy outside protocol [ 151 ].   

    Concluding Remarks 

 Optimal therapy of patients with CRC has 
increased in complexity, and unfortunately our 
expectations for new targeted drugs have not 
quite been settled. Targeted therapy has clinically 
signifi cant effect, but we must learn to identify 
the correct regimes for the right patients. KRAS 
status is currently the most important predictive 
marker for effi cacy of anti-EGFR therapy. To 
ensure the optimal treatment strategy, every 
patient with mCRC must be assessed by a MTD.     
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        Introduction 

    Prognosis has traditionally been less favourable 
in rectal than in colon cancer, but this has 
recently changed [ 1 ,  2 ]. The most likely reasons 
for the presently slightly better 5-year survival 
rate in rectal cancer are the efforts to decrease 
rectal cancer local recurrence rates by better 
staging, improved surgery and incorporation of 

radiotherapy [ 1 ,  2 ]. The local recurrence rates 
have also substantially decreased from 30–40 % 
a few decades ago down to 5–15 % in many 
recent studies, and this has had an impact on sur-
vival in certain Western populations. Survival 
has also improved with time for colon cancer, 
but proportionally not to the same extent as for 
rectal cancer [ 3 ]. 

 When evaluating the impact of interventions 
in health care, it is important to look at the entire 
population and not only on a particular subgroup, 
like those with a successful surgical outcome 
(R0-resected or R0–1 resected) or included in a 
clinical trial. Lower local failure rates than the 
5–15 % given above have been reported in litera-
ture, also from population-based registers, how-
ever only in subgroups. In order to best evaluate 
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systemic tumour deposits must be taken care of. The three major treat-
ments, surgery, radiotherapy and drugs, each with their own advantages 
and limitations, must be combined to result in improved outcomes. Several 
large randomised trials, reviewed here, have proven that combinations of 
the three modalities have markedly improved the locoregional problem, 
but not yet had any major infl uence on the systemic problem, and thus 
overall survival. The best integration of the so far weakest modality, the 
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the world. A new generation of trials exploring the best sequence of treat-
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the collected efforts of the rectal cancer team, 
local recurrence rates in the population in which 
you intend to do a surgical resection or another 
locally curative approach, either upfront or after 
preoperative therapy, should be presented. Local 
failure rates give an estimate of the quality of 
parts of the team activities. It should then be cal-
culated in the entire resected subgroup, irrespec-
tive of outcome, since only this gives a true 
refl ection of the team activities. If only the 
R0-resected population is the denominator, the 
results can be biased. Local control, i.e. the sum 
of non-resected tumours and local failures, is the 
unbiased endpoint for the entire population 
refl ecting the health-care system, but not directly 
the quality of the team since patients with very 
advanced tumours or those with severe comor-
bidities, both precluding active treatments, infl u-
ence the results.  

    The Importance of Local Control: 
Overall Strategy of Rectal Cancer 
Care 

 Radical removal of the primary tumour and no 
local recurrence are prerequisites for cure 
although occasional local recurrences could be 
salvaged by secondary surgery and (chemo)
radiotherapy ((C)RT). Avoidance of persistent or 
recurrent tumour in the pelvis is important, even 
if cure cannot be achieved, e.g. because of meta-
static disease, since pelvic growth is usually 
associated with severe symptoms. Even if overall 
survival is not improved, improved local control 
is a legitimate outcome of different interventions 
in rectal cancer. 

 An important aim in rectal cancer is thus to 
treat so that the risk of residual disease in the pel-
vis is very low or preferably less than about 5 % 
in the population in whom curative treatment is 
intended. This should be possible in all but the 
few (≤10 %) cases presenting with a fi xed tumour 
growing into a non-readily resectable organ 
(about half of those with clinical stage (c)T4). At 
the same time, however, as little acute and late 
morbidity as possible should be aimed at. Since 
surgery, particularly if extensive and additional 

treatments, whether given pre- or postoperatively, 
add morbidity, these interventions should be used 
appropriately. 

 From a practical point of view, rectal can-
cers could be divided into four groups: very 
early (some cT1), early (cT1–T2, some cT3), 
intermediate (most cT3, some cT4) and locally 
advanced (some cT3, most cT4). Other factors 
than clinical T-stage like tumour height, close-
ness to the mesorectal fascia (mrf), potentially 
the circumferential margin (crm) (preopera-
tively, the term mrf is better to use than crm, 
since the crm cannot be defi ned until after sur-
gery [ 4 ]), nodal (cN) stage and vascular and 
nerve invasion are also relevant. It is presently 
not possible to give a precise defi nition of which 
T and N substages belong to these groups, but 
this is discussed more below. The terms ‘favour-
able or early or good’, ‘intermediate or bad’ 
and ‘locally advanced or ugly’ can be used for 
categorising the rectal cancers into these clini-
cal subgroups. In clinical practice and in many 
recent studies, the term ‘locally advanced’ has 
been commonly used for the ‘intermediate/bad’ 
group but is best reserved for the truly ‘locally 
advanced/ugly’ tumours [ 5 – 7 ]. Besides the vari-
ability in what is called locally advanced (there 
is a clear tendency in medicine to use terms that 
indicate advanced disease even if this is not pres-
ent), there is unity about the need to subgroup 
along these lines. Subgrouping is an important 
step towards individualised medicine. Great dis-
crepancies do however exist in many aspects of 
how treatment is delivered between centres and 
countries in these subgroups.  

    Differences Between Europe, 
the USA and Asia: An Overview 

 No doubts have the opinions about how to treat 
different risk groups varied between countries 
during the past decades. However, the differences 
should not be overemphasised, and they have 
tended to diminish with time. Europe has not 
been homogeneous in strategy, since some coun-
tries like Germany and many countries in 
Southern Europe have more resembled the 
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American traditions. An attempt to describe the 
differences and the development with time could 
be as follows, recognising that history depends 
upon who told it. 

 There has been and still is a clear difference 
in how the regional, subclinical tumour depos-
its frequently seen in advanced tumours below 
the peritoneal refl ection are cared for between 
Asia, particularly Japan and the rest of the 
world. Should those areas be cleared surgically 
or using radiation? Surgical removal of the lat-
eral nodes on one or both sides has been the 
preferred option in Asia, whereas the rest of the 
world has explored the value of radiation, in 
addition to surgery for the primary, to kill the 
tumour deposits. Since the radiation is not 
selectively irradiating the lateral nodes but also 
has included the primary tumour and the meso-
rectal nodes, the need for a meticulous surgical 
dissection technique did not develop as rapidly 
in the rest of the world as in Asia. Both exten-
sive surgery and additional radiotherapy add 
morbidity. The questions are thus twofold: (1) 
which of the two alternatives are most effi cient 
in eradicating all tumour cells, i.e. preventing a 
local failure, and (2) which alternative results 
in the least morbidity? There are no randomised 
studies comparing these two strategies. 
Comparisons between trials tell that the results 
are equally good at specialised centres, although 
patient selection precludes fi rm conclusions. 
Other evidence tells that it is more effi cient to 
‘hunt’ subclinical cancer deposits using radia-
tion than using surgery. The morbidity is very 
different and thus hard to compare in different 
cultures. 

 In the Western world where the benefi ts of 
radiation therapy to surgery were studied, a pre-
operative approach was mainly explored in 
Europe, whereas a postoperative approach was 
explored in the USA. A few small studies indi-
cated that postoperative CRT was better than 
postoperative radiotherapy (RT) in preventing 
local recurrence and that treatment was more 
effective than no additional treatment. Based 
upon this evidence, a NIH Consensus Conference 
and a subsequent NCI report stated that postop-
erative CRT should be standard treatment in 

 rectal cancer stages II and III [ 8 ,  9 ]. A small 
Norwegian trial also found that postoperative 
CRT was better than no additional treatment, but 
the evidence for a clear benefi t from postopera-
tive CRT considering its toxicity over RT alone 
has been questioned [ 10 ]. This treatment strategy 
was however also adopted in several other coun-
tries like Canada and Germany and at many cen-
tres in Southern Europe. 

 In Europe, in contrast, several randomised tri-
als compared surgery alone versus preoperative 
RT and surgery. These studies showed, particu-
larly if a short-course RT, the Swedish 5 × 5 Gy 
schedule with immediate surgery was used [ 11 ], 
a relative reduction in local failure rates of 
50–60 % in all trials including many hundreds to 
over thousand patients [ 12 ]. Based upon these 
experiences, preoperative RT was recommended 
as routine therapy in some countries. 

 For about two decades, two questions have 
dominated the arena: (1) should the RT be given 
before or after surgery, and (2) should it be long 
course or short course? A third question, 
(3) should the long-course RT be given alone or 
with chemotherapy, was also relevant and subject 
to trials in Europe where researchers were not 
convinced of the advantages of adding concomi-
tant chemotherapy, as stated in the US documents. 
Further, (4) sphincter-saving surgery (SSS) and 
more recently organ preservation were considered 
important, and the chances for this could not be 
increased using short-course RT with immediate 
surgery. 

    Pre- or Postoperative? 

 A randomised trial early showed that preopera-
tive short-course RT was more effective than 
postoperative long-course RT. Admittedly, this 
trial, the Uppsala trial [ 13 ,  14 ], compared two 
different radiation schedules, but a high-dose, 
optimised postoperative schedule was inferior to 
a brief preoperative schedule. Subsequently sev-
eral trials comparing preoperative CRT with 
postoperative CRT were initiated. Only one of 
them completed patient accrual, the German trial 
[ 15 ,  16 ]. It showed that a preoperative approach 
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was more effi cient and less toxic. Since then, 
most of the world has more or less accepted that 
additional (C)RT in rectal cancer should be given 
before rather than after surgery. A collection of 
data from all randomised studies have also indi-
cated that preoperative RT is more dose effi cient 
than postoperative RT [ 17 ].  

    Short or Long Course? 

 The question of short-course (5 × 5 Gy) versus 
long-course conventional RT (1.8–2.0 Gy × 25–28) 
is not yet settled although the effi cacy appears sim-
ilar in intertrial comparisons. A randomised study, 
the Stockholm III trial, has recently (Jan. 2013) 
closed patient entry when 840 patients have been 
randomised. Two trials including 316 and 326 
patients, respectively, could not fi nd a statistically 
signifi cant difference in local recurrence rates, dis-
ease-free survival (DFS) and overall survival (OS) 
between the groups randomised to short-course RT 
alone or long-course CRT [ 18 ,  19 ]. A German trial 
from the Berlin area, again comparing these two 
treatments, has completed patient accrual. 

 The short-course schedule has gained much 
popularity in Northern European countries 
where the health-care system is rarely depen-
dent upon private initiatives, whereas the long-
course schedule is preferred in countries were 
hospital budgets are infl uenced by the number 
of treatments given. Reimbursement has thus 
likely infl uenced routines, although this has 
never offi cially been admitted. Much concerns 
have been expressed about the long-term con-
sequences of hypofractionated RT. There is 
considerable evidence that the short-course 
schedule results in long-term morbidity, and 
the scale of that morbidity is presently well 
known [ 20 ] although even longer follow-up 
times with larger patient materials are still 
needed. The long-term morbidity of CRT 
whether given preoperatively or postopera-
tively has virtually not been studied why the 
extent of late morbidity is not known. Both 
options, short-course 5 × 5 Gy and long-course 
CRT, are considered valid in the intermediate 
group of rectal cancers [ 5 ,  7 ].  

    Without or with Chemotherapy? 

 The third question, whether the long-course RT 
should be combined with chemotherapy or not, got 
an answer after the completion of three randomised 
trials, two in the intermediate or bad group [ 21 ,  22 ] 
and one in the locally advanced or ugly group [ 23 ]. 
Local control was better in the combined treat-
ment arm in all three studies, whereas a survival 
gain was only seen in the trial including locally 
advanced cancers [ 6 ,  23 ]. Whenever a patient with 
a locally advanced rectal cancer receives preopera-
tive treatment, CRT should be used unless the 
patient cannot tolerate this treatment. This is today 
likely also the case worldwide.  

    Sphincter Preservation: Organ 
Preservation 

 Trials, again chiefl y run in Europe, have explored 
whether long-course (C)RT with a delay before 
surgery could increase SSS rates, whereas other 
took it for granted that this was the case. The tri-
als have later shown that this did not happen to 
any meaningful extent [ 24 ,  25 ]. The hopes about 
improved chances of SSS infl uenced routines in 
many countries, particularly in Southern Europe, 
Germany and the USA. Presently, the hopes 
about organ preservation (see below) infl uence 
treatment decision in different ways in different 
parts of the world.   

    Diagnosis and Staging 

 Appropriate diagnosis and staging are fundamen-
tal for adequate subgrouping. Thus, a few com-
ments will be made in this chapter. Diagnosis is 
based on a digital rectal examination including 
rigid sigmoidoscopy with biopsy for histopatho-
logical examination. The purpose of the biopsy 
has so far been to obtain a cancer diagnosis prior 
to any treatment. The morphological pictures 
with the possible exception of poor differentia-
tion and other cellular or molecular properties of 
the cancer have had very little impact on treat-
ment decisions. It is hoped that reproducible 
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characteristics with prognostic and/or predictive 
properties soon can be identifi ed. Presently, the 
amount of cancer cells in the biopsy should be 
suffi cient for analysis of kras mutation status 
since treatment with an epithelial growth factor 
receptor (EGFR) inhibitor could be an option in 
the future. Tumours with distal extension to 
15 cm or less (as measured by rigid sigmoidos-
copy) from the anal margin are classifi ed as rectal 
and more proximal tumours as colonic. Whether 
this 15 cm limit is the best one for choosing a 
‘rectal cancer strategy’ or a ‘colon cancer strat-
egy’ could be discussed. Others prefer to separate 
colon and rectum cancer at the peritoneal refl ec-
tion or about 9–12 cm from the anal verge. The 
localisation of the tumour in relation to other 
organs and structures and thus the distance from 
the anal verge are important for outcome and 
treatment. From a practical point of view, cancers 
between about 10 and 15 cm are best discussed as 
rectal cancers since RT is an important compo-
nent of therapy, even if less frequently so than for 
lower rectal cancers (0–10 cm) [ 5 ]. 

 Endoscopic ultrasound for the earliest tumours 
(cT1–T2) or rectal MRI for all tumours, including 
the earliest ones, is recommended in order to select 
patients for preoperative treatment and extent of 
surgery [ 26 ,  27 ]. The TNM staging system should 
be used. There is major controversy about which 
version to use. In this chapter, version 5 from 1997 
is preferred over TNM versions 6 (2002) and 7 
(2010) as the latter show marked interobserver 
variation in defi ning stage II and stage III [ 28 ,  29 ]. 
At the same time, there is a need for further sub-
classifi cation, particularly of cT3 to individualise 
therapy every more, as indicated in Table  14.1 .

      Need for Quality Assurance 
and Control 

 Treatment of rectal cancer is demanding and 
requires great skill in the entire multidisciplinary 
team (MDT). Good surgery and good pathology 
as well as good radiation techniques and opti-
mally given chemotherapy together with long- 
term complete follow-up, also including 
functional aspects, are important for quality 

 control. Many countries have recently lounged 
quality assurance (QA) and quality control (QC) 
programmes in rectal cancer surgery. They have 
been benefi cial for the outcome [ 30 ,  31 ]. 
Although other components than surgery have 
been dealt with within the clinical guidelines/
care programmes, these, like RT and CRT, must 
also be fully integrated in the QA and QC pro-
grammes. Presently they are not [ 32 ].  

    Risk-Adapted Treatment 

 This description basically follows what is stated 
in the European Society of Medical Oncology 
(ESMO) guidelines [ 7 ,  33 ]. 

    Table 14.1    TNM classifi cation (version 5, 1997) with 
subclassifi cations   

 TNM  Stage  Extension to 

 Tis N0 M0  0  Carcinoma in situ: 
intraepithelial or 
invasion of lamina 
propria 

 T1 N0 M0  I  Submucosa 
 T2 N0 M0  I  Muscularis propria 
 T3 N0 M0  IIA  Subserosa/perirectal 

tissue 
 Substaging a   T3a  Less than 1 

mm 
 T3b  1–5 mm 
 T3c  5–15 mm 
 T3d  15+ mm 

 T4 N0 M0  IIB  Perforation into 
visceral peritoneum 
(b) or invasion to 
other organs (a) b  

 T1–2 N1 M0  IIIA  1–3 Regional nodes 
involved 

 T3–4 N1 M0  IIIB  1–3 Regional nodes 
involved 

 T1–4 N2 M0  IIIC  4 or more regional 
nodes involved 

 T1–4 N1–2 M1  IV  Distant metastases 

   a This subclassifi cation based upon an evaluation using 
MRI prior to treatment decision is clinically valuable and 
used when describing the treatment strategy for primary 
rectal cancer. It can be used also in the histopathological 
classifi cation but is not validated and not incorporated in 
any of the TNM versions (5–7) 
  b This is the subclassifi cation in TNM 5. It has been 
reversed in TNM 6 and 7  
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    Very Favourable Rectal Cancer 
 In the earliest, most favourable cases, chiefl y the 
malignant polyps (Haggitt 1–3, T1 sm 1 (−2?) 
NO), a local procedure, e.g. using the transanal 
endoscopic microsurgery (TEM) technique, is 
appropriate [ 34 ,  35 ]. The resection should be 
radical (R0) and no signs of vessel invasion or 
poor differentiation should be present. If this is 
not the case or if the tumour infi ltrates deeper 
into the submucosa (Haggit 4, T1 sm (2?–)3) or a 
T2 tumour, the risk of recurrence because of 
remaining tumour cells or because of lymph node 
metastases is too high (≥10 %), and the patient 
should have postoperative CRT or, more safely, 
be recommended major (TME) surgery [ 36 ]. If 
the cancer diagnosis is verifi ed in a biopsy, pre-
surgical CRT is preferred if the intent is to per-
form a local procedure [ 34 ,  36 ]. As an alternative 
to local surgery, alone or with (preoperative) 
CRT, local RT (brachytherapy or contact therapy 
(Papillon technique)) can be used in the most 
favourable cases. The experiences of these treat-
ments are limited outside specialised centres 
[ 37 ], and more prospective studies are required in 
order for these techniques to be part of clinical 
routines.  

    Favourable, ‘Good’ Rectal Cancers 
 In the early, favourable cases (cT1–T2, some 
early cT3, N0 [cT3a(−b) and clear mrf (mrf-) 
according to MRI], ‘good’ group) above the 
 levators, surgery alone, meaning a sharp radical 
dissection using the total mesorectal excision 
(TME) technique, is appropriate, since the risk of 
local failure is very low [ 5 ]. A high cT3ab tumour 
with limited lymph node metastases (N1) accord-
ing to MRI may also belong to the good group if 
mrf-. The role of TME in tumours situated in the 
upper third of the rectum has been much dis-
cussed. To avoid spillage of distal tumour cells, a 
margin of at least 5 cm distally to the tumour on 
an unfi xed specimen is recommended. Although 
there are indications from the large randomised 
trials where short-course RT has been given that 
this treatment even further reduces local recur-
rence rates [ 11 ,  38 ,  39 ], surgery alone is recom-
mended since the addition of preoperative RT 
results in overtreatment of too many individuals 

[ 5 ,  12 ]. The balance between the reduction 
in local recurrence rates and long-term morbidity 
is intricate.  

    Intermediate, ‘Bad’ Rectal Cancers 
 In the intermediate or ‘bad’ group (most cT3 
(cT3(b)c+ without threatened or involved mrf 
(mrf-) according to MRI), some cT4 (e.g. vaginal 
or peritoneal involvement only), N+), preopera-
tive RT is recommended followed by TME, since 
this reduces local recurrence rates. Even in the 
absence of signs of extramural growth on ultra-
sound or MRI (cT2) in very low tumours 
(0–5 cm), preoperative RT may be indicated 
because the distance to the mesorectal fascia is 
very small. Twenty-fi ve Gy during one week fol-
lowed by immediate surgery (<10 days from the 
fi rst radiation fraction) is a convenient, simple 
and low-toxic treatment [ 11 ,  38 – 40 ]. It has been 
used predominantly in Sweden, the Netherlands 
and the UK, where several clinical trials reveal-
ing its effi cacy have been performed. The trials 
have shown that the risk of local failure in the 
randomised population selected for later resec-
tion, i.e. the intention to treat population, has 
been reduced by 50–70 % versus surgery alone. 
More demanding and not proven more effective 
alternatives are 46–50.4 Gy, 1.8–2 Gy/fraction 
without or preferably with 5-FU (bolus, continu-
ous infusion or peroral) [ 18 ,  19 ,  21 ,  22 ]. The che-
motherapy was added to the preoperative 
radiation primarily based upon extrapolations 
from the postoperative RT trials in rectal cancer 
(see below) and other GI cancer trials. As indi-
cated above in the paragraph about different 
strategies in different parts of the world, two 
large European trials (FFCD 9203 and EORTC 
22921 [ 21 ,  22 ]) however recently showed that the 
addition of 5-FU improves local control with 
reduced local failure rates after 5 years. These 
were 16–17 % in the preoperative RT arms alone 
and 8–10 % in the CRT arms. In the EORTC trial, 
the same reduction was seen whether the chemo-
therapy was given concomitantly or only postop-
eratively. Two trials (Polish, TROG 01.04) have 
randomised between preoperative 5 × 5 Gy and 
preoperative CRT (5-FU + 50.4 Gy) without 
detecting any statistically signifi cant difference 
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in local recurrence rates, DFS and OS. In the 
Polish trial [ 18 ], local recurrence rates were 11 % 
in the 5 × 5 arm at 4 years and 16 % in the CRT 
arm ( p  = 0.2). The corresponding fi gures were 7.5 
and 4.4 % ( p  = 0.2) in the Australasian trial [ 19 ]. 
In a third trial (MRC-CR07) [ 39 ], preoperative 
5 × 5 Gy was randomly compared with postopera-
tive CRT if crm was positive. Local recurrence 
rates favoured the preoperative arm (5 % vs. 
17 %,  p  < 0.001) [ 39 ]. In the MRC-CR07 trial 
including 1350 patients, DFS was superior in the 
preoperative arm (hazard ratio, HR, 0.76, 
 p  = 0.01), whereas OS did not signifi cantly differ 
(HR 0.91,  p  = 0.04). 

 Whenever possible, preoperative treat-
ment is preferred since it is more effective and 
less toxic than postoperative treatment [ 5 ,  15 ]. 
Postoperative chemotherapy has otherwise been 
extensively used in many countries, including 
Germany and the USA, since decades. The NIH 
consensus conference with the follow-up NCI 
statement in 1990 and 1991 stated that postop-
erative CRT should be standard treatment in 
stages II and III. The scientifi c support for these 
statements was considered strong and based upon 
several randomised clinical trials [ 8 ,  9 ]. Some of 
the trials were small (about 50 patients per treat-
ment arm), the results were not entirely consis-
tent, and it was diffi cult to fi rmly establish the 
role for local control and survival from the dif-
ferent treatment components (the RT, the con-
comitant  chemotherapy with the radiation (CRT) 
or the chemotherapy given before or after the 
radiation). Taken together, these treatments dur-
ing 6 months appear to reduce local recurrences 
in stages II and III with 50–60 % versus surgery 
alone [ 41 ].  

    Locally Advanced, ‘Ugly’ Rectal Cancers 
 In the most locally advanced, frequently non- 
resectable cases (cT3 crm+, cT4 with overgrowth 
to other organs [cT4a according to TNM5, cT4b 
according to TNM6 and 7, see Table  14.1 ]), pre-
operative CRT, 50.4 Gy, 1.8 Gy/fraction with 
concomitant 5-FU-based therapy should be used 
[ 5 ,  6 ,  23 ], followed by radical surgery 6–8 weeks 
later. In a Nordic randomised trial in locally 
advanced rectal cancers (cT4NXM0), local 

 control was signifi cantly better after 5 years in 
the CRT arm (5-FU + 50 Gy) than in the RT only 
arm (82 % vs. 67 %,  p  = 0.03). Also, DFS and 
cancer- specifi c survival were signifi cantly better 
in the combined modality arm, whereas OS did 
not signifi cantly differ (66 % vs. 53 %,  p  = 0.09) 
[ 23 ]. In very old patients (≥80–85 years) and in 
patients not fi t for CRT, 5 × 5 Gy with a delay of 
approximately 8 weeks before surgery can be an 
alternative option [ 42 – 45 ]. 

 Standard preoperative CRT means a dose of 
46–50.4 Gy together with 5-FU given either as 
bolus injections with leucovorin at 6–10 times 
during the radiation (as in the trials proving that 
CRT provides better local control than the same 
RT alone) [ 6 ,  21 – 23 ], prolonged continuous infu-
sion (likely better than bolus) or oral capecitabine 
or UFT. Extrapolations from other clinical situa-
tions and convenience tell that oral 5-FU is a 
valid treatment [ 46 ,  47 ]. Combinations of 5-FU 
or other antifolates with other cytostatics like 
oxaliplatin or irinotecan or targeted biologic 
drugs have been extensively explored in phase 
I–II trials, with claimed more favourable results 
(more downsizing, higher pathological complete 
response (pCR) rates) but also more acute toxic-
ity. Several comparative randomised trials using 
oxaliplatin are ongoing. The initial results of 
these are not favourable [ 48 – 50 ], and these com-
binations are still experimental. Neither are the 
initial results of adding targeted drugs like cetux-
imab, panitumumab or bevacizumab favourable 
[ 51 – 55 ], although the fi rst publications are, as 
usual, optimistic. When cetuximab was added to 
neoadjuvant oxaliplatin-capecitabine and preop-
erative CRT in the randomised phase II 
EXPERT-C trial, more radiological responses 
were seen in the cetuximab arm (89 % vs. 72 %, 
 p  = 0.003) in the KRAS wild-type population 
( n  = 90) [ 56 ]. Overall survival was also improved 
(96 % vs. 81 % at 3 years,  p  = 0.04).   

    Organ Preservation? 

 Besides the earliest tumours that can be treated 
with a local procedure or local RT, and described 
above, it has become increasingly popular to fi rst 
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give CRT, wait and restage the tumour with opti-
mal multiple biopsies/excision biopsy of the pre-
vious tumour area in case good regression is 
seen [ 57 – 59 ]. If signs of no remaining tumour/
no viable tumour cells, no further therapy is pro-
vided (organ preservation) and the patient is 
monitored closely for at least 5 years. It is then 
assumed that potential lymph node metastases 
have been eradicated parallel with the excellent 
response of the primary tumour. Although this 
undoubtedly may occur in some patients, this 
strategy has not been subject to properly con-
trolled prospective studies. It is likely that this 
excellent response will not be frequently seen in 
the intermediate and locally advanced cases [ 60 ] 
but rather in the early cases. The advantages, no 
major surgery and no rectal excision if the 
tumour is very low, are apparent for certain indi-
viduals at very high risk for surgery or who can-
not accept a stoma. However, the disadvantages 
for many others are seldom discussed. In most 
patients with an early ‘good’ rectal cancer, a low 
anterior resection alone is the preferred thera-
peutic option. Cure rates are high and morbidity 
is only a result of the surgery. If these patients 
are instead treated with the aim of organ preser-
vation, all will receive CRT with its acute mor-
bidity. Those clinically responding very well 
could then be cared for with a watch-and-wait 
policy. These are the patients potentially having 
a benefi t of this approach, although they would 
all suffer from the long-term toxicity that can be 
seen after CRT. This is, as indicated above, not 
well studied. If the tumour is located low in rec-
tum, at least part of the sphincters must be 
included in the irradiated volume, and poor anal 
function can be a result. For those not respond-
ing so well or those recurring during follow-up, 
major surgery is required. These patients will 
thus obtain the morbidity from both CRT and 
surgery. No study has so far had a prospective 
design so that it is possible to get an idea of the 
proportion of patients who do not need major 
surgery. With the CRT schedules available today, 
it is this author’s opinion that the group of 
patients having a true advantage is much smaller 
than the group of patients who get extra 
morbidity. 

    Evaluation of Response After 
Preoperative (Chemo)radiotherapy 
 Since the response to preoperative therapy 
(5 × 5 Gy with a delay or prolonged CRT to 
46–50.4 Gy) may infl uence prognosis [ 61 – 63 ] 
and thus subsequent therapy, both the extent 
of surgery and postoperative chemotherapy, 
attempts to clinically and pathologically 
restage the tumours have been made. There is 
an increasing experience in evaluating tumour 
response by repeat MRI or PET-CT. Using 
MRI, decrease in size can be seen as well as 
increase in fi brosis and mucous degeneration 
indicating response [ 64 ]. Using FDG-PET, 
decrease in uptake can be seen [ 65 – 68 ]. At 
present, the knowledge about the relevance of 
these changes is too uncertain to modify the 
extent of surgery. 

 Several systems for pathological tumour 
regression grading have been used (e.g. by [ 69 –
 72 ]). The best (reproducibility, prognostic infor-
mation, etc.) is not known. The tumours should 
at least be graded into three groups, complete 
response (pCR), some (potentially in the future 
good, moderate and poor) response and no 
response. The proportion of pCRs, meaning the 
absence of tumour cells after a given treatment 
for a certain substage, is infl uenced by intensity 
of dissection. A standardisation of the dissec-
tion is required if pCR rates should be used as a 
valid endpoint [ 73 ].   

    Postoperative Therapy 

 Postoperative CRT (e.g. about 50 Gy, 1.8–2.0 Gy/
fraction) with concomitant 5-FU-based chemo-
therapy is as said above no longer recommended, 
but could be used in patients with positive crm 
and perforation in the tumour area or in other 
cases with high risk of local recurrence if preop-
erative RT has not been given. The strategy of 
giving postoperative CRT to crm+ tumours was, 
however, inferior to giving preoperative 5 × 5 Gy 
to all, according to the MRC-CR07-trial [ 39 ]. 
According to the NIH and NCI statements [ 8 ,  9 ], 
all patients with pT3–4 or N+ tumours were 
 recommended postoperative CRT, but the routine 
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use of this has been questioned for all pT3N0 
tumours [ 74 ]. 

 Similar to the situation in colon cancer stage 
III (and ‘high-risk’ stage II), adjuvant chemother-
apy can be provided, even if the scientifi c support 
for suffi cient effect is less than in colon cancer 
[ 75 – 78 ]. In the early, chiefl y American trials, 
both chemotherapy and CRT were predominantly 
given, and thus it was diffi cult to ascertain which 
component was responsible for the survival gain 
[ 8 ,  9 ]. In a Hellenic trial [ 79 ], CRT with 4 addi-
tional cycles of chemotherapy was not more 
effective than CRT alone. In a Norwegian trial 
[ 80 ], CRT alone resulted in a survival gain com-
pared to no postoperative therapy. It is possible 
that the effi cacy of adjuvant chemotherapy is less 
if the tumour has not responded to the CRT, but 
this is based only upon a retrospective analysis of 
one trial [ 81 ].  

    Radiation Therapy Volumes 
and Doses  

 Whenever radiotherapy is indicated to lower the 
risk of local failure in the ‘intermediate/bad’ 
group or to cause downsizing to allow radical 
surgery in ‘locally advanced/ugly’ tumours, the 
primary tumour with the mesorectum and lymph 
nodes outside the mesorectum, at risk to contain 
tumour cells more than exceptionally, should be 
irradiated [ 82 ,  83 ]. In the ‘early/good’ group 
before or after a local procedure, only mesorec-
tal nodes are considered at suffi cient risk to be 
involved. The appropriate dose to subclinical 
disease is not precisely known, but should with 
5-FU chemotherapy be at least 46 Gy in 
1.8–2 Gy fractions. The relative reduction 
in local failure rates is then in the order of 
50–60 %, why there is room for improvements. 
A boost of about 4–6 Gy in 2–4 fractions to the 
primary tumour is often given, limiting the radi-
ation dose to the entire volume when long-
course CRT is given. Elective para-aortic and 
liver radiotherapy did not improve survival in 
one trial [ 84 ]. 

 The entire mesorectum is at great risk of hav-
ing tumour deposits, often in the mesorectal 

lymph nodes, in all tumours except the very earli-
est (T1 sm1 (−2?)) and should be included in the 
clinical target volume (CTV). An exception is 
the high tumours where it is suffi cient to include 
the 4–5 cm distal to the tumour. This means that 
in these tumours, the lower border of the beams 
can be about 5–6 cm distal to the tumour. Besides 
the mesorectal nodes, the presacral nodes along 
aa rectalis superior up to the level of S1–2 should 
be included. If presacral nodes are radiologically 
involved, the upper border of CTV should be 
even higher. Local recurrences above S1–2 are 
seldom seen [ 85 – 87 ]. The lateral nodes along aa 
rectalis inferior and aa obturatorii and the inter-
nal iliac nodes up to the bifurcation from aa iliac 
communis should be included in tumours below 
the peritoneal refl ection, i.e. in tumours up to 
about 9–12 cm from the anal verge [ 88 ]. The risk 
of lateral node involvement in the Western world 
is not properly known, but studies from Asia 
show that these lymph nodes are seldom involved 
in low-mid rectal pT1–2 tumours and in high 
tumours irrespective of T-stage [ 89 ,  90 ]. External 
iliac nodes should only be included if an anterior 
organ like the urinary bladder, prostate or female 
sexual organs are involved to such an extent that 
there is a risk of involvement of these lymph node 
stations. The medial inguinal nodes need only to 
be prophylactically included when the tumour 
grows below the dentate line [ 91 ]. When lymph 
nodes are involved by metastatic disease so that 
this can be seen on imaging, there is always a risk 
of aberrant spread, and the CTV can be enlarged 
to include also other nodal stations than those 
described above. 

 Fossae ischiorectalis should only be included 
when the levator muscles and the internal and 
external sphincters are involved since the fascia 
inside the levators is considered to be a strong 
barrier to tumour cell penetration [ 92 ]. Other 
opinions have been expressed [ 82 ].   

    Treatment of Local Recurrences 

 Patients with recurrence (if radiotherapy was not 
given in the primary situation) should receive pre-
operative RT (about 50 Gy during 5–6 weeks) with 
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concomitant chemotherapy similar to a locally 
advanced (ugly) rectal cancer. In patients previ-
ously irradiated, attempts at providing additional 
RT, externally, using intraoperative radiotherapy 
(IORT) or different brachytherapy techniques 
could be tried. It is often possible to re-irradiate 
many patients [ 93 ], although it is important to 
limit the dose to the small bowels as much as pos-
sible. Attempts of radical surgery should take 
place 6–10 weeks after RT. In patients with prior 
RT for whom salvage surgery is not an option, sys-
temic chemotherapy should be considered.  

    Late Toxicity from Rectal Cancer 
Radiotherapy 

 It is extremely important to know the extent of 
late toxicity after rectal cancer RT if this is given 
pre- or postoperatively to diminish the risk of 
local recurrence. The prevention of a local failure 
with the severe morbidity it may have must be 
weighed against the morbidity from (C)RT that 
all treated patients can get. Studies have tried to 
estimate what minimal absolute gain should be 
present for patients to value RT. These studies are 
very diffi cult to interpret, although many patients 
accept an absolute 3 % difference for the risk of 
RT morbidity [ 94 ]. 

 From the Swedish and Dutch randomised tri-
als, we have good evidence of the morbidity that 
can be seen after 5 × 5 Gy RT (summarised in 
[ 20 ]). It is beyond the scope of this chapter to 
detail this toxicity, but increased risks of poor 
anal and sexual function, small bowel toxicity 
with obstruction and secondary malignancies 
have been reported. After    having worked with 
rectal cancer patients for over 30 years, thus see-
ing many patients with a local recurrence during 
the fi rst part of the period, and being actively 
involved in the research to estimate the risks of 
late toxicity up to 20 years after the RT, it is my 
opinion that an absolute risk reduction of in the 
order of 5 % unites motivates the recommenda-
tion to irradiate. Further and very important, the 
RT we give today, and the RT we can routinely 
give in only a few years, will mean less late toxic-
ity than seen in the follow-up studies of the RT 
given during the 1980s–1990s [ 83 ]. 

 A very important question not yet solved is the 
late toxicity from 5 × 5 Gy compared with the tox-
icity seen after 46–50 Gy in 25–28 fractions, usu-
ally with 5-FU. We know the long-term morbidity 
from 5 × 5 Gy up to at least 10 years’ follow- up 
(with yesterday’s techniques) from studies includ-
ing thousands of patients. We do not have this 
knowledge from CRT to about 50 Gy. The Polish 
trial [ 18 ] and the MRC-CR07 trial [ 39 ] have 
reported late toxicity after 4 years of follow-up, 
without being able to detect any signifi cant differ-
ences between 5 × 5 Gy and CRT to 46–50 Gy. 
The short-course schedule uses a high fraction 
size of 5 Gy, compared to 1.8–2.0 Gy, whereas the 
total dose is less (25 Gy compared to 46–50 Gy). 
Both the fraction size and the total dose are rele-
vant. The relations between total dose, fraction 
size and toxicity are complex. 

 Another yet unresolved question is whether 
the addition of 5-FU, or in the future other drugs, 
increases late toxicity. Three randomised trials 
have been performed. Data from one of the two 
trials in the intermediate-risk group [ 21 ,  22 ] have 
shown that some dimensions of quality of life are 
less good in the CRT group [ 95 ]. Late toxicity 
has also been analysed in the smaller trial in the 
locally advanced/ugly group. More patients had a 
stoma or a poor anal function in the CRT group 
than in the RT group (89 % vs. 70 %,  p  = 0.046) 
[ 96 ], but no differences in QoL were seen [ 97 ]. 
Whether this means that the chemotherapy addi-
tion results in more late toxicity or if this differ-
ence refl ects survival of patients with more 
advanced tumours in the CRT group could not be 
deduced. Comparisons of population-based 
series where some have been irradiated and oth-
ers not, reporting poorer long-term function 
among those irradiated, are extremely diffi cult to 
interpret due to the selection of more advanced 
cases for radiotherapy [ 98 – 100 ].     
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     Adjuvant therapy in rectal cancer patients involves 
chemotherapy or radiotherapy after the tumour 
has been removed surgically without any signs of 
remnant macroscopic or microscopic disease. The 

rationale for adjuvant therapy is that in spite of an 
R0 resection, there may be residual clusters of 
tumour cells with metastatic potential in the 
tumour area or in distant locations. This, however, 
does not occur in the majority of patients, and it 
must be remembered that although chemotherapy 
has made great progress, the response rates are 
still limited to around 50 %. Consequently, a sub-
stantial amount of patients are overtreated when 

    Abstract  

  Adjuvant therapy in rectal cancer patients involves most often chemother-
apy or in rare cases radiotherapy after the tumour has been removed surgi-
cally without any signs of remnant macroscopic or microscopic disease. 
Neoadjuvant treatment means radiotherapy, chemotherapy, or chemoradi-
ation before the tumour has been removed surgically. As chemotherapy 
inhibits and kills cancer cells as well as normal cells, some side effects are 
often unavoidable. Ideally benefi ts and side effects should be balanced, but 
at present, it is not possible to individualise the treatment with respect to 
differences in pharmacodynamics and pharmacokinetics. Not only the fre-
quency but also the severity of the side effects must be evaluated, and 
scoring systems like the Common Toxicity Criteria can be used. Nausea 
and vomiting may be prevented to some extent by various measures. Both 
early and late side effects of radiotherapy are dependent on irradiated vol-
ume, total dose, fractionation, and total time for treatment. Early toxicity 
is more frequent after chemoradiation than after radiotherapy alone. 
Ageing involves a reduction of physiologic reserves, absorption, metabo-
lism, and elimination which may be associated with increased toxicity. 
However, performance status and functional status should be more impor-
tant than age alone for recommending adjuvant or neoadjuvant therapy.  
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“number to treat” is calculated. The documenta-
tion of the benefi t of adjuvant treatment regarding 
reduced local recurrence rate and particularly 
improved survival is limited in rectal cancer 
patients. Therefore, signifi cant and permanent 
side effects should not be accepted. 

 Neoadjuvant treatment in rectal cancer means 
radiotherapy, chemotherapy, or a combination of 
them before the tumour has been removed surgi-
cally. This preoperative treatment is offered 
selected patients with a resectable rectal cancer 
as it may destroy cancer cells in the periphery of 
the tumour area but also more distantly. More sel-
dom neoadjuvant treatment is given when the 
tumour is so advanced that it is uncertain whether 
it can be completely removed with surgery. Then 
there is a need to downsize or even downgrade 
the tumour before surgery and improve the pos-
sibility to perform a radical operation. Obviously 
more side effects should be accepted in this 
situation. 

 Cytotoxic chemotherapy inhibits and kills cancer 
cells as well as normal cells, and some side effects 
are thus unavoidable. It is therefore crucial to bal-
ance benefi ts against complications to the treatment. 
But this is diffi cult as the effects of chemotherapy 
are still unpredictable in the individual patient. At 
present our knowledge is insuffi cient to individual-
ise the treatment with respect to differences in phar-
macodynamics and pharmacokinetics. Genetic 
differences in drug handling are probably important 
both for some of the variations in the response and 
for some side effects of chemotherapy [ 1 ]. 

    Radiotherapy 

    Neoadjuvant or adjuvant radiotherapy before or 
after surgery with curative intent is for many 
patients an overtreatment, as local recurrence rate 
is reduced from merely 10–15 % after surgery 
alone to 5–8 %. Therefore, it is of great impor-
tance to avoid serious side effects. 

 The side effects of radiotherapy are dependent 
on the following:
•    Irradiated volume  
•   Total dose  
•   Fractionation  
•   Total time for treatment    

  Early side effects  after radiation are well 
known with fatigue, pain, and other symptoms 
from the gastrointestinal tract, loss of weight, and 
sometimes dermatological manifestations. In a 
recent interim analysis [ 2 ], there was a trend 
towards less complications after long-term irra-
diation compared with 5 Gy given for 5 days. 
Moreover, the rate of complications and the mor-
tality in elderly patients was increased when sur-
gery was performed 11–17 days after the start of 
short-term irradiation. To reduce the side effects 
of 5 × 5 Gy, the recommendation was to perform 
the operation either within 5 days or after 
4–8 weeks after the start of irradiation. After 
abdominoperineal resection, septic complica-
tions of the perineal wound are doubled from 
about 10 % to about 20 % [ 3 ,  4 ]. Other surgical 
complications as anastomotic leakage have not 
been increased in randomised studies, but this is 
in contrast to population-based studies where 
postoperative complications have been increased 
in irradiated patient groups. Such a difference 
between various patient materials may be due to 
differences in comorbidity of the included 
patients. Early studies with a big radiation vol-
ume reported an increased postoperative mortal-
ity but with modern technique using four fi elds, 
and smaller irradiated volumes the mortality is 
not increased [ 5 ]. A rare complication reported 
after short-course radiation has been acute neu-
ropathy with pain in the buttocks and the thighs. 
There is a slight increase in side effects after 
postoperative radiotherapy compared with preop-
erative radiotherapy. 

  Late side effects . In studies where the anal 
sphincters were included in the irradiated fi eld, 
the anal function was impaired twice as often after 
preoperative radiation and surgery compared to 
surgery alone with low anterior resection. The dis-
comfort seems, however, tolerable as it does not 
infl uence on the quality of life [ 6 ,  7 ]. There is also 
a slight decrease in sexual function after irradia-
tion and resectional surgery. It has been reported 
that 2 years after treatment, 67 % of males were 
sexually active after irradiation combined with 
surgery and 76 % after surgery alone. 
Corresponding fi gures for females were 72 % ver-
sus 90 % [ 8 ]. In the early studies, intestinal 
obstruction and pathological fractures of the 
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 pelvic region were seen, but those fi ndings have 
not been confi rmed in later studies with modern 
radiation techniques [ 6 ]. However, secondary 
tumours are more common in the pelvic area 
among irradiated patients. A systematic overview 
of 22 randomised trials showed that fewer patients 
who had preoperative radiotherapy died from rec-
tal cancer than did those who had surgery alone 
(45 % versus 50 %), but overall, deaths within 1 
year after treatment were increased in irradiated 
patients (8 % versus 4 %) [ 9 ].  

    Chemotherapy 

 In rectal cancer patients, chemotherapy is used 
postoperatively in selected patients with stage III 
tumours or in T3–T4 tumours. In addition chemo-
therapy is considered when the resectional margin 
is narrow or after an R1–2 resection in patients 
irradiated before surgery. Usually the adjuvant 
treatment will continue for about 6 months, and 
during that time more or less awkward side effects 
may appear. They comprise both subjective feel-
ings and objective effects which can infl uence on 
the management of chemotherapeutic agents and 
sometimes even be life threatening. It is generally 
accepted that certain factors may increase the risk 
for side effects such as pharmacodynamic charac-
teristics, inappropriate dosage, interactions with 
other drugs, variations of metabolic inactivation, 
changes of metabolism or elimination, or malnu-
trition. When various chemotherapeutic agents 
are combined, the side effects are not reduced, but 
their panorama may get wider. Side effects are 
extremely common, and it is important that they 
are described not only regarding their frequency 
but also regarding their severity. 

 In general, the various side effects can be 
managed quite successfully with prevention, 
symptomatic treatment, and changes of dosage of 
the chemotherapeutic agents. 

    Organ-Related Side Effects 

  Nausea and vomiting  are the biggest problems 
of chemotherapy for cancer, and in rare cases 
the treatment must be interrupted. The degree 

of these symptoms differs from patient to 
patient but is also depending on type of drug, 
dose, way of administration, combination with 
other drugs, and duration of the treatment. It is 
not clear whether nausea is caused by mucosal 
irritation, disordered motility in the gastrointes-
tinal tract, or a direct effect on the central ner-
vous system. The consequence of nausea and 
vomiting is not only discomfort, but they are 
also negative factors for energy intake, nutri-
tional status, and fl uid/electrolyte balance. The 
vomiting can appear within 24 h or later but 
usually during the fi rst 1–2 h after treatment. 
Vomiting can also be conditioned which is 
experienced in 20–60 % of patients when they 
merely think of their treatment or even when 
they see the hospital building. 

  Muscle and nerve symptoms.  Weakness, 
fatigue, or tenderness of muscles may occur. 
Other symptoms are burning sensations in hands 
and feet, spasms, disordered fi ne motility, and 
disordered body balance. 

  Alopecia.  Many patients worry about this, but 
nowadays it is uncommon in patients treated with 
adjuvant or neoadjuvant chemotherapy for rectal 
cancer. 

  Dermatological problems.  These are not com-
mon among chemotherapeutic regimens used for 
rectal cancer. Palmar and plantar erythema or 
pathological changes of the nails are reported to 
occur in 1/100–1/1,000 of treated patients but 
may be more frequent. 

  Stomatitis.  The cells comprising the mucous 
membranes are highly proliferating and thus sen-
sitive to chemotherapy. Consequently, symptoms 
from the mouth or the pharynx are very common 
overall (30–60 %) in connection with chemother-
apy but are uncommon in patients treated for rec-
tal cancer 

  Diarrhoea.  This is a common symptom in 
patients on chemotherapy for rectal cancer but 
can also be caused by irradiation. Treatment with 
fl uorouracil is often associated with diarrhoea. It 
can be treated effectively with drugs containing 
diphenoxylate. 

  Bone marrow toxicity.  The myelosuppres-
sive effect is a major risk factor for septic mani-
festations and may be life threatening, but 
fortunately it occurs very seldom. Laboratory 
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tests reveal granulocytopenia, thrombocytope-
nia, and anaemia. As the life time of granulo-
cytes is limited to hours/days and thrombocytes 
to days/week, the granulocytopenia is noted 
before the thrombocytopenia (9–14 days versus 
7–17 days) and the anaemia. Colony-stimulating 
factors are the current treatment of severe 
granulocytopenia. 

  Thromboembolic disease.  There is an 
increased risk for pulmonary embolism by both 
fl uorouracil and oxaliplatin (1/10–1/100 of 
treated patients). 

  Other manifestations.  Complications from the 
heart, lung, blood vessels, kidneys, and liver are 
not often seen in connection with chemotherapy 
for rectal cancer.  

    Severity of Side Effects 

 The National Cancer Institute of Canada (NCIC) 
has published a detailed Common Toxicity 
Criteria in order to score side effects from 0 to 4, 
where grades 3 and 4 are associated with a sub-
stantial symptomatic load [ 10 ]. Some examples 
relevant for chemotherapy in rectal cancer are 
shown in Table  15.1 .

   According to another classifi cation, neurolog-
ical side effects are graded as 1–2 for sensory and 
grades 3–4 for motor manifestations.  

    Measures to Prevent or Treat Nausea/
Vomiting and Stomatitis 

 Nausea and vomiting shall be prevented. Most 
effective prevention and treatment is obtained 
by various modifi cations of 5-HT 3  receptor 
blockers. Sometimes merely changes of eating 
habits are of great value. Relaxing measures 
can reduce nausea and vomiting particularly in 
patients where the symptoms are conditioned. 
Acupressure and acupuncture have also been 
reported to be benefi cial. Careful hygiene of the 
oral cavity, e.g. by regular rinsing, is of value to 
prevent stomatitis. Cryotherapy during 30 min 
before chemotherapy is reported to decrease the 
mucositis.  

   Table 15.1    Grading of severity of side effects associated 
with chemotherapy according to NCIC 2.0   

  Fatigue  
 0  None 
 1  Increased but not altering normal activities 
 2  Moderate, diffi culty performing some activities 
 3  Severe, cannot perform some activities 
 4  Bedridden or disabling 
  Nausea  
 0  None 
 1  Able to eat 
 2  Oral intake signifi cantly decreased 
 3  No signifi cant intake, intravenous nutrition 
 4  – 
  Vomiting  
 0  None 
 1  1/day 
 2  2–5/day 
 3  ≥6/day 
 4  Requiring parenteral nutrition or intensive care 
  Stomatitis  
 0  None 
 1  Painless erythema 
 2  Painful erythema or ulcers but can eat 
 3  Requiring intravenous hydration 
 4  Requiring parenteral or enteral nutrition 
  Diarrhoea  
 0  None 
 1  1–3/day 
 2  4–6/day 
 3  >6/day 
 4  Requiring intensive care 
  Constipation  
 0  None 
 1  Requiring stool softener 
 2  Requiring laxatives 
 3  Requiring enema 
 4  Obstruction or toxic megacolon 
  Dermatological manifestations  
 0  None 
 1  Redness 
 2  Ulcerations/blisters, pain 
 3  Extensive ulcerations/blisters 
 4  Generalised exfoliative or ulcerative dermatitis 
  Neuropathy, sensory  
 0  None 
 1  Paraesthesia or loss of tendon refl exes 
 2  Objective sensory loss or paraesthesia interfering 

with function 
(continued)
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    Adjuvant and Chemotherapeutic 
Agents in Rectal Cancer 

  Fluorouracil . Fluorouracil is a common cause of 
nausea and vomiting (1/10–1/100 of treated 
patients). This drug can also cause cerebral ataxia 
(1/10–1/100), confusion or nystagmus (1/1,000–
1/10,000). It is stated that alopecia occurs after 
treatment with fl uorouracil in 1/10–1/100 
patients. Fluorouracil causes stomatitis in 
40–60 % (1/10–1/100) which often is the fi rst 
sign of toxicity, and it will cause leucopenia quite 
often (1/10–1/100). It is sometimes associated 
with changes in ECG (1/10–1/100) but more sel-
dom with arrhythmia and coronary angina 
(1/100–1/1,000) or heart failure/myocardial 
infarction (1/1,000–1/10,000). Increased secre-
tion of tears, pathological visual changes, or 
hypersensitivity for light is reported after 
 treatment with fl uorouracil (1/1,000–1/10,000). 

 Fluorouracil has been used extensively for 
adjuvant chemotherapy, but the treatment- 
associated mortality is less than 1 %.  

    Capecitabine 

 Capecitabine is converted into the active drug in 
tumours containing thymidine phosphorylase 
and should therefore be less toxic than 5-FU. 
Consequently, the safety profi le is improved 
compared with 5-FU regimens. Most common 
side effects are gastrointestinal symptoms, 
fatigue, and hand-foot syndrome, but they are 
signifi cantly less than for 5-FU. Very rare side 
effects are stenosis of the lacrimal duct and liver 
failure (1/1,000–1/10,000). 

  Oxaliplatin . The most frequent side effects 
associated with oxaliplatin are symptoms from 
the gastrointestinal tract, but also haematologic 
and neurological side effects are common. 
Oxaliplatin is often associated with nausea and 
vomiting (>1/10). Neurological side effects have 
been reported in up to 95 % of the patients. The 
complications include sensory perineuritis char-
acterised by dysaesthesia/paraesthesia with or 
without muscle spasm triggered by cold. The 
neurological manifestations are most important 
as they are restricting the dose. After the treat-
ment is completed, about 90 % of the patients are 
free from neurological symptoms, and after 3 
years only about 3 % have moderate or severe 
paraesthesia. Treatment with oxaliplatin is very 
often associated with fatigue, peripheral sensory 
neuropathy, hypoaesthesia, disordered sense of 
taste, headache, and back pain (>1/10). Other 
common symptoms are neuritis in motoric 
nerves, dizziness, insomnia, dysuria, and con-
junctivitis (1/10–1/100). Oxaliplatin treatment 
often causes exfoliation (hand-foot syndrome). 
A less common side effect is intestinal obstruction 
(1/100–1/1,000). Oxaliplatin is rarely associated 
with colitis or diarrhoea caused by  Clostridium 
diffi cile  (1/1,000–10,000). It is a common cause of 
disturbed electrolyte concentrations in plasma and 
of allergic reactions (>1/10). Sometimes it is asso-
ciated with arthralgia (1/10–1/100). 

 Various side effects caused by oxaliplatin are 
not severe. All grades of nausea have been 
reported to occur in 73.7 % of the patients, but 
only 5.1 % are grades 3–4. Vomiting occurs in 
47.2 % of the patients, but only 5.8 % are grades 
3–4. Stomatitis is seen in 42.1 and 2.9 %, respec-
tively. Sepsis in connection with neutropenia 
occurs in 1.1 and 1.0 %, respectively. 

 Oxaliplatin is used extensively for adjuvant/
neoadjuvant chemotherapy, but like fl uorouracil 
the treatment-associated mortality is less than 1 %.   

    Chemoradiation 

 This is most often used preoperatively in selected 
patients when the imaging shows a suspected 
T3–T4 cancer or a suspected stage III cancer. 

Table 15.1 (continued)

 3  Sensory loss or paraesthesia interfering with daily 
living 

 4  Permanent sensory loss interfering with function 
  Neuropathy, motor  
 0  Normal 
 1  Subjective weakness 
 2  Mild objective weakness 
 3  Objective weakness interfering with daily living 
 4  Paralysis 
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Chemotherapeutic agents serve as radiosensitis-
ers to enhance the radiation therapy but also to 
target any occult metastases. 

 Side effects are more common after chemora-
diation than after radiotherapy alone, both in the 
neoadjuvant/preoperative and in the adjuvant/post-
operative setting. The morbidity in the gastrointes-
tinal tract is increased from 5–10 % to 20–50 % 
[ 11 ]. Chronic proctitis is more common after 
chemoradiation than after radiotherapy. A recent 
study reported that perineal wound complications 
after abdominoperineal resection were diagnosed 
in 16.2 % without chemoradiation and in 20.6 % in 
patients who received neoadjuvant chemoradia-
tion. That difference did, however, not reach statis-
tical signifi cance. Partly contradictory results have 
been reported regarding the effect of chemoradia-
tion on anorectal function, but the addition of che-
motherapeutic agents does not seem to increase 
the morbidity caused by radiotherapy and surgery. 
Preoperative chemoradiation is better tolerated 
than postoperative chemoradiation – grade 3–4 
toxicity is about 25 % against 40 % [ 12 ]. 

 There are still only few reports of late side 
effects after chemoradiation, but as the irradiation 
doses are about 50 Gy and chemotherapeutic 
agents are added, one can expect an increased fre-
quency in comparison with radiotherapy alone. In 
a recent study, the early toxicity was higher in the 
chemoradiation group than in the group having 
only radiotherapy before surgery (18.2 % versus 
3.2 %). However, toxicity after a median follow-
up of 48 months was not increased – 28.3 and 
27.0 %, respectively [ 13 ]. Several studies have 
shown that postoperative mortality is not increased 
in modern series of chemoradiation. 

    Elderly Patients 

 The current median age is about 72 years when 
the diagnosis of rectal cancer is made. Ageing 
involves a gradual reduction of physiologic 
reserves, absorption, metabolism, and elimina-
tion, which may lead to impaired pharmacologi-
cal effects and increased toxicity. Furthermore, 
there is often an increase in comorbidity among 
elderly patients. 

 A serious concern is, however, that most trials 
have not included elderly patients; the majority 
has been below 65 years. Therefore, meta- 
analyses and pooled analyses have been done in 
an attempt to address the effectiveness and toxic-
ity of neoadjuvant and adjuvant therapy in elderly 
patients. Adjuvant therapy with fl uorouracil- 
based regimens has been compared with no adju-
vant chemotherapy in over 3,000 patients 
operated on for colon cancer. The side effects 
were the same in younger and elderly patients, 
but there was a trend towards a higher incidence 
of leucopenia among the elderly. However, only 
0.7 % of the patients who participated in the 
seven randomised trials were over the age of 80 
[ 14 ]. Other studies have confi rmed that elderly 
people who are fi t enough for participation in the 
studies are as likely to tolerate and benefi t from 
adjuvant chemotherapy as younger patients. 

 Studies have also shown that capecitabine is as 
least as effective as 5-FU in patients older than 70 
years without any increase in toxicity [ 15 ]. But it 
should be used with caution in elderly patients 
with renal insuffi ciency and in those using antico-
agulants because of the risk for bleeding. 

 Oxaliplatin is more toxic in elderly than in 
younger patients regarding haematologic toxic-
ity, but there has been no difference between 
elderly and younger patients in treatment- 
associated mortality or neuropathy. Age per se is 
therefore not a limiting factor for using oxalipla-
tin and fl uorouracil/capecitabine as adjuvant 
therapy. But as with fl uorouracil/capecitabine, 
the documentation is weak for treating patients 
older than 80 years with oxaliplatin. 

 Fifty percent of the patients are older than 
72 years when a rectal cancer is diagnosed. 
Scientifi c studies reported until now do not sup-
port that there is an increased toxicity or lack of 
benefi t in the elderly, but to be included in those 
trials, the patients had to be in good condition 
both physically and mentally. Furthermore, as 
mentioned before, the documentation is weak 
for patients older than 80 years. Performance 
and functional status as well as comorbidity – 
compensated or not – should be more important 
for the decision of offering adjuvant chemother-
apy than age alone.      
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    Abstract  

  A proportion of patients, who receive preoperative chemoradiation (CRT) 
for locally advanced (cT3, cT4, NX) rectal cancer, achieve a pathological 
complete response (pCR). Less frequently a complete clinical response 
(cCR) is observed prior to surgery. So support is growing for the concept 
of ‘waiting to see’ and  not  proceeding to radical surgery if a cCR is 
observed – particularly when a permanent stoma is planned. We aimed to 
evaluate how often cCR is achieved following CRT, the concordance with 
pCR and the outcome, if patients who achieve cCR are observed rather 
than proceed to radical surgery. The rationale and outcome of non- radical 
surgical approaches are discussed. 

 It remains uncertain whether the degree of response to chemoradiation 
in terms of cCR or pCR is a useful clinical endpoint. cCR is inconsistently 
defi ned and insuffi ciently robust with only partial concordance with pCR. 
Studies, which include T3 rectal cancer, are associated with high local 
recurrence rates after nonsurgical treatment. Few studies report long-term 
outcome after achievement of a cCR. 

 The rationale of a ‘wait-and-see policy’ relies on retrospective observa-
tions which do not support this policy as routine except in patients who 
are recognised to be unfi t for or refuse radical surgery. The strategy of 
examining the histology of a local excision merits further investigation. 
We would therefore encourage careful observational studies in this 
setting.  
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        Introduction 

    Rectal cancer is a common malignancy. The 
combination of preoperative radiotherapy and 
surgery in the form of total mesorectal excision 
(TME) has reduced the risk of local recurrence to 
less than 10 % [ 1 ,  2 ]. The ability to control local 
disease with radiotherapy and surgery comes at a 
considerable risk of long-term complications in 
terms of bowel, urinary and sexual function [ 3 ,  4 ]. 
Furthermore treatment is associated with an over-
all mortality of 2 %. The risk is especially high in 
the elderly, where the mortality following major 
surgery has been demonstrated in the Dutch TME 
study to be almost one third of those over 80 
years, within 6 months [ 5 ]. There is also a high 
psychological morbidity and dissatisfaction with 
a permanent stoma, when this is required – par-
ticularly in southern Europe. 

 The improvements in local disease control do 
not seem to have led to improvements in overall 
survival, with the development of metastases 
appearing to be relatively independent of local 
treatment, as recent clinical trials demonstrate 
that 25–40 % of patients with resectable disease 
develop metastases despite increasingly low rates 
of local recurrence. 

 Pathological complete response (pCR) – i.e. 
where no residual viable tumour cells are found 
in the resected specimen – is a not infrequent 
observation following chemoradiation. Rates of 
13–30 % pCR have been reported in phase II and 
phase III trials following 5FU-based preoperative 
CRT. A review of 3157 patients from 77 phase II 
and phase III trials showed an overall pCR rate in 
these studies was 13.5 % [ 6 ]. It is questionable 
whether these patients receive any benefi t from 
surgical resection. So, when a surgeon performs 
an APER for low rectal cancer after CRT, and the 
pathologist tells us in our multidisciplinary meet-
ing that there is no tumour in the specimen, a 
sense of failure prevails – why could we not have 
recognised this excellent response and avoided 
the mutilating surgery? The paradigm of squa-
mous cell cancer of the anus is often cited, where 
chemoradiation has become the prime modality. 

 Over 35 years ago, Rider questioned the 
need in all cases of rectal cancer for surgery [ 7 ]. 

Hence, others previously have called for a nonop-
erative approach in patients who have a complete 
clinical response – particularly in early tumours 
[ 8 ,  9 ]. This strategy is supported by nonoperative 
series from Canada [ 10 ] and has been recently 
examined in a detailed review [ 11 ]. 

 Patients, who obtain excellent symptomatic 
benefi t during CRT, also often question the need 
to proceed with surgical resection. 

 The unease engendered by the above thoughts 
has been focussed by the results of Angelita 
Habr-Gama in Brazil, who showed that about a 
third of patients treated with chemoradiation, 
who achieved a clinical complete response, if 
appropriately assessed and watched carefully, 
could avoid major surgery and have the same 
long-term outcome as a similar group treated 
with surgery, who had achieved a pathological 
complete response [ 12 ]. Subsequent data from 
the same authors confi rmed that patients, who 
recurred relapse endoluminally and could be sur-
gically salvaged [ 13 ]. For these reasons, interest 
in nonsurgical management as an alternative to 
an abdominoperineal resection (APER) is rising, 
and many countries in Europe including Denmark 
and the United Kingdom have sponsored ‘wait-
and- see’ registries and clinical studies to defi ne 
the possibilities more carefully. However, in the 
United Kingdom, a recent questionnaire sent to 
members of the Association of Coloproctology 
could not obtain a consensus on how to defi ne a 
complete response, and there was a marked resis-
tance and anxiety in offering nonoperative treat-
ment to patients fi t for curative surgery [ 14 ]. 

 Many remain sceptical of the watch-and-wait 
approach [ 15 – 17 ]. They argue that many in these 
series are selected early cases and not locally 
advanced T3/T4 defi ned by MRI. The diffi culties 
of accurate prediction of complete pathological 
response also limit the use of clinical response 
alone as an end point for determining future man-
agement. In addition, several small observational 
studies show that complete pathological response 
(ypT0) in the primary tumour only partially cor-
relates with sterilisation of microscopic disease 
within the pelvic lymph nodes [ 18 – 23 ]; there-
fore, 15–25 % of patients may still have positive 
lymph nodes leading to the potential of regional 
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local or pelvic relapse. Other shortcomings of 
these series include opaque methods of selection 
of suitable patients and poorly defi ned follow-up 
programmes. 

 The aim of this short chapter is to examine the 
current evidence for a ‘wait-and-see’ nonsurgical 
approach and examine future possibilities.  

    The Evidence 

    What Is the Evidence for a 
Watch-and-wait approach? 

 A ‘watch-and-wait approach’ is not a laissez-
faire strategy but represents a positive decision to 
delay or avoid a potentially curative resection. 
The original Habr-Gama series [ 24 ] reported 118 
patients with potentially resectable low rectal 
cancer, who received preoperative chemoradia-
tion (50.4 Gy combined with 5FU and folinic 
acid for three consecutive days on the fi rst and 
last 3 days of radiotherapy). In this retrospective 
study, a total of 36/118 (30 %) achieved a clinical 
complete response. When 6 of these proceeded to 
surgery, there was no residual tumour found in 
the surgical specimen. This complete clinical 
response was confi rmed in the remaining 30 
patients by clinical examination, pelvic CT, tran-
srectal ultrasound and fi nally by a negative 
biopsy. These 30 patients did not proceed to radi-
cal surgery. In this series 8/30 (27 %) eventually 
failed locally and proceeded to a salvage resec-
tion within 3–14 months of the completion of 
radiation. The outcome in terms of local recur-
rence and survival was found to be similar for 
those achieving cCR and entering into surveil-
lance compared to patients found at surgery to 
have achieved a pCR. In an abstract updating this 
preliminary data [ 25 ] with a total of 201 patients, 
64 (32 %) achieved a cCR. Of these, 11 pro-
ceeded to have a pCR at surgery, and 10 patients 
who were initially considered as complete 
responders relapsed locally 3–14 months later. 

 In a subsequent paper [ 12 ], 71/265 patients 
(27 %) with a complete clinical response at 8 
weeks are described. All these patients were 
observed rather than proceeding to radical sur-

gery. With a mean follow-up of 57.3 months, 
only three patients (2.8 %) are reported to have 
suffered an endoluminal recurrence and three had 
developed systemic metastases. Unfortunately, 
there is no description in this report of patients 
requiring surgery between 8 weeks and 14 
months. 

 Habr-Gama’s next updated experience with 
longer follow-up relates to these 71 selected 
patients who continued to maintain complete 
clinical response after 14 months [ 13 ]. The 
paper describes a meticulous follow-up protocol 
where patients were followed on a monthly basis 
and closely observed without submitting them 
to radical surgery. The presence of an obvious 
clinical tumour, a signifi cant ulcer or a positive 
biopsy following chemoradiation was consid-
ered an incomplete response. The paper specifi -
cally states that only patients with a sustained 
complete tumour response at 12 months were 
considered as complete clinical responders and 
were managed by observation and not surgery. 
In the 71 patients who maintained a complete 
clinical response at 14 months, with a median 
follow-up of almost 5 years, there are no deaths 
due to rectal cancer, and only three patients have 
relapsed locally. 

 A further paper [ 26 ] discusses a total of 360 
clinically staged T2–T4 patients treated with 
chemoradiation of whom 99 (27.5 %) achieved a 
cCR (patients again had to sustain a cCR for a 
year). Overall recurrence rates were similar for 
complete and incomplete responders (11 % for 
cCR and 12.5 % for incomplete responders): 
5-year survival rates were lower for the resected 
patients ( p  = 0.42) – but not signifi cantly so. 
Only six local recurrences were reported in the 
surveillance arm. The authors comment that 
local recurrences in this series were always 
endoluminal and hence amenable to surgical sal-
vage. The fact that all the recurrences were endo-
luminal suggests that the initial tumours in the 
cCR group were node negative and potentially 
lower stage and of smaller size. This hypothesis 
would also account for the slightly better sur-
vival in the cCR group. 

 Finally, a further paper [ 27 ] describes 361 
patients of whom 122 were considered to have a 
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cCR at the fi rst assessment, but only 99 sustained 
cCR at 12 months (27.4 %). The 23 patients who 
recurred early are excluded from the study. In 
patients with sustained cCR, all recurrences were 
endoluminal and surgically salvageable – there 
were no pelvic recurrences. 

 The outcome of the 23 patients who did not 
achieve a sustained clinical response to 12 
months has been reported [ 28 ]. These patients 
had an interval to surgery of 48 weeks 
(±0.4 weeks). Disease recurred in 8/23 (35 %), 
with a 5-year DFS of 51.6 % and overall survival 
of 84.9 %. Compared to patients who proceeded 
to surgery within 12 weeks of CRT, those with 
delayed surgery had signifi cantly earlier patho-
logical disease and less lymph node metastases. 
Without being able to compare the original clini-
cal staging in this group, it’s diffi cult to assess 
whether the 23 patients were disadvantaged by a 
watch-and-wait approach.   

    Defi ning Pathological 
Complete Response 

 Pathological complete response (pCR) after 
chemoradiation is defi ned as ypT0N0. A recent 
long-term analysis of data in 566 patients achiev-
ing a pCR [ 29 ,  30 ] showed that patients with 
pCR have a favourable prognosis with 5-year 
rates of disease-free and overall survival of 85 
and 92 %. This study did not compare outcome 
with a control group of patients who had resid-
ual disease after chemoradiation. A more recent 
pooled analysis showed prognosis is signifi cantly 
better for those achieving pCR than in a control 
group of 2,621 patients without pCR. This study 
demonstrated a pCR prevalence of 16 % [ 30 ]. 
Patients with pCR had clinically smaller T1 and 
T2 tumours signifi cantly more often than patients 
with residual disease post-chemoradiation ((10 % 
vs. 4 %),  p  < 0.0001). Additionally only 0.88 % 
of patients with complete pathological response 
within the primary had positive involved nodes at 
pathological examination. In contrast in smaller 
single-centre studies, regional nodes have been 
found in 7–17 % of patients who achieve pCR 
in the primary tumour, i.e. ypT0N1 [ 23 ,  31 ]. This 

observation may represent differences in initial 
tumour staging or potential differences in radio-
therapy fi eld sizes.  

    Defi ning Complete 
Clinical Response 

 The defi nition of cCR is poorly described and 
inconsistent. Studies have evaluated clinical 
response according to World Health Organisation 
(WHO) criteria [ 32 – 36 ] using the same diagnos-
tic tool, which categorised initial clinical stage 
prior to CRT [ 37 ] or CT-based assessment alone 
[ 38 ]. Most studies categorised cCR as patients 
with no detectable tumour present on clinical 
examination [ 39 ] or clinical examination and 
endoscopy [ 40 ]. Only one group used an inde-
pendent radiologist who was blinded to subse-
quent outcome [ 35 ,  41 ]. Some authors required 
both a clinical absence of tumour and a negative 
biopsy [ 12 ,  42 ]. Yet, digital rectal examination 
(DRE) is only able to identify a small proportion 
of patients who actually achieve a pCR [ 43 ], and 
only about 25–50 % of patients achieving a cCR 
are confi rmed as a pCR at subsequent surgery 
[ 44 ]. In a pooled analysis, clinical complete 
response was associated with pCR in only 30 % 
of cases [ 45 ]. Some studies [ 46 ,  47 ], which 
describe a high rate of cCR, are misleading in 
that they defi ne cCR as cases where no histologi-
cal residual disease or only microscopic foci 
could be found in the resected specimen.  

    Can We Predict Pathological 
Complete Response? 

 Many biological factors have been evaluated as 
potential predictors of pCR and long-term out-
come, including p53, epidermal growth factor 
receptor (EGFR), Ki-67, p21 and Bax/bcl-2, 
VEGF and apoptotic index. Microarray studies of 
genetic profi les and gene signatures [ 48 ] have 
been compared between responding and nonre-
sponding tumours. Although these studies are 
hypothesis generating, their results are derived 
from small sample sizes, and the results need to 
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be interpreted with caution. To date, there are no 
robust methods of predicting pCR prior to 
treatment.  

    How Could cCR Be Confi rmed 
as a pCR? 

 Non-invasive functional imaging can assess 
response without increasing the morbidity for the 
patient prior to surgery and might identify 
patients where surgery can be omitted or to allow 
minimally invasive surgery. Change in 18FDG 
uptake, using the standardised uptake value 
(SUV), appears to predict outcome [ 29 ,  49 ], and 
one study showed that change in SUV max at 2 
weeks into treatment could predict ultimate 
response [ 50 ]. An alternative method is diffusion- 
weighted MRI (DW-MRI) [ 51 ], which detects 
molecular diffusion, i.e. Brownian motion of 
water molecules [ 52 ]. However, the sensitivity 
and specifi city to differentiate between persistent 
disease in the primary tumour and posttreatment 
tissue fi brosis or infl ammation remain uncertain. 
It seems more likely that these techniques will 
identify nonresponding patients early on during 
treatment more easily than complete responders.  

    Radiotherapy as Defi nitive 
Treatment 

 The use of radiotherapy as a defi nitive treatment 
is not novel and was used extensively in the 
1920s. The evidence for this approach is based on 
observational series of endocavitry, local contact 
therapy or brachytherapy either alone or in com-
bination with external beam radiotherapy in 
selected patients with early cancers [ 53 ]. External 
beam radiotherapy alone has been successfully 
used in patients unsuitable for radical surgery 
[ 10 ], but the dose is limited by the tolerance of 
structures such as the bladder and small bowel. 
The curative use of radiotherapy as a sole modal-
ity of treatment has been usually confi ned to spe-
cialists with considerable expertise [ 54 ]. 

 The unique data from Habr-Gama is not 
entirely consistent between the three reports as 

regards the time points (e.g. 8 weeks, 12 months 
or 14 months) for assessment and the number of 
patients subsequently failing. In addition, these 
excellent results have not been duplicated in any 
other unit. The data is consistent in that approxi-
mately 27 % of each series achieve a cCR. The 
strength of the Habr-Gama data lies in the rigor-
ous initial selection of patients suitable for a 
watch-and-wait approach – i.e. low tumours 
which would require APER; the meticulous 
methods of defi ning cCR by clinical, endoscopic, 
radiological and metabolic imaging confi rmed 
histologically with a local excision of residual 
thickening; and the painstaking intensive follow-
 up over the fi rst year in order to confi rm a sus-
tained cCR. The latter in particular may explain 
the fi nding that all local recurrences were endolu-
minal and amenable to surgical salvage. 

 Only 7 other studies were found in which 
patients with clinically staged tumours were 
treated with radiotherapy/chemoradiation 
alone and did not routinely proceed to surgery. 
In contrast to Habr-Gama, these studies treated 
unselected patients who were usually unfi t for 
or refused surgery. The results of these studies 
are shown in Table  16.1 . These studies in general 
used lower doses of radiotherapy, often represent 
more advanced cases and had less rigorous fol-
low- up. The studies, which included cT1 and T2 
patients, fare much better in terms of local con-
trol (Table  16.1 ).

   The shortcomings of these series are that 
patients in the Habr-Gama series were clinically 
staged without MRI and often without TRUS. 
It is stated that 20 % were clinically staged as 
T2N0. Many others are likely to have been small 
tumours as the median size of the patients who 
failed to achieve cCR was only 4 cm. One could 
speculate that this approach is more suitable for 
small cT2 tumours – as in the recent ACCORD 
study where pCR was common in cT2 patients 
(Table  16.2 ). In addition, most published studies 
have up to 10 % of patients lost to follow-up. The 
Habr-Gama series does not appear to have any 
patients lost to follow-up. Also the original 
denominator – i.e. how many patients after com-
pletion of chemoradiation at 6 weeks achieve 
a complete clinical response – remains unclear. 
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The use of a delayed time point, for assessing 
response, loses important information on those 
patients, who relapse within the fi rst year. Unless 
we have defi nitive information on the downside of 
this approach in terms of those patients who have 
an initial complete clinical response, who then 
recur locally within the fi rst year or subsequently 
develop metastatic disease, it is not possible to 
assess the validity of the watch-and-wait approach.

       What Are the Risks to Wait and See? 

 Recurrent rectal cancer is often a diffuse pelvic 
process, particularly following radiotherapy, and 
is often associated with metastatic disease. For 
these reasons, local recurrence is rarely surgi-
cally salvaged and is associated with poor out-
comes particularly after preoperative radiotherapy 
[ 61 ]. Patients risk being left with very diffi cult to 
manage pelvic symptoms, which can be very 
challenging to palliate adequately. 

 In the Habr-Gama series [ 28 ], patients with 
apparent cCR where a delay in surgery was insti-
tuted did not appear to experience a negative 
impact regarding survival. In the original Habr- 
Gama data, only 2 patients developed a local pel-
vic relapse. When further updated in 2005 and 
2006 with an additional 28 patients (i.e. 99 
patients) being identifi ed as having had a cCR 
(99/360), only 3 more local relapses were identi-
fi ed. However, this fi nding is not necessarily 
extrapolated to locally advanced T3/T4 tumours 
where up to 70 % are node positive.  

    Sterilisation of Pelvic Lymph Nodes 

 The second major concern regarding chemora-
diotherapy as a defi nitive treatment especially 
in locally advanced disease is the ability of 

chemoradiotherapy to adequately sterilise the 
pelvic lymph nodes. Residual viable disease 
within the lymph nodes leaves a potential 
source of pelvic relapse. Chemoradiotherapy 
does result in the downstaging of pelvic lymph 
node disease in locally advanced disease; how-
ever, the concordance between the eradication 
of disease within the primary and within the 
lymph nodes is not absolute with some patients 
appearing to have obtained pathological com-
plete responses within the primary but not in 
the lymph nodes. Pelvic residual disease is 
obviously more likely in advanced lesions 
where CRT is administered for a bulky tumour 
which threatens the CRM than a small T1/T2 
tumour [ 62 ]. Tumours which are clinically and 
radiologically node negative are more likely to 
achieve a pCR [ 63 ]. 

 The diffi culty in predicting the status of pelvic 
lymph nodes remains a major issue. To date 
imaging has proved insuffi ciently accurate. 
We have ‘a chicken or an egg’ situation because 
to date the best method of predicting lymph node 
status is the clinical and pathological response to 
radiotherapy and chemoradiation. For this rea-
son, it may be possible to predict retrospectively 
the initial status of the lymph nodes by the patho-
logical response to chemoradiation in the pri-
mary tumour.  

    Long-Term Follow-up Is Required 

 Data on long-term outcome of 271 patients 
with rectal cancer suggest radical external beam 
radiotherapy is a reasonable management 
option in rectal carcinoma for patients who are 
not fi t surgical candidates or refuse surgery 
[ 10 ]. However, despite achieving a cCR, the 
majority of patients in this series eventually 
failed locally. Habr- Gama’s data show recur-
rences occur late, and this observation is sup-
ported by other small series [ 15 ]. Hence, small 
studies with short follow-up do not add to our 
knowledge of the risks of this approach [ 64 ]. 
Current prospective studies will require a costly 
long-term follow-up programme of sequential 
MRIs and PET scans.  

   Table 16.2    ACCORD-12 PRODIGE trial: percentage of 
ypCR according to clinical T stage in both arms [ 60 ]   

 T2 (%)  T3 (%)  T4 (%) 

 CAPOX 50Gy  47  18  13 
 CAP 45Gy  33  13   7 
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    Increasing the Rate of Pathological 
Complete Response 

 Can we increase the likelihood of patients with rec-
tal cancer achieving a pCR with more aggressive 
neoadjuvant treatment, such as neoadjuvant che-
motherapy, biological agents, higher local radia-
tion doses, more potent cytotoxic radiosensitisers 
or brachytherapy boosts on the primary tumour? 
To date these strategies have not been very effec-
tive [ 60 ,  65 ,  66 ]. A different option to increase pCR 
may be to lengthen the interval between chemora-
diation and surgery. Other strategies are to increase 
the radiation dose to the primary with brachyther-
apy boost [ 67 ]. Habr-Gama recently reported that 
by extending the duration of the chemotherapy 
post-chemoradiation, a cCR of 48 % and an overall 
complete response (i.e. including cCR and pCR) 
could be increased to an astonishing 65 % [ 68 ]. 

 This strategy could potentially be extrapolated 
to a full course of post-chemoradiation adjuvant 
chemotherapy using 5FU and oxaliplatin to con-
solidate the local response and address the poten-
tial for distant metastases. However, we are not 
aware of any randomised studies in this setting. 

 Retrospective studies reporting a ‘watch-and- 
wait’ approach have limitations because they are 
hampered by the landmark method, which omits 
important data on outcome for patients who fail in 
the fi rst year. Habr-Gama attempts to provide infor-
mation on this group [ 28 ]. In 23 such patients fail-
ing in the fi rst year, the recurrence rate was 34 %. 
The authors suggest the outcomes of 5-year OS and 
DFS rates were 84 and 51.6 %, respectively, and 
not signifi cantly different to the remaining patients 
who did not achieve a cCR and proceeded directly 
to radical surgery. Yet this is a fl awed comparison, 
because the downstaging required to achieve a cCR 
(even if not sustained for 12 months) should select 
out a group with a more favourable prognosis.  

    The Role of Local Excision 
After Chemoradiation 

 Local excision and transanal endoscopic micro-
surgical resection (TEMS) are attractive alterna-
tive techniques to radical surgery because of the 

low morbidity and mortality and better functional 
outcome. However, the primary curative goal of 
surgery cannot always be achieved through these 
techniques, as the pelvic lymph nodes are not 
resected [ 69 ]. The stumbling block for accepting 
that in fi t patients local excision is curative ther-
apy is the challenge of developing and validating 
selection criteria that identify those patients 
where local excision alone is safe and does not 
compromise cure. Surgical series [ 70 ] suggest 
that the likelihood of having microscopic peri- 
rectal or mesorectal nodal involvement would be 
rare in T1 tumours but 10–30 % for T2 tumours 
and as high as 60 % risk in T3 tumours. For this 
reason, most surgeons would not accept that T3 
tumours can be treated by local excision alone. 

    Retrospective studies demonstrate that tumours 
<3 cm in size, which are limited to superfi cial lay-
ers of the muscularis propria and are well or mod-
erately well differentiated (as opposed to poorly 
differentiated), without lymphovascular invasion 
or extramural vascular invasion are the most reli-
able clinical and pathological features whereby the 
risk of lymph node involvement is predicted to be 
small and a local excision alone may prove suffi -
cient treatment. Tumours with these characteristics 
are associated with a low risk of microscopic 
lymph node involvement and a late local recur-
rence rate of <10 % provided adequate surgical 
margins can be achieved. In principle chemoradio-
therapy is likely to be more effective and pCR more 
frequent in such smaller earlier T stage tumours. 

 Hence, local excision might be a viable treat-
ment option in more advanced tumours if patients 
are selected for avoidance of radical surgery by 
their response to preoperative CRT [ 18 ]. 
Following chemoradiation, patients who achieved 
a clinical good response had the residual tumour 
resected. With a mean follow-up at 24 months, 
there were no recurrences in patients who had a 
complete pathological response. In a similar 
study but using radiotherapy alone, an Italian 
group performed transanal endoscopic microsur-
gery (TEM) on the residual [ 71 ]. The local recur-
rence rate was only 2.85 % with a median 
follow-up of 38 months (range 24–96). However, 
few studies accurately document the rate of sub-
sequent local recurrences that are amenable to 
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salvage by AP excision of the rectum [ 72 ]. 
In summary, the advantage of preoperative 
chemoradiation is that the subsequent histopa-
thology and regression can categorise patients 
between very high and very low risk. 

 In a study of 272 patients receiving preopera-
tive chemoradiation [ 73 ], there were positive 
nodes in 1.6 % of ypT0, 6.3 % of ypT1 and 24 % 
of patients achieving tumour regression grade 2 
(TRG2). A pooled analysis showed that after 
CRT, the local recurrence for patients achieving 
pCR was only 1 %, for ypT1 8 % and for ypT2 
11 %, respectively [ 74 ]. 

 The same author has reported an early analy-
sis of a prospective study using short-course radi-
ation in small rectal cancers prior to local 
excision. The rate of pCR was 41 %, and the 
strategy appears feasible [ 75 ]. A further small 
randomised study of chemoradiation prior to rad-
ical surgery or TEM in a highly selected group of 
small early tumours suggests that the results of 
conservative and radical surgery are equivalent if 
the tumour is downstaged to pCR or ypT1 [ 76 ]. 

 Taking the assumption that the characteristics 
of patients in large randomised studies are likely 
to be the same in both arms, and that the popula-
tions of these studies refl ect mainly patients with 
cT3/T4 stage, there were 33.3 % node-positive 
patients in the preoperative arm of the NSABP 
R03 compared with 47.5 % in the postopera-
tive control arm [ 77 ]. This nodal sterilisation is 
almost identical in the POLISH study with 32 % 
in the preoperative chemoradiation arm versus 
48 % in the SCPRT (where the histology will 
not have changed because insuffi cient time has 
elapsed for downstaging), respectively. In the 
German AIO trial [ 78 ], the node positivity was 
25 % versus 40 % for the preoperative and post-
operative arms. Data from these three trials of 
preoperative chemoradiation consistently suggest 
that if patients with cT3/T4 stage are selected, 
only approximately one third of involved lymph 
nodes will be sterilised by chemoradiation. 

 However, clinical nodal status may also 
impact on the chance of achieving a pCR. In a 
small retrospective study [ 63 ], clinically N0 
tumours had a rate high rate of pCR – ( p  = 0.02); 
in contrast, only 3/33 (9 %) cN1–N2 patients 

responded with a pCR. So, node-negative patients 
may be more likely to achieve a pCR. 

 The most convincing evidence that patients 
with early stage presumed cN0 can be safely 
selected for a neoadjuvant, and local excision 
approach comes from the preliminary results of 
the ACOSOG Z6041 trial [ 79 ]. Patients with 
ultrasound-defi ned uT2N0 were treated with 
capecitabine and oxaliplatin and radiotherapy 
and local excision. In all, 36/90 achieved a pCR. 
Only six patients (6 %) had ypT3 tumours, and of 
the fi ve local excision specimens, which con-
tained lymph nodes, only one (a ypT3 tumour) 
had a positive node. The exciting results of this 
highly selected study demonstrated concordance 
between cCR and pCR in 31 of 36 patients.  

    So Where Do We Go from Here? 

 Some have tried to use the available data to 
develop a decision-analytic model examining the 
relative benefi ts of surgery versus observation in 
rectal cancer patients who achieve clinical com-
plete response after neoadjuvant chemoradiation 
[ 80 ]. It seems unlikely that we can enhance the 
algorithm by achieving a well-designed non- 
inferiority randomised controlled trial on this 
question. Randomisation would probably be 
unacceptable to patients, and the numbers 
required would prove enormous. 

 We would therefore encourage careful obser-
vational studies in this setting. We are aware of 
several such studies. There is ongoing observa-
tional study at the Royal Marsden ‘Avoiding 
Surgery in Rectal Cancer After Pre-Operative 
Therapy’ (NCT01047969). The primary outcome 
measures are to estimate the percentage of 
patients who can safely omit surgery, defi ned as 
the percentage of patients at 2 years after end of 
CRT who have not had surgery and who are in 
CR (no detectable local disease), and also to 
prove the safety of deferred surgery, as measured 
by the percentage of patients who have local fail-
ure at 2 years, where local failure is defi ned as 
positive margin status of resected tumour or sur-
gically unsalvageable disease. Many including 
the authors of this chapter feel that 2 years is a 
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very short time frame for accepting the safety of 
this strategy. 

 There is also a Danish Colorectal Cancer 
Group Protocol (clinical trials gov. identifi cation 
NCT00952926), which is a prospective observa-
tional study of patients with rectal cancer after 
concomitant radiation and chemotherapy. The 
objectives are to examine frequency of local 
recurrence at 1, 3 and 5 years after radiation and 
concomitant chemotherapy without subsequent 
operation patients with low rectal cancer. The 
fi rst phase requires 30 patients. This study uses 
PET/CT as part of the follow-up evaluation. 

 A third study in the Netherlands 
(NCT00939666) follows complete respond-
ers, and some good responders are treated with 
a TEM. The United Kingdom in the North of 
England also has a registration programme run by 
surgeons. Finally in addition a formal European 
registry, the European Network for Watchful 
waiting (ENWW), has been initiated in Denmark 
– kfe.onk@slb.regionsyddanmark.dk  

    Conclusion 

 Controversial management options following 
CRT – such as a watch-and-wait approach (i.e. 
the omission of surgery) in case of a complete 
response, or local excision of the residual – 
remain experimental. These less invasive treat-
ments have some obvious advantages, such as 
fewer potential surgical deaths, less morbidity in 
terms of urinary and faecal incontinence, sexual 
problems and fewer colostomies than after stan-
dard radical total mesorectal excision. 

 Yet the present limitations in assessing com-
plete response still undermine our confi dence in 
a watch-and-wait approach. Hence, methods to 
defi ne pCR without resorting to radical surgery 
warrant further investigation and have been pri-
oritised by the American College of Surgeons. 
Currently a local excision following chemora-
diation is the most promising strategy. A local 
excision with complete or almost complete his-
topathological regression in the primary tumour 
may render radical pelvic surgery unneces-
sary. Selection of patients with cT2N0 tumours 

for this approach is more likely to demonstrate 
 concordance between cCR and pCR than ser-
endipitously observing more locally advanced 
tumours particularly cT3/T4 with an initial 
threatened circumferential margin. In addition, 
the role of additional ‘adjuvant’ chemotherapy 
needs to be defi ned. 

 However, current and future studies will have 
to provide defi nitive evidence about the long- 
term (at least 7 years) oncological safety and late 
effects. We may be able to use a smaller scalpel, 
but it seems unlikely we can throw it away.     
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     The local recurrence rate after rectal cancer sur-
gery has signifi cantly decreased in the past two 
decades. This is mainly due to the introduction 
of a total mesorectal excision (TME) surgery. 
In addition preoperative radiotherapy is now 
given instead of a postoperative course because 
trials have shown that preoperative radiotherapy 
is more effective in reducing the local recurrence 
rate than postoperative. Therefore, the role of 
imaging in the staging of these tumors has 

changed. Whereas previously most decisions on 
whether or not to give adjuvant treatment were 
based on the risk assessment for recurrence 
through histological evaluation of the tumor and 
the lymph nodes, the decisions on neoadjuvant 
treatment are now based on risk assessment 
through imaging. Although modern CT tech-
niques are improving and to some extent able to 
provide information for locoregional staging, 
endorectal ultrasonography (ERUS) and MRI are 
considered as the two best locoregional staging 
methods for rectal cancer. When comparing 
ERUS with MRI, there are several issues that 
require consideration. In addition to the accuracy 
in predicting certain risk factors for local recur-
rence, there is the treatment strategy that dictates 
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    Abstract 

 In the recent decade, the role of imaging in local staging of rectal cancer 
has evolved. Whereas in the past its role has been restricted mainly to 
endorectal ultrasound, it has recently extended to modern imaging such as 
CT and MRI. This chapter “imaging and staging” will address the two 
most frequently used imaging methods in rectal cancer management: 
endorectal ultrasound (ERUS) and magnetic resonance imaging (MRI). 
For each, experts in the fi eld will elaborate on how these methods can 
identify the relevant risk factors for local recurrence and which protocol 
should be used to ensure a high-quality performance. In this introduction 
section, a helicopter view is given on the role of each method, ERUS and 
MRI, in the context of clinical decision making and its role put in perspec-
tive of one another. The introduction fi nalizes with recommendations for 
use in clinical practice.  
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what information will have a clinical conse-
quence. Besides, issues of cost, availability, and 
expertise may infl uence the local treatment strat-
egy and thus the choice of the imaging method. 

 The risk factors associated with local recur-
rence are the T stage, N stage, distance of the 
tumor to the mesorectal fascia, extramural vascu-
lar invasion, perineural invasion, lymph vessel 
invasion, and histological grade [ 1 ,  2 ]. Of these 
risk factors, the T and N stages are commonly 
used for (neo)adjuvant treatment decisions 
(NCCN guidelines) [ 3 ] and recently the distance 
of the tumor to the mesorectal fascia [ 4 ]. The 
TNM classifi cation system has reproducible and 
straightforward histological cutoff values, such 
as the distinction between a T2 and T3 tumor. 
It does however not always easily transfer to 
staging through imaging. All imaging methods 
are good in showing the bulk of the tumor but 
will have diffi culty in predicting the exact micro-
scopical tumor extension to a histological inter-
face. It is therefore unrealistic to expect a 100 % 
accuracy from imaging technology in predicting 
a histological classifi cation. 

 The accuracy of the T stage assessment with 
ERUS in the smaller series is generally higher 
than in larger and more recent data [ 5 – 8 ]. ERUS 
is reliable to stage rectal cancer for the degree of 
invasion in the rectal wall, but high accuracies are 
only obtained in expert centers. The agreement 
between the uT stage and pT stage in larger stud-
ies is 65–70 %, with 10–15 % understaging and 
20 % overstaging [ 9 – 11 ]. In uT1 there is under-
staging in 15–20 % and in uT2 stage 15–30 %. 
Overstaging in uT3 occurred in 25–30 %. Some 
series address the specifi c question of distin-
guishing mucosal T0 lesions from T1 tumors, 
showing a risk of understaging with uT0 of only 
5–15 % [ 12 – 15 ]. It is therefore generally consid-
ered that ERUS is good in imaging the smaller 
tumors and in selecting the eligible patients for a 
local excision. An overview of the ERUS tech-
nique and its role including the drawbacks is pro-
vided by Nonner and coauthors in Chap.   19     of 
this section. For the larger T3 and T4 lesions, 
ERUS can perfectly identify ingrowth in sur-
rounding structures that are within the fi eld of 
view such as the vagina, prostate, and seminal 

vesicles. The diffi culties arise when tumors are 
located high in the rectum. It then provides insuf-
fi cient anatomical information in specifi c on the 
extent to the dorsal and lateral pelvic wall. 

 The importance of the involvement of the 
mesorectal fascia as a prognostic factor and as a 
parameter of surgical quality has been recognized 
and confi rmed in the last 20 years [ 2 ]. The ideal 
plane of resection in a total mesorectal excision is 
just outside the mesorectal fascia, and a positive 
circumferential resection margin can be the result 
of inadequate TME surgery. An involved meso-
rectal fascia is defi ned as a closest distance of 
≤1 mm between the tumor and the mesorectal 
fascia, as this represents the optimal prognostic 
cutoff point. Preoperative assessment of the 
mesorectal fascia involvement is important 
whenever a short preoperative course of 5 × 5 Gy 
is considered in patients without a threatened or 
involved margin. Although it has been shown that 
5 × 5 Gy is a very effi cient and cost-effective way 
to prevent local recurrences in many patients, it is 
much less effective when the tumor comes close 
to or invades the mesorectal fascia [ 16 ]. These 
tumors should be identifi ed and treated with a 
preoperative long course of chemoradiation to 
provide downsizing. For centers that only use a 
long course of chemoradiation as a neoadjuvant 
treatment, the distance of the tumor to the meso-
rectal fascia is usually not very important in the 
preoperative decision process, as all tumors that 
extend beyond the muscular wall are considered 
candidates for a long course of chemoradiation, 
providing an opportunity for downsizing. 
Regardless of the neoadjuvant treatment strate-
gies, it is however important for the surgeon to 
know the exact anatomical relation of the tumor 
to the mesorectal fascia and the surrounding 
structures in order to obtain a complete resection. 
Therefore, when it comes to staging the large rec-
tal tumors, MRI is recommended as the preferred 
staging method [ 17 – 20 ]. For MRI of rectal can-
cer, it is important to obtain good standard high- 
resolution images. In Chap.   18     of this section, 
Hunter et al. elaborate on the state-of-the-art 
imaging protocol, on the strength but also the 
weaknesses for staging rectal tumors with mod-
ern planar imaging techniques, MRI and CT. 
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 Nodal disease is one of the most important 
risk factors for both local and distant recurrence 
and is generally considered an indication for neo-
adjuvant therapy. Identifying nodal disease with 
imaging remains diffi cult because size criteria 
used on its own result in only a moderate accu-
racy. Lymph nodes with a diameter of ≥10 mm 
are invariably malignant, but the majority of 
involved nodes are smaller than 5 mm [ 21 ,  22 ]. 
In addition to size, morphological criteria such as 
shape, texture, and border of the nodes can be 
assessed in the larger nodes and improve the 
identifi cation of the true node positives. But over-
all, the assessment of the smaller nodes remains 
diffi cult also because these criteria cannot always 
be applied. The diffi culties in nodal staging with 
the standard imaging methods are illustrated by a 
recent multicentre report in which T3N0 tumors, 
staged with ERUS and/or MRI, were found to be 
node positive at histology in 22 %, despite preop-
erative chemoradiation [ 23 ]. 

 How does one work in practice with a subop-
timal accuracy of preoperative lymph node imag-
ing? One approach is only to rely on imaging 
information on nodal status when the tumor is 
associated with round large nodes (>5 mm) that 
are irregular in border and/or heterogeneous in 
signal or echogenecity. Whenever these criteria 
for node positivity are absent on ERUS or MRI 
for any of the visualized nodes, information on 
nodal status is not reliable. An extreme approach 
is to disregard the imaging data on nodal status 
and to give neoadjuvant treatment in most 
patients, accepting overtreatment rather then 
undertreatment. This strategy exposes all patients 
to the side effects while only a few patients ben-
efi t of the improved local control. A third 
approach is to take into account the prevalence of 
nodal metastases according to the T stage and to 
give neoadjuvant therapy for T3 lesions, regard-
less of nodal imaging results, but not for T2N0 
lesions [ 23 ]. This strategy of selective use of neo-
adjuvant radiotherapy only for patients most at 
risk for local recurrence is further supported by 
evidence from two large European trials of the 
lack of survival benefi t of radiotherapy when 
good TME surgery is performed [ 18 ,  24 ]. 

    Future Perspectives 

 Currently, there is also a trend to study alternative 
treatment options after a good response to treat-
ment, such as a local excision or even a nonop-
erative wait and see approach. Given the 
increasing use of preoperative (chemo)radiation 
in rectal cancer, selection of the candidates for 
these alternative treatments by imaging should be 
a topic for further studies, because imaging tech-
nologies such as ERUS, CT, MRI, and PET are 
continuously improving. With modern more 
powerful machines, functional data can be gener-
ated and combined with morphological data. 
3D-ERUS, diffusion MR imaging, perfusion 
MRI, perfusion CT, or perfusion PET/CT could 
all be of help in monitoring treatment response. 
New lymph node-specifi c MR contrast agents are 
on the way that may fi nally move us one step for-
ward in our search for better identifi cation of 
patients with nodal metastases. This new role of 
imaging to detect small volumes of residual dis-
ease in fi brotic scar tissue in the rectal wall and in 
the lymph nodes is now still work in progress, but 
it is clear that imaging in future will play an 
important role in the selection and follow-up of 
patients after neoadjuvant treatment.  

    Recommendations 

 ERUS and MRI should be seen more as comple-
mentary rather than competitive techniques. Each 
has its own strengths and weaknesses. ERUS has 
the advantage over MRI that the equipment is 
less costly and that it can be readily used in the 
offi ce, immediately providing information that is 
important for further treatment planning. MRI on 
the other hand has the advantage over ERUS that 
the images can be more easily interpreted and 
read by other radiologists and clinicians. The 
images can also be used by radiotherapists for 
planning the radiotherapy fi elds and by surgeons 
to guide the resection in advanced cases. ERUS is 
without doubt the best imaging method for the 
selection of the candidates for local excision, 
whereas MRI is recommended for the larger 
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more advanced tumors. MRI is accurate in iden-
tifying the different risk groups and in stratifying 
these patients into their treatment according to 
their risk. In the absence of easy access to MRI, 
MDCT is a good alternative for the high tumors, 
but it lacks accuracy in the low tumors. For lymph 
node imaging, all techniques are at present only 
moderately accurate. The most practical strategy 
seems to use the information on lymph node stag-
ing in the preoperative decision making, keeping 
in mind the suboptimal accuracy. In addition to 
the standard treatment with TME, there is a small 
group of patients with a superfi cial tumor where 
the surgeon is considering a local excision with a 
small risk of leaving behind involved lymph 
nodes in the mesorectum. Accurate selection of 
node-negative disease would be of help in the 
selection for this procedure, and future research 
should focus on developing imaging techniques 
that can better identify nodal disease.     
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     The preoperative staging of rectal tumours requires 
consideration of certain specifi c features. Colon 
and rectal tumours probably share similar patho-
genesis, as suggested by their common premalig-
nant conditions, histopathological appearances 
and modes of spread. However, the anatomical 
location of the rectum within the limited confi nes 
of the bony pelvis and close relations with the 
other pelvic organs plays a signifi cant role in dis-
ease progression and recurrence. Preoperative 

staging and neoadjuvant and surgical treatment of 
rectal cancer are therefore quite different to colon 
cancer, and for these reasons, it should be consid-
ered as a separate disease entity. 

    The Importance of Local Staging 

 There is a general consensus of opinion that the 
primary rectal cancer should be resected in most 
patients, even in the presence of metastatic dis-
ease. This is because growth of the primary rec-
tal cancer within the limited space of the pelvis 
is often associated with severe pain, which can 
be diffi cult to palliate. Local effects, such as fae-
cal frequency, tenesmus and rectal bleeding [ 1 ], 
can also severely impact on the patients’ quality 
of life. 

    Abstract 

 Local staging of rectal cancer is becoming increasingly important as more 
treatment options become available. A number of modalities are used for 
this purpose, including endoscopic ultrasound, CT and MRI. Endoscopic 
ultrasound may be useful for distinguishing early T-stage tumours. CT has 
a wider fi eld of view but is limited by poor soft tissue contrast. MRI is able 
to very accurately assess the relationship of rectal tumours to the mesorec-
tal fascia and so determine whether the circumferential resection margin 
will be involved following total mesorectal excision. It is therefore the 
preferred modality for assessing whether patients require downstaging 
preoperative chemoradiotherapy.  
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 However, the lateral resection margins are 
limited within the pelvis, both by the restricted 
space and adjacent organs. High-quality surgical 
resection, paying close attention to anatomical 
planes and removing the rectum in an intact 
mesorectal envelope (total mesorectal excision, 
TME), results in low local recurrence rates of 
4–5 % with tumour more than 1 mm from the 
circumferential margin [ 2 – 4 ]. However, if clear 
circumferential margins are not achieved, local 
recurrence rates are high. In the absence of adju-
vant therapy, involved circumferential resection 
margins are associated with local recurrence of 
around 22 % with TME surgery [ 3 ]. 

 Three large prospective trials have shown 
lower recurrence rates in preoperative radiother-
apy than in selective postoperative radiotherapy 
or chemoradiotherapy (12 % vs. 21 %, 6 % vs. 
13 %, 4.4 % vs. 10.6 %), as well as a lower inci-
dence of side effects [ 5 – 7 ]. However, radiother-
apy is not without problems, which include 
perineal wound breakdown if APR is performed, 
diarrhoea, rectal bleeding and small bowel 
obstruction. It is therefore desirable to preopera-
tively identify those patients who are at high risk 
of local recurrence following TME surgery and 
will derive most benefi t from radiotherapy. 

 Conversely, in tumours confi ned to the submu-
cosa (T1 tumours), local excision with transanal 
excision (TAE) or transendoscopic microsurgery 
(TEMS) may be considered [ 8 ]. This is an alterna-
tive to anterior resection or abdominoperineal 
resection (APR) which avoids the morbidity asso-
ciated with major surgery, although local recur-
rence rates are higher [ 9 ] and careful postoperative 
surveillance is required. 

 Accurate preoperative staging of rectal cancer 
allows tailoring of therapy for individual patients. 
Those with very early-stage disease and no adverse 
features can consider local excision, with associ-
ated lower operative morbidity than radical sur-
gery. Patients with T1 tumours choosing radical 
surgery, T2 tumours or T3 tumours with a clear 
circumferential margin, may proceed directly to 
high-quality TME surgery with a low local recur-
rence rate and good overall 5-year survival. Those 
with poor prognosis T3 tumours or T4 tumours will 
benefi t from neoadjuvant therapy.  

    Modalities Available for Local 
Staging 

    Endoscopic Ultrasound 

 Endoscopic ultrasound is most useful in distin-
guishing the T stage of early (T1 and T2) rectal 
cancers. It is discussed in detail later in this chap-
ter and so will not be discussed in detail here.  

    Computed Tomography (CT) 

 CT offers potential advantages over other imaging 
modalities for the local staging of rectal cancer. It 
is widely available, well tolerated, relatively inex-
pensive and rapidly acquired and has few contrain-
dications, particularly if intravenous contrast 
agents are not required. It is also widely used for 
the assessment of metastatic disease in rectal can-
cer. A number of early small-scale trials reported 
promising results for local staging of rectal can-
cers [ 10 ,  11 ]. Unfortunately, these early encourag-
ing results were not confi rmed in larger trials [ 12 ]. 
More recently, technological advances have seen 
some renewed interest in local staging with CT. 
These include multi-detector CT scanners, which 
allow a spatial resolution of around 1 mm to be 
achieved, and multiplanar reconstruction which 
allow images to be viewed perpendicular or paral-
lel to the tumour, rather than solely in the axial 
acquisition plane. These technical advances have 
improved T staging, with accuracies of up to 87 % 
being reported, compared with an accuracy of 
73 % reported in the same trial using axial images 
alone [ 13 ]. However, in a recent large prospective 
multicentre study of 250 patients, the sensitivity of 
CT in predicting an involved circumferential 
resection margin was only 75 % [ 14 ]. This limits 
its usefulness in determining the need for neoadju-
vant therapy, and so CT should still be reserved for 
those who have contraindications to MR imaging.  

    Magnetic Resonance Imaging (MRI) 

 The staging of rectal cancers with MRI has gone 
through considerable development over the 20 
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years since its fi rst assessment. Early studies 
tended to involve small numbers of patients and 
focus on the use of an endorectal coil and the 
assessment of T and N staging [ 15 ]. Although 
the use of an endorectal coil helps to identify the 
inner layers of the bowel wall which is helpful for 
distinguishing the T stage of early tumours [ 16 ], 
the volume of sensitivity using these coils is lim-
ited. Technical problems are also common, with 
stenosis, patient discomfort, coil migration and 
diffi culty in reaching upper rectal tumours all 
limiting its usefulness. Reported accuracy in 
these early studies varied between 31 and 80 % in 
determining T stage and between 57 and 70 % for 
identifying lymph node metastases, with higher 
accuracy reported for correctly identifying T3 
tumours than distinguishing T1 from T2 tumours 
[ 15 ,  17 ,  18 ]. 

 However, during the same period, the accep-
tance of TME surgery and the recognition of the 
importance of CRM involvement resulted in a 
shift in the focus in preoperative assessment of 
rectal cancer from T and N staging to the assess-
ment of the CRM and depth of tumour invasion. A 
number of larger studies, using a phased-array pel-
vic surface coil, subsequently demonstrated that 
MRI could reliably identify the mesorectal fascia 
and predict its involvement [ 19 ,  20 ]. In a subse-
quent multicentre study where the depth of extra-
mural tumour invasion was compared between 
preoperative MRI and histology in 311 patients 
undergoing primary surgery, accuracy to within 
0.5 mm was achieved in 95 % of cases [ 21 ]. 
Further studies have failed to show benefi t for gad-
olinium-enhanced T1-weighted sequences in 
addition to T2-weighted TSE sequences [ 22 ,  23 ] 
or 3D volume acquisition T2-weighted sequences 
over 2D T2-weighted sequences [ 24 ]. In fact intra-
venous contrast enhancement may cause overstag-
ing due to peritumoural vessel enhancement [ 25 ]. 
It is now widely accepted within Europe that high-
resolution T2-weighted MRI with a phased-array 
pelvic coil provides the most accurate imaging for 
determining an involved or threatened CRM and 
so determining the need for neoadjuvant therapy 
prior to TME for rectal cancer. 

 Nodal staging of rectal cancer remains com-
paratively poor. In a meta-analysis of 19 studies, 

performed in 2004, Bipat found that MRI had a 
sensitivity of 66 % and a specifi city of 76 % for 
predicting lymph node metastases [ 26 ]. Most of 
these studies used size criteria to determine 
whether lymph nodes should be considered to 
contain metastases, although cutoff values var-
ied. More recent studies have used alternative 
criteria to size to identify lymph node metastases, 
including border irregularity or signal heteroge-
neity. These have resulted in moderate improve-
ment in the accuracy of staging mesorectal lymph 
nodes, with a sensitivity of 85 % and a specifi city 
of 96 % in a study of 42 patients where 281 
lymph nodes identifi ed on MRI were correlated 
with histological fi ndings [ 27 ]. 

 Staging of pelvic side wall lymph nodes may 
be slightly more accurate than staging of meso-
rectal lymph nodes. Akasu recently demonstrated 
a sensitivity of 87 % and a specifi city of 87 % for 
identifying pelvic sidewall lymph node metasta-
ses, compared to a sensitivity of 83 % and a spec-
ifi city of 64 % for identifying mesorectal lymph 
node metastases in the same study [ 28 ]. This may 
be related to a lower prevalence of reactive lymph 
nodes in this area.   

    Technical Aspects of Rectal 
Cancer Imaging 

    Computed Tomography 

 Recent years have seen continuing technological 
developments both in CT hardware and image 
reconstruction software, which are likely to con-
tinue. Multi-detector CT scanners are now rou-
tinely found in clinical practice, and 64-slice 
scanners not uncommon. There continues to be a 
trade-off between signal to noise ratio, spatial 
resolution, scan time and radiation dose. 
However, these technological advances have 
allowed higher resolutions to be achieved while 
keeping the signal to noise ratio high and the 
radiation dose acceptable. We currently use 
MDCT with the following parameters: acquisi-
tion of the abdomen and pelvis from the dia-
phragm to the pubic symphysis, collimation 
2–3 mm and slice reconstruction 3 mm. This can 
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be acquired in a single breath hold of around 
25 s. However, the aim is to obtain images with 
the maximum spatial resolution and signal to 
noise ratio which can be acquired in a single 
breath hold with an acceptable radiation dose, 
and so these parameters should be adjusted 
according to the available scanner hardware. 

 All scans should be acquired with iodinated 
intravenous contrast infused at a rate of 3–4 ml/s 
unless there are contraindications to its use. Oral 
contrast, such as 1.5 L of water or 1 L of 2.1 % 
barium sulphate solution administered 40 min to 
1 h prior to scanning, is also helpful. An alterna-
tive to this is rectal insuffl ation with air following 
cathartic bowel preparation. This allows CT 
colonography to be performed to assess the colon 
for synchronous polyps or tumours simultane-
ously with staging the rectal tumour and may also 
allow accurate staging of colorectal cancers [ 29 ]. 

 Images should be viewed on a dedicated work-
station which allows multiplanar reconstruction 
(MPR). This allows images to be viewed in planes 
other than the axial acquisition plane, overcoming 
one of the limitations of CT compared to MR. 
Modern software will allow reconstruction of 
images in oblique planes, so that the tumour can 
be visualised at 90° to its long axis. Image inter-
pretation using MPR has been  demonstrated to 
increase staging accuracy over viewing solely in 
the acquisition plane in CT [ 13 ].  

    Magnetic Resonance Imaging 

 The referring team should provide basic informa-
tion relevant to the staging of the rectal cancer when 
referring the patient, particularly tumour location 
(described in terms of height above the anal verge), 
details of any previous pelvic surgery and any 
known coincident pelvic pathology. The patient 
should be assessed for any contraindications to MRI 
scanning, including cardiac pacemaker, shrapnel in 
sensitive biological areas, ferromagnetic aneurysm 
clips and cochlear implants [ 30 ]. The removal of 
shrapnel is occasionally required to facilitate opti-
mal preoperative staging. The patient should be 
pain-free, positioned comfortably on the MRI scan-
ner and fully informed about the scan duration and 

experience; this will improve patient compliance 
and reduce the likelihood of nondiagnostic scans 
due to patient movement [ 31 ]. 

 The patient is positioned supine on the MRI 
table, with a pillow under the head and knees. A 
multielement fl exible pelvic phased-array coil is 
placed fi rmly over the pelvis, ensuring the entire 
imaging volume is covered. This requires the lower 
edge of the coil to be at least 10 cm below the pubic 
symphysis. A full bladder is not necessary and may 
increase patient discomfort when the surface coil is 
strapped tightly over the pelvis. Although small 
bowel movement and associated movement artefact 
is not generally a major problem in pelvic imaging, 
antiperistaltic medication may slightly improve the 
image quality and is generally well tolerated [ 32 ]. 

 The patient may be imaged with a 1.0 T or 
1.5 T MRI system, for which the accuracy of 
MRI in staging has been demonstrated. Although 
there are not yet large-scale trials of the accuracy 
of rectal cancer staging at 3.0 T, some small trials 
have shown that similar accuracy can be achieved 
at this fi eld strength [ 24 ,  33 ]. Increasing fi eld 
strength offers the potential benefi t of increased 
signal to noise ratio or shorter scanning time. 

 Three to fi ve sequences are required for ade-
quate MRI staging of rectal cancer dependent on 
the location of the tumour:
   Sequence 1: Sagittal T2-weighted fast spin echo 

(T2W-FSE, 5 mm slices). This allows identifi -
cation of the primary tumour and planning of 
the subsequent sequences.  

  Sequence 2: Large fi eld of view axial sections 
(T2W-FSE, 5 mm slices). These should 
include the whole volume of the pelvis, from 
the pubic symphysis to the iliac crest.    
 Sequences 1 and 2 allow visualisation of the 

whole pelvis to identify any possible sites of lymph 
node metastases. While the second sequence is 
being acquired, the fi rst sequence can be used to 
plan the high-resolution images through the tumour.
   Sequence 3: High-resolution oblique axial sec-

tions through the tumour and peritumoural tis-
sues (T2W-FSE, 16 cm FOV, 3 mm slices). It 
is essential that these sequences are obtained 
perpendicular to the long axis of the tumour so 
that the depth of tumour invasion can be accu-
rately assessed.  
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  Sequence 4: For lower 1/3rd rectal tumours. 
High-resolution coronal sections through the 
sphincter complex (T2W-FSE, 16 cm FOV, 
3 mm slices). These demonstrate the levator 
ani muscles, sphincter complex and inter-
sphincteric plane and allow the rectal wall to 
be clearly differentiated from the levator. If 
these sequences are omitted, low rectal 
tumours may be overstaged.  

  Sequence 5: For low anterior wall rectal tumours. 
High resolution, small fi eld of view sagittal 
sections (T2W-FSE, 16 cm, 3 mm slices). 
These help to delineate the exact relationship 
between the edge of the tumour and anterior 
structures (prostate or posterior vaginal wall).      

    Radiological Anatomy 

 Bill Heald has described the anatomy of the rectum 
and important features in relation to rectal cancer in 
Chap.   4    . In this section we will demonstrate the 
radiological appearance of this anatomy, so as to 
describe its relationship to the rectal tumour. 

    The Urogenital Septum 

 The urogenital septum is an avascular layer of 
connective tissue, which arises from the pelvic 
fl oor during embryological development. This 
layer of connective tissue separates the hindgut 
(posteriorly, containing the rectum and perirectal 
tissues) from the urogenital organs (anteriorly). 
This layer has been demonstrated to be present in 
both men, where it is called Denonvilliers’ fascia, 
and women, where it is described as the recto-
vaginal septum [ 34 ]. This layer can be easily 
visualised in both sexes on MRI as a layer of low 
signal intensity, which continues superiorly as far 
as the peritoneal refl ection (Fig.  18.1 ).

       Pelvic Nerve Plexuses 

 The autonomic nerve supply in the pelvis is 
important for sexual and urological function and 
is potentially at risk during rectal cancer surgery. 

The nerve plexuses can be readily identifi ed on 
MRI, which allows the relationship to the tumour 
to be appreciated preoperatively to aid in surgi-
cal or neoadjuvant treatment planning. The infe-
rior hypogastric plexus lies sagittally; in the 
male, the tip of the seminal vesicle marks the 
midpoint of the plexus, whereas in the female 
the anterior half of the plexus lies against the 
upper third of the vagina. The hypogastric plexus 
lies in a plane just medial to the vessels of the 
pelvic sidewall and forms a meshwork of inter-
connecting nerves which can be identifi ed on the 
coronal (Fig.  18.2 ) and sagittal (Fig.  18.3 ) views 
on MRI.

        Peritoneum 

 The peritoneum extends from the superior 
aspect of the bladder posteriorly to the side 
walls of the pelvis and the anterior surface of the 
rectum. The peritoneum forms an acute angle in 
the recess between the bladder in the male and 
the uterus in female (the rectovesical or recto-
uterine pouch). This peritoneal refl ection is best 
seen on sagittal MR images, where it can be rec-
ognised as a low signal intensity layer extending 
over the surface of the bladder and continuing to 

  Fig. 18.1    Urogenital septum. Sagittal view demonstrat-
ing the urogenital septum ( white arrow )       
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its attachment on the anterior surface of the rec-
tum (Fig.  18.4 ).

       Mesorectum and the Mesorectal 
Fascia 

 As described previously, the mesorectum is a 
distinct structure which derives  embryologically 

from the hindgut. This contains the rectum, its 
associated vessels and draining lymphatics in a 
package of fatty connective  tissue. This pack-
age is contained within a fascial layer, the 
mesorectal fascia, which is derived from the 
visceral peritoneum. The importance of this 
fascia in terms of surgical technique and out-
come is now well understood [ 35 ]. The great 
strength of MRI compared to other imaging 
techniques for staging rectal cancer is that this 
layer can be readily identifi ed on high-resolu-
tion T2-weighted images. It is most easily 
appreciated on axial sequences as a band of low 
signal intensity surrounding the mesorectum 
(Fig.  18.5 ).

       The Bowel Wall 

 Histologically, the bowel wall can be divided 
into four layers; the innermost mucosal layer, 
the muscularis mucosa, the submucosa and the 
muscularis propria. The muscularis propria can 
be further subdivided into inner circular and 
outer longitudinal layers, separated by a thin 
layer of connective tissue. On MRI, the muco-
sal layer can be identifi ed as a thin line of low 
signal intensity overlying the thicker higher 
signal intensity submucosa. The muscularis 
mucosa cannot usually be identifi ed as a 

  Fig. 18.3    Pelvic nerve plexuses; sagittal. Sagittal view 
showing the pelvic nerves ( white arrow ) extending 
towards the neurovascular bundle of the prostate       

  Fig. 18.2    Pelvic nerve plexuses, coronal. Coronal view 
demonstrating the pelvic nerve plexuses ( white arrows )       

  Fig. 18.4    Peritoneal refl ection. Sagittal view showing 
the peritoneal refl ection ( white arrows )       
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 distinct layer on MRI. The two layers of the 
muscularis propria can sometimes be identifi ed 
as two distinct layers (Fig.  18.6 ); otherwise, it 
appears as one layer of low signal intensity 
surrounded by the perirectal tissues which are 
of high signal intensity due to their high fat 
content.

        Image Interpretation for MRI 
Staging of Rectal Cancer 

    Tumour Morphology 

 An appreciation of the morphological appearance 
of rectal cancers, typical patterns of development 
and spread and common variations is very help-
ful for understanding the appearances of imag-
ing. Rectal cancers are usually adenocarcinomas, 
which are thought to arise from adenomas in 
most cases. These adenomas can be either polyp-
oid or sessile in nature. 

 Some tumours maintain an exophytic appear-
ance similar to the polypoid adenomas from 
which they arise. These lesions are often low- 
grade malignancies even when they form large 
masses projecting into the bowel lumen [ 36 ]. On 
MRI, these tumours can be seen projecting into 
the bowel lumen. A preserved layer of high sig-
nal intensity representing the submucosal layer is 
frequently evident, as these are often early-stage 
tumours. The surface of these tumours often has 
clefts containing mucous fl uid which is high sig-
nal on MRI (Fig.  18.7 ).

   The most common appearance of adenocarci-
nomas is annular or semiannular. This appear-
ance can be recognised on MRI as an elevated 
plaque of intermediate signal intensity projecting 

  Fig. 18.5    Mesorectal fascia. Transaxial view demon-
strating the mesorectal fascia ( white arrows )       
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  Fig. 18.6    Layers of the bowel wall. Transaxial view demonstrating the layers of the bowel wall. This image was 
acquired following radiotherapy, so the layers of the bowel wall are exaggerated due to tissue oedema       
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into the bowel lumen and extending around the 
bowel lumen in a U-shape (Fig.  18.8 ).

   As the tumour advances and increases in size, 
the central portion frequently begins to ulcerate. 

This area of ulceration overlies the area of  deepest 
invasion through the bowel wall. These features 
can often be identifi ed on MR imaging. 

 If the tumour advances further, then it invades 
through the wall of the bowel into the perirectal 
tissues. Rectal tumours usually do this with a 
well-circumscribed border. However, around 
25 % of tumours do so with poorly defi ned bor-
ders. In these cases, the malignant cells invade 
between normal structures, so there is not a dis-
tinct leading edge to the tumour. This pattern of 
spread is associated with a worse prognosis [ 37 ]. 
The former pattern of spread is recognised on 
MRI as intermediate signal intensity with a broad 
pushing margin (Fig.  18.8 ). The latter type is 
indicated by the presence of fi ngerlike projec-
tions of intermediate signal intensity extending 
into the perirectal tissues. 

 Some tumours have preponderance for ulcer-
ation at a relatively small size. These tumours 
may cause diffuse thinning of the bowel wall 
which can make identifi cation of the layers of the 
rectum more diffi cult. This can also make deter-
mining the degree of extramural spread more dif-
fi cult than in other morphological types. 

 Mucinous tumours are defi ned as tumours 
containing more than 75 % mucin [ 38 ]. Although 
this morphological subtype accounts for only 
10 % of tumours, they are important because they 
are associated with a poorer prognosis. This is 
thought to be due to the fact that they have a 
poorly defi ned margin and are often advanced at 
the time of presentation. They may also spread 
intramurally which is rare in other morphological 
subtypes of rectal tumours, unlike upper gastro-
intestinal tumours. This form of tumour can be 
recognised on MRI by their very high signal 
intensity on T2-weighted imaging. As these 
tumours are often diffusely infi ltrating, anatomi-
cal layers may be preserved by expanded by high 
signal intensity (Fig.  18.9 ).

       T Stage 

 In histological terms, T1 tumours have invaded 
into, but not through, the submucosa. On MRI, 
part of the high signal intensity submucosa is 

  Fig. 18.7    Polypoidal tumour. Transaxial view demon-
strating a polypoidal tumour entirely fi lling the rectal 
lumen. There is invasion through the base of the stalk 
( white arrow ). The surface of the tumour has clefts con-
taining mucin secretion ( black arrow )       

  Fig. 18.8    Semiannular early T3 tumour. Transaxial view 
showing a semiannular tumour extending around the ante-
rior three quarters of the bowel wall. There is early inva-
sion into the mesorectal tissues ( white arrows ), making 
this an early T3 tumour       
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sometimes still preserved. In this case, it has a 
high positive predictive value for a T1 tumour. 

 Unfortunately, loss of the high signal submu-
cosal layer does not necessarily allow differentia-
tion between T1 and T2 tumours. This is because 
microscopic infi ltration of the tumour into the 
muscular layer (T2) is indistinguishable on MRI 
from complete replacement of the submucosa 
without infi ltration into the muscular layer (T1). 
Similarly, it is diffi cult to differentiate between a 
tumour occupying the whole thickness of the 
bowel wall without invasion through the wall 
(T2) from a tumour with very early invasion into 
the perirectal tissues (T3). The distinction 
between of T2 and early T3 tumours (T3a <1 mm 
invasion into perirectal fat or T3b 1–5 mm inva-
sion into perirectal fat) is of less prognostic sig-
nifi cance than the distinction between early and 
advanced T3 tumours (T3c 5–15 mm extramural 
invasion, T3d >15 mm extramural invasion). 

 T3 tumours show invasion into the perirectal 
tissues. This can be identifi ed on MRI as a broad- 
based pushing or nodular margin of intermediate 
signal intensity moving beyond the bowel wall 
into the perirectal fat (Figs.  18.8  and  18.10 ).

   T4 tumours are defi ned as invading into an 
adjacent organ or having perforated the perito-

neum (Fig.  18.11 ). It is important to look care-
fully for evidence of these features in advanced 
tumours. Structures at risk will be dependent on 
the site of the tumour and the direction of the 
leading margin of the tumour. In the upper and 
mid rectum, in the anterior direction the uterus or 

  Fig. 18.9    Mucinous tumour. Sagittal view showing a 
mucinous tumour ( white arrow ). The invasive border 
(posteriorly) is diffusely infi ltrating       

  Fig. 18.10    Poor prognosis T3 tumour. Transaxial view 
showing a poor prognosis T3 tumour. The mesorectal fas-
cia is threatened posterolaterally on the left side ( white 
arrows )       

  Fig. 18.11    T4 tumour. Transaxial view showing a T4 
tumour with invasion into the prostate anteriorly ( white 
arrows )       
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bladder is at risk, as well as the peritoneal sur-
face. Laterally, the tumour may invade into the 
pelvic sidewall, and in the posterior direction, the 
sacrum may be involved by an advanced tumour. 
Tumours in the lower third of the rectum place 
will invade the structures of the pelvic fl oor if 
they become locally advanced. The prostate, 
seminal vesicles or vagina may be involved ante-
rior to the rectum, the levator muscles laterally, 
and the sacrum or coccyx in the posterior direc-
tion. The MRI T-staging system for rectal 
tumours is summarised in Table  18.1 .

        Circumferential Resection Margin 

 The circumferential resection margin (CRM) 
involvement is the most important factor in deter-
mining local recurrence in rectal cancer [ 40 ]. It is 
therefore important to identify those patients 
with a potentially positive circumferential resec-
tion margin, which is defi ned as tumour within 1 

mm of the mesorectal fascia [ 41 ]. The distance 
from the closest tumour margin to the mesorectal 
fascia should be measured and recorded 
(Fig.  18.12 ). Lymph nodes considered to be met-
astatic, tumour deposits or extramural vascular 
invasion (EMVI) lying within 1 mm of the CRM 
also threaten the margin and should be recorded 
separately.

   Low rectal tumours require special consider-
ation, as the anatomy in this area is different to 
the rest of the rectum, and outcomes for patients 
treated with abdominoperineal excision (APE) 
are worse in terms of margin involvement and 
local recurrence than those treated by anterior 
resection (AR) [ 42 ]. The mesorectum at this level 
tapers in a V shape down to top of the sphincter 
complex, just deep (or superior) to the levator 
muscles. The internal anal sphincter is formed 
from the circular muscle layer of the muscularis 
propria. At the top of the sphincter, muscle fi bres 
from the puborectalis sling join with the fi bres of 
the outer longitudinal muscle layer of the 

   Table 18.1    T-staging rectal tumours using MRI   

 T stage  Defi nition  MRI appearances 

 Tx  Primary tumour cannot be assessed 
 T0  No evidence of primary tumour 
 T1  Tumour invades submucosa  Tumour signal intensity within submucosal layer 

 or  replacement of submucosal layer by tumour 
signal intensity but not extending into muscularis 
propria 

 T2  Tumour invades but confi ned to muscularis 
propria 

 Tumour signal intensity within muscularis propria 
 or  tumour signal intensity replaces muscularis 
propria but does not extend into mesorectal fat 

 T3  Tumour invades through muscularis propria 
into subserosa (mesorectum) 

 Broad-based bulge or nodular projection (but not 
fi ne speculation) of tumour signal intensity beyond 
outer muscular layer 

 T3a  Tumour extends <1 mm beyond muscularis 
propria 

 T3b  Tumour extends 1–5 mm beyond muscularis 
propria 

 T3c  Tumour extends 5–15 mm beyond muscularis 
propria 

 T3d  Tumour extends >15 mm beyond muscularis 
propria 

 T4  Tumour invades other organs or penetrates 
peritoneum 

 Extension of tumour signal intensity into adjacent 
organ OR extension of tumour signal intensity 
through peritoneal refl ection 

  Adapted from Taylor et al. [ 39 ], with permission 
 Tumour signal intensity is intermediate, lower than submucosa and mesorectum, and higher than muscle  
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 muscularis propria to form a thin muscular layer 
between the internal and external sphincters. The 
external sphincter consists of voluntary muscle 
fi bres which are continuous superiorly with the 
levator ani muscles (Fig.  18.13 ).

   Tumours 1 mm or more from the mesorectal 
fascia may be safely treated by low anterior 

resection. The continuation of this plane is the 
intersphincteric plane, and tumours 1 mm or 
more from the outer border of the internal sphinc-
ter may be safely excised by a conventional inter-
sphincteric APE [ 43 ]. However, if the tumour 
extends into the levator muscles or the inter-
sphincteric plane, then the patient would require 

  Fig. 18.12    CT and MRI showing tumour distance to 
mesorectal fascia. Transaxial views through a tumour at 
the same level on MRI ( left ) and CT ( right ). The anterior 

margin ( white arrows ) appears involved on CT, but a clear 
margin can be seen on MRI       
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(muscularis propria)
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Puborectalis
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  Fig. 18.13    MRI showing anatomy of the sphincter com-
plex. Coronal image and accompanying diagram demon-
strating the anatomy of the sphincter complex as seen on 

MRI. Note that the rectum goes out of plane and there-
fore is not seen in the middle portion of the image ( grey 
box )       
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downstaging long-course chemoradiotherapy or 
an extra-levator APE as described by Holm et al. 
[ 44 ]. Tumours with extensive local invasion into 
adjacent structures may require pelvic exentera-
tion. Table  18.2  shows a scheme described by 
Brown et al. for staging low rectal tumours, with 
appropriate surgical management.

   The sharp tapering of the mesorectum at the 
level of the levator muscles, coupled with their 
oblique angle, can make image interpretation and 
accurate staging at this level diffi cult using only 
axial views. The addition of high-resolution  –
sagittal and coronal images can be helpful to 
avoid overstaging.  

    Nodal Staging 

 An assessment should be made of the mesorectal 
lymph nodes to determine whether or not they 
are likely to contain metastases. Unfortunately 
size alone, which has been the most common cri-
teria used to decide whether lymph nodes con-
tained metastases on MRI, is unreliable, and 
there has been no consensus about what size cut-
off to use (criteria ranging from all identifi ed 
lymph nodes to lymph nodes >10 mm in the long 
axis have been used) [ 25 ,  45 ]. A cutoff of 10 mm 
has a high specifi city but low sensitivity, whereas 
a cutoff of 3 mm has a high sensitivity but low 
specifi city. If lymph nodes are considered meta-
static when they have either a heterogeneous 

 signal intensity or an irregular border, then a sen-
sitivity of 85 % and a specifi city of 96 % were 
achieved in a study of 42 patients where 281 
lymph nodes identifi ed on MRI were correlated 
with histological fi ndings [ 27 ]. Similar results 
were obtained in a separate study of 75 patients 
[ 46 ]. We would therefore recommend denoting 
lymph nodes with signal heterogeneity 
(Fig.  18.14 ) or an irregular border (Fig.  18.15 ) as 
containing metastases.

   Table 18.2    Staging and operative management of low rectal cancers   

 Level  Tumour height  Tumour depth  Operative plane 

 1  Between levator origin 
and puborectalis sling 

 Confi ned to muscularis propria  LAR/intersphincteric APE 
 Beyond muscularis propria, >1 mm 
from mesorectal fascia/levator muscle 

 LAR/intersphincteric APE 

 Within 1 mm of mesorectal fascia/
levator muscle 

 Extra-levator APE 

 Extending into levator muscle  Extra-levator APE 
 2  Tumour at or below 

puborectalis sling 
 Submucosa/partial thickness of 
muscularis propria 

 Intersphincteric APE 

 Into the intersphincteric plane  Extra-levator APE 
 Into the external sphincter  Extra-levator APE 
 Beyond the external sphincter into 
ischiorectal tissue 

 Pelvic exenteration 

  Adapted from Shihab et al. [ 43 ], with permission 
  LAR  low anterior resection,  APE  abdominoperineal excision  

  Fig. 18.14    MRI showing metastatic lymph nodes with 
signal heterogeneity. Transaxial image through the rectum 
demonstrating lymph node metastases with heteroge-
neous signal intensity ( white arrows )       
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    Patients with no lymph nodes fi tting the crite-
ria for metastases are recorded as N0, patients 
with 1–3 involved lymph nodes within the meso-
rectal fascia are described as N1, and patients 
with four or more involved nodes are described 
as N2. Lymph nodes likely to contain metastases 
lying within 1 mm of the mesorectal fascia poten-
tially threaten the CRM and a separate note of 
this should be made. Pelvic sidewall lymph node 
metastases (Fig.  18.16 ) lie outside the TME plane 
of excision and for this reason should also be 
recorded separately; some authorities regard 
these as distant rather than nodal metastases.

       Extramural Vascular Invasion 

 Extramural vascular invasion (EMVI) has been 
demonstrated to be an important independent 
prognostic factor [ 47 ]. It can be reliably identifi -
able on rectal MRI [ 48 ] and should be reported to 
aid decision making with regard to neoadjuvant 
therapy. 

 Vessels can be identifi ed on MRI as tubular 
structures with a signal void (due to blood fl ow), 
and these can frequently be followed between 
slices on high-resolution rectal MRI. Tumour 

extension into these vessels can be recognised 
when intermediate signal intensity tumour 
extends into these structures (Fig.  18.17 ). EMVI 
should fi rst be recorded as present or absent and 
if present should be subdivided into large (extension 

  Fig. 18.15    MRI showing metastatic lymph node with 
irregular border. Transaxial image through the rectum 
demonstrating a lymph node metastasis with an irregular 
border ( white arrow )       

  Fig. 18.16    MRI demonstrating pelvic sidewall lymph 
node metastasis. Coronal image demonstrating a pelvic 
sidewall lymph node metastasis with heterogeneous sig-
nal intensity ( white arrow ) lying outside the mesorectal 
fascia       

  Fig. 18.17    MRI demonstrating extramural vascular 
invasion. Sagittal image showing tongue of extramural 
vascular invasion (EMVI) ( white arrow ) extending from 
the main tumour mass       
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into recognisable named vessels) or small (extension 
into small vessels which cannot be identifi ed). 
Note should also be made if EMVI is within 1 
mm of the mesorectal fascia, in which case the 
CRM is threatened.

        Image Interpretation for CT Staging 
of Rectal Cancer 

 The tumour is usually identifi ed within the rec-
tum by focal thickening of the rectal wall, with a 
thickness of 6 mm or more considered abnormal 
[ 49 ], particularly if this thickening is asymmetri-
cal (Fig.  18.18 ).

      T Stage 

 The layers of the bowel wall are not clearly dem-
onstrated on CT, which lacks the contrast resolu-
tion of MRI in soft tissues. However, the 
morphological appearances give some sugges-
tion of tumour T stage. Intraluminal projection of 
a lesion without any apparent distortion of the 
rectal wall is likely to represent a T1 lesion. 

Asymmetrical thickening of the bowel wall with-
out disturbance of the contour of the outer edge 
of the muscularis propria is likely to represent T2 
disease. Disruption of the outer contour of the 
bowel wall with smooth or nodular extension of 
the mass into the perirectal fat represents a T3 
tumour. Localised loss of the fat plane between 
the advancing edge of the tumour mass and adja-
cent organs is likely to represent T4a invasion of 
adjacent organs. The involvement of the perito-
neal surface with tumour represents T4b disease.  

    Nodal Staging 

 CT has relied primarily on size criteria for the 
identifi cation of lymph node metastases 
(Fig.  18.19 ). However, with the wide overlap in 
size between malignant and benign nodes 
described previously, this technique has inherent 
limitations. The size criteria used have varied con-
siderably, with some studies considering all nodes 
over 5 mm to be metastatic [ 13 ] and others con-
sidering lymph nodes over 10 mm or a cluster of 
three or more nodes to be metastatic [ 50 ]. 
Reported accuracy in predicting metastases 
using size criteria ranges from 62 % to 80 %. 
Other  criteria suggested have included contrast 

  Fig. 18.18    CT demonstrating rectal tumour and meso-
rectal fascia. Transaxial CT image demonstrating a rectal 
tumour ( white arrow ). The wall is greater than 6 mm thick 
and signifi cantly thicker posteriorly than anteriorly. The 
mesorectal fascia cannot be defi ned       

  Fig. 18.19    CT demonstrating two large mesorectal 
lymph node metastases ( white arrows )       
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 enhancement of >100HU in the venous phase [ 51 ] 
and short-axis/long-axis ratio of greater than 0.8 
[ 52 ]. These criteria have achieved lymph node 
staging accuracy of up to 80 % in fairly small 
series.

       Extramural Vascular Invasion 

 Burton et al. have described the identifi cation of 
EMVI on CT in colonic cancer with an accuracy 
of 55 % to 61 % [ 53 ]. This can be identifi ed as 
thickened and irregular vessels with nodular 
enhancement. Although this accuracy is lower 
than that achieved by high-resolution rectal MRI, 
the same criteria (thickened and irregular vessels 
with nodular enhancement) can be used to recog-
nise this important prognostic factor in rectal 
cancer on CT.  

    Circumferential Resection Margin 

 Wolberink et al. recently reported on the ability of 
MDCT to recognise the mesorectal fascia and to 
measure the distance of the tumour to the mesorec-
tal fascia [ 14 ]. The mesorectal fascia can usually be 
identifi ed as a thin line surrounding the perirectal 
fat, with signal intensity similar to that of the nor-
mal bowel wall (Fig.  18.18 ). The closest distance 
of the nodular or smooth tumour border to this line 
should be measured, and the mesorectal fascia 
should be considered involved if this distance is 
less than 1 mm. Wolberink et al. found that assess-
ment of the mesorectal fascia was less accurate in 
cases of limited mesorectal fat. This measurement 
is also less accurate for low rectal tumours, a fi nd-
ing corroborate by Maizlin et al. [ 54 ].   

    Future Developments 

 The pace of technological development in diag-
nostic imaging is relentless, and this will doubt-
less continue to improve our ability to 
preoperatively stage rectal cancer. 

 Incremental improvements in existing imag-
ing technology are likely to improve the speed 

and spatial resolution of both MRI and CT scan-
ning. These include higher fi eld strengths and 
increasing number of receiver coils for MRI and 
increasing number of detectors and dual-source 
scanners for CT. 

 Beyond simple improvements in the spatial 
and contrast resolution of anatomical imaging, 
there is great promise in functional imaging for 
staging colorectal cancer. This includes diffusion- 
weighted imaging (DWI) in MRI and FDG-PET/
CT fusion. Although the spatial resolution of 
these technologies currently makes them more 
useful in staging metastatic disease, it is possible 
that in the future they may be helpful in lymph 
node staging. They also show promise in predict-
ing and measuring response to neoadjuvant 
therapies. 

 Novel contrast agents may also be of future 
benefi t. Ultrasmall super-paramagnetic iron 
oxide (USPIO) may increase the accuracy of 
lymph node staging in MRI, although it has not 
found widespread adoption in clinical practice. 
Ligand-targeted contrast agents may be of future 
benefi t in the USS assessment of lymph nodes. 
The development of targeted nuclear imaging 
agents for PET and SPECT imaging may also 
help future preoperative assessment of lymph 
node metastases.  

    Summary 

 The accurate preoperative staging of rectal can-
cer is becoming ever more important, as the 
selective use of neoadjuvant therapy and choice 
of surgical approach (local excision, conven-
tional AR or APE, extra-levator APE or exentera-
tion) require accurate preoperative staging. The 
assessment of very early tumours when consider-
ing local excision is frequently performed with 
endoscopic ultrasound, although the increasing 
ability of high-resolution MRI to delineate the 
muscularis propria has recently expanded its role 
in this area. In all other cases, MRI is the modal-
ity of choice for local staging. 

 All rectal cancer patients should therefore 
undergo local staging with high-resolution rectal 
MRI to inform the MDT discussion unless there 
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is an absolute contraindication. Prognostic fea-
tures such as EMVI and depth of extramural 
tumour invasion should be reported in addition to 
TNM staging and CRM involvement. 

 In patients unable to undergo MRI, contrast- 
enhanced MDCT with multiplanar reconstruc-
tion is the second-line investigation for local 
staging of rectal tumours, and the same features 
should be reported.     
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        Introduction 

 In the rectum, adenomas can be excised locally, 
whereas cancer is treated with radical resection. 
For early rectal cancer (T1), transanal endoscopic 

microsurgery (TEM) might provide good 
 long- term results as well [ 1 – 4 ]. Preoperatively, it 
can be diffi cult to differentiate between adeno-
mas and carcinomas. In 21–34 % of patients with 
benign preoperative biopsies from large rectal 
tumours, defi nitive histopathology after resection 
reveals a malignancy [ 5 – 7  include Baatrup et al. 
Int. J. Colorect. Dis.]. Local excision based on 
false-negative biopsies might burden subsequent 
radical resection [ 8 ]. 

 Depth of invasion into the rectal wall and 
lymph node involvement are important prognos-
tic factors for rectal cancer [ 9 ,  10 ]. Accurate pre-
operative assessment of these prognostic factors 
is important for assigning patients to the most 
suitable therapy [ 11 ,  12 ]. However, routine diag-
nostics such as computed tomography (CT) and 
magnetic resonance imaging (MRI) are known 
to have limited accuracy, especially in T-staging 
of early rectal cancer and lymph node 
involvement. 

    Abstract   

  The use of endorectal ultrasonography is becoming increasingly popular 
for evaluating rectal tumours. It is valuable in differentiating rectal adeno-
mas from carcinomas, in preoperative staging of rectal cancer and in the 
follow-up after resection of rectal tumours. Use of endorectal ultrasonog-
raphy plays an essential role in tailor-made treatment of rectal tumours, 
and new ultrasound- based methods might further increase the value of 
endorectal ultrasound evaluation.  
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  Endoluminal ultrasonography allows close 
acoustic contact between the transducer and the 
structures to be visualized. Over the past two 
decades, endoluminal ultrasonography of the rec-
tum has gained popularity and is now considered 
to be an integral part of the preoperative staging 
of rectal tumours [ 13 ]. 

 This review gives a description of the use of 
endorectal ultrasonography (ERUS) techniques 
in rectal tumours and its value in preoperative 
decision-making.  

    Anatomy of the Rectum 

    Rectal Wall 

 The ultrasonographic anatomy of the rectal wall 
was originally described by Hildebrandt and 
Feifel [ 14 ] and by Beynon [ 15 ]. Hildebrandt and 
Feifel proposed a model with three anatomical 
layers and two interfaces between these two lay-
ers. Beynon presented a model in which all fi ve 
layers represent anatomical structures, as a result 
of differences in acoustic impedance. The basic 
ultrasonographic anatomy of the normal rectal 
wall can be seen in Fig.  19.1 . The inner hyper-
echoic, mostly white line, represents the inter-
face between the balloon covering the probe and 
the mucosa. The inner hypoechoic, grey line, 
represents the mucosa and muscularis mucosa. 
The middle white line represents the submucosa. 
The outer grey line represents the muscularis 
propria, and the outer white line represents the 
perirectal fat. In Fig.  19.2 , the different layers are 
shown schematically. It appears that there might 
not be an accurate correlation between ultraso-
nography layers and true anatomical layers. This 
is due to the enhanced signals created by inter-
faces between different anatomical layers.

    At the anterior side, the urinary bladder, pros-
tate and seminal vesicles can be identifi ed in men. 
In women, the urinary bladder, uterus and vagina 
can be identifi ed but less well appreciated.  

    Lymph Nodes 

 Endosonographically, lymph nodes appear as 
round or oval structures that are hypoechoic 

 compared with the surrounding perirectal fat 
[ 16 ]. It is diffi cult to differentiate between benign 
and metastatic lymph nodes by ERUS. 
Consequently, a number of criteria are used for 
identifying metastatic lymph nodes as proximity 
to tumour, hypoechogenicity, round shape and 
size larger than 3 mm or 5 mm [ 13 ,  17 ].   

    Equipment 

 In literature, mostly Brüel and Kjaer (Brüel & 
Kjaer Medical Systems Inc., Naerum, Denmark) 
equipment is used. In our hospital, we used up 
to 2007 the B&K Medical Scanner ®  type 2001 
with a type 1850 endoscopic probe with a 
10-MHz crystal. Recently, we changed to the 
B&K Medical Scanner ®  type 2052 Pro Focus 
with a type 2052 rotating endosonic probe with 
a 10–16- MHz transducer (Fig.  19.3 ). Inside the 
transducer is a double-crystal assembly where 2 
crystals located back to back. The assembly can 
rotate inside the transducer to give a 360° fi eld 
of view and can be moved forwards and 

white: interface balloon and mucosa

grey: mucosa and muscularis mucosa

white: submucosa

grey: muscularis propria

white:perirectal fat

  Fig. 19.1    Ultrasonographic anatomy of the normal rectal 
wall       
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 backwards by control buttons over a length of 
6 cm within the distal, black-coloured part of 
the shaft of the probe. An additional feature is 
the possibility to compose 3D reconstructions. 
A balloon is placed over the transducer and is 
fi lled with approximately 50 ml of water for 
optimal acoustic coupling. Alternatively, one 
can simply fi ll water into the rectum and use the 
hard anal probe without balloon. It is important 

to use degassed water to avoid artefacts on the 
ultrasound image.

       Technique 

 Patients can be investigated in an outpatient set-
ting, preferably in a specially designed colorectal 
unit. One to two hours before endorectal 

mucosa

muscularis mucosa

submucosa

muscularis propria

perirectal fat

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

  Fig. 19.2    Schematic 
overview of anatomy 
of the normal rectal wall       

  Fig. 19.3    BK Medical 2052 
Pro Focus scanner with type 
2050 endosonic probe       
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 ultrasonography (ERUS), a cleansing enema is 
given to prevent reduced visibility by stool and 
avoid artefacts on the images. Patients are placed 
in lithotomy position, or left lateral decubitus posi-
tion. First, digital rectal examination is performed 
to determine sphincter tone and, if within reach of 
index fi nger, tumour size, position, mobility and 
distance from anal verge. Next, a rigid rectoscope 
(RectoLution ®  System, Richard Wolf Medical 
Devices, Knittlingen, Germany), with an outer 
diameter of 23 mm, is introduced for inspection of 
the tumour (Fig.  19.4 ). The rectoscope is then 
positioned proximal to the upper margin of the 
tumour, followed by the removal of the inner tube 
with hand piece. The endosonic probe, with a 
diameter of 20 mm, is introduced via the recto-
scope with the tip of the probe just outside the rec-
toscope. The rectoscope is then pulled back over 
the remaining 6 cm of the endosonic probe. 
Consequently, the distal 6 cm of the probe, 

coloured black and containing the 10–16-MHz 
transducer, is outside the rectoscope at the level of 
the tumour (Fig.  19.5 ). The balloon is now fi lled 
with degassed water for acoustic coupling. 
Ultrasonographic examination of the entire tumour 
is now performed and documented in a data fi le.

  Fig. 19.4    RectoLution system 3 rectoscope       

     6 cm 

  Fig. 19.5    Rectoscope with 
endosonic probe       
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        Staging of Rectal Tumours 

    ERUS for Differentiating Between 
Rectal Adenoma and Carcinoma 

 Local excision of rectal tubulovillous and villous 
adenomas (TVA) is a validated treatment modal-
ity. Concern has been made regarding local recur-
rences, but with the introduction of transanal 
endoscopic microsurgery (TEM), the risk has 
become minimal, and even larger and more proxi-
mal located TVA can be excised [ 18 ,  19 ]. In these 
larger, presumed benign, rectal lesions, based on 
preoperative biopsy, defi nite histopathology 
reveals carcinoma in 21–34 % of tumours [ 5 – 7 ]. 
When an invasive carcinoma is misdiagnosed as a 
benign TVA, a suboptimal procedure may be per-
formed for a potentially curable malignant tumour 
[ 20 ]. Although evidence is lacking, previous local 
excision may burden immediate radical surgery 
with possible higher morbidity, including 
increased risk of a (permanent) stoma. Moreover, 
patient’s satisfaction is impeded by this unex-
pected histopathologic fi nding and the need for 
additional surgery. Finally, oncologic outcome in 
this subgroup of patients is questionable [ 21 ,  22 ]. 

 Extensive efforts have been made to improve 
preoperative diagnosis of rectal tumours, with 
computerized tomography (CT), magnetic reso-
nance imaging (MRI) and ERUS. Two large meta-
analysis studies found ERUS to be the most 
accurate modality when compared with CT and 
MRI in the assessment of wall penetration of rectal 
cancer [ 11 ,  23 ]. Results in differentiating  adenoma 
from carcinoma were not mentioned. In a retro-
spective analysis by Zorcolo et al., 81 patients 
treated with TEM for rectal tumours were investi-
gated [ 24 ]. Of these, 21 cases with preoperative 
biopsy showing adenoma presented foci of carci-
noma at fi nal pathology. In 13 of these (62 %), 
infi ltration of the submucosal layer was correctly 
demonstrated by ERUS. In a prospective study by 
Doornebosch et al., 264 patients with preoperative 
diagnosis of TVA (by tissue biopsy) were included 
[ 7 ]. In 231 tumours, endorectal ultrasonography 
was technically feasible. Of these 231 assessable 
tumours, ERUS was considered conclusive in 210 
tumours (91 %). All patients were operated and 

defi nite histopathologic staging revealed TVA in 
166 tumours (79 %), while 44 tumours were diag-
nosed as invasive carcinoma (21 %). Overall accu-
racy of ERUS was 84 %. ERUS correctly staged 
147 tumours as TVA, with a corresponding sensi-
tivity of 89 %. ERUS correctly staged 38 tumours 
as invasive with a corresponding sensitivity of 
86 % (Table  19.1 ). With ERUS, the rate of missed 
carcinomas could be reduced from 21 to 3 % 
( p  < 0.01).

   Concluding, ERUS is of value in determining 
treatment strategy for rectal tumours.  

    ERUS for Staging of Rectal Carcinoma 

 In the majority of rectal cancer treatment, total 
mesorectal excision (TME) is the gold standard. 
This optimized and standardized surgical tech-
nique, combined with preoperative radiotherapy, 
has improved outcome [ 25 ,  26 ]. The prognosis of 
rectal cancer is closely related to the stage at 
diagnosis and the choice of treatment. Colorectal 
staging is currently based on clinical parameters, 
including degree of invasion of the intestinal 
wall, degree of lymph node involvement and the 
existence or not of metastases (TNM classifi ca-
tion) [ 9 ,  10 ]. For rectal cancer, the circumferen-
tial resection margin is also an important 
prognostic factor [ 27 ]. For T1 rectal carcinomas, 
TEM is safer than TME, and survival is 
 comparable, although local recurrence rate after 
TEM can be substantial (4–24 %) [ 1 – 4 ]. 

   Table 19.1    Agreement of preoperative endorectal ultra-
sonography with defi nitive histopathologic stage 
(Doornebosch et al.) [ 7 ]   

 Histopathologic T-staging 

 pTVA  pT1  pT2  pT3  Total 

  ERUS T-staging  
 uTVA  147  4  1  1  153 
 uT1  14  22  4  0  40 
 uT2  4  2  7  0  13 
 uT3  1  2  1  0  4 
 Total  166  30  13  1  210 

   ERUS  endorectal ultrasonography,  TVA  tubulovillous ade-
noma; overall accuracy 84 % (176/210); sensitivity in 
diagnosing: TVA, 89 % (147/166); T1 carcinomas, 73 % 
(22/30); T2 carcinoma 54 % (7/13)  
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 ERUS is a reliable method to stage rectal can-
cers preoperatively for degree of invasion of the 
rectal wall. Rectal cancer usually appears as a 
hypoechoic lesion that disrupts the normal fi ve 
layer rectal wall structures (see Fig.  19.6a–d ). 
Drawbacks are the inability to diagnose distant 
lymph node and liver metastases and to deter-
mine the circumferential resection margin. 
Hildebrandt and Feifel proposed a modifi cation 
of the TNM system to stage rectal cancer by 
ERUS (Table  19.2 ) [ 14 ]. The prefi x u is used to 
indicate the use of ultrasound.

    In a meta-analysis by Kwok et al. [ 23 ], in 
determining rectal wall penetration, the sensitiv-
ity of ERUS was 93 % and specifi city 78 %. In a 
meta-analysis by Bipat et al. [ 11 ], for muscularis 
propria invasion (uT2), ERUS had a sensitivity of 
94 % and a specifi city of 86 %. For perirectal fat 
infi ltration (uT3), sensitivity and specifi city were 
90 and 75 %, and for  adjacent organ invasion 
(uT4) 70 and 97 %, respectively. 

 Regarding lymph node involvement, ERUS is 
less accurate. In determining nodal involvement 
by tumour, the sensitivity of ERUS was 71 % and 

a

c d

b

  Fig. 19.6    Endoscopic ultrasonographic images of rectal cancer. ( a ) shows uT1 lesion, ( b ) uT2 lesion, ( c ) uT3 lesion 
and ( d ) uT4 lesion (with ingrowth in the vagina)       
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specifi city 76 % in the study by Kwok et al. Bipat 
et al. showed sensitivity and specifi city of 67 and 
78 % respectively concerning lymph node 
involvement. A study by Landmann et al. found 
an overall accuracy of 70 % for nodal staging, 
with a 16 % false-positive and 14 % false- 
negative rate [ 17 ]. They observed that size of 
nodal metastases is related to pT stage and that 
the ability of ERUS to correctly identify nodal 
disease was related to the size of the affected 
lymph nodes and metastatic deposits. Early rectal 
cancers (T1 and T2) are more likely to have small 
lymph node metastases (diameter smaller than 
3 mm) that are not easily identifi ed by ERUS.  

    ERUS for Restaging Rectal Carcinoma 
After Neoadjuvant Therapy 

 Patients with locally advanced rectal carcinoma 
are commonly treated with neoadjuvant chemora-
diotherapy followed by resection. This approach 
is aimed to downsize and/or downstage rectal can-
cers with intention to enhance resectability, allow 
sphincter-preserving surgery, reduce local recur-
rence and improve long-term survival. ERUS can 
be used to restage rectal carcinoma after neoadju-
vant therapy, although accuracy is questionable. 
Neoadjuvant therapy can lead to tumour regres-
sion and necrosis and fi brotic and infl ammatory 
changes in the rectal wall [ 28 ], which can lead to 
misinterpretation of ERUS images. In a study by 
Mezzi et al., after neoadjuvant chemoradiation, 
ERUS correctly classifi ed 46 % (18/39) of patients 
in line with their histological T-stage [ 29 ]. 
Radovanovic et al. found a good accuracy rate for 
staging rectal cancer after neoadjuvant chemora-
diation (75 %) [ 30 ]. However, ERUS could not 
identify complete pathological response. 

 Overall, there is little literature concerning 
restaging after neoadjuvant treatment, and it 
appears very diffi cult.  

    ERUS for Follow-Up After Resection 
of Rectal Tumours 

 In patients treated for rectal cancer with local resec-
tion, local recurrence occurs in 4–24 % [ 1 – 4 ], usu-
ally within the fi rst 2 years after  resection. Because 
local recurrences also arise extraluminally, ERUS 
may be useful in detection of recurrences when no 
mucosal lesions are seen during rectoscopy. In a 
study to recurrences after TEM for T1 rectal cancer 
by Doornebosch et al., 18 local recurrences 
occurred [ 31 ]. Of these, 6 were found extralumi-
nally and were only visible with ERUS. In a pro-
spective study in 275 patients with invasive rectal 
cancer treated with local excision or TME, 48 
patients (17 %) developed local recurrence [ 32 ]. Of 
these patients, 30 (63 %) were asymptomatic. 
ERUS detected one-third of these asymptomatic 
local recurrences that were missed by digital exam-
ination or proctoscopic examination. Muller et al. 
also found ERUS to be highly sensitive (>90 %) in 
detecting local tumour recurrence [ 33 ]. 

 In our hospital, ERUS is used for the follow-
 up of patients with T1N0 rectal carcinoma, 
treated with TEM with curative intent. In the fi rst 
2 years, digital examination, rectoscopy and 
ERUS are performed every 3 months, hereafter 
every 6 months for 3 years and then annually for 
another 5 years. The regimen of ultrasonography 
of the liver and pelvic MRI is the same as patients 
with more advanced cancer, treated with TME.   

    Limitations 

 The accuracy of tumour and nodal staging 
depends on the experience and expertise of the 
operator [ 34 ,  35 ]. One study showed that at least 
50 examinations are required before the operator 
reaches optimal accuracy [ 36 ]. 

 Another problem with ERUS is diffi culty in 
interpreting differences between different stages 
in rectal wall penetration. ERUS tends to over-
stage cancer due to infl ammatory infi ltrate 

   Table 19.2    Staging of rectal cancer by endorectal 
ultrasonography   

 uT0  Confi ned to the mucosa 
 uT1  To but not through the submucosa 
 uT2  Into but not through the muscularis propria 
 uT3  Through the bowel wall into the perirectal fat 
 uT4  Involving adjacent structures 
 uNo  No defi nable lymph nodes 
 uN1  Ultrasonographically apparent lymph nodes 
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 adjacent to the tumour, that is, endosonographi-
cally indistinguishable from the tumour itself 
[ 37 ]. Understaging may be caused by failure to 
detect microscopic cancer invasion. Preoperative 
radiotherapy and previous biopsies also diminish 
the accuracy of T-staging. 

 If ERUS is considered essential in preopera-
tive staging, accuracy however is not the only rel-
evant issue. Feasibility in all rectal tumours is 
equally important. If the tumour cannot be 
reached or passed completely during rectoscopy, 
or if technical problems occur, such as inability 
of cleansing the rectum or equipment failure, the 
tumour is considered not assessable. In series of 
our hospital, ERUS, with the help of a rigid rec-
toscope, was technically feasible in 86 % of all 
rectal tumours. If not feasible, distance from the 
dentate line (higher percentage in more proximal 
tumours) proved to be a signifi cant contributing 
factor [ 7 ]. Proper interpretation of ERUS imag-
ing was possible in 78 % of all tumours. The only 
signifi cant factor negatively infl uencing interpre-
tation in ERUS imaging was residual or recurrent 
disease, especially after recent (endoscopic) 
manipulation.  

    Novel Ultrasound Methods 

 In order to improve the decision process for 
patients with early rectal cancer, there is an 
obviate need for new methods providing better 
tissue characterization. The technology of ultra-
sonography diagnostics is rapidly increasing 
both concerning the quality of the B-mode 
image and novel ultrasonography-based meth-
ods. As ultrasound waves travel through tissue, 
harmonic waves from a nonlinear distortion of 
the signal are generated. These signals are called 
higher harmonic echo signals and are the back-
ground for tissue harmonic imaging and improve 
both axial and lateral resolution. Tissue har-
monic imaging is also shown to improve signal-
to-noise ratio and reduce artefacts [ 38 ]. 
Second-order ultrasound fi eld (SURF) imaging 

takes further advantage of higher harmonic echo 
signals by adding a low-frequency manipulation 
pulse to the high-frequency imaging pulse [ 39 ]. 
SURF technology is able to increase the perfor-
mance of another novel imaging modality, 
contrast- enhanced ultrasonography (CEUS) 
[ 40 ,  41 ]. Ultrasound contrast agents are gas 
microbubbles dissolved in fl uid designed for 
intravenous injection. The microbubbles are 
typically smaller than the blood cells, but large 
enough to stay within the vascular system. In 
response to emitted ultrasound waves, the size 
of the microbubbles decrease/increase, and this 
resonance creates a signal detectable by the 
ultrasound probe. Consequently, they act as an 
intravascular contrast agent. Several studies 
have assessed the methods’ ability to evaluate 
focal liver lesions, and the method has demon-
strated higher diagnostic accuracy for focal liver 
lesions than that of contrast-enhanced CT and 
MRI [ 42 – 44 ]. The method has also shown 
promising results for the evaluation lymph node 
metastasis in breast cancer [ 45 ] and the evalua-
tion of prostate cancer [ 46 ], but the method is 
yet to be implemented in routine evaluation for 
these indications. 

 Real-time elastography (RTE) is another 
ultrasonography-based method for tissue evalu-
ation that is now commercially available. RTE 
displays a colour-coded strain map called elas-
togram, which is superimposed on the B-mode 
image. Elastographic evaluation of tissues has 
been introduced for the assessment of pathologi-
cal transformation in several organs over the past 
few years [ 47 – 55 ]. Most clinical RTE studies have 
applied categorical scales based on colour distribu-
tion within the lesion or compared to adjacent tis-
sue. Several different clinical scoring regimes have 
been reported [ 49 ,  52 ,  53 ,  56 ]. More recently, strain 
ratio (SR) measurements have been introduced as 
a method for making elastogram interpretation less 
subjective, providing semiquantitative data on rela-
tive tissue strain [ 57 ,  58 ]. 

 To our knowledge, the only RTE method avail-
able in association with a 360° endorectal probe 
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is the extended combined autocorrelation method 
(ECAM) [ 59 ,  60 ]. External compression in a 
compression-decompression cycle is  necessary 
in order to update the elastogram. A water- fi lled 
balloon covering the ultrasound probe is used 
to create strain by infl ating and defl ating water 
via a connected syringe during the elastographic 
examination. 

 In a study performed at our institution, we 
evaluated the feasibility of routine evaluation 
of rectal tumours by endorectal RTE and 
established a cut-off value for separating ade-
nomas and  adenocarcinomas using strain ratio 
measurements. Sixty-nine patients referred to 
our outpatient clinic for diagnostic evaluation 
of rectal tumours were included prospectively. 
The patients were examined with endorectal 

elastography, and a strain ratio between 
tumour tissue strain and adjacent reference 
tissue strain was calculated. No examination 
was aborted due to patient discomfort, and a 
single examiner could perform the examina-
tion without assistance. From the recorded 
strain ratio data, the best separation between 
malignant and benign lesions was obtained 
using a strain ratio cut-off value of 1.25, yield-
ing a sensitivity, specificity and accuracy of 
0.93, 0.96 and 0.94, respectively. Although 
the potential for improving preoperative T- 
and N-staging remains to be investigated in 
more detail, endorectal elastography is a 
promising modality that may improve the pre-
operative evaluation of rectal tumours    (Figs   . 
 19.7  and  19.8 ).

  Fig. 19.7    Split-screen image of elastography and B-mode 
ERUS on right and left hand side, respectively. Tumour 
from 2 to 7 o’clock suspicious of uT1 on ERUS, but soft 

(red) on elastography with a strain ratio of 0.54 (upper left 
corner), indicative of adenoma. Histopathology following 
surgical resection (TEM) showed pT0 tumour       
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        Conclusion 

 ERUS is feasible in most rectal tumours and is 
of added value in preoperative decision-mak-
ing for rectal tumours. On the other hand, it 
has a relatively long learning curve and is 
operator dependent. 

 With the introduction of new scanners, 
with the ability to generate 360° and three- 
dimensional images, and tissue harmonic 
imaging, the accuracy of ERUS is likely to 
become even higher. Novel methods as con-
trast-enhanced ultrasonography and real-time 
elastography might also contribute to 
increased diagnostic accuracy. New research 
is needed to objectify this.     
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     In the multidisciplinary treatment of colorectal 
cancer, various disciplines are involved in making 
treatment decisions. Pathology is one of them, 
being involved in both preoperative and postop-
erative patient evaluation. This evaluation is not 
only the assessment of tumor invasion, margins, 
and lymph node status, but effects of neoadjuvant 
therapy and surgical technique can be judged as 
well and have profound clinical value. Moreover, 
based on certain histological characteristics, fur-
ther treatment decisions can be made. 

 In the era of potential extensive neoadjuvant 
therapy, the histological diagnosis of rectal 
 adenocarcinoma on pretreatment biopsies has 

become even more important. Not only is a 
 defi nite diagnosis on invasive adenocarcinoma 
required before treatment can start, but the 
destructive effects of the therapy on tumor cells 
make this biopsy essential for further (molecular) 
testing. Up to now, prediction can be made based 
on the biopsy about the response to therapy, 
although a number of attempts have been made to 
do so. 

 While in the twentieth century, the evaluation 
of treatment was limited to the assessment of the 
resection margins of the operation specimen, in 
the current century, innovations in the multimo-
dality treatment of colorectal cancer patients are 
refl ected in the increasingly complex evaluation 
of the specimen (Chap.   22    ), both on the macro-
scopic and microscopic levels. Studies in recently 
completed large multicenter trials have confi rmed 
the importance of evaluation of the resection 
specimen and the assessment of the circumferen-
tial margin. These trials increasingly include 
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  20      Introduction to the Pathology 
of Colorectal Cancer 

           Iris     D.     Nagtegaal     

    Abstract 

 Contribution from pathologist to the MDT meeting does not only include 
decision on malignancy, staging of tumor, and risk assessment based upon 
histological features. Also evaluation of tumor response to neoadjuvant or 
adjuvant treatment is important. Criteria for complete resection of cancers 
are also becoming more complex. The pathologist should deliver data for 
the prediction of clinical outcome. In screening programs, the key chal-
lenges are evaluation of risk factors in polyps and early cancers and iden-
tifi cation of indicators of hereditary syndromes.  
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 neoadjuvant therapy challenging the pathologist 
to improve the information obtained from the 
resection specimen. The main challenges lie in 
the evaluation of treatment response and the pre-
diction of clinical outcomes based on these data 
(Chap.   23    ). 

 With the widespread introduction of popula-
tion screening in Europe, the detection of early 
colorectal cancer as well as the evaluation of 
colorectal polyps has become increasingly 
important. The detection of patients at risk, be it 
due to one high-risk lesion that is not completely 

removed or due to the detection of multiple 
lesions that are suggestive of hereditary syn-
dromes, is one of the key challenges for the next 
couple of years (Chap.   21    ). 

 The role of pathology in the multidisciplinary 
treatment of colorectal cancer has expanded dur-
ing the last 20 years. The modern pathologist is a 
key member of the multidisciplinary team, and 
the information provided from traditional histol-
ogy is integrated with macroscopic and molecu-
lar analyses in order to optimize treatment 
choices for each individual patient.     

I.D. Nagtegaal
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        Introduction 

 In the routine setting, pathologists are often con-
fronted with biopsies or polypectomy specimens 
of the colorectum that show architectural and/or 

cytological features of a neoplastic precursor 
lesion. Traditionally, these lesions have been 
termed “dysplastic”. In the year 2000, however, 
the World Health Organization (WHO) replaced 
the term “dysplasia” by “intraepithelial neopla-
sia” [ 1 ]. It is a matter of fact that this term was 
not accepted worldwide for various reasons lead-
ing to a parallel use of dysplasia and intraepithe-
lial neoplasia in the gastrointestinal tract, while 
in the anus and pancreas, the term intraepithelial 
neoplasia was rather uniformly applied. In the 
2010 edition of the WHO classifi cation [ 2 ], the 
term intraepithelial neoplasia is used as an 
umbrella term for all kinds of neoplastic lesions 
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    Abstract 

 This chapter explains the terminology and classifi cation of colorectal neo-
plastic precursor lesions, with focus on serrated lesions: hyperplastic 
polyp, sessile serrated adenoma/polyp (or lesion), mixed polyp and tradi-
tional serrated adenoma. We refer to practical issues, such as the measure-
ment of polyp size and the grading of intraepithelial neoplasia/dysplasia 
(low grade vs. high grade). The defi nition of invasion is driven by the 
World Health Organization and defi ned as invasion into the submucosal 
layer. Risk assessment of pT1 colorectal cancers is the prerequisite of 
clinical decision making ranging from follow- up only to additional endo-
scopic and surgical procedures. The evaluation is based upon the follow-
ing parameters: depth of invasion (for sessile lesions reported according to 
Kikuchi levels sm1–sm3; for polypoid/pedunculated lesions reported 
according to Haggitt levels I–IV), tumour grade, vascular invasion, margin 
involvement, budding (tumour cell dissociation at the invasion front) and 
(possibly) perineural invasion.  
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that present with the classical histological and/or 
cytological features of dysplasia but also without. 
The key elements of the defi nition of intraepithe-
lial neoplasia are that lesions are morphologi-
cally identifi able, have the potential to become 
malignant and are noninvasive. The term dyspla-
sia was “reintroduced” in 2010 and is now mainly 
used for preinvasive neoplastic lesions that arise 
in chronic infl ammatory conditions of the 
oesophagus, stomach and colon. To avoid ulti-
mate confusion, we have to ensure that pathology 
diagnoses are clear to clinicians and that, based 
upon the pathology report, appropriate clinical 
decision making is possible, even if this might 
lead to national solutions that differ from world-
wide classifi cation systems.  

    Classifi cation of Neoplastic 
Precursor Lesions 

 An adenoma is defi ned as a circumscribed benign 
epithelial lesion characterised by the presence of 
neoplastic (dysplastic) epithelium, but without 
evidence of invasion [ 3 ]. Classifi cation of adeno-
mas should include grading of neoplasia. A two- 
tiered system of low-grade and high-grade 
(intraepithelial) neoplasia is recommended [ 3 ,  4 ]. 

 This system aims to minimise intra- and 
interobserver variation and facilitates manage-
ment of endoscopically detected lesions. 
Classically, adenomas are divided into tubular, 
tubulovillous or villous types, and separation 
between the three is based on the relative propor-
tions of tubular and villous components, accord-
ing to the “25 % rule” described in the WHO 
classifi cation: at least 25 % of the luminal surface 
of an adenoma should be villous, i.e. leafl ike pro-
jections lined by dysplastic glandular epithelium, 
to classify the lesion as tubulovillous and more 
than 75 % to classify the lesion as villous, respec-
tively; all other lesions are classifi ed as tubular 
[ 3 ]. Upon endoscopy, adenomas may appear pol-
ypoid, non-polypoid or depressed. The term 
“fl at” should be avoided. The defi nition of a non- 
polypoid adenoma refers to a lesion that is not 
thicker than 3 mm and does not exceed twice the 
height of the neighbouring normal mucosa. The 

size of an adenoma, i.e. the maximum diameter, 
is important for risk estimation of inherent ade-
nocarcinoma. The term “advanced” adenoma 
which was developed in screening programmes is 
sometimes used to categorise adenomas for clini-
cal management. In this context, an advanced 
adenoma is defi ned by either size larger than 
10 mm, presence of high-grade intraepithelial 
neoplasia/dysplasia or a villous component. 

 Classical histological criteria of neoplasticle-
sions in the colorectal mucosa include alterations 
of nuclear size and shape (nuclear enlargement, 
elongation, increased nuclear/cytoplasmic (N/C) 
ratio, hyperchromasia, clumped chromatin pat-
tern, (multiple) enlargednucleoli, irregular 
nuclear membranes), nuclear pseudostratifi cation 
and loss of nuclear polarity, increased number of 
(atypical) mitoses and dense or hyperbasophilic 
cytoplasm. Common architectural abnormalities 
include crypt distortion, branchingand dilatation, 
back-to-back gland formation, gland-in-gland 
pattern and villous growth. 

 The term “carcinoma in situ” refers to a cyto-
logically malignant lesion that does not show 
invasion into the lamina propria or submucosa 
and is thus limited to the epithelium. Carcinoma 
in situ lesions are well recognised in stratifi ed 
epithelia, and, within the gastrointestinal tract, 
the term is widely used in the classifi cation of 
preinvasive neoplastic oesophageal lesions. In 
gastrointestinal columnar epithelia, although 
from a biological point of view the concept of 
carcinoma in situ appears valid (“adenocarci-
noma in situ”), the use of this term is discouraged 
since criteria on how to diagnose carcinoma in 
situ and how to differentiate it from high-grade 
intraepithelial neoplasia/dysplasia are simply 
lacking. Therefore, to avoid overtreatment of 
affected patients, these lesions are currently sum-
marised under the term high-grade intraepithelial 
neoplasia/dysplasia, in accordance with the cur-
rent WHO practice guidelines [ 3 ]. Since both 
lesions lack features of invasion into the lamina 
propria or the submucosal layer, clinical implica-
tions including treatment are virtually the same. 

 The defi nition of “intramucosal carcinoma” 
varies worldwide. In the USA and in most 
European countries, the term is applied to lesions 
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that show histological evidence of invasion into 
the lamina propria and/or muscularis mucosa, but 
not into the submucosa. Classical signs of inva-
sion, such as infi ltration of the stroma by single 
cells or small clusters of cells, complex glandular 
arrangements that are beyond those present in 
adenomas, presence of a stromal response such 
as desmoplasia and evidence of lymphovascular 
invasion are rarely seen in well-differentiated 
early carcinomas. According to the current WHO 
classifi cation, the term intramucosal carcinoma is 
deemed appropriate in the upper gastrointestinal 
tract including the small bowel, but not in the col-
orectum [ 3 ]. In Japan, intramucosal (adeno)carci-
nomas are diagnosed both in the upper and in the 
lower gastrointestinal tract including the colorec-
tum. According to the AJCC/UICC tumour node 
metastasis (TNM) classifi cation system [ 5 ,  6 ], 
submucosal invasion represents a prerequisite for 
the diagnosis of invasion in colorectal neoplasia, 
but lesions confi ned to the mucosa may be classi-
fi ed as either high-grade neoplasia/dysplasia  or  
carcinoma in situ (pTis). All these approaches 
have their pros and cons. But it appears that the 
worldwide use of the term intramucosal carci-
noma for colorectal lesions is only a matter of 
time. Thus, in the Kyoto conference held in 2008, 
an international consensus was reached that 
colorectal carcinoma can be confi ned to the 
mucosal layer, and the members of the confer-
ence agreed upon the diagnostic term intramuco-
sal carcinoma [ 4 ]. 

 In the European guidelines for colorectal can-
cer screening, the main pathology chapter was 
written in parallel with the current WHO classifi -
cation, stating that invasion is defi ned as invasion 
into the submucosal layer. In an annex to this 
chapter, this concept was supported, but it was 
also mentioned that from a biological point of 
view, the diagnosis of intramucosal carcinomas is 
reasonable [ 7 ,  8 ]. 

 Recent advances in molecular pathology, par-
ticularly with genotype-phenotype correlation, 
caused pathologists to recognise a broader spec-
trum of precursor lesions of colorectal cancer 
which include lesions that do not necessarily 
show the classical histological and/or cytological 
features of intraepithelial neoplasia/dysplasia. 

These lesions are summarised in the serrated 
pathway, ranging from hyperplastic polyps to 
serrated adenomas and, ultimately, to serrated 
adenocarcinomas [ 9 ]. These lesions may be dif-
fi cult to diagnose, and knowledge of their natural 
history is still limited, albeit rapidly growing, 
since the “serrated route to cancer” currently rep-
resents a major research topic in the fi eld of gas-
trointestinal pathology. Data, however, are 
controversial, the clinical implications are still ill 
defi ned, and the interobserver agreement of 
pathologists diagnosing these lesions is believed 
to be low. Further work is required in this fi eld, 
and until we understand these lesions better, it is 
recommended that all serrated lesions, with the 
exception of small left-sided hyperplastic polyps, 
are fully removed. 

    Measurement of Adenoma Size 

 Size, in particular the largest diameter of an ade-
noma, represents an important objective tool in 
risk assessment. This method is auditable, accu-
rate, simple to perform and able to assess the 
adenomatous component within a mixed lesion. 

 Although the level of evidence is low, litera-
ture data suggest that different ways to assess the 
size of a lesion (endoscopic measurement vs. the 
pathologist’s measurement – before and after 
fi xation and/or slide preparation) may affect 
diagnostic reproducibility and the detection rate 
of advanced adenomas. Over- or underestimation 
of polyp size is more likely to be important when 
the misjudgement crosses the 10-mm threshold. 
Overall, assessing adenoma size by the patholo-
gist appears to be the most accurate tool [ 10 ] and 
is analogously recommended in the EU guide-
lines for breast cancer screening [ 11 ]. 

 If the lesion is too large for the maximum 
dimension to be measured on a single slide, the 
measurement taken at the time of specimen dis-
section should be used. If a biopsy is received or 
if piecemeal resection is performed, it should be 
stated that the size of the lesion cannot be accu-
rately assessed by the pathologist. In these cases, 
the endoscopist’s measurement of the size of the 
lesion should be used with respect to surveillance 
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and/or follow-up strategy. Of note, measurements 
should exclude the stalk if it is lined by normal, 
i.e. non-adenomatous, mucosa. The distance to 
the excision margin should be noted. In the rou-
tine setting, the largest diameter of the polyp’s 
head is measured, and details regarding the stalk 
are given in length and diameter.  

    Tubular, Tubulovillous and Villous 
Adenomas: The Grading 
of “Villousness” 

 The 25 % rule only applies to wholly excised pol-
yps and to intact sections of lesions large enough 
to enable reliable assessment. For small frag-
mented lesions or biopsy material, the presence 
of at least one clearly identifi able villus merits an 
adenoma to be classifi ed as “at least tubulovil-
lous” [ 7 ].  

    Serrated Lesions 

    Terminology 
 Depending on the criteria used for defi nition and/
or the inclusion of hyperplastic polyps in this 
group, literature data regarding the incidence 
(also prevalence) of serrated lesions are highly 
variable. Consequently, levels of evidence are 
still limited, and recommendations are not well 
established. Overall, these lesions have in com-
mon a serrated morphology, but their potential to 
progress to cancer varies considerably. Hence, 
the serrated lesions take part in the so-called ser-
rated pathway (“serrated route”) to adenocarci-
noma and comprise  hyperplastic polyps ,  sessile 
serrated adenomas  (also referred to as  sessile 
serrated lesions/sessile serrated polyps ),  mixed 
polyps  and, as the ultimate lesion,  serrated ade-
nocarcinoma. Traditional serrated adenomas  
represent another distinct lesion in this group.  

    Hyperplastic Polyp 
    Hyperplastic polyps are often small (<5 mm in 
diameter), frequently found in the left (distal) 
colon and/or rectum and generally considered 
harmless and not an indicator for colorectal neo-

plasia. They are characterised by simple elon-
gated crypts with normal proliferation in the 
basal (non-serrated) half of the crypts and ser-
rated morphology in the upper half of the crypts, 
which has been attributed to decreased apoptosis. 
Hyperplastic polyps with perineurial- like stromal 
proliferation (perineurioma) are referred to as 
fi broblastic polyps. Cytological atypia is lacking, 
thus nuclei are small, regular and basally 
orientated.  

    Sessile Serrated Adenoma 
 Sessile serrated adenomas are morphologically 
similar to hyperplastic polyps and have for a 
long time been diagnosed as such.    In fact, they 
are larger non-polypoid lesions that are predomi-
nantly, but not exclusively, encountered in the 
right colon. Histologically, they show marked 
structural alterations such as hyperserration, 
columnar dilatation and serration in the lower 
third of the crypts with and without crypt branch-
ing, formation of L- and T-shaped crypts above 
the muscularis mucosae and inverted crypts 
(pseudoinvasion) below the muscularis muco-
sae. Classical (cytological) features of intraepi-
thelial neoplasia/dysplasia are not observed 
(Fig.  21.1a ).

   Notably, both the Kyoto classifi cation [ 4 ,  12 ] 
and the European guidelines of colorectal carci-
noma screening [ 7 ,  8 ] recommend the use of the 
term sessile serrated lesion for these lesions 
based upon the lack of classical (cytological) fea-
tures of intraepithelial neoplasia/dysplasia. 
However, in the 2010 edition of the WHO clas-
sifi cation, the term sessile serrated adenoma/
polyp (SSA/P) is recommended [ 9 ], even though 
these lesions are fl at, belonging to the group of 
non-polypoid colorectal lesions. 

 Diagnosis of “serrated (historically hyperplas-
tic) polyposis” should be considered in cases 
with (1) at least fi ve histologically proven ser-
rated polyps proximal to the sigmoid colon with 
two or more of these exceeding 10 mm in size; 
(2) any number of serrated polyps proximal to the 
sigmoid colon in an individual who has a fi rst- 
degree relative with serrated polyposis; or (3) if 
more than 20 serrated polyps of any size are 
found distributed throughout the colon [ 9 ].  
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    Mixed Polyp 
 According to current WHO guidelines, these are 
combinations of serrated lesions (mainly sessile 
serrated adenomas, rarely hyperplastic polyps) 
with conventional (tubular, tubulovillous, vil-
lous) as well as traditional serrated adenomas [ 9 ]. 
They were interpreted as collision tumours in the 
past. Nowadays, these lesions are considered ser-
ratedlesions, in particular SSA/Ps complicated 
by intraepithelial neoplasia/dysplasia, thereby 
indicating neoplasticprogression on the serrated 
route to cancer. Of note, both the European 
guidelines for colorectal cancer screening [ 7 ,  8 ] 
and the proposal of  diagnostic criteria for ser-
rated lesions presented by members of the 

Working Group of Gastrointestinal Pathology of 
the German Society of Pathology [ 13 ] recom-
mend to fi rst describe the components of the 
“mixed polyp” and then include the term mixed 
polyp in parentheses, e.g. sessile serrated ade-
noma and tubular adenoma (mixed polyp) with 
low-grade intraepithelial neoplasia/dysplasia. As 
classical adenomas, these lesions should be 
removed completely.  

    Traditional Serrated Adenoma 
 Polyps that show a serrated morphology, but also 
classical (cytological) features of intraepithelial 
neoplasia/dysplasia, are termed traditional serrated 
adenomas (Fig.  21.1b ). These lesions were recog-
nised as a distinct entity by Longacre and Fenoglio-
Preiser already in 1990 [ 14 ] and were given the 
name serrated adenoma at that time. They are rare 
and usually encountered in the left colon. In order 
to avoid confusion with sessile serrated adenomas, 
they were later given the name “traditional” ser-
rated adenoma. Treatment and surveillance are 
considered to be the same as for classical (tubular, 
tubulovillous, villous) adenomas.    

    Grading of Intraepithelial 
Neoplasia/Dysplasia 

 Grading of a neoplastic lesion aims at translating 
biology, i.e. the multistep progress described in 
the adenoma-carcinoma sequence, into different 
levels of risk for progression and/or aggressive-
ness. It has to be noted that there is considerable 
interobserver variation in the fi nal diagnoses 
worldwide, mainly due to poorly defi ned criteria 
and/or varying interpretation of criteria, causing 
different assessment of a lesion among different 
pathologists. 

 The Vienna classifi cation aimed to group 
diagnoses with the same clinical consequences 
together in order to minimise interobserver varia-
tion. The system also improved the accuracy of 
biopsy diagnoses by minimising discrepancies 
between diagnoses obtained from biopsy mate-
rial and subsequent resections, respectively [ 15 ]. 
One disadvantage is the use of several subcatego-
ries. The Kyoto classifi cation [ 4 ,  12 ] and also the 

a

b

  Fig. 21.1    Sessile serrated adenoma ( a ) showing marked 
structural alterations such as hyperserration, columnar 
dilatation and serration in the lower third of the crypts 
with crypt branching and formation of L- and T-shaped 
crypts above the muscularis mucosae. Traditional serrated 
adenoma ( b ) showing a serrated morphology but also 
classical (cytological) features of intraepithelial neopla-
sia/dysplasia       
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European guidelines of colorectal carcinoma 
screening [ 7 ,  8 ] recommend a revised scheme of 
the Vienna classifi cation meant to further sim-
plify the system. These recommendations led to a 
4-tiered system: no neoplasia, low-grade mucosal 
neoplasia (low-grade adenoma), high-grade 
mucosal neoplasia (high-grade adenoma, muco-
sal carcinoma) and carcinoma infi ltrating the 
submucosal layer or beyond. This revision caused 
increased attention for intramucosal carcinoma 
and was felt to be a compromise, bringing 
Western and Asian standpoints closer together. 
The future will show whether these pragmatic 
approaches will become more accepted world-
wide than previous systems. 

    Low-Grade Intraepithelial Neoplasia/
Dysplasia 

 Low-grade intraepithelial neoplasia is an unequiv-
ocal neoplastic condition confi ned to the glandular 
epithelium, not to be mistaken for infl ammatory or 
regenerative changes. The earliest morphological 
precursor of intraepithelial neoplasia is the aber-
rant crypt focus (ACF), i.e. a “single-crypt ade-
noma” [ 16 ]. Microscopic examination of mucosal 
sheets dissected from the bowel wall in patients 
with familial adenomatous polyposis or mucosal 
examination with a magnifying endoscope reveals 
ACFs to have crypts of enlarged calibre and thick-
ened epithelium with reduced mucin content [ 16 ]. 
Progression from ACF through adenoma to adeno-
carcinoma characterises carcinogenesis in the 
large intestine. The situation is more complex in 
individuals with chronic infl ammatory bowel dis-
ease in which the diagnosis of a sporadic adenoma 
has clinical implications different from those of 
colitis- associated neoplasia. 

 Histologically, lesions characterised by low- 
grade intraepithelial neoplasia show reduced 
mucin content (reduced number of goblet cells) 
with increased cytoplasmic basophilia and a vari-
ety of nuclear changes, such as hyperchromasia, 
enlargement (spindle-like elongation) and pseu-
dostratifi cation (palisading). Although the num-
ber of mitotic fi gures is increased, atypical 
mitoses are generally not observed, and nuclear 
polarity is retained (Fig.  21.2a, b ).

       High-Grade Intraepithelial 
Neoplasia/Dysplasia 

 Morphological changes suggestive of high-grade 
intraepithelial neoplasia should involve more than 
just one or two crypts. In addition to the histologi-
cal characteristics of low-grade intraepithelial 
neoplasia described above, high-grade intraepi-
thelial neoplasia shows distinctive structural fea-
tures: complex glandular crowding and irregularity 
(note that the word “complex” is important and 
excludes simple crowding of regular tubules that 
might result from crushing), prominent glandular 
budding, cribriform gland formation, back-to-
back pattern as well as prominent intraluminal 
papillary tufting. Some of these criteria may be 
found in low-grade intraepithelial neoplasia/ 
dysplasia as well. This makes it necessary to use 
further cytological features: loss of cell and/or 
nuclear polarity and distinct nuclear changes such 
as vesicular and/or markedly enlarged irregular 
nuclei, often with a dispersed chromatin pattern 
and prominent nucleoli. Atypical mitotic fi gures 
are common, and prominent apoptosis, giving rise 
to intraluminal debris, may be found in some 
cases (Fig.  21.2c, d ). Often several of the above-
mentioned features are detected within the same 
lesion. Caution should be exercised if only a sin-
gle criterion is observed in order to avoid over-
interpretation. Since ordinary adenomas do not 
erode, erosions should always prompt thorough 
evaluation of an adenomatous lesion not to miss 
presence of high-grade intraepithelial neoplasia. 
However, overinterpretation of isolated surface 
changes that may be caused by trauma or prolapse 
needs to be excluded. 

 Misplacement (entrapment) of adenomatous 
epithelium into the submucosa of a polyp (pseu-
doinvasion) represents a well-known histopatho-
logical pitfall which needs to be distinguished 
from invasive carcinoma [ 17 ]. If in doubt, the rel-
evant fi ndings should be stated in the pathology 
report, and a second opinion and/or additional 
biopsies from the polypectomy site should be 
considered. Sigmoid polyps are particularly prone 
to infl ammation, a feature which tends to exagger-
ate the histological features of neoplasia. When 
associated with epithelial misplacement, the 
potential for misdiagnosing these lesions as early 
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carcinoma is evident. Histological changes sug-
gestive of epithelial misplacement are acellular 
submucosal mucin lakes (not to be misinterpreted 
for mucinous adenocarcinoma) and hemosiderin-
laden macrophages within the stroma.   

    Histological Evaluation of pT1 
Colorectal Cancer 

 According to the AJCC/UICC TNM system 
[ 5 ,  6 ], pT1 cancers are those showing invasion 
through the muscularis mucosae into the submu-
cosa but not beyond. Once again, it has to be 
stressed that in Japan the term mucosal carcinoma 
is used as a diagnostic term to describe a distinct 
tumour category. The discussion, however, seems 

to be somewhat academic, since all mucosal high-
grade lesions, regardless of the terminology used, 
are adequately treated by endoscopic removal and 
are believed not to metastasize. 

    Defi nition of Invasion 

 The danger of surgical overtreatment due to mis-
interpretation of a lesion as invasive cancer must 
always be considered in biopsy diagnoses. 
Postoperative mortality (within 30 days) varies 
between 5 and 10 % in colonic cancers, depend-
ing on the population, age of the patient and qual-
ity of services available [ 18 – 20 ]. 

 Achieving the optimum balance between 
removing all disease by resection and minimising 

a b

c d

  Fig. 21.2    Grading of intraepithelial neoplasia/dysplasia. 
Lesions characterised by low-grade intraepithelial neopla-
sia ( a ,  b ) show reduced mucin content (reduced number of 
goblet cells) and a variety of nuclear changes, such as 
hyperchromasia, spindle-like elongation and pseudostratifi -
cation. Nuclear polarity, however, is retained. In high-grade 

intraepithelial neoplasia ( c ,  d ), complex glandular crowd-
ing and irregularity with cribriform gland formation and 
back-to- back pattern is seen (Note loss of nuclear polarity 
and distinct nuclear changes such as presence of vesicular 
markedly enlarged irregular nuclei, often with a dispersed 
chromatin pattern and prominent nucleoli)       
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harm is crucial. Since criteria of intramucosal cri-
teria are currently not well defi ned in columnar 
epithelium, we strongly recommend to adhere to 
the defi nition given by the WHO classifi cation of 
tumours of the digestive system [ 3 ], which 
regards invasion of neoplastic cells through the 
muscularis mucosae into the submucosa as pre-
requisite for diagnosing invasive adenocarcinoma 
at this site (Fig.  21.3a ). It needs, however, to be 
recognised that diagnoses made on the basis of 
this defi nition will hamper comparison with 
series from Japan for which the diagnosis of 
intramucosal adenocarcinoma is possible. Of 
note, the AJCC/UICC TNM classifi cation 
scheme [ 5 ,  6 ] allows to use the term carcinoma in 
situ (pTis) in columnar epithelium, but as pointed 
out above, this category is rather vague and ill 
defi ned, and, therefore, its use is discouraged by 
the European guidelines on colorectal cancer 
screening [ 7 ,  8 ].

   Histological criteria of invasion, such as sin-
gle tumour cells, are more likely to be seen in 
advanced carcinomas, but not in early carcino-
mas. Likewise, a desmoplastic stromal response 
is only rarely observed, particularly when carci-
noma cells have just started to invade the submu-
cosal layer (Fig.  21.3b ). In addition, basal 
membranes are frequently discernible around 
invading glands in well-differentiated early carci-
nomas [ 21 – 23 ], and defi nitions using the term 
“invasion through the basement membrane” are 
for this reason misleading. Nevertheless, a sub-
classifi cation of early carcinomas into low-risk 
and high-risk categories, based on the estimated 
risk of regional lymph node involvement, should 
always be performed.  

    Typing of Early Colorectal Cancer 

 Histological typing of colorectal cancers is gen-
erally performed according to WHO guidelines 
and does not differ between early and advanced 
tumours [ 3 ]. Thus, most adenocarcinomas are 
gland forming, with variability in size and con-
fi guration of glandular structures. In well- and 
moderately differentiated cases, which make up 
the vast majority of early cancers, the epithelial 

cells are usually large and tall, and the gland 
lumina may contain varying amounts of debris. 
The designation of mucinous adenocarcinoma is 
used when more than 50 % of the lesion is com-
posed by pools of extracellular mucin. Signet 
ring cell carcinoma and adenosquamous carci-
noma represent rare variants that are almost never 
observed as early cancer.   

    Risk Assessment in pT1 Colorectal 
Cancer 

 In early colorectal adenocarcinoma, discussions 
regarding optimal treatment of affected individu-
als (endoscopic vs. surgical) appear to be an inte-
gral part of multidisciplinary team meetings. To 
facilitate clinical decision making, the pathologist 
should always report on histological features that 

a

b

  Fig. 21.3    Early colorectal cancer showing invasion of 
neoplastic cells through the muscularis mucosae into the 
submucosa ( a) . Note desmoplastic stromal response 
around invading glands in high-power view ( b )       
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may indicate increased risk of local lymph node 
spread, thus enabling stratifi cation of tumours 
into low- and high-risk categories [ 7 ,  24 – 28 ]. 

 In colorectal adenocarcinoma, in general, sev-
eral parameters have been correlated with adverse 
outcome, such as depth of invasion refl ected by 
the AJCC/UICC TNM system, tumour size, 
tumour differentiation, lymph and blood vessel 
invasion, perineural invasion, tumour border con-
fi guration, incomplete tumour resection and 
tumour cell dissociation at the invasion front 
referred to as tumour budding [ 29 – 31 ]. Some of 
these parameters, e.g. lymph and blood vessel 
invasion as well as tumour budding, are potential 
predictors of increased risk of local lymph node 
spread (compare below). 

 For early colorectal cancer, the most appropri-
ate method for risk estimation of lymph node 
involvement appears to be the assessment of 
depth of invasion which should be assessed 
depending on the overall morphology of the 
lesion, e.g. sessile (Kikuchi levels; [ 32 ]) or pol-
ypoid (Haggitt levels; [ 33 ]). Other parameters, 
such as vascular invasion and tumour budding, 
may serve as additional markers. In the follow-
ing, we will refer to the main prognostic param-
eters in detail. Of note, the value of these markers 
has very recently been proven in two systematic 
meta-analyses [ 34 ,  35 ]. 

    Subclassifi cation of pT1 
Adenocarcinomas According 
to Depth of Invasion 

 For submucosal carcinomas, substaging of pT1 is 
essential. The most widely used approach implies 
the pragmatic subdivision of the submucosal layer 
into three parts: a superfi cial, a middle and a deep 
third, also referred to as Kikuchi levels sm1, sm2 
and sm3 [ 32 ]. The risk of lymph node involve-
ment has been calculated to account for 1.4–5 % 
for sm1, 8 % for sm2 and 23 % for sm3 tumours, 
respectively [ 36 ,  37 ]. In polypoid lesions, the 
stalk always represents the upper third of the sub-
mucosal layer. Haggitt et al. [ 33 ] identifi ed the 
level of invasion into the stalk of a pedunculated 
polyp as being important in predicting outcome. 

The authors classifi ed polypoid tumours as fol-
lows: “level 1” lesions show invasion of the sub-
mucosa limited to the head of the polyp, “level 2” 
lesions extend into the neck of the polyp, “level 3” 
lesions show invasion of any part of the stalk and 
“level 4” lesions invade beyond the stalk but still 
confi ned to the submucosal layer. An example 
illustrating the use of the Kikuchi and the Haggitt 
system is given in Fig.  21.4 .

   It has to be noted that both the Kikuchi (for 
sessile tumours) and the Haggitt (for polypoid or 
pedunculated tumours) classifi cation systems 
may be diffi cult to apply, especially if there is 
fragmentation or suboptimal orientation of the 
tissue. Separation of Haggitt level 2 from levels 1 
and 3 may be diffi cult even if the lesion is well 
preserved. Moreover, although level 4 invasion is 
generally accepted as a major risk factor for 
adverse outcome, regional lymph node metasta-
sis may be observed also in level 2 or 3 lesions. 

 Thus, recent classifi cation systems stressed 
the advantage of exact measurement of tumour 
invasion beyond the muscularis mucosae. Ueno 
et al. [ 38 ] suggested to assess both the depth (cut- 
off value 2,000 μm) and the width (cut-off value 
4,000 μm) of invasion. The authors demonstrated 
that by doing so, a more objective and accurate 
assessment of the risk of lymph node metastasis 
is possible: 3.9 % vs. 17.1 %, when depth of sub-
mucosal invasion is lower or higher than 
2,000 μm, as well as 2.5 % vs. 18.2 %, when 
width of submucosal invasion is lower or higher 
than 4,000 μm. According to other studies, 
tumours with submucosal invasion not deeper 
than 1,000 μm generally lack lymph node metas-
tasis, thus rending the 1,000-μm cut-off value as 
major criterion for stratifi cation of patients for 
endoscopic or surgical therapy [ 39 ,  40 ]. 

 Each classifi cation system has its advantages 
and disadvantages: (1) the Kikuchi system cannot 
reliably be used if the muscularis propria is not 
present (i.e. in most endoscopic resections), (2) 
the Haggitt levels are not applicable in non- 
polypoid (sessile) lesions and (3) exact measure-
ment depends on the feasibility to identify the 
muscularis mucosae which may be diffi cult, if not 
impossible, when cancer tissue has destroyed this 
histological landmark. Lacking a worldwide 
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 consensus, a defi nitive recommendation for one 
method or another can currently not be given. The 
European guidelines of colorectal cancer screen-
ing, however, recommend the Kikuchi system for 
non-polypoid (sessile) and the Haggitt system for 
polypoid (pedunculated) lesions [ 5 ,  6 ].  

    Tumour Grade in pT1 
Adenocarcinomas 

 Grading of colorectal cancer is generally per-
formed according to the WHO guidelines assess-

ing the extent of glandular appearance and should 
be divided into well-, moderately and poorly dif-
ferentiated or into low-grade (encompassing 
well- and moderately differentiated cancers) and 
high-grade (including poorly differentiated and 
undifferentiated cancers) tumours, respectively 
[ 3 ]. Poorly differentiated adenocarcinomas 
should at least show some gland formation or 
mucus production. When a carcinoma is hetero-
geneous, grading should be based on the least dif-
ferentiated component, not including the leading 
front of invasion. The percentage of the tumour 
showing gland formation can be used to defi ne 

a b

c d

  Fig. 21.4    Pedunculated early colorectal cancer. The 
lesion is completely removed by endoscopy ( a ,  b ; Images 
courtesy of Dr. Franz Siebert, Hospital of Barmherzige 
Brüder, St. Veit/Glan, Austria); all margins are free of 

 cancer (R0 resection). The cut surface ( c – d ) shows inva-
sion (marked by an  arrow ) extending into the upper third 
of the submucosal layer (sm1), as represented by the neck 
of the polyp (Haggitt level 2)       
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the grade. According to the current WHO classi-
fi cation [ 3 ], well-differentiated tumours (grade 1) 
exhibit glandular structures in >95 % of the 
tumour area, moderately differentiated tumours 
(grade 2) in 50–95 % and poorly differentiated 
tumours (grade 3) in >0–49 %, respectively. By 
convention, morphological grading of tumours 
applies only to adenocarcinoma “NOS” (not oth-
erwise specifi ed). Other morphological variants 
(e.g. mucinous adenocarcinoma, signet ring cell 
carcinoma) carry their own prognostic signifi -
cance and grading does not apply [ 3 ]. 

 In general, no substantial differences exist 
between the grading of early and advanced can-
cers. In the absence of good evidence, the 
European guidelines for colorectal cancer screen-
ing recommend that a grade of poor differentia-
tion should be applied in a polyp cancer when 
 any  area of the lesion is considered to show poor 
tumour differentiation [ 7 ]. As for advanced 
tumours, tumour cell dissociation at the leading 
edge of invasion (“budding”) should not infl u-
ence the grading of early cancers. 

 Recently, Ueno et al. [ 41 ] proposed “objective 
criteria for grade 3” in early colorectal cancer. In 
their experience, the incidence of nodal involve-
ment differed most greatly between G3 (27 %) 
and non-G3 (4 %) tumours, when G3 was applied 
to lesions containing either or both of the follow-
ing criteria: (1) ten or more solid cancer nests in 
the microscopic fi eld of a 4× objective lens and 
(2) a mucin-producing component fully occupy-
ing the microscopic fi eld of a 40× objective lens. 
This study, however, still warrants external 
validation.  

    Vascular Invasion in pT1 
Adenocarcinomas 

 Invasion of endothelium-lined vascular spaces, 
i.e. lymphatic and/or venous invasion, is generally 
regarded as a signifi cant risk factor for regional 
lymph node and/or distant metastasis in colorectal 
cancer, including early lesions. Thus, lymphatic 
invasion has repeatedly proven to be an indepen-
dent predictor of local metastatic lymph node 
spread in early colorectal cancer [ 41 – 45 ]. 

 Sometimes retraction artefact around invading 
tumour glands may mimic vascular spaces. In 
these cases additional histochemical and/or 
immunohistochemical staining may be helpful to 
prove true angioinvasion and rule out false- 
positive results. In addition, immunostaining with 
the monoclonal antibody D2-40 which is specifi c 
for lymphatic endothelial cells signifi cantly 
increases the detection rate of lymphatic invasion 
compared to conventional haematoxylin and 
eosin staining (Fig.  21.5a, b ) [ 46 ,  47 ], while 
Elastica van Gieson stain and CD31 and/or CD34 
immunostaining for blood vessel endothelia facil-
itate detection of venous invasion [ 48 – 50 ]. 
Finally, interobserver agreement of vascular inva-
sion is only moderate but cannot be improved by 
the use of immunohistochemistry, highlighting 
the need for strict criteria in the evaluation [ 51 ].

a

b

  Fig. 21.5    Lymphatic invasion in early colorectal cancer, 
as assed by routine haematoxylin and eosin ( a ) and addi-
tional D2-40 ( b ) immunostaining which specifi cally 
labels endothelial cells of lymph vessels (serial sections)       
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   Of note, presence of blood vessel invasion has 
also been correlated with presence of regional 
lymph node metastasis [ 50 ,  52 ,  53 ]. The reason 
for this at fi rst glance unexpected fi nding is 
unclear. Most probably, tumours with venous 
invasion do also harbour lymphatic invasion 
which may have been missed or may only be 
detected performing additional sections.  

    Margin Involvement in pT1 
Adenocarcinomas 

 It is important to record whether the deep (basal) 
resection margin is involved by invasive tumour 
(which may be a reason for additional surgery) 
and whether the lateral mucosal resection margin 
is involved by carcinoma or by the neoplastic 
precursor lesion (for which extended local exci-
sion may be attempted) [ 7 ]. 

 There has been considerable discussion and 
controversy in the literature regarding the degree 
of clearance (resection status) that might be 
acceptable after local excision of early carcinoma 
extending close to the deep submucosal margin 
[ 25 ]. All pathologists would possibly agree on 
0 mm, most would regard a clearance of <1 mm 
as an indication for additional therapy, while oth-
ers would use <2 mm. According to the European 
guidelines for colorectal cancer screening, clear-
ance of 1 mm or less should be regarded as mar-
gin involvement [ 7 ,  8 ]. 

 Anyhow, reporting on the degree of clearance 
(resection status) represents a major item in the 
pathology report, particularly after local exci-
sion, and the distance to the resection margin 
should be measured (reported in mm), regarding 
both deep submucosal and lateral margins.  

    Tumour Cell Dissociation (“Budding”) 
in pT1 Adenocarcinomas 

 Tumour cell budding has been defi ned as the pres-
ence of isolated single cells or small clusters of 
cells (composed of fewer than fi ve cells) scattered 
in the stroma at the invasive tumour margin and 
has been signifi cantly associated with outcome in 

colorectal cancer [ 38 ,  54 – 57 ]. Although criteria 
how to assess the extent of tumour budding have 
not been standardised, several studies reported 
upon its usefulness in predicting regional lymph 
node metastasis in early colorectal cancer [ 44 ,  58 , 
 59 ]. Immunostaining using an antibody directed 
against keratin, the intermediate fi lament of epi-
thelial cells and their tumours may facilitate its 
detection (Fig.  21.6a, b ) [ 44 ,  60 ].

       Perineural Invasion in pT1 
Adenocarcinomas 

 Perineural invasion is a pathological process 
characterised by tumour invasion of nervous 
structures and spread along nerve sheaths which 

a

b

  Fig. 21.6    High-grade tumour budding at the invasion 
front of early colorectal cancer, as assed by routine hae-
matoxylin and eosin ( a ) and additional keratin ( b ) immu-
nostaining which specifi cally labels single cancer cells 
and small clusters of invading cancer cells (serial 
sections)       
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has recently been identifi ed as a new promising 
marker in colorectal cancer. Presence of perineu-
ral invasion appears to be signifi cantly associated 
with high tumour stage and grade and may serve 
as a predictor of local tumour relapse (higher risk 
of incomplete tumour resection) and regional 
lymph node metastasis [ 61 ,  62 ]. In addition, peri-
neural invasion was found to be an independent 
predictor of disease-free and cancer-specifi c sur-
vival [ 61 – 63 ]. It is therefore strongly recom-
mended to record presence of perineural invasion 
in routine pathological assessment of colorectal 
cancer. Future studies, however, are needed to 
defi ne the role of perineural invasion in early 
 cancers, since data are currently lacking in this 
regard.      
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        Introduction 

 Pathologists play a central role in the modern 
multidisciplinary management of colorectal can-
cer patients. In addition to the identifi cation of 
important prognostic information, the pathologist 
must also feed back to other members of the 
 multidisciplinary team regarding the quality of 

their services to facilitate audit as well as contin-
ued education and improvement. 

 Successful interaction between pathologists, 
gastroenterologists, radiologists, oncologists, 
nurses and surgeons is critical to improving 
patient outcomes. Feedback to gastroenterolo-
gists is important in bowel cancer screening pro-
grammes as well as in day-to-day practice. 
Pathologists can also help radiologists by con-
fi rming the accuracy of preoperative staging. 
Over recent years we have focussed on the use of 
magnetic resonance imaging (MRI) for rectal 
cancer, but preoperative staging of colon cancers 
is now increasingly being used and requires 
 validation. Additionally, pathologists must feed 

    Abstract  

  Pathologists closely interact with all members of the colorectal multidisci-
plinary team in order to improve patient outcomes. Consistent high-qual-
ity reporting is essential to communicate all relevant prognostic information 
so that the patient undergoes optimal management. Additional feedback 
on the interpretation of preoperative imaging, effectiveness of preopera-
tive treatment and quality of surgery is now integral to the pathology 
report. For rectal cancer, the status of the circumferential resection margin 
and quality of the mesorectal dissection are already widely reported. 
However, evidence is accumulating for the benefi t of pathological feed-
back on the quality of the sphincter dissection in abdominoperineal exci-
sion (APE) specimens and the mesocolic dissection for colon cancer. This 
chapter will address current best practice for the pathological approach to 
TME, APE and colon cancer specimens.  

        N.  P.   West       (*)    •     P.   Quirke      
  Section of Pathology and Tumour Biology , 
 Leeds Institute of Cancer and Pathology, University 
of Leeds ,   Leeds ,  UK   
 e-mail: n.p.west@leeds.ac.uk; p.quirke@leeds.ac.uk  

  22      Quality of Surgery 

           Nicholas     P.     West      and     Philip     Quirke    

mailto:n.p.west@leeds.ac.uk
mailto:p.quirke@leeds.ac.uk


228

back to oncologists about the effectiveness of any 
neoadjuvant therapy if used and also whether 
there is a need for further adjuvant therapy based 
on fi ndings in the resection specimen. Finally, 
and perhaps most importantly, the pathologist 
plays a crucial role in the quality control of 
colorectal cancer surgery as well as the primary 
staging of the tumour. The quality of surgery can 
be determined in part by a pathological assess-
ment of the plane of dissection followed by the 
operating team. The importance of the circumfer-
ential resection margin (CRM) and the quality of 
the mesorectal dissection in total mesorectal 
excision (TME) for rectal cancer have already 
been proven to be important; however, recent evi-
dence has suggested that quality control of the 
sphincters in abdominoperineal excision (APE) 
and the mesocolon in colon cancer may also be 
important. 

 Colorectal cancer pathologists must therefore 
produce a thorough and accurate report that con-
tains all the important prognostic and quality 
control information required by other clinicians. 
We strongly recommend the use of a pro forma 
along the lines of the most recent United Kingdom 
Royal College of Pathologists dataset for colorec-
tal cancer (  http://www.rcpath.org/resources/
worddocs/G049ColorectalDatasetAppendixC- 
Sep07.doc)     [ 1 ]. This chapter will focus on the 
evidence for and the techniques used to patho-
logically assess the quality of colorectal cancer 
resection specimens.  

    Reporting Total Mesorectal Excision 
(TME)/Anterior Resection 
Specimens for Rectal Cancer 

 The muscularis propria of the rectum above the 
anal sphincter muscles is surrounded by a layer 
of fatty tissue known as the mesorectum. This 
structure is of crucial importance in rectal can-
cer surgery as it contains all the blood vessels, 
nerves, lymphatics and lymph nodes through 
which rectal cancers may disseminate. Above 
the peritoneal refl ections, the anterior and part 
of the lateral mesorectum is covered by a layer 
of visceral peritoneum (Fig.  22.1 ). At its poste-

rior aspect and beneath the peritoneal refl ec-
tions both anteriorly and laterally, the 
mesorectum is fi xed and largely surrounded by 
a layer of fascia (Fig.  22.2 ). The elastic fi bres 
of the mesorectal fascia fuse with elastic fi bres 
beneath the peritoneum as well as with 
Denonvilliers fascia. The mesorectum is gener-
ally of greatest volume posteriorly with signifi -
cantly less fat located anteriorly [ 2 ], particularly 
behind the prostate gland in males where it can 
be especially particularly thin. For this reason, 
 incomplete removal of rectal tumours and 
intraoperative perforations most commonly 
occur in an anterior position [ 3 ]. The mesorec-
tum gradually reduces in size beneath the peri-
toneal refl ection to a point of maximal wasting 
35–42 mm above the anal verge corresponding 
to the level of the puborectalis muscle [ 4 ].

    Anterior resection specimens for rectal cancer 
contain a variable amount of mesorectum depend-
ing on the position of the tumour and the quality 
of the surgical dissection. There is also marked 
variation in the overall volume of the mesorec-
tum and the height of the peritoneal refl ections 
between individuals. During the operation, the 
surgeon should attempt to sharply dissect imme-
diately outside the mesorectal fascia in the so- 
called holy plane of TME surgery described by 
Heald [ 5 ]. This ensures that the mesorectum is 
removed as an intact package that contains the 
entire primary tumour along with all possible 
routes of metastasis. The outer non- peritonealised 
surface of the specimen forms what is termed the 
CRM, a surgically created margin that should be 
extensively covered with mesorectal fascia if the 
dissection has been performed in the correct tis-
sue plane. 

 Tumour involvement of the CRM, defi ned as 
tumour at or within 1 mm of the margin, is a poor 
prognostic feature and is strongly linked to local 
disease recurrence [ 6 – 10 ]. The method of 
involvement may be by direct spread or tumour 
deposit or within a vessel or nerve bundle with all 
showing a similarly poor prognosis [ 11 ]. A 
tumour deposit contained wholly within a lymph 
node may have a lesser risk, but this has yet to be 
proven. Others have suggested that tumour within 
2 mm of the CRM is associated with a worse 
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 outcome, but suffi cient data does not currently 
exist to support this position [ 12 ]. Prior to the 
description of TME surgery, the rates of CRM 
involvement were as high as 36 % [ 6 ] and varied 
markedly between individual surgeons [ 11 ]. The 
introduction of TME over recent years has been 
shown to substantially reduce the rate of local 
disease recurrence and improve survival, initially 
in single-centre series [ 13 ,  14 ], followed by 
large-scale population series and clinical trials 
[ 15 – 17 ]. A recently published UK trial showed 
CRM involvement rates to be as low as 8 % in the 
latter patient cohort with an increase in the median 
distance between the tumour and the CRM from 
5 to 8 mm over the duration of the study [ 18 ]. It 
is believed that a major factor in the success of 

TME surgery is the marked reduction in CRM 
involvement and tumour perforation associated 
with the technique [ 11 ]. However, the more 
advanced tumours may still extend to within 
1 mm of the CRM or even breach the mesorectal 
fascia, and therefore, TME surgery on its own 
will not result in complete resection of the 
tumour. Surgeons may therefore attempt to per-
form a more extensive operation removing addi-
tional extra-fascial tissues or organs en bloc or 
more frequently use preoperative therapy to 
attempt to shrink the tumour into a surgically 
resectable state. Radiologists are now very good 
at predicting tumour involvement of the CRM 
using MRI [ 19 ,  20 ] and are therefore critical in 
selecting patients for neoadjuvant radiotherapy. 

High
vascular
tie

Peritoneal
surface

Infraperitoneal
CRM

Distal end

a b
  Fig. 22.1    Abdominoperineal 
excision specimen for low 
rectal cancer demonstrating 
the peritoneal refl ections 
(marked by the  blue lines ) at 
the anterior ( a ) and 
posterolateral ( b ) aspects. 
 CRM  circumferential 
resection margin       
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 TME/anterior resection specimens for rectal 
cancer should be carefully examined and dis-
sected by pathologists to ensure that all the 
important features are identifi ed and described 
prior to irreversible slicing of the specimen. A 
meticulous and consistent approach is required to 
ensure that nothing is forgotten. We recommend 
the dissection protocol developed in Leeds [ 21 ] 
that has been adopted into the United Kingdom 
Royal College of Pathologists dataset for colorec-
tal cancer [ 1 ]. It is important that the specimen is 
received intact and unopened, preferably in the 
fresh state, as any disruptions or incisions may 
impair the assessment of the CRM. On a fresh 
intact specimen, the CRM should be bound by 
mesorectal fascia, which appears as a shiny 
smooth layer that often becomes dulled and 
opaque after formalin fi xation (Fig.  22.3 ). If the 
dissection extends as low as the prostate gland in 
males, an additional layer of fascia, the fascia of 
Denonvilliers, may also be noted [ 22 ].

   An assessment by the pathologist of the integ-
rity of the surface of the specimen forms an 

important component of the assessment of the 
quality of surgery that must be fed back to the 
surgical team. A three-point grading system was 
initially developed for the MRC CLASICC trial 
[ 23 ] and has subsequently been shown to predict 
CRM involvement, local recurrence and patient 
survival in both small series [ 24 – 26 ] and larger 
multicentre studies [ 18 ,  27 ]. The recommended 
mesorectal grading system is described in 
Table  22.1 .

   It is helpful if the specimen is photographed at 
this stage to form a permanent record of the plane 
of surgery (Fig.  22.4 ). Digital images should be 
taken of the front and back of the specimen along-
side a metric scale, with additional close ups of 
any signifi cant mesorectal defects or perforations. 
These images should be stored in a departmental 
archive and can be used to facilitate feedback to 
surgeons in multidisciplinary team meetings and 
utilised for subsequent research/audit. Feeding 
back the plane of surgery in such a way to the 
operating team has been shown to improve the 
planes of dissection over time  leading to a 

Mesorectal fascia

Blood vessels

Lymph node

  Fig. 22.2    Part of a 
haematoxylin and eosin-
stained section from a 
whole mount rectal cancer 
block demonstrating the 
condensed fi brous tissue of 
the mesorectal fascia at the 
circumferential resection 
margin. Also demonstrated 
are blood vessels and a 
lymph node within the 
mesorectal fat, both of 
which are important routes 
of tumour dissemination       
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 reduction in CRM involvement, which should 
ultimately improve patient outcomes [ 18 ].

   Perforations, defi ned as a communication 
between the surface of the specimen and the 
lumen of the bowel, should similarly be docu-
mented in the report. Tumour perforations above 
the peritoneal refl ections risk intraperitoneal 
recurrence and are associated with a poor prog-
nosis [ 28 ,  29 ]. Under TNM staging rules, these 
tumours should be classifi ed as pT4 [ 30 ]. 

However, infraperitoneal perforations are much 
more frequent and can occur at the time of sur-
gery, often at the anterior aspect where the meso-
rectal thickness is at a minimum or in the area of 
the puborectalis. These surgical failures are not 
strictly pT4 tumours under TNM staging, but due 
to the high risk of local recurrence and reduced 
survival [ 31 ], we feel that they should be classi-
fi ed as pT4 on the basis of a poor anticipated 
prognosis. 

a b

  Fig. 22.3    The mesorectal fascia which appears as a shiny covering in the fresh specimen ( a ) and becomes a dull opaque 
colour after formalin fi xation ( b )       

   Table 22.1    Three-point grading system for the assessment of the plane of mesorectal dissection in TME/anterior 
resection specimens for rectal cancer   

 Grade  Short description  Long description 

 Mesorectal plane  Good surgery  Intact smooth mesorectal surface with only minor 
irregularities. Any defects must be no deeper than 5 mm. No 
coning of the specimen distally. Smooth CRM on slicing 

 Intramesorectal plane  Moderate surgery  Moderate bulk to mesorectum but irregularity of the 
mesorectal surface. Moderate distal coning. Muscularis 
propria not visible with the exception of levator insertion. 
Moderate irregularity of CRM 

 Muscularis propria plane  Poor surgery  Little bulk to mesorectum with defects down onto the 
muscularis propria and/or very irregular CRM. It includes 
infraperitoneal perforations 
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 Following a detailed macroscopic description, 
the specimen should be inked over the entire area 
of the CRM to allow for accurate histological 
measurement between the tumour and this mar-
gin. There should be no confusion between the 
CRM and the peritoneal surface as tumour 
involvement of both of these structures has dif-
ferent potential sequelae. Peritoneal disease, as 
described above, risks intraperitoneal recurrence 
in the abdominal cavity, whereas CRM involve-
ment risks local pelvic recurrence. After inking, 
the tumour segment should undergo serial cross- 
sectional slicing at 3–5 mm intervals. The slices 
should be laid out in order and photographed to 
record the relationship between the tumour and 
the CRM and also to provide additional evidence 
for the plane of surgery. These images can be 
very useful for comparing to the radiological 
appearance of the tumour if any discrepancies 

arise. Ideally a minimum of fi ve tumour blocks 
should be taken and at least one of these must 
demonstrate the tumour closest to the inked 
CRM. The pathological report must include a 
comment as to whether or not the CRM is 
involved by tumour so that the patient may be 
offered further adjuvant therapy, if appropriate, 
to reduce the chances of local disease recurrence. 
The distance between the tumour and the closest 
CRM to the nearest millimetre should be fed 
back to radiologists to allow them to audit the 
accuracy of their preoperative prediction of CRM 
status. If the MRI scan predicted a clear margin 
but the resection specimen shows evidence of 
tumour involvement, then it is helpful if the 
pathologist can indicate why this is so. Possible 
reasons include a tiny tumour deposit at the mar-
gin which would not be visible on MRI or alter-
natively that the area of CRM involvement relates 

a b c

  Fig. 22.4    Photographic documentation of the posterior 
surfaces of three anterior resection specimens showing 
good examples of the mesorectal plane ( a ), intramesorec-

tal plane ( b ) and muscularis propria plane ( c ). Mesorectal 
defects are highlighted by arrows, which extend down to 
expose the muscularis propria in specimen C       
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to a region where the TME plane was not fol-
lowed by the surgeon. In post-neoadjuvant ther-
apy cases, it is also helpful for the pathologist to 
indicate whether any fi brosis extends beyond the 
tumour towards the CRM for correlation with the 
pre-radiotherapy MRI scan.  

    Reporting Abdominoperineal 
Excision (APE) Specimens for Low 
Rectal Cancer 

 APE of the rectum and anus is frequently utilised 
for the surgical treatment of advanced low rectal 
tumours (within 6 cm of the anal verge) where 
anatomical reconstruction is not possible or for 
reasons of poor predicted functionality. The 
specimen should include the rectum and meso-
rectum, as for a TME specimen, in continuity 
with the anal canal and a portion of perineal skin 
resulting in a permanent stoma for the patient. 
The anal sphincter muscles and levator ani mus-
cles may be removed en bloc with the specimen 
depending on the radicality of the operation. The 
internal anal sphincter is a thickened continua-
tion of the inner circular layer of smooth muscle 
from the rectal muscularis propria. Occasionally 
dispersed longitudinal fi bres may also be seen. 
Immediately outside this layer the striated mus-

cle fi bres of the external sphincter are seen 
(Fig.  22.5 ). Above the sphincter complex, some 
of these striated fi bres fuse with the levator ani 
muscles of the pelvic fl oor.

   Approximately 25 % of operations for primary 
rectal cancer will result in an APE [ 32 ], although 
there is wide variation in the frequency of this 
operation, which is considered by some to be 
unacceptable [ 33 ]. For this reason it has been pro-
posed that APE rates themselves may be used as a 
surrogate marker of surgical quality. Obviously to 
provide a fair and meaningful comparison, these 
rates should be adjusted for factors such as tumour 
height [ 34 ] and specialist referral practice at the 
centre. In general, however, lower APE rates are 
considered to be a marker of good practice. This 
is because APE surgery for low rectal cancer is 
well recognised to be associated with poorer 
patient outcomes when compared to anterior 
resection for higher rectal tumours [ 2 ,  29 ,  35 ]. As 
stated in the section above, there is a natural 
reduction in mesorectal tissue volume when mov-
ing from the middle of the mesorectum down 
towards the commencement of the sphincters. For 
this reason, there is less protective tissue around 
lower rectal tumours when following the standard 
mesorectal fascial plane, which accounts for the 
higher CRM involvement rate with APE surgery 
[ 2 ]. Also, because much of the perineal dissection 

  Fig. 22.5    Haematoxylin 
and eosin-stained tissue 
section through the anal 
sphincters demonstrating the 
internal and external 
sphincters separated by the 
intersphincteric space       
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during standard APE is performed under limited 
visualisation in the lithotomy position, surgeons 
often deviate into the wrong tissue plane which 
further increases the chances of an involved mar-
gin and may also result in an intraoperative perfo-
ration (Fig.  22.6 ). As has previously been stated, 
the most risky area for both CRM involvement 
and perforation is at the anterior aspect of the 
specimen where the mesorectum often reduces to 
a negligible amount [ 3 ,  36 ]. For this reason, en 
bloc prostatectomy or  resection of the posterior 

vaginal wall may be performed in cases with 
advanced anterior tumours in order to protect the 
anterior CRM (Fig.  22.7 ).

    Recent research has demonstrated improved 
clinical outcomes with more radical techniques 
termed extended APE and abdominosacral resec-
tion [ 37 – 40 ]. These procedures involve en bloc 
resection of the levator ani muscles along with the 
mesorectum and anal canal to create a more cylin-
drically shaped specimen as originally described 
by Miles [ 41 ]. Such ‘extra-levator’ surgery is 

Perforation

a b

  Fig. 22.6    Two examples of APE surgery performed in 
the wrong tissue planes. One specimen shows approxi-
mately one third of the circumferential resection margin 

being formed by submucosa resulting in a margin positive 
pT2 tumour ( a ) and the second shows a classic anterior 
intraoperative perforation at the level of the waist ( b )       
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  Fig. 22.7    Cross-sectional slices from two separate APE cases with en bloc prostatectomy showing the negligible 
amount of mesorectal tissue often seen between the anterior muscularis propria and the standard TME resection plane       
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 usually carried out in the prone jackknife position 
to improve visualisation and has been shown to 
markedly reduce the rates of CRM involvement 
and intraoperative perforations compared to stan-
dard APE techniques [ 3 ,  36 ]. In turn this should 
improve outcomes towards those reported with 
anterior resection for higher rectal tumours. 

 Variables such as the mesorectal plane of 
 dissection, presence of intraoperative perforations 
and CRM involvement should be reported for APE 
specimens in the same way as for TME/anterior 
resection specimens. However, in addition it has 
been proposed that the area of dissection around 

the sphincters should be separately graded [ 29 ]. 
This is of direct relevance to the rates of CRM 
involvement and patient outcomes because a beau-
tiful mesorectal dissection will be offset by a per-
foration of the anal canal in the region of a low 
rectal tumour. The recommended anal canal/
sphincter grading system is described in Table  22.2 .

   Photographs should be taken of the front and 
back of the whole specimen as for TME/anterior 
resection specimens and additional close ups of 
the anal canal/sphincter dissection are particu-
larly useful for recording the plane of surgery in 
this area (Fig.  22.8 ).

   Table 22.2    Three-point grading system for assessment of the plane of anal canal/sphincter dissection in APE speci-
mens for low rectal cancer   

 Grade  Short description  Long description 

 Extra-levator plane  Good surgery  The specimen has a cylindrical shape due to the presence of 
levator ani removed en bloc with the mesorectum and 
sphincters. Any defects must be no deeper than 5 mm. No 
waisting of the specimen. Smooth CRM on slicing 

 Sphincteric plane  Moderate surgery  The specimen is waisted and the CRM in this region is 
formed by the surface of the sphincter muscles which have 
been removed intact 

 Intrasphincteric  Poor surgery  The specimen is waisted and includes deviations into the 
sphincter muscles, submucosa and complete perforations 

Levator muscles

Coccyx

Waist
Perforation

a b c

  Fig. 22.8    Photographic documentation of the anterior 
surfaces of three formalin-fi xed APE specimens showing 
good examples of the extra-levator plane ( a ), sphincteric 
plane ( b ) and Intrasphincteric plane ( c ). The extra-levator 
specimen shows no waisting due to the levators and coc-
cyx being removed en bloc with the mesorectum. The 

sphincteric specimen shows a classical surgical waist in 
the area of the sphincters but a good quality mesorectal 
dissection. The intramucosal/submucosal specimen shows 
evidence of signifi cant mesorectal defects with a large 
anterior perforation through the tumour in the classic dan-
ger area       
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   Data obtained from the Dutch TME trial, 
which included 373 APE specimens, demon-
strated that two thirds of specimens were in the 
sphincteric plane and one third in the intrasphinc-
teric plane [ 29 ]. None of the cases were scored as 
being in the extra-levator plane. In a multicentre 
European study comparing a large series of extra-
levator APE to standard APE specimens, extra-
levator APE was shown to remove signifi cantly 
more tissue around low rectal tumours with a 
reduction in CRM  involvement from 50 to 20 % 
and intraoperative perforations from 28 to 8 % 
[ 36 ]. The need to modify an APE operation to the 
extra-levator plane can be accurately predicted 
by the radiologist using preoperative MRI [ 42 ], 
and pathological feedback to confi rm this predic-
tion from the resection specimen is again 
essential.  

    Reporting Colon Cancer Specimens 

 The colon and its mesentery, the mesocolon, are 
both invested by a layer of visceral peritoneum to 
a variable degree. The ascending colon has a 
broad attachment to the posterior abdominal wall 
that varies in both size and shape. A layer of fas-
cia exists at the deep aspect of the ascending 
mesocolon, and dissection outside of this layer 
forms the retroperitoneal surgical margin in a 
right hemicolectomy specimen if the dissection is 
carried out in the correct tissue plane. The trans-
verse colon is suspended by a true mesentery, the 
transverse mesocolon, which is a substantial 
structure often not resected in its entirety due to 
technical diffi culties with the dissection. Similar 
to the ascending colon, the descending colon has 
a broad attachment at its posterior aspect that 
merges into the sigmoid colon, which again has a 
true suspensory mesentery. Over recent years it 
has become clear that the surgical principles of 
mesorectal surgery should be extended to include 
operations for colon cancer. Surgical removal of 
the colon and mesocolon in an intact package 
containing the lymphatics, lymph nodes and 
blood vessels is essential to guarantee the com-
plete removal of primary colonic tumours along 
with the routes of potential dissemination. 

 An in-depth knowledge of colorectal vascula-
ture is essential to appreciate the technical aspects 
of the chosen operation and to identify the rele-
vant arteries which run with the draining lym-
phatics from the tumour [ 43 ]. Branches of the 
superior and inferior mesenteric arteries supply 
the colon; however, there is often marked varia-
tion between individuals which infl uences the 
type and extent of resection performed. The 
embryological midgut is supplied by branches of 
the superior mesenteric artery and the major vas-
cular ties that may be visible in right and trans-
verse colon resection specimens include the 
ileocolic artery, the right colic artery and the 
middle colic artery. The right colic artery shows 
considerable variation and often represents a 
branch of the middle colic rather than arising 
directly from the superior mesenteric artery [ 44 ]. 
The inferior mesenteric artery and its branches 
supply the majority of the hindgut. 

 The lymphatic drainage of the colon and con-
sistent surgical approaches for adequate clear-
ance of colon cancer were fi rst described in 
1909 [ 43 ]. The colonic lymph nodes are often 
classifi ed as being present in three distinct lay-
ers [ 45 ]. The fi rst line of drainage comes from a 
series of paracolic lymph nodes that lie close to 
the muscle wall in proximity to the marginal 
artery of Drummond. Colon cancers tend to 
demonstrate a small degree of lateral spread 
throughout these paracolic nodes before turning 
centrally into the second layer of intermediate 
nodes, which follow the supplying arteries 
towards their origin. Finally, the third layer of 
central lymph nodes are situated at the origin 
of the supplying vessels at either the branch-
ing of the inferior mesenteric artery from the 
aorta on the left or the major branches of the 
superior mesenteric artery on the right. 

 An optimal colon cancer resection specimen 
should therefore include the tumour with an ade-
quate portion of non-diseased colon on either 
side, along with the associated mesocolon con-
taining the blood vessels with high ligation of the 
supplying vessels and the paracolic, intermediate 
and central lymph nodes in an intact peritoneal 
and fascial bound package with no signifi cant 
intraoperative defects. Surgeons practising this 
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type of surgery, known as complete mesocolic 
excision with central vascular ligation (CME 
with CVL), report very impressive outcomes 
when compared to standard techniques [ 44 ,  46 ]. 
The majority of the survival benefi t is believed to 
be derived from preventing mesocolic defects or 
tearing in the tumour drainage area, which could 
shed tumour cells into the peritoneal cavity 
and therefore risk intra-abdominal recurrence. 
Keeping the mesocolon intact has been shown to 
be associated with a 15 % overall survival benefi t 
at 5 years compared to specimens with signifi -
cant defects down on to the muscularis propria 
[ 47 ]. This difference rose to 27 % in stage III dis-
ease when all cases have tumour in the mesocolic 
lymph nodes and mesocolic disruptions are at 
their most dangerous. 

 Additional survival benefi ts when performing 
CME with CVL are likely to be derived from the 
optimum nodal clearance. The technique has 
been shown to be associated with the removal of 
an additional 10–12 lymph nodes in two indepen-
dent colon cancer series [ 48 ,  49 ]. The majority of 
these extra nodes are likely to be pericolic and 
intermediate ones associated with the removal of 
a greater length of colon. The greatest benefi t 
may be derived by removal of the central nodes in 
cases with downstaging of an otherwise Dukes 
C2 case into a Dukes C1. The majority of cancers 
display lateral nodal spread of up to 10 cm on 
either side of the lesion before the major drainage 
pathway heads centrally along the supplying 
arteries. However, occasionally the degree of lat-
eral spread along the pericolic lymphatics can be 

considerable, particularly in cases with extensive 
nodal disease and blockage of the central lym-
phatics [ 50 ]. Such advanced disease is likely to 
be already incurable and therefore CME with 
CVL is unlikely to signifi cantly impact on overall 
outcomes in this group of patients. 

 As a pathologist, a variety of specimens may 
be received for cases of colon cancer depending 
on the site of the tumour, the number of lesions 
present and individual patient anatomy. Patients 
with multiple tumours may undergo panprocto-
colectomy including the entire large bowel and 
the mesocolon/mesorectum with high vascular 
ties for all major supplying vessels. Other frail 
patients with early tumours may undergo a much 
more limited segmental resection with very little 
mesentery to assess. Whatever type and size of 
resection is received, it is important as for rectal 
cancer that a meticulous macroscopic assessment 
of the specimen is performed prior to slicing 
through the tumour. It has recently been sug-
gested that the plane of mesocolic dissection in 
colon cancer surgery can be assessed in a similar 
way to the mesorectum as described above [ 47 ]. 
The recommended mesocolic grading system is 
described in Table  22.3 .

   As for rectal cancer excisions, it is extremely 
helpful if photographs are taken of the macro-
scopic specimen at this time to provide a perma-
nent record of the quality of surgery (Fig.  22.9 ). 
Other reproducible quality measures suggested 
in the literature include the distance between 
the tumour and the high vascular tie and the 
total number of lymph nodes resected. Surgeons 

   Table 22.3    Three-point grading system for assessment of the plane of mesocolic dissection in specimens resected for 
colon cancer   

 Grade  Short description  Long description 

 Mesocolic plane  Good surgery  Intact smooth mesocolic surface with only minor irregularities. 
Any peritoneal or fascial defects must be no deeper than 5 mm. 
Smooth retroperitoneal and mesocolic margins on slicing 

 Intramesocolic plane  Moderate surgery  Moderate bulk to mesocolon but irregularity/tearing of the 
peritoneal or fascial surface. Muscularis propria not visible. 
Moderate irregularity of retroperitoneal and mesocolic margins on 
slicing 

 Muscularis propria plane  Poor surgery  Little bulk to mesocolon with extensive defects reaching down 
onto the muscularis propria 
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 utilising the CME with CVL technique have been 
shown not only to operate more frequently in the 
mesocolic plane but also to remove more tissue 
between the tumour and the vascular resection 
margin and achieve a greater lymph node yield 
[ 48 ]. More importantly, evidence has recently 
emerged which suggests that the CME with CVL 
technique can be learned and adopted within a 
single surgical unit resulting in a instant improve-
ment in the quality of the specimen produced 
[ 49 ]. In the Capital and Zealand regions of 
Denmark, we have been able to show that sur-
geons in one hospital who were trained in CME 
with CVL demonstrated a mesocolic plane resec-
tion rate of 75 % compared to only 48 % in the 
other hospitals that at that time utilised standard 
resection techniques. This was associated with a 
greater length of colon removed (315 vs. 
247 mm), a greater distance between the tumour 
and the high vascular tie (105 vs. 84 mm) and a 
superior lymph node yield (28 vs. 18).

   The concept of central vascular ligation and 
removal of the central lymph nodes is now over 
100 years old [ 43 ], and while some studies have 
demonstrated an association with better out-
comes [ 51 – 53 ], other studies have failed to dem-
onstrate a clear benefi t [ 54 – 57 ]. We strongly 
believe that a failure to standardise the plane of 
surgery is likely to offset any benefi t derived 
from central ligation, which may well explain the 
confl icting evidence. Certainly we know that in a 

small number of studies where careful mesocolic 
dissection was attempted in combination with 
central ligation, superior outcomes were reported 
[ 44 ,  58 ,  59 ]. 

 Lymph node yields, while related to certain 
tumour and host factors, are largely dependent on 
both the surgeon and the pathologist [ 60 ]. Tumour 
and host factors cannot be easily infl uenced, but it 
is essential that high-quality surgery and pathol-
ogy be delivered to ensure accurate staging so that 
patients who may benefi t from adjuvant chemo-
therapy are identifi ed. Poor nodal yields have 
been shown to markedly reduce the number of 
stage III cases thus denying many patients the 
adjuvant chemotherapy they need [ 60 ]. The num-
ber of lymph nodes required to accurately stage 
colorectal cancer has been debated over recent 
years. Present guidelines drawn up in the United 
Kingdom Royal College of Pathologists dataset 
for colorectal cancer suggest that all of the nodes 
within the specimen should be identifi ed and 
examined [ 1 ]. With standardised high-quality 
pathology, we have been able to show in two inde-
pendent series that CME with CVL removes sig-
nifi cantly more lymph nodes compared to 
standard techniques [ 48 ,  49 ]. For centres where 
pathologists continually fail to achieve an 
 adequate lymph node yield, particularly post- 
neoadjuvant therapy, accessory techniques includ-
ing fat clearance and GEWF fi xation may help 
[ 61 – 63 ]. While examining additional lymph 

a b c

  Fig. 22.9    Photographic documentation of three colon 
cancer specimens showing good examples of the meso-
colic plane ( a ), intramesocolic plane ( b ) and muscularis 
propria plane ( c ). The mesocolic plane specimen shows a 
nice intact mesentery covered with peritoneum where 
appropriate and additionally shows a good central vascular 
tie. The intramesocolic plane specimen shows a signifi cant 

mesocolic defect ( arrow ) which is well away from the pri-
mary tumour although almost certainly lies within its lym-
phatic drainage pathway. The muscularis propria plane 
specimen has a very irregular mesocolon with extensive 
defects ( arrow ) that expose large areas of muscularis pro-
pria in the region of the tumour       
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nodes will not yield any positive nodes in bona 
fi de stage II disease, studies have still demon-
strated an association with improved outcomes 
[ 64 ,  65 ]. This has been suggested to be related to 
the overall quality of pathology in these centres 
and particularly an increased reporting of other 
high-risk features [ 66 ].  

    Conclusion 

 Over recent years outcomes for patients with 
rectal cancer have markedly improved follow-
ing the description and dissemination of TME 
surgery [ 5 ,  13 ], the introduction of MRI for pre-
operative staging [ 67 – 69 ] and the use of neoad-
juvant radiotherapy [ 70 ,  71 ]. Colorectal cancer 
pathologists have played a central role in 
improving outcomes through the identifi cation 
of the importance of the CRM [ 6 ] and the 
description of surgical planes as a method of 
specimen-orientated quality control [ 18 ,  27 ]. 
Following surgical, radiological and pathologi-
cal workshops concentrating on the need for 
consistent high-quality rectal cancer manage-
ment, some countries actually improved out-
comes to such a degree that the survival of rectal 
cancer patients actually overtook the tradition-
ally better results for patients with colon cancer 
[ 72 ,  73 ]. Recent research has therefore tried to 
address this imbalance and carry the principles 
of optimal rectal cancer management into the 
colon and also additionally focus on the ongo-
ing issue of poor outcomes for low rectal cancer 
patients treated by APE. Throughout this pro-
cess, pathologists have remained critical in the 
identifi cation of high-quality research data to 
support a widespread change in surgical, radio-
logical, oncological and pathological practice. 

 Within this chapter, we have demonstrated 
that the quality of surgery in TME/anterior 
resection specimens can be assessed by a 
combination of the plane of mesorectal dis-
section, the presence of intraoperative perfo-
rations and the status of the CRM. In addition 
radiologists and oncologists benefi t from 
feedback regarding the response of the 
tumour after neoadjuvant therapy with esti-
mation as to the likely staging of the original 

tumour if signifi cant regression has occurred. 
Similarly the quality of surgery in APE spec-
imens can be assessed by the plane of dissec-
tion around the sphincters, the presence of 
intraoperative perforations, the status of the 
CRM and the overall rate of APE procedures. 
Finally recent research has suggested that the 
quality of surgery in colon cancer resection 
specimens can be assessed by the plane of 
mesocolic dissection, the distance between 
the tumour and the high vascular tie and the 
total lymph node yield. 

 Pathologists continue to play an important 
part in the management of colorectal cancer 
patients through the production of a meticu-
lous histopathology report containing all the 
necessary staging and prognostic data along 
with the above measures of specimen quality 
control. By consistently feeding back such 
data to the other members of the colorectal 
multidisciplinary team, outcomes can be 
expected to continue to improve in line with 
the current centres of excellence.     
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        Introduction 

 The tumor node metastasis (TNM) staging sys-
tem, derived from the Dukes classifi cation, has 
been of major importance over the past 50 years. 
Although this system was initially developed to 
predict patients’ prognosis, its function has 
expanded, and it is now used to select patients for 
adjuvant therapy and to determine inclusion in 
clinical trials. 

 Throughout the years, TNM has been chal-
lenged by the detection of new tumor markers as 
well as tumor profi les, but it still remains the hall-
mark of diagnosis and treatment. However, treat-

ment of rectal cancer has changed dramatically 
over the past 20 years, and one should wonder 
whether this change in treatment, accompanied 
by a shift from adjuvant to neoadjuvant therapy, 
should lead to profound changes in TNM 
staging. 

 In the current chapter, pathological staging of 
colorectal carcinomas is discussed with special 
attention to the problematic features. Staging 
after neoadjuvant treatment is explained together 
with tumor regression grading.  

    Traditional Staging 

    Invasion Depth 

 TNM staging is based on the invasion depth of 
the primary  T umor, the presence of lymph  N ode 
metastases, and the presence of distant 
 M etastases. The subclassifi cation for the early 
(T1) tumors is described in Chap.   20    .  

    Abstract   

  Pathological examination of colorectal cancer is the basis for further treat-
ment. Staging of the tumor predicts prognosis and indicates the necessity 
of adjuvant therapy. Neoadjuvant treatment may hamper staging and is 
subject to ongoing research.  
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    Lymph Nodes 

    The Trouble with Tumor Deposits 
 Although the 5th edition [ 1 ] of the TNM has been 
replaced by the 6th edition [ 2 ] in 2002 and the 7th 
edition [ 3 ] in 2010, a number of national guide-
lines for treatment and diagnosis of colorectal 
cancer prefers the 5th edition for reasons of 
reproducibility and uniformity. In the 6th edition 
of the TNM staging system, tumor deposits are 
considered positive lymph nodes if they have the 
form and smooth contour of lymph nodes [ 2 ], 
whereas in the 5th edition, they are considered as 
lymph nodes if they are 3 mm or more in size [ 1 ]. 
In any other case, the deposits should be consid-
ered as part of the primary tumor and thus be 
included in the T stage. In the 7th edition, it is left 
to the discretion of the pathologist to determine 
whether a deposit is actually a lymph node; no 
defi nitions are given. Moreover, all deposits may 
be placed in a new N subcategory, N1c, immedi-
ately upgrading all patients with deposit to stage 
III disease. This massive stage migration might 
have large effects on treatment and health-care 
costs without any evidence of benefi t for patients 
and society.    

    Staging After Neoadjuvant Therapy 

 Neoadjuvant therapy has, at least in a large num-
ber of cases, profound effects on tumor stage and 
tumor histology, dependent on its  components  
and  time frame  in which it has been applied. Not 
all treatment regimens are equally effective in 
causing downstaging. After short-term (5 × 5 
Gy) radiotherapy, with surgery within 5 days 
after the radiotherapy, no downstaging is 
observed [ 4 ]. Despite the fact that in the radio-
therapy, arm tumors were signifi cantly smaller, 
no difference in T stage was observed. In addi-
tion, fewer lymph nodes were examined but the 
N stage was not different either. In contrast, a 
study from the Swedish rectal cancer trial using 
the same radiotherapy regimen did report down-
staging in a subgroup of patients [ 5 ]. However, 
the overall treatment time in this subgroup was 
more than 10 days. A recent paper by Rado et al. 

[ 6 ] demonstrates that even in T4 tumors, a patho-
logical complete response can be achieved with 
5 × 5 Gy with delayed surgery. Of the 24 patients 
treated with curative intent, 88 % had a R0 
resection. 

 Increased downstaging and tumor regression 
can be seen in almost all longer radiotherapy and 
chemotherapy regimens with delayed surgery 
[ 7 – 10 ]. For the record, downstaging is not 
 automatically correlated with better local control. 
In fact, in some studies downstaging does not 
lead to improved local control, whereas in other 
studies it does. These seemingly contradicting 
results can be explained by careful looking at the 
radiobiology underlying the mechanism of down-
staging. For neoadjuvant treatment with a short 
interval, downstaging cannot be expected and is 
as such of no prognostic value. In addition, 
increased downstaging obtained by a longer 
interval between radiotherapy and surgery is of 
no importance for better local control. Obviously, 
cell death either occurs or does not occur, and a 
longer interval will make the cell death clinically 
and histopathologically more apparent but will 
have no additional benefi t for local control. In 
contrast, increased downstaging obtained by a 
different mechanism (e.g., the addition of chemo-
therapy to radiotherapy) will indeed lead to an 
increase in local control.  

    Problems with the Current TNM 
System 

 Since the current TNM system is essentially 
unchanged since early modifi cations of the Dukes 
staging system, the accompanying effects of neo-
adjuvant therapy are not fully considered. The 
addition of the prefi x “y” or “yp” to the TNM 
stage does indicate that neoadjuvant therapy has 
been applied, nothing more and nothing less. 
However, the often profound histological changes 
caused by the neoadjuvant treatment are confus-
ing when standard rules are applied. Should 
mucinous lakes be considered in the T staging? 
When do we declare a complete response and 
how do we determine this? How do we defi ne 
involved lymph nodes? Most of these issues have 
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been signaled before, but there is as of yet no 
standard method available as how to solve these 
problems. 

    Mucinous Lakes 

 The appearance of acellular mucinous lakes, also 
called colloid response, is frequently observed 
after neoadjuvant therapy of a rectal tumor, both 
in the areas of the primary tumor and in the sur-
rounding lymph nodes (see also the paragraph on 
ex-positive lymph nodes). In addition, an 
increased number of mucinous carcinomas, where 
mucinous lakes contain  vital  tumor cells, are fre-
quently observed after neoadjuvant therapy. 
However, these tumors do not cause any diagnos-
tic problems. The discussion should be focused 
on acellular mucinous lakes and whether to 
include these in T staging. In 20–55 % [ 11 ,  12 ] of 
neoadjuvantly treated cases, acellular mucinous 
lakes are observed. Results on its relation with 
prognosis are confl icting; Shia et al. [ 12 ] did not 
observe a relation with recurrence-free survival, 
while Rullier et al. [ 11 ] demonstrated that the 
prognosis of patients with a colloid response 
(5-year DFS 64 %) is in between those for patients 
with downstaging (5-year DFS 80 %) and without 
any response (5-year DFS 54 %). In a series of 
patients with a pCR, acellular mucin was present 
in 27 % of cases. Its presence did not infl uence 
prognosis [ 13 ]. However, no studies have evalu-
ated the difference between prognostic value of T 
stage including and excluding mucinous lakes, so 
real evidence is lacking. For practical reasons, we 
advise to mention the presence of mucinous lakes 
in the report and as it can be seen as tumor 
response, not to include these in the T stage.  

    Complete Response 

 Clinical complete response (cCR) is often a clini-
cal end point in trials but is only well defi ned in a 
limited number of studies. The correlation with a 
pathological complete response is variable; a 
recent review [ 14 ] demonstrated that in 8 studies 
this correlation was described and that a cCR 

results in a pCR in approximately 30 % of cases. 
There is confusion about what exactly constitutes 
a pCR: Is an ypT0 resection enough or is an 
ypT0N0 resection required? In up to 7.1 % of 
ypT0 cases, lymph node metastases are still 
present. 

 Moreover, the process of determining a pCR is 
not standardized, and the probability of fi nding 
vital tumor cells in resections after neoadjuvant 
therapy is dependent on the enthusiasm of the 
pathologist and how many tissue blocks and sec-
tion levels are investigated. In order to standard-
ize response determination, we advised the 
following procedure:
•    Initially, fi ve blocks of the tumor area are 

required.  
•   If no tumor is found in these fi rst fi ve blocks, 

the whole tumor area should be included for 
histological examination.  

•   If still no tumor is found, three levels of each 
block should be cut to exclude tumor 
involvement.    
 Further research is needed to evaluate the use-

fulness of this procedure.  

    Ex-Positive Lymph Nodes 

 The presence of positive lymph nodes is the most 
important prognostic factor in colorectal cancer 
and an indication for adjuvant therapy. 
Downstaging due to neoadjuvant therapy can 
cause positive lymph nodes to become negative. 
It is not clear whether, in these cases, the cN is 
more accurate in predicting prognosis than ypN. 
Theoretically, one could assume that any node 
that was positive is an indication of early metas-
tasis, and thus also ex-positive lymph nodes have 
an increased risk on metastatic disease. On the 
other hand, the fact that the tumor in these lymph 
nodes reacts so well might be an indication for a 
good prognosis. A problem that so far has not 
been solved is the adequate pretreatment imaging 
of lymph nodes. Although the nodes can often be 
seen on MRI, predicting nodal involvement 
remains diffi cult. 

 Numbers of ex-positive lymph nodes are not 
frequently reported. Prall et al. [ 15 ] described in 

23 Staging of Colorectal Cancer (Including Staging After Neoadjuvant Therapy)



246

10 out of 24 negative lymph nodes signs of tumor 
regression after chemoradiotherapy (fi brosis or 
acellular mucin lakes); Perez et al. [ 16 ] saw 
mucin lakes in 6 lymph nodes (1.2 % of all nega-
tive lymph nodes). Morgan et al. [ 17 ] describe 
necrotic tumor in lymph nodes in 2 of their 21 
patients. In an MRI study [ 18 ], regressive changes 
were followed radiologically. Out of 29 positive 
lymph nodes, 3 became mucinous on MRI, while 
fi nal pathological examination confi rmed nega-
tive lymph nodes with acellular mucin lakes. 
These series are too small to draw any conclusion 
about the prognostic impact of ex-positive lymph 
nodes. 

 In a study with 165 patients, Valentini et al. 
[ 19 ] describe three different groups: 34 cN0ypN0, 
72 cN + ypN0, and 56 ypN + patients, with a dis-
tant metastases-free 5-year survival of, respec-
tively, 87.5, 82.9, and 47.9 %, suggesting that not 
initial N stage but rather fi nal pathology makes 
the difference. However, with the limited possi-
bilities of reliable clinical N staging, one can 
question which part of the cN0ypN0 group in 
reality should have belonged to the cN + ypN0 
group. This might have affected the prognosis in 
this group and thus obscure the difference 
between the fi rst two groups. Moreover, more 
studies are needed to confi rm this fi nding. For 
now it seems reasonable to describe ex-positive 
lymph nodes as an additional item, but staging 
should be done on those lymph nodes with evi-
dent tumor present.  

    Number of Nodes 

 Neoadjuvant therapy infl uences the number of 
examined lymph nodes, either by decreasing 
their size below the observation limit [ 20 ] or by a 
complete disappearance of lymphocytes. Part of 
lymph nodes will be replaced by fi brosis [ 12 ]. In 
a randomized trial with short-term radiotherapy 
(5 × 5 Gy), fewer lymph nodes were examined in 
the radiotherapy arm (7.7 versus 9.7, p < 0.001) 
[ 4 ]. In a large population-based study with 5647 
patients [ 21 ], after radiotherapy, 7.0 lymph nodes 
were examined, compared to ten nodes in the 
surgery-only group ( p  < 0.0001). Bujko et al. 

demonstrated that the type of neoadjuvant treat-
ment also makes a difference, with 11.4 nodes 
after 5 × 5 Gy compared to 7.6 nodes after radio-
chemotherapy ( p  < 0.001) [ 22 ]. Several studies 
demonstrated that the number of lymph nodes is 
not correlated with treatment response [ 23 ,  24 ]. 

 Previously considered adequate lymph node 
numbers (12 in TNM, 10 by ASCO guidelines) 
are often not met after neoadjuvant therapy, with 
mean numbers of lymph nodes of 8.4 after 
5 × 5 Gy ( n  = 744) [ 4 ,  22 ], 7.0 nodes after 
 long- term radiotherapy ( n  = 1034) [ 21 ], and 10.8 
nodes after radiochemotherapy ( n  = 1,570) [ 16 , 
 22 ,  25 – 29 ]. In a considerable number of cases, no 
lymph nodes are investigated: 16 % after long-
term radiotherapy (compared to 7.5 % in the 
surgery- only group) [ 21 ] and 6.1–22 % after 
radiochemotherapy [ 29 – 31 ]. These cases are 
sometimes wrongly coded as Nx. However, this 
classifi cation is restricted for use in cases in 
which no lymph nodes are resected, i.e., local 
excisions. When no positive lymph nodes are 
found, the stage should still be coded as N0, irre-
spective of the number of examined lymph nodes.  

    Tumor Deposits 

 A confusing problem occurs after neoadjuvant 
therapy when considering tumor deposits [ 32 ]. In 
cases of regression, small tumor remnants, some-
times called microfoci, can be considered tumor 
deposits and, consequently, counted as positive 
lymph nodes. Since these are often the remains of 
advanced tumors, the presence of microfoci is 
indicative of a good prognosis. It is not advisable 
to use the tumor deposit rules after neoadjuvant 
therapy, but one should rather count the presence 
of microfoci in T staging, i.e., T3 accompanied 
by the comment  with signs of tumor regression 
present .  

    Tumor Regression Grading 

 Tumor regression grading (TRG) in rectal carci-
noma has been derived from a system developed 
for squamous cell carcinoma of the esophagus. 
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This system grades the amount of regressive 
changes along a 5-tiered scale, from 0 to 4 or 5 to 
1, depending on the author. Several critical 
remarks considering the use of TRG should be 
made. 

 Firstly, differences between the various grades 
are subjective, as can be judged from defi nitions 
applied to TRG2 versus TRG3: tumor cells are 
easy to fi nd versus tumor cells are diffi cult to 
fi nd. Indeed, reproducibility of grading, as can be 
measured using kappa statistics, is between 0.29 
and 0.47, which is considered only fair to moder-
ate agreement between different pathologists. 
Moreover, in a study [ 33 ] where, in addition to 
the neoadjuvant arm, the surgery-only arm was 
graded for regression, one (3 %) patient showed 
TRG2 (considerable regression) and 12 (30 %) 
patients showed TRG4 (little regression), demon-
strating the subjectivity of this system. 

 Moreover, sometimes defi nitions are used 
with percentage of regression [ 34 ], in analogy 
with clinical regression grading. However, for 
pathologists this is hard to achieve, since there is 
no before and after situation available for investi-
gation, making it impossible to determine the 
percentage of regression. 

 Secondly, features that determine the presence 
of regression, like fi brosis or desmoplastic reac-
tion, are in the surgery-only setting associated 
with a poor prognosis [ 35 ], whereas these features 
are correlated with regression and as such with 
good prognosis after neoadjuvant treatment. 

 Lastly, various studies have used TRG or one 
of its modifi cations to determine a correlation 
with prognosis. Unfortunately, different cutoff 
points are used between the different studies to 
prove the prognostic signifi cance of the regres-
sion grade. In several multifactorial analyses, 
TRG is less important than CRM. 

 So, why do we want to use this system? 
Indeed, it is reasonable to expect some informa-
tion about the grade of regression or response in 
a tumor after neoadjuvant therapy, not only 
because of the possible link with prognosis but 
also as an indication for the possible success of 
adjuvant therapy. Both prognosis and future ther-
apy success will be most pronounced in those 
tumors with a complete or near-complete 

response. Taking into account the poor reproduc-
ibility between the middle grades (tumor cells 
easy to fi nd and obvious signs of treatment, i.e., 
fi brosis and/or vasculopathy) and the fact that 
their prognosis does not really seem to differ 
much makes it acceptable to group these together. 
Tumors without any response should be 
 considered as a separate group.   

    Conclusion 

 Cancer staging is one of the key requirements 
in the modern multidisciplinary treatment of 
colorectal cancer. Evidence-based medicine is 
built on the histological staging of tumors and 
the stage groups that are created. Information 
about prognosis has been derived from large 
groups of patients that are staged according to 
standardized defi nitions. Recent changes in 
TNM are confusing and decrease the repro-
ducibility of the nodal staging. There is a need 
for more evidence before any changes in stag-
ing systems are made. 
 Although neoadjuvant therapy for rectal carci-
noma has been applied for a number of years 
and is in many countries considered standard 
of care, essential problems in staging have not 
been properly investigated. Application of 
staging systems that have been developed in 
the era before neoadjuvant therapy has several 
disadvantages. There are large differences 
between types of treatment and the implica-
tions of the different stages. Moreover, a num-
ber of practical problems arise when 
investigating neoadjuvantly treated tumors. 
Recommendations in the current paper are not 
always based on evidence, simply because 
there is no evidence available. However, in 
order to be able to compare different studies 
and to collect evidence for future guidelines, it 
would be helpful to standardize procedures. 
These are the following:

    1.     ypTNM  is useful to indicate that there has 
been neoadjuvant therapy and that downstag-
ing might occur. However, in this view it 
seems reasonable not to classify cases with 
short-course radiotherapy and immediate sur-
gery as such. These should be coded as pTNM 
instead.   
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   2.     Invasion depth (T stage)  should be determined 
on vital tumor only; acellular mucinous lakes 
should not be included in T staging. Tumor 
microfoci should be included in T staging; 
when present, they are indicative of tumor 
response.   

   3.     Lymph node status  is very important for prog-
nosis. Cases should be coded N0 if no positive 
nodes are detected, irrespective of the number 
of lymph nodes. Lymph nodes with signs of 
regression, but without vital tumor cells, 
should be separately noted. After neoadjuvant 
therapy, tumor deposits should be coded in the 
T stage.   

   4.    The  CRM  should always be reported given its 
importance for diagnosis.   

   5.    It is important to determine the presence and 
grade of  tumor response.  A 3-tiered system is 
proposed based for practical reasons, includ-
ing reproducibility and possible prognostic 
and predictive impact: A, complete response 
or near-complete response; B, obvious signs 
of tumor response; and C, no response.         
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     Despite advances in diagnostics and treatment, a 
relatively high proportion of patients with 
colorectal cancer are diagnosed with incurable 
disease [ 1 ]. This fact may be due to a locally 
advanced, inoperable tumour or metastatic dis-
ease at the time of diagnosis or to comorbidity or 
age-dependent changes prohibiting a curative 
approach. In Norway, 23 % of patients with colon 

cancer and roughly 18 % with rectal cancer have 
distant metastases at the time of diagnosis, and 
only approximately 14 % in this group will sur-
vive 5 years [ 1 ]. Also, roughly 10 % of patients 
diagnosed with a localised tumour, and 25 % 
diagnosed with regional lymph node metastases, 
will have recurrent disease and die within 5 years. 
These fi gures mean that even if the relative sur-
vival of colorectal cancer is steadily increasing, 
approximately 40 % of the patients still will 
eventually die of metastatic disease [ 1 ]. 

 A patient may be diagnosed with stage IV dis-
ease and die within weeks or a few months [ 2 ], or 
he or she may die after receiving different life- 
prolonging treatments for years [ 3 ,  4 ]. In both 
cases, effective palliative care is needed to relieve 
symptoms and maintain the best possible quality 
of life [ 5 ]. 

    Abstract  

  Approximately 40 % of colorectal cancer patients will eventually die of 
metastatic disease. Patients with advanced, incurable disease often present 
a high symptom burden and psychosocial challenges and will benefi t from 
an evaluation by an interdisciplinary palliative care team. The palliative 
care team and the palliative medicine consultant may contribute valuable 
expertise in assessment of needs and symptoms, symptom management, 
communication and goal setting, prognostication and decision-making, 
and practical, emotional, and spiritual support for patients and their fami-
lies. The palliative care team holds a natural place in the MDT of advanced 
colorectal cancer.  
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    Characteristics of Patients 
with Advanced Colorectal Cancer 

 Patients with advanced cancer experience many 
distressing symptoms [ 6 ]. The symptoms are 
principally disease related but may also be related 
to morbidity and toxicity from past treatment – 
surgery, chemotherapy, and radiation [ 7 ]. The 
most common symptoms are lack of appetite, 
fatigue, sleepiness, pain, nausea, dry mouth, con-
stipation, dyspnea, anxiety, and depression [ 6 ]. In 
addition, patients with colorectal malignancies 
often present typical challenges related to 
tumours in the bowels, liver, or peritoneum, such 
as cachexia with weight loss and muscle wasting, 
abdominal or pelvic pain, ascites, jaundice, or 
bowel obstruction [ 5 ]. The pain may be diffi cult 
to relieve due to neuropathic components caused 
by pelvic tumour infi ltration into the lumbosacral 
nerve plexi. Further, distant metastases to the 
bones, lungs, and brain may give rise to bone 
pain, dyspnea, neurological defi cits, or cognitive 
failure. The picture is often complex and becomes 
additionally complicated by social, occupational, 
and economic challenges and problems of a psy-
chological, spiritual, and existential nature. 
Indeed, the last phase of the colorectal cancer tra-
jectory may be the most challenging and demand-
ing of all.  

    Palliative Care 

 Palliative care is the active, total care of patients 
with advanced, incurable disease and short life 
expectancy [ 8 ]. However, palliative care should 
not be withheld until all treatment alternatives 
for the underlying disease have been exhausted. 
The palliative care approach should be included 
in treatment and care from the time the patient is 
diagnosed with an incurable illness, regardless 
of prognosis. Palliative care is an approach that 
improves the quality of life of patients and their 
families facing the problem associated with life- 
threatening illness, through the prevention and 
relief of suffering by means of early  identifi cation 
and impeccable assessment and treatment of 
pain and other problems, physical,  psychosocial, 

and spiritual [ 9 ]. This approach is also applica-
ble early in the course of cancer in conjunction 
with other therapies that are intended to prolong 
life, such as surgery, chemotherapy, and radia-
tion therapy. Palliative care may also include 
investigations that are required to better under-
stand and manage distressing clinical complica-
tions [ 9 ]. 

 Living with advanced cancer affects so many 
aspects of life; therefore, it is rarely, if ever, pos-
sible for any one professional to meet all of the 
needs of a patient or family. Consequently, team-
work is an inherent feature of palliative care [ 8 ].  

    The Palliative Care Team 

 The palliative care team is found in any setting 
providing specialist palliative care [ 10 ]. The 
core members may vary between countries and 
settings but usually include nurses, doctors, a 
physiotherapist, social worker, and chaplain. 
Other professions may be included in the team 
as needed. The typical palliative care team is 
the hospital consult team serving the hospital 
wards and possibly the nearby communities. 
The team may also staff an in-patient specialist 
palliative care unit, in which case the team 
assumes full responsibility for the patients 
admitted to the unit. The palliative care consult 
team seeks to infl uence and improve patient 
care by giving advice to the health profession-
als in charge of the care. The consult team 
members work alongside the hospital ward 
teams, giving advice on symptom control and 
psychosocial and spiritual issues, and support-
ing relatives and staff in diffi cult decisions. The 
team has an important role in assessing the 
needs and priorities of patients and families and 
helping to set goals and lay out plans for care 
[ 11 ]. The consult team must have an overview 
of all relevant services regardless of whether 
the hospital team also has outreach programmes 
or liaises with community teams. Important 
functions of the team are discharge planning 
and facilitating care transitions. 

 Consultations are also provided for cancer 
patients receiving disease-modifying treatment. 
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This role gives the palliative care team a unique 
opportunity to act as the interface between pallia-
tive medicine and other medical specialties [ 12 ]. 
Speaking in terms of teams, the consultant, 
advanced nurse practitioner, or other members of 
the palliative care team will be part of the 
extended medical team in the intensive care unit, 
department of oncology, or surgical ward.  

    The Role of the Palliative Care Team 
in MDT of Colorectal Cancer 

 Within the shared care of MDT for colorectal 
cancer, all team members bring their own exper-
tise to the decision-making process. At the risk of 
oversimplifying the topic, one can say that the 
main focus of the radiologist and pathologist is 
diagnosis, and the main focus of the surgeon and 
oncologist is treatment. The main focus of the 
palliative care team is directed towards the needs 
and concerns of the patient and family [ 13 ,  14 ]. 
All of these different aspects are necessary when 
setting up an individual treatment plan; however, 
the closer to the end of life, the less important the 
disease and the more important the patient 
becomes. 

 The contributions of the palliative care team 
and the palliative medicine consultant are espe-
cially important in the following areas [ 5 , 
 10 – 13 ]:
    1.    Assessment of needs and symptoms 

 A thorough assessment is a prerequisite for 
optimal symptom control. The team will per-
form repeated assessments of the needs, 
symptoms, functioning, and quality of life. 
General symptom assessment tools, such as 
the Edmonton Symptom Assessment System 
(ESAS) [ 15 ], or more specifi c tools for 
colorectal cancer may be used [ 16 ,  17 ]. The 
ESAS should also be used routinely on the 
ward.   

   2.    Symptom management 
 The team has wide expertise in the control of 
physical symptoms, such as pain, nausea and 
vomiting, anorexia, dyspnea, and confusion. 
The palliative care team can work with the 
ward team to develop a pain and symptom 

management care plan, which also deals with 
nonmedical issues faced by the patient and 
family.   

   3.    Communication and goal setting 
 To reach the goal of best possible quality of 
life, the most important tool for the palliative 
care team is close, clear communication, valu-
ing the patient and family’s concerns, needs, 
and goals and taking into account all available 
prognostic information. Communication 
includes guidance with diffi cult and complex 
treatment choices, advance care planning, and 
maintaining realistic hope.   

   4.    Prognostication and decision-making 
 Predicting survival is important when making 
treatment decisions, as well as for giving 
guidance to patients and those close to them. 
Although prognostication continues to be a 
challenge, the palliative care physician may 
supplement the surgeon and oncologist, bas-
ing his or her judgement on a thorough assess-
ment of the general condition of the patient 
and incorporating predictive parameters. 

 Bowel obstruction is one example of a situ-
ation that requires careful clinical evaluation. 
This condition should always be discussed in 
a multidisciplinary team that includes a pallia-
tive care consultant. The palliative care physi-
cian spends a lot of time discussing end-of-life 
issues with patients and families, and is expe-
rienced in decision-making and handling ethi-
cal dilemmas.   

   5.    Practical, emotional, and spiritual support for 
patients and families 
 The multi-professional composition of the 
palliative care team allows for counselling and 
support for patients and their families in 
diverse areas, including detailed practical 
information and assistance, emotional back-
ing and advice, and spiritual support.    
  In conclusion, the palliative care team holds 

a natural place in the MDT of advanced colorec-
tal cancer. In cases with high symptom burden 
and complex psychosocial challenges, the 
patient should be transferred to a palliative care 
unit. However, all patients with incurable dis-
ease will benefi t from an evaluation by the pal-
liative care team.     
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    Abstract  

  Palliative surgery aims to relieve symptoms in patients with incurable 
disease by interventions. Traditionally, palliative surgery has been 
understood as non-curative surgery, i.e. non-resectional or R2 proce-
dures, without suffi cient attention to the impact on patients’ quality of 
life (QoL). 

 Palliative surgical procedures are indicated to relieve – or prevent – 
symptoms in patients with incurable disease in order to keep or improve 
the QoL. These interventions should fi t into the patient’s general situation 
within the disease trajectory. Effective and empathic communication is 
essential to achieve a common understanding of the clinical situation, the 
individual treatment goals and expectations with regard to the effects of an 
intervention. Severe complications or any futile procedure, which may 
jeopardise the patient’s QoL, should be prevented. Palliative surgical pro-
cedures comprise any interventions, including conventional open surgery, 
minimally invasive procedures and endoscopic and percutaneous tech-
niques. Indications and benefi ts have to be evaluated by patient-reported 
outcomes, e.g. by validated symptom scores. 
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        Introduction 

 Palliative surgery aims to improve a patient’s 
quality of life by using various interventions to 
relieve symptoms. Traditionally, surgery in its 
earliest attempts in human civilisation most likely 
focused on symptom relief, i.e. to modify illness, 
rather than the removal of tissues or organs [ 1 ]. 
Nevertheless, surgical efforts to treat malignant 
tumours, such as breast cancer, have been 
reported since the post-Hippocrates era. 

 In the sixteenth century, the French surgeon 
Ambroise Paré (1510–1590), who is considered 
to be one of the fathers of modern surgery, out-
lined the duties of surgery as “to remove what 
is superfl uous, to restore what has been dislo-
cated, to separate what has grown together, to 
reunite what has been divided, and to redress 
defects of nature”. However, unfavourable out-
comes made the people and society sceptical. 
Accordingly, the  primum non nocere  principle 
of Hippocrates (above all, do no harm!) gov-
erned surgical practice until the fi rst part of the 
nineteenth century. 

 With a better understanding of anatomy, phys-
iology, and pathology during the second part of 
the nineteenth century, a paradigm shift eventu-
ally took place in modern medicine. The intro-
duction of modern antisepsis and anaesthesia was 
an important prerequisite for successful cancer 
surgery and was the basis for surgical treatment 
to cure malignant tumours. Surgeons like Billroth 
(1829–1894) in Vienna, Halsted (1852–1922) at 
Johns Hopkins Hospital, Kocher (1841–1917) in 
Berne, and Miles (1869–1947) at St. Mark’s pio-
neered and introduced various operative tech-
niques that are still in use, albeit partly modifi ed, 
for the surgical curative treatment of cancer. 

 During this shift in treatment focus from a 
limited modifi cation of illness to curative intent, 
less attention was paid to the treatment of patients 
with incurable cancer. The suffering of this group 
of patients, frequently with an impaired quality 
of life (QoL), was less than well recognised as a 
surgical responsibility. 

 However, since the 1960s, broad attention on 
the clinical importance of symptom relief in 
patients with incurable cancer enabled the intro-
duction of palliative medicine as a separate disci-
pline [ 2 ,  3 ]. The increasing incidence of cancer in 
our older populations and the introduction of new 
and more effective systemic cancer treatments 
increase the need for palliative care in general. In 
addition, a large proportion of these patients may 
benefi t from various surgical interventions to 
improve QoL and relieve symptoms caused by 
their malignant disease. 

 As a consequence, the American College of 
Surgeons was the fi rst surgical association to for-
malise palliative surgery, establishing the 
Palliative Surgical Care Task Force [ 4 ,  5 ]. In 
2003, Principles Guiding Care at the End of Life 
were presented as the ethical base for palliative 
surgery (Table  25.1 ) [ 6 ]. Some of the most cen-
tral principles are to respect the patient’s dignity; 
to seek measures to alleviate physical, psycho-
logical, social, and spiritual symptoms; and to 
forego any futile treatment. Though surgeons 
may be regarded by most health-care providers as 
having limited knowledge regarding palliative 
care, they experience a lack of understanding and 
knowledge of palliative surgical care from their 
nonsurgical colleagues [ 7 ]. We think this dynamic 
emphasises the need for surgeons to be part of the 
palliative multidisciplinary team. Caring for 
patients with progressive, incurable, or terminal 

 Frequent palliative surgical scenarios include patients with surgically 
resectable but asymptomatic primary tumours with incurable metastatic 
disease or malignant bowel obstruction. Most patients will benefi t from a 
multidisciplinary approach, which takes into account not only the physical 
but also the psychosocial and spiritual needs. The surgeon, as a part of the 
multidisciplinary palliative team, should add to the mutual efforts to 
improve the care for patients along a challenging last part of life.  
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illness is part of the practice of most surgeons, 
and surgeons will frequently see patients for 
whom “there is not much to do”. However, sur-
geons should appreciate the clinical challenge 
and surgical opportunity in the context of the 
individual patient, even when a cure is not possi-
ble [ 8 ]. Surgeons can make important contribu-
tions to improve the QoL, and death, not only by 
palliative interventions but also by caring and 
staying with the patient when a cure is not possi-
ble [ 9 ].

       Defi nition 

 Inconsistent defi nitions of palliative surgery have 
made comparing research results diffi cult, and 
clinical guidelines have suffered from blurred 
interpretations [ 10 ,  11 ].  Palliative surgery  is 
defi ned as  any invasive procedure in which the 
main intention is to mitigate physical symptoms 
in patients with incurable disease without caus-
ing premature death  [ 12 ]. Accordingly, surgical 
palliative care comprises the complete spectrum 
from conventional open surgery to minimally 
invasive techniques such as endoscopic or percu-
taneous interventional  radiological procedures 

(Table  25.2 ). In this context, the traditional limits 
of surgery are blurred, which underlines the 
importance of a multidisciplinary approach to the 
palliative patient. Palliative surgical procedures 
may include treatment of the tumour, such as 
bowel resection due to cancer in the presence of 
incurable distant metastases, which may relieve 
symptoms and prolong life. However, the treat-
ment of symptoms is the main focus of palliative 
surgery. The distinction with regard to incom-
plete tumour resection (e.g. R2 resection) in 
patients surgically treated with curative intent is 
important. An operation with primarily curative 
intent that results in incomplete removal of the 
tumour and without a main focus on symp-
tom relief is better categorised as non-curative 
 surgery [ 13 ].

       The Scientifi c Evidence for Palliative 
Surgery 

 The scientifi c literature on this topic is compli-
cated by numerous retrospective studies, often 
with small and heterogeneous study populations 
and ill-defi ned end points. In addition, validated 
QoL instruments have been employed only spo-
radically [ 14 ]. Because of various practical and 
ethical aspects related to clinical research on this 

    Table 25.1    The ten principles of guiding care at the end 
of life, as defi ned by the Palliative Care Task Force of the 
American College of Surgeons [ 6 ]   

  1. Respect the dignity of both patient and caregivers 
  2.  Be sensitive to and respectful of the patient’s and 

family’s wishes 
  3.  Use the most appropriate measures that are 

consistent with the choices of the patient or the 
patient’s legal surrogate 

  4.  Ensure alleviation of pain and management of other 
physical symptoms 

  5.  Recognize, assess, and address psychological, 
social, and spiritual problems 

  6.  Ensure appropriate continuity of care by the 
patient’s primary and/or specialist physician 

  7.  Provide access to therapies that may realistically be 
expected to improve the patient’s quality of life 

  8.  Provide access to appropriate palliative care and 
hospice care 

  9. Respect the patient’s right to refuse treatment 
 10.  Recognize the physician’s responsibility to forego 

treatments that are futile 

    Table 25.2    Examples of interventions, which might be 
considered for palliative treatment of symptoms in 
patients with incurable disease   

 Technique  Example of indication 

 Conventional open surgery  Bowel resection for 
obstruction or bleeding 

 Laparoscopic surgery  Bowel resection, 
creation of ostomy 

 Endoscopic surgery 
   Transanal endoscopic 

surgery (TEM) 
   Local resection of 

rectal tumour 
   Self-expanding metal stent    Bowel obstruction, 

icterus 
   Argon plasma coagulation    Tumour reduction, 

bleeding 
 Interventional radiology 
  Percutaneous drainage   Fluid collections 
  Stenting procedures   Common bile duct 
  Endovascular procedures   Embolization 

25 Surgical Treatment in Palliative Care
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group of patients, prospective randomised con-
trolled trials (RCT) used to be the exception [ 12 ]. 
Accordingly, the lack of scientifi c evidence is a 
concern when many important clinical questions 
are addressed. The everyday clinical practice of 
palliative surgery has probably been guided more 
by the surgeons’ personal experience and tradi-
tions in many institutions, rather than true scien-
tifi c evidence. Nevertheless, results from some 
well-designed prospective (randomised) studies 
or systematic reviews have provided useful and 
reliable clinical information, such as celiac 
plexus block in patients with non-resectable pan-
creatic cancer [ 15 ], the treatment of asymptom-
atic colorectal cancer with non-resectable 
synchronous colorectal metastases [ 16 ], and pal-
liative relief of gastric outlet syndrome [ 14 ,  17 ]. 
Yet, the appropriate and timely clinical imple-
mentation of this knowledge remains a challenge 
in many institutions.  

    Research and Outcome Measures 

 In modern medicine, treatment effects are evalu-
ated by outcome measures, which are often 
defi ned by the treatment provider, i.e. the physi-
cian. Common outcome measures to describe the 
effectiveness of the chosen treatment mostly 
include postoperative mortality and morbidity, 
disease-free cancer-specifi c or overall survival, 
response rates, and cure rates. Notably, none of 
these variables are suitable for evaluating QoL. 
Optimally, the goal of palliative surgery is to 
meet the patient’s individual needs and expecta-
tions [ 18 ]. Consequently, the effects of palliative 
treatment should be evaluated by  individual out-
come measures . Patients, relatives, and doctors 
tend to estimate QoL and treatment effects differ-
ently because doctors are biased by the wish to 
help and, necessarily, by judging the clinical situ-
ation and treatment effects from their own per-
spective [ 19 ,  20 ]. 

 Various validated tools are available to mea-
sure QoL and assess symptoms. Spitzer et al. 
[ 21 ] published the  Quality of Life Index  in 1981, 
which is based on a physician-rated 5-item 
scale. Another used physician-rated score in 

 widespread use is the  ECOG Performance Status  
[ 22 ], which is mainly based on the patient’s abil-
ity to participate in daily life activities. Though 
these scores are helpful to describe the patient’s 
functional state and fi tness, they are unsuitable 
for measuring the QoL for an individual patient. 

 The most used symptom score for palliative 
patients is the  Edmonton Symptom Assessment 
Scale  (ESAS) [ 23 ]. This score is based on ten fre-
quent symptoms, including nausea, pain, appe-
tite, and depression, and is a very useful tool for 
detecting common symptoms and to monitor the 
effects of treatment by repeated measurements. 
Also, a number of organ-specifi c QoL scores are 
available, including the 36-item  Gastrointestinal 
Quality of Life Index  for gastrointestinal disor-
ders [ 24 ]. 

 More sophisticated QoL scores are available 
from the  European Organization for Research 
and Treatment of Cancer  (EORTC). The  EORTC 
QoL-C30  is one of the most frequently used tools 
for QoL assessment in cancer research [ 25 ], with 
various organ-specifi c modules available. The 
scores are validated and translated into numerous 
languages. Another widespread general tool for 
QoL assessment is the  Medical Outcomes Survey- 
Short Form (MOS-SF 36)  [ 26 ]. 

 Nevertheless, quantitative outcome measures, 
such as survival, are of importance in palliative 
care as they provide information on the prognos-
tication of a disease. Prognostic information, 
though limited to subgroups of patients and never 
to an individual patient, is helpful for counselling 
patients and their relatives and plays a role when 
the indications of palliative procedures are 
contemplated.  

    Approach to the Palliative Surgical 
Patient 

 Palliative patients suffering from an incurable 
disease, and regarded to be in a hopeless situa-
tion, belong to a vulnerable group of individuals. 
Visiting with these patients and their relatives 
might be a challenge for many clinicians, which 
relates to their own emotions, being unable to 
offer a cure, and the fear of taking any hope 
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away from the patient. Sound principles of surgi-
cal palliative care have been described exten-
sively by Krouse et al. [ 6 ] (Table  25.1 ). These 
principles are based on effective and empathic 
communication with the patient and his or her 
family and respect for dignity and patient auton-
omy. With these principles in mind, the surgeon 
has extended his communication tools to deal 
with the palliative surgical patient and his or her 
family more appropriately, which also includes 
an emphatic and human contribution to opti-
mised end-of-life care.  

    Establishing Indications 

   The feasibility of an operation is not an indication 
of its performance. 

   The aim of palliative surgery is to improve QoL. 
Therefore, indications for palliative surgical pro-
cedures depend strongly on the suggested benefi t 
for the patient and anticipated relief of symptoms 
after intervention. Identifying individual treat-
ment goals for the patient is the fi rst prerequisite 
in this process. Treatment goals depend on the 
extent of disease, predominant co- morbidity, 
patient age, social and psychological context, and 
spiritual thoughts and wishes. Furthermore, 

where the patient is in the trajectory of the dis-
ease is important to take into account (Fig.  25.1 ). 
More complex procedures may be warranted in a 
younger and fi t patient when the diagnosis of 
incurable cancer is established (Fig.  25.1 , Phase 
1) in order to achieve local tumour control and 
prevent the development of symptoms in the later 
course of the disease. This approach may not be 
the case for older and more fragile patients. 
Surgical procedures are usually not indicated in 
patients with rapidly deteriorating conditions 
who have a short life expectancy (Fig.  25.1 , 
Phase 3 or 4).

   The indications for palliative procedures may 
be coloured by aspects or needs other than pure 
medical factors. Both health-care providers and 
relatives may feel an urgent need that “something 
should be done” for a suffering patient. However, 
all chosen measures have to be in accordance 
with the patient’s expectations, wishes, and indi-
vidual treatment goals; otherwise, those actions 
are useless and outside the context of appropriate 
palliative care. In addition, such motivations may 
threaten the patient’s dignity and autonomy. The 
dignity and autonomy of the patient are main 
principles of palliative care, and doctors are 
obliged to discourage any paternalistic interven-
tions that may result in futile procedures with 

1
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  Fig. 25.1    Disease trajectory 
of patients with incurable 
malignant disease. Intensity 
and type of treatment has to 
be defi ned according to 
performance status of the 
patient during the disease 
trajectory       
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increased morbidity or mortality. The effects of 
any intervention are based on physical changes in 
the body and cannot be easily reversed. 
Accordingly, any complication in this context is a 
serious event that would most likely jeopardise 
the QoL and, thus, causing disastrous conse-
quences for the remaining life of the patient: 
 Above all, do no harm.   

    Communication 

 The crucial basis of good communication is a 
common understanding of the issue in question 
by the involved participants, i.e. the patient, the 
patient’s surrogate(s), and the surgeon. Achieving 
a common understanding of the underlying prob-
lems for the palliative surgical patient is the cor-
nerstone of appropriate symptom management. 
This approach is not specifi c for palliative care, 
but common to any fi eld of medicine. It is widely 
accepted, and even regulated by the legislation in 
most countries, that all communication with 
patients be based on full disclosure. Nowadays, 
rather than being passive recipients of medical 
care, patients are active participants. However, 
most doctors may perceive this communication 
as particularly diffi cult when they have to break 
bad news on dismal prognoses. Many surgeons 
fi nd themselves in such a situation rather fre-
quently, including settings other than cancer (e.g. 
trauma surgery). Successful communication 
depends heavily on personal skills but is also a 
matter of education and training. 

 Bradley et al. [ 27 ] recently defi ned four areas 
of end-of-life issues in surgical practice:
    1.    The preoperative visit   
   2.    Discussing a poor prognosis   
   3.    Adverse outcome due to error   
   4.    Discussing death    

  During the  preoperative visit , counselling 
with regard to the medical facts, is only one, 
albeit important, aspect among others. This is an 
important opportunity for establishing  confi dence  
between the patient, family, and doctor. 
Confi dence is obtained from information based 
on full disclosure with an attitude of empathy. 
Empathy means being open to the patient’s 

thoughts and emotions and should not be con-
fused with sympathy (i.e. to share the patient’s 
thoughts and emotions). 

 Exploring the patient’s understanding of his or 
her position and the treatment goals is one of the 
most important objectives. Open-ended ques-
tions are considered to be the most appropriate, 
as well as ensuring that the patient is the focus of 
the conversation. One other important goal is to 
discuss the need for advance directives, such as 
the use of ICU facilities or “Do not resuscitate” 
orders. Doctors may be reluctant to discuss these 
issues, but most patients appreciate reaching a 
common understanding on these issues of great-
est importance from an end-of-life perspective 
[ 28 ]. Many diffi cult situations can be avoided if 
unintended complications or events occur and 
these aspects have been addressed properly 
before any intervention. 

 When palliative interventions are discussed, 
informing the patient and family of the inten-
tion of treatment and the possible outcomes is 
elementary. Making sure that patients do not 
misinterpret a palliative intervention as an 
opportunity to be cured is important. The 
patient should also be appropriately informed 
about possible unfavourable aspects associated 
with any intervention. 

  Breaking bad news  may be one of the greatest 
challenges, and every surgeon will encounter 
this regularly in all fi elds of surgery. Maguire 
[ 29 ] suggested guidelines and strategies for deal-
ing with this situation. In this process, the 
patients will appreciate openness and honesty, 
which are important tools for an empathic 
approach. Knowing which information has been 
shared with the patient already, how much infor-
mation the patient wishes and, fi nally, choosing 
the appropriate terms are also important. An 
empathic approach does not exclude information 
in direct terms; to the contrary, patients demand 
the truth and will disclose any modifi cations of 
it. Honesty and openness, together with the affi r-
mation of a continued will to be engaged, will 
build up the base for new hope rather than to take 
hope [ 6 ]. 

  Adverse outcomes  of interventions are an 
inherent part of any interventional discipline. 
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Treatment failure may be related to insuffi cient 
preoperative investigations, wrong indications, 
failure to perform the procedure correctly, or 
other complications and circumstances beyond 
the surgeon’s control. Most of the aspects 
addressed with regard to breaking bad news also 
apply to this situation. However, when the aim of 
treatment is to improve the patient’s QoL, treat-
ment failure may be perceived as being extremely 
disastrous for all those involved. Any preopera-
tive efforts to establish a relationship based on 
mutual confi dence would be of greatest impor-
tance when things go wrong. Evidence suggests 
that open disclosure of failures prevents, rather 
than stimulates, litigation, particularly when the 
responsible clinician takes the initiative to inform 
the patient [ 30 ]. Patients and surrogates expect an 
apology from the responsible doctor in most 
cases, and it is important to meet this desire [ 31 ]. 

  Death, and talking about death,  may be the 
point where the doctor reaches deepest into the 
patient’s life and his or her family within the end-
of- life care. Death and dying will be an important 
issue not only when death occurs. This topic may 
be taken into consideration and drawn to atten-
tion by some patients when the bad news about a 
serious disease or the dismal prognosis is com-
municated, or even before a planned operation. 
The circumstances and the way of sharing this 
message with the patient and their family are of 
great importance for coping with the death of a 
family member. This is true both at the time of 
death and during the following grieving process.  

    Clinical Scenarios 

 Consistent with the uniform treatment goal of 
curative cancer treatment, i.e. the radical removal 
of all cancer tissue, uniform guidelines for reach-
ing this goal are based on accumulated evidence. 
However, in the palliative setting, the identifi ca-
tion of the  individual  treatment goal has to be fol-
lowed by an individualised route for each patient 
to reach his or her aims. In illustrative terms, the 
process of palliative surgical care does not follow 
the broad highways of guidelines for curative 
cancer treatment, but rather a twisting narrow 

path through an unknown landscape. On this 
path, applying the philosophy of palliative care in 
clinical decision-making is the most important 
tool for reaching the destination safely. In other 
words, the identifi cation and communication of 
the realistic treatment goals of the individual 
patient are based on maintaining the patient’s 
autonomy, dignity, and respect. This approach is 
fundamental to enabling an appropriate treatment 
plan for achieving the highest possible QoL. 

 However, some clinical situations in patients 
with colorectal cancer, including patients with a 
resectable tumour in the presence of incurable 
metastatic disease or malignant bowel obstruc-
tion, are frequently encountered. These two sce-
narios are discussed in the followed sections with 
regard to the literature.  

    Treatment of Colorectal Cancer 
with Incurable Distant Disease: 
Resection or Not? 

 Approximately 20–25 % of all patients with 
colorectal cancer have distant spread at the time 
of diagnosis [ 32 ]. Among these patients, less 
than 30–50 % are amenable for liver resection 
with curative intent [ 16 ], and roughly 8 % will 
receive only symptom-related treatment [ 33 ]. 
According to the surgical tradition thus far, a 
majority of patients are recommended for resec-
tion of the primary tumour [ 34 ,  35 ]. Many 
patients may only have mild symptoms related to 
the tumour or be asymptomatic. Thus, the benefi t 
of primary surgical treatment might be question-
able. This approach has been brought into the 
discussion based on recent achievements in onco-
logical treatment. Modern chemotherapy has 
increased the overall median survival from 
approximately 6 months with 5-fl uorouracil/ 
leucovorin alone to >24 months when treated 
with oxaliplatine- or irinotecan-based regimens 
[ 36 ,  37 ]. Moreover, the overall mortality and 
morbidity of colorectal resection is 3–5 % and 
20–40 % [ 38 ], respectively, and might even be 
higher in patients with advanced malignancy. 

 Primary surgical treatment of colorectal can-
cer with incurable disease may aim for either the 
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relief or prevention of symptoms, including 
obstruction, haemorrhage, or perforation, to 
mention the most serious ones. The surgical 
approach has been increasingly challenged by 
primary systemic chemotherapy, either alone or 
followed by surgery with curative intent. Primary 
chemotherapy has been advocated as the fi rst 
treatment option because major surgical proce-
dures may delay or even exclude access to che-
motherapy. This scenario is well known and 
frequently challenges the multidisciplinary team 
to defi ne the optimal treatment option for the 
individual patient with advanced colorectal 
cancer. 

 Tumour-related symptoms will prompt surgi-
cal treatment to achieve local control, but this 
may not be the case in asymptomatic patients or 
patients with minimal symptoms. According to 
recent literature on primary surgery versus che-
motherapy for stage IV colorectal cancer [ 16 , 
 39 ], the current treatment evidence is weak due to 
the retrospective character of most patient series 
and due to the lack of prospective randomised tri-
als. Scheer et al. [ 16 ] compared the complication 
rates of primary surgery and primary chemother-
apy, fi nding that patients treated with primary 
chemotherapy suffered from a larger tumour bur-
den compared to patients who underwent pri-
mary resection. This difference is most likely 
caused by patient selection and illustrates the 
confounding effect of bias. 

 The most frequently reported complication in 
patients treated primarily with chemotherapy is 
intestinal occlusion, with a pooled frequency of 
13.9 % and ranging from 5.6 % [ 40 ] to 29 % [ 41 ]. 
Haemorrhage and perforation occurred in 3 % 
and 6 % of patients treated with surgery and che-
motherapy, respectively. Serious complications 
of chemotherapy, i.e. grade 3–4, were reported in 
37 % of patients [ 42 ]. Quality of life issues were 
not addressed in these reviews because none of 
the primary publications reported the effect of 
primary treatment on QoL. 

 Primary surgery was associated with a mortal-
ity of 3 % and morbidity ranging between 18.8 
and 47 %. Pooled analysis revealed the frequency 
of major complications, such as anastomotic 
leak, obstruction, or haemorrhage, in 12 % of the 

patients, and minor complications, such as infec-
tions of the surgical site or urinary tract, in 21 % 
of the patients. With regard to tumour localisa-
tion, patients with left-sided tumours (i.e. colon 
descendens, sigmoid, or rectum) were more 
likely to undergo surgical resection. However, the 
indication to perform surgical resection for the 
relief of left-sided colon obstruction is currently 
challenged by self-expanding metal stents 
(SEMS). Sebastian et al. [ 43 ] concluded in their 
review that SEMS treatment is highly effective 
with both a technical and clinical success rate of 
roughly 90 %, and this procedure is associated 
with low morbidity. 

 Survival appeared to be slightly longer in 
patients with primary resection compared to 
patients undergoing primary chemotherapy (14–
23 months vs. 14–22 months); however, this dif-
ference is more likely due to patient selection. In 
multivariate analysis, the performance status of 
the patient, the presence of peritoneal or omental 
metastases, and the extent of tumour burden in 
the liver were signifi cant predictors of survival, 
whereas the resection status was not important. 
In a recent study of 838 patients undergoing pal-
liative resections for rectal cancer, perioperative 
mortality was 16 % in patients >80 years of age, 
and the median overall survival was 6 months 
regardless of surgical treatment [ 44 ]. Furthermore, 
many studies have reported on patients treated 
when modern, highly effective chemotherapy 
was not yet available. These facts underline the 
importance of making treatment decisions based 
on a comprehensive clinical evaluation of the 
individual patient, not only with regard to the 
technical feasibility of a procedure.  

    Malignant Bowel Obstruction 

 Malignant bowel obstruction (MBO) is defi ned 
as a partial or complete obstruction of the gastro-
intestinal (GI) tract caused by malignant tissue in 
the abdominal cavity. This condition may be due 
to either a primary cancer of the GI tract, another 
intra-abdominal cancer such as ovarian cancer, or 
intra-abdominal manifestation of an extra- 
abdominal primary malignancy, including breast 
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cancer or malignant melanoma. MBO is often 
preceded by a long history of cancer with previ-
ous extensive multimodal treatment. Other 
patients may be diagnosed with colorectal cancer 
when they present with bowel obstruction, as 
roughly 20 % of all patients with colorectal can-
cer are diagnosed in the acute setting. However, 
many patients have undergone previous surgery, 
and about one-third of these patients may have 
benign causes of bowel obstruction, such as 
adhesions, bands, or strangulation. 

 MBO is a condition often seen in patients with 
advanced disease. Thus, this condition may have 
a great impact on the end stages of life. Making 
treatment choices that support QoL and avoiding 
heroic procedures and futile actions is of utmost 
importance. A number of treatment options are 
available, including conventional surgery, mini-
mally invasive procedures, and pharmacological 
treatment, either in combination or alone 
(Table  25.2 ). As a general surgical principle, suc-
cessful management depends on an adequate 
examination of the patient. Excluding other rea-
sons for impaired bowel function is important, 

including serious constipation due to opiates or 
other drugs, as well as identifying the patients 
who will benefi t from any procedure to re- 
establish bowel function. With modern diagnos-
tic tools, such as contrast enhanced multi-detector 
CT scans, assessing the nature of obstruction is 
possible with high diagnostic accuracy in most 
patients [ 45 ]. The following questions should be 
addressed when considering palliative surgical 
procedures (Fig.  25.2 ):
•     Is the cause of obstruction mechanical?  
•   Is any intervention indicated?  
•   Which intervention is the most effective and 

which is least harmful?  
•   What are the risks associated with the proce-

dure, and do they warrant the procedure?    
 Consequently, blind surgical explorations 

should be abandoned for the diagnosis of malig-
nant bowel obstruction, as this may result in 
futile surgical procedures with detrimental effects 
on the patient at the end of life. 

 When surgical treatment for MBO is indi-
cated, the appropriate intervention or operation 
should be employed under optimal conditions as 

Bowel obstruction ?

Mechanic obstruction

Benign or malign cause ?

Intervention ?

Symptom relief ?

Non-mechanic cause

Conservative management
Pharmacological treatment

Minimally invasive procedure
•  Selv Expanding Metal Stent (SEMS)
•  Percutan. Endosc. Gastrostomy (PEG)

Surgery
•  Resection
•  Bypass
•  Stoma

No

Multi-detector CT scan

No ?

Yes

Yes

  Fig. 25.2    Algorithm for 
evaluation and treatment 
of patients with 
suspected malignant 
bowel obstruction       
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in any other surgical procedure, i.e. preferably as 
an elective procedure performed by a competent 
surgical team. In contrast to other causes of intes-
tinal obstruction, patients with malignant bowel 
obstruction rarely need acute surgery during the 
night, but a planned procedure should be aimed 
for based on appropriate investigations. Surgical 
treatment should be discouraged in the presence 
of ascites, peritoneal carcinomatosis, more than 
one level of obstruction, and high tumour burden, 
such as >50 % of the liver replaced by metasta-
ses, or extensive extra-abdominal spread. 
Previous palliative surgical procedures and other 
factors, such as reduced nutritional status, other 
comorbidities, or increased age, usually indicate 
that surgery is unlikely to benefi t the patient. 
Procedures of any kind are usually contraindi-
cated in patients with rapidly progressing disease 
and a limited life expectancy of ≤2 months 
(Fig.  25.1 ) [ 46 ]. 

 The placement of SEMS should be considered 
in left-sided colon obstructions [ 47 ]. However, 
stent migration is a well-known complication 
that occurs more frequently in the case of exter-
nal compression of the colon or in obstructions 
wide enough to pass with a colonoscope. Faecal 
impaction of the stent is another common com-
plication and can be avoided by laxatives, such as 
lactulose, on a regular basis. SEMS obstruction 
due to tumour ingrowth may be treated by the 
insertion of a second stent or by argon plasma 
coagulation. 

 When surgical treatment of the malignant 
bowel obstruction is not indicated, other alterna-
tives should be considered. The placement of per-
cutaneous endoscopic gastrotomy tubes (PEG), 
initially designed to provide nutritional support, 
has been shown to provide highly effective symp-
tom relief for intractable bowel obstruction [ 48 ]. 
A PEG tube may be combined with pharmaco-
logical treatment [ 49 ]. The subcutaneous injec-
tion of octreotide analogues (e.g. Sandostatin™) 
effectively reduces intraluminal secretion, allevi-
ating the symptoms of bowel obstruction [ 50 ]. 
Other drugs, such as morphine, haloperidol, and 
butylscopolamine, are important supplements 
and may be given together as a continuous subcu-
taneous infusion. Corticosteroids, such as 

 dexamethasone, may additionally improve symp-
toms by reducing pain, oedema, and nausea. 

 The management of patients with malignant 
bowel obstruction is one of the most challenging 
clinical situations to encounter, and the balance 
between demands to act and resisting harmful or 
futile actions is important. Careful evaluation of 
the patient, effective and empathic communica-
tion regarding the available treatment options, 
and the reassurance to help even when “nothing 
can be done” remain the cornerstones of the suc-
cessful management of malignant bowel obstruc-
tion:  Sometimes the sun can set on an unoperated 
bowel obstruction, especially when the sun is set-
ting on the patient  (Krouse) [ 51 ].     
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     Nausea is a frequent problem in palliative care, 
occurring in 20–30 % overall, with an increasing 
tendency in the terminal phase, when approxi-
mately 70 % will be affected. It is quite frequently 
highly distressing to the patient and at times 
notoriously diffi cult to treat. Nausea is a complex 
phenomenon. A number of different organs are 
involved, and the symptom is mediated through a 
large number of receptors, many of which are 
most likely yet to be identifi ed [ 1 ,  2 ]. 

 Nausea may be considered a central nervous 
problem more than a visceral one. Several key 
locations exist:

•    The vomiting centre in the brainstem with its 
chemoreceptors.  

•   The chemoreceptor trigger zone. Interestingly 
this is located in an area of the brain not pro-
tected by the blood-brain barrier, thus enabling 
circulating chemical substances to affect the 
brain directly.  

•   The medullary area postrema and the solitary 
tract receiving signals from both chemo- and 
mechanoreceptors from distant organs, includ-
ing the GI tract.  

•   Cerebral cortex, reacting to conscious stimuli 
such as anxiety, taste, smell and visual 
impulses.  

•   Meninges with its mechanoreceptors reacting 
to pressure changes and stretching.  

•   The inner ear with the vestibular system react-
ing to motion.  

•   Gastrointestinal tract with mechano- and che-
moreceptors on both mucosal and serosal 
surfaces.    

    Abstract 

 Nausea and vomiting represent major challenges in the management of the 
patient with advanced cancer. An understanding of possible underlying 
causes as well as basic knowledge of the various receptors most com-
monly involved will prove useful in tailoring an effective symptomatic 
treatment of the individual patient. After having identifi ed and corrected 
any underlying cause, a systematic use of the available antiemetics should 
be tried while at the same time paying attention to the environment sur-
rounding the patient, removing as many of the emetic stimuli as possible.  
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    Chemoreceptors Simplifi ed [ 3 ] 

 A number of chemoreceptors involved in nausea 
and vomiting have been identifi ed. Furthermore, 
several drugs have become available to address 
some of these receptors, making them useful 
tools in the treatment of the nauseous patient. 
However, the complexity of the problem and the 
multitude of potential culprits make the choice of 
the ideal drug a challenge for the physician.
•    The serotonin (5-hydroxytryptamine, 5-HT) 

receptors in the chemoreceptor trigger zone 
and GI tract:
 –    5-HT 2   
 –   5 HT 3   
 –   5-HT 4      

•   Dopamine (D 2 ) receptors in the area postrema, 
solitary tract, chemoreceptor trigger zone and 
GI tract  

•   Muscarinic acetylcholine receptors in the 
vomiting centre and the vestibular system  

•   Gamma-aminobutyric acid (GABA) receptors 
in the cerebral cortex  

•   Histamine receptors in the vomiting centre     

    Approaching the Problem 

 When faced with a nauseous cancer patient, the 
physician will fi nd himself far less aided by well- 
founded therapeutic algorithms than if the patient 
complained of pain. There is, for example, no paral-
lel to the WHO pain ladder for nausea. Instead the 
handling of the patient will depend on the physi-
cian’s ability to analyze and understand the patient’s 
total situation, utilize knowledge of basic nausea 
physiopathology and act accordingly. Although the 
problem of nausea in the cancer patient is a chal-
lenge, a systematic approach will in most cases 
enable us to solve the problem, at least alleviate it. 

    Identify and Treat Underlying Cause, 
if Possible 

    Biochemical Disorders 
     1.    Hypercalcaemia is not uncommon in advanced 

cancer cases and may be caused by the release 
of parathyroid hormone-related peptides 

(PTHrP) or through the release of calcium 
from skeletal metastases. Hypercalcaemia 
produces a nausea which is notoriously resis-
tant to antiemetics and should be treated by 
reducing the levels of serum ionized calcium, 
for example, by rehydration, diuretics and 
bisphosphonates.   

   2.    Uraemia.   
   3.    Ketoacidosis.   
   4.    Infection.   
   5.    Tumour toxins.   
   6.    Dehydration, for example, caused by fi stulas 

and high output stomas or reduced intake.   
   7.    Adverse drug reactions. Be especially aware 

of opioids, NSAIDs, digitalis and antibiotics. 
In cases with liver or renal defi ciency, drug 
metabolism may be altered, and the patient 
might develop adverse effects even when the 
drug has been taken for a long period of time.   

   8.    Treatment related (irradiation, chemotherapy, 
immunotherapy, hormone therapy).   

   9.    Effects of cachexia and anorexia, which are 
mostly cytokine mediated [ 4 ].      

    Gastrointestinal Disorders 
and Disturbances 
     1.    Poor oral hygiene, oral ulcerations, fungal 

infection or altered taste   
   2.    Constipation, for example, caused by opioids   
   3.    Autonomous dysfunction causing dysphagia, 

delayed gastric emptying and intestinal pseudo-
obstruction, for example, caused by peritoneal, 
retroperitoneal or mesenteric metastases   

   4.    Gastric or duodenal ulcers and gastritis   
   5.    Mechanical bowel obstruction   
   6.    Large intra-abdominal masses, enlarged liver 

and ascites      

    Central Nervous Disorders 
     1.    Increased intracranial pressure, due to tumour 

or oedema   
   2.    Vestibular disturbances, nausea triggered by 

motion   
   3.    Meningeal distortion due to metastases or 

 primary tumour      

    Conditioned Nausea 
 Conditioned nausea is nausea triggered by con-
scious sensory stimuli and mediated through 
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receptors in the cerebral cortex. It is often under-
estimated as a major culprit:
    1.    Anxiety and despair   
   2.    Detrimental environment around the patient 

with unwanted stimuli such as smell, noise, 
unrest, disturbing visual stimuli, bad associa-
tions, etc.   

   3.    Nausea caused by other (untreated) symptoms 
such as pain, paralysis, cough, dyspnoea, hic-
cups, etc.        

    Symptomatic Management [ 5 ] 

 After the initial assessment of the patient, includ-
ing the identifi cation and correction of any treat-
able underlying cause, it is time to consider 
symptomatic treatment. First, however, it is 
important to create an environment for the patient 
which is not in itself an emetic. The manage-
ment requires a multidisciplinary approach with 
good communication between its members and 
with the patient and the family. Concerns around 
meals, i.e. composition, taste, amount, presenta-
tion and fl uid intake, should be addressed. The 
environment around the patient should be care-
fully assessed and modifi ed to reduce all emetic 
stimuli to a minimum. Oral hygiene, especially in 
patients unable to drink, is particularly important. 

    Antiemetics 

 The route of administration is very important when 
treating nausea. To administer drugs orally to a 
patient suffering from heavy nausea and/or repeated 
vomiting will at best be a futile undertaking. The 
drugs should therefore initially be administered 
parenterally, and the conversion to oral administra-
tion should await the cessation of nausea, when the 
antiemetics serve a more prophylactic purpose. 

 The number of drugs available in most coun-
tries is substantial, and most are well docu-
mented. However, the documentation of their use 
in a palliative setting is far less impressive. For 
example, a large number of drugs have well- 
documented effects on chemotherapy-induced 
nausea and are offi cially approved for such use, 
whereas they are not approved as antiemetics in 

advanced cancer. The lack of an analogue to the 
WHO pain ladder for the treatment of nausea 
contributes to the confusion concerning the large 
number of antiemetics available. It is therefore 
appropriate to divide the antiemetics into groups 
according to the receptor involved.  

    Broad Spectre Antiemetic 

  Levomepromazine  blocks 5-HT 2 -, histamine, 
dopamine and muscarine cholinergic receptors 
and is possibly the most broad-spectred anti-
emetic available. However, there are serious 
dose-dependent side effects, such as sedation, 
orthostatic hypotension and dryness in the mouth. 
The doses should probably not exceed 
10–12.5 mg orally (2.5–5 mg subcutaneously), 
and it should be administered at bedtime.  

    Dopamine Blockers 

  Haloperidol  is often the fi rst choice in nausea 
caused by metabolic disturbances, including 
opioid- induced, uremic and hypercalcaemic nau-
sea. The doses should not exceed 5–8 mg a day 
due to extrapyramidal adverse effects. 

  Metoclopramide  is a combined prokinetic and 
dopamine receptor blocker. It may be advanta-
geous in cases when there is delayed gastric 
emptying or autonomous dysfunction causing 
prolonged intestinal transit time. It should not be 
used in cases where there is a mechanical obstruc-
tion. The doses can be as high as 80–100 mg a 
day, or even higher, administered both orally and 
parenterally. 

  Domperidone  is similar to metoclopramide 
with both antidopaminergic and prokinetic prop-
erties. It does however not cross the blood-brain 
barrier. 

  Levomepromazine , discussed under “Broad 
Spectre Antiemetic”.  

    5-HT 3  Blockers 

  Ondansetron, granisetron, dolasetron, tropi-
setron and palonosetron  are drugs primarily 
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licenced to treat nausea caused by emetogenic 
 chemotherapy. They may however prove valu-
able in some cases in palliative care.  

    Histamine Blockers 

  Cyclizine  blocks histamine receptors in the ves-
tibular system and the vomiting centre and is the 
fi rst choice in the treatment of motion-induced 
nausea and in cases with meningeal distortion, in 
the latter case in combination with dexametha-
sone. It can be administered both orally and 
parenterally. 

  Cinnarizine  is an alternative second-line 
choice. 

  Ranitidine,  see under Antisecretory Drugs.  

    Muscarinic Cholinergic Blocker 

  Scopolamine (hyoscine hydrobromide)  blocks the 
muscarinic cholinergic receptor in the vomiting 
centre and can be used for treating nausea caused 
by motion, similarly to the histamine blockers. It 
has the advantage that it can be administered 
transcutaneously as a patch.  

    GABA Blockers 

  Benzodiazepines  may be used for treating con-
ditioned and anxiety-induced nausea. However, 
anxiety should when possible be treated non- 
pharmacologically with reassurance, good 
communication and simple explanation of situ-
ations as they arise. This may require the 
involvement of the multidisciplinary team, 
including non- health professionals, such as 
members of the clergy, family and friends. 
Diazepam is strongly sedative and has a long 
half-life, making it a less than desirable choice 
for many patients with advanced cancer. In 
selected cases, however, the benzodiazepines 
may be useful.  

    Drugs Without Specifi c “Nausea” 
Receptor or Receptor Undefi ned 

  Dexamethasone  is the fi rst choice in cases with 
increased intracranial pressure, and distortion of 
the meninges after irradiation has been consid-
ered. An appropriate starting dose is 16 mg daily, 
with a gradual reduction to 2–4 mg daily reduc-
ing every 4–5 days. 

  Ginger  or Zingiber offi cinale is a herb with 
well-documented antiemetic properties. There is 
however insuffi cient documentation for its use in 
palliative care. There are few side effects or drug 
interactions, although care should be taken if 
administered to patients using anticoagulants [ 6 ]. 

  Cannabinoids  (nabilone and dronabinol) are 
experimental drugs used to treat cancer cachexia 
in some countries. In addition they have anti-
emetic properties and are occasionally being 
used for chemotherapy-induced nausea. The side 
effects are however limiting their use (drowsi-
ness, dizziness) [ 7 ].  

    Antisecretory Drugs 

  Proton pump inhibitors  (omeprazole, lansopra-
zole, dexlansoprazole, esomeprazole, pantopra-
zole, rabeprazole) reduce gastric secretions and 
render it less acidic. This may be advantageous in 
some patients. 

  Ranitidine  is a selective histamine 2 (H 2 ) 
blocker with a different mode of action from the 
other antihistamines. It is an antisecretory drug 
with properties comparable to the proton pump 
inhibitors. It reduces acid output by blocking the 
H 2  receptors in the parietal cells of the stomach. 

  Octreotide  is a powerful antisecretory drug 
which may be used when there is mechanical 
obstruction of the bowel and the patient is not a 
candidate for surgical intervention. The doses 
will vary between 100 and 400 μg daily. There is 
a long-acting version available (LAR) where a 
single intramuscular injection of 10–30 mg is 
effective for up to 4 weeks. 
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  Scopolamine , discussed under “ Muscarinic 
Cholinergic Blocker ”.  

    Sedation 

  Propolipid (propofol)  may occasionally be con-
sidered in cases unresponsive to all other drugs 
and procedures. Propolipid is an ultrashort-acting 
anaesthetic with a narrow therapeutic window. It 
is for use in expert (anaesthesiological) hands 
only.  

    Invasive Procedures 

  Nasogastric tube  is a useful technique for emp-
tying a full stomach in cases of gastroparesis or 
bowel obstruction. It is however uncomfortable 
and carries a signifi cant risk of aspiration pneu-
monia and should be used for short periods of 
time only (e.g. in preparation for surgery). If the 
patient requires a long-term gastric drainage, a 
venting gastrostomy is considered a better 
option [ 8 ]. 

  Surgery.  In some cases, surgery will have to be 
considered to re-establish a broken continuity 
through the GI tract. The considerations however 
are many and serious, and they are discussed 
elsewhere. Minimally or non-invasive procedures 
such as stenting of obstructed lower or upper GI 
tract will remain an option, even in those cases 
not eligible for major surgery.   

    A Proposed Algorithm 
for the Treatment of Nausea 

     1.    Identify and treat the underlying cause, if 
possible.   

   2.    Create an “antiemetic environment” for the 
patient using a multidisciplinary approach.   

   3.    Try to identify the most probable receptor 
involved and choose the fi rst antiemetic 
accordingly:

    (a)    The fi rst choice will often be haloperidol, 
levomepromazine or metoclopramide.       

   4.    Increase the dosage until either desired effect 
or intolerable side effects:
    (a)    If there is no response to treatment, dis-

continue the drug and choose an anti-
emetic from another receptor group. For 
example, substitute haloperidol (antido-
paminergic) with ondansetron (anti-
5- HT 4   ) or cyclizine (antihistamine).   

   (b)    If there is partial response to treatment, 
add an antiemetic from another group.       

   5.    Avoid polypharmacy using a multitude of dif-
ferent antiemetics.   

   6.    Do not hesitate to involve other specialists, 
such as anaesthesiologists, specialists in pal-
liative care, endocrinologists, surgeons, gas-
troenterologists, etc.         
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        Introduction 

 Over the last decades, there have been an increas-
ing number of optional treatment modalities in 
colorectal cancer (CRC). Traditionally, treatment 
of localised CRC has been major surgery with 
resection of the primary tumour and regional lymph 
nodes; lately there has been a shift from open to 
laparoscopic procedures [ 1 ]. Although the recom-
mendations on oncological treatment diverge, adju-
vant chemotherapy is used in selected cases, mainly 

in stage III colonic cancer [ 2 ], and preoperative 
chemoradiation is established as standard treat-
ment in locally advanced rectal cancer [ 3 ]. 

 There has been a considerable focus on early 
CRC cancer, and local treatment options, includ-
ing TEM for rectal cancer and more recently sub-
mucosal endoscopic excision for colonic cancer, 
have been introduced [ 4 ,  5 ]. 

 Furthermore, the treatment of patients with 
metastatic disease has undergone major advances 
including combinations of surgical and oncologi-
cal treatment. Major surgical procedures includ-
ing resections of liver, lung and peritoneum are 
established as a part of the optional curative treat-
ment with acceptable postoperative morbidity 
and mortality rates [ 6 ]. Oncological treatment 
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with combinations of cytotoxic chemotherapy 
and biologic agents has improved the survival in 
patients with disseminated metastatic disease [ 7 ]. 

 As a fundamental part of the multimodal treat-
ment strategy in CRC, decision making on treat-
ment in multidisciplinary teams has evolved. The 
basis for the selection of treatment strategy is an 
adequate staging of the disease by means of 
achieving a precise cTNM stage [ 8 ]. New scien-
tifi c evidence is continuously implemented in 
national guidelines regarding the treatment of 
CRC patients [ 9 ]. Although specifi c in terms of 
treatment strategy in different stages of the dis-
ease, these guidelines do not differentiate 
between the CRC patients on an individual level. 

 In order to be able to decide on treatment strat-
egy in a specifi c patient, knowledge of the alter-
native treatment options, their expected results 
and complications has to be evaluated in context 
of the patient. Awareness of the impact of patient- 
related factors on the treatment, most importantly 
comorbidity and age, is necessary in this clinical 
decision making. Based on this evaluation, the 
selected treatment strategy may deviate from the 
treatment guidelines, considered to be the opti-
mal, individualised treatment in the specifi c case. 
Finally the clinician’s recommendation on strat-
egy has to be adequately presented and discussed 
with the patient before it is initiated.  

    Patient-Related Factors 

    Risk Prediction in CRC Surgery 

 Assessment of the potential risks of perioperative 
morbidity and mortality is important in the pro-
cess of deciding on surgical treatment strategy. 
Traditionally this has been done by the surgeon 
and the anaesthesiologist, primarily based on 
clinical experience. Although the fi nal decision 
on strategy always will have to be based on this 
subjective clinical evaluation, more objective 
models for prediction of risk could come useful 
in this process. Furthermore, objective preopera-
tive information on potential risks of the treat-
ment is essential as a part of the process of 
informed consent on the selected procedure. 

 In the context of performance evaluation of 
different hospital units, a comparison of crude in- 
hospital or 30-day mortality can be misleading 
due to case mix. In order to compensate for the 
variation in physiological condition of the patient 
and the severity of surgery, different risk scoring 
models were developed. Subsequently these mul-
tivariable regression models have proved useful 
in risk prediction. The number of included vari-
ables differs between the scoring systems, as 
does the availability of these variables and thus 
the possibility for effective utilisation in the clini-
cal setting. Furthermore, the assessment of the 
models occurs at different points throughout the 
course of hospitalisation, typically in the pre-, 
peri- and postoperative phase. The fi rst models 
introduced were devised to predict the outcome 
among patients undergoing surgery in general but 
gradually more diagnosis-related and diagnosis- 
specifi c models have been developed. 

 Initially meant as a tool for anaesthesiologists 
to improve communication and compare results 
of anaesthesia, the ASA classifi cation of physical 
status was introduced already in 1941 [ 10 ]. Over 
the years this classifi cation proved to correlate 
well with overall surgical mortality and devel-
oped to become an estimate of operative risk. 
Although vague and subjective, with a wide 
interobserver variability, this classifi cation still is 
an important predictor of outcome after surgery 
in many hospitals and thus as a tool for preopera-
tive selection among CRC patients. 

 At present the most widely accepted risk pre-
diction score in gastrointestinal surgery is the 
POSSUM score, a Physiological and Operative 
Severity Score for the enUmeration of Mortality 
and morbidity, described by Copeland in 1991 
[ 11 ]. This is a dual scoring system including 
assessment of both mortality and morbidity and 
was designed to be used in general surgery, both 
in the elective and emergency setting. The system 
consists of a 12-factor, four-grade, physiological 
score, in combination with a six-factor, four- 
grade, surgical operative severity score. Further 
evaluation of the POSSUM score revealed a ten-
dency to over prediction of mortality, especially 
among low-risk patients, and a modifi cation of 
the score, the Portsmouth POSSUM, p- POSSUM, 

B.H. Endreseth



279

was presented in 1998 [ 12 ]. The two systems use 
the same physiological and operative severity 
scores but different regression equations. The 
model for predicting morbidity is identical in the 
two systems. Due to limitations of applying 
POSSUM scoring in the oldest patients undergo-
ing colorectal surgery, a speciality-specifi c model 
based on the POSSUM methodology have been 
developed, the colorectal POSSUM 
(CR-POSSUM) [ 13 ,  14 ]. In this system for pre-
diction of mortality, the number of variables 
included both in the physiological and operative 
severity score have been reduced [ 15 ]. 

 External validation of this model in the UK 
has proved it to be more accurate than the previ-
ous POSSUM models in risk prediction among 
CRC patients [ 16 ]. Evaluation of the applicabil-
ity of all three POSSUM scores in the US has 
concluded with overprediction of mortality for 
colon cancer resections. This indicates the need 
for calibration when the score is applied on other 
health-care systems, outside the UK [ 17 ]. 

 In general, as the different models are based 
on cohorts of patients from different hospitals 
and even from different health-care systems, an 
evaluation of the predictive value of the model is 
necessary regarding applicability in a specifi c 
hospital. Furthermore, as the quality of treatment 
improves and the rates of complications and mor-
tality decrease, there has to be a continuous 
updating of these models in order to maintain an 
adequate prediction [ 18 ].  

    The Impact of High Age on Treatment 
in CRC Patients 

 CRC is a disease mainly affecting the elderly. In 
the Western world, approximately 60 % of the 
patients are more than 70 years at diagnosis, and, 
as a result of an increasing life expectancy, the 
incidence of CRC in older patients will continue 
to rise [ 19 ]. 

 Thus, the management of elderly CRC patients 
represents a considerable challenge for the 
health-care system in the future. 

 The literature, primarily based on selected 
cohorts of elderly patients, most often supports 

that surgical treatment is feasible irrespective of 
chronological age. In large national observational 
cohort series, age appears to infl uence on the rate 
of resection, both in terms of overall and curative 
resection rate, and on the choice of surgical pro-
cedure [ 20 ,  21 ]. 

 In stage III colon cancer, adjuvant chemother-
apy has been demonstrated to reduce the risk of 
disease recurrence and to improve survival, but 
the likelihood to receive chemotherapy decreases 
with age [ 22 ]. The same trend is seen in the use 
of palliative chemotherapy among older CRC 
patients. Furthermore, radiotherapy seems to be 
underutilised in the treatment of rectal cancer in 
the elderly [ 23 ]. To avoid a potential substandard 
treatment of the elderly CRC patient, knowledge 
regarding results of treatment in the elderly popu-
lation and individual evaluation of patients in this 
heterogenic group is imperative. 

 Several series evaluating the results of elective 
curative major surgery in elderly CRC patients 
present rates of local recurrence, metastases and 
cancer-specifi c and relative survival comparable 
to those in younger patient cohorts [ 20 ,  22 – 24 ]. 
The rate of postoperative mortality and morbidity 
increases with age in most of these series, with a 
mortality of 8 % among the oldest rectal cancer 
patients undergoing curative major surgery [ 20 ]. 
The rates of postoperative morbidity range 
between 30 and 60 % in different series [ 24 – 26 ]. 
This illustrates the challenges of selection in 
older patients planned for elective CRC surgery. 

 During the last years, laparoscopic colorectal 
resection for cancer has emerged as a minimally 
invasive alternative. Series comparing elderly 
CRC patients undergoing open or laparoscopic 
resection have revealed a signifi cant decrease in 
postoperative morbidity among those undergoing 
laparoscopic resection [ 22 ,  26 ,  27 ]. 

 Furthermore, hepatic and pulmonary resec-
tions have become safer and 5-year survival rates 
of up to more than 50 % in selected patients have 
been reported [ 28 ,  29 ]. Major liver resections can 
be safely performed in elderly patients, with sim-
ilar short- and long-term outcome as in their 
younger counterparts [ 28 ]. Although age is a 
prognostic factor in multivariable analysis on 
survival after pulmonary resection of CRC 
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metastases, several of the presented series include 
elderly patients, indicating that high chronologi-
cal age is not a contraindication for resection 
[ 29 ]. Hepatic and pulmonary resections of 
colorectal metastasis are feasible in selected 
older patients. 

 The rate of patients undergoing emergency 
surgery for CRC increases with age [ 21 – 23 ,  30 ]. 
Furthermore, the rate of curative resections 
decreases in the emergency setting and the rate of 
postoperative mortality increases signifi cantly, 
reaching 35 % in patients aged over 80 years 
[ 30 ]. Colonic stenting has proved to be a safe and 
effective procedure and should be considered 
essential as a bridge to surgery or a palliative pro-
cedure in emergency treatment of CRC in elderly 
patients [ 22 ,  31 ]. 

 Elderly rectal cancer patients treated with 
major rectal resection more often undergo proce-
dures resulting in a permanent stoma than 
younger patients [ 20 ]. This is probably due to an 
assumption of increased rate of anastomotic leak 
and poor functional results after an anterior resec-
tion. In the literature the rate of anastomotic leak 
does not seem to increase with age, and although 
some investigators have found that increasing age 
has an adverse effect on postoperative functional 
outcome, most series fi nd no differences between 
the age groups. 

 Moreover, the majority of elderly patients are 
satisfi ed with their functional outcome after 
 surgery with a primary anastomosis [ 23 ,  32 ]. 
Thus, age per se does not seem to be a contrain-
dication for primary anastomosis in major rectal 
resection. 

 The use of oncological treatment in terms of 
adjuvant chemotherapy in colon cancer, neoadju-
vant chemoradiation in rectal cancer and in pal-
liative treatment of metastatic disease decreases 
with age [ 20 – 22 ]. Elderly patients are usually 
underrepresented in clinical trials evaluating 
oncological treatment, and thus the information 
regarding the benefi ts and tolerability of the dif-
ferent treatment options among older CRC 
patients is limited. 

 As adjuvant chemotherapy in stage III colonic 
cancer among older patients, 5-FU-based regi-
mens improve survival to the same extent as in 

younger patients. Infusional 5-FU seems to have 
a favourable toxicity profi le compared to bolus 
5-FU, and infusional 5-FU in combination with 
leucovorin is recommended as the treatment of 
choice [ 22 ]. Oral capecitabine, although proved 
to be as effective as 5-FU, has an increased toxic-
ity related to renal function in older patients, 
while there is limited information regarding the 
use of the combination of oxaliplatin, 5-FU and 
LV (FOLFOX) in adjuvant treatment among 
older patients. 

 Oncological treatment of metastatic disease in 
elderly patients depends on the goal of treatment. 
In curative intent, a more aggressive treatment 
should be considered. Infusional 5-FU has the 
best toxic profi le; the combination of 5-FU, LV 
and irinotecan (FOLFIRI) or oxaliplatin 
(FOLFOX) has similar effi cacy as in younger 
patients and should be the standard treatment 
option in fi t elderly patients [ 22 ,  33 ]. Among the 
biologic agents, such as vascular endothelial 
growth factor (VEGF) and epidermal growth fac-
tor receptor (EGFR) inhibitors, only bevaci-
zumab has been evaluated in elderly patients. The 
benefi t of treatment is the same as observed in 
younger patients, but there is an increased risk of 
thromboembolism in the elderly, and it should 
only be considered to be used in patients without 
cardiovascular disease [ 24 ]. 

 Over time there have been a substantial 
evolvement of external radiotherapy (RT) tech-
niques. Based on individual three-dimensional 
imaging reconstruction of target volume and 
adjacent organs, high doses can be delivered to 
tumour target volume with a reduced damage of 
normal tissue, increasing the tolerance of RT, 
also in elderly patients [ 34 ]. 

 Statements on increased toxicity among 
elderly patients are mainly based on series pre-
senting results after previously used RT tech-
niques. At present it is advocated that there 
should be no upper age limit when including oth-
erwise eligible patients into trails for RT treat-
ment. Evaluation of elderly patients for RT 
should be done on individual basis, not according 
to chronological age. 

 Although the defi nitions of elderly patients 
diverge, the literature essentially supports similar 
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treatment among all age categories of CRC 
patients. As age-related changes differ between 
individuals, the challenge is an adequate selec-
tion based on these individual characteristics. A 
major objective of cancer treatment in older 
patients is, in addition to survival, to prolong the 
patient’s active life expectancy. Rather than 
chronological age, the concept of physiological 
age should be evaluated before deciding on treat-
ment. The best estimate of a person’s physiologi-
cal age is achieved through a comprehensive 
geriatric assessment (CGA) [ 22 ,  26 ,  35 ]. 

 In geriatric oncology, the CGA, a multidimen-
sional assessment tool, is suggested to be used in 
evaluation of patients before treatment. The CGA 
consists of several commonly used geriatric 
assessment tools, evaluating comorbidity, func-
tional status, medication use, nutrition, cognition, 
emotional status and social support in elderly 
patients. The collected information from these 
tests is analysed by a geriatrician, and based on 
this the patients can be categorised into fi t, inter-
mediate or frail. Frailty is known as a physiologi-
cal state that may lead to disability, i.e. loss of a 
function necessary for independence, following 
minimal stress, indicating a decline in the func-
tional reserve of multiple organ systems [ 36 ]. 
The result from the CGA is discussed by a multi-
disciplinary team in order to design and develop 
an individualised intervention plan. 

 The prevalence of frailty is estimated to be 
10–25 % in persons aged 65 years or older [ 35 ], 
and in general it is recommended that patients 
aged 70 years or older undergo a geriatric assess-
ment prior to treatment. As the process of CGA 
is considered time consuming in clinical prac-
tice, a two step procedure has been proposed 
[ 37 ]. The fi rst part consists of a screening of all 
geriatric patients. Fit patients should receive the 
same oncological treatment as younger patients. 
Those defi ned as frail should undergo a complete 
CGA. Based on the results from the CGA, these 
frail patients should then receive intervention in 
an effort to solve the biological, clinical, or 
social issues limiting the applicability of stan-
dard oncological guidelines or achieve tailored 
treatment according to their frailty and life 
expectancy. 

 Although several trails have proved that geri-
atric intervention based on the concept of CGA 
have positive effects on different health out-
comes, only a few studies have demonstrated the 
impact of this approach on oncological treatment 
in elderly patients [ 35 ,  37 ]. In one series CGA 
was described to lead to a modifi cation of the ini-
tial treatment plan, but whether these modifi ca-
tions resulted in improved outcome was not 
evaluated [ 38 ]. In a recently published series on 
elderly patients undergoing elective surgery for 
CRC, stratifi cation of the patients according to 
CGA proved to be a signifi cant predictor of post-
operative morbidity [ 26 ]. In this study neither 
chronological age nor ASA classifi cation pre-
dicted postoperative complications, indicating 
that the concept of CGA could be of value when 
deciding on surgical treatment.   

    Patients’ Preference 

 The decision making on treatment is primarily 
based on the physician’s clinical evaluation prior 
to treatment. In this evaluation the tumour stage, 
the patient’s comorbidity and age usually are the 
most important determinants of how to treat the 
patient. It is generally approved that the patient 
have the right to, and in most cases should, par-
ticipate actively in decisions on their own treat-
ment. In order to participate in this process, it is 
essential that the patient receives adequate infor-
mation regarding the disease and the available 
treatment. Several series have documented that 
most cancer patients prefer to be involved in 
these decisions affecting their treatment [ 39 ]. 

 The patient’s preference is based on informa-
tion regarding treatment effi cacy, quality of life 
and proximity to end of life [ 40 ]. In most cases, 
the patient’s decision is a trade-off between sur-
vival and quality of life. Age and previous experi-
ences with treatment have an impact on the 
patient preference. The patient’s social situation, 
having a partner or children, infl uence on the 
chosen treatment strategy, with an increased will-
ingness to trade quality of life for a survival 
advantage among those living with children at 
home. 
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 Among patients undergoing surgery the patient’s 
trust in the surgeon, the surgeon’s expertise and 
communication skills are important variables infl u-
encing on the patients preference. Furthermore, 
series specifi cally evaluating treatment of CRC have 
demonstrated that the avoidance of a permanent 
stoma was important for the patient; more than half 
of the patients would give up one third of their life 
expectancy to avoid such a surgical procedure [ 41 ]. 

 In cases where the disease progress and the 
patient approach the end of life, there is an 
increased acceptance to higher treatment-related 
risk. This is typically seen in phase I trials, evaluat-
ing toxicity and appropriate dosing of experimen-
tal therapy, with a minor probability of objective 
benefi t of treatment among the patients included. 
Although the patients are informed about the 
intent of the study, patients participate with great 
expectations of therapeutic benefi t [ 39 ]. 

 The process of treatment decision is complex 
and there is often a mismatch in treatment prefer-
ences and assumed prognosis between the physi-
cian and the patient. In the optimal process of shared 
decision making, these differences should merge 
into a mutually agreed-upon treatment plan before 
starting the treatment. As the disease progresses, the 
preferences might change both for the patient and 
the physician, and there should be a continuous 
evaluation of the individualised treatment plan.  

    Conclusion 

 The evolvement of multidisciplinary treat-
ment in CRC has improved the results. 
Through individualised treatment based on 
adequate risk prediction before surgery and 
assessment of comorbidity and of the patient’s 
preferences, an optimal treatment strategy for 
the specifi c patient can be achieved.     
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        Introduction 

 It has been shown that laparoscopic total meso-
rectal excision in rectal cancer may result in less 
blood loss, quicker return to normal diet, less 
pain, less narcotic use and less immune response 
compared to open surgery. On the other hand, it is 
also evident that laparoscopic surgery has no sig-
nifi cant infl uence on anastomotic leakage rates 
and mortality compared to conventional open 
surgery [ 1 ]. The same applies to disease-free sur-
vival rate and local recurrence rate. No results on 

functional results are reported, but there are no 
indications that there would be signifi cant differ-
ences between the laparoscopic and open proce-
dure, as the surgical procedure itself is similar. 
Local treatment with transanal tumour excision is 
associated with signifi cant decreased risk of mor-
bidity and mortality compared to conventional 
surgery [ 2 ]. Other advantages are avoidance of 
decreased long-term anorectal dysfunction and 
need for temporary or defi nitive colostomy in 
addition to short hospital stay and fast recovery. 
However, oncological control may be compro-
mised in local treatment and should be restricted 
to highly select patients with early cancer or in 
patients with signifi cant co-morbidity and in the 
very elderly patients with less oncological con-
trol as a compromise. Patient selection and 
patient information is a great challenge for the 
multidisciplinary group.  

    Abstract 

 Local treatment with transanal tumour excision has shown to be associ-
ated with signifi cantly decreased morbidity and mortality compared to 
conventional surgery (laparoscopic or open). Local treatment should be 
considered in select patients with early cancer or in patients with signifi -
cant co-morbidity and in the very elderly patients with less oncological 
control as a compromise. Patient selection is important and highly depen-
dent upon a multidisciplinary approach. The most important factors are 
correct preoperative staging and perioperative radiochemotherapy to mini-
mize the risk of local recurrence. The role of local treatment in palliation 
of advanced disease is unknown.  
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    TEM 

 Transanal endoscopic microsurgery (TEM) was 
introduced in the early 1980s as a minimally 
invasive procedure designed for local resection 
of rectal lesions that otherwise would require 
major abdominal or abdominoperineal resec-
tions. Compared to conventional surgery, this 
method results in signifi cantly reduced morbidity 
and mortality rates below 1 % [ 3 ]. TEM was ini-
tially proposed for large adenomas out of reach 
for transanal excision and unsuitable for colono-
scopic removal. Later, the indication has expanded 
to early rectal carcinomas [ 4 ] or for palliation in 
more advanced stages. However, the role of TEM 
in rectal cancer is still a subject of much debate. 
The most common controversies are:
•    Preoperative tumour and lymph node staging  
•   Adjuvant radiochemotherapy (pre- or 

postoperative)  
•   Salvage surgery  
•   Palliation    

 Thus, the indications for TEM-surgery are 
highly dependent upon a multidisciplinary 
approach involving endoscopists, pathologists, 
surgeons, radiologists and oncologists.  

    Preoperative Staging 

 Malignant changes in large polyps can be very 
diffi cult to diagnose even after several biopsies. 
Ideally, all tumours considered for TEM should 
undergo meticulous endorectal ultrasonography 
(ERUS) with the purpose to investigate invasive 
growth and local lymph node involvement. Its 
diagnostic accuracy in the assessment of early T1 
carcinomas can be up to 89 %, with a sensitivity 
and specifi city of 92 and 50 %, respectively, in 
experienced hands [ 5 ], and thus superior to digi-
tal examination by colorectal specialists, com-
puted tomography and MRI [ 6 ,  7 ]. Despite these 
results, any patient with early rectal cancer 
undergoing TEM is recommended to undergo a 
full-thickness resection, preferably including 
mesorectal fat allowing adequate pathological 
examination of the specimen. 

 Precise preoperative staging is imperative 
since the procedure does not remove any, or only 
a few, of the perirectal lymph nodes. This is the 
main reason for a higher risk of local recurrence 
after TEM compared to conventional surgery. 
The recurrence rate for T1 cancer is 0–12 %, for 
T2 cancer 12–28 % and for T3 cancer 36–79 % 
[ 8 – 10 ]. In past decades, TEM has usually been 
indicated in patients with low-risk pT1N0 adeno-
carcinoma. Low-risk lesions are primarily those 
with a small-size (<3 cm), well-differentiated 
histology with the absence of vascular, lymphatic 
or perineural invasion. When these criteria are 
met, survival and local recurrence rates achieved 
by TEM are similar to those with conventional 
radical surgery. Local recurrence varies between 
4.2 and 9.6 % with a 5-year survival rate varying 
from 79 to 100 % [ 11 – 15 ]. In the T1 high-risk 
patients, the local recurrence rate was as high as 
39 % [ 16 ], and in these cases, salvage surgery 
must be considered. 

 In none of the studies were the recurrence rate 
and long-term results signifi cant related to inva-
sion of the submucosal layer (sm). Lymph node 
involvement of 1–3 % in sm1, 8 % in sm2 and 
23 % in sm3 lesion has been reported [ 17 ]. This 
may suggest that the indication of TEM for cure 
should be reserved for patients with sm1 lesion. 
However, larger patients’ series are needed for 
more fi rm conclusions. The preoperative staging 
of submucosal invasion is a great challenge to the 
standards of the equipment. In a study using high-
resolution, three-dimensional endorectal ultraso-
nography, the overall kappa for the concordance 
between ultrasonographic and histopathologic 
staging for the degree of submocosal invasion 
(slight or massive) was 0.81, and no invasive car-
cinomas remained undetected [ 18 ]. 

 No preoperative investigations (ERUS, MR or 
CT) have revealed a suffi cient sensitivity or spec-
ifi city for lymph node metastasis in patients with 
early cancer. This has led to the development of 
endoscopic posterior mesorectal resection with 
the preservation of the anorectal function and 
with a low rate of morbidity [ 19 ]. In a series of 
11 patients with T1 tumour, 4–20 lymph nodes 
(median 8) were removed in each patient and 
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without signifi cant complications. In two patients, 
lymph node metastasis was detected. Thus, com-
bining TEM with the posterior endoscopic meso-
rectal excision might reduce the local recurrence 
rate after TEM. However, further investigations 
with larger prospectively evaluated patient series 
are needed.  

    Adjuvant Radiochemotherapy (RCT) 

 Whereas the use of preoperative neoadjuvant 
RCT is controversial in early T1 cancers consid-
ered for TEM, it is mandatory in T2 or larger 
tumours where a local recurrence rate varying 
from 29 to 50 % has been reported [ 20 ]. In a 
study with 100 patients undergoing TEM after 
radiotherapy (54 patients with uT2 and 46 
patients with uT3 uN0), complete response or 
microscopic residual tumour was found in three 
and 15 patients, respectively [ 21 ]. Minor compli-
cations occurred in 11 patients and major compli-
cations in two patients. The cancer specifi c 
survival rate after 90 months follow-up was 89 % 
and the overall survival rate 72 %. Salvage 
abdominoperineal surgery was performed in 
three patients, two of whom were disease-free at 
15 and 19 months. Similar results were found in 
another study, where the patients were random-
ized to either TEM or laparoscopic resections 
[ 22 ]. Local or distant failure was 10 % after TEM 
and 12 % for laparoscopic resections. The sur-
vival was 95 % for TEM and 83 % for laparo-
scopic resection after a median follow-up of 56 
months, but the difference was not statistically 
signifi cant. Other studies have shown similar 
results. However, in all studies, the patients were 
highly selected, and the treatment modality with 
preoperative RCT followed by TEM should be 
reserved for patients with a known higher risk at 
conventional surgery. Another and unsolved 
problem is the place for postoperative RCT in 
patients, who at histology turned out to have a 
higher tumour stage than T1 at the fi nal histology 
examination than judged preoperatively. In gen-
eral, these patients should be offered salvage sur-
gery, as the oncological outcome after salvage is 

comparable to primary radical surgery [ 14 ,  15 , 
 20 ,  23 ]. In a study which included patients with 
T2 lesions, that following TEM were treated with 
5-FU and radiation (54 Gy), local recurrence was 
observed in 14 %. However, salvage was success-
ful in less than half of the patients with local 
recurrence [ 24 ]. There is no available informa-
tion on the results of postoperative RCT com-
pared to salvage surgery. 

 Local excision may be an effective alternative 
treatment if patients are selected by their response 
to preoperative CRT [ 25 ]. Following CRT, 
patients with T2 or T3 tumour who achieved 
either partial (15 %) or complete response (85 %) 
no recurrences after TEM was observed within a 
follow-up period of at 24 months. In a similar 
study with TEM performed on residuals after 
CRT, the recurrence rate was 2.85 % with a 
median follow-up of 38 months [ 21 ]. Partial clin-
ical response (pCR) rates in the region of 
15–30 % have been reported following preopera-
tive RCT. However, clinical examination is only 
able to identify a small proportion of patients 
who actually achieve a pCR [ 26 ], and only about 
25–50 % of patients achieving a complete clini-
cal response (cCR) are confi rmed as having a 
pathologically complete response (pCR) at sub-
sequent surgery [ 27 ]. Despite this fi nding, sup-
port is growing in support of the concept of ‘wait 
and see’ when a cCR is observed following neo-
adjuvant CRT [ 28 ].  

    Salvage Surgery 

 Salvage surgery should be considered in cases 
where fi nal histological examination reveals a T2 
or larger tumours or any tumour with lymphovas-
cular invasion and has not undergone preopera-
tive CRT. The fi nal decision may depend on 
patient preference and co-morbidity. In addition, 
salvage surgery should be considered in younger 
and healthy patients with the fi nding of a cancer-
ous lesion in a removed lesion that preoperatively 
was judged as benign. Fifty-two locally excised 
rectal adenocarcinomas (29 transanal excision 
and 23 polypectomies) were followed by radical 
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surgery (24 abdominoperineal resection and 28 
low anterior resection) within 7 (range 1–29) 
days [ 29 ]. Radical surgery was performed 
because of a cancerous polyp ( n  = 42), positive 
margins [ 5 ], lymphovascular invasion [ 3 ] and 
T3-staged cancer [ 2 ]. Twelve of 52 cancers 
(23 %) were found to have nodal involvement 
and 15 of 52 (29 %) showed residual cancer in 
the resected specimen. Survival was comparable 
to the matched controls with the exception of 
shorter survival in T3N1 cases, but numbers were 
too small for a defi nitive conclusion. Several 
other studies [ 14 ,  15 ,  20 ,  23 ] have shown good 
long-term results of salvage surgery after TEM 
for resected lesions with a bad prognosis (T2, T3, 
compromised margin, invasion of lymphatic ves-
sels or areas of poor differentiation). However, 
these data should be interpreted with caution 
since they have mainly been collected from small 
series and a few case reports.  

    Palliation 

 Palliation is another indication for TEM in 
selected cases with advanced disease and high 
degree of co-morbidity. It is expected that 
some patients in the selected population may 
benefi t from relieving the local tumour burden 
with a limited procedure relating morbidity 
and mortality. Available data comes from only 
a few cases, and no study has compared TEM 
with any other method of palliation in rectal 
cancer. Finally, the effect on quality of life has 
not been assessed, and no recommendation on 
patient selection for this special indication can 
be given so far.  

    Conclusion 

 Signifi cant heterogeneity and patient selection 
limit conclusions from the current literature. 
Alternate end points to local recurrence may 
be required in assessing the optimal surgical 
approach, which balances oncological control 
with quality of life, and the probability of 
dying from diseases other than rectal cancer. 

 TEM in low-risk tumours (uT1) have equal 
cancer-free survival compared to conventional 

surgery with highly signifi cant lower morbid-
ity and mortality rates. Because of selection 
bias in the available literature, TEM should 
primarily be reserved for elderly patients or 
patients with signifi cant co-morbidity. Patients 
with inadvertent histology (T2 or larger, posi-
tive margins, lymphovascular invasion and 
poor differentiation) after TEM should be 
offered salvage surgery. Preoperative radio-
chemotherapy is mandatory in patients with 
high-risk tumours (T2–3)  considered for 
TEM. In cases with complete response on 
clinical examination, a ‘wait and see’ strategy 
may be considered. In patients with no 
response, conventional surgery may be con-
sidered and evaluated. The role of TEM in pal-
liation is unknown.     
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