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vii

 Since the last edition of  Modern Management of Cancer of the Rectum,  there 
has been great progress in all matters to do with rectal cancer. Much has come 
from formal systematic prospective clinical research based on evermore 
refi ned preoperative staging and changes in management strategies, including 
developments in chemoradiotherapy and surgery. Genetic analysis has dem-
onstrated that large-bowel cancer is at least three diseases. The blank genetic 
picture of 30 years ago is gradually being fi lled in by an extraordinary amount 
of new information. Preoperative staging has achieved a high degree of accu-
racy, which can predict the histopathological examination of the excised 
specimen in most cases. This has changed the management strategy regarding 
the integration of chemoradiotherapy with surgery, whether major or local. 
Treatment has been opened up dramatically through chemoradiotherapy as 
primary treatment, by which patients experiencing a complete response are 
followed without surgery or undergo local excision at the site of the primary 
tumour. This approach still needs validation, and there are now several pro-
spective studies examining this question. 

 There is much focus in the book on the identifi cation of risk factors which 
determine the cancer-specifi c outcome of patients with rectal cancer. These 
include preoperative staging of lymph nodes before and after chemoradio-
therapy, which is still one of the most important factors infl uencing multidis-
ciplinary management. The book deals with all forms of treatment, from that 
aimed with curative intent to the management of palliative disease. All types 
of treatment of colorectal cancer are considered, including any form of 
chemoradiotherapy and the newly applied brachytherapy. The numerous 
operations for rectal cancer are also dealt with in detail, with equivalence 
given to local and radical procedures. The growing interest in the treatment of 
pelvic recurrence and metastatic disease receives considerable attention. 
There are chapters on follow-up, rare colorectal tumours, revisional surgery 
and quality of life after treatment. Further chapters include discussion of the 
technique focussing on restorative resection, lateral-node dissection and lapa-
roscopic, compared with robotic, surgery. 

  Modern Management of Cancer of the Rectum  deals with every aspect of 
rectal cancer. Its overall view is delivered by an internationally recognised 
panel of experts, all of whom are leaders in their fi eld. The referencing is 
excellent, supplying a bibliography including classical publications leading 
on to an invaluable list of modern citations. The book is well laid out, with 

   Foreword   
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excellent tables and illustrations. As a statement of the present position 
regarding all aspects of rectal cancer, it is an up-to-date account by experts. 

 London, UK  R.J. Nicholls ,  MA(Cantab), 
M.Chir, FRCS(Eng), EBSQ (Coloproctology), 

hon FACS, hon FRCP (Lond), hon FRCSE, 
hon FRCS(Glasg), hon ASCRS, hon ACPGBI, 

hon ESCP, hon BSG.        

Foreword
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 The premise of the second edition of  Modern Management of Cancer of the 
Rectum  is a revision and update of a gradually changing fi eld, in which the 
surgeon, medical oncologist, and radiation oncologist cannot function with-
out the others. In the 13 years since the last edition, several advances in medi-
cal oncology and surgical techniques have changed the management of rectal 
cancer, and every chapter of this edition refl ects these changes, while adding 
new ones about the burden of disease, relevant anatomy, role of laparoscopy 
and robotics, anorectal reconstruction, and remedial surgery. We hope that 
this book will become an important reference material for the newest data 
regarding rectal cancer and its management. Expert authors from all around 
the world have dedicated their precious time to create outstanding chapters on 
all aspects of the management of rectal cancer. 

 We trust that this book will provide practicing surgeons, surgeons in train-
ing, oncologists, radiation oncologists, and all others who diagnose and treat 
this malignancy with up-to-date information that will ultimately allow for a 
better management of each of our patients. 

 In producing this book, we would like to acknowledge our mentors for 
their inspiration and teaching, our patients who made us want to persevere in 
our advancements, our students so that they may be better than us, and our 
families for their support and understanding. We would like to acknowledge 
our utmost appreciation and gratitude to our authors, to our publishers, and to 
Joni Fraser at Springer for making this book possible.  

    New Haven ,  CT ,  USA      Walter     E.     Longo   
New Haven, CT, USA      Vikram B.     Reddy   
   St. Helens ,  UK      Riccardo     A.     Audisio          

  Preface to the  Second Edition   
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        Introduction 

 The treatment of cancer of the rectum is  historically 
among one of the most debated for years. This 
has been due to constant technical challenges, 
the development of novel therapies such as 
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  1      The Evolving Treatment 
of Rectal Cancer 

           Jorge     L.     Reguero      and        Walter     E.     Longo     

    Abstract  

  Rectal cancer treatment has advanced in nearly 300 years from a hopeless, 
morbid outcome to potentially curative treatments with constant improve-
ment in quality of life. This chapter briefl y outlines and reviews the 
 historical evolution of the treatment of adenocarcinoma of the rectum. 
The earliest procedures were mostly palliative with the fi rst proposed 
resections for rectal cancer appearing in the eighteenth century. Extirpative 
procedures utilizing the perineal, vaginal and sacral approaches prevailed 
until Miles’ abdominoperineal resection in 1908 revolutionized the prin-
ciples for a correct oncological resection. In time, the focus of interest 
shifted towards less radical procedures centered on the restoration of intes-
tinal continuity. Later on, sphincter preservation procedures and pouch 
surgery emerged in an attempt to achieve better functional outcomes. 
Heald’s total mesorectal excision proposed in the 1980s represented 
another milestone in the treatment of rectal cancer by signifi cantly reduc-
ing local recurrence rates. Over recent years, combined multimodality 
therapy and the development of laparoscopic surgery have brought major 
advancements to the fi eld. In the twenty-fi rst century, the limits of rectal 
cancer treatment continue to be pushed with surgery still representing the 
primary form of therapy for optimal oncologic and functional results.  

  Keywords  

  Rectal cancer   •   Transsacral   •   Kraske   •   Perineal approach   •   Lockhart-
Mummery   •   Miles   •   Abdominoperineal   •   Heald  

mailto: walter.longo@yale.edu


2

neoadjuvant therapy, emerging  technologies and 
the concern with quality of life. Many of the sur-
gical advances in surgery have come in conjunc-
tion with sentinel milestones in medicine itself 
such as antisepsis, anesthesia, blood banking, 
critical care, microscopy, diagnostic imaging, 
emerging surgical technology, pharmacology, 
energy delivery and genetics. Regardless, the 
evolution of rectal cancer treatment has gone 
from a hopeless, morbid outcome to potentially 
curative treatments that are very well tolerated, 
with shorter hospital stays and a favorable quality 
of life. 

 The principal form of treatment for rectal can-
cer early on, as well as today, has been attempted 
surgical removal of the tumor. Many of the early 
treatments were unrecorded and it is diffi cult to 
give credit to every individual who contributed to 
the management of this disease. Other treatments 
evolved simultaneously so an exact chronologic 
review would be misleading. Once considered an 
incurable disease, initial attempts at treatment 
were often palliative, and mortality resulting 
from the treatment was often close to 100 %, with 
extremely consequential morbidity. 

 This chapter will briefl y outline and review 
the historical evolution of the treatment of adeno-
carcinoma of the rectum. Details of procedures 
and outcomes of many historical landmarks such 
as the abdominoperineal resection, restorative 
procedures, local therapy, minimally invasive, 
robotic procedures and adjuvant therapy, among 
others, are found in the subsequent specifi c chap-
ters contained within this textbook and from the 
original articles quoted.  

    Origins of Rectal Cancer Treatment 

 John of Arderne is credited with fi rst recognizing 
the signs and symptoms of rectal cancer in 1376 
[ 1 ]. Although there appeared to be some rudi-
mentary understanding of its natural history, no 
form of excisional surgery was performed for 
nearly another 400 years. 

 The earliest procedures were mostly pallia-
tive. Giovanni Morgani fi rst proposed resection 
of the rectum in the eighteenth century [ 2 ]. 

Treating rectal cancers by some form of 
 extirpative procedure had not been considered 
until then. In 1739, Jean Faget of France made 
history by fi rst attempting a rectal resection [ 3 ]. 
He believed to be draining an ischio-rectal 
abscess but instead a perforated rectal cancer was 
encountered. Faget resected the rectum, leaving 
the patient with a sacral anus and a disastrous 
functional outcome. 

 The use of colostomy as a diverting procedure 
has been reported since ancient times and it 
played an early role in the management of rectal 
cancer. In 1776, Henry Pillmore of Rouen, 
France, performed the fi rst colostomy in an adult 
for an obstructing “annular scirrhous” carcinoma 
though the patient eventually did not survive [ 4 ]. 
Colostomy achieved an important role when a 
French surgeon by the name of Amussat urged 
that it be the routine procedure for obstructing 
rectal cancer [ 5 ].  

    Early Extirpative Procedures: 
Perineal, Sacral and Vaginal 
Approaches 

 Jacques Lisfranc is credited for performing the 
fi rst successful excision of a rectal tumor in 1826 
[ 1 ]. Within 7 years, he performed nine additional 
perineal or posterior resections, of which fi ve 
were considered successful [ 2 ]. These were per-
formed without anesthesia or hemostasis. The 
patients were asked to bear down, the rectum was 
everted and a limited rectal amputation then per-
formed. This would result in an incontinent peri-
neal anus. Most patients would not leave the 
hospital and succumbed to hemorrhage and sep-
sis. The pain was unbearable, local recurrence 
was common and functional outcome dismal. 

 Anesthesia and antisepsis advances spurred a 
signifi cant development of new techniques in the 
following decades. In 1873, Aristide Verneuil 
modifi ed Lisfranc’s perineal resection and 
removed the coccyx to allow for better exposure 
and a more radical excision [ 6 ]. The conventional 
perineal approach had resulted in poor exposure 
of the upper rectum up to that point. In 1876, 
Theodore Kocher pioneered the transsacral 
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 resection with coccygectomy to excise the  rectum 
and anastomose the colon to the anus [ 3 ,  7 ]. 
Around the same time, Paul Kraske had devel-
oped his own technique to remove the rectum, 
which he presented in 1885 at the Congress of the 
German Society of Surgery [ 1 ,  2 ]. He removed 
the coccyx and part of the left wing of the sacrum 
and preserved the anus and sphincters to allow 
for a potential anastomosis. Restoring intestinal 
continuity via the sacral approach was often 
problematic due to tension on the upper segment 
and inadequate blood supply. In general, the 
 perineal and sacral approaches provided limited 
exposure, precluding radical resection of the 
tumors. 

 Others experimented with transvaginal resec-
tion of rectal tumors. These techniques are, at 
present, of historical value. Norton reported in 
1889 the excision of a tumor of the anterior rectal 
wall not involving the vagina. The sphincter mus-
cles were resected along with the rectum. In 
1890, MacArthur was unable to mobilize the 
bowel enough to bring it to the skin while operat-
ing on a patient with recurrent rectal cancer. He, 
therefore, sutured it to the upper vagina. Byford 
reported in 1896 a singular method in which the 
vagina was used to replace the excised portion of 
the rectum. The proximal and distal portions 
were sutured to different portions of the vagina 
and the vaginal opening was closed [ 8 ]. 

 Nearly 100 years after Lisfranc initial perineal 
resection, Lockhart-Mummery from St Mark’s 
Hospital in London revised the technique so it 
would allow for a relatively safer operation [ 9 ]. 
He would fi rst perform a permanent loop colos-
tomy and determine if the tumor was resectable. 
A week to 10 days later the perineal stage would 
take place. Removal of the coccyx with the 
patient in semi-prone position would allow for 
rectal and anal mobilization; the peritoneum was 
then opened and as much bowel as possible was 
pulled down and resected. In 1926, he reported a 
series of 200 patients in which an 8.5 % mortality 
was noted, much lower than that of the abdomi-
noperineal resection at the time. A 50 %, 5-year 
survival without recurrence was observed, though 
it is said that he rejected about 50 % of his 
cases that were deemed unresectable [ 8 ,  9 ]. 

This posterior excision, as it was called, remained 
popular until the 1940s. The main drawback was 
that it left the superior lymphatics unresected; 
therefore, it was not an adequate cancer operation 
nor was it applicable for upper rectal tumors. 

 A small variant of the sacral resection, the 
York-Mason modifi cation of the Kraske proce-
dure, has been used to resect small distal rectal 
tumors through a presacral approach [ 10 ]. This 
technique of dividing and subsequently restoring 
the anal sphincter is rarely used anymore and has 
been replaced by either transanal procedures or 
ultralow resections with coloanal anastomosis.  

    Emergence of the 
Abdominoperineal Resection 

 Early attempts at abdominal resection of tumors 
were experimental and performed with little 
attention to oncological principles. Carl Gussen 
bauer, an assistant to Billroth, performed the fi rst 
abdominal resection of a rectal tumor with intra-
peritoneal closure of the distal rectum [ 11 ]. The 
fi rst reported case combining abdominal and per-
ineal approaches was performed by Vincenz 
Czerny in Germany [ 9 ]. In 1884, he was unable 
to remove a rectal cancer using a posterior peri-
neal approach alone and decided to complete the 
extirpation through the abdomen by turning his 
patient supine. In 1904, Charles Mayo [ 8 ] fi rst 
presented his technique of abdominoperineal 
resection (APR) at a meeting in Portland, Oregon, 
stressing the importance of resecting the lym-
phatics above the rectum, as high as the sacral 
promontory. The sigmoid colon was divided at 
that level and the inferior mesenteric artery tran-
sected as high as possible. 

 The problem of local recurrence was evident 
among surgeons at the time, including Sir 
William Ernest Miles. He had been a pupil of 
Harrison Cripps, who was well known for his 
work on rectal cancer and the introduction of the 
perineal approach in England [ 2 ,  7 ]. Miles had 
witnessed local recurrences within the pelvis in 
54 of 57 of his patients excised by this mean [ 12 ]. 
He analyzed postmortem dissections and realized 
a more radical excision was needed, based on a 
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better and new understanding of the perirectal 
lymphatic spread. 

 In 1908, Miles described a modifi cation of 
Czerny’s operation and emphasized the down-
ward, upward, and lateral spreads of the cancer, 
with the upward being the most important in his 
opinion [ 13 ,  14 ]. He considered even the most 
talented surgeons were unable to completely 
excise the mesorectal lymph nodes proximal to 
the tumor via the perineal approach. His opera-
tion started by creating a loop colostomy and 
dividing the bowel 2 in. below it. The distal bowel 
was mobilized until it could be pushed down into 
the pelvis and the peritoneum could be closed 
over it. The patient was then positioned in the 
right semi-prone position, the coccyx resected 
and the excision completed from the perineal 
approach. The procedure was based on fi ve prin-
ciples including resection of the rectosigmoid 
and its blood supply, resection of the mesorec-
tum, removal of lymph nodes over the bifurcation 
of the common iliac artery, wide perineal resec-
tion including removal of the levator ani muscle 
and creation of an abdominal colostomy. 
Although his original series of 12 patients found 
42 % mortality [ 14 ], seven survivors were tumor 
free in 1 year. In subsequent years, he was able to 
further reduce the mortality associated with the 
procedure as well as the overall recurrence rate, 
making the APR the standard of care for rectal 
tumors. Miles not only revolutionized the princi-
ples for a correct oncological resection of rectal 
cancers, but his approach was a landmark opera-
tion in the history of large bowel surgery. 

 The English pathologist Cuthbert Dukes pub-
lished in 1930 that there was no signifi cant differ-
ence between perineal and abdominoperineal 
operations for Stages A and B rectal cancer (neg-
ative lymph nodes, invasion into or through the 
bowel wall respectively); but the Miles operation 
was superior for Stage C (lymph node positives), 
because the perineal approach would leave the 
superior lymphatics unresected. This fi nding val-
idated Miles pathologic premises [ 12 ,  15 ]. 

 Several modifi cations of the abdominoperi-
neal procedure popularized by Miles emerged in 
the following years. In 1915, Daniel Fiske Jones 
proposed a two-stage procedure consisting of an 

initial abdominal portion followed by a perineal 
stage 5–7 days later under spinal anesthesia [ 1 ]. 
Jones considered this would decrease sepsis and 
he reported a mortality of 18 % in 16 patients. 
Gabriel, a disciple of Lockhart-Mummery, pro-
posed in 1934 a further modifi cation of the APR 
designated as a perineoabdominal excision [ 16 ]. 
He performed a one-stage procedure starting 
with a perineal excision, then turning the patient 
supine and mobilizing the colon through an 
abdominal incision. Gabriel demonstrated a sig-
nifi cant improvement in 5-year survival fi gures, 
30 % vs 17.9 %, for those patients found to have 
positive lymph nodes via a perineoabdominal 
excision versus the perineal approach favored by 
his mentor. 

 As others emphasized the safety of a two- 
stage procedure, it was not until 1938 that the 
one-stage procedure originally described by 
Miles became commonplace. There was not lon-
ger the need to reposition the patient after Sir 
Hugh Devine introduced the adjustable leg rests 
in 1937, so the operation could be performed 
in the lithotomy-Trendelenburg position [ 2 ]. 
Oswald Lloyd Davies was the fi rst to perform a 
synchronous combined radical abdominoperineal 
resection in the lithotomy-Trendelenburg posi-
tion with two teams working simultaneously 
[ 1 ,  2 ]. The speed and effi ciency of the procedure 
vastly improved with the two-team approach. By 
the 1960s, the Lloyd Davies technique was the 
most commonly performed excisional procedure 
for rectal cancer with a marked reduction in 
mortality.  

    Advent of Restorative Procedures 

 With Miles’ operation and principles of resection 
well established, the focus of interest shifted 
towards new procedures centered on the restora-
tion of intestinal continuity. The abdominoperi-
neal resection was not only considered too radical 
by some surgeons but it submitted patients to a 
permanent colostomy and frequent genitourinary 
dysfunction. 

 Some of these techniques had originated in the 
late nineteenth century. The fi rst documented 
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attempt at restoration of intestinal continuity for 
rectal cancer is attributed to Reybard of Lyon 
when he performed a partial sigmoid resection 
for a colonic growth with immediate anastomosis 
of the ends [ 17 ]. In 1888, the “Durchzug” proce-
dure (pull-through technique) was described by 
Hochenegg, in which the anorectal stump was 
everted, stripped of its mucosa and returned to its 
natural position followed by the distal colon 
drawn through the denuded rectum and sutured to 
the anal verge [ 7 ]. Despite achieving bowel con-
tinuity, this technique was not widely accepted 
due to the high mortality resulting from anasto-
motic leaks. 

 In 1892, Widenham Maunsell of New Zealand 
described a method for anastomosing the sigmoid 
colon to the anus [ 1 ,  17 ]. After dividing the anal 
sphincters in the posterior midline, the rectosigmoid 
was mobilized through the abdomen and invagi-
nated out through the expanded anus. The tumor 
was resected and the two ends of the bowel anasto-
mosed. Robert Weir, from Columbia University, 
New York, later modifi ed this technique in 1901 [ 8 ]. 
Weir mobilized the rectosigmoid through the abdo-
men in similar fashion; but in contrast to Maunsell, 
he transected it 3 in. from the anus and pulled out 
the lower rectum from the perineum using an assis-
tant. The upper bowel was dragged down through 
the lumen of the exteriorized everted rectum and 
anastomosed to it. 

 Babcock and Bacon offered a new procedure 
in 1939 and 1945 respectively, the delayed union 
and amputation technique, that basically involved 
removing the lining of the anal canal and bring-
ing down the mobilized colon through it, leaving 
about 50 cm outside the body [ 9 ]. The previously 
divided anal sphincters were then sutured to the 
protruding colon and the excess intestine was 
removed after 2–3 weeks. With the temporary 
perineal colostomy, a proximal diversion was 
unnecessary. Bacon reported lower incidence of 
male impotence and fecal incontinence than with 
the APR, and yet similar cancer specifi c survival 
rates [ 9 ,  15 ]. In 1961, Turnbull and Cuthbertson 
from the Cleveland Clinic described their tech-
nique, a two-stage abdominoanal pull-through 
procedure [ 15 ,  17 ]. The rectum was resected, the 
colon pulled out through the everted rectal stump 

and the rectum sutured to the seromuscular layer 
of the protruding colon. Ten days later, and to the 
patient’s relief, the bowel was fi nally excised 
above the dentate line and the end-to-end anasto-
moses performed. 

 During the second half of the twentieth cen-
tury, restoration of intestinal continuity by means 
of primary anastomosis evolved through the 
abdominosacral resection championed by Localio 
[ 18 ]. He placed the patient in the right lateral 
position with the hips fl exed, thus avoiding the 
need for repositioning between the abdominal 
and sacral portions of the procedure. The abdom-
inal incision was made above the left inguinal 
ligament, the resection was completed from the 
sacral approach and a primary anastomosis per-
formed with a 4–5 cm distal stump [ 8 ,  18 ].  

    Sphincter Preservation 
and Pouch Surgery 

 Many surgeons were in disagreement with Miles’ 
oncologic principle regarding downward lym-
phatic spread as an important pathway for rectal 
cancer propagation. By preserving the sphincters 
a radical downward resection could be avoided 
and therefore better functional outcomes would 
be achieved. 

 In 1910, the American surgeon Donald 
Balfour described a technique of anterior resec-
tion through an abdominal approach with the 
construction of an end-to-end anastomosis 
between the rectum and the sigmoid colon [ 2 ,  8 ]. 
In this setting he utilized a “tube support” for the 
anastomosis after accidentally injuring the sig-
moid colon during a procedure. He later sug-
gested his operation could have a role in cancer 
resections. This technique never gained wide-
spread acceptance due to the high mortality rate 
related to anastomotic leaks. 

 The French surgeon Henri Hartmann offered 
an alternative operation for the treatment of 
 cancer of the middle to upper rectum. In 1921 
he described an anterior resection without end 
anastomosis for high rectal lesions [ 3 ]. After 
resecting the involved segment and its mesentery, 
the rectum was inverted and left in place. 
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This procedure succeeded in removing the tumor 
with establishment of a colostomy and avoided 
the perineal dissection. It was associated with 
less blood loss and lower mortality than the 
abdominoperineal resection. The main disadvan-
tage was the necessity of a permanent colostomy. 
The Hartmann’s resection is frequently applied 
today in the initial management of complicated 
sigmoid diverticulitis. 

 Experience with sphincter preservation multi-
plied after surgeons returned to practice from 
World War II. In 1948 Claude Dixon of the Mayo 
Clinic shifted the focus of rectal cancer surgery 
from the abdominoperineal resection to sphincter 
sparing procedures with the reintroduction of the 
anterior resection [ 7 ,  19 ]. The safety of his 
approach was confi rmed when he reported the 
results of 400 patients with a mortality rate of 
2.6 % and a 5-year survival of 64 %. His opera-
tion was designed either as a three-stage proce-
dure when a colostomy was created before 
resection or as a two-stage procedure with a 
colostomy created at the time of resection and a 
hand-sewn anastomosis, using one row of sutures 
posteriorly and two rows anteriorly. Anterior 
resection came to be accepted as the standard of 
care for cancer of the upper and middle third of 
the rectum, although this approach was not appli-
cable for cancers of the lower third (distal 5 cm). 
Experience with proximal rectal cancers led to 
the use of this technique on more distal tumors. 
The low anterior resection (LAR) was distin-
guished from high resections by an extraperito-
neal rectal anastomosis and was initially 
associated with more complications. 

 One of the biggest developments in the evolu-
tion of sphincter-saving procedures was a better 
understanding of distal margins of tumor resec-
tion. In 1951, Goligher, Dukes and Bussey had 
established a safe oncological margin of 5 cm [ 2 , 
 15 ]. Interestingly, only 2 % of tumors in 1,500 
specimens reviewed spread more than 2 cm. This 
“safe margin” was quickly challenged in 1953 
when Quer proposed a 2.5 cm distal margin after 
discovering spread greater than 1.5 cm in only 
one of 89 specimens [ 2 ]. Pollett and Nichols 
found further evidence for a safe distal margin of 
2 cm [ 20 ]. They published in 1983 the analysis of 

334 rectal cancer specimens with different distal 
margins of <2 cm, 2–5 cm and >5 cm, where they 
discovered no survival difference over 5 years. 
The knowledge that distal margins of 2 cm did 
not compromise survival or local control pro-
vided the rationale for further developments in 
surgical technique in the late 1970s. This permit-
ted sphincter preservation for tumors of the distal 
rectum that did not invade the anal sphincter 
mechanism. In more recent years, Moore ana-
lyzed patients undergoing a restorative procedure 
with distal margins <1 cm or >1 cm and found no 
difference in oncologic outcome [ 21 ]. 

 In 1972, Sir Alan Parks described an impor-
tant modifi cation of the pull-through technique 
that allowed for sphincter preservation even in 
low-lying tumors without compromising onco-
logic results [ 22 ]. The entire rectum was mobi-
lized in a low anterior or abdominoperineal 
resection, and the colon was anastomosed to the 
anorectum through the dilated anal canal, avoid-
ing the potentially damaging eversion required in 
previous pull-through procedures. In his series, 
all 76 patients underwent restoration of bowel 
continuity, ten patients developed pelvic sepsis 
but there were no deaths and only 50 % reported 
good functional outcomes [ 23 ]. 

 The development of surgical staplers consti-
tuted another breakthrough for sphincter preser-
vation surgery. In 1975, Fain fi rst described his 
experience with the Soviet designed circular sta-
pling apparatus for rectal cancer anastomosis 
[ 24 ]. Mark Ravitch, an American pediatric sur-
geon, capitalized on this fi nding and introduced 
circular stapling devices in the United States, 
facilitating technical success of low pelvic anas-
tomosis [ 9 ]. In 1977, the circular stapler enabled 
the creation of low colorectal or coloanal anasto-
mosis without increased leak rates when com-
pared to hand-sewn anastomosis [ 15 ]. 

 Furthermore, to avoid a colostomy in surgery 
for very low rectal cancer, intersphincteric resec-
tion (ISR) with coloanal anastomosis was devel-
oped in the 1980s. This procedure includes 
removing all or part of the internal sphincter and 
restoring bowel continuity for rectal cancers 
involving or located next to the anal canal [ 9 ]. 
Due to the catastrophic potential consequences of 
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anastomotic leak in these low anastomoses, 
 especially in the setting of an irradiated fi eld, a 
defunctioning stoma is performed in most cases. 
A recent systematic review of the technique 
revealed acceptable oncologic outcomes but 
often-imperfect functional results [ 25 ]. 

 One of the main drawbacks to the low colorec-
tal or coloanal anastomosis that were being per-
formed with increasing frequency was the poor 
functional outcome, with fecal urgency, soiling 
and incontinence following the loss of the rectal 
reservoir. In 1986, Lazorthes and Parc proposed 
the creation of a colonic reservoir combined with 
the coloanal anastomosis to compensate for the 
loss of reservoir in the neorectum [ 26 ,  27 ]. The 
colonic J-pouch showed short and long term 
functional improvements over straight anastomo-
sis and fewer anastomotic leaks. Fazio [ 28 ] 
championed the coloplasty as an alternative to 
colonic J-pouch reservoir in an effort to improve 
reservoir capacity and decrease morbidity, espe-
cially in the setting of inadequate colonic length, 
diverticular disease or when the colonic J-pouch 
would not fi t into a narrow pelvis. Pouch surgery 
has continued to evolve to present times with 
standardization of technical aspects and refi ne-
ments in construction to achieve better functional 
outcomes.  

    Total Mesorectal Excision 
and Autonomic Nerve Preservation 

 From the establishment of the anterior resection 
by Dixon in the 1940s to the 1970s, the blunt or 
manual presacral pelvic dissection for rectal can-
cer constituted the technique of choice. This type 
of dissection risked violation of the mesorectum 
along undefi ned planes, leaving residual cancer- 
containing mesorectum within the pelvis. 
Worldwide, 5-year survival rates of only 45–50 % 
for all curable stages were reported at the time 
and local recurrence rates of 30–40 % were 
expected [ 12 ]. 

 Quirke revealed on his study that more than a 
quarter of specimens had positive lateral wall 
margins with 85 % developing local pelvic recur-
rence [ 29 ]. It was Quirke, in 1986, who brought 

forward the importance of lateral tumor spread of 
primary rectal cancer. He also identifi ed the fact 
that inadequate circumferential resection margin 
led to the development of locally recurrent rectal 
cancer and was associated with poor survival. 
This brought to the forefront the importance of 
sharp dissection in the pelvis, replacing the 
 conventional resection technique of blunt 
dissection. 

 Heald recognized that the midline hindgut 
(rectum) and its mesorectum were embryologi-
cally derived together [ 30 ]. In 1982, he intro-
duced the concept of “total mesorectal excision” 
(TME) technique, which involved sharp en bloc 
resection of the tumor and mesorectal tissue to 
the level of the levator muscles. Later, Hida sup-
ported with his work the rationale for TME by 
demonstrating that the principal fi eld of lym-
phatic spread is contained within the mesorectum 
[ 31 ]. He confi rmed the fact that rectal cancer is a 
disease of the supralevator compartment and that 
Miles’ cylindrical concept was wrong. The TME 
technique by sharp dissection in the avascular 
plane between the mesorectum and surrounding 
tissues reduced the risk of excessive blood loss, 
decreased local recurrences from 12 to 20 % to 
less than 4 % and allowed for ultralow resections 
with coloanal anastomosis [ 32 ]. Heald achieved 
disease-free survival rates of 80 and 78 % at 5 
and 10 years respectively. The TME technique 
continued to be easily reproduced with similar 
survival rates; it has relegated the radical APR to 
very few patients, representing another milestone 
in the treatment of rectal cancer [ 15 ]. 

 Now that cure rates had increased and disease 
free survival was on the rise, the focus of atten-
tion shifted towards improving quality of life for 
patients after treatment. Damage to the pelvic 
autonomic nerves was felt to be inevitable part 
of the radical surgery for rectal cancer. In Japan, 
Tsuchiya, Hojo and Moriya pioneered the 
 concept of nerve identifi cation and preservation 
[ 2 ,  7 ]. New resection techniques allowed 
 preservation of the hypogastric nerves, inferior 
hypogastric plexus and pelvic splanchnic 
nerves and with that, preservation of the auto-
nomic  innervation of the urogenital organs. 
Postoperative sexual and urinary dysfunctions 
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were subsequently reduced from more than 
50 % to 10–28 % [ 15 ]. In America, Warren 
Enker combined the nerve preserving principle 
with the TME technique resulting in intact uro-
genital function in 90 % of patients with intact 
oncologic results [ 7 ]. Moriya demonstrated on 
his Dutch series of 47 patients how nerve preser-
vation did not compromise the radical nature of 
mesorectal excision [ 33 ].  

    Combined Multimodality Therapy 

 Since the early 1900s, radiation therapy (RT) has 
had a major role in the treatment of rectal cancer. 
In 1914, Symonds fi rst reported the use of radium 
bromide in a patient with rectal cancer achieving 
complete regression of the tumor [ 7 ,  12 ]. For the 
next 60 years postoperative pelvic RT was used 
mainly as a mean to decrease the incidence of 
pelvic recurrence over surgery alone, but did not 
show any improvement in overall survival [ 15 ]. 
George Binkley, the fi rst Chief of the Rectal 
Service at Memorial Sloan-Kettering Cancer 
Center, introduced multimodality RT in the 
1920s. Originally intended for non-surgical can-
didates, signifi cant tumor regression was 
observed in patients receiving radiation that went 
on to have resection, prompting Binkley to recog-
nize the value of radiation as an adjuvant treat-
ment [ 12 ]. It was precisely at Memorial 
Sloan-Kettering where Stearns, Deddish and 
Quan observed that resected, lymph node posi-
tive patients with preoperative RT, had a higher 
5-year survival than patients without preopera-
tive radiation concluding that preoperative radia-
tion would be useful in patients with locally 
advanced rectal cancer. The past few years have 
confi rmed that preoperative RT should be the 
standard in rectal cancer, based on several large 
trials. In 2001, the Dutch Colorectal Cancer 
Group showed signifi cantly better local recur-
rence rates for RT plus TME versus TME alone, 
2.4 and 8.2 % respectively [ 34 ]. Overall survivals 
at 2 years were not different. Preoperative RT has 
since been shown to downstage and reduce the 

bulk of the primary tumor, rendering sphincter 
saving procedures possible [ 15 ]. 

 In 2004, Sauer, from the German Rectal 
Cancer Study Group, compared preoperative and 
postoperative chemoradiation therapy in locally 
advanced rectal cancer patients, showing 
improved local control with less toxicity in the 
preoperative group [ 35 ]. It is precisely the use of 
combined modality therapies (CMT) in recent 
years that has achieved the greatest reduction 
in local failure when compared to RT alone 
(50 %), and improvement in survival rates (10 %) 
[ 15 ]. Neoadjuvant chemoradiation treatment has 
improved sphincter conservation and in conjunc-
tion with TME offers a reduction in the incidence 
of local recurrence; but this occurs at the expense 
of long-term compromise of sexual and bowel 
function outcomes. Multimodality treatment of 
rectal cancer, with the combination of radiation 
therapy, chemotherapy, and surgery has become 
the preferred approach to locally advanced rectal 
cancer.  

    Other Forms of Therapy: Local 
Treatments and Transanal Excision 

 Transanal excision through an operating procto-
scope or by dilating the anus and using retractors 
has been advocated by surgeons for the occa-
sional small, exophytic, movable and well- 
differentiated lesion [ 17 ]. However, in the fi rst 
half of the twentieth century, local treatment of 
rectal cancers was really a necessity spurred by 
the high mortality of the extirpative procedures in 
vogue. 

 Concerns about seeding viable tumor cells 
prompted electrocoagulation to be the preferred 
treatment. Strauss advocated electrocoagulation 
in 1935 for palliation in poor-risk patients with 
carcinoma of the rectum, and in those patients 
with extensive lesions, although his indications 
were gradually broadened to include almost all 
stages of carcinoma of the rectum [ 8 ]. His results 
appeared to have little impact until Madden and 
Kandalaft, and subsequently Crile and Turnbull 
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reported more favorable outcomes in 1967 and 
1972 respectively [ 17 ]. 

 Cryosurgery has been utilized by Gage and 
Fritsch for palliation of symptoms in patients 
with inoperable rectal cancers. Disadvantages of 
this technique include hemorrhage, discharge of 
necrotic tissue and malodorous secretions. 
Endocavitary radiation was championed by 
Papillon in 1973 as an alternative to surgery for 
potentially curable lesions [ 15 ]. It involved deliv-
ery of high radiation doses using a special device 
inserted through a large diameter proctoscope. 
Total dose was anywhere from 8,000 to 15,000 
rads over a 4–10 week period at a dose of 1,000–
2,000 rads per session. These were highly 
selected patients who met with a 70 % 5-year 
cure and 10–15 % local recurrence rate [ 17 ]. 

 Local excision is an alternative, less invasive 
approach to early rectal cancer; but, from the 
oncologic standpoint, it results in closer resection 
margins and it does not allow for sampling of 
lymph nodes [ 36 ]. Adequate methods of local 
staging utilizing either intrarectal ultrasound or 
pelvic MRI have allowed a small group of 
patients with distal rectal tumors to be candidates 
for a transanal local excision. Emerging technol-
ogy allowing improved exposure has made trans-
anal approaches more feasible. Transanal 
endoscopic microsurgery (TEM) was fi rst intro-
duced in 1983, allowing for resection of adeno-
mas and early rectal carcinomas not suitable for 
local or colonoscopic excision, and that would 
otherwise require major surgery [ 37 ]. It permit-
ted full-thickness excision and closure of the rec-
tal defect of lesions as proximal as the pelvic 
brim. There is still much controversy about the 
long-term results and indications.  

    The Emergence of Minimally 
Invasive Procedures 

 Over the past 20 years, the development of lapa-
roscopic surgery brought a major advancement in 
the treatment of colorectal cancer. Laparoscopic 
surgery of the colon was fi rst reported in 1991 

[ 38 ]. At present, its benefi t to patients with colon 
cancer has been well established by numerous 
randomized studies. The procedure results in ear-
lier recovery of bowel function, reduced blood 
loss, less postoperative pain and decreased length 
of hospitalization when compared to open colec-
tomy. Despite this success in colon cancer treat-
ment, the use of laparoscopic resection requires 
careful consideration to oncologic principles and 
functional outcomes. Also, the consequences of 
conversion to an open procedure need to be con-
sidered. The United Kingdom Medical Research 
Council trial of conventional versus laparoscopic 
assisted surgery in colorectal cancer (CLASSIC) 
reported a conversion rate of 34 % in rectal can-
cer surgery with comparable complication rates 
and no difference in 3 year overall survival, dis-
ease free survival and recurrence rates [ 39 ]. 

 With laparoscopic surgery for colon cancer 
recognized as oncologically equivalent to con-
ventional open surgery, could the same be said of 
laparoscopic surgery for rectal cancer? One of 
the major concerns is whether or not a good total 
mesorectal excision can be achieved. With the 
information provided on laparoscopic rectal 
 cancer surgery from various centers, a few large 
multicenter trials have been initiated. In the 
United States, the American College of Surgeons 
Oncology Group trial (ACOSOG-Z6051) is a 
phase III prospective randomized trial comparing 
laparoscopic assisted resection with open resec-
tion for rectal cancer. The trial began in August 
2008 is currently nearing completion. A second 
major randomized trial, the COLOR II, is con-
ducted in Europe [ 40 ]. Current evidence suggests 
that laparoscopic rectal cancer resection benefi ts 
patients with earlier return of bowel function, 
reduced blood loss and shorter hospital stay. 
There is little data to make any conclusions on 
the effect of laparoscopic resection for rectal can-
cer on genitourinary function. In general, laparo-
scopic rectal cancer resection is now considered 
safe and feasible but only experienced, trained 
surgeons should practice it. Robotic-assisted sur-
gery for rectal cancer has demonstrated good 
short term and midterm outcomes; this technique 
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has been performed with acceptable morbidity 
and a low rate of positive circumferential 
 resection margin with effective local control.  

    Surgery for Locally Recurrent 
Disease 

 Though the incidence of loco-regional recurrence 
after primary resection has been substantially 
reduced with optimized surgery and adjuvant 
therapy, local failure rates are still signifi cant. It 
is common knowledge that the choice of surgical 
therapy for salvage of these patients depends on 
the initial procedure performed as well as the 
location of the tumor. If initially a restorative pro-
cedure was performed, an APR is often required; 
a re-restorative procedure could be possible but 
often frowned upon. 

 In current series, about half of recurrences are 
limited to the pelvis, thus a signifi cant number of 
patients can be considered for curative re- 
excision. Involvement of both anterior and poste-
rior pelvic structures is usually managed by 
pelvic exenteration, fi rst described by Brunschwig 
in the 1960s [ 41 ]. His results were characterized 
by high mortality and poor survival. Involvement 
of the sacrum requires a more radical procedure 
such as the abdominosacral resection popularized 
as a two-stage procedure by Wanebo [ 42 ]. Today, 
because of routine use of neoadjuvant therapy, 
the understanding of the principles of TME and 
optimized surgery, local recurrence rates have 
substantially decreased. Over the last 20 years, 
especially with the ability of intraoperative radio-
therapy, survival has improved and morbidity is 
less, though the operations remain technically 
challenging.  

    Future Perspectives 

 In the twenty-fi rst century, the limits of rectal 
cancer treatment continue to be pushed. Rectum 
saving therapy, avoiding the morbidity associated 
with major resection treatment, has been touted. 
Chemoradiation utilized in the preoperative 
 setting was readily accepted and moreover, 

refi nement in techniques of energy delivery, and 
improvements in chemo-sensitizers resulted in an 
increased number of “complete responders”. As 
some of these patients may be looking at a large 
pelvic procedure with no residual tumor in the 
specimen, Habr-Gamma aimed to omit surgery 
completely from rectal cancer treatment [ 43 ]. 
Her series, as well as others’, showed promising 
results; however, long-term data is not complete. 

 The practice of robotic rectal cancer resection 
is on the rise. Efforts are directed to further inves-
tigate its role in long-term outcomes. 

 Although recurrent rectal cancer is somewhat 
less frequent than in the past, future techniques to 
salvage patients both following minimal access 
and radical procedures will be an important hur-
dle. It is apparent today that personalized medi-
cine and genomics will be a large part of medical 
care. As the genetics of those likely to respond or 
not to various therapies continues to be elucidated, 
surgeons will need to collaborate with geneticists, 
radiation oncologists and medical oncologists in a 
multidisciplinary fashion. Until proven otherwise, 
surgery will continue to be the primary form of 
therapy for optimal oncologic and functional 
results. Fortunately, the goals of complete removal 
of the tumor with anal sphincter preservation, 
decreased treatment morbidity with relatively nor-
mal postoperative bowel and pelvic function and 
high curative rates have been met.     
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        Incidence of Rectal Cancer 

 Colorectal cancer is the third most common  cancer 
and a major cause of morbidity and  mortality 
throughout the world [ 1 – 3 ]. Rectal  cancer accounts 
for about one-third of this disease burden, but data 

on rectal cancer is often combined with colon 
 cancer making accurate numbers diffi cult to 
obtain. It is estimated that there will be 40,000 
cases of rectal cancer in the US in 2014 with a 
slight male predominance [ 4 ,  5 ]. 

    Geographical Variations 

 Worldwide, colorectal cancer represents 9.4 % of 
all cancers in men and 10.1 % in women. There is 
signifi cant world wide geographic variability in 
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incidence and mortality. Countries with the 
 highest incidence rates include Australia, New 
Zealand, Canada, the United States and parts of 
Northern Europe, and those with the lowest risk 
include China, India and parts of Africa and 
South America [ 1 ,  6 ]. The incidence rate varies 
up to 10-fold between countries and ranges from 
more than 40 per 100,000 people in the United 
States, Australia and New Zealand and Western 
Europe to less than 5 per 100,000 in Africa and 
some parts of Asia [ 1 ,  2 ,  6 ]. These incidence rates 
however, may be susceptible to ascertainment 
bias if there is a higher degree of underreporting 
in developing countries with the lower rates of 
colorectal cancer.  

    Temporal Trends 

 In addition to geographical differences in colorec-
tal cancer incidence, the incidence rates are chang-
ing. In parts of Northern and Western Europe, the 
incidence appears stable while it is decreasing in 
the United States [ 7 ,  8 ]. In other high-income 
countries that have recently made the transition 
from a relatively low-income economy, such as 
Japan, Singapore, and eastern European, the inci-
dence is increasing rapidly and has at least dou-
bled in many since the mid-1970s [ 9 ,  10 ]. 

 In the United States, male and female colorec-
tal cancer incidence rates declined from the mid- 
1980s to the mid-1990s, followed by a short 
period of stabilization, and from 1998 to 2005 
incidence rates declined an average of 2.8 % per 
year for males and 2.2 % per year among females 
[ 8 ]. These decreases in colorectal cancer inci-
dence have been largely attributed to screening 
programs that may have improved the detection 
of precancerous polyps [ 11 ]. However, although 
national incidence rates have declined slightly 
over the last decade, the burden of disease 
remains high, and disproportionate within demo-
graphic subpopulations. For instance, before the 
1980s, incidence rates for white males were 
higher than for black males and approximately 
equal for black and white females. Since that 
time, incidence rates have been higher for men 
than women, and higher among blacks than in 
whites [ 12 ].   

    Mortality Rates and Trends 

 Worldwide mortality attributable to colorectal 
cancer is approximately half that of the inci-
dence. In the United States, colorectal cancer is 
the second leading cause of deaths among can-
cers that affect both men and women [ 11 – 13 ]. It 
was estimated that approximately 49,380 people 
from the United States would die of the colorec-
tal cancer in 2011 and more than a third will be 
due to rectal cancer [ 14 ]. 

 In North America, New Zealand, Australia, 
and Western Europe, mortality from colorectal 
cancer in both men and women has declined sig-
nifi cantly [ 15 ]. However, in some parts of Eastern 
Europe, mortality has been increasing by 5–15 % 
every 5 years [ 7 ]. In the United States, deaths 
from colorectal cancer have decreased signifi -
cantly by 4.3 % per year from 2002 to 2005 [ 8 ]. 
Current trends in mortality statistics from many 
of the developed countries are encouraging. 
However, incidence rated may be more appropri-
ate indicator of trends in disease occurrence. 
Colorectal cancer incidence is unaffected by 
changes in treatment and survival, although it has 
been shown to be infl uenced by improved diag-
nostic techniques and screening programs [ 12 ].  

    Cancer Survival and Prognosis 

 Colorectal cancer survival is highly dependent 
upon stage of disease at diagnosis, and typically 
ranges from 90 % 5-year survival for localized 
cancers; to 70 % for regional and 10 % for meta-
static cancer [ 11 ,  16 ]. In general, the earlier the 
stage at diagnosis, the higher chance of survival. 

 Since the 1960s, survival for colorectal cancer 
has increased substantially for all stages [ 11 ]. 
The relative improvement in 5-year survival over 
this period and survival has been better in coun-
tries with high life-expectancy and good access 
to modern specialized health care. However, 
enormous disparities in colorectal cancer survival 
exist globally and even within regions [ 3 ,  5 ,  9 ]. 
This variation is not easily explained, but most of 
the marked global and regional disparity in sur-
vival is likely due to differences in access to diag-
nostic and treatment services [ 7 ]. In the United 

D.E. Beck



15

States, the 5-year survival for colorectal cancer 
improved in the period 1995–2000 by more than 
10 % for both males and females, from 52 to 
63 % in females and from 50 to 64 % in males 
[ 11 ]. The increase in survival during this period 
was not uniform among racial groups, however, 
and was reduced among non-whites compared 
with whites [ 9 ,  10 ,  16 ].  

    Non-modifi able Risk Factors 

 Several risk factors are associated with the inci-
dence of colorectal cancer. Those that an indi-
vidual cannot control include age and hereditary 
factors. 

    Age 

 The likelihood of colorectal cancer diagnosis 
increases after the age of 40 and rises sharply 
after age 50 [ 2 ,  16 ]. More than 90 % of colorectal 
cancer cases occur in people aged 50 or older and 
the incidence rate is more than 50 times higher in 
persons aged 60–79 years than in those younger 
than 40 years [ 16 – 18 ]. However, colorectal can-
cer appears to be increasing among younger 
 persons and in fact, in the United States, colorec-
tal cancer is now one of the ten most commonly 
diagnosed cancers among men and women aged 
20–49 years [ 12 ,  19 ,  20 ].  

    Personal History of Adenomatous 
Polyps 

 Neoplastic polyps of the colorectum, namely 
tubular and villous adenomas, are precursor 
lesions of colorectal cancer [ 8 ]. Nearly 95 % of 
sporadic colorectal cancers develop from these 
adenomas [ 18 ]. The lifetime risk of developing a 
colorectal adenoma is nearly 19 % in the US pop-
ulation [ 2 ,  3 ]. An individual with a history of 
adenomas has a much higher risk of developing 
colorectal cancer than individuals with no previ-
ous history of adenomas [ 21 ]. A long latency 
period, estimated at 5–10 years, is usually 
required for the development of malignancy from 

adenomas [ 21 ,  22 ]. Detection and removal of an 
adenoma prior to malignant transformation may 
reduce the risk of colorectal cancer [ 23 ]. However, 
a history of adenomatous polyps or localized car-
cinoma is associated with an increased develop-
ment of metachronous colorectal cancer [ 21 ].  

    Personal History of Infl ammatory 
Bowel Disease 

 Infl ammatory bowel disease (IBD, ulcerative 
colitis and Crohn’s disease) increase an individu-
al’s overall risk of developing colorectal cancer 
[ 17 ]. The extent and duration of disease are asso-
ciated with increased risk which has been esti-
mated between 4 and 20 fold [ 7 ]. Therefore, 
regardless of age, individuals with IBD are highly 
encouraged to be screened for colorectal cancer 
on a more frequent basis.  

    Family History of Colorectal Cancer or 
Adenomatous Polyps 

 While the majority of colorectal cancers occur in 
persons without a family history or a predispos-
ing illness, up to 20 % of people who develop 
colorectal cancer have family history of colorec-
tal cancer [ 2 ,  24 ]. People with a history of 
colorectal cancer or adenomatous polyps in one 
or more fi rst-degree relatives are at increased 
risk. It is higher in people with a stronger family 
history, such as a history of colorectal cancer or 
adenomatous polyps in any fi rst-degree relative 
younger than age 60; or a history of colorectal 
cancer or adenomatous polyps in two or more 
fi rst-degree relatives at any age [ 25 ]. The 
increased risk is most likely due to inherited 
genes, shared environmental factors, or some 
combination of these.  

    Inherited Genetic Risk 

 Approximately 5–10 % of colorectal cancers are 
a consequence of recognized hereditary condi-
tions [ 9 ]. The most common inherited conditions 
are familial adenomatous polyposis (FAP) and 
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hereditary non-polyposis colorectal cancer 
(HNPCC). HNPCC is associated with mutations 
in genes involved in the DNA repair pathway, 
namely the  MLH1  and  MSH2  genes [ 2 ,  26 ]. FAP 
is caused by mutations in a the tumor suppressor 
gene the  APC  gene [ 6 ]. 

 HNPCC may account for about 2–6 % of 
colorectal cancers and the lifetime risk of colorec-
tal cancer in people with the recognized HNPCC- 
related mutations may be as high as 70–80 % and 
the average age at diagnosis is the mid-40s [ 2 ,  17 , 
 27 ,  28 ].  MLH1  and  MSH2  mutations are also 
associated with an increased relative risk of a 
number of other cancers, including several extra- 
colonic malignancies (cancer of the uterus, stom-
ach, small bowel, pancreas, kidney and ureter) 
[ 2 ]. FAP accounts for less than 1 % of all colorec-
tal cancer cases [ 2 ,  17 ,  22 ]. While individuals 
with HNPCC develop only a few adenomas, peo-
ple with FAP characteristically develop hundreds 
of polyps, usually at a relatively young age. One 
or more these adenomas typically undergoes 
malignant transformation as early as age 20 [ 22 ]. 
By age 40, almost all people with this disorder 
will have developed cancer if the colon is not 
removed [ 2 ,  17 ].  APC -associated polyposis con-
ditions are inherited in an autosomal dominant 
manner. Approximately 75–80 % of individuals 
with  APC -associated polyposis conditions have 
an affected parent.   

    Environmental Risk Factors 

 Colorectal cancer is widely considered to be an 
environmental disease, with “environmental” 
defi ned broadly to include a wide range of often 
ill-defi ned cultural, social, and lifestyle factors. 
As such, a large proportion of colorectal cases are 
theoretically preventable [ 5 ,  29 ]. Some of the evi-
dence of environmental risk comes from studies 
of migrants and their offspring. Migrants moving 
from low risk to high risk countries, experience 
incidence rates that increase toward those typical 
of the population of the host country [ 7 ,  29 ]. 
Colorectal cancer incidence in the offspring of 
Japanese migrants to the US now approaches or 
surpasses that in the white population, and is 
three or four times higher than among the 

Japanese in Japan [ 2 ,  5 ]. Apart from migration, 
other geographical factors such as living in urban 
areas increases the incidence of colorectal cancer. 
In fact, urban residence is a stronger predictor of 
risk than location of birth [ 7 ]. This excess inci-
dence in urban areas is more apparent among 
men and less apparent for rectal cancer [ 5 ]. 

    Nutritional Practices 

 Diet strongly infl uences the risk of colorectal 
cancer, and changes in food habits might reduce 
up to 70 % of this cancer burden [ 30 ]. Diets high 
in fat, especially animal fat, are a major risk fac-
tor for colorectal cancer [ 5 ,  7 ]. The implication of 
fat as a possible etiologic factor, is linked to the 
concept of the typical Western diet, which favours 
the development of a bacterial fl ora capable of 
degrading bile salts to potentially carcinogenic 
 N -nitroso compounds [ 31 ]. High meat consump-
tion has also been implicated in the development 
of colorectal cancer [ 31 ,  32 ]. The positive asso-
ciation with meat consumption is stronger for 
colon cancer than rectal cancer [ 31 ]. Potential 
underlying mechanisms for a positive association 
of red meat consumption includes the presence of 
heme iron in red meat [ 32 ,  33 ,  35 ]. In addition, 
meats cooked at high temperatures produce het-
erocyclic amines and polycyclic aromatic hydro-
carbons both of which are believed to have 
carcinogenic properties [ 32 ,  34 ]. In addition, 
some studies suggest that diets low in fruits and 
vegetables increase the risk of colorectal cancer 
[ 17 ]. Differences in dietary fi ber may be also 
responsible for the geographical differences in 
the colorectal incidence rates [ 7 ]. Increased 
intake of dietary fi ber may dilute fecal content, 
increase fecal bulk, and reduce transit time [ 2 ].  

    Physical Activity and Obesity 

 Several lifestyle-related factors have been linked 
to colorectal cancer. Two modifi able and inter- 
related risk factors, physical inactivity and excess 
body weight, are reported to account for about a 
fourth to a third of colorectal cancers [ 2 ,  5 ,  21 , 
 34 ,  36 ]. Sustained moderate physical activity 
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raises the metabolic rate and increases maximal 
oxygen uptake [ 21 ]. In the long term, regular 
periods of such activity increase the body’s meta-
bolic effi ciency and capacity, as well as reducing 
blood pressure and insulin resistance [ 35 ]. In 
addition, physical activity increases gut motility 
[ 2 ]. The lack of physical activity in daily routines 
also can be attributed to the increased incidence 
of obesity in men and women, another factor 
associated with colorectal cancer [ 21 ,  37 ]. 
Several biological correlates of being overweight 
or obese, notably increased circulating estrogens 
and decreased insulin sensitivity, are believed to 
infl uence cancer risk, and are particularly associ-
ated with excess abdominal adiposity indepen-
dently of overall body adiposity [ 21 ]. However, 
the increased risk associated with overweight and 
obesity does not seem to result merely from 
increased energy intake; it may refl ect differ-
ences in metabolic effi ciency [ 21 ].  

    Cigarette Smoking 

 The association between tobacco cigarette smok-
ing and lung cancer is well established, but smok-
ing also is extremely harmful to the colon and 
rectum. Evidence suggests that 12 % of colorec-
tal cancer deaths are attributed to smoking [ 38 ]. 
The carcinogens found in tobacco increase can-
cer growth in the colon and rectum, and increase 
the risk of being diagnosed with this cancer [ 17 ]. 
Cigarette smoking is important for both forma-
tion and growth rate of adenomatous polyps, the 
recognized precursor lesions of colorectal cancer 
[ 39 ]. Larger polyps found in the colon and rec-
tum were associated with long-term smoking. 
Evidence also demonstrates an earlier average 
age of onset incidence of colorectal cancer among 
men and women who smoke cigarettes [ 38 ,  40 ].  

    Heavy Alcohol Consumption 

 As with smoking, the regular consumption of 
alcohol may be associated with increased risk of 
developing colorectal cancer. Alcohol consump-
tion is a factor in the onset of colorectal cancer at 
a younger age as well as a disproportionate 

increase of tumors in the distal colon [ 38 ,  40 ]. 
Reactive metabolites of alcohol such as acetalde-
hyde can be carcinogenic [ 41 ]. There is also an 
interaction with smoking [ 38 ]. Tobacco may 
induce specifi c mutations in DNA that are less 
effi ciently repaired in the presence of alcohol 
[ 41 ]. Alcohol may also function as a solvent, 
enhancing penetration of other carcinogenic mol-
ecules into mucosal cells [ 41 ]. Additionally, the 
effects of alcohol may be mediated through the 
production of prostaglandins, lipid peroxidation, 
and the generation of free radical oxygen species 
[ 41 ]. Lastly, high consumers of alcohol may have 
diets low in essential nutrients, making tissues 
susceptible to carcinogenesis [ 2 ].   

    Economics and Financial Issues 

 Rectal cancer is common and is expensive to 
treat. This economic burden is challenging to 
quantify and some of the following observations 
may not be applicable outside of a fee for service 
health system. Emotionally receiving a diagnosis 
of cancer is stressful for the patient, family and 
health care team. In addition to the emotional 
impact, treatment of rectal cancer is associated 
with time and fi nancial issues. The time associ-
ated with different aspects of treatment are esti-
mated in Table  2.1  and can total 39–60 weeks.

   Obtaining data on the costs associated with 
rectal cancer treatment is diffi cult. In the United 
States charge data is available but cost data is sig-
nifi cantly more diffi cult to obtain. Using SEER- 
Medicare data from 1996 to 2002 Lang and 
associates estimated that lifetime excess costs at 
$26,500 for rectal cancer patients [ 42 ]. Huag and 
colleagues using health insurance data from 
Germany on patients diagnosed with rectal can-
cer between 2007 and 2010 calculated the mean 
incremental annualized coast to range $25,000 to 
$45,000 [ 43 ]. Additional charge estimates for 
aspects of rectal cancer treatment are also listed 
in Table  2.1  and average $72,000 to $75,000. 
Traditionally, charges have varied from 30 to 
50 % of collectable fees which approximate 
costs. Finally, the time lost from work or other 
activities is an opportunity cost that is real but 
almost impossible to value.  
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    Conclusion 

 Rectal cancer is common and several factors 
considered to be causally associated with the 
development of colorectal cancer. For 
instance, the risk of colorectal cancer is clearly 
increased by a Western diet. Genes responsi-
ble for the most common forms of inherited 
colorectal cancer have also been identifi ed. 
Fortunately, the vast majority of cases and 
deaths from colorectal cancer can be pre-
vented by applying existing knowledge about 
cancer prevention. Appropriate dietary 
changes, regular physical activity and mainte-
nance of healthy weight, together with tar-
geted screening programs and early therapeutic 
intervention could, in time, substantially 
reduce the morbidity and mortality associated 
with colorectal cancer.     
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    Abstract  

  An understanding of the physiology and structure of rectum and anus, 
their related structures within the pelvis, and their embryological origins, 
is important when considering rectal cancer surgery in terms of precise 
dissection in anatomical planes, oncological clearance and functional 
impact for the patient. This includes sphincter preservation with restora-
tion of gastrointestinal continuity, as well as preservation of urinary and 
sexual function. It is by a deeper understanding of pelvic anatomy 
and embryology that due to the proximity of pelvic structures damage and 
potential for functional compromise may be avoided when planning and 
carrying out rectal cancer treatment strategies. This chapter gives an over-
view of pelvic anatomy and physiology with specifi c reference to the oper-
ative technical considerations but also underpins the principles by which 
pre-operative staging assessment and adjuvant treatment are conducted in 
the overall management of rectal cancer.  
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  3      Anatomy and Physiology 
of the Rectum and Anus 

           Mike     Chadwick     

        Introduction 

 To understand the principles of anatomy and 
physiology of the rectum and anus and the 
 rationale for surgical treatments for the manage-
ment of rectal cancer one needs to understand the 
structure of the alimentary tract as a whole as 
well as its embryology. It is then, by a deeper 
understanding of pelvic anatomy and embryol-
ogy, that damage due to the proximity of pelvic 
structures and potential for functional compromise 
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may be avoided when planning and carrying out 
rectal cancer treatment strategies.  

    Structural Overview 

 The gut tube is composed of an inner mucosal 
layer, supported throughout its length by a sub-
mucosal layer made up of connective tissue, 
blood and lymphatic vessels, secretor-motor 
nerve fi bres and smooth muscle – the muscularis 
mucosae. Centrifugal to this layer lie two layers 
of circular and longitudinal smooth muscle with 
interdigitations of the intrinsic nerve supply of 
the gut – the myenteric plexi of Meissner and 
Auerbach. The outer layer of the gut tube is the 
closely applied fascial tissue known as serosa. 

 The blood supply, venous and lymphatic 
drainage of the gut is arranged in mesenteries. 
The vessels are surrounded and supported by 
areolar tissue and fat encased in very thin fascia. 
These mesenteries are, to a greater or lesser 
extent, shortened or lengthened according to the 
functional regions of the gut. Where mobility or 
expansion is required for a given section of the 
alimentary tract the gut tube and its mesentery 
are completely covered in peritoneum. This is 
why the stomach, fi rst part of duodenum, the 
entirety of the small intestine, transverse and sig-
moid colon are considered “peritoneal”. They 
have long mobile mesenteries and have the poten-
tial to volve. The lower oesophagus, second third 
and fourth part of the duodenum, ascending and 
descending colon and upper rectum and their 
mesenteries are simply covered on their ventral 
surface by peritoneum and thus referred to as ret-
roperitoneal portions of the gut. They have rela-
tively shorter mesenteries and can never volve. 
These portions of the gut tube have come to lie in 
their “normal” positions as a result of embryo-
logical rotation of the gut.  

    Embryological Overview 

 The alimentary tract is a continuous tube, passing 
though the body cavity. It derives its origin from 
the endoderm of the embryological tri-laminar 

disc. The middle embryological layer, or 
mesoderm, provides the origin of the blood sup-
ply and lymphatic drainage of the gut (the mesen-
teries) encased within fascial layers and covered 
in peritoneum as well as the skeletal muscles 
encasing the abdomen and pelvis. The remaining 
embryological layer, the ectoderm, provides the 
origin of the skin of the lips and the sensate area 
of the anus and anal canal as far as the dentate line 
as well as the extrinsic autonomic nerve supply to 
the gut. Thus the gut tube provides a portal from 
one end of the ectoderm to another. The gut tube 
is divided functionally and anatomically into fore-
gut – mouth to second part of duodenum, midgut – 
second part of duodenum to distal transverse 
colon, and hindgut – distal transverse colon to 
upper anal canal. Whilst the foregut is responsible 
for digestion of foodstuff, and the midgut for 
absorption and assimilation of derived nutrients 
and electrolytes, the hindgut is chiefl y responsible 
for conservation of water by  reabsorption. There 
are corresponding lymphovascular supplies tak-
ing origin from the coeliac axis, superior and infe-
rior mesenteric arterial roots respectively. (At the 
extremes of the alimentary tract the mouth, 
tongue, pharynx and upper oesophagus are sup-
plied by branches of the carotid arteries; the 
anus and lowermost rectum are supplied by 
branches of the pudendal arteries.) The gut tube 
develops within a coelomic cavity whose lining 
becomes the peritoneum.  

    Embryology of the Anorectum 

 The anorectum dorsally is linked ventrally to the 
ureters, allantois and Wolffi an/Mullerian ducts 
(the embryological origin of the urinary bladder, 
gynaecological/andrological tracts), opening into 
a sac termed the cloaca. A urorectal septum of 
mesodermal tissue separates the allantois from 
the hindgut (see Fig.  3.1 ). A primordial external 
pouch, the proctodaeum, is initially lined 
with ectoderm which, fused with the endoderm 
of the cloaca, becomes elongated and divided 
by the urorectal septum. This septum will 
become the rectovaginal septum in the female 
and Denonvilliers’ fascia in the male.  
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 At this point the urorectal septum and procto-
deal membrane become the perineal body and 
overlying skin and the now separated anterior 
and posterior portions of proctodaeum, fused 
with cloacal endoderm, become the urogenital 
membrane and anal membrane respectively. 
These membranes indent and become the uro-
genital sinus and anorectal canal at about the sev-
enth week of gestation. The anorectal membrane 
perforates by degeneration leaving a differentia-
tion gradient from rectal columnar epithelium 
through to squamous keratinised epithelium 
within the anal canal. This corresponds to the 
region of mucosa just above the dentate line. 

 The embryology of the urogenital sinus and 
ventral attachments to the cloaca account for the 
proximity of the genital structures, and their neu-
rovascular supply, to the anorectum – in particu-
lar the posterior vaginal wall in the female and 

seminal vesicles and prostate in the male. It is 
therefore important to understand the  embryology 
and anatomy of these structures when consider-
ing the need for oncologically benefi cial surgery 
and its potential effects on sexual and urinary 
function. 

 Oncological principles regarding rectal cancer 
surgery derive from the fact that the blood supply 
and lymphatic drainage of almost the entire rec-
tum are visceral, via the superior rectal artery, 
and associated lymphatics, from the hindgut orig-
inator vessel, the inferior mesenteric artery. The 
lymphovascular supply is encased, as are all mes-
enteries, in a fascial layer. In the case of the 
mesorectum this capsule is termed the mesorectal 
fascia and constitutes part of the endopelvic fas-
cia. The mesorectal fascia separates the visceral 
rectum from the somatic pelvis but also from the 
fascial septum of the genital organs – the recto-
vaginal septum in females and Denonvilliers 
 fascia in males.  

    Anatomy of the Rectum 

 The rectum is the last absorptive and propulsive 
part of the gastrointestinal tract and bridges the 
last 15–20 cm of gut from sacral promontory to 
anal orifi ce, its mesentery wrapped in mesorec-
tal fascia, lying anterior to the sacral concavity, 
superior to the anal hiatus of the pelvic fl oor 
muscles, posterior to the rectovaginal septum 
vagina and uterus/ Denonvilliers’ fascia, pros-
tate seminal vesicles and bladder. The anal canal 
lies at a dorsal angle of 90–100° to the rectum 
due to tonic contraction of the puborectalis 
 muscle of the pelvic fl oor. This is known as the 
anorectal angle. 

 The rectum can be divided functionally and 
anatomically into two parts: the upper part being 
mainly propulsive and sharing a similar diameter 
to the sigmoid above; the lower part, being mainly 
for storage, is dilated, sometimes considerably, to 
form the rectal ampulla. The rectum is recognisa-
bly different from the colon at surgery due to the 
absence of appendices epiploicae and the diffusion 
of longitudinal muscle bands (teniae coli) to form 
a continuous longitudinal smooth muscle layer. 

Cloacal membrane

Proctodaeum

Urogenital membrane

Perineum

Anal membrane Anorectal canal

Urinary bladder

Urorectal septum

Cloaca

Hindgut

Urorectal septum

Allantois

  Fig. 3.1    Embryonal development of the cloaca 
(Reproduced from Schunke M, et al. Promethius 
LernAtlas der Anatomie, vol. 2. 3rd ed. Stuttgart: Thieme 
Publ.; 2012, with permission)       

 

3 Anatomy and Physiology of the Rectum and Anus



24

 The upper two thirds of the anterior rectal wall 
are covered by peritoneum. The rest of the rec-
tum and its mesorectal package are retro/extra-
peritoneal. The pelvic peritoneum covering the 
rectum thickens and refl ects laterally and anteri-
orly to cover the ureters, endopelvic fasciae, pos-
terior bladder and seminal vesicles and prostate 
in the male (the rectovesical pouch). The pelvic 
peritoneum covers the uterus and fallopian tubes 
(the broad ligament), posterior cervix and poste-
rior vaginal fornix in the female (rectouterine 
pouch of Douglas). It is continuous with the pari-
etal peritoneum of the anterior abdominal wall. 

    Blood Supply to the Rectum 

 The visceral blood supply to the rectum is from 
the inferior mesenteric artery via the superior 
rectal artery dividing into mesorectal branches 
and comprises at least 80 % of the rectal blood 
supply. The mesorectal branches further ramify 
from posterior to lateral and anteriorly perforat-
ing the muscle layers of the rectal wall to supply 
the muscles, submucosa and mucosa. They 
descend in the muscle and submucosal layers 
towards the upper anal canal. 

 These mesorectal arteries anastomose at capil-
lary level with supply from the middle rectal 
arteries which are branches of the internal iliac 
arteries to supply that portion of the rectum pass-
ing through the pelvic fl oor. They are inconsis-
tently present and are only bilaterally detectable 
as distinct vessels in 10 % of individuals. They 
pass with rectal branches of the inferior hypogas-
tric nerve plexi in fascial condensations com-
monly, but not universally, recognised as the 
“lateral ligaments”. 

 Below the pelvic fl oor the remainder of the 
blood supply to the anorectum is from the supe-
rior haemorrhoidal (also known as the inferior 
rectal) arteries which, passing through the ischio-
anal space, are branches of the internal pudendal 
arteries which pass through Alcock’s canal, 
themselves branches of the internal iliac arteries. 
Thus there is a connection between visceral and 
somatic blood supplies – inferior mesenteric and 
internal iliac.  

    Venous Drainage of the Rectum 

 Via multiple veins within the mesorectum most 
blood drains to the inferior mesenteric vein 
(IMV) which drains into the splenic vein behind 
the pancreas. The IMV is seen within the 
descending colonic mesentery passing behind the 
pancreas at the level of the ligament of Treitz at 
the duodenojejunal fl exure. The blood then enters 
the portal venous system and it is thought that 
hepatic metastases arise by haematogenous 
spread via this route. 

 There is a rich network of venous connec-
tions within the mesorectum, however, and 
some of the rectal blood supply also drains via 
the inferior rectal veins to the internal iliac 
veins. It is thought that via this route distant 
extrahepatic metastases (e.g. lung) arise by hae-
matogenous spread. 

    Operative Signifi cance 
 The inferior mesenteric artery is divided close 
to its origin from the aorta at curative rectal can-
cer surgery taking care to avoid damaging the 
hypogastric nerve plexus. This often results in 
taking the ascending left colic branch which 
supplies the descending colon and anastomo-
ses variably with the marginal artery from the 
distal branches of the middle colic arteries 
 supplying the transverse colon, whose origin is 
the superior mesenteric artery (SMA). Once 
the specimen is resected the residual colon to 
be anastomosed to the anorectum at the pelvic 
fl oor can therefore be considered a pedicled 
fl ap, whose sole blood supply is then the mar-
ginal artery. 

 The IMV can cause signifi cant tethering 
of the colonic pedicle if not divided high 
near the ligament of Trietz. This manoeuvre is 
important in ensuring a tension free coloanal 
anastomosis. 

 It is thanks to the multiplicity of blood 
 supply to the lowermost anorectal muscle 
and mucosa that coloanal anastomoses are pos-
sible. Thus marginal arterial supply from the 
SMA meets pudendal arterial supply from 
the internal iliac arteries to perfuse the healing 
anastomosis.   
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    Lymphatic Drainage of the Rectum 

 Lymphatic drainage of the rectum is mainly in a 
cranial direction from the submucosa to mesorec-
tal lymph nodes to inferior mesenteric lymph 
nodes and then para-aortic nodes. Thus typical 
patterns of lymph node involvement present 
themselves in cases of rectal cancer. However 
given the presence or absence of middle rectal 
vessels drainage to lateral pelvic sidewall or 
internal iliac nodes is also possible. Thus lateral 
pelvic lymph node metastases may also occur but 
tend to happen with more locally advanced mid 
to lower rectal cancers which have breached the 
circumferential mesorectal fascial margin.  

    Nerve Supply to the Rectum 

 The rectum is neurally supplied by the autonomic 
nervous system. This comprises an intrinsic 
(myenteric & submucosal) and extrinsic sympa-
thetic and parasympathetic system. The intrinsic 
system consists of a network of nerve plexi and 
ganglia supplying the mucosa, submucosa and all 
muscle layers of the rectum. Responsive to 
stretch and chemical stimuli, the intrinsic system 
is chiefl y responsible for motility, secretion, 
absorption, perception and immune function. 
These nerve plexi are linked to the central ner-
vous system by autonomic sympathetic and para-
sympathetic nerves via ganglia to spinal visceral 
afferents. 

 The sympathetic nerves reach the rectum via 
the superior sympathetic pre-aortic, and inferior 
mesenteric plexi which condense to form the 
hypogastric bundle which then divides below the 
aortic bifurcation anterior to the sacral promon-
tory into right and left hypogastric nerves. These 
then course laterally in the pelvis and join spinal 
parasympathetic nerves (pelvic splanchnic 
nerves), which exit the sacral foramina with 
sacral nerves 2, 3 and 4, to form the inferior 
hypogastric plexi, branches of which form the 
rectal plexus to supply the rectum on each lateral 
side through the aforementioned fascial conden-
sations known as the lateral ligaments. The infe-
rior hypogastric plexus then continues anteriorly 

as a condensation within neurovascular bundles 
to supply the urinary bladder and cavernous 
nerves of sexual function.   

    Fascial Layers of the Pelvis 

 The pelvis and its contents can be thought of as a 
series of concentric and eccentric fascial layers 
and spaces rather like an onion/shallot in which 
another eccentric allium has grown. Working 
from outside to in, the bony pelvis is covered in 
periosteum, a musculoaponeurotic layer includ-
ing the iliopsoas, obturators, piriformis and pel-
vic fl oor muscles, nerve roots, somatic nerves of 
the lumbar and sacral plexi, and blood vessels 
including the iliac vessels and their branches. 
Anterior to the sacrum this layer is known as the 
pre-sacral space which contains areolar tissue 
and signifi cant presacral veins which can be eas-
ily damaged causing massive haemorrhage with-
out careful dissection in the correct plane. 

 This layer is then encased in the parietal pel-
vic fascia. Anterior to the sacral concavity this is 
known as presacral fascia. Laterally below the 
level of the peritoneal refl ection this fascia invag-
inates centrally on either side toward the meso-
rectum to allow the passage of the rectal nerve 
plexi and middle rectal arteries (if present) to 
supply the rectal wall. The posterior and anterior 
leaves of these fascial invaginations condense 
with the neurovascular bundles to form the “lat-
eral ligaments” also described as rectal pedicles 
or “T junctions” (Fig.  3.2 ). They offer no support 
mechanism merely a conduit for neurovascular 
supply.  

 Inferiorly the parietal pelvic fascia thickens 
over the pelvic fl oor musculature and is known as 
Waldeyer’s fascia (Fig.  3.3 ). Anterior to the rec-
tum and posterior to the urogenital organs the 
parietal fascia overlies the perineal body and 
anterior and posterior leafl ets of this fascia rise 
together fused between urogenital organs and 
anterior rectum forming a rectogenital septum to 
reach the most caudal portion of the peritoneum – 
the pouch of Douglas/rectovesical pouch. It con-
tinues laterally and is continuous with the lateral 
aspects of the presacral fascia. This condensation 
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of fascia is of considerable density in its upper 
portions and can clearly be seen in two layers 
(Fig.  3.3 ) with the magnifi ed views obtained at 
laparoscopic and robotic surgery, and histopatho-
logically. However, inferiorly it is less distinct in 
the male and appears to fuse with the prostatic 
capsule. It is the embryological urorectal septum 
or rectogenital septum in the adult and as 
described before constitutes the rectovaginal sep-
tum in the female and Denonvilliers’ fascia in the 
male. (It can be severely damaged and rendered 
vestigial in females after childbirth. This contrib-
utes to the formation of rectocoeles.) It  effectively 
divides the pelvis into anterior and posterior 
(anterior/middle and posterior in females) com-
partments from now on.  

    Posterior Compartment 

  Outer Layer 1  is the retrorectal space which con-
tains the hypogastric nerves, inferior hypogastric 
plexi (and middle rectal vessels if present). These 
extrinsic autonomic nerves therefore all lie 
between peritoneum, parietal presacral fascia and 
mesorectal fascia covered by a fl imsy  fascial 

sheath (pre-hypogastric nerve fascia). This layer 
also contains the inferior posterolateral pelvic 
portions of the ureters and gonadal vessels. 

  Middle Layer 2  is the endopelvic visceral 
fascia of the rectum or mesorectal fascia. The 
mesorectum is wrapped around by the mesorectal 
fascia which is considerably more substantial 
posteriorly where under tension at surgery it can 
lead to the appearance of bilateral bulges. 

 It fuses with the parietal fascia at the lateral 
ligaments and at the level of S4 with Waldeyer’s 
fascia as it passes through the pelvic fl oor. 

  Inner layer 3  is the mesorectum and rectum 
itself.  

    Anterior Compartment 

  Outer Layer 1  contains the anterior pelvic por-
tions of the ureters and gonadal vessels and vasa 
deferentia. 

  Middle Layer 2  is the endopelvic visceral 
fasciae of the urogenital organs. The fasciae are 
generally thin and fl imsy. They include ureteric 
sheaths and gonadal vessel sheaths, perivesical 
fascia, and fascia overlying the prostate and 

Rectal
fascia

Presacral
fascia

Middle rectal
artery

Inferior hypogastric
plexus

Pelvic splanchnic
nerves

Hypogastric
nerve

Superior rectal
artery

MesorectumRectoprostatic septum
(Denonvillier’s fascia)

  Fig. 3.2    Perirectal spaces, 
sagittal section of male pelvis, 
left view. The rectum and the 
surrounding mesorectum are 
pushed towards the contralat-
eral side to illustrate the 
course of the autonomic 
pelvic nerves along the pelvic 
wall (Reproduced from 
Schunke M, et al. Promethius 
LernAtlas der Anatomie, 
vol. 2. 3rd ed. Stuttgart: 
Thieme Publ.; 2012, 
with permission)       
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 seminal vesicles and vasa deferentia in the male, 
and vagina, cervix and uterus in the female. pel-
vic urogenital organs and related blood vessels. 

  Inner layer 3  contains the aforementioned 
urogenital organs. 

 The central lining layer of the pelvis is the pel-
vic peritoneum as described above.  

    Oncological and Functional 
Signifi cance of the Mesorectal Fascia 

 It has been demonstrated that the quality of the 
resected specimen (intactness of the mesorectal 
fascia) and lack of tumour involvement of the cir-
cumferential resection margin are independent 
prognostic markers for local recurrence after rec-
tal cancer resection. Thus a clear understanding 

and recognition of the mesorectal fascia and the 
surgically distinct avascular plane around it is 
essential for producing a complete specimen 
removal with an intact fascia for the success of 
surgery as the primary curative treatment for 
 rectal cancer. Remaining in the correct plane 
between the mesorectum and parietal pelvic 
 fascia and rectogenital septum facilitates identifi -
cation of, and reduces the likelihood of damage 
to, the neurovascular structures important in 
maintaining normal urogenital function. These 
are therefore the principles by which the total 
mesorectal excision (TME) was popularised. 

 Tumours which lie within 1 mm of the meso-
rectal fascia are considered “circumferential 
resection margin-positive” so even with an 
 optimal surgically resected specimen there is a 
high risk for local recurrence in these cases. It has 

  Fig. 3.3    Perirectal fascia, 
mediosagittal section of male 
pelvis, left view. The 
endopelvic mesorectal fascia 
and parietal pelvic presacral 
fascia are highlighted to 
illustrate the perirectal 
mesorectum and retrorectal 
and presacral spaces (planes). 
Of note the retrorectal space 
(“mesorectal plane”) is free of 
blood vessels and nerves and 
corresponds to the correct 
surgical plane for rectal 
mobilisation during total 
mesorectal excision 
(Reproduced from 
Schunke M, et al. 
Promethius LernAtlas der 
Anatomie, vol. 2. 3rd ed. 
Stuttgart: Thieme Publ.; 2012, 
with permission)       
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also been shown that high resolution preoperative 
imaging in the form of MRI has helped to predict 
a threatened CRM by recognition of the mesorec-
tal fascia and the proximity of such tumours. In 
these cases, as part of a multidisciplinary 
appraisal, selective neoadjuvant treatment in the 
form of chemoradiotherapy may be offered to 
patients to improve their risk of local recurrence.   

    Anatomy of the Anus 

 The rectal ampulla narrows at the level of the pel-
vic fl oor at the anorectal junction and becomes 
the upper anal canal which extends caudally and 
posteriorly towards the anal orifi ce. The anal 
canal is on average 3.5–5 cm long. 

    Anal Mucosa 

 The columnar mucosa of the rectum becomes 
stratifi ed squamous and non-keratinised within 
the anal canal (anoderm) from the dentate line, 
and then keratinised at the anal verge. The ano-
derm is devoid of glands and hair. The dentate 
line marks the transitional zone where endoderm/
cloacal lining meets ectoderm/proctodeal lining 
and this explains the sensate nature of the lower 
anal canal and relatively asensate upper anal 
canal. It is also therefore the region where vis-
ceral and somatic blood and lymphatic  supplies 
merge. Above the dentate line lie 8–12 vertical 
folds of Morgagni which contain terminal 
branches of the superior rectal artery. Between 
these folds lie pockets/crypts or anal valves and it 
is the alternating pattern of folds and crypts that 
give rise to the teeth-like appearance of the “den-
tate” line (also known as the pectinate line). The 
skin of the anal verge is of a darker pigment than 
the surrounding perianal skin and appears radi-
ally folded due to the underlying corrugator ani 
muscle. The skin has all normal glandular ele-
ments present including sweat, apocrine and 
sebaceous glands. The blood supply is from the 
inferior rectal/haemorrhoidal arteries, branches 
of the pudendal arteries. 

 The anal mucosa is supported by submucosa, 
and two rings of smooth and striated muscle con-
stituting the internal and external anal sphincters 
respectively, which act as a unit known as the 
anal sphincter complex.  

    Anal Submucosa 

 Connective tissue and vascular channels form a 
network at the anorectal junction which extends 
to the dentate line forming the haemorrhoidal 
cushions. These act as valves and are important 
in continence of fl atus and mucus. The arterial 
supply is from the superior rectal artery and 
venous drainage is via channels which perforate 
the internal anal sphincter and drain to the exter-
nal haemorrhoidal venous plexus. This therefore 
means that with normal resting tonic contraction 
of the internal anal sphincter, the haemorrhoidal 
cushions are engorged providing fl atal/mucous 
continence. When the sphincter relaxes before 
defaecation the complexes drain to the external 
venous haemorrhoidal plexus reducing the vol-
ume of anorectal tissue, facilitating the passage 
of stool.  

    Anal Sphincter Complex 

  The internal anal sphincter  is composed of cir-
cular smooth muscle derived from the lowermost 
circular muscle of the rectum. It is shorter than 
the external sphincter and is closely applied to 
the overlying anoderm below the dentate 
line. Above the dentate line the submucosal 
haemorrhoidal complexes separate it from the 
mucosa within and just above the anal canal. The 
subcutaneous part of the external anal sphincter 
overlies the internal sphincter creating an inter-
sphincteric groove at the anal verge. 

  The longitudinal smooth muscle  fi bres of 
the lowermost rectal wall also descend between 
the internal and external sphincters and fuse with 
fi bres of the puborectalis muscle to form conjoint 
longitudinal muscle fi bres which, after diverging, 
insert centrally into the perianal skin (the 
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 corrugator ani muscle), and peripherally into 
superfi cial perineal fascia – the fl oor of the 
ischioanal space, separating it from the subcuta-
neous perianal space. 

  The external anal sphincter  is attached to 
the internal anal sphincter by the connective tis-
sue and longitudinal muscle fi bres within the 
interpshincteric plane. It forms an elliptical cylin-
der up to 15 mm thick composed of mainly slow- 
twitch type 1, striated muscle fi bres enabling 
prolonged contraction and basal tone. It is divided 
axially by septa at three levels. 

 The uppermost level is at the anorectal ring 
and the fi bres coalesce with the puborectalis 
muscle. It is this attachment which allows 
changes in the anorectal angle upon puborectalis 
contraction during defaecation. This upper part 
is less well developed anteriorly in females – a 
normal fi nding on endoanal ultrasound. The 
appearance of this segment should not be con-
fused with scarring as evidence of previous 
obstetric injury. 

 The middle, more superfi cial, segment is 
fi rmly attached to the anococcygeal ligament 
posteriorly and perineal body anteriorly. The 
most distal subcutaneous portion of the sphincter 
surrounds the anal orifi ce and extends deep to the 
perianal skin below the most caudal border of the 
internal anal sphincter (Fig.  3.4 ).    

    The Pelvic Floor 

 The pelvic fl oor comprises a musculofi brous sys-
tem of parietal pelvic fascia (previously dis-
cussed), a pelvic diaphragm and a urogenital 
diaphragm. 

  The pelvic diaphragm  or “levator ani com-
plex” (Fig.  3.5 ) consists of striated paired mus-
cles (left and right coccygei, iliococcygei, 
pubococcygei) and the puborectalis muscle. 
Shaped like a part-fl attened funnel the muscles 
descend and fuse with the external anal sphincter. 
Pubococcygeus acts like a hammock. Some of 
the fi bres of each pubococcygeus decussate to 
blend with longitudinal rectal wall fi bres as they 
pass through the pelvic fl oor to form the conjoint 
longitudinal muscle. Puborectalis acts as a sling 
and pulls the anal canal toward the pubis. This 
has the action of reducing the anorectal angle, 
necessary for initiating defaecation. The muscles 
are poorly developed in a female compared with 
a male which allows for childbirth but risks func-
tional evacuatory problems later in life.  

  The urogenital diaphragm  (Fig.  3.6 ) is a 
musculofi brous plate extending from the inferior 
aspect of the pubis bilaterally to the perineal body 
and consists of the deep and superfi cial transver-
sus perinei muscles and smooth muscle fi bres bor-
dering the anal and urogenital hiatus, created by a 

  Fig. 3.4    Rectum, anal canal and pelvic 
fl oor, frontal section, anterior view. The 
levator ani muscle originates at the 
tendineus arc on both sides and forms 
the funnel shaped pelvic diaphragm 
extending down to the external anal 
sphincter. The triangular space delimited 
by the levator ani muscle, the internal 
obturator muscle and the superfi cial 
perineal fascia corresponds to the 
ischioanal space. The main pudendal 
nerve branch and internal pudendal 
blood vessels are ensheathed by a 
duplication of the obturator fascia 
(Adcock’s canal) (Reproduced from 
Schunke M, et al. Promethius LernAtlas 
der Anatomie, vol. 2. 3rd ed. Stuttgart: 
Thieme Publ.; 2012, with permission)       
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midline gap in the levator ani muscles of the pel-
vic diaphragm. Most anteriorly is a urethral open-
ing surrounded by the external urethral sphincter 
linked in men to the anterior external anal sphinc-
ter by smooth muscle fi bres of the “rectourethra-
lis”; in females, posterior to the urethral hiatus, a 
vaginal hiatus also is present bounded laterally by 
smooth muscle fi bres of “rectovaginalis”.  

    Nerve Supply 

 The pelvic and urogenital diaphragms are inner-
vated by motor efferents of sacral nerves S2, S3 

and S4 either directly or via the pudendal nerves 
which also carry all somatosensory input from 
the perineal region and the ectodermal lower anal 
canal up to the dentate line. 

 Direct sacral nerves supply motor function to 
the upper fi bres of the pelvic diaphragm/levator 
ani. Providing the surgeon is in the plane between 
mesorectal fascia and parietal pelvic fascia dur-
ing rectal cancer surgery the direct sacral nerves 
to the pelvic fl oor should not be injured. 

 Pudendal nerves, taking origin from sacral 
nerve roots S2, S3 and S4, initially travel out of 
the pelvis with the sciatic nerves via the greater 
sciatic foramina. They then re-enter the pelvis 

  Fig. 3.5    Pelvic fl oor, cranial view. The pelvic diaphragm 
is formed by the levator ani muscle composed of the 
puborectal muscle, pubococcygeal muscles and iliococ-
cygeal muscles. Most of the levator ani muscle originates 
from the tendineus arc (“white line”), which corresponds 
to a condensed connective tissue line of the obturator fas-
cia. The puborectal sling forms a midline gap for the ure-

thra and vagina (urogenital hiatus) and the anal canal (anal 
hiatus). The coccygeal muscles extend from the ischial 
spines to the lateral margins of the coccyx following the 
course of the sacrospinal ligaments (Reproduced from 
Schunke M, et al. Promethius LernAtlas der Anatomie, 
vol. 1. 3rd ed. Stuttgart: Thieme Publ.; 2012, with 
permission)       

  Fig. 3.6    Female pelvic fl oor and urogenital 
diaphragm, caudal view. The urogenital 
hiatus of the pelvic diaphragm is covered 
caudally by the urogenital diaphragm 
composed of the deep and superfi cial 
transverse perinei muscles (Reproduced 
from Schunke M, et al. Promethius 
LernAtlas der Anatomie, vol. 1. 3rd ed. 
Stuttgart: Thieme Publ.; 2012, with 
permission)       
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around the sacrospinous ligaments at the level 
of the ischial spines, through the lesser sciatic 
foramina, below the levator ani in fascial 
sheaths (Alcock’s canals) with internal puden-
dal vessels on each side. Multiple branches pass 
anteriorly through the ischioanal space to 
 supply the anal sphincter and lower fi bres of 
levator ani and sensation to anoderm, perineum, 
scrotum/labia. Dorsal penile/clitoral nerve 
branches then travel above the urogenital, 
below the pelvic diaphragms to supply the 
 cavernous bodies. Terminal branches innervate 
the prostate in the male and vaginal mucosa in 
the female having intermingled with the auto-
nomic neurovascular bundles from within the 
pelvis fi nally to supply the urinary sphincter 
mechanism. 

 The surgeon is mindful of these nerve branches 
with particularly low parts of rectal dissection 
and especially when considering abdominoperi-
neal excisions.   

    The Perineum 

 The perineum is composed of the ischioanal 
space, superfi cial perineal space and perineal 
body. 

  The ischioanal space  lies below and lateral to 
the “funnelled” levators, surrounds the anal 
sphincter complex and extends inferiorly to the 
superfi cial perineal fascia which forms a septum 
linking the ischial tuberosities with the longitudi-
nal muscle fi bres of the intersphincteric space 
and inferior border of the external anal sphincter. 
Laterally it is bound by the obturator interni. It is 
divided posterioinferiorly in the midline by the 
anococcygeal ligament. It is fi lled with areolar 
tissue and fat. 

 Branches of the pudendal vessels and nerves 
run in this space to supply the various structures 
described above. Lymphatic drainage is to the 
deep inguinal lymph nodes. This is why locally 
advanced low rectal adenocarcinoma and anal 
carcinoma may also present with inguinal lymph 
node metastases as well as mesorectal, inferior 
mesenteric, para-aortic and internal iliac node 
involvement. 

  The subcutaneous perineal space  comprises 
the fatty tissue and fi brous septae between the 
superfi cial perineal fascia and the perianal skin. 

  The perineal body  is the thickening of con-
nective tissue where there is a common insertion 
of a posterior attachment from the anterior cor-
rugator ani, superfi cial transversus perinei, the 
external anal sphincter, anorectal ring and central 
fi bres of the puborectalis along with smooth mus-
cle fi bres of rectourethralis most medially and, 
bulbospongiosus anteriorly. Superiorly the peri-
neal body is attached to parietal pelvic fascial 
covering forming the lowermost extent of recto-
genital septum thus linking the perineal body to 
the pelvic peritoneal refl ection (Pouch of Douglas 
in the Female). The rectourethralis is said to mark 
the level of the lowermost border of the recto-
genital septum. 

    Operative Signifi cance 

 Knowledge of the anatomy of this region is 
important when considering abdominoperineal 
excision of the rectum (APER) for very low  rectal 
cancer. The perineal part of the dissection must 
allow complete resection of the anal sphincter 
complex and the low rectal tumour by taking a 
cylinder of perianal fatty tissue through the 
ischioanal space, avoiding pudendal nerve dam-
age, and taking the levators close to their origin 
at the arcus tendineus to avoid “waisting” or 
 narrowing toward the low rectal tumour. As pre-
viously discussed the risk of local tumour recur-
rence is high if the circumferential margins of the 
specimen are involved with tumour. Thus has 
been popularised the extralevator abdominoperi-
neal excision (ELAPE) for low rectal cancer. 

 The proximity of the bulbospongiosus to the 
anterior part of the external anal sphincter, due to 
crossover of fi bres (rectourethralis smooth mus-
cle) at the perineal body and therefore there being 
no discernible dissection plane, makes it particu-
larly challenging to achieve adequate oncological 
resection whist preserving urinary and ejacula-
tory function in the male during APER. Careful 
dissection posterior to the transversus perinei is 
considered the best approach to avoid damage to 
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the urethra and urethral sphincter complex and its 
nerve supply.   

    Defecatory Physiology 
of the Rectum and Anus 

 The anorectum and pelvic fl oor are under neural 
infl uence from visceral autonomic and somatic 
nerve supplies. Their motor nerve cell bodies 
originate in Onuf’s nuclei within the conus 
medullaris of the spinal cord at the neurological 
level of S2-S4. Corticospinal tract nerves synapse 
to allow central nervous system control. The 
pudendal and sacral nerves supply the pelvic 
fl oor, as described above. 

    Muscular Function 

 The pelvic fl oor muscles display tonic activity on 
electromyographic testing in the resting state. 
Muscle fi bre recruitment is increased as abdomi-
nal pressure increases either voluntarily or with 
sneezing/coughing. However with straining the 
pelvic fl oor muscles are seen to relax. This 
enables defaecation by a combination of volun-
tary straining to create a pelvic expulsive force to 
supplement the rectal emptying, propulsive force 
generated by contraction of circular and longitu-
dinal smooth muscle of the rectal wall under the 
infl uence of the parasympathetic splanchnic 
nerves. Defaecation is normally preceded by 
colonic mass movement under the infl uence of 
parasympathetic neurotransmitters such as acetyl 
choline and hormones (e.g. cholecystokinin, gas-
trin). These agents also reduce salt and water 
absorption. Conversely secretormotor activity is 
reduced and absorption of sodium, chloride and 
water is increased under the infl uence of neu-
rotransmitters dopamine and noradrenaline, and 
hormones glucagon, VIP, encephalin, somatosta-
tin. Sleep appears to inhibit colonic contraction 
which dramatically increases on waking and 
feeding (the gastrocolic refl ex). 

 In the normal faecally continent state, the 
internal anal sphincter contributes to the major-
ity (70 %) of the resting tone of the anus. The 

external sphincter contributes a smaller propor-
tion of resting tone but is most active in refl ex 
contraction at times of increased abdominal 
pressure such as when exercising, sneezing or 
coughing. A voluntary component of squeeze 
pressure is also an important function of the 
external sphincter. This voluntary force is also 
contributed to by contraction of the puborectalis. 
A pressure wave generated in the rectal wall can 
be overridden and even reversed by voluntary 
contraction of the EAS and pelvic fl oor. This 
enables the patient to defer defaecation. Indeed 
involuntary phasic, short segment, reverse-peri-
staltic contractions can be observed in the distal 
rectum every 1–2 h. This is thought to contribute 
to continence. Short clusters of rectal wall con-
tractions can also be observed whose signifi -
cance is unknown. 

 The EAS, being composed of mainly slow 
twitch fi bres, whilst having relatively low pres-
sure tonal contraction, is incapable of sustained 
high pressure contraction beyond about 30 s and 
fatigues easily. Resting tone in the normal males 
is on average higher than in females due to 
increased length and bulk of the sphincter com-
plex in men. Similarly voluntary squeeze pres-
sures are considerably (30–50 %) higher. Average 
functional sphincter length in men is 4 cm 
whereas it is about 3.5 cm in women. Typical val-
ues for sphincter tonal resting pressure are around 
70 mmHg for men and 65 mmHg for women 
with maximum squeeze pressures typically 
around 190 and 140 mmHg respectively (Rao 
et al. 1999   ).  

    Recto-Anal Inhibitory Refl ex (RAIR) 

 The EAS is forced to relax during defaecation 
and straining but also due to the recto-anal inhibi-
tory refl ex (RAIR). Rectal distension beyond a 
certain threshold causes a refl ex relaxation of the 
internal anal sphincter (IAS). This allows the rec-
tal contents to be “sampled” to discriminate its 
consistency and necessity to be evacuated. This 
refl ex can be measured by manometry of the anal 
sphincter in response to a rapidly infl ated rectal 
balloon. Normal response is defi ned as a transient 
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25 % drop in resting anal tone. This refl ex is 
absent in congenital aganglionoses (e.g. 
Hirschprung’s disease) and acquired conditions 
such as systemic sclerosis. Disorders of pudendal 
nerve conduction or rectal disorders of structural 
collapse (e.g. intussusception, mucosal prolapse) 
can also lead to complex patterns of faecal incon-
tinence, obstructive defaecation and RAIR fail-
ure (non-relaxation/anismus).  

    Anorectal Sensation 

 The rectal mucosa and wall have little in the 
way of sensory determination except distension 
(stretch). Rectal balloon distension testing has 
been used to defi ne normal, hyposensitive and 
hypersensitivity in the rectum. With incremen-
tal rises in volume of an infl ating balloon within 
the rectal ampulla different measurements can 
be taken e.g. fi rst constant sensation (minimum 
volume perceived by the patient); desire to 
defaecate volume (threshold volume where a 
desire to defaecate is experienced); maximum 
tolerated volume (volume at which patient 
experiences overwhelming desire to defaecate 
due to discomfort). These measurements are 
also possible in patients who have had a proc-
tectomy and coloanal anastomosis suggesting 
that stretch of the pelvic fl oor and colonic wall 
also play a part in sensation. Typical values are 
shown in Table  3.1 .

   Sensation of distension is a function of rectal 
wall compliance, extrinsic afferent nerve integ-

rity and complex central processing of perception 
and behavioural pattern. Therefore balloon dis-
tension testing only provides a guide to the 
 sensitivity of the rectal wall in response to stretch. 
It cannot measure factors extrinsic to the rectum 
involved in its function.  

    Rectal Cancer Management 
Implications 

 In rectal cancer surgery where the whole rectum 
is removed and coloanal anastomosis is per-
formed one can expect reduced thresholds for 
sensation of desire to defaecate and reduced max-
imum tolerated volumes due to the relative non- 
distensibility of colon as compared with the 
rectal ampulla. It is for this reason that modifi ca-
tions in continuity restorative technique have cre-
ated the “colopouch”-anal anastomosis. The 
effective doubling of “neorectal” volume is 
designed to improve defaecatory quality of life in 
terms of frequency, urgency, stool consistency 
and volume. The true benefi t of these techniques 
has not been conclusively proven. 

 Neoadjuvant radiotherapy, certain adjuvant 
chemotherapy (e.g. oxaliplatin) and surgery can 
all have a deleterious effect on nerve function and 
therefore may contribute to postoperative faecal 
continence problems. The use of per-anal stapling 
devices to achieve low colo-anal anastomoses can 
also disrupt the sphincter and the valve effect of 
the haemorrhoidal cushions and mucosa. When 
selecting patients for sphincter-sparing surgery in 

   Table 3.1    Normative values for rectal balloon sensation testing   

 Sensitivity  Sex 
 First constant 
sensation (ml) 

 Desire to 
defaecate (ml) 

 Maximum tolerated 
volume (ml) 

 Normal  Male  40–110  70–190  140–270 
 Female  20–70  60–160  90–270 

 Hyposensitivity  Male  >160  >230  >315 
 Female  >120  >210  >325 

 Hypersensitivity  Male  <70  <140 
 Female  <60  <90 

  From Gladman MA, Scott SM, Chan CL, Williams NS, Lunniss PJ. Rectal hyposensitivity: prevalence and clinical 
impact in patients with intractable constipation and faecal incontinence. Dis Colon Rectum. 2003;46(2):238–46; Chan 
CL, Scott SM, Williams NS, Lunniss PJ. Rectal hypersensitivity worsens stool frequency, urgency and lifestyle in 
patients with urge faecal incontinence. Dis Colon Rectum. 2005;48(1):134–40  
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the treatment of rectal cancer it is important that 
the surgeon and the patient are aware of the 
patient’s pre-existing sphincter function and qual-
ity of life and the potential risks of deterioration. 
Therefore in some cases where pre- existing anal 
sphincter dysfunction is present it may be better 
to select a permanent colostomy from the outset 
and offer the patient a “TME Hartmann”.   

    Conclusion 

 An understanding of the physiology and struc-
ture of rectum and anus, their related struc-
tures within the pelvis, and their embryological 
origins, is important when considering rectal 
cancer surgery in terms of precise dissection 
in anatomical planes, oncological clearance 
and functional impact for the patient. This 
includes sphincter preservation with restora-
tion of gastrointestinal continuity and preser-
vation of urinary and sexual function. This 
chapter gives an overview of pelvic anatomy 
and physiology with specifi c reference to the 
operative technical considerations but also 
underpins the principles by which pre- 
operative staging assessment and adjuvant 
treatment are conducted in the overall man-
agement of rectal cancer.     
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    Abstract  

  Treatment of rectal cancer requires multidisciplinary collaboration. 
Proper reporting and staging of rectal cancer specimens is indispens-
able for the management of rectal cancer. The work of pathologist 
over the years has substantially changed from merely providing an 
 initial diagnosis and pathological staging to detailed evaluation of 
 prognostic factors and molecular markers that optimize treatment, as 
well as evaluate treatment response. Currently, the AJCC TNM staging 
system is the most accepted staging system worldwide. It is necessary 
to adopt standard protocols for uniform staging and reporting of 
rectal cancer.  
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        Introduction 

 Colorectal cancer (CRC) is the third most preva-
lent cancer and third most common cause of can-
cer death in the United States [ 1 ]. Rectal cancer 
accounts for approximately 40 % of CRCs [ 1 ]. 
Successful multimodal treatment of rectal cancer 
requires accurate diagnosis and staging, which 
guides optimal treatment strategies [ 2 ]. Pre-
operative staging is performed using endorectal 

ultrasound and MRI, however, staging after neo-
adjuvant therapy becomes less reliable by imag-
ing studies because of post-therapeutic changes, 
such as fi brosis, edema, infl ammation, and necro-
sis and pathologic analysis is  considered the gold 
standard [ 3 ]. In such cases it is imperative that a 
thorough pathologic examination is performed 
for accurate assessment of treatment response 
and prognostication. Thus, the role of patholo-
gists in the management of rectal cancer is not 
only to confi rm the diagnosis of cancer, but also 
to stage the disease and provide prognostic infor-
mation [ 4 ]. In addition, pathologists are increas-
ingly asked to provide information regarding 
various molecular markers such as status of 
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 microsatellite instability (MSI), mutations of 
K-RAS, B-RAF, PI3KCA, PTEN and other bio-
markers that have prognostic and therapeutic 
implications. This chapter addresses how best to 
handle of resection specimens for rectal cancer.  

    Rectal Cancer Specimen Handling 

 Surgical resection remains the most effective 
therapy for rectal cancer and meticulous gross 
examination of the resected specimen is critical 
and of prognostic signifi cance. A variety of surgi-
cal approaches, depending on the location and 
extent of disease, are used to treat primary rectal 
cancers, including localized excisions (polypec-
tomy, transanal excision, and transanal endo-
scopic microsurgery [TEM]), and more invasive 
procedures involving total mesorectal excision 
(TME) [ 5 ]. Handling of these specimens varies 
and herein is discussed in detail. 

    Transanal Excision/Transanal 
Endoscopic Microsurgery (TEM) 

 Transanal excision is recommended for small 
(<3 cm) and low grade (well to moderately dif-
ferentiated) early-stage rectal cancers (T1N0). 
Localized tumors that extend into the muscularis 
propria (T2N0), can also be successfully treated 
by TEM involving a full-thickness excision per-
formed perpendicularly through the bowel wall 
into the perirectal fat. Local excision can also be 
offered as a palliative measure to address local 
disease in patients with advanced lesions (T3 or 
above, N1 or above) who are unable to safely tol-
erate a major abdominal surgery [ 5 ,  6 ]. 

 Ideally, transanal excision or TEM specimens 
should be received as a single piece of oriented 
tissue (Fig.  4.1 ), however, fragmented piecemeal 
excisions are often carried out. If the specimen is 
removed in one piece, the surgeon may orient it 
and pin it on a cork/wax board before immersing 
it in the fi xative. The base of the excision (deep 
margin) should be inked and pathologists should 
assess the adequacy of local excision, which is 

diffi cult in fragmented specimens. Interaction 
with surgeon may facilitate specimen handling 
when its orientation or nature is in doubt.   

    Mesorectal Excisions 

 Patients with rectal cancer who are not candi-
dates for local surgery are treated with a transab-
dominal resection [ 5 ,  7 ]. In transabdominal 
resections, TME is recommended. A TME 
involves an “en bloc” removal of the rectum 
together with the mesorectum, including associ-
ated vascular and lymphatic structures, fatty tis-
sue, and the mesorectal fascia. For lesions in the 
mid to upper rectum, an anterior resection (AR) 
extends 4–5 cm below the distal edge of the 
tumor, followed by creation of a colorectal anas-
tomosis or colostomy. An abdominoperineal 
resection (APR) is performed when the tumor 
directly involves the anal sphincter or levator 
muscles, or when a margin-negative resection of 
the tumor would result in loss of anal sphincter 
function and incontinence. An APR involves “en 
bloc” resection of the rectosigmoid, rectum, and 
anus, and the surrounding mesentery, mesorec-
tum, and perianal soft tissue [ 5 ]. Complete 
removal of the mesorectum (TME) is important 
as it contains most of the involved LNs and tumor 
deposits [ 7 ]. In rectal cancer, one of the most 
important margins is the margin around the 
mesorectum – circumferential resection margin 
(CRM). Positive CRM correlates with increased 
local recurrence rates and decreased survival [ 8 ]. 

 It is best to examine the resection specimen in 
the fresh state as well as following fi xation. 
Surgeons are discouraged from opening the spec-
imen before the pathological gross evaluation 
unless absolutely necessary, as this may hinder 
proper assessment of the circumferential resec-
tion margins. Prior to opening the specimen, the 
prosector should identify and differentially ink 
the serosal and non-peritonealized surfaces and 
identify the lowest level of peritoneal refl ection. 
It should be emphasized that the entire non- 
peritonealized surface forms the CRM, which the 
surgeon has to dissect or cut to detach the bowel 
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from the retroperitoneum. The demarcation of 
rectum from sigmoid varies and different criteria 
are applied by anatomist, radiologist, gastroen-
terologist and pathologist, however, from a onco-
logic standpoint the tumor location in relation to 
the peritoneal refl ection forms an important 
 landmark. Lower 2/3rd of the rectum lacks any 
serosal covering, and hence the entire circumfer-
ential surface is CRM, while upper 1/3rd or less 
is partly covered by serosa. During the gross 
examination one should note the type of opera-
tion performed, length of bowel resected, loca-
tion of tumor with respect to peritoneal refl ection, 
completeness of mesorectal excision, any signifi -
cant peritoneal pathology (e.g., tumor perfora-
tion), tumor confi guration, distance of tumor 
from all resection margins, etc. The quality of 
surgery of the levator/sphincter area around the 
anal canal below the mesorectum should also be 
separately assessed in APR specimens 

 Accurate assessment of the mesorectum is crit-
ical and predicts both local recurrences and dis-
tant metastasis. Total mesorectal excision (TME) 
has been suggested to reduce local tumor recur-
rence by 10–20 % in various studies [ 9 ,  10 ]. 
Mesorectal resection can be scored as complete, 
partially (nearly) complete or incomplete 
(Fig.  4.2 ). Complete is defi ned as intact bulky 
mesorectum with a smooth surface with only 
minor irregularities of the mesorectal surface, no 
surface defects greater than 5 mm in depth, no 
coning towards the distal margin of the specimen, 
and smooth appearing CRM on transverse sec-
tioning. Nearly (partially) complete is defi ned as 
moderate mesorectal buck, irregularity of the 
mesorectal surface with defects greater than 
5 mm, but none extending to the muscularis pro-
pria, and no visibility of the muscularis propria 
except at the site of insertion of the levator ani 
muscles. Incomplete is defi ned as little mesorectal 

  Fig. 4.1    Transanal excision of early-stage rectal adeno-
carcinoma. ( a ) A single piece of transanal excision speci-
men with a suture denoting the proximal end. ( b ) Section 
shows a well-differentiated adenocarcinoma invades into 

submucosa arising from a tubular adenoma (Hematoxylin 
and eosin stain). Evaluation of intact well-oriented section 
allows assessment of the lateral mucosal and deep mar-
gins, which are negative as shown here       
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bulk, defects in the mesorectum extending to the 
muscularis propria, and an irregular appearing 
circumferential margin after transverse section-
ing. Of note, the entire specimen is scored accord-
ing to the worst involved area.  

 The proximal and distal resection margins can 
be evaluated by either longitudinal sections 

 perpendicular to the margin or en face sections 
parallel to the margin. The distance from the tumor 
edge to the closest resection margin(s) should be 
noted, particularly for low anterior resections. For 
these cases, a 2 cm long distal resection margin is 
considered desirable; for T1 and T2 tumors, a 
1 cm long margin may be suffi cient. Anastomotic 

  Fig. 4.2    Gross assessment of mesorectal excision in fresh 
resection specimens as seen in an intact unopened speci-
men from outside. The  inset  below each photograph 
shows a representative cross-section of the formalin-fi xed 
specimen showing the rectal cancer and the mesorectum. 
( a ) Complete mesorectal excision showing smooth meso-

rectal surface with only minor irregularities; ( b ) A speci-
men showing partially (nearly) complete mesorectal 
excision with irregularity of the mesorectum much deeper 
than 5 mm; ( c ) A specimen showing incomplete mesorec-
tal excision showing defects in the mesorectum down to 
the muscularis propria and >5 mm       
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recurrences are rare when the distance to the clos-
est resection margin is ≥5 cm [ 11 ]. 

 There are no universally accepted guidelines 
as to how the specimen should be processed, par-
ticularly for evaluation of TMEs. Some advocate 
fi xing the specimen by infl ation with formalin 
and then serially slicing the entire specimen 
transversely, which allows the best way to exam-
ine the full circumference of the specimen. 
However, this process requires longer fi xation 
time, which prolongs the turnaround time. Some 
suggest that the specimen can be opened similar 
to large bowel tumors along the border opposite 
to the tumor, after inking the external surfaces. 
Following fi xation, slices are made at 1 cm inter-
vals and sequentially evaluated. Others make a 
compromise between these methods by opening 
both ends along the anterior margin and leaving 
segment containing the tumor intact. If the tumor 
segment is longer than 1 or 2 cm, a formalin- 
soaked gauze or paper can be threaded into the 
lumen to facilitate fi xation. Subsequently the 
tumor-containing segment can be serially sec-
tioned to yield complete transverse slices. When 
there is no identifi able tumor especially after 
neoadjuvant therapy, review of any prior images 
and palpation the mucosa by inserting a fi nger 
into the lumen is helpful. One should carefully 
open the specimen looking for a scar or shallow 
ulcer indicating the likely tumor site. For fi xa-
tion, the opened specimen is ideally pinned to a 
cork/wax board and immersed in formalin over-
night (about 12–24 h). 

 There is no consensus on the number of 
 sections that should be submitted from the 
tumor; however, it has been suggested that a 
minimum of 5 sections are required to detect LVI 
in most cases [ 12 ,  13 ]. The College of American 
Pathologist (CAP) also recommends at least 3, 
and optimally 5 sections should be submitted 
from the tumor [ 14 ]. In general, tumors <3 cm in 
size should be entirely submitted. For larger 
tumors, some  follow the 1 section/cm rule, 
merely by convention rather than any evidence 
based data. If  possible, at least one section should 
also be taken across the direction of the vascular 
supply close to the tumor to facilitate assessment 
of venous invasion. At least two  sections should 

be  submitted from where the tumor is closet to 
the peritoneum. Peritoneal involvement may be 
grossly suspected from areas of serosal pallor, 
retraction or puckering; however, some cases are 
only detected microscopically. Conversely, peri-
tumoral fi brosis and infl ammation can often sim-
ulate peritoneal invasion, and microscopic 
confi rmation is always necessary. If the tumor 
has an adenomatous edge, appropriate sections 
should be taken to demonstrate it. 

 The remaining uninvolved mucosa should be 
carefully inspected and sections should be sub-
mitted from any mucosal bumps, polyps, or 
abnormalities. Representative random sections 
should also be taken to ensure there is no unsus-
pected underlying disease (e.g., infl ammatory 
bowel disease). Although it is traditional to take 
sections of the proximal and distal resection 
margins, unless tumor extends close (within 
2 cm) to one of the margins, this is of little value. 
However, poorly differentiated tumors may 
extend primarily in the submucosa and some-
times spread discontinuously via lymphovascu-
lar channels leading to positive margins.  

    Lymph Node Dissection 

 A careful search for lymph nodes (LNs) forms an 
important and sometimes the most painful and 
time-consuming aspect of handling rectal cancer 
specimens. The number of retrieved LNs appears 
to vary with age and gender of the patient, tumor 
grade, tumor site, specimen type, prior therapy 
and immune status of the patient. Lymph node 
size is a poor guide to the presence of metastasis 
in CRC, with metastases often found in small 
LNs (<5 mm in diameter), hence a diligent search 
for LNs is required. All grossly negative or equiv-
ocal LNs should be submitted for histological 
examination. Grossly positive LNs may be par-
tially submitted for microscopic confi rmation of 
the metastasis. Most LNs are found in posterior 
and lateral quadrants of the mesorectum at the 
level of the tumor and immediately above, less 
commonly in the anterior mesorectum [ 15 ]. 
There is no universal agreement on the minimum 
number of required LNs. The minimum number 
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to accurately stage nodal status and predict 
patient survival with stage II rectal cancer varies 
from 10 to 23 LNs amongst studies [ 16 – 18 ]. The 
7th edition AJCC staging manual and the CAP 
recommend evaluating 10–14 LNs in CRC 
 resections in patients without neoadjuvant ther-
apy [ 11 ,  19 ], while examination of at least 12 
LNs has been proposed by the National 
Comprehensive Cancer Network (NCCN) clini-
cal practice guidelines for rectal cancer and 
endorsed by the National Quality Forum and the 
Commission on Cancer [ 5 ,  20 ]. However, by no 
means do these guidelines imply that patholo-
gists should stop searching for LNs once 12 have 
been identifi ed. If fewer nodes are found, reex-
amining the specimen for additional LNs should 
be considered with or without visual enhance-
ment techniques [ 11 ]. Visual enhancement tech-
niques such as fat clearing solutions [ 21 ], 
methylene blue-assisted LN dissection [ 22 ], and 
acetone elution with subsequent compression of 
adipose tissue (“acetone compression”) [ 23 ] 
result in dramatically increased LN counts com-
pared to conventional dissection. However, data 
are insuffi cient to recommend routine use of 
these ancillary techniques and practices vary 
markedly across labs, even within the same 
region [ 8 ,  11 ]. 

 Use of neoadjuvant therapy in rectal cancer 
often leads to atrophy of the lymphoid tissue and 
reduces LN yield. The mean number of LNs 
retrieved from rectal cancers treated with neoad-
juvant therapy is signifi cantly less than that from 
those treated by surgery alone [ 24 ]. When 12 
LNs were considered suffi cient for staging, only 
20 % of rectal cancers treated with neoadjuvant 

therapy had adequate LN sampling in stage II 
tumors in one study [ 24 ]. To date, the number of 
LNs needed to accurately stage neoadjuvant- 
treated cases is unknown, though a minimum of 
12 LNs is still recommended. Studies show the 
number of retrieved LNs is affected by degree of 
treatment response and the number of LNs should 
not be used as a surrogate for adequacy of onco-
logic resection after neoadjuvant therapy for rec-
tal cancer [ 25 ,  26 ]. Visual enhancement 
techniques facilitate the detection of LNs, how-
ever, their utility in the setting of neoadjuvant 
therapy remains unclear [ 5 ,  23 ]. Nonetheless, 
great care must be taken to retrieve LNs in any 
setting for optimal staging and prognostication. 

 In addition to absolute number of LNs exam-
ined, the ratio of positive LNs is an independent 
prognostic indicator for patients with CRC, irre-
spective of number of LNs examined. However, 
large prospective studies are needed to determine 
if this should be added to the current staging sys-
tems [ 27 ,  28 ].   

    Histological Features of Rectal 
Cancer and Their Prognostic/
Predictive Signifi cance 

    Histologic Types 

 Most primary rectal cancers are adenocarcinomas, 
of which most are conventional gland- forming 
tumors (Fig.  4.3a, b ). However, some special types 
need to be addressed as they exhibit different 
behavior and/or molecular phenotype. The special 
histopathologic sub-types of CRC recognized over 

  Fig. 4.3    Histologic types of rectal carcinomas. ( a ) 
Conventional well-differentiated (Low-grade) adenocarci-
noma showing well-formed glands (glandular structures in 
>95 % of the tumor); ( b ) Conventional poorly- differentiated 
(High-grade) adenocarcinoma (glands around 5–50 % of 
the tumor); ( c ) Mucinous adenocarcinoma showing large 
amount of extracellular mucin and tumor cells that often 
surround these mucin pool and are often low grade; 
( d ) Signet- ring cell carcinoma showing poorly cohesive 
tumor cells containing single, large mucin vacuoles in their 

cytoplasm; ( e ) Medullary carcinoma showing solid sheets 
of tumor cells with many tumor infi ltrating lymphocytes; 
( f ) Micropapillary adenocarcinoma showing small clusters 
of tumor cells within stromal spaces mimicking vascular 
channels; ( g ) Serrated adenocarcinoma showing small 
papillary epithelial tufts (serrated/corkscrew glandular fea-
tures); ( h ) Cribriform comedo- type adenocarcinoma 
showing glands with a comedo-like pattern and bridging of 
cells across the lumens fi lling with necrotic debris. 
Hematoxylin and eosin stain       
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the years include (a) mucinous adenocarcinoma: 
more than 50 % of the lesion is composed of pools 
of extracellular mucin (Fig.  4.3c ); (b) signet-ring 
cell carcinoma: more than 50 % of tumor cells 
with prominent intracytoplasmic mucin, typically 
with displacement and molding of the nucleus 
(Fig.  4.3d ); (c) medullary carcinoma: sheets of 
malignant cells with vesicular nuclei, prominent 
nucleoli and abundant cytoplasm exhibiting prom-
inent infi ltration by intraepithelial lymphocytes 
(Fig.  4.3e ); (d) adenosquamous carcinoma: tumors 
show features of both squamous cell carcinoma 
and adenocarcinoma, either as separate areas 
within the tumor or admixed; (e) spindle cell car-
cinoma: a biphasic carcinoma with a spindle-cell 
sarcomatoid component in which the tumor cells 
are at least focally immunoreactive for keratins; 
and (f   ) undifferentiated carcinoma: tumors lack 
morphological, immunohistochemical, and molec-
ular biological evidence of differentiation beyond 
that of an epithelial tumor and have variable histo-
logical features [ 29 ]. Micropapillary, serrated and 
cribriform comedo-type adenocarcinomas have 
been introduced as new distinct histological sub-
types of CRC in the new WHO classifi cation [ 29 ]. 
Micropapillary adenocarcinoma shows small clus-
ters of tumor cells within retracted stromal spaces 
mimicking vascular channels (Fig.  4.3f ). 
Micropapillary adenocarcinoma can be present in 
combination with other types in variable amounts. 
Although it is unclear how much of this compo-
nent is signifi cant, recognition of any micropapil-
lary component, should be reported, as it imparts a 
signifi cantly worse prognosis and a high incidence 
of LN metastasis [ 30 ]. Serrated adenocarcinoma 
shows architecture similar to serrated polyps and 
is believed to arise via serrated pathway of CRC 
(Fig.  4.3g ). The tumors may show MSI-low, MSI-
high or have K-RAS or B-RAF mutations, amongst 
other distinct molecular changes [ 31 ,  32 ]. 
Cribriform comedo-type adenocarcinoma shows 
extensive large cribriform glands with central 
necrosis analogous to breast adenocarcinomas 
(Fig.  4.3h ), and is usually microsatellite stable 
with CpG island hypermethylation [ 33 ].  

 Other types of primary carcinoma such as 
clear cell carcinoma, choriocarcinoma-like carci-
noma, large cell or small cell neuroendocrine 

 carcinoma and hepatoid adenocarcinoma do 
occur in the rectum, but are uncommon. 
Squamous cell carcinomas are mostly seen as an 
extension from an anal primary, however, rarely 
these can be rectal primaries.  

    Tumor Grading 

 Adenocarcinomas are graded predominantly 
based on the extent of glandular appearance. 
Despite a signifi cant degree of interobserver vari-
ability, histologic grade has repeatedly been shown 
to be an important stage-independent prognostic 
parameter. Specifi cally, it has been demonstrated 
that high tumor grade is an adverse prognostic fac-
tor. While traditionally 3- or 4-tiered grading sys-
tems: grade 1 (well- differentiated, lesions exhibit 
glandular structures in >95 % of the tumor) 
(Fig.  4.3a ); grade 2 (moderately differentiated, 
adenocarcinoma has 50–95 % glands); grade 3 
(poorly differentiated, adenocarcinoma has 
5–50 % glands) and grade 4 (undifferentiated, 
< 5 % of tumor with glandular differentiation) 
have been used, the WHO classifi cation now 
divides, these into low-grade (well and moderately 
differentiated adenocarcinomas) (Fig.  4.3b ) and 
high-grade (poorly differentiated and undifferenti-
ated adenocarcinomas) tumors [ 29 ]. Studies using 
the new 2-tiered grading stratifi cation system sug-
gest it is relatively simple, and more reproducibile, 
while maintaining its prognostic signifi cance. 
Now CAP also recommends the 2-tiered grading 
system for grading CRC [ 34 ]. 

 In practice, the weakness of the glandular- 
based grading system is that the estimation of the 
degree of gland formation is subjective that leads 
to signifi cant interobserver variability, and ulti-
mately limits the prognostic signifi cance of the 
histological grade. Furthermore, grade should be 
established based upon the least differentiated 
component in heterogeneous tumors; however, 
the size of such a component has not been speci-
fi ed in any of the systems used in current prac-
tice. A proposal that takes into account the extent 
of poorly differentiated component, defi ned as a 
tumor area with no glandular formation, has been 
proposed recently [ 35 ]. Grade 3 was applied to 
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tumors for which the poorly differentiated com-
ponent fully occupied the microscopic fi eld of an 
X40 objective lens. For tumors having a smaller 
component, cancer clusters composed of at least 
5 cells, but not forming glands, were counted in 
the microscopic fi eld of an X4 objective lens 
where the clusters were the most common. 
Tumors with less than 10 clusters were classifi ed 
as grade 1 and those with more than 10 clusters 
were classifi ed as grade 2. Grade 1 tumors dem-
onstrated 99.3 % cancer- related 5-year survival; 
grade 2, 86.0 %; and grade 3, 68.9 %, indepen-
dent of pT and pN stage [ 35 ]. Additional studies 
demonstrated that this tumor grading system 
based on counting poorly differentiated cell clus-
ters provided signifi cant prognostic information 
with regards to progression- free survival and was 
more reproducible than the conventional grading 
system [ 36 ].  

    Invasive Growth Pattern 
and Lymphocytic Infi ltration 

 Despite interobserver variability and absence of 
specifi c defi nition and diagnostic criteria, the nature 
of the advancing tumor margin and degree of lym-
phocytic infi ltrate have been shown to be powerful 
prognostic indicators in rectal cancer. The majority 
of rectal cancers show a well- or moderately well-
circumscribed (so-called “expanding”) margin. An 
infi ltrative margin, however, is frequently associ-
ated with perineural and lymphovascular invasion 
and confers worse prognosis [ 37 ,  38 ]. As stated 
above, the recently recognized micropapillary pat-
tern and/or tumor budding, which are often present 
at the invasive front, are also associated with poor 
prognosis [ 39 ]. 

 Lymphocytic infi ltration including tumor- 
infi ltrating lymphocytes (TIL), peritumoral lym-
phocytes and peritumoral lymphoid aggregates in 
CRCs has long been considered as an indicator of 
host immune response to tumor cells, and some 
studies show a better prognosis in their presence 
irrespective of the MSI status. Recent studies 
have shown that lymphocytic infi ltration, espe-
cially CD3+ T cells or FOXP3+ regulatory T 
cells along the tumor invasive border or within 

the tumor stroma, and tumor-infi ltrating CD8+ 
lymphocytes in the cancer cell nests are related to 
longer survival, early tumor stage, expanding 
growth pattern and lower levels of LVI in patients 
with CRC [ 40 ,  41 ]. The peritumoral lymphoid 
aggregates have been named as Crohn’s-like 
reaction because it resembles infl ammatory 
response in Crohn’s disease [ 42 ]. Recently, TILs 
and to a lesser extent Crohn’s-like reaction have 
gained attention because of their association with 
MSI-H status in most cases [ 43 ].  

    Microsatellite Instability-High 
Morphology 

 Identifi cation of microsatellite instability-high 
(MSI-H) colorectal tumors is important, as DNA 
mismatch repair defi ciency may serve as a prog-
nostic marker of patient outcome, predict 
response to chemotherapy, and serve as a screen-
ing tool for Lynch syndrome. These tumors are 
commonly located in the right colon, however, 
they also can be seen in left side with approxi-
mately 8 % of rectosigmoid junctional and rectal 
cancers being MSI-H [ 44 ]. MSI-H left-sided and 
right-sided CRCs [ 45 ] have similar histologic 
features including TILs (Fig.  4.4a ), Crohn’s-like 
lymphocytic reaction (Fig.  4.4b ), mucinous/
signet- ring differentiation, and/or a medullary 
growth pattern. These histologic features have a 
high predictive value for MSI-H; however, a sig-
nifi cant portion of patients with Lynch Syndrome 
or sporadic MSI-H colorectal cancer will be 
missed if testing for MSI is solely based on tumor 
morphology or patient’s clinical/family history. 
Hence, recently universal testing for MSI has 
been advocated in all newly diagnosed CRCs 
regardless of patient’s clinical/family history and 
tumor morphology [ 46 ].   

    Tumor Budding 

 Tumor budding is described as the presence of 
detached single cells or clusters of up to 4 or 5 
cells (Fig.  4.5a, b ) along the invasive tumor front 
[ 47 ]. In contrast to the tumor border  confi guration 
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(infi ltrative or pushing pattern), tumor budding is 
best identifi ed at high magnifi cation, although 
one can suspect its presence by the typical cellu-
lar myofi broblastic response around the advanc-
ing edge of the tumor at low magnifi cation that is 
typically seen in low grade tumors with pushing 
borders. This phenomenon has been suggested to 
represent epithelial–mesenchymal transition, 
thus increasing the migratory capacity, metallo-
proteinase expression, and resistance to apoptotic 
signals, corresponding to a more aggressive bio-
logical behavior [ 48 ,  49 ]. Tumor budding scores 
based on 10 high-power fi eld evaluation show 
excellent inter-observer agreement and high-
grade budding (>10 buds across 10 high-power 

fi elds) has been shown to be associated with a 
higher tumor grade, higher TNM stage, LVI, 
infi ltrating tumor border and reduced survival 
[ 50 ]. Although tumor budding is independently 
associated with LN and distant metastases, and 
shorter disease-free and overall survival [ 51 ,  52 ], 
it is not yet universally reported by pathologists 
due to the absence of consensus criteria for 
assessment and cut-off values.   

    Lymphatic and Venous Invasion 

 Vascular invasion is currently an independent 
prognostic factor in CRC infl uencing disease 

  Fig. 4.4    Rectal adenocarcinoma showing with features 
associated with high microsatellite instability. ( a ) 
Adenocarcinoma with Crohn’s-like lymphocytic reaction; 

( b ) Adenocarcinoma with many intratumoral lymphocytic 
infi ltration (Hematoxylin and eosin stain)       

  Fig. 4.5    Tumor budding. ( a ) Infi ltrating single tumor 
cells or clusters of up to 5 tumor cells seen surrounding 
well formed moderately differentiated glandular struc-
tures present at the invasive front of the adenocarcinoma 

(Hematoxylin and eosin stain); ( b ) Tumor budding high-
lighted by cytokeratin immunostain which shows many 
more tumor cells that are diffi cult to appreciated on hema-
toxylin and eosin stain       
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progression and survival [ 14 ]. The vascular sys-
tem consists of arterial, venous and lymphatic 
vessels, however, it is not always possible to dis-
tinguish lymphatic channels from capillary-type 
vessels, because both are small, thin-walled 
structures. Theoretically, these two types of inva-
sions should lead to different consequences: lym-
phatic invasion should be predictive of LN 
metastasis, whereas vascular invasion should be 
the source of systemic or hepatic metastases. Use 
of lymphatic endothelial markers, such as podo-
planin (D2-40) or lymphatic endothelial hyaluro-
nan receptor (LYVE-1) as well as capillary 
endothelial markers, such as CD31 or CD34 can 
distinguish between lymphatic and capillary ves-
sels. However, these are not routinely used in 
practice. Thus, the presence of small vessel tumor 
invasion is best reported as lymphovascular inva-
sion (LVI) or angiolymphatic invasion [ 53 ]. The 
AJCC staging manual (7th edition) combined 
lymphatic and venous invasion into LVI and rec-
ommends reporting its presence or absence in 
CRCs. Large vessel invasion, in particular of 
extramural venous invasion, has been shown to 
be an independent powerful indicator of unfavor-
able outcome and increased risk of synchronous 
or metachronous distant, especially liver metasta-
sis; however, there are signifi cant interobserver 
and interinstitutional variations in their recogni-
tion due to lack of standard guidelines [ 53 – 56 ].  

    Perineural Invasion 

 Perineural invasion (PN) is an often under- reported 
high-risk pathologic feature in rectal cancer with a 
widely varying detection rate from 9 to 42 % [ 57 ]. 
It has a similar impact as LVI and should be reported 
as a prognostic (site- specifi c) factor, although it 
does not affect the tumor staging [ 5 ,  19 ]. A 3-tiered 
grading system (Pn0, no perineural invasion; Pn1a, 
intramural perineural invasion; Pn1b, extramural 
perineural invasion) proposed by the Japanese 
Society for Cancer of the Colon and Rectum 
(JSCCR) showed 5-year disease-free survival as 
88 %, 70 %, and 48 %, respectively, independent of 
T or N stage [ 58 ]. However, most current systems 
just report the presence or absence of PN.  

    Tumor Deposits 

 Tumor deposits (TD) are nodules of tumor present 
in the pericolonic/perirectal fat that lack recogniz-
able lymphoid tissue. While we have been fi xated 
with the notion that these likely represent nodal 
metastases with complete replacement of the nodal 
architecture by the tumor, studies suggest that 
these may also represent venous invasion, perineu-
ral invasion, discontinuous spread of tumor or the 
advancing edge of the tumor, each with different 
prognostic implication [ 59 ]. TDs have been shown 
to be associated with reduced disease-free and 
overall survival [ 60 ]. The interpretation of TDs 
which fi rst appeared in the 5th edition AJCC stag-
ing system in 1997 has changed many times over 
the years. In the current 7th edition, TDs are con-
sidered as such recognizing their varied nature. 
Their number should be recorded in the pathologic 
report, and they are classifi ed as pN1c in the 
absence of unequivocal LN metastases, regardless 
of the pT category; however, once nodal metasta-
sis are identifi ed, the fi nal staging is performed as 
per the nodal counts (pN1-2). Equating them to 
LN metastasis likely underestimate their prognos-
tic impact; we expect that this will be addressed in 
subsequent staging schemes [ 61 ]. 

 With regards to rectal cancer it should be 
noted that neoadjuvant therapy may create resid-
ual tumor islands separate from the main tumor 
mass, which when located in perirectal fat are 
diffi cult to differentiate from true TDs. Since 
these islands are often the remains of advanced- 
stage tumors, their presence indicates that tumor 
regression has taken place, which can be linked 
to a better prognosis. Therefore, some advocate 
omitting TD terminology after neoadjuvant ther-
apy, and simply to consider such residual islands 
in the ypT3 category [ 62 ].  

    Serosal (Peritoneal) Involvement 

 Although the rectum is mostly extraperitoneal, 
the upper third is variably covered by perito-
neum; as such, tumors occurring in upper rectum 
can potentially involve the serosa and be staged 
as pT4a. Serosal involvement is an independent 
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prognostic factor in rectal cancer predicting a 
poor prognosis and should not be confused with 
CRM involvement [ 63 ]. Serosal involvement 
(T4a) implies a higher risk for intraperitoneal 
tumor spread and necessitates systemic chemo-
therapy, whereas positive circumferential margin 
often indicates increased risk of local recurrence 
and necessitates treatment modalities that can 
improve local control, including radiotherapy 
[ 64 ]. Visceral peritoneal involvement is often 
underestimated and can be easily missed without 
thorough  sampling and/or sectioning and requires 
careful examination. Data suggest that presence 
of infl ammatory reaction, mesothelial hyperpla-
sia, and/or serosal erosion/ulceration when the 
tumor is present very close to the serosal surface 
(<1 mm) is suffi cient to indicate serosal involve-
ment and one need not wait to see free tumor 
cells on the serosal surface [ 11 ]. 

 The colorectal serosa is formed by a mesothe-
lial layer supported by a basement membrane 
containing elastic lamina. Use of elastin stain to 
demonstrate breach of the peritoneal elastic lam-
ina has also been suggested to serve as evidence 
of possible serosal involvement [ 65 ,  66 ]. 
However, the lack of demonstrable peritoneal 
elastic lamina in all CRCs and the inconsistent 
sensitivity of the elastic staining reagents limit its 
wide acceptance in routine practice.  

    Circumferential (Radial) Resection 
Margin (CRM) 

 The CRM represents the adventitial soft tissue 
margin closest to the deepest penetration of 
tumor and is created surgically by blunt or 
sharp dissection of the retroperitoneum [ 11 ]. 
Multivariate analysis has suggested that CRM 
involvement is a critical factor in predicting 
cancer- specifi c survival, local recurrence, and 
distant metastasis in rectal cancer [ 4 ,  67 ,  68 ]. A 
positive CRM in rectal cancer increases the risk 
of recurrence by 3.5-fold and doubles the risk of 
death from disease [ 67 ]. The distance between 
the closest leading edge of the tumor and the 
CRM should be measured and recorded in mm in 
the report/staging form in all rectal carcinomas 

[ 19 ]. A positive CRM is defi ned as tumor ≤1 mm 
from the margin, because local recurrence rates 
are similar from 0 to 1 mm (Fig.  4.6 ). This assess-
ment includes both tumor within a LN and direct 
tumor extension. A positive CRM secondary to 
LN metastasis in some studies has been associ-
ated with lower recurrence rates than that by 
direct extension [ 9 ,  69 ]. Thus, if CRM positivity 
is based solely on intranodal tumor, it should be 
stated in the pathologic report.  

 Involvement of the CRM in a patient after 
therapy with curative intent (e.g., surgical resec-
tion for cure) is designated under R classifi cation 
[ 19 ]: R0 for complete tumor resection with all 
negative margins; R1 for microscopic positive 
margin and R2 for gross residual tumor. As men-
tioned above, grading of the completeness of the 
TME based on gross examination, however, is 
not assigned any category in the AJCC TNM sys-
tem and the practice in various pathology labora-
tories is inconsistent. Of note, the CAP has now 
omitted the documentation of R category in 
pathologic reporting of CRCs.  

  Fig. 4.6    Assessment of circumferential resection margin 
(CRM) involvement. ( a ) Slicing through tumor and meso-
rectum showing tumor within mesorectal fat with negative 
CRM. This patient had been treated with neoadjuvant 
therapy. ( b ) Slicing through tumor and mesorectum show-
ing CRM focally involved by tumor and a tumor deposit 
present at the CRM       
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    Neoadjuvant Therapy Effect 

 Multimodality therapy has been successfully 
implemented in the treatment of locally advanced 
rectal cancers and increasing numbers of patients 
now receive pre-operative neoadjuvant therapy. 
The extent of tumor response to the neoadjuvant 
therapy has the strongest prognostic impact in the 
treated rectal cancers. The 7th edition AJCC 
Cancer Staging Manual [ 19 ], the CAP [ 11 ] and 
the NCCN rectal cancer guidelines [ 5 ] require 
comment on neoadjuvant treatment effect that 
should be reported as: 0 (complete response) – no 
viable cancer cells; 1 (moderate response) – 
 single cells or small groups of cancer cells; 
2 (minimal response) – residual cancer outgrown 
by fi brosis and fi nally 3 (poor response) – exten-
sive residual cancer or minimal or no tumor kill. 
Of note, tumor regression should be assessed 

only in the primary tumor, LN metastases should 
not be included in the assessment. 

 Some tumors show little or no response to 
neoadjuvant therapy, however, microscopically a 
variety of morphological changes are often seen 
after neoadjuvant therapy and need to be recog-
nized (Fig.  4.7a–d ). The residual cells may show 
therapy induced nuclear pleomorphism, increased 
cytoplasmic eosinophilia and vacuoles, and 
degenerative changes. Some cases may show 
presence of neuroendocrine cells, admixed with 
or without an adenocarcinoma component, and it 
is speculated that these cells are chemoresistant 
and hence survive. Signifi cance of residual endo-
crine cells post chemoradiation has been studied 
only in few studies which suggest they have no 
added adverse prognostic impact beyond that dic-
tated by stage of residual tumor [ 70 ]. Sometimes 
mucin pools with or without associated tumor 

  Fig. 4.7    Common morphologic patterns of rectal carci-
noma with neoadjuvent therapy effect. ( a ) Cytoplasmic 
eosinophilia and vacuoles in the tumor cells; ( b ) accellu-
lar mucin pool; ( c ) Stromal fi brosis with residual tumors 

cells showing coarse cytoplasmic vacuoles and hypercho-
matic nuclei; ( d ) Tumor necrosis and stromal fi brosis 
(Hematoxylin and eosin stain)       
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cells are seen. While mucin pools associated with 
viable appearing tumor cells are staged as per the 
deepest invasion of the tumor or mucin, evidence 
suggests that acellular mucin pools present in the 
bowel wall or LNs behave similar to when no 
residual tumor is identifi ed [ 71 ]. Therefore, acel-
lular mucin pools in specimens from patient 
receiving neoadjuvant therapy are considered as 
complete eradication of tumor. A variety of other 
secondary changes are seen that include stromal 
fi brosis, infl ammatory cell infi ltration, calcifi ca-
tion and foreign body giant cell reaction which 
by themselves have no prognostic implication.    

    The Staging of Rectal Cancer 

    Dukes Staging System 

 Pathologic tumor staging remains the fundamen-
tal guide for prognostication and treatment deci-
sion in managing rectal cancer. Signifi cant 
improvements have been made in the staging sys-
tem since the classical proposal introduced by 
Dukes in 1932 [ 72 ]. The original 1932 Dukes 
classifi cation was based on the extent of disease, 
as evaluated by the degree of tumor infi ltration 
through the bowel wall, and the presence or 
absence of LN involvement [ 72 ]. Dukes’ A, B, C 
staging system underwent several subsequent 
revisions and modifi cations by Dukes himself as 
well as other investigators, and it used to be the 
most popular CRC staging system (Table  4.1 ). 
Although Dukes’ staging was a simple, reproduc-
ible and widely recognized staging system, it did 
not take into account the extent of LN involve-
ment, tumor grade, and other pathologic features 
of tumors. Also there was lack of incorporation of 

clinical information as well as diffi culty in com-
paring one clinical trial to another due to various 
versions of Dukes’ classifi cation. The Dukes’ 
staging system has largely been replaced by the 
more detailed AJCC/International Union Against 
Cancer (UICC) Tumor-Node-Metastasis (TNM) 
system.

       TNM Staging System 

 The TNM staging system of the AJCC/UICC has 
gained popularity over the years and is nowadays 
the standard staging system for cancers including 
CRCs [ 73 ]. The TNM staging system describes 
the anatomic tumor extent. It is well known that 
the best estimation of prognosis in rectal cancer 
is related to the anatomic extent of disease deter-
mined by pathologic examination of the resection 
specimens. The TNM staging system has the 
ability to separately classify the individual tumor 
(T), lymph node (N), and metastatic (M) ele-
ments and then group them into different stages. 
Revisions of TNM staging are made periodically 
in response to newly acquired clinical data and 
improved understanding of cancer biology and 
factors affecting prognosis. Despite some criti-
cisms, periodic update is one factor that makes 
the AJCC/UICC TNM staging system the most 
clinically useful staging system and accounts for 
its worldwide use [ 74 ].  

    TNM Descriptors 

 Staging is performed at various points in the care 
of cancer patients, such as pretreatment or “clini-
cal stage”, post-surgical or “pathologic” stage, 
post-treatment stage or cancers identifi ed at 
autopsy. Prefi xes such as “c”, “p”, “y”, “r” and 
“a” are used to denote the nature of staging. The 
“c” prefi x indicates clinical (pretreatment) stage 
which is usually determined by imaging tech-
niques carried out at diagnosis before treatment 
or when pathologic classifi cation is not possible. 
The “p” refers to the pathologic determination of 
the TNM as opposed to the clinical one. 
Pathologic classifi cation is based on gross and 

   Table 4.1    Dukes staging of colorectal cancer   

 Stage  Description 

 A  Growth of primary tumour does not penetrate 
beyond muscularis propria; no nodal metastases 

 B  Growth of primary tumour extends beyond 
muscularis propria; no nodal metastases 

 C1  Lymph node metastases present but apical 
node(s) free of tumour 

 C2  Metastases within apical lymoh node(s) 
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microscopic examination of the resection speci-
men of a previously untreated primary tumor. 
Assignment of pT requires a resection of the 
 primary tumor or an excision biopsy adequate to 
evaluate the highest pT category, pN entails 
removal of nodes adequate to validate LN metas-
tasis, and pM implies microscopic examination 
of distant lesions. The “y” is used for those can-
cers that received neoadjuvant pretreatment. The 
ycTNM or ypTNM categorizes the extent of 
tumor actually present at the time of that exami-
nation. The “r” indicates a retreatment or recur-
rent tumor after a disease-free interval and is 
recorded as rcTNM or rpTNM. 

 The “a” prefi x is used to stage cancers that 
recognized only at postmortem. 

 Of note, a TNM stage grouping can be con-
structed using a combination of clinically derived 
and pathologically derived data (e.g., 
pT1cN0cM0), when pathologic data are not read-
ily available.  

    T Category Considerations 

 Tumor extent is classifi ed as Tis, T1, T2, T3 and 
T4 in rectal cancers and it appears that the prog-
nosis worsens with deeper invasion into the 
bowel wall, even within a given layer, e.g. sub-
mucosa, muscularis propria or perirectal soft tis-
sues (Table  4.2 ). Unlike other organs, carcinoma 
in situ (pTis) in the colon and rectum is defi ned as 
“   cancer cells confi ned within the glandular base-
ment membrane (intraepithelial) or mucosal lam-
ina propria (intramucosal) with no extension into 
the submucosa” [ 19 ]. The staging of carcinomas 
with lamina propria invasion (intramucosal carci-
noma) similar to “carcinoma in situ” is unique to 
large bowel. The rationale is that the potential of 
LN metastasis with intramucosal CRC is virtu-
ally nil, and lack or sparse lymphatics in lamina 
propria is believed to be responsible for this 
 phenomenon, although studies show that lym-
phatic channels are present in the colorectal lam-
ina propria [ 75 ]. Tumors are also capable of 
inducing formation of neo-lymphatics as demon-
strated by lymphatic emboli in rare cases of 
intramucosal carcinoma. However, we would 

warn caution when staging poorly differentiated 
and aggressive forms of CRC such as signet ring 
type or micropapillary type as Tis, especially 
when involving the deep mucosa [ 76 ].

   Tumor extension through muscularis mucosae 
into the submucosa is classifi ed as pT1. The fre-
quency of LN metastasis is 6–12 % in pT1 tumors 
and it relates to the depth of invasion [ 77 ]. To 
evaluate the depth of submucosal invasion, clas-
sifi cation according to vertical invasive level 
between muscularis mucosae and muscularis 

     Table 4.2    AJCC cancer staging for colon and rectal 
carcinomas   

  Primary tumor (T)  
 Tx  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ: intraepithelial or invasion of 

lamina propria 
 T1  Tumor invades submucosa 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades through the muscularis propria 

into pericolorectal tissues 
 T4a  Tumor penetrates to the surface of the visceral 

peritoneum 
 T4b  Tumor directly invades or is adherent to other 

organs or structures 
  Regional lymph nodes (N)  
 NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in 1–3 regional lymph nodes 
 N1a  Metastasis in one regional lymph node 
 N1b  Metastasis in 2–3 regional lymph nodes 
 N1c  Tumor deposit(s) in the subserosa, mesentery, 

or nonperitonealized pericolic or perirectal 
tissues without regional nodal metastasis 

 N2  Metastasis in 4 or more regional lymph nodes 
 N2a  Metastasis in 4–6 regional lymph nodes 
 N2b  Metastasis in 7 or more regional lymph nodes 
  Distant metastasis (M)  
 M0  No distant metastasis 
 M1  Distant metastasis 
 M1a  Metastasis confi ned to one organ or site (e.g., 

liver, lung, ovary, nonregional node) 
 M1b  Metastases in more than one organ/site or the 

peritoneum 

  Used with permission of the American Joint Committee 
on Cancer (AJCC), Chicago, Illinois. The original and 
primary source for this information is the AJCC Cancer 
Staging Manual, Seventh Edition (2010) published by 
Springer Science+Business Media  
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propria into three categories (sm1, upper third; 
sm2, middle third; sm3; lower third of submuco-
sal layer) has been used with rates of LN metas-
tasis being 2, 8 and 23 % respectively [ 78 ]. 
Measurement of depth of submucosal invasion is 
also proposed in the JSCCR guideline for the 
treatment of CRC [ 79 ]. The JSCCR criteria for 
identifying curable pT1 CRC after endoscopic 
resection is as follows: differentiated adenocarci-
noma, no LVI, submucosal invasion depth 
<1,000 μm and low-grade tumor budding. 
Resection with LN dissection is recommended 
when the pT1 tumor is poorly differentiated ade-
nocarcinoma, with high-grade tumor budding, 
LVI or depth of invasion >1,000 μm [ 79 ]. 
However, other studies demonstrated that high- 
grade tumor budding, poorly differentiated ade-
nocarcinoma and LVI, irrespective of depth of 
submucosal invasion, predicted LN metastasis 
[ 80 ,  81 ]. Furthermore, the prognosis of pT1 rec-
tal carcinoma resected by endoscopic resection 
or local excision is >90 %, even if LN metastasis 
is present, and the prognosis after curative resec-
tion does not differ signifi cantly between patients 
with and without LN metastasis [ 82 ]. Currently, 
the depth of submucosal invasion is not incorpo-
rated in the AJCC TNM staging system. 

 Tumor extension into the muscularis propria 
is classifi ed as pT2. The incidence of regional LN 
metastases ranges from 24.3 to 29.7 % in pT2 
rectal cancer [ 83 ]. Sub-classifi cation of pT2 
tumors by depth of invasion into pT2a (infi ltra-
tion of the inner circumferential layer) and pT2b 
(infi ltration of the outer longitudinal layer) has 
been investigated and showed higher risk of LN 
metastasis in pT2b than that pT2a tumors [ 84 ]. 
However, other study did not reveal any signifi -
cant difference in tumor grade, LVI, LN involve-
ment or prognosis between pT2a and pT2b 
tumors [ 85 ]. Currently, the clinical signifi cance 
of sub-classifi cation of pT2 rectal cancers is 
unclear. 

 Tumor extension through the muscularis pro-
pria into pericolorectal tissues is classifi ed as 
pT3. Of note, invasion of the external sphincter is 
classifi ed as pT3, whereas invasion of the levator 
ani muscle is classifi ed as pT4. Some have 
 advocated that the depth of soft tissue invasion in 

pT3 tumors should be reported based on the stud-
ies that more deeply invasive tumors were associ-
ated with a worst outcome [ 85 – 87 ]. The 
sub- classifi cation of pT3 rectal cancer has been 
performed according to the depth of soft tissue 
invasion by using a 4-tiered (pT3a: 1 mm, pT3b: 
1–5 mm, pT3c: 5–15 mm, pT3d: >15 mm) [ 85 , 
 86 ] or 2-tiered (<4 mm/>4 mm; <5 mm/>5 mm; 
<6 mm/>6 mm) stratifi cations [ 87 – 89 ]. Further 
prospective studies to determine the reliability 
and validity of one widely accepted cut-off value 
and standardized method of assessment of inva-
sion depth are warranted. Currently, pT3 sub- 
classifi cation is not recommended by the CAP 
and the AJCC staging system. 

 Tumor invasion of other organs or structures 
includes invasion of other segments of colorec-
tum by way of the serosa is classifi ed as pT4. The 
division of pT4 into pT4a and pT4b was intro-
duced in the 6th edition AJCC staging manual: 
pT4a refers tumors invading adjacent structures 
or organs and pT4b refers tumors involving vis-
ceral peritoneum. However, the defi nitions of 
pT4a versus pT4b were reversed in the 7th edi-
tion AJCC staging manual [ 19 ]. This change was 
based mainly on analyses of the Surveillance, 
Epidemiology and End Results survival data 
(SEER) suggesting a better survival rate in 
patients with pT4a than those with pT4b tumors 
[ 90 ,  91 ]. While this may sound rational, further 
studies are required to determine the optimal sub-
staging of pT4 CRCs [ 92 ].  

    N Category Considerations 

 Invasion in regional LNs is classifi ed as N0, N1 
and N2 (Table  4.2 ). For rectal cancer regional 
LNs include perirectal, sigmoid mesenteric, infe-
rior mesenteric, lateral sacral, presacral, internal 
iliac, sacral promontory, superior rectal, middle 
rectal, inferior rectal LNs. Of note, metastasis to 
non-regional LNs such as external iliac or com-
mon iliac nodes is classifi ed as distant metastasis 
and designated as M1. In the 7th edition AJCC 
staging manual, pN1c refers to TDs without 
regional nodal metastasis [ 19 ]. However, the 
 signifi cance of TDs (see above) and their role in 
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stage is still evolving. Nevertheless, attempt 
should be made to document the number and 
 features of such TDs in addition to using the des-
ignation pN1c, as that will serve as data for future 
analysis. 

 Sentinel lymph node (SLN) mapping has been 
used in a variety of cancers however, its role in 
rectal cancer remains controversial, though some 
have advocated that it should be considered in 
every patient diagnosed with rectal cancer with-
out clinical evidence of LN involvement or meta-
static disease [ 93 ,  94 ]. The lymphatic drainage in 
rectal cancer is not suffi ciently “orderly and 
sequential” to apply SLN evaluation with fre-
quent skip or aberrant metastases. In addition, 
studies show that “upstaging” of LNs by SLN 
mapping only changed the staging in 1 % of 
patients with CRC and its clinical signifi cance 
remains unclear [ 95 – 97 ]. Hence, involvement of 
a SLN in rectal cancer does not change the extent 
of the resection and SLN mapping in rectal can-
cer is still investigational [ 5 ]. 

 The prognostic signifi cance of micrometasta-
sis and isolated tumor cells (ITC) has been stud-
ied in a variety of cancers including CRC [ 98 ]. 
Micrometastasis is defi ned as a metastasis mea-
suring >0.2 mm and ≤2.0 mm in diameter and is 
designated as pN1 (mic) in LNs or M1 (mic) at 
distant sites. ITC is defi ned as single tumor cells 
or small clusters of tumor cells measuring 
≤0.2 mm in diameter, usually found by special 
techniques such as immunohistochemical stain-
ing and designated as pN0 (i+). It should be 
noted that ITC identifi ed on H&E stain are 
annotated similar to ITC seen on immunohisto-
chemical stains. In contrast to micrometastasis, 
ITC are currently considered as pN0, though 
recent systematic review and meta-analysis 
show decreased survival in patients who had 
evidence of ITC in regional nodes [ 98 ]. Of note, 
special/ancillary techniques such as multiple 
tissue levels, immunohistochemistry, or poly-
merase chain reaction to detect ITC are not rec-
ommended in routine clinical practice for 
regional LN examination however when identi-
fi ed, these should be clearly mentioned in the 
pathologic report.  

    M Category Considerations 

 Metastasis to any nonregional LN or metastasis 
to any distant organ or tissue is categorized as M1 
disease (Table  4.2 ). Metastasis confi ned to one 
organ or site (e.g., liver, lung, ovary, nonregional 
node) is classifi ed as pM1a, whereas metastases 
in more than one organ/site or the peritoneum is 
classifi ed as pM1b. MX category has been elimi-
nated from the 7th edition AJCC staging system, 
since pathologist often does not have the infor-
mation to assign M. Accordingly, the CAP also 
has dropped the M component [ 11 ]. 

 Of note, cases with a biopsy of a possible met-
astatic site that shows ITC such as circulating 
tumor cells or disseminated tumor cells, or bone 
marrow micrometastases detected by immuno-
histochemistry or molecular techniques are also 
classifi ed as cM0 (i+) to denote the uncertain 
prognostic signifi cance of these fi ndings and to 
classify the stage group according to the T and N 
and M0.  

    Anatomic Stage/Prognostic Groups 

 In contrast to the 6th edition, the 7th edition 
AJCC staging manual has renamed the “Anatomic 
Stages” to “Anatomic Stages/Prognostic Groups” 
to highlight the increasing role of non-anatomic 
factors [ 19 ]. Rectal cancers are grouped into 
stages I, II, III and IV. Different groups have been 
expanded into subsets (e.g., stage II into stage 
IIA, IIB and IIC) for more refi ned prognostic 
information (Table  4.3 ).

       Site-Specifi c Prognostic Factors 
and Molecular Markers 

 Seven new prognostic factors that are clinically 
signifi cant have been included in the 7th edition 
AJCC staging manual, in addition to the prior 
notation of serum CEA levels [ 19 ]. The new site- 
specifi c factors include: TDs, tumor regression 
grade, CRM, MSI and PN and their importance 
in rectal cancer has been discussed above. 
Discovery of prognostic and therapeutic 
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 biomarkers at a molecular level remains one of 
the most exciting developments in the era of per-
sonalized medicine. While there has been an 
explosion of our knowledge with regards to the 
molecular pathology of CRC, very few molecular 
markers have been validated for clinical use so 
far; however, there are many that seem promising 
and are likely to fi nd clinical application in the 
near future. A detailed discussion of molecular 
pathology is beyond the scope of this chapter and 
only few pertinent issues are discussed. Two new 
molecular prognostic factors included in the 7th 
edition AJCC are K-RAS mutation and 18q loss 
of heterozygosity (LOH) [ 19 ]. K-RAS mutation 
is associated with lack of response to treatment 
with monoclonal antibodies against the epider-
mal growth factor receptor (EGFR) in patients 
with metastatic CRC. While clinical guidelines 
for K-RAS mutational analysis are evolving, cur-
rent provisional recommendations from the 
American Society of Clinical Oncology are that 
all patients with stage IV CRC who are candi-
dates for anti-EGFR therapy should have their 
tumor tested for K-RAS mutations [ 99 ]. Although 
the loss of 18q LOH is considered a prognostic 
marker, its value in guiding clinical management 
is controversial. Of note, currently neither of the 
prognostic factors is required for staging, though 
their prognostic and predictive values have been 

acknowledged. The signifi cance of MSI has 
already been discussed above and is now rou-
tinely tested in most centers. 

 In addition to the above mentioned prognostic 
(site-specifi c) factors, molecular profi ling, includ-
ing B-RAF, PIK3CA, PTEN, N-RAS and other 
relevant biomarkers has been recommended for 
optimal selection of targeted therapies, particu-
larly anti-EGFR targeted therapies [ 100 ]. Both the 
RAS-RAF-mitogen activated protein kinase 
(MAPK) pathway and the phosphoinositide 
3-kinase (PI3K)-PTEN-AKT pathway are 
involved in EGFR signaling [ 100 ]. Mutations in 
PIK3CA lead to loss of PTEN expression. PTEN 
gene expression and PIK3CA mutations have been 
shown to be associated with a shorter progression- 
free survival and overall survival, and are predic-
tors of clinical benefi t to anti- EGFR antibody 
therapy in patients with KRAS wild-type meta-
static CRC [ 101 ]. Recently, the CAP provided 
template to be used for reporting results of these 
biomarker testing of specimens from patients with 
CRC [ 102 ]. Similar to other prognostic factors, 
these biomarkers are not part of the TNM staging 
system, but it is recommended that they should be 
recorded, if available [ 19 ].   

    Summary 

 Current treatment of rectal cancer requires a multi-
disciplinary collaboration. As outlined in this chap-
ter, pathological gross and microscopic examination 
and proper reporting and staging of rectal cancer 
specimen are indispensable part of the manage-
ment of rectal cancer. Currently, the AJCC TNM 
staging system is the most widely accepted staging 
system worldwide. It is necessary to adopt standard 
protocols for uniform staging and reporting of rec-
tal cancer. The fi ndings of underlying molecular 
pathways have deepened our knowledge in under-
standing the pathogenesis and made it possible to 
facilitate targeted/personalized therapy in rectal 
cancers. In this context, the work of pathologist has 
changed substantially from merely making the ini-
tial diagnosis to further evaluation of pathological 
risk factors and molecular changes to optimize and 
evaluate the effectiveness of treatment.     

   Table 4.3    Anatomic stage/prognostic groups   

 Stage  T  N  M 

 0  Tis  N0  M0 
 I  T1  N0  M0 

 T2  N0  M0 
 IIA  T3  N0  M0 
 IIB  T4a  N0  M0 
 IIC  T4b  N0  M0 
 IIIA  T1-T2  N1/N1c  M0 

 T1  N2a  M0 
 IIIB  T3-T4a  N1/N1c  M0 

 T2-T3  N2a  M0 
 T1-T2  N2b  M0 

 IIIC  T4a  N2a  M0 
 T3-T4a  N2b  M0 
 T4b  N1-N2  M0 

 IVA  Any T  Any N  M1a 
 IVB  Any T  Any N  M1b 
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cancers, genetics is at the center of its etiology, 
whether it is associated with an inherited syn-
drome or a somatic mutation from environmental 
or other oncogenic factors. Understanding the 
genetics of cancer has improved the understand-
ing of all aspects of oncology and cancer biology, 
such as cancer progression and spread, cancer 
prevention, and cancer treatment, especially con-
sidering “personalized medicine” that allows an 
individual’s cancer “genetic signature” to be used 
to tailor therapy. Unlike the surgical treatment of 
rectal cancer addressed in this textbook, there is 
little unique to rectal cancer relative to colon can-
cer when discussing cancer genetics and cancer 
biology. Instead, most of the research and 
advances in this fi eld have focused on both colon 
 and  rectal cancer (CRC) based on their indistin-
guishable genetic signature, and therefore this 
chapter will focus on the genetics of CRC with 
particular attention to the impact of genetics on 
cancer development as well as cancer outcomes 
and chemotherapeutic treatment. Additionally, 
CRC screening and chemoprevention options, 
critical for early detection and prevention efforts 
and also not often specifi c to rectal cancer, will 
be addressed.  

    Genetics of Colorectal Cancer 

 Central to our understanding of CRC biology are 
the cellular genetic alterations that lead to the 
development of cancer, whether those altera-
tions are related to a hereditary germline muta-
tion or an acquired (also known as somatic) gene 
mutation. Normal colonic cell maturation begins 
in the base of the colonic crypts with normal 
proliferation, differentiation, and eventual cell 
death occurring along the wall of the crypts and 
being mediated by a number of gene types 
including proto- oncogenes that mediate cellular 
proliferation and tumor suppressor genes that 
mediate cellular differentiation and programmed 
cell death (or apoptosis). The neoplastic process 
at a cellular level can be thought of simply as a 
single cell developing clonal expansion and 
uncontrolled cell growth, either through increas-
ing cell division (primarily through dysfunction 

of the proto- oncogenes leading them to be 
termed “oncogenes”) or by abnormal differenti-
ation or through inhibition of programmed cell 
death (e.g., inhibition of normal apoptosis by 
tumor suppressor genes) [ 2 ]. Because oncogenes 
result from gene mutations that lead to activa-
tion of the proto-oncogenes, only a single allelic 
mutation is required to show the effect. Examples 
of oncogenes involved in colorectal carcinogen-
esis includes  KRAS ,  c-Myc , and  BRAF . Tumor 
suppressor genes on the other hand, because 
they require inactivation to lead to carcinogene-
sis, require “two-hits” or biallelic mutations (or 
“loss of heterozygosity” or LOH) to have a neg-
ative impact on cellular differentiation or apop-
tosis. Examples of these genes involved in CRC 
include  APC ,  p53 ,  SMAD , and  DCC . Due to the 
 burgeoning volume of genetic information iden-
tifi ed with today’s sequencing and microarray 
technology as now being associated with CRC, 
this chapter will not attempt to address every 
gene implicated in tumorigenesis, just those 
most  frequently identifi ed and those with the 
greatest implications to therapy. 

 Many of the above-mentioned tumor sup-
pressor and oncogenes are central to the initial 
model of colorectal carcinogenesis that was 
fi rst proposed by Fearon and Vogelstein in 
1990 in which genetic alterations were linked 
with histologic changes that showed how nor-
mal colorectal mucosa could develop a benign 
adenoma and eventually progress to invasive 
adenocarcinoma (Fig.  5.1 ) [ 3 ]. This early 
model, still thought to be the primary genetic 
etiology for the development of most sporadic 
CRCs, has been supplemented with the recog-
nition of other CRC molecular pathways such 
as the “serrated pathway” to colorectal carcino-
genesis [ 4 ]. While somatic mutations in these 
genes, which cannot be passed down in the 
germline to offspring, account for the majority 
of CRCs, mutations in these classes of genes 
can occur more rarely in the germline as well. 
This results in a hereditary predisposition to 
CRC, including syndromes such as familial 
adenomatous polyposis (FAP) related to muta-
tions in  APC  or juvenile polyposis syndrome 
related to mutations in  SMAD  or  BMPR1A  [ 5 ]. 
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These hereditary mutations are usually acquired 
by being passed down from parents but can also 
occur sporadically in the germline as well. 
These hereditary conditions account for a small 
percentage of incident CRCs (approximately 
5 %), whereas sporadic CRCs related to somatic 
gene mutations are the most common (approxi-
mately 70 %), and “familial” CRCs, likely 
related to more low risk genetic polymor-
phisms, make up approximately 25 % of inci-
dent CRCs (Fig.  5.2 ).   

 A third path for tumorigenesis is via DNA 
repair genes. These genes include mismatch 
repair (MMR) genes (e.g.,  MLH1 ,  MSH2 , etc.) 
as well as nucleotide- and base-excision repair 
genes (e.g.,  MYH ). These genes are responsible 
for repair of DNA replication mistakes occurring 
during cellular division or those induced by 
exposure to environmental mutagens. If these 
genes are inactivated, DNA replication errors 

that routinely occur in every one in 1,000 DNA 
base pairings during cellular division are allowed 
to propagate through the daughter cell lines, with 
risks of subsequent alterations in other critical 
genes increasing (including proto-oncogenes or 
tumor suppression genes), leading to increased 
risk of cancer development [ 3 ]. Mutations in 
these types of genes can also be germline muta-
tions, having been linked with inherited CRC 
syndromes such as hereditary nonpolyposis 
colorectal cancer (HNPCC) or Lynch syndrome. 
More commonly than through germline muta-
tions, carcinogenesis can occur through somatic 
mutations of these genes (as well as tumor sup-
pressor genes), but gene inactivation can also 
occur through hypermethylation “silencing” of 
these genes’ promoter regions, much like 
through the serrated pathway, which is known as 
an epigenetic phenomenon since the DNA itself 
is not mutated. 

Mutation
and loss

Normal epithelium Early adenoma/
dysplastic crypt

Intermediate
adenoma

Late adenoma Carcinoma Metastasis

APC KRAS SMAD2/4 TP53

Mutation
and loss

Mutation

Altered DNA
methylation

Other genetic alterations

Loss

  Fig. 5.1    Schematic of the adenoma-to-carcinoma 
sequence in the development of colorectal cancer. The 
 primary genes that are mutated related to each step are 

indicated (See text for abbreviations and descriptions of 
the genes) (Adapted from Davies et al. [ 110 ]. With per-
mission from Macmillan Publishers Ltd)       
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  Fig. 5.2    Graph depicting the percentages 
of colorectal cancer patients that are considered 
to have sporadic, familial, and hereditary 
etiologies for their cancers (Reprinted from 
Burt [ 111 ]. With permission from Elsevier)       
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    Oncogenes 

 When proto-oncogenes, which regulate cellular 
proliferation and differentiation, become 
mutated, they may become oncogenes producing 
unregulated transcription or growth factors. This 
can occur through a number of mechanisms 
including missense mutations (point mutations 
leading to an amino acid change altering gene 
expression or protein function), chromosome 
rearrangement (altering gene expression or pro-
tein function), or through gene amplifi cation 
(copy number increase of a portion of a chromo-
some leading to increase in gene expression). 
Oncogenes behave such that a mutation in one of 
the two alleles is suffi cient to produce activation 
and phenotypic expression of the mutated gene. 
Oncogenes implicated in sporadic CRC include 
 RAS  genes,  c-Myc , and  BRAF .  

     RAS  Family 

 The  RAS  oncogene family includes three cellular 
variants Harvey- RAS ( HRAS ), Kirsten-RAS 
( KRAS)  and Neuroblastoma-RAS ( NRAS ).  KRAS  
is the most commonly mutated gene in CRC from 
the  RAS  family and lies on the short arm of chro-
mosome 12 (12p), encoding for a guanosine tri-
phosphatase (GTPase) protein involved in the 
transduction of growth and differentiation signals 
through the serine protein BRAF (see below) [ 6 ]. 
When mutated and activated,  KRAS  results in cel-
lular overgrowth and dysplasia, likely as an early 
event in tumorigenesis, usually found after the 
initial  APC  mutation in CRC development 
(Fig.  5.1 ).  KRAS  mutations are present in about 
50 % of CRC and colonic adenomas ≥1 cm com-
pared with only 9 % of adenomas <1 cm, sug-
gesting that in a proportion of CRCs, RAS 
activation is an early promoter rather than an ini-
tiator of tumorigenesis [ 7 ].  KRAS  has also been 
implicated in the process of tumor invasion and 
metastasis. A study conducted comparing genetic 
and epigenetic changes in primary metastatic and 
non-metastatic CRC found that  KRAS  mutations 
were signifi cantly associated with metastatic 
tumors [ 8 ]. 

 Importantly, if particular  KRAS  mutations are 
present in CRC, there appears to be an impact on 
the targeted response of epidermal growth factor 
receptor (EGFR) agents such as cetuximab and 
panitumumab [ 9 ]. These monoclonal antibodies 
to EGFR are thought to work through binding of 
the agents leading to internalization of the recep-
tor and blockage of downstream  KRAS  signal-
ling. It is believed that  KRAS  mutations leading 
to a constitutively active protein (>90 % of the 
 KRAS  mutations, located on codons 12 and 13 in 
exon 2 of the gene) will negate the effects of the 
EGFR agent [ 10 ]. This has been confi rmed in 
clinical studies. Karapetis, et al. analyzed 394 
out of 572 patients with CRC who were ran-
domly assigned to receive cetuximab plus best 
supportive care or best supportive care alone 
with the effectiveness of cetuximab being sig-
nifi cantly associated with  KRAS  mutation status 
(P = 0.01). Patients with wild-type  KRAS  tumors 
showed signifi cantly improved survival (median 
survival: 9.5 vs 4.8 months) with treatment with 
cetuximab compared with supportive care alone 
whereas patients with a mutated  KRAS  showed 
no difference to those who received supportive 
care alone with respect to overall survival or pro-
gression free survival [ 9 ]. This fi nding has been 
confi rmed by meta-analyses of multiple studies 
on EGFR agents and  KRAS  status [ 11 ,  12 ] as 
well as recent trials [ 13 ,  14 ]. A number of 
European and North American Oncology 
Societies have recommended that all patients 
with metastatic CRC who are being considered 
for anti-EGFR therapy have their cancer tested 
in an accredited lab for  KRAS  mutations as stan-
dard of care [ 10 ]. 

  NRAS , a membrane protein very homologous 
with  KRAS , is found on chromosome 1 and is 
mutated in approximately 3–5 % of CRCs [ 10 ]. 
Mutations in this gene are often mutually exclu-
sive from those in  KRAS  [ 15 ]. In a European 
Consortium trial with cetuximab, in  KRAS  non- 
mutated patients,  NRAS  mutants had a signifi -
cantly lower response rate (7.7 % vs. 38.1 %; OR, 
0.14; p = 0.013) than did  NRAS  wild types, and a 
trend for shorter progression free and overall sur-
vival [ 10 ]. Similarly, a 2013 study reviewing out-
comes from 1,060 patients who had both  KRAS  
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and  NRAS  testing of their tumor showed worse 
outcomes (response rate and survival) with the 
use of panitumumab in the setting of any  RAS  
mutation versus wild type tumors with the same 
chemotherapeutic regimen. The authors of this 
study concluded that anti-EGFR agents “…have 
no value in patients with metastatic colorectal 
cancer and mutated  RAS ” [ 14 ]. The results of 
these studies have impacted treatment guidelines 
such that many organizations advocate  KRAS  and 
 NRAS  (and possibly  BRAF , if needed) testing of 
all metastatic tumors due to the impact of the 
results on treatment regimens [ 16 ].  

     c-Myc  

 The proto-oncogene  c-Myc  located on chromo-
some 8 has been associated with a number of cell 
functions including production of a transcription 
factor linked with cellular functions such as dif-
ferentiation and apoptosis as well as tumor angio-
genesis [ 17 ]. While the gene is most frequently 
linked with Burkitt’s lymphoma, it is clearly 
involved in CRC tumorigenesis and has shown 
overexpression in the majority of CRCs. While it 
has not been used to direct therapeutics like the 

 RAS  genes have,  c-Myc  overexpressing CRCs 
have shown better survival, although this advan-
tage appears to be negated in the presence of a 
mutant  p53  gene [ 18 ].  

     BRAF  

  BRAF  is a signal transduction gene on chromo-
some 7q34 involved in the MAP kinase cellular 
pathways (associated with RAS) that impact cell 
division, proliferation, and apoptosis.  BRAF  is 
mutated in 5 % of sporadic “adenoma to carci-
noma” CRCs but up to 25 % of all CRCs 
(Fig.  5.3 ). Approximately 90 % of the time the 
 BRAF  mutation is in the form of a substitution at 
nucleotide 1799 leading to valine (V) being sub-
stituted for by glutamate (E) at codon 600 
(referred to as “V600E”) which leads to a ten 
times more active BRAF protein than normal 
[ 19 ]. As noted above,  BRAF  mutations are often 
mutually exclusive of  KRAS  and  NRAS  muta-
tions, and  BRAF  is less frequently found mutated 
when a CRC is associated with  p53  and  APC  
mutations, suggesting that  BRAF  mutations 
may be part of a different CRC tumorigenesis 
pathway [ 1 ]. This pathway is often thought to be 

BRAF wt
(75%)

BRAF mut
(25%)

CIMP-H
(15%)

CIMP neg
(66%)

MSI-L/MSS
(85%)

MSI-H
(15%)

C
IM

P-L

(19%
)

CRC

  Fig. 5.3    Molecular etiologies of colorectal 
cancer which can be characterized by the 
presence or absence of microsatellite 
instability (MSI), the CpG island methylator 
phenotype (CIMP), or BRAF mutation status 
(wild type [wt] or mutant [mut]). MSI and 
CIMP are characterized as “high” (MSI-H 
and CIMP-H, respectively) and “low” (MSI-L 
and CIMP-L, respectively) (From Boland and 
Goel [ 112 ]. With permission from Oxford 
University Press)       
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related to epigenetic silencing of  MLH1  due to 
hypermethylation of its promoter region leading 
to a sporadic microsatellite instability high (MSI- 
H, see below) CRC developing via the CpG 
island methylator phenotype (CIMP) mechanism 
also known as the “serrated pathway” described 
by Jass. In fact, the odds ratio of an association 
between CIMP and a  BRAF  mutation in CRC is 
greater than 200 [ 20 ]. CRCs associated with 
 BRAF  mutations and the CIMP-high (CIMP-H) 
pathway are more often in older women, right 
side of the colon, and associated with smoking 
[ 21 ]. BRAF mutations are found in 40–87 % of 
sporadic MSI-H CRCs [ 22 ], but the order of 
molecular events leading to MSI-H and/or 
CIMP-H CRCs has not been completely defi ned 
when associated with  BRAF  mutations [ 21 ]. 
When a  BRAF  mutation is noted in association 
with an MSI-H CRC, the tumor is more likely to 
be a sporadic CIMP-H CRC as opposed to related 
to the hereditary condition Lynch syndrome 
caused by a germline MMR gene mutation, and 
therefore  BRAF  mutation testing can be used to 
determine the need for further MMR germline 
testing [ 19 ,  23 ].  BRAF  testing is also indicated in 
CRCs that are  KRAS  and  NRAS  wild type if the 
patient is being considered for anti-EGFR ther-
apy, as discussed above. Finally, the presence of 
a  BRAF  mutation in the setting of a microsatellite 
stable CRC (as opposed to MSI-H) is a poor 
prognostic indicator, although this does not yet 
inform therapy recommendations at the present 
time [ 19 ].   

    Tumor Suppressor Genes 

 This class of genes inhibits abnormal cell growth 
by slowing the cell cycle to allow for DNA repair 
and promote apoptosis when repair is no longer 
possible. They are recessive genes, meaning that 
both alleles must be lost or mutated for the gene 
to be inactive and phenotypically expressed. This 
inactivation can occur through a number of 
mechanisms including deletion or mutations that 
impact protein structure or function (nonsense 
mutations that lead to a truncated, nonfunctional 
protein, frameshift mutations that lead to 

 translation of a different protein, or splice site 
mutations which leave introns present in the 
RNA that then translate an incorrect protein 
product). Tumor suppressor genes that play a role 
in CRC include  APC ,  DCC , and  p53 .  

    Adenomatous Polyposis Coli ( APC ) 

 The  APC  gene is located on the long arm of chro-
mosome 5 (5q) [ 24 ]. It encodes a protein that has 
multiple functional domains that mediate oligo-
merization as well as binding of a variety of intra-
cellular proteins including β-catenin, ϒ-catenin, 
glycogen synthase kinase (GSK)-3β, Axin, tubu-
lin, EB1 and hDLG [ 25 ]. Mutant, truncated APC 
proteins lack at least one type of β-catenin bind-
ing repeat. The APC protein is located in the 
basolateral membrane in the colorectal epithelial 
cells, and as the cells migrate up through the crypt 
columns, expression increases [ 26 ]. In colorectal 
mucosal cells, damage to the APC protein com-
plex results in increased levels of free cellular 
β-catenin. Two important functions of β-catenin 
include cellular adhesion and cell signaling. 
Therefore, with a dysfunctional truncated protein 
related to the  APC  gene mutation, whether spo-
radic or germline, β-catenin accumulates in the 
nucleus and induces gene overexpression through 
aberrant cell signalling (via the Wingless [Wg] 
and Wnt signaling pathways fi rst described in 
Drosphilia and mice) and increased cell prolifera-
tion. Additionally, since binding of β-catenin to 
cadherins (important for cell-to-cell adhesion) 
and to the APC protein is mutually exclusive [ 25 ], 
the cytoplasmic accumulation of β-catenin due to 
the presence of a dysfunctional non- binding APC 
protein enhances cell-to-cell adhesion and limits 
cell migration. This results in the balance of cel-
lular turnover shifting from the lower proliferative 
compartment of the crypt to the upper villi, which 
is greatly impaired, leading to the accumulation 
of the hyperproliferating cells [ 27 ]. In addition, 
the truncated APC protein acts through the Wnt/
β-catenin/Axin signalling pathway to alter apop-
tosis and cell cycle control which drives neoplastic 
cell proliferation further leading to the formation 
of an adenomatous, pre- cancerous polyp [ 4 ]. 
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 Germline mutations in  APC  result in FAP or 
one of its variants such as attenuated FAP (aFAP) 
or Turcot syndrome [ 28 – 32 ]. “Classic” FAP is an 
autosomal dominant disease that is associated 
with <1 % of all incident CRCs and leads to car-
peting of the colon and rectum with hundreds to 
thousands of adenomatous polyps. When germ-
line mutations occur in the  APC  gene, there is a 
very high phenotypic penetrance with 90–100 % 
of mutation carriers ultimately developing 
FAP. An individual with FAP has one mutated 
copy of the  APC  gene, and a subsequent somatic 
inactivation of the second wild type copy of the 
gene in a colonic epithelial cell leads to polyp ini-
tiation as discussed above [ 33 ]. In “classic” FAP, 
polyps usually start developing in adolescence, 
and if the colon is left intact, CRC will develop at 
an average age of 39 years [ 34 – 36 ]. In contrast, 
aFAP (also linked with the  MYH  base-excision 
repair gene and presenting as an autosomal reces-
sive condition) is defi ned by fewer than 100 
colorectal adenomas with polyp onset usually in 
the mid-30s and CRC developing on average by 
the mid-50s. Varied clinical presentations can be 
dependent on the location of the mutation within 
the  APC  gene [ 37 ]. Mutations that are proximal to 
codon 1249 or distal to codon 1465 (at the 3′ and 
5′ ends of the  APC  gene) usually lead to the aFAP 
phenotype, whereas mutations between codons 
1250 and 1330 (especially 1309 and 1328, which 
have been associated with higher rates of rectal 
cancer) lead to more extensive polyposis. 

 Extracolonic malignancies also occur in FAP 
including hepatoblastoma in children, papillary 
thyroid cancer, duodenal and gastric carcinomas, 
and ampullary and pancreatic carcinomas, as well 

as benign disorders such as dermoid cysts, 
 desmoid tumors, osteomas, supernumerary teeth, 
and congenital hypertrophy of the retinal pigment 
epithelium (CHRPE). These extracolonic mani-
festations are often also related to the  APC  muta-
tion site (Fig.  5.4 ). For example, CHRPE is found 
primarily in patients with mutations located 
between exons 9 and 15. Turcot syndrome is asso-
ciated with FAP and medulloblastoma of the cen-
tral nervous system when related to an  APC  gene 
mutation, but it has also been associated with 
Lynch syndrome (the hereditary condition related 
to germline MMR gene mutations) [ 34 – 36 ].  

 Genetic testing for FAP should fi rst involve 
genetic counseling to ensure proper assessment 
for determination of the appropriateness of test-
ing and to ensure that the patients and their fami-
lies understand the implications of testing. 
Approximately 25–30 % of FAP patients will be 
related to  de novo  germline mutations, meaning 
that the parents of the affected patient do not 
carry the gene mutation or manifest the disease 
phenotypically. Mutation detection during testing 
depends on the phenotypic manifestations of 
FAP. In a study of over 7,000 patients with 
 varying degrees of adenomatous polyposis, gene 
testing for  APC  and  MYH  were conducted with 
80 % of those with “classic” FAP (>1,000 pol-
yps) showing a pathogenic  APC  mutation and 
2 % showing a biallelic  MYH  mutation. In con-
trast, those patients with between 20 and 99 ade-
nomas had an APC mutation only 10 % of the 
time and a biallelic  MYH  mutation 7 % of the 
time [ 38 ]. Genetic testing other members of the 
family can be facilitated if the initially diagnosed 
affected proband has an abnormal test, allowing 
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  Fig. 5.4    Schematic of the APC 
gene to show some of the 
genotype-phenotype correlations 
noted in familial adenomatous 
polyposis (FAP) (From Beck et al. 
[ 113 ]. With kind permission from 
Springer Science + Business Media, 
Figure 37.3)       
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for mutation- specifi c testing of those at-risk as 
opposed to need for full gene sequencing [ 39 ]. 
Having abnormal genetic testing or being at high 
risk without undergoing genetic testing (e.g., 
child of an FAP patient) will require a lifetime of 
surveillance beginning with a fl exible sigmoidos-
copy or colonoscopy at age 10–15 years and then 
every 12 months thereafter, as well as an upper 
endoscopy starting as age 20 years (or before col-
ectomy) and occurring every 1–4 years to assess 
for gastric, periampullary and duodenal adeno-
mas [ 40 ,  41 ]. For patients who have or may have 
aFAP, surveillance should consist of a full colo-
noscopy starting in the late teens and every 2–3 
years thereafter secondary to the predominance 
of right sided colonic tumors, and upper endos-
copy is also advised starting at age 25–30 years 
[ 41 ]. The National Comprehensive Cancer 
Network has advised that all of these “…patients 
be managed by physicians or centers with exper-
tise in FAP” [ 41 ]. 

 Because of the CRC risk related to these con-
ditions, total abdominal colectomy and ileorectal 
anastomosis (IRA) or total proctocolectomy 
(TPC) and either end ileostomy or restoration of 
intestinal continuity through an ileal pouch anal 
anastomosis (IPAA) is advised for patients with 
FAP and aFAP. The timing of the operation is 
dependent on the phenotypic manifestations 
(e.g., development of CRC or high grade dyspla-
sia, etc.) as well as symptoms of the disease (e.g., 
bleeding) as well as the maturity and understand-
ing of the patient, but the ideal time is thought to 
be during the late teens or early 20s. 

 Operative choice for FAP or aFAP is based on 
the patient’s phenotype (e.g., presence of cancer, 
rectal polyp number greater than 20, etc.) as well 
as their baseline health and continence status. 
Concerns about desmoid development (higher in 
women and after operations, especially in those 
with a family history of desmoids) and sexual 
function and fecundity (ability to become preg-
nant) may impact the decision of the operative 
approach as well. Concerns about rectal cancer 
and rectal polyp development impact operative 
choice as well. A Dutch Polyposis Registry study 
tried to assess the appropriate operative choice 
for FAP patients based on genotype by tracking 

those patients having undergone an IRA who 
were grouped based on the site of their  APC  gene 
mutation as an indicator of their polyposis 
 phenotype. Rectal cancer risks ranged from 3 to 
8 % in the rectal remnant and need for proctec-
tomy during 20 years of follow-up ranged from 
10 to 74 % depending on the initial phenotype, 
suggesting that more aggressive genotypes would 
benefi t from TPC at the time of their initial oper-
ation [ 42 ]. An IPAA does not completely elimi-
nate the risk of distal polyps or cancer issues, 
unfortunately, and therefore FAP patients that 
undergo IPAA require continued rectal remnant 
and pouch surveillance. A French group assessed 
adenoma development after IPAA for FAP with 
the risk of developing adenomas at 5, 10, and 15 
years being 7, 35 and 75 %, respectively. No 
invasive carcinomas were noted. Interestingly, 
they did not fi nd a correlation between adenoma 
development and the site of the  APC  mutation 
[ 43 ]. Also, a Dutch study on 254 patients after 
IPAA for FAP showed the cumulative risk of 
developing an adenoma in the pouch at 10 years 
to be 45 % with 12 % developing an advanced 
adenoma and 2 % developing carcinoma [ 44 ]. 
Therefore, depending on the polyp burden, 
pouchoscopy is recommended every 1–3 years 
after IPAA and proctoscopy every 6–12 months 
after IRA [ 41 ]. Chemoprevention options for 
FAP are discussed below.  

     p53  

 The  p53  gene is located on the short arm of chro-
mosome 17p [ 45 ]. It functions as the gatekeeper 
by slowing the cell cycle to allow for DNA repair 
after damage by ultraviolet light, radiation or 
chemotherapy [ 6 ]. Inactivation of p53, found in 
70 % of CRC cases and as many as half of all 
carcinomas in humans, occurs late in the tumori-
genic sequence. Therefore,  p53  gene mutation is 
likely to be a limiting factor for the malignant 
transformation of precancerous cells in the LOH 
pathway. If a  p53  mutation is identifi ed in CRC it 
has potentially both prognostic and therapeutic 
signifi cance. Most studies show a signifi cantly 
lower survival rate for patients with  p53  negative 
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tumors compared with those with non mutated 
(wild type)  p53  [ 46 ].  

    Deleted in Colon Cancer ( DCC ) 

 The  DCC  gene is located on the long arm of chro-
mosome 18 (18q) [ 47 ] and codes for a transmem-
brane protein involved in cell-to-cell adhesion. It 
has been hypothesized that inactivation of the 
 DCC  gene and the resulting absence of the DCC 
protein may enhance the metastatic potential of 
CRC. DCC protein expression may also have 
prognostic signifi cance and DCC-positive Stage 
II and III CRC were found to have statistically 
signifi cant overall survival when compared with 
those with DCC negative cancers [ 48 ]. Studies 
are still ongoing as to the prognostic signifi cance 
of  DCC  in CRC.  

    Mismatch Repair 

 The MMR genes are responsible for correcting 
incorrect nucleotide base pairings or small nucle-
otide insertions or deletions that occur routinely 
during DNA replication [ 49 ,  50 ]. These genes 
include  MSH2  (mutS homolog 2),  MSH6  (human 
mutS homolog 6),  MLH1 (mutL homolog 1), and 
 PMS2  (post meiotic segregation 2), amongst oth-
ers. When a patient has one mutated MMR gene, 
the normal allele is able to produce the proteins 
needed for DNA repair functions; but when the 
normal remaining gene undergoes a “second hit” 
mutation, the MMR proteins fail to form or func-
tion appropriately. If MMR errors subsequently 
occur in the replication of an oncogene or tumor 
suppressor gene, neoplasia may result. 

 Cancers due to a MMR gene mutation are 
associated with an MSI-H phenotype. 
Microsatellites are short, tandemly repeated 
DNA base sequences that are scattered through-
out the genome, some being located near signifi -
cant protein-encoding genes. When there is lack 
of one of the functional MMR proteins, there can 
be variability in these repeats which leads to MSI 
[ 51 ]. MSI is highly sensitive for Lynch syndrome, 
the hereditary CRC syndrome associated with an 

MMR germline mutation. Almost 90 % of CRCs 
from patients with Lynch syndrome are MSI-H 
while MSI is found in up to 15 % of sporadic 
CRCs [ 52 ,  53 ]. MSI-H CRCs, whether sporadic 
or related to Lynch syndrome, tend to occur in the 
proximal colon, have a greater mucinous compo-
nent, contain lymphocytic infi ltration, and are 
more often poorly differentiated [ 54 ]. These cri-
teria were incorporated into the Bethesda and 
revised-Bethesda criteria (Table  5.1 ) which have 
been utilized to determine which CRCs warrant 
testing for MSI to then determine whether further 
genetic testing for Lynch syndrome might be 
warranted (see below).

   The condition often considered synonymous 
with Lynch syndrome is known as “HNPCC” or 
hereditary nonpolyposis colorectal cancer, 
which describes patients who fi t clinical criteria 
that were originally developed to identify high 
risk patients for research studies (Amsterdam I 
and II criteria) (Table  5.2 ). Both HNPCC and 
Lynch syndrome are autosomal dominant 

    Table 5.1    Revised Bethesda criteria for testing colorec-
tal cancer for microsatellite instability (MSI)   

 Patients who meet Amsterdam criteria (Table  5.2 ) 
 Colorectal cancer diagnosed in a patient below age 
50 years 
 Presence of synchronous and/or metachronous 
colorectal or other HNPCC-associated tumors 
(endometrial, stomach, small bowel, ovarian, pancreas, 
ureter and renal pelvis, biliary tract, and brain (usually 
glioblastoma) tumors, sebaceous gland adenomas and 
keratoacanthomas, and carcinoma of the small bowel), 
regardless of patient age 
 Colorectal cancer with “MSI histology” (tumor 
infi ltrating lymphocytes, Crohn’s-like lymphocytic 
reaction, mucinous/signet-ring differentiation, or 
medullary growth pattern) diagnosed in a patient who 
is less than 60 years of age 

    Table 5.2    Amsterdam II criteria for hereditary nonpol-
ypoisis colorectal cancer (HNPCC)   

 ≥3 relatives with an associated cancer (colorectal 
cancer, or cancer of the endometrium, small intestine, 
ureter or renal pelvis), one should be a fi rst-degree 
relative of the other two 
 ≥2 successive generations affected 
 ≥1 relative diagnosed before age 50 years 
 FAP has been ruled out 
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 disorders that are caused by germline mutations 
in the MMR genes. They account for 3–6 % of 
all incident CRCs, and patients with the condi-
tion are also at increased risk for extracolonic 
malignancies such as endometrial, genitouri-
nary, central nervous system, biliary, and ovar-
ian cancers, amongst others [ 55 ]. These patients 
often have early onset CRC (average age 42 
years) with a high risk of synchronous (5–20 %) 
and metachronous (10–50 %) CRC [ 56 ]. 
Mutations in  MLH1  are implicated in 32 % of 
Lynch syndrome cases,  MSH2  mutations in 
39 % of cases,  MSH6  in 15 % of cases and 
 PMS2  mutations in 14 % of cases [ 57 ]. The esti-
mated penetrance of MMR gene mutations can 
be high, with anywhere from 30 to 80 % of 
MMR gene mutation carriers developing CRC 
and 20–60 % developing endometrial cancer. As 
in FAP, genotype-phenotype correlations have 
also been determined for Lynch syndrome. For 
example, Weber, et al. demonstrated that kin-
dreds with  MLH1  mutations had a higher inci-
dence of rectal cancer and fewer extracolonic 
manifestations when compared with those with 
 MSH2  mutations [ 54 ].

   Individuals with a germline MMR gene 
mutation or family history fulfi lling HNPCC 
criteria should have a colonoscopy every 1–2 
years starting between the ages 20 and 25 years 
and every year after age 40 years. A prospective 
trial screening 22 Lynch syndrome families 
demonstrated a signifi cant 63 % decrease in the 
development of CRC from 11.9 to 4.5 % in 
those who underwent surveillance colonoscopy 
or barium enema plus sigmoidoscopy every 
3 years compared to those who underwent no 
screening [ 58 ]. Studies have shown that appro-
priate screening of Lynch syndrome patients 
improves mortality rates as well [ 59 ]. The tim-
ing of screening initiation may be adjusted 
depending on the underlying genotype, espe-
cially with  MSH6  and  PSM2  mutation patients 
developing CRC later in life on average versus 
 MLH1  and  MSH2  patients [ 41 ]. 

 Surgical options for colon cancer in the setting 
of Lynch syndrome include a segmental colec-
tomy versus total abdominal colectomy with IRA 
(due to the risk of metachronous cancer). Three 

separate studies (two from single institutions and 
one from the multi-institutional Colon Cancer 
Family Registry (CCFR)) showed that more 
extended colon resections to treat CRC in 
HNPCC or Lynch syndrome patients lead to sig-
nifi cantly decreased metachronous cancer rates, 
even when compliance was appropriate with 
post-operative screening protocols [ 60 – 62 ]. This 
has also been found when assessing the treatment 
of patients with Lynch syndrome and rectal can-
cer, which is the presenting index cancer in 
approximately 15 % of these patients [ 63 ]. One 
single institution study of HNPCC patients who 
initially presented with rectal cancer showed a 
greater than 50 % rate of metachronous advanced 
adenomas or colon cancers at a median of 6 years 
after proctectomy [ 64 ]. A CCFR study of 79 
Lynch syndrome patients with an index rectal 
cancer who underwent proctectomy showed risks 
of metachronous colon cancer of 19 % at 10 
years, 47 % at 20 years, and 69 % at 30 years 
[ 65 ]. Authors of both studies concluded that 
HNPCC/Lynch syndrome patients should be con-
sidered for TPC and IPAA at the time of index 
rectal cancer treatment. 

 Similar to FAP, the genetic testing for Lynch 
syndrome must start with genetic counseling and 
familial assessment. There are a number of algo-
rithms utilized to determine which patients with 
CRC should be tested for Lynch syndrome. The 
Bethesda Guidelines (Table  5.1 ) were established 
in 1996 to help identify which CRC patients to 
consider for further Lynch syndrome testing via 
MSI testing [ 66 ]. Because of the inaccuracy of 
family histories and studies showing a close to 
50 % miss rate for Lynch syndrome using clinical 
criteria alone [ 67 ], universal screening of all 
CRCs was recommended by some national orga-
nizations, whether through MSI testing or use of 
immunohistochemistry assessment of tumor 
MMR proteins [ 68 ]. Attempting to identify the 
best Lynch syndrome screening strategy for 
CRCs, one study of over 10,000 patients assessed 
the sensitivity and specifi city of universal screen-
ing (sensitivity, 100 %; specifi city, 93.0 %) versus 
Bethesda guidelines (sensitivity, 87.8 %; specifi c-
ity, 97.5 %). Meanwhile, a strategy known as 
Jerusalem criteria (screen all CRC patients 70 
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years old or younger) showed sensitivity of 
85.4 % and specifi city of 96.7 % while a strategy 
based on Jerusalem criteria as well as screening 
those over 70 years fulfi lling the Bethesda guide-
lines showed sensitivity of 95.1 % and specifi city 
of 95.5 % with the latter option missing almost 
5 % of Lynch syndrome cases but resulting in 
35 % fewer cases undergoing unnecessary MMR 
testing [ 69 ]. Regardless of strategy, institutions 
are recommended to identify a means to screen 
CRCs for Lynch syndrome. As mentioned above, 
 BRAF  or hypermethylation testing should also be 
considered as part of the screening strategy to rule 
out an epigenetic CRC etiology [ 23 ].   

    Colorectal Cancer Screening 

 Since the introduction of nationwide CRC 
screening efforts in the United States, the death 
rate related to the disease has been slowly declin-
ing. Since 1998, CRC-related mortality rates 
have decreased by 3 % per year in men and by 
2.3 % per year in women (American Cancer 
Society). This has been attributed to a number of 
factors, including the effect of screening identify-
ing more early, treatable CRCs as well as even 
preventing the initial development of CRC 
through removal of adenomas endoscopically. 
This reduction is likely also related to reduced 
exposure to CRC risk factors in the general popu-
lation as well as improving treatment modalities 
for CRC and rectal cancer alike [ 70 ]. 

 Unlike other screening programs which aim to 
just identify cancers early enough in their devel-
opment such that they are curable (e.g. mammog-
raphy for breast cancer, prostate specifi c antigen 
screening for prostate cancer, etc.), screening for 
CRC can both fi nd early, treatable CRCs as well 
as prevent these cancers from developing in the 
fi rst place through removal of their adenoma pre-
cursors [ 71 ]. These precursors especially include 
those polyps at highest risk for malignant degen-
eration including advanced adenomas (adenomas 
≥10 mm in size, those with high grade dysplasia, 
and/or those with a villous component) [ 72 ]. 
Because screening the entire population for CRC 
is not possible or cost-effective, the available 

screening modalities are recommended based on 
their effi cacy as well as stratifying patients into 
average, intermediate or moderate risk, and 
 high- risk categories. These designations help 
determine the best modality of screening as well 
as the age of initiation of screening and the appro-
priate screening intervals. 

 Those who are considered average risk for 
CRC, which includes 70–80 % of all patients eli-
gible for screening, are those who are 50 years 
and older, asymptomatic, and without other risk 
factors such as family or personal history of 
colorectal neoplasia. Moderate/intermediate risk 
accounts for 15–20 % of the eligible screening 
population and includes those with a family his-
tory of CRC or adenomas diagnosed at age < 60 
years in one or more fi rst degree relatives (parent, 
sibling or child) or two fi rst degree relatives at any 
age. Personal history of CRC or adenomatous 
polyps also puts patients in a moderate risk cate-
gory. High risk (5–10 % of all those eligible for 
CRC screening) includes those with a known 
family history of FAP, HNPCC/Lynch syndrome 
or other inherited CRC syndrome or a personal 
history of infl ammatory bowel disease (IBD) 
including Crohn’s colitis or ulcerative colitis. 
Most of the recommendations below are from The 
Colorectal Cancer Screening and Surveillance 
recommendations of the U.S. Multisociety Task 
Force on Colorectal Cancer [ 73 ]. Tables  5.3  and 
 5.4  show the summary recommendations.

       Average Risk 

 The average risk patient has a range of options 
for screening which have been shown to be cost- 
effective and reduce mortality. The two primary 
categories of screening techniques include: stool 
tests that primarily detect cancer (includes tests 
for occult blood or exfoliated DNA) and struc-
tural tests of the colon and rectum that detect pol-
yps and cancer (which includes fl exible 
sigmoidoscopy, colonoscopy, double contrast 
barium enema (DCBE) and computed tomo-
graphic colonography (CTC)) [ 73 ]. 

 The stool tests available include fecal occult 
blood tests (FOBT), fecal immunochemical tests 
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   Table 5.3    Guidelines    for screening for the early detection of colorectal cancer and adenomas for average‐risk women 
and men aged 50 years and older   

 The following options are acceptable choices for colorectal cancer screening in average adults beginning at age 50 
years, Since each of the following tests has Inherent characteristics related to prevent on potential, accuracy, costs, 
and potential harms, individuals should have an opportunity to make an informed decision when choosing one of the 
following options 
 In the opinion of the guidelines development committee,  colon cancer prevention  should bе the primary goal of 
colorectal cancer screening. Tests that are designed to detect both early cancer and adenomatous polyps should be 
encouraged if resources are available and patients are willing to undergo an invasive test 
  Test    Interval    Key issues for informed decisions  
  Tests that detect adenomatous polyps and cancer  
 FSIG with insertion 
in 40 cm or to 
splenic fl exure 

 Every 5 years  Complete or partial bowel prep is required 
 Sedation usually is not used, so there may be some discomfort during the 
procedure 
    The protective effect of sigmoidoscopy is primarily limited to the portion 
of the colon examined 
 Patients should understand that positive fi ndings on sigmoidoscopy usually 
result in a referral for colonoscopy 

 Colonoscopy  Every 10 years  Complete bowel prep is required 
 Conscious sedation is used in most centers; patients will miss a day of 
work and will need a chaperone for transportation from the facility 
 Risks include perforation and bleeding, which are rare but potentially 
serious; most of the risk is associated with polypectomy 

 DCBE  Every 5 years  Complete bowel prep is required 
 If patients have one or more polyps ≥6 mm, colonoscopy will be 
recommended; follow-up colonoscopy will require complete bowel prep 
 Risks of DCBE are low, rare cases of perforation have been reported 

 CTC  Every 5 years  Complete bowel prep is required 
 If patients have one or more polyps ≥6 mm, colonoscopy will be 
recommenced; if same day colonoscopy It not available, a second 
complete bowel prep will be required before colonoscopy 
 Risks of CTC are low; rare cases of perforation have been reported 
 Extracolonic abnormalities may be identifi ed on CTC that could require 
further evaluation 

  Tests that primarily detect cancer  
 gFOBT with high 
sensitively for 
cancer 

 Annual  Depending on manufacturer’s recommendations, two to three stool 
samples collected at home are needed to complete testing, a single sample 
of stool gathered during a digital exam in the clinical settling is not an 
acceptable stool test and should not be done 

 FIT with high 
sensitivity for 
cancer 

 Annual  Positive test are associated with an increased risk of colon cancer and 
advanced neoplasia; colonoscopy should be recommended if the test 
results are positive 
 If the test is negative, it should be repeated annually 
 Patients should understand that one-time testing is likely to be ineffective 

 sDNA with high 
sensitivity for 
cancer 

 Interval 
uncertain 

 An adequate stool sample must be obtained and packaged with appropriate 
preservative agents for shipping to the laboratory 
 The unit cost of the currently available test is signifi cantly higher than 
other forms of stool testing 
 If the test is positive, colonoscopy will be recommended 
 If the test is negative, the appropriate interval for a repeat test is uncertain 

  From Levin et al. [ 114 ] 
  Abbreviations :  FSIG  fl exible sigmoidoscopy,  DCBE  double-contrast barium enema,  CTC  computed tomography colo-
nography,  gFOBT  guaiac-based fecal occult blood test,  FIT  fecal immunochemical test,  sDNA  stool DNA test  
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(continued)

   Table 5.4    Guidelines for screening and surveillance for the early detection of colorectal adenomas and cancer in indi-
viduals at increased risk or at high risk   

 Risk category  Age to begin  Recommendation  Comment 

  Increased risk—patients with history of polyps at prior colonoscopy  
 Patients with small 
rectal hyperplastic 
polyps [ 1 ] 

 –  Colonoscopy or other 
screening options at 
intervals recommended for 
average-risk individuals 

 An exception is patients with a hyperplastic 
polyposis syndrome. They are at increased risk 
for adenomas and colorectal cancer and need 
to be identifi ed for more intensive follow up 

 Patients with 1 or 2 
small tubular 
adenomas with 
low-grade dysplasia 
[ 1 ] 

 5 years 10 years 
after the initial 
polypectomy 

 Colonoscopy  The precise timing within this interval 
should be based on other clinical factors 
(such as prior colonoscopy fi ndings, family 
history, and the preferences of the patient 
and judgment of the physician) 

 Patients with 3–10 
adenomas or 1 
adenoma >1 cm or 
any adenoma with 
villious features or 
high-grade 
dysplasisa [ 19 ] 

 3 years after the 
initial polypectomy 

 Colonoscopy  Adenomas must have been completely 
removed. If the follow-up colonoscopy is 
normal or shows only 1 or 2 small, tubular 
adenomas with low-grade dysplasia, then 
the interval for the subsequent examination 
should be 5 years 

 Patients with >10 
adenomas on as single 
examination [ 1 ] 

 <3 years after the 
initial polypectomy 

 Colonoscopy  Consider the possibility of an underlying 
familial syndrome 

 Patients with sessile 
adenomas that are 
removed piecemeal 
[ 22 ] 

 2–6 months to 
verify complete 
removal 

 Colonoscopy  Once complete removal has been 
established, subsequent surveillance needs 
to be individualized based on the 
endoscopist’s judgment. Completeness of 
removal should be based on both 
endoscopic and pathologic assessments 

  Increased risk—patients with colorectal cancer  
 Patients with colon 
and rectal cancer 
should undergo 
high-quality 
perioperative 
clearing [ 19 ] 

 3–6 months after 
cancer resection, if 
no unreasectable 
metastases are found 
during surgery; 
alternatively, 
colonoscopy can be 
performed 
intra-operatively 

 Colonoscopy  In the case of nonobstructing tumors, this 
can be done by preoperative colonoscopy. In 
the case of obstructing colon cancers, CTC 
with intravenous contrast or DCBE can be 
used to detect neoplasms in the proximal 
colon 

 Patients undergoing 
curative resection 
for colon or rectal 
cancer [ 2 ] 

 1 year after the 
resection (or 1 year 
following the 
performance of the 
colonoscopy that 
was performed to 
clear the colon of 
synchronous 
disease) 

 Colonoscopy  This colonoscopy at 1 year is in addition to 
the perioperative colonoscopy for 
synchronous tumors. If the examination 
performed at 1 year is normal, then the 
interval before the next subsequent 
examination should be 3 years. If that 
colonoscopy is normal, then the interval 
before the next subsequent examination 
should be 5 years. Following the 
examination at 1 year, the intervals before 
subsequent examinations may be shortened 
if there is evidence of HNPCC or if adenoma 
fi ndings warrant earlier colonoscopy. 
Periodic examination of the rectum for the 
purpose of identifying local recurrence, 
usually performed at 3- to 6-months intervals 
for the fi rst 2 or 3 years, may be considered 
after low- anterior resection of rectal cancer 
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Table 5.4 (continued)

 Risk category  Age to begin  Recommendation  Comment 

  Increased risk—patients with a family history  
 Either colorectal 
cancer or 
adenomatous polyps 
in a fi rst-degree 
relative before age 
60 years or in 2 or 
more fi rst-degree 
relatives at any age 
[ 18 ] 

 Age 40 years or 10 
years before the 
youngest case in 
the immediate 
family 

 Colonoscopy  Every 5 years 

 Either colorectal 
cancer or 
adenomatous polyps 
in a fi rst-degree 
relative ≥60 year or 
in 2 second-degree 
relatives with 
colorectal cancer 
[ 18 ] 

 Age 40 years  Screening options at 
intervals recommended for 
average-risk individuals 

 Screening should begin at an earlier age, but 
individuals may choose to be screened with 
any recommended form of testing 

  High risk  
 Genetic diagnosis 
of FAP or suspected 
FAP without genetic 
testing evidence 
[ 18 ] 

 Aged 10–12 years  Annual FSIG to determine 
if the individual is 
expressing the genetic 
abnormality and 
counseling to consider 
genetic testing. 

 If the genetic test is positive, colectomy 
should be considered. 

 Genetic or clinical 
diagnosis of 
HNPCC or 
individuals at 
increased risk of 
HNPCC [ 18 ] 

 Aged 20–25 years 
or 10 years before 
the youngest case 
in the immediate 
family 

 Colonoscopy every 1–2 
years and counseling to 
consider genetic testing 

 Genetic testing for HNPCC should be 
offered to fi rst-degree relatives of persons 
with a known inherited MMR gene 
mutation. It should also be offered when the 
family mutation is not already known, but 1 
of the fi rst 3 of the modifi ed Bethesda 
Criteria is present 

 Infl ammatory bowel 
disease [ 18 ], 
chronic ulcerative 
colitis, and Crohn’s 
colitis 

 Cancer risk begins 
to be signifi cant 8 
years after the 
onset of pancolitis 
12–15 years after 
the onset of 
left-sided colitis 

 Colonoscopy with biopsies 
for dysplasia 

 Every 1–2 years; these patients are best 
referred to a cancer with experience in the 
surveillance and management of 
infl ammatory bowel disease 

  From Levin et al. [ 114 ] 
  Abbreviations :  FSIG  fl exible sigmoidoscopy,  DCBE  double-contrast barium enema,  CTC  computed tomographic colo-
noscopy,  FAP  familial adenomatous polyposis,  HNPCC  hereditary nonpolyposis colon cancer,  MMR  mismatch repair  

(FIT), and stool DNA (sDNA). Yearly FOBT can 
be performed by a number of available methods 
and requires two samples from three consecutive 
stools, but multiple surveys have shown poor 
adherence and understanding of these guidelines 
(only 26 % of physicians followed them cor-
rectly). There are different fecal occult blood 
tests available, and while they fail to detect many 
small precancerous lesions [ 74 ], there are four 

large randomized, controlled studies demonstrat-
ing a signifi cant decrease in CRC mortality with 
the use of FOBT [ 75 – 78 ]. A positive FOBT must 
be followed up with a colonoscopy to be effective 
as a screening method and to reduce mortality. A 
trial comparing FOBT versus fecal DNA for 
CRC screening in an average risk population 
showed that the DNA panel detected 40.8 % of 
subjects with CRCs plus adenomas with high 
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grade dysplasia while FOBT only detected 14 % 
(P < 0.001) [ 79 ]. 

 Flexible sigmoidoscopy has been shown to 
lead to a decrease in distal colon cancer mortality 
as high as 80 % (45 % for all CRCs), but does not 
show a reduction in deaths from more proximal 
cancers. The effectiveness of FOBT was com-
pared to sigmoidoscopy in an average risk popu-
lation through a Cochrane Review of nine studies 
comparing 338,467 subjects randomized to 
screening versus 405,919 controls. When com-
pared to no screening, CRC mortality was lower 
with fl exible sigmoidoscopy (relative risk 0.72; 
95 % CI 0.65–0.79) and FOBT (relative risk 
0.86; 95 % CI 0.8–0.92). Indirect comparison of 
the two screening methods, the relative risk of 
dying from CRC, was 0.85 for fl exible sigmoid-
oscopy compared to FOBT [ 80 ]. 

 Alternatives to FOBT and sigmoidoscopy 
include DCBE every 5 years. Johnson, et al. at 
Mayo Clinic compared CTC with DCBE for 
detection of colorectal polyps. CTC detected 
56–79 % of polyps >10 mm compared to 39–56 % 
for DCBE with relative specifi city for polyps 
>10 mm from 96 to 99 % with CTC and 99–100 % 
for DCBE [ 81 ]. Of note, anything found on CTC 
or DCBE should be followed up by colonoscopy 
to be effi cacious. 

 Colonoscopy is the only screening modality to 
provide both diagnostic and therapeutic interven-
tion if a polyp is detected. Colonoscopy remains 
the gold standard for evaluation and is dependent 
on the endoscopist’s skill for detecting and 
removing polyps. Colonoscopy decreases the 
risk of CRC incidence by 76–90 % and has been 
show to decrease CRC mortality. In 2012 The 
National Polyp Study published their long-term 
data with follow-up time as long as 23 years 
showing a 53 % reduction in mortality with colo-
noscopy [ 82 ]. Downsides of colonoscopy include 
risk of perforation and bleeding, risks of seda-
tion, need for bowel preparation, risk of missed 
lesions (at least 6 % for lesions ≥10 mm), and 
overall cost (time lost from work in addition to 
procedural costs, etc.). A clear, complete colo-
noscopy in an average risk patient should be ade-
quate for screening and performed every 10 
years. This has been endorsed by many 

 professional groups as the preferred (“gold 
 standard”) screening method. 

 Newer screening modalities such as chromo-
endoscopy or dye-spray endoscopy, narrow band 
imaging, magnifi cation endoscopy, and pill colo-
noscopy have not been established as effective 
means for surveillance or screening for average 
risk patients and are not equivalent in the hands 
of all providers. Further studies as these technol-
ogies evolve will establish their role both in 
screening as well as for surveillance after endo-
scopic or surgical polypectomy or cancer resec-
tions. They are only considered adjunctive at this 
time by most surgical and medical societies and 
warrant further study.  

    Moderate Risk 

 Moderate risk patients include those with a fam-
ily history of CRC in one or more fi rst degree 
relatives or adenomas diagnosed at age < 60 years, 
or two fi rst degree relatives at any age, or those 
patients with a personal history of CRC or adeno-
matous polyps. Individuals with primary or mul-
tiple secondary relatives affected by CRC or 
adenomas should be screened at the age of 40 
years or 10 years before the youngest case in the 
family, whichever is earliest. Colonoscopy is 
considered the screening tool of choice in these 
patients because of its high sensitivity and ability 
to remove precursor lesions. 

 The recommendations from the updated joint 
guidelines of the American Cancer Society and 
the US multi-Society Task Force on CRC in 2008 
determine evidence-based surveillance recom-
mendations for patients after polypectomy and 
previous curative resection for CRC [ 73 ]. Patients 
with previous CRC should have a complete colo-
noscopy at or within 6 months of their original 
diagnosis due to the 3–5 % incidence of synchro-
nous cancers. After resection of a colon cancer, 
they should have a 1 year colonoscopy followed 
by a 3 year and then every 5 year follow-up 
 colonoscopies if the results are normal. 

 Follow-up for rectal cancer is less well estab-
lished, but recommendations from major societ-
ies include follow up colonoscopy in 1 year after 
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resection with or without a 6 month post- 
resection sigmoidoscopy due to the 2–30 % local 
recurrence rates. There are, however, no pro-
spective trials of rectal cancer patients to assess 
the appropriate follow-up interval or establish 
survival benefi ts for post-resection surveillance. 
The general recommendations therefore, are oth-
erwise similar to those for surveillance after 
colon cancer resection. Those rectal cancer 
patients who did not have a total mesorectal 
excision or did not receive radiation therapy for 
locally advanced rectal cancer should have a sig-
moidoscopy every 3–6 months for the fi rst 2–3 
years after resection. 

 Patients with adenomas are at increased risk 
for metachronous neoplasia and have been shown 
to have a decreased incidence of subsequent can-
cer with follow-up surveillance. Patients with one 
to two <10 mm tubular adenomas should have a 
repeat in 5–10 years, depending on personal and 
family history. Patients with ≥10 mm adenomas, 
villous adenomas, high grade dysplasia or cancer 
in a completely resected polyp, or patients with 
3–10 adenomas all completely removed should 
have a repeat colonoscopy in 3 years, assuming a 
complete colonoscopy in a well-prepped colon. If 
they have >10 polyps, or an incomplete or poorly 
prepared colon, they should have a repeat in 
<3 years. After the follow-up colonoscopy for 
these conditions, a repeat every 5 years is war-
ranted if the repeat is normal. Patients with large, 
sessile adenomas that are resected piecemeal 
should undergo repeat in 2–6 months, then every 
5 years thereafter if normal, based on clinical 
judgment. Most patients with hyperplastic pol-
yps, except those with serrated polyposis, are 
considered average risk depending on family and 
personal history otherwise and should continue 
routine screening.  

    Increased Risk 

 Patients with increased risk of CRC include those 
with hereditary CRC syndromes and IBD. FAP 
patients and their family members at risk should 
all be offered genetic testing and counseling 
by trained individuals. Initial screening with 

 colonoscopy or sigmoidoscopy is recommended 
at age 10–15 years for at-risk patients with a pos-
itive genetic test or no testing done/available, fol-
lowed by yearly sigmoidoscopy or colonoscopy 
if genetic testing is positive. If genetic testing is 
not done, they should be endoscoped yearly until 
age 24 years, then every 2 years until age 34, then 
every 3 years until age 44, then every 3–5 years 
thereafter if no polyps are found (or consider 
every 5 years doing colonoscopy starting at age 
20 if there is likelihood of attenuated FAP). If 
genetic testing does not show a mutation in a 
family with a known mutation, they can be 
screened as average risk [ 41 ]. If no mutation is 
found, some would recommend sigmoidoscopy 
or colonoscopy every 7–10 years due to the con-
cern for a false negative genetic test until age 40, 
then every 5 years thereafter. 

 For HNPCC/Lynch syndrome patients and 
their at-risk relatives, colonoscopy should be per-
formed every 1–2 years starting at age 20–25 
years old (or 2–5 years younger than the young-
est affected relative at the time of their diagnosis 
if diagnosed before age 25) and then annually 
starting at age 40. These screening recommenda-
tions have been impacted by recent genotype- 
phenotype data for Lynch syndrome. For 
example, patients with an  MSH6  or  PMS2  muta-
tion are recommended to start their fi rst colonos-
copy at age 25–30 (or 2–5 years younger than the 
fi rst CRC in the family if their age was under 30 
years) [ 41 ]. Other screening tests (e.g., yearly 
urinalysis, consideration of endometrial biopsies, 
etc.) are recommended for these patients due to 
the high risk of extracolonic cancers, but these 
will not be outlined here and are recommended 
on a case by case basis. 

 IBD affecting the colon (Crohn’s or ulcerative 
colitis) leads to an increased risk of cancer based 
on the extent of colonic involvement, duration of 
disease, family history of cancer, age at IBD 
onset, history of sclerosing cholangitis, and/or 
presence of backwash ileitis. There are no pro-
spective studies confi rming the effi cacy of sur-
veillance colonoscopy on colitis patients, but 
retrospective studies have shown mortality reduc-
tions from cancer in these patients undergoing 
appropriate surveillance, although some data are 
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confl icting [ 83 ,  84 ]. It is recommended that 
 colonoscopy be performed every 1–2 years start-
ing 8–10 years after the diagnosis for those with 
extensive colitis and 12–15 years after the diag-
nosis for left sided colitis [ 73 ], and biopsies 
should be obtained every 10 cm in four quadrants 
(minimum of 32 biopsies) as the cancers in IBD 
are usually fl at and may be diffi cult to discern 
visually.   

    Chemoprevention 

 While CRC screening modalities, especially 
colonoscopy, have shown effi cacy in preventing 
CRC development, they are not without risks or 
cost. Means to prevent CRC with lower cost and 
risks have lead to focusing on the use of chemo-
prevention agents as a potential option. 
Chemoprevention is the use of natural or syn-
thetic chemical agents to inhibit or reverse CRC 
tumorigenesis. These agents are not used to treat 
invasive carcinoma, and therefore the main goal 
in their use is to block the initiation of, or pro-
gression through, carcinogenesis, both in low, 
intermediate, and high risk individuals. 

    Folate 

 Folate, the naturally-occurring form of the water- 
soluble B vitamin found in vegetables, fruits, and 
beans, or folic acid, which is the synthetic supple-
ment added to foods, is controversial as a chemo-
preventative agent for CRC. Folate plays an 
essential role in one-carbon metabolism as a car-
rier of single-carbon units, including participation 
in DNA methylation and DNA biosynthesis [ 85 ]. 
Two large observational studies examining the 
association between folate and the risk of CRC 
tumorigenesis where conducted as part of the 
Nurses Health Study and Health Professionals 
follow-up study which included patients with a 
total of 2,299 CRCs and 5,655 colorectal adeno-
mas. The results demonstrated an association 
between total folate intake 12–16 years before 
diagnosis and a lower risk of CRC (RR 0.69, CI: 
0.51–0.94, >800 mcg vs. <250 mcg folate/day). 

Long and short-term intake of folate was 
 associated with lower risk of colorectal adenoma 
with a strong association with intake 4–8 years 
before diagnosis. The regular use of a multivita-
mins with folate for >15 years was associated 
with a lower risk of CRC. No adverse effects of 
folate were noted in this study [ 86 ]. Despite the 
apparent preventative effect of folate in those 
large observational studies, when folic acid was 
studied in larger prospective trials in low and 
intermediate risk populations, there was no statis-
tically signifi cant decrease in adenoma or CRC 
incidence, although follow-up times were thought 
to be potentially too short (7 years or less) [ 87 ]. 
Some trials have suggested that folate may inhibit 
early adenoma formation but may facilitate pro-
gression of early lesions to more advanced lesions, 
although this has not been confi rmed [ 88 ]. Given 
that there were essentially no noted increases in 
adverse events in the folic acid groups in the pro-
spective studies reviewed, some institutions still 
recommend the use of folate as a potential chemo-
preventative agent for CRC. One trial in interme-
diate risk patients (  www.clinicaltrials.gov    , 
NCT00512850 with 672 patients in follow up) 
and one trial in low risk patients (NCT02066688, 
recruiting 2,400 patients starting in 2013, includes 
calcium and vitamin D) are ongoing. There are no 
data available on the effectiveness of folic acid or 
folate in high risk populations.  

    Vitamin B6 (Pyridoxine) 

 Vitamin B6 or pyridoxine, a water-soluble vitamin 
found primarily in fortifi ed cereals, starchy vegeta-
bles, beef, and poultry, contains the active coen-
zyme pyridoxal 5′ phosphate (PLP) that is involved 
in enzymatic reactions. A function of pyridoxine 
involves the transfer of one-carbon groups for 
DNA synthesis and methylation. It has been 
hypothesized that low vitamin B6 levels may 
increase the risk of CRC secondary to defective 
DNA synthesis, repair and methylation [ 89 ]. A 
meta-analysis of prospective cohort studies assess-
ing the association of vitamin B6 intake and blood 
levels of PLP and the risk of CRC assessed the 
results of nine studies on vitamin B6 intake and 
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four studies on blood levels of PLP with over 6,000 
CRC cases included. The pooled relative risk of 
CRC for the highest versus the lowest amounts of 
vitamin B6 intake and blood PLP levels was 0.90 
(95 % CI: 0.75–1.07) and 0.52 (95 % CI: 0.38–
0.71), respectively. When excluding one study that 
biased the results, the remaining eight studies 
yielded a pooled relative risk of 0.80 (95 % CI: 
0.69–0.92) when comparing high vs. low catego-
ries of vitamin B6 intake. The risk of CRC 
decreased by 49 % for every 100-pmol/mL 
increase in blood PLP levels. The authors con-
cluded that “…blood PLP levels are inversely 
associated with risk of CRC…” and that there “…
was no signifi cant association between vitamin B6 
intake and CRC risk” [ 90 ]. Another more recent 
review suggests that assessments of timing of vita-
min B6 intake as well as assessment of confound-
ers and interactions with other agents are warranted, 
but they confi rm that pooled data from two pro-
spective trials did not show an impact of vitamin 
B6 supplementation on CRC incidence [ 91 ].  

    Calcium and Vitamin D 

 Calcium is involved in cellular signalling and is 
thought to impact carcinogenesis by binding fatty 
and bile acids within the lumen of the colon 
which inhibits the fat-induced hyperproliferation 
of the colonic epithelium as well as promotes cel-
lular differentiation and apoptosis. This has been 
thought to be particularly impactful in tumors 
with  RAS  mutations [ 88 ]. Vitamin D has also 
been shown to inhibit cellular proliferation as 
well as promote cellular differentiation and apop-
tosis, and cancer rates have been shown to be 
higher in patients with lower vitamin D levels 
[ 92 ]. Calcium has been associated with a reduced 
risk of adenoma formation in patients with inter-
mediate risk, but with no reduction in advanced 
adenoma formation or CRC in these groups. In 
terms of high risk patients, one small study on 28 
FAP patients did not show a difference in 6 
months of follow-up on the number or progres-
sion of rectal polyps [ 87 ]. When looking at 
 average risk populations, a randomized, double 
blinded, placebo-controlled study included 

 post- menopausal women from 40 Women’s 
Health Initiative centers and compared over 
18,000 women who received elemental calcium 
and vitamin D twice daily with over 18,000 
matched women who received placebo. The inci-
dence of invasive CRC did not differ signifi cantly 
between the groups after 7 years of follow-up 
[ 93 ]. Similarly, a community-based prospective, 
randomized, placebo-controlled trial of over 
1,100 women showed an overall decrease in their 
secondary endpoint of all cancer incidence over 4 
years of follow up, but the data with CRC was 
limited due to only two incident CRCs in the pla-
cebo group and one in the calcium and cal-
cium + vitamin D groups [ 92 ]. No major adverse 
effects of calcium or vitamin D were reported in 
the literature related to use for CRC chemopre-
vention [ 87 ]. There is a prospective trial assess-
ing calcium and vitamin D effi cacy in CRC 
prevention, as noted above (  www.clinicaltrials.
gov    , NCT02066688).  

    Aspirin 

 Aspirin reduces the incidence or growth rate of 
several cancers in animal models, mediated by 
inhibition of the cyclo-oxygenase enzymes and 
reduced production of prostaglandins and other 
infl ammatory mediators. In a metaanalysis 
reviewing eight trials, over 25,000 patients 
treated with daily aspirin for 5 years or longer 
showed a reduced risk of incident CRC. The ben-
efi t was unrelated to the aspirin dose (75 mg and 
upward). The benefi t was apparent only after 5 
years follow up with all cancers, the hazard ratio 
being 0.66 (95 % CI: 0.50–0.87) and 0.46 (95 % 
CI: 0.27–0.77) for all gastrointestinal cancers, 
with P = 0.003 [ 94 ]. Aspirin use as a 
 chemopreventative has been assessed in high risk 
patients, including FAP and Lynch syndrome. 
The CAPP1 trial assessed 133 patients with 
genotypically confi rmed FAP on 1 year of 600 mg 
of aspirin versus placebo and showed a decrease 
in the size of the largest polyp but showed no 
change in polyp number with the use of aspirin 
and did not report data on CRC incidence [ 87 ]. 
The CAPP2 trial assessed MMR gene mutation 
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carriers who were randomly assigned in a two by 
two factorial design to 600 mg of aspirin or aspi-
rin placebo or 30 g of resistant starch or starch 
placebo for up to 4 years. Of over 860 partici-
pants, 48 developed 53 primary CRCs (18 of 427 
assigned to aspirin and 30 of 434 to aspirin pla-
cebo). The authors concluded that 600 mg of 
aspirin taken daily for a mean of 25 months sta-
tistically reduced the incidence of CRC in Lynch 
syndrome [ 95 ]. A new trial that is currently 
recruiting (CAPP3) will assess dose response for 
aspirin (100, 300, and 600 mg) as a chemopre-
ventative in patients with Lynch syndrome [ 96 ]. 
For intermediate risk patients (prior adenoma or 
CRC), a meta-analysis showed a statistically sig-
nifi cant decrease in further adenoma formation 
with the use of aspirin (21 % reduction in the 
relative risk of recurrence of an adenoma of any 
type [RR 0.79, 95 % CI 0.68–0.92, p = 0.002]), 
but no signifi cant decrease in advanced adeno-
mas or CRC [ 87 ]. A number of other studies have 
shown that use of aspirin in patients with prior 
CRC reduces the risk of cancer- related mortality 
signifi cantly, especially in cancers expressing 
cyclo-oxygenase (COX)-2 [ 97 ]. Many of the data 
on average risk patients and the effect of aspirin 
on CRC incidence reduction are from pooled 
data from cardiovascular trials which showed a 
34 % reduction in 20-year CRC mortality after 5 
years, while other trials have shown a time- and 
dose-dependent effect on CRC risk reduction 
[ 98 ]. There is little data on the impact of aspirin 
use on the incidence of adenomas or advanced 
adenomas in the average risk population [ 87 ]. 
Side-effects of gastrointestinal upset and bleed-
ing have been reported with the use of aspirin.  

    Sulindac, DFMO and Other NSAIDs 

 Difl uoromethylornithine (DFMO) and the non-
steroidal anti-infl ammatory drug (NSAID) sulin-
dac have both demonstrated inhibition of 
intestinal and colorectal carcinogenesis, even 
more so when combined. The mechanisms are 
unclear, but DFMO is an ornithine decarboxylase 
inhibitor that effects polyamines and reduces 
folate-dependent metabolites. The mechanism is 

unclear as to how NSAIDs affect carcinogenesis 
as well, but it is thought to be related to their pros-
taglandin regulation. Relative risk reduction for 
NSAIDs is in the 0.6–0.7 range in most studies 
assessing CRC and adenoma incidence, but there 
have been concerns about gastrointestinal bleed-
ing risks associated with these medications [ 99 ]. 
In patients with a previous history of adenomas 
who received oral DFMO and 150 mg of sulindac 
daily for 3 years showed lower polyp recurrence 
versus placebo (12.3 % vs. 41.1 %, respectively, 
P < 0.001) [ 100 ]. In patients with FAP, early stud-
ies showed promise with the use of sulindac and 
polyp reduction, although cancer incidence was 
not impacted. A subsequent randomized, double 
blinded study was performed on genotypically 
confi rmed patients with an  APC  mutation but 
who were phenotypically unaffected. After 
receiving either sulindac orally twice a day versus 
placebo for 48 months there was no signifi cant 
difference in the mean number or size of polyps 
[ 101 ]. There are ongoing studies assessing the 
impact of DFMO and sulindac in FAP. 

 Cyclooxygenase (COX)-2 inhibitors have 
shown promise in colorectal carcinogenesis pre-
vention. Celecoxib, a selective COX-2 inhibitor, 
has been shown to reduce adenoma incidence, but 
the concern over cardiac risks have forced the 
U.S. Preventive Services Task Force to not rec-
ommend the use of celecoxib for adenoma pre-
vention in average risk individuals [ 99 ]. Celecoxib 
has been studied in higher risk patients such as 
those with FAP. A double blinded, placebo con-
trolled study on 77 FAP patients treated with cele-
coxib (100 or 400 mg twice per day) vs. placebo 
for 6 months showed a 30 % and 15 % reduction 
in polyp burden, respectively, vs.  placebo without 
concerning side effects [ 102 ]. Despite this, while 
the agent was initially approved by the FDA as an 
adjunct for chemoprevention in FAP, that approval 
was withdrawn in 2012.  

    Hormone Therapy 

 The effects of postmenopausal hormone therapy 
have been published as part of the Women’s 
Health Initiative on over 16,000 postmenopausal 
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women who were randomly assigned to a combi-
nation of conjugated estrogen plus medroxypro-
gesterone acetate daily or placebo showing a 
signifi cantly reduced hazard ratio (HR 0.56, 95 % 
CI: 0.38–0.81; P = 0.003), although the few CRCs 
diagnosed were at a more advanced stage of dis-
ease [ 103 ]. There is some evidence that hormone 
therapy may have no effect or a negative effect in 
terms of rectal cancer [ 104 ]. Hormone therapy is 
not recommended in the prevention of CRC.  

    Statins 

 The role of statins in the prevention of CRC has 
been evaluated as a secondary endpoint in large 
clinical trials assessing the safety of statin ther-
apy in cardiovascular outcomes. Statins work 
through HMG-CoA reductase, which has been 
shown to be overexpressed in CRC cells, and 
statins have been shown to induce apoptosis in 
cancer cell lines  in vitro  [ 105 ,  106 ]. A population- 
based study was undertaken on almost 2,000 
patients having had a diagnosis of CRC in 
Northern Israel between 1998 and 2004 who 
were matched to just over 2,000 healthy controls. 
A structured interview was conducted with self- 
reports of statin use and prescription records. 
Statin use for at least 5 years was associated with 
a 47 % relative risk reduction for CRC after 
adjustment for other risk factors [ 107 ]. Studies 
are ongoing to assess statin prevention effi cacy 
after CRC resections.  

    Antioxidants 

 Dietary antioxidants such as β-carotene, vitamin 
A, vitamin C, vitamin E and selenium have been 
touted as possible cancer preventative supple-
ments because they may fi ght free radicals that 
may cause oxidative stress and DNA damage 
leading to gastrointestinal disease and CRC 
[ 108 ]. A meta-analysis was performed reviewing 
all randomized clinical trials comparing antioxi-
dant supplements with placebo or no intervention 
on the proposed prevention of colorectal adeno-
mas and subsequent CRC. Eight randomized 

 trials with 17,620 participants were included in 
the analysis. Neither fi xed effect nor randomized 
effect model analysis showed statistically signifi -
cant effects of supplementation with β-carotene, 
vitamins A, C, E or selenium alone or in combi-
nation. There was no signifi cant difference 
between the intervention groups regarding 
adverse events including mortality [ 109 ].      
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    Abstract  

  Accurate pre-operative imaging is a central part of treatment decision 
making in the modern management of rectal cancer. The increasing use of 
neoadjuvant chemoradiation necessitates the identifi cation of specifi c 
prognostic factors such as tumour penetration, nodal status, extramural 
venous invasion and most importantly, the relationship of the tumour edge 
to the circumferential resection margin. MRI has been the most accurate 
modality in the local staging of rectal cancer both pre- operatively, and to 
measure treatment response. Recurrent cancer usually requires a more tai-
lored approach and also needs detailed imaging of the extent of disease. 
A compartment based system has been shown to aid surgical planning 
leading to improved outcomes.  
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  6      The Role of Imaging 
in the Diagnosis and Staging 
of Primary and Recurrent 
Rectal Cancer 

              Manish     Chand      ,     Svetlana     Balyasnikova     , 
and     Gina     Brown    

        Introduction 

 Imaging has become an integral component of 
rectal cancer management for both primary and 
recurrent tumours. As our understanding of 
tumour behaviour has increased, accurate identi-

fi cation of specifi c tumour-related features is 
essential to be able to offer patients optimal treat-
ment. Although histopathology remains the so- 
called ‘Gold Standard’ for fi nal tumour staging 
and for treatment decisions involving the use of 
adjuvant therapy, pre-operative treatment deci-
sions are almost exclusively based on the results 
of baseline imaging. Furthermore, as most 
patients present with locally advanced disease 
which will require neoadjuvant therapy, the role 
of imaging in detecting and then monitoring the 
predictive and prognostic factors that will infl u-
ence survival outcomes become all the more 
important. 
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 The importance of accurate imaging is also 
being recognised in recurrent rectal cancer. These 
patients are more complex in their presentation, 
and tumour may extend well beyond fascial 
planes into surrounding structures. The treatment 
planning, particularly for surgery, is challenging 
and the more detailed the pre-operative informa-
tion the more successful the outcomes. Recently, 
imaging-based risk stratifi cation determined by 
which anatomical compartments are involved has 
been shown to predict for clinical and survival 
outcomes [ 1 ,  2 ]. 

 Imaging modalities have two distinct roles in 
staging disease. In primary tumours they must be 
able to determine the extent of local spread as 
well as detect any distant disease. A combination 
of modalities is usually used to give a fi nal stag-
ing result. Magnetic resonance imaging (MRI) is 
the optimal modality for assessing local disease 
spread and is the choice investigation in the UK 
and Europe – the rationale behind this is dis-
cussed later. Endoanal ultrasound (EAUS) is 
more commonly used for early cancers in which 
local resectional procedures may be more appro-
priate than radical surgery. There is little discus-
sion regarding the use of computerised 
tomography (CT) for staging distant disease as a 
fi rst line investigation. However if there is any 
ambiguity in the diagnoses of distant lesions, 
positron emission tomography (PET) may be 
used for detection and MRI for delineation and 
characterisation. For recurrent disease, a more 
tailored approach may be taken to determine 
overall tumour burden which may involve a com-
bination of imaging modalities [ 3 ,  4 ].  

    Optimal Local Staging – Why MRI? 

 MRI has become the optimal modality for the 
local staging of primary tumours. There are sev-
eral advantages over alternative techniques such 
as EAUS and CT. But to fully understand why 
MRI is considered superior to EAUS or CT, it is 
necessary to place this in the context of neoadju-
vant treatment decisions and local policies. 

 Pre-operative therapy in the form of short- or 
long-course radiotherapy with concomitant che-
motherapy is given to tumours with the aim to 
reduce the risk of local recurrence. Pre-operative 
chemoradiotherapy has been shown to improve 
local recurrence rates in locally advanced disease 
[ 5 – 8 ]. Tumours can be risk-stratifi ed depending 
on the presence of specifi c features and character-
istics. Of these, proximity of the tumour edge to 
the circumferential resection margin (CRM) is the 
most important determinant of local recurrence [ 9 , 
 10 ] – the outermost boundary of the mesorectum 
which forms the resection lines for the surgeon in 
total mesorectal excision (TME) surgery [ 11 ,  12 ]. 

 Progressive units have sought to be more selec-
tive in their use of pre-operative chemoradiother-
apy balancing the proposed survival benefi ts with 
that of the not insignifi cant morbidity associated 
with neoadjuvant treatment. Those units whose 
practise is to offer all but the most low-risk of 
patients pre-operative CRT are less likely to insist 
on identifi cation of those tumour characteristics 
which directly infl uence disease recurrence as they 
will base their adjuvant treatment decisions on the 
fi nal pathology staging following surgery. When 
adopting a more selective policy it is essential to 
identify the key features which risk-stratify 
patients – increasing tumour penetration into the 
mesorectum; vascular invasion and the CRM. For 
example, evidence of nodal disease may not neces-
sarily mean that patients need pre-operative ther-
apy if there are no other adverse features and 
surgery is successfully undertaken using the prin-
ciples of total mesorectal excision (TME). If the 
only high-risk feature is mesorectal nodal disease 
the benefi t of pre- operative treatment is only mar-
ginal if the plane of surgery is adequate [ 13 ,  14 ]. 

 The biggest advantage of MRI over EAUS is 
that it can accurately and reproducibly identify 
the CRM (Fig.  6.1 ) [ 15 – 19 ]. In addition is accu-
rate in detecting penetration into the mesorectum, 
venous invasion and superior than all modalities 
for nodal disease [ 20 – 23 ]. So the benefi ts of MRI 
for local staging are only truly realised in units 
where a more selective policy is adopted with 
regards to pre-operative treatment. These units 
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also use MRI to assess treatment response fol-
lowing CRT, which is another benefi t. It can help 
predict prognosis through degrees of down- 
staging of the individual adverse features – a re- 
staging and thus risk-stratifi cation of disease 
after neoadjuvant therapy [ 24 – 26 ].  

 The staging of recurrent disease is more com-
plex. The prognostic factors which infl uence sur-
vival outcomes in primary disease do not fully 
apply. Other considerations, mainly the extent 
and pattern of local recurrence are most impor-
tant in treatment planning and to accurately 
delineate the extent of disease a combination of 
imaging modalities may be used [ 27 ].  

    Imaging-Based Risk-Stratifi cation 

 As mentioned above, not all patients require pre- 
operative treatment – this is determined by accu-
rate risk-stratifi cation. Depending on the local 
policy, risk-stratifi cation will be based on the 
identifi cation of specifi c features. Stratifi cation 
can take place on initial presentation whereby 
traditional prognostic factors based on histopath-
ological studies in primary tumours are used as a 

basis – tumour depth (T-stage), nodal disease 
(N-stage), extramural venous invasion (EMVI). 
Further stratifi cation can be performed following 
CRT however the infl uence on traditional prog-
nostic factors is unclear in this situation. 

 Tumours which exhibit evidence on initial stag-
ing of CRM involvement, tumour penetration 
beyond 5 mm into the mesorectum (T3c), venous 
invasion, N2 disease are considered high-risk and 
will routinely be offered neo-adjuvant treatment. 
These features are accurately identifi ed on serial 
MRI and have been shown to correlate well with 
pathology and overall survival outcomes [ 28 – 33 ].  

    MRI Technique 

 For optimal results using MRI it is essential to 
adhere to specifi c technical criteria [ 34 ,  35 ]. This 
includes correct fi eld of view (FOV), fi eld align-
ment and sequences. Incorrect use of any of these 
technical considerations can results in under- or 
over-staging of disease and consequently sub- 
optimal management. For example, using an 
inadequate FOV can make accurate delineation 
of the important anatomical structures diffi cult. 

  Fig. 6.1    Mid rectal annular tumour spreads beyond the 
muscularis propria up to 8 mm ( a -  yellow arrows ). 
Mesorectal fascia ( b  –  red line , which defi nes the meso-

rectum) is involved by direct spread of tumour (distance 
from the tumuor tomesorectal fascia is less than 1 mm – 
CRM +)       
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Using correct FOV also affects the voxel size. If 
the voxel size is increased, resolution is lost and 
morphological characteristics become less obvi-
ous. Incorrect FOV is the most common error 
that leads to poor-quality images. Figure  6.2a  
shows the MRI of a patient with a prominent 
node in the mesorectum. Distinguishing whether 
this is a malignant or benign node is challenging 
if the resolution is poor and in this example it is 
diffi cult to adequately visualise the nodal archi-
tecture – FOV is 22 cm × 22 cm. In Fig.  6.2b , the 
correct FOV is used (16 × 16 cm) and it is much 
more straightforward to delineate the nodal 
anatomy.  

 Another common mistake which results in 
inaccurate staging is incorrect fi eld alignment. 
Sequences must be taken in the correct plane 
with respect to the long axis of the rectum. 
Typical images are taken in 3 mm slices. 
Figure  6.3  shows the correct fi eld alignment 
based on the MERCURY protocol [ 20 ,  36 ]. If the 
fi eld is incorrect, the tumour edge is inaccurately 
identifi ed.  

 Initial localization images in the coronal and 
sagittal planes are needed to plan further high- 
resolution images. The fi rst series are T2-weighted 
sagittal, turbo spin-echo sequences from one pel-
vic sidewall to the other enable identifi cation of 
the tumour. The second series consists of 
 large-fi eld- of- view axial sections of the whole 

pelvis. The third series consists of the high- 
resolution images that are T2-weighted thin- 
section axial images through the rectal cancer 
and adjacent tissues.  

    Prognostic Factors in Primary 
Rectal Cancer 

 Accurate identifi cation of the important prognos-
tic factors is the main role of MRI in the local 
staging of disease. The following section 
describes the evidence for these factors and the 
accuracy of detection. 

    Tumour Depth 

 The progression of disease and characteristic 
spread of rectal cancer is through the layers of the 
bowel wall. The micro-structure of the bowel 
wall can be identifi ed on MRI which fi ts with the 
traditional TNM staging system [ 37 ]. Spread of 
tumour through the bowel into the surrounding 
mesorectum and beyond is associated with wors-
ening prognosis. The risk of recurrence for T1, 
T2 and T3 tumours independent of lymph node 
involvement are in the order of 5, 10, and 25 %, 
respectively. However there is a distinct cut-off in 
terms of prognosis relating to the depth of 

  Fig. 6.2    Differences in FOV for imaging nodal disease. 
( a ) Shows 22 cm × 22 cm FOV and consequent poor qual-
ity of image (lymph nodes are diffi cult to assess –  yellow 
arrow ). This is much improved in ( b ) where the FOV is 

16 cm × 16 cm. The nodal anatomy is clearly visible with 
particular respect to the nodal border and signal character-
istic ( yellow arrow )       
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 penetration. Tumours which only minimally 
extend into the mesorectum and those which are 
confi ned to the bowel wall are considered to be 
‘good prognosis’ or ‘low-risk’ cancers. These 
can be managed with primary surgery providing 
there are no other adverse features. 

 Accurate assessment of this relies on the iden-
tifi cation of the layers of the bowel wall which is 
accurately accomplished by both MRI and 
EAUS. EAUS may be more useful for T1 and T2 
tumours where accurate identifi cation of the 
mesorectal fascia has less importance. EAUS has 
increased accuracy for defi ning the detail of the 
bowel wall structure which is particularly useful 
when planning mucosal resection or transanal 
excision. Sensitivity and specifi city for T1 can-
cers is 87.8 and 98.3 %, respectively [ 38 ]. As 
transanal endoscopic microsurgery (TEMS) and 
endoscopic submucosal resections become more 
popular, greater detail of the bowel wall is essen-
tial to select appropriate patients. 

 MRI can readily identify the layers of mucosa 
and muscle through distinct signal characteris-
tics. T2-weighted images are particularly useful 
for this. The mucosal layer is seen as a very fi ne 
line of low signal intensity overlying the much 
thicker and higher signal of the submucosa. 

Outside this the muscularis propria can be seen as 
a duel-layer representing the inner circular and 
the outer longitudinal muscle layers. The latter 
has a typically irregular appearance due to ves-
sels traversing the rectal wall. The perirectal fat is 
identifi ed as a high signal with signal void areas 
surrounding the relatively low signal intensity of 
the muscularis. This is all enveloped by the fi ne 
layer of low signal intensity representing the 
mesorectal fascia. 

 To understand the prognostic relevance of 
spread into the mesorectum it is important to 
appreciate its unique nature. The rectum is the 
only part of the gastrointestinal tract which is 
intimately surrounded by a distinct mesentery 
containing lymphovascular structures. This fatty 
layer can be readily seen in-vivo although it is not 
so easily identifi able in the cadaver. The outer-
most boundary is defi ned by the mesorectal fas-
cia (MRF) which demarcates the CRM during 
surgical excision. The CRM acts an oncological 
barrier to tumour spread. However increasing 
penetration into the mesorectum (T3 disease) is 
associated with increasing rates of disease recur-
rence [ 39 – 45 ]. 

 Cawthorn, Merkel and Willett were the fi rst to 
report on this heterogeneity within T3 tumours. 

  Fig. 6.3    Correct alignment of MRI fi eld. This is perpen-
dicular to the long axis of the rectum and commonly mis-
taken resulting in under- or overstaging of disease. Axial 
( a ) scans should be taken perpendicular to the rectal wall 

on sagittal image ( b ) s at the level of invading tumour bor-
der ( continuous red line ) which is a distance between 
raised rolled edges (where submucosal layer is pre-
served –  dashed red line )       
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Cawthorn reported 5 year survival to be 55 % 
with tumour penetration less than 4 mm into the 
mesorectum compared to 25 % when more than 
4 mm [ 40 ]. Merkel studied patient’s survival 
characteristics with T3 tumours and used a cut- 
off of 5 mm. Those patients with extramural 
spread of more than 5 mm had 5 years survival 
rate of 54 % compared with 85 % for those 
patients whose tumours had extramural spread of 
less than 5 mm [ 46 ]. These results were indepen-
dent of lymph node involvement. These early 
studies highlight the importance of accurate mea-
surement of tumour penetration into the mesorec-
tum and those tumours with a worse prognosis, 
namely T3c and T3d. Therefore the distinction 
between T2 and T3 tumours with less than 5 mm 
mesorectal spread – T3a and T3b; becomes irrel-
evant as these patients will have minimal benefi t 
from CRT. This has led to the sub-staging of T3 
tumours which has been adopted by the UICC 
TNM classifi cation since 1993 (Fig.  6.4 ).  

 More recently, the prognostic importance of 
T3 substage has been recognised following 
CRT. Merkel et al. studied the prognostic impact 
on survival outcomes for patients with T3a and 
T3b tumours (ypT3a/b) [ 47 ]. They found that 
ypT3 subclassifi cation was an independent prog-
nostic factor for disease-free, observed and 
cancer- related survival [ 48 ]. ymrT3 sub- 
classifi cation has also been found to predict prog-
nosis in terms of overall and disease-free survival 
with local recurrence rates to be less than 4 % in 
the MRI-predicted ‘good tumours’ [ 28 ]. 

 MRI has been shown as the optimal modality 
for identifying the CRM and mesorectum. In 

addition to being able to detect the depth of 
tumour spread into the mesorectum to within 
1 mm it can also identify the tumour edge with 
similar detail. . It has been shown to be able to 
identify potential tumour at the CRM to within 
1 mm [ 19 ,  23 ,  49 ,  50 ]. Pathologists recognise a 
clear margin for tumour excision to be 1 mm. If 
tumour is seen within 1 mm of the CRM, it is said 
to be a ‘positive margin’ or ‘R1 resection’. In the 
MERCURY Study, a total of 349 patients under-
went pre-operative MRI assessment followed by 
TME surgery were predicted to have clear mar-
gins. 327 (94 %) patients were subsequently 
found to have clear margins on histopathology 
[ 20 ]. This gave a specifi city of 92 %. Taylor et al. 
have shown that rates of local recurrence 
decreased from 53 % with tumour less than 1 mm 
from the potential CRM to less than 8 % when 
the tumour distance from the mesorectal fascia 
was between 1 and 5 mm [ 49 ,  51 ]. A measured 
distance of 5 mm on MRI has been shown to 
strongly correlate with negative CRM on histol-
ogy, which led to patients being offered chemora-
diotherapy when tumours are within 5 mm of the 
mesorectal fascia. However, this results in sub-
stantial overt-treatment of patients with safe 
margins.  

    Nodal Disease – N Staging 

 The importance of solitary lymph node involve-
ment in rectal cancer is now being challenged 
with respect to its risk of local recurrence [ 52 ]. 
Traditional teaching has suggested that  malignant 

  Fig. 6.4    T3 sub-classifi cation based on penetration into 
the mesorectum. T3a ( a ) –initial tumour spread into the 
mesorectum (1 mm –  yellow arrows ), the muscularis pro-
pria is not preserved. T3b ( b ) – tumour spread beyond the 

muscularis measures 3 mm ( yellow line ).T3c ( c ) – tumour 
spread measures 12 mm. T3d ( d ) – tumour spread is more 
then 15 mm (17 mm)       

a b c d 
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mesorectal lymph nodes are associated with local 
recurrence thus patients should be offered radia-
tion therapy. The results of MRC CR07 trial 
seemed to give this further credence however 
these results did not account for sub-optimal sur-
gery [ 14 ]. TME is the accepted surgical tech-
nique for rectal cancer and should be considered 
the single-most important factor in reducing local 
recurrence in the last century. Historical trials 
included patients who had undergone a wide 
variation of quality in their surgery and when the 
results of CR07 are taken with respect to which 
plane of resection was used, the story is rather 
different. The actual benefi t for patients who 
have undergone TME surgery is less than 4 %. 
Therefore in the current modern era of rectal can-
cer management where high-quality precision 
surgery is the expected norm, it does not make 
sense to put patients through an intensive radio-
therapy regime with minimal benefi t. This is not 
to say that nodal disease does not have a bearing 
on metastatic disease but this can be treated with 
adjuvant systemic therapy rather than local radio-
therapy. One must also remember that whilst 
neoadjuvant treatment improves local recurrence 
rates, it has no effect on overall survival. 

 Yet despite this, and whilst nodal involvement 
remains a consideration for units, correct tech-
nique and staging of nodes is paramount to avoid 
unnecessary treatment. The same basic technical 
principle apply but the criteria used to distinguish 
benign from malignant nodes is equally impor-
tant. There has been a predilection for using size 
criteria when determining the nature of mesorec-
tal nodes; that is, the larger the node, the more 
likely it will be malignant. There has been no 
robust trial evidence behind this or pathological 
correlation. A study which matched nodes from 
in vivo and specimen MRIs with pathology spec-
imens showed that there was no useful size cut- 
off for predicting nodal status [ 53 ]. Further, a 
histological survey of over 12,000 lymph nodes 
in rectal cancer showed considerable size overlap 
between normal or reactive nodes and those con-
taining metastases [ 54 ]. A perceived limitation of 
MRI is the lack of accuracy and ability to detect 
nodes smaller than 3 mm. Yet this may not be as 
clinically relevant as fi rst appears. Only 2 % of 
nodes which are malignant were of this size [ 53 ]. 

 More important than size is nodal border and 
the tumour signal within the node. when a high 
resolution MRI technique is used, it is easier to 
evaluate lymph node architecture and has enabled 
new criteria for lymph node involvement to be 
developed. Tumour infi ltration into lymph nodes 
leads to characteristics radiological features 
which can be readily identifi ed on MRI (Fig.  6.5 ). 
Tumour leads to capsular disruption causing the 
nodal border to become irregular as opposed to 
the more rounded border of benign nodes. A very 
small number of lymph nodes with a smooth bor-
dered contour (<6 %) have been shown to be 
malignant whilst those demonstrating irregular 
outline are malignant in over 90 % of cases. 
Mixed signal intensity occurs due to the hetero-
geneity of the tumour and necrosis within the 
node. When using the signal characteristics and 
border outline together, the sensitivity is much 
improved. Using features of nodal border, con-
tour and differing signal characteristics the sensi-
tivity and specifi city increases to 85 and 97 %, 
respectively. Endoanal ultrasound (EAUS) does 
not predict lymph node involvement any better. 
Indeed sensitivity and specifi city for detection of 
cancerous lymph nodes in rectal cancer is 73.2 
and 75.8 %, respectively [ 55 ] although more 
likely to be accurate in the more proximal parts 
of the rectum. Swollen reactive nodes, small 
blood vessels and even local structure such as the 
seminal vesicles may mimic malignant nodes.  

 Using the same criteria as above with 
T2-weighted MRI, lymph nodes can be accu-
rately identifi ed following neoadjuvant treat-
ment. Koh et al. prospectively evaluated the MR 
staging of lymph nodes before and after chemo-
radiotherapy and compared this with histopathol-
gical analysis to demonstrate signifi cant 
correlation between post-treatment MR assess-
ment and histopathology of nodal disease [ 56 ].  

    Extramural Venous Invasion – EMVI 

 The prognostic effect of vascular invasion has 
been suspected for several decades however there 
has been huge variability in practice with regards 
to treatment decisions. Over recent years, there 
has been a refi nement in the defi nition of vascular 
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invasion in respect to colorectal cancer and, in 
particular, rectal cancer. This has been based on 
seminal work by Talbot in 1980 who demon-
strated the importance of distinguishing extramu-
ral from intramural venous invasion [ 57 ,  58 ]. 
Extramural venous invasion (EMVI) is defi ned 
by evidence of tumour cells or, in the case of the 
radiological defi nition, tumour signal in the vas-
culature outside the muscularis propria. This 
means that it is found in more locally advanced 
tumour – T3 and T4 disease. 

 One of the main reasons behind the variability 
in treatment decisions when EMVI is present 
must be due to the heterogeneity in the literature. 
The historical studies which have been the basis 
of much of our current understanding in rectal 
cancer have used a variety of defi nitions in the 
methodology for sampling and analysis. In addi-
tion, there has been little detail in the techniques 
used for detection which has ultimately resulted 
in a wide range in prevalence [ 59 – 62 ]. 
Standardisation in reporting techniques have 
made data reporting in both pathology and radi-
ology more accurate as EMVI is specifi cally 
sought [ 35 ,  63 ,  64 ]. 

 The use of radiological detection of EMVI has 
helped drive its prognostic importance. It is con-
sidered in the MRI reporting sets of almost all 
prospective trials involving rectal cancer. EMVI 
has been investigated in patients undergoing pri-
mary surgery and in those which have undergone 
pre-operative treatment. One study investigated 
the rate of detection of EMVI on MRI (mrEMVI) 

compared with so-called Gold standard of pathol-
ogy detection from the assessment of resection 
specimens [ 19 ]. Eighteen patients had large ves-
sel EMVI visible on H and E stain. Fifteen of 
these 18 cases found mrEMVI. However more 
subtle involvement of tumour within smaller ves-
sels was not resolved on MRI. 

 The radiological characteristics have been 
previously described (Fig.  6.6 ) [ 65 ]. To accu-
rately identify EMVI on MRI, it is imperative to 
have a sound understanding and appreciation of 
the vasculature around the rectum. This can help 
distinguish venous disease from nodal deposits 
and it is necessary to ‘chase’ the signal along the 
length of the vessel through multiple images. 
Veins around the rectum are recognised on 
T2-weighted images as serpiginous or tortuous 
linear structures. Differentiating between larger 
and smaller vessels can be diffi cult and requires a 
combination of signal characteristics and mor-
phology. The larger, named vessels such as the 
superior and middle rectal veins appear with ana-
tomical consistency which helps in confi dent 
identifi cation. Ideal assessment of mrEMVI must 
include the following: pattern of tumour margin 
(extension into small veins may produce a nodu-
lar border); location of tumour relative to major 
vessels; vessel calibre (tumour causes vessel 
expansion and increase in tumour signal in the 
lumen); and vessel border. Smaller venules can 
be seen perforating the normal outer rectal wall 
and produce a low to intermediate signal inten-
sity in tubular structures on T2-weighted images.  

  Fig. 6.5    MRI showing mesorectal nodes. Both mesorec-
tal and pelvic nodes are round/oval structures ( yellow 
arrows ), that usually seen on not more than 2–3 consecu-

tive images. The operator must scroll through images so 
not to confuse them with vessels ( red arrows )       
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 Using the radiological characteristics, Smith 
et al. offered a scoring system to stratify the 
degree of venous invasion. A study of 142 
patients investigated the accuracy of detection 
and prognostic relevance of mrEMVI [ 66 ]. 
Patients included in the study undergoing either 
primary TME-surgery (n = 94) or neo-adjuvant 
therapy followed by surgery (n = 48). The 
 incidence of mrEMVI was initially 39.4 % but 
fell to 24.1 % for those patients who were re-
imaged following pre-operative treatment – indi-
cating a degree of ‘down-staging’. Recurrence 
free survival at 3 years was compared between 
mr- and histology-detected EMVI and reported 
as 35 and 34 %, respectively. Recurrence-free 
survival when EMVI was not present was 73.8 
and 74.1 % respectively. 

 More recently, the effect of pre-operative 
chemoradiotherapy (CRT) on mrEMVI has been 
examined. Using the same radiological criteria as 
described above, EMVI can be re-assessed follow-
ing CRT (Fig.  6.7 ). The radiological detection of 
EMVI using MRI has been compared with pathol-
ogy-detected EMVI in patients following pre-oper-
ative treatment with long-course chemoradiotherapy 
[yu/chand/patel]. There has been concern by 

pathologists that the fi brosis which occurs follow-
ing radiotherapy makes detection more diffi cult 
[ 67 ,  68 ]. This issue has been cited by some with 
respect to MRI identifi cation of prognostic factors 
following CRT, however there reproducibility and 
accuracy of detection once appropriate training has 
been undertaken as refl ected in the consistency of 
reporting within large collaborative studies such as 
MERCURY. A recent study has shown the advan-
tage of using MRI rather than pathology for detect-
ing EMVI after CRT (ymrEMVI versus ypEMVI) 
[ 33 ]. In the cohort of 188 patients, EMVI was 
detected in 99 patients after CRT when MRI crite-
ria was used. On fi nal pathology staging, only 36 
patients were identifi ed with EMVI. This would 
indicate that either MRI was over-estimating or 
pathology under-estimating EMVI. Yet this sur-
vival analysis revealed that by using either tech-
nique, evidence of EMVI led to worse disease-free 
survival at 3 years. This implied that ymrEMVI is 
either a unique prognostic phenomenon which is 
not directly comparable to ypEMVI or that 
ymrEMVI is more accurate in detecting EMVI fol-
lowing CRT.  

 EMVI can also be graded with a MRI-based 
tumour regression score. mrEMVI status has been 

  Fig. 6.6    EMVI shown in locally advanced tumour. The 
tumour signal can be seen extending into the veins and 
expanding it ( red arrows ) outside the bowel wall. This is 

characteristic of venous invasion. However, the operator 
must follow the signal through several images to ensure 
venous disease rather than nodal spread ( yellow arrows )       
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shown to convert following CRT, that is, patients 
who are initially diagnosed with mrEMVI posi-
tive status can become mrEMVI negative [ 69 ]. 
This is accompanied with an improvement in dis-
ease-free survival. The degree of improvement in 
EMVI following CRT can be linked with a respec-
tive improvement in survival outcomes. In one 
study, where mrEMVI had regressed by 50 % of 
more the 3-year DFS was 87.8 % with a recur-
rence rate of only 9 %. Those patients that showed 
less than 50 % fi brosis had 3-year DFS 45.8 % 
with 44 % recurrence rate. This equated to a haz-
ard ratio of 5.75. This introduces the concept of 
mrEMVI as an imaging biomarker [ 70 ]. 

 In the context of post-CRT prognosis, there is 
a lack of robust prospective evidence to demon-
strate which factors may be considered the most 
relevant. We continue to rely on the historical 
studies of patients that had undergone primary 
surgery and, in some cases, oncologically inad-
equate surgery with poor resection planes 
achieved. Recently, EMVI has been shown to 
confer a worse prognosis in terms of disease-free 

survival in rectal cancer patients who have 
undergone pre-operative long-course CRT than 
nodal disease. A study which examined the sur-
vival outcomes of patients with stage II and III 
disease found that patients with stage II disease 
and MRI evidence of EMVI had similar out-
comes to those patients with stage III disease. 
Further, patients with stage III tumours had 
worse disease-free survival when there was evi-
dence of EMVI [ 71 ]. 

 Current multicentre studies such as BACCHUS 
(Bevacizumab And Combination Chemotherapy 
in rectal cancer Until Surgery) and MARVEL 
(Molecular And Radiological EValuation of 
Extramural venous invasion in RectaL Cancer) 
may help further understand the true importance 
of EMVI.  

    Height of Tumour 

 The position of height of a rectal cancer is mea-
sured from the anal verge. Although there are 

  Fig. 6.7    Radiological features of mrEMVI after chemo-
radiotherapy (ymrEMVI). Fibrosis can be seen in the 
veins outside the bowel wall. Mid rectal annular tumour. 
Before CRT ( a ) – a gross expansion of extramural veins in 

present ( yellow arrows ), post CRT ( b ) – vein have the nor-
mal diameter with low signal intensity within them ( yel-
low arrows ), suggestive of fi brosis       
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 differing defi nitions of the exact length of the rec-
tum it is the importance of ‘low tumours’ which 
must be considered. Tumours found within the 
distal 6 cm are classifi ed as “low” rectal cancers. 
Low tumours are associated with local recurrence 
and anastomotic leak following surgery [ 72 ]. 

 Height can be assessed clinically with the 
‘educated fi nger’, rigid sigmoidoscopy or 
MRI. Whilst surgeons quite rightly place great 
emphasis on the clinical use of per rectal exami-
nation or sigmoidoscopy, MRI can provide objec-
tive and functional measurements which are 
reproducible. MRI-height is based on relating the 
tumour to consistent anatomical structures 
(Fig.  6.8 ) [ 73 ,  74 ]. The level of the tumour has 
implications on surgical planning and may be the 
difference between performing an anterior resec-
tion or abdomino-perineal resection, or deciding 
to create a defunctioning stoma. Axial images on 
MRI can clearly demonstrate the level and longi-
tudinal spread of the tumour. However, correct 
fi eld alignment is imperative and taking images 
through a plane which is not exactly 90° to the 

long axis of the rectum and over- or under-call 
tumour height.    

    Specifi c Challenges Associated 
with Recurrent Rectal Cancer 

 Recurrent disease has its own specifi c set of chal-
lenges. A recent consensus statement from the 
Beyond TME Collaborative which consisted of a 
worldwide panel of recognised, multidisciplinary 
experts in rectal cancer attempted to clarify defi ni-
tions, treatment guidelines relating to locally 
advanced rectal cancers and recurrent disease [ 75 ]. 
To diagnose recurrent disease they recommended, 
“ Where tissue biopsy is not possible or is negative , 
 serial enlargement of a lesion accompanied by 
either positive positron emission tomography  
( PET )– computed tomography  ( CT )  or rising car-
cinoembryonic antigen  ( CEA )  level and specialist 
multidisciplinary team  ( MDT )  opinion suggestive 
of malignancy can be accepted for diagnosis ”. 

 Whilst extra-pelvic disease can be detected 
using a combination of modalities most com-
monly starting with CT, identifi cation and the 
extent of spread of local disease is best diagnosed 
using MRI [ 76 – 78 ]. It can accurately detect local 
invasion into surrounding structures [ 79 ], which 
is an important part of risk stratifi cation. Local 
recurrences are defi ned as disease relapse within 
the pelvis and this may include anastomotic 
recurrence as well as deposits in close proximity. 
It can be seen in up to 15 % of cases [ 80 ]. Certain 
factors are associated with local recurrence 
including a positive resection margin (R1/R2), 
tumour height, anastomotic leak. However, a sig-
nifi cant number of recurrences have no obvious 
precipitating factor. 

 Prognosis of these patients is poor and vari-
able. Both these concerns have led to recent calls 
to centralise the management of such cases. A 
multidisciplinary, expert team with experience in 
managing recurrent disease are best positioned to 
provide optimal standards of care and thus 
improve prognosis. This has been highlighted in 
the recent ‘Beyond TME’ Consensus Statement. 
And central to this document was the premise of 
accurate imaging to defi ne the extent of disease 
relating it to compartments of the pelvis. Such 

  Fig. 6.8    Height of tumour on MRI. The length must be 
measured using  straight lines  from the anal verge and 
using the correct fi eld alignment perpendicular to the long 
axis of the rectum. Measurement of the tumour distance 
from the anal verge:  a  – lower most level of subcutaneous 
portion of external sphincter,  b - level of the puborectalis 
sling,  c - distal edge of the tumour.  a – c  distance from the 
distal edge of the invading border ( continuous red line ) 
not the rolled age ( dashed line ) to the anal verge ( a – c ), 
distance from the distal edge of the tumour to the top of 
the puborectalis sling ( b – c )       
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pre-operative staging is essential to plan the most 
appropriate surgical procedure to ensure onco-
logically successful surgery. The prognosis of 
patients with R0 resections are comparable to 
primary disease in suitably selected patients and 
much improved over those with R1 and R2 [ 81 ]. 

 Imaging of the pelvis for recurrent disease has 
been the basis of classifi cations systems when 
planning treatment. The Memorial Sloan 
Kettering classifi cation involves defi ning the 
recurrence as axial, anterior, posterior, or lateral 
(1). Prognosis can be correlated with which 
‘compartment’ is affected with the lateral com-
partment being associated with the worst out-
comes. A more recent classifi cation system based 
on fascial boundaries and anatomical planes has 

been proposed which involves seven compart-
ments (Fig.  6.9 ) (2). The diagnostic accuracy of 
this classifi cation has been examined in patients 
undergoing exenteration surgery for recurrent 
disease. The accuracy of MRI to correctly predict 
the extent of disease and therefore most appropri-
ate surgical strategy was high (sensitivity >93 % 
in all but the lateral compartment (89 %) and 
specifi city above 82 %).   

    Conclusion 

 The role of imaging in staging of rectal cancer 
has become essential in offering patients opti-
mal treatment. The improvement in resolution 
and technique has meant that great detail can 
be seen by radiologists which in turn infl uence 
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  Fig. 6.9    The pelvis can be divided into seven compartments: ( a ) – peritoneal refl ection ( PR ); ( b ) – above PR ( aPR ), 
below PR ( bPR ); ( c ,  d ) – central ( C ), posterior ( P ), lateral ( L ), inferior ( I )       
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management strategies. The universal accep-
tance of a standardised surgical technique in 
TME has allowed clinicians, through the 
forum of the multidisciplinary team, to plan 
surgical treatment in a safe and effective man-
ner. If tumour-related features with known 
adverse outcomes can be pre- operatively 
treated with chemoradiotherpy, surgery is 
likely to result in improved outcomes and low 
risk of local recurrence. Furthermore, if tradi-
tional excision margins remain at risk follow-
ing pre-operative therapy, more radical surgery 
can be planned with MRI affording important 
anatomical detail. 

 The use of MRI in recurrent disease is now 
becoming more apparent. It has led to the use 
of staging systems based on anatomical com-
partments being developed which can predict 
surgical and survival outcomes. This is invalu-
able when planning radical, exenteration-type 
surgery. 

 It is likely that MRI will become more 
widespread as teaching and experience 
amongst radiologists continues to develop. 
This will hopefully lead to better patient out-
comes as oncologists and surgeons can plan 
the most appropriate treatment for patients.     
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        Introduction 

 Rectal cancer surgery was historically associated 
with a high rate of local recurrence and often a 
need for a permanent stoma. In an effort to 
achieve an R0 resection and to preserve the anal 
sphincter, pre-operative chemo-radiation became 
the treatment of choice for patients with locally 
advanced rectal cancer. In much of Europe and in 
the United States, pre-operative chemoradiation 
has been recommended as a standard of care for 

patients with clinical stage II and stage III rectal 
cancer [ 1 ]. However, management philosophies 
for rectal cancer have evolved independently in 
different countries, with a number of varying 
approaches developing worldwide. 

 Surgery for rectal cancer has evolved 
 signifi cantly over recent years. Traditionally, 
blunt dissection of the rectum was advocated 
for rectal cancer and this resulted in high rates 
of local recurrence. Bill Heald from Basingstoke 
(UK) identifi ed the failings of this imprecise 
technique and recognized that, by the use of 
meticulous sharp dissection under direct vision, 
the rectum, along with its entire mesentery, 
could be removed as an intact unit [ 2 ,  3 ]. 
Total mesorectal excision (TME) resulted in a 

        R.  J.   Codd ,  MD, FRCS     •     P.  M.   Sagar ,  MD, FRCS       (*)  
  The John Goligher Department of Colorectal Surgery , 
 St. James’s University Hospital ,   Leeds   LS9 7TF ,  UK   
 e-mail: petersagar@aol.com  

  7      The Surgeon’s Perspective 
on Neoadjuvant Chemoradiation 
for Rectal Cancer 

           Rhodri     J.     Codd      and        Peter     M.     Sagar     

    Abstract  

  Pre-operative chemo-radiation has become standard practice in the 
 treatment of patients with locally advanced rectal cancer. Indeed, in much 
of Europe and in the United States, pre- operative chemoradiation has been 
recommended as a standard of care for patients with clinical stage II and 
stage III rectal cancer. However, management philosophies for rectal 
 cancer have evolved independently in different countries, with a number 
of varying approaches developing worldwide. The aim of this chapter is 
to review current practice and to provide an algorithm for the management 
of such patients.  

  Keywords  

  Rectal cancer   •   Chemo-radiation   •   Down- staging     •   Pathological response   
•   Complete response  

mailto: petersagar@aol.com


98

 signifi cant reduction in lateral margin positivity 
and very low local recurrence rates and was also 
associated with a signifi cant reduction in pelvic 
nerve damage and bladder and sexual dysfunc-
tion post- operatively. By the use of this tech-
nique, he was able to achieve a local recurrence 
rates of 6 % with fewer than 10 % of the cohort 
receiving  pre- operative chemoradiation [ 4 ]. 
Similar excellent results have been replicated 
elsewhere with the application of high quality 
surgery [ 5 – 9 ], thus highlighting the importance 
of this surgical development and bringing into 
question the routine use of neoadjuvant 
chemoradiation. 

 More recently, it has been recognized that 
despite a full TME dissection, patients with low 
rectal cancer requiring abdomino-perineal resec-
tion (APR) have a higher circumferential resec-
tion margin (CRM) involvement rate, a higher 
local recurrence rate, and a poorer prognosis 
than those treated with anterior resection [ 10 ]. 
CRM involvement in patients undergoing tra-
ditional APR for low rectal cancer is often due 
to the removal of insuffi cient tissue at the level 
of the insertion of the levator ani muscles and 
relative wasting of the specimen at this level. 
More radical removal of a cylindrical specimen 
via an extra-levator abdominoperineal resection 
(ELAPR) has resulted in improved oncological 
outcomes. In particular, local recurrence rates are 
reduced [ 11 ,  12 ]. 

 Many surgeons, impressed with the results of 
TME and ELAPR, remain sceptical about the 
value of routine neoadjuvant chemoradiation 
with particular concern about long-term morbid-
ity. It is believed that low local recurrence rates 
can be achieved with high quality surgery alone 
[ 13 ]. It has been suggested by some that radio-
therapy should not be used to compensate for 
poor quality surgery for rectal cancer. Instead, 
efforts should be made to improve the overall 
quality of surgery so that fewer patients require 
radiotherapy [ 13 ,  14 ]. High quality surgery and 
its associated improved outcomes may be 
 associated with a more selective approach to the 
use of neoadjuvant chemoradiation by multi- 
disciplinary teams. Each individual patient with 
rectal cancer should be carefully assessed and 

discussed in a forum (multidisciplinary meeting) 
with the aid of good quality imaging prior to 
making decisions regarding the need for 
 neoadjuvant treatment.  

    Who Should Receive 
Chemoradiation? 

 The work of Quirke et al. [ 15 ] demonstrated 
that the presence of microscopic tumour cells 
within 1 mm of the CRM (or lateral margin) is 
associated with an increased rate of local recur-
rence and subsequent poor survival. Modern 
imaging, particularly MR imaging can accu-
rately predict the risk of CRM involvement and 
therefore the risk for the surgeon of failing to 
achieve an R0 resection. The MERCURY study 
group were able to demonstrate that MR imag-
ing and post- operative histopathology assess-
ments of tumor spread were considered 
equivalent to within 0.5 mm [ 16 ]. This modality 
has been shown to accurately identify the depth 
of invasion of the cancer and in the low rectum 
can predict the involvement of the levator ani 
muscles and the inter-sphincteric plane. The 
height of the tumour and its length can also be 
measured but unfortunately, as with other imag-
ing modalities, prediction of lymph node status 
remains inaccurate. High quality MR imaging 
combined with surgical clinical assessment can 
allow multi- disciplinary teams to predict those 
patients who will benefi t from chemoradiation 
and those patients who should undergo primary 
surgery. 

 Important factors to consider when selecting 
patients for neo-adjuvant chemoradiation include 
the height of the tumor and the site of the tumor. 
Low and anteriorly based cancers confer a higher 
risk of margin involvement and therefore local 
recurrence, whereas posteriorly based tumors 
and tumors of the upper and mid rectum are asso-
ciated with a lower risk of CRM positivity [ 17 ]. 
Often, an examination under anaesthetic com-
bined with the MRI fi ndings can allow a precise 
assessment of these characteristics. Other factors 
that are associated with local recurrence 
include T4 cancers, evidence of extramural 
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 vascular invasion or perineural invasion and evi-
dence of nodal involvement [ 17 ]. A review of the 
available  histology and imaging can identify 
these characteristics. 

 Patient factors such as the sex of the patient 
and their BMI (Body Mass Index) are also 
 important. Surgery for a low, anteriorly based rec-
tal cancer in an obese male with a narrow pelvis is 
signifi cantly more challenging when compared 
with similar pathology in a slim female with a 
gynecoid pelvis. Surgeons may have a lower 
threshold for neoadjuvant treatment in the former 
type of patient when compared with the latter in 
order to reduce the risk of local recurrence. 

 Multi-disciplinary teams should carefully 
consider individual patients and their pathology 
prior to embarking on neoadjuvant treatment or 
recommending primary surgery. At the extreme 
ends of the spectrum of disease, decision-making 
can be easier. T1, T2 and T3a cancers of the 
upper or mid-rectum without evidence of nodal 
involvement or EMVI may be treated with pri-
mary surgery whereas neo-adjuvant treatment is 
advised when the CRM is threatened or if the 
sphincters are threatened or involved. 

 Pathology of an intermediate nature has to be 
carefully considered by each MDT and through-
out the world individual preferences will vary 
considerably. The National Institute for Health 
and Care Excellence (NICE) in the United 
Kingdom defi nes these intermediate lesions as 
either T3b tumors where the margins are not 
threatened, suspicious lymph nodes not threaten-
ing the CRM and evidence of EMVI [ 18 ]. The 
presence of these factors can infl uence decision 
making of the MDT, but at present there are no 
established evidence-based recommendations. 
Further research is necessary in order to establish 
the role for neoadjuvant chemoradiation in this 
intermediate group of patients.  

    Tumor Downstaging 
and Sphincter Preservation 

 Signifi cant tumor downstaging can be achieved 
by the use of chemo-radiation [ 19 – 21 ]. A large 
proportion of tumors will regress and up to 25 % 

will achieve a pathological complete response 
[ 20 ,  21 ]. One must remain aware that a small 
 proportion of rectal cancers will fail to respond to 
chemoradiation and will actually progress despite 
this treatment. This group of non-responders 
should be identifi ed in a timely manner, as earlier 
surgery will be benefi cial. 

 In those who do achieve a good response to 
chemoradiation and in whom there is tumor 
downstaging (Figs.  7.1  and  7.2 ), it is our prac-
tice to surgically treat patients based on their 

  Fig. 7.1    This MR image shows a T3N1V1 mid rectal 
tumour with a potentially involved circumferential 
 margin. There is a plaque of high signal intensity in the 
presacral space. The patient subsequently underwent long 
course chemoradiotherapy       

  Fig. 7.2    This is an MR image post long course chemora-
diotherapy. There has been a good response with the 
 previously involved nodes no longer evident. The changes 
in the presacral region have disappeared. Histopathology 
of the subsequently resected specimen reported 
ypT1N0V0 R0 Mandard tumour regression grade 2       
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 pre- chemoradiation MRI scan. For instance, 
should adjacent viscera be involved on the pre-
treatment MRI but be clear of tumor on the post-
treatment scan we would advocate multi-visceral 
surgery in order to avoid leaving residual micro-
scopic tumor cells and thus the risk of loco-
regional recurrence. Similarly, should the 
sphincters be threatened on the pre-treatment 
scan but be clear on the post-treatment MRI it is 
our preference to offer an abdominoperineal 
resection for the same reasons. In addition it can 
be notoriously diffi cult to differentiate post-
radiotherapy fi brosis from residual disease on 
MRI. In which case we would prefer to confi rm 
this histologically.   

 Tumor downstaging as a result of chemoradia-
tion may be utilized in order to achieve sphincter 
preservation in those with low rectal cancer 
threatening the sphincter complex. However, cur-
rent evidence for this specifi c role is not clear and 
the use of chemoradiation in order to achieve this 
goal remains controversial [ 22 ]. It is our practice, 
as we have already stated, to treat patients accord-
ing to their original pre-treatment MRI images. 
We would therefore not use neoadjuvant treat-
ment for the purpose improving our rate of 
sphincter preservation. 

 It is important to recognize that some rectal 
cancers behave biologically very differently to 
others. Clinicians treating rectal cancer should 
aim to identify those patients who respond to 
neoadjuvant treatment and perhaps more impor-
tantly the small proportion who will progress 
despite this therapy and require early surgery. 
Over recent years, there has been a focus on try-
ing to identify prognostic molecular biomarkers 
in rectal cancer in an attempt to predict response 
to chemoradiation. It is hoped that in the future 
therapies can be tailored to the tumor biology of 
each individual patient [ 1 ]. However a present we 
do not have this luxury and must use existing 
clinical and radiological tools to defi ne the extent 
of tumor response to neoadjuvant treatment. 

 Monitoring tumor response to neoadjuvant 
treatment can be challenging. Size and shape- 
based criteria can be lacking in accuracy when 
trying to discriminate between responders and 
non-responders [ 23 ,  24 ]. One of the most accu-

rate tools for monitoring response is the MRI 
defi ned tumor regression grade, which appears to 
be able to predict long-term outcomes in terms of 
local recurrence and 5-year survival [ 25 ]. 
Sequential imaging with this modality has the 
advantage of being able to quantify response to 
chemoradiation and may be used to predict the 
appropriate timing of surgery based on level of 
response.  

    Interval Between Completion 
of Neo-adjuvant Treatment 
and Surgery 

 The timing of surgery post neo-adjuvant treat-
ment remains an area for further research effort. 
Currently the only randomized trial to tackle this 
question is the Lyon R90-01 trial published in 
1999 [ 26 ]. This study included over 200 patients 
with rectal cancer who were randomized to sur-
gery either within 2 weeks of completing their 
radiotherapy or surgery between 6 and 8 weeks 
of completing treatment. The group who 
 underwent surgery following a longer interval 
(6–8 weeks) had signifi cantly more clinical 
tumor response and tumor downstaging when 
compared with those who received surgery within 
2 weeks of radiotherapy. These fi ndings have 
infl uenced standard US and UK practice and 
until recently it has remained routine to wait 
between 6 and 8 weeks post neo-adjuvant treat-
ment before proceeding with surgery. More 
recently however this standard interval has been 
challenged as it appears that waiting for longer 
than 8 weeks may allow a higher degree of tumor 
necrosis and regression. 

 Surgeons from the Cleveland Clinic have 
studied a cohort of over 240 patients and identi-
fi ed a signifi cantly better pathological complete 
response (pCR) rate in those waiting over 8 
weeks between completing neo-adjuvant treat-
ment and undergoing surgery [ 27 ]. Multivariate 
analysis revealed time-interval between comple-
tion of treatment and surgery to be the only pre-
dictor of pCR. A follow-up study determined 
that waiting for over 8-weeks was safe and was 
not associated with higher peri-operative mor-
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bidity or mortality. This longer time-interval was 
associated with a lower 3-year local recurrence 
rate [ 28 ]. 

 A study from Nottingham in the UK looked at 
tumor regression related to neo-adjuvant treat-
ment and calculated the tumor-halving time for 
rectal cancer to be 14 days [ 29 ]. These fi ndings 
were based on the tumor volume difference 
between pre-treatment CT imaging and post- 
operative histopathology measurements. It was 
estimated that from beginning neoadjuvant treat-
ment it would take an average sized tumor 
20-weeks to regress fully, based on these fi nd-
ings. One must remain aware however that each 
individual patient will respond differently to 
chemoradiation. Some may respond far quicker 
whilst others will fail to respond at all and may 
even progress despite neoadjuvant therapy. 

 There is a prospective trial that is currently 
recruiting and is being run by the Royal Marsden 
NHS Foundation Trust in London. The primary 
aim of this study is to identify whether waiting 12 
weeks from completion of chemoradiotherapy 
results in greater tumor downstaging or tumor 
regression when compared with an interval of 6 
weeks. Secondary outcome measures will include 
the proportion of patients undergoing sphincter- 
saving surgery and the peri-operative morbidity 
and mortality rates. There is also another pro-
spective study called “A trial looking at surgery 
following treatment for rectal cancer 
(STARRCAT)” which is also recruiting and is 
also comparing intervals of 6 and 12 weeks. The 
aims of this study however are to assess surgical 
diffi culty and complexity when surgery is delayed 
and also to evaluate patient experience and the 
side-effects of treatment. The results of these 
studies may help to ascertain the optimum time- 
interval between completion of chemo- 
radiotherapy and surgery.  

    Clinical and Pathological 
Complete Response 

 Signifi cant downstaging of rectal cancers will 
occur in a substantial proportion of patients 
treated with neo-adjuvant chemoradiation, and in 

some cases the tumor will be entirely sterilized. 
Some studies have reported that up to 25 % of 
patients will have a pathological complete 
response (pCR) following this form of treatment 
[ 19 – 21 ]. pCR is defi ned as the complete absence 
of adenocarcinoma cells within the surgical spec-
imen when examined by a histopathologist (i.e. 
stage: ypT0 N0). 

 A pooled analysis of individual patient data 
from 27 existing articles suggested that those 
patients who achieve a pCR had signifi cantly bet-
ter 5-year disease free survival rates when com-
pared with those who failed to achieve such a 
good response [ 30 ]. A systematic review and 
meta-analysis of existing evidence including a 
total of 3,363 patients with either stage II or stage 
III rectal cancer and with a mean follow up of 
55.5 months identifi ed signifi cantly better out-
comes in patients who achieved a pCR when 
compared with those who only achieved an 
incomplete response [ 31 ]. Those with a pCR 
where approximately four times less likely to 
develop local recurrence and also over four times 
less likely to develop distant disease. They were 
more than four-times more likely to be disease 
free at 5 years and had a 3.3 fold overall survival 
advantage when compared with incomplete or 
non-responders. The fi ndings of this meta- 
analysis suggest that following pCR the risk of 
local recurrence at a mean follow-up of 
55.5 months is 0.7 %. If this is the case, then pCR 
following neoadjuvant chemoradiation virtually 
eradicates the risk of local recurrence. pCR was 
shown to be associated with an overall 5-year 
survival rate of 90.2 % and a disease free survival 
rate of 87 %. These results are comparable to 
those following an R0 resection for stage I rectal 
cancer [ 31 ]. One should be aware however, that 
the majority of the studies included in this analy-
sis are retrospective case-series and that there is 
currently no level 1 evidence to support these 
fi ndings. Despite this it seems logical to expect 
patients who respond well to chemoradiation and 
then undergo surgery to remove the rectum to do 
better than patients who fail to respond so well to 
neoadjuvant treatment. 

 There are many different approaches to the 
management of patients who achieve a pCR post 
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neoadjuvant treatment throughout the world. 
There are some who would recommend less 
 radical surgery for selected patients with pCR, 
thus avoiding the need for an anterior resection or 
AP resection of the rectum. There are reported 
series of transanal excision and the use of trans-
anal endoscopic microsurgery (TEMS) to excise 
the scars left behind post neoadjuvant treatment 
in patients who appear to have achieved a clinical 
complete response (cCR) to treatment [ 32 – 35 ]. 
Unfortunately, as with much of the data relating 
to patients with a pCR, many of these reports are 
from small case-series and much of the data has 
been gathered retrospectively. There is currently 
no high level evidence to support this practice. 

 There are also advocates of an expectant 
(“watch and wait” or “wait and see”) approach to 
the management of patients who achieve a cCR 
post neoadjuvant treatment. In particular, Habr- 
Gama and her colleagues from Sao Paulo in 
Brazil have published widely with regards to this 
approach [ 36 – 41 ]. Their approach includes inten-
sive clinical, radiological and endoscopic follow-
 up post neoadjuvant treatment. In those patients 
deemed to have achieved a cCR, defi ned as the 
absence of clinically detectable residual tumor, 
an expectant (non-operative) approach is adopted. 
Conversely, those who are assessed and have 
failed to achieve a cCR are recommended to 
undergo rectal resection. 

 The appeal of an expectant approach to the 
management of patients with rectal cancer who 
undergo a cCR following neo-adjuvant therapy is 
understandable. Those in question are usually 
patients with low rectal cancer who would nor-
mally require signifi cant pelvic surgery in the 
form of a low anterior resection or AP excision. 
Surgery of this type carries with it a risk of mor-
bidity and mortality, with potential long-term 
side effects in terms of bowel, urinary and sexual 
dysfunction and a signifi cant change of a tempo-
rary or permanent stoma. Avoiding these poten-
tial hazards can be understandably appealing to 
patients and their surgeons. However the longer- 
term uncertainties associated with the “watch and 
wait” approach must also be considered. 

 There are a number of unanswered questions 
associated with the approach of Habr-Gama and 

her colleagues, refl ected in the fact that this 
 strategy has not been adopted more widely in the 
fi eld of colorectal surgery. One needs to clarify 
what constitutes a cCR and how accurately does 
this predict a pCR. Habr-Gama and her col-
leagues recognize the diffi culty related to defi n-
ing what constitutes a cCR and the imprecision 
and variation of this defi nition between different 
authors [ 42 ]. Currently, there is no standardized 
defi nition of what constitutes a cCR. 

 In a paper from 2010, Habr-Gama and col-
leagues have listed a number of observed clinical 
and endoscopic fi ndings in patients who fre-
quently have a cCR [ 42 ]. Subtle features such as 
whitening of the mucosa, telangiectasia at the site 
of the tumor and a loss of pliability of the rectal 
wall harboring the scar are thought to predict a 
cCR. Conversely, ulceration, a palpable nodule or 
stenosis at the site of the previous tumor are 
thought to predict an incomplete clinical response 
and the need for defi nitive surgery. Biopsies are 
thought by Habr-Gama to be of limited clinical 
value [ 43 ]. Whereas positron emission tomogra-
phy/computed tomography (PET/CT) performed 
at 12 weeks post neoadjuvant treatment is consid-
ered a useful modality in the assessment and 
diagnosis of residual disease [ 44 ]. 

 In a Dutch series where a “watch and wait” 
approach was adopted, cCR was defi ned accord-
ing to a number of strict criteria. These included 
the clinical absence of palpable or visible dis-
ease, the absence of suspicious lymph nodes 
at MRI, no disease or a small scar or ulcer at 
endoscopy and negative biopsies from the scar. 
Only if all of these criteria were met, was the 
patient considered to have achieved a cCR [ 45 ]. 
Currently, it seems that there is no widespread 
consensus amongst colorectal surgeons as to 
the defi nition of a cCR. Indeed when members 
of the Association of Coloproctology of Great 
Britain and Ireland were sent a questionnaire 
on the subject, they replied with over 70 differ-
ent combinations of investigations and imaging 
modalities to defi ne a cCR [ 46 ]. At present there 
is a need for greater clarity and standardization of 
the defi nition of a cCR, before more widespread 
adoption of this management strategy can be 
recommended. 
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 There is also a potential for patients with an 
apparent cCR to harbor disease within their 
lymph nodes. Up to 17 % of patients will have no 
intraluminal evidence of residual disease and at 
pathology no mural evidence of cancer (ypT0) 
but will harbor cancer cells within the lymph 
nodes [ 47 ]. Conversely, there will be some 
patients (8.3 % according to Habr-Gama et al. 
[ 37 ]) who clinically appear to have evidence of 
residual disease who in fact pathologically will 
have achieved a pCR. Clinically, endoscopically 
and radiologically predicting pCR remains chal-
lenging at best and even in the hands of very 
experienced surgeons with patients undergoing 
intensive follow-up it remains fraught with diffi -
culty. Future advances in radiology, biochemistry 
and molecular biology may enable more accurate 
prediction of pCR in those with a cCR and may 
eventually obviate the need for radical surgery 
and its potential morbidity in this group of 
patients [ 31 ]. 

 At present, the “watch and wait” strategy 
remains experimental. In addition to the points 
already discussed, there are concerns regarding 
limitations of many of the reporting studies. The 
majority of these studies are small retrospective 
series with insuffi ciently long and rigorous fol-
low- up. There have been concerns raised regard-
ing the fact that up to 20 % of patients with an 
apparent cCR will fail non-operative treatment 
within the fi rst year and will require salvage sur-
gery [ 1 ]. There is a lack of data specifi cally relat-
ing to these failures, their management and their 
eventual outcome. There is also a lack of data 
relating to quality of life and functional out-
comes of patients undergoing non-operative 
treatment post neo-adjuvant treatment. Well-
designed, prospective observational studies have 
been recommended to answer some of the ques-
tions regarding this expectant management 
approach [ 48 ]. 

 Well-designed, prospective trials attempting 
to resolve some of these unanswered questions 
are already in progress. There is a study spon-
sored by the Royal Marsden NHS Foundation 
Trust (NCT01047969) that is recruiting patients 
currently and is aiming to assess the safety of 
omission of surgery following neo-adjuvant 

treatment. 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 the end of chemoradia-
tion who have not had surgery and who are in 
cCR) and to prove the safety of deferred surgery, 
(as measured by the percentage of patients who 
have local failure at 2 years), where local failure 
is defi ned as positive margin status of resected 
tumor or surgically unsalvageable disease. 
Unfortunately, defi nitive results from this study 
are unlikely to be available before 2019. A 
Danish study is also currently recruiting patients 
in order to answer similar questions regarding the 
policy of “watchful waiting” (NCT00952926). 
This prospective study aims to calculate the fre-
quency of local recurrence, the frequency of dis-
tant metastases and the overall 5-year survival in 
patients treated non-operatively following a cCR. 

 We would recommend awaiting the fi ndings 
of these prospective trials before adopting a 
“watch and wait” approach in those with a 
cCR. This does not mean that a non-operative 
approach following neo-adjuvant therapy can 
never be adopted. There may be the exceptional 
case where an expectant management approach 
is preferable. For instance in a frail, unfi t patient 
who has achieved a cCR and in whom the risks of 
surgery outweigh the potential benefi ts. In this 
type of case, a non-operative strategy may be dis-
cussed at MDT and with the patient and their 
family. However in general, and in view of the 
current level of available evidence the wide-
spread adoption of a “watch and wait” policy in 
those achieving a cCR cannot be justifi ed.  

    Side Effects and Surgical 
Implications of Neoadjuvant 
Chemoradiation 

 The reduced risk of local recurrence associated 
with the use of neoadjuvant chemoradiation is 
offset somewhat by its potential short-term and 
long-term complications. From a surgeons per-
spective, one will be familiar with the intra- 
operative effects of radiotherapy on pelvic 
tissues. This treatment can affect the pliability of 
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tissues and make dissection along recognized tis-
sue planes more challenging. There is also a ten-
dency for greater intra-operative haemorrhage in 
those who have received neoadjuvant treatment 
[ 49 ]. There is also thought to be a higher risk of 
anastomotic leakage following neoadjuvant 
chemoradiation, which should be remembered 
when considering decisions regarding restorative 
surgery and in decisions regarding the use of a 
defunctioning ileostomy [ 49 ,  50 ]. 

 The early post-operative complications of 
neo-adjuvant chemo-radiation include a higher 
rate of wound infection, wound dehiscence, 
anastomotic leakage, thrombosis and bowel 
obstruction [ 49 ]. Wound breakdown can be par-
ticularly problematic for those patients who 
have undergone an abdomino-perineal excision 
of the rectum post neo-adjuvant treatment. The 
perineal wound is prone to impaired healing in 
those who have received pelvic radiotherapy. 
The Medical Research Council CR07 trial which 
compared preoperative radiotherapy with selec-
tive postoperative chemo-radiotherapy identi-
fi ed a substantial increase in the rate of delayed 
perineal wound healing in those who had under-
gone an AP resection for rectal cancer following 
pre-operative radiotherapy (36 %) compared 
with those who received adjuvant treatment 
alone (22 %) [ 51 ]. Some wounds may have 
failed to heal up to a year or more post-surgery 
[ 52 ]. The potentially higher peri-operative risks 
associated with chemo-radiation should be con-
sidered by clinicians and explained to patients, 
in order for them to make an informed decision 
about whether to receive neo-adjuvant treatment 
or not. 

 Chemo-radiation is also associated with acute 
toxicity in a substantial proportion of patients. A 
Cochrane review comparing pre-operative 
chemoradiation versus radiation alone identifi ed 
an incidence of grade 3 or grade 4 acute treat-
ment related toxicity 14.9 % of patients treated 
with chemoradiation and a rate of 5.1 % in those 
treated with radiotherapy alone [ 53 ]. Grade 3 
toxicity indicates that intervention other than 
medications is necessary to treat the side effect 
whereas grade 4 toxicity involves hospitalization 

for treatment of the problem. The EORTC study 
observed either grade 3 or grade 4 toxicity in 
7.4 % of the patients treated with radiotherapy 
alone and in 13.9 % of patients who underwent 
neoadjuvant chemoradiation [ 54 ]. Similar fi nd-
ings were observed in a Polish trial comparing 
the effects of short course radiotherapy versus 
long-course chemoradiation with grade 3 or 4 
toxicity occurring in 18.2 % of those receiving 
chemoradiation compared with 3.2 % of those 
receiving radiotherapy alone [ 55 ]. 

 Acute toxicity is observed signifi cantly more 
frequently in those receiving neo-adjuvant 
chemo-radiation when compared with those 
receiving similar doses of radiotherapy alone [ 54 , 
 55 ]. Acute treatment-related toxicity may cause 
interruptions in neo-adjuvant therapy and in 
some patients may result in them failing to com-
plete the course of therapy. This signifi cant 
potential for toxicity associated with neo- 
adjuvant therapies must be considered by multi- 
disciplinary panels and should be explained and 
discussed thoroughly with patients. Accurate 
pre-treatment staging is essential in order to 
ensure that only appropriate patients are consid-
ered for this potentially morbid pre-operative 
therapy. 

 Aside from these early complications, chemo-
radiation may also be associated with late toxic-
ity. Late toxicity includes anorectal, urinary and 
sexual dysfunction. These side effects may sig-
nifi cantly affect the daily routine of a patient and 
their overall quality of life [ 49 ]. Follow-up data 
from the randomized controlled trials looking at 
neo-adjuvant chemo-radiation is limited with 
regards to long-term functional outcomes. A fol-
low- up study from the Dutch group comparing 
the late side effects of short course radiation in 
those undergoing total mesorectal excision for 
rectal cancer with a median follow-up of 
5.1 years, identifi ed a signifi cantly higher rate of 
bowel dysfunction in those receiving pre- 
operative radiotherapy when compared with sur-
gery alone. The irradiated patients reported 
increased rates of faecal incontinence (62 % vs 
38 %; p < 0.001), pad wearing due to inconti-
nence (56 % vs 33 %; p < 0.001), per-anal blood 
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loss (11 % vs 3 %; p < 0.004), and per-anal mucus 
loss (27 % vs 15 %; p < 0.005). Their general sat-
isfaction with bowel function was signifi cantly 
lower than those who underwent surgery alone 
and the impact of this bowel dysfunction on their 
daily activities was greater [ 56 ]. Long-term data 
focusing on quality of life and function from 
RCT’s looking at long-course chemo-radiation is 
still awaited [ 57 ]. 

 Data from non-randomized trials point 
towards the potential for long-term functional 
problems and the impact on quality of life in 
patients treated with pelvic irradiation. In a study 
conducted in Oxford (United Kingdom), ques-
tionnaires were completed by over 400 patients 
who had previously undergone pre-operative 
radiotherapy for a combination of pelvic cancers 
including rectal cancer. Issues with bowel, uri-
nary and sexual function were relatively common 
amongst these patients, with bowel urgency 
reported in 59 % of females and 45 % of males; 
urinary urgency reported in 49 % of females and 
46 % of males and sexual dysfunction reported in 
24 % of females and 54 % of males. The fre-
quency of these functional problems was similar 
in those who had received radiotherapy between 
1 and 5 years previously and also in those who 
had received treatment between 6 and 11 years 
previously. This study therefore highlighted the 
potential chronicity of these late side effects. As 
one would expect, the severity of the symptoms 
was linked to poorer overall quality of life and to 
a higher rate of depression [ 58 ]. 

 A systematic review and meta-analysis focus-
ing on the long-term functional impact of chemo- 
radiation was recently performed and published 
by Swiss and German authors [ 49 ]. This review 
searched for all studies reporting on the long- 
term functional effects in patients who had 
received neo-adjuvant chemo-radiation for rectal 
cancer. The focus of the study was on long-term 
sexual, urinary and anorectal function. Twenty- 
fi ve appropriate studies and 6,548 patients were 
included in the analysis. Post-treatment follow-
 up ranged in length from between 3 and 6 months 
post stoma closure to 5.1 years post-operatively. 
This systematic review and meta-analysis 

revealed a signifi cant difference in long-term 
anorectal function between those that were 
treated with neo-adjuvant chemo-radiation fol-
lowed by resectional surgery when compared 
with resectional surgery alone. Rates of stool 
incontinence were signifi cantly higher in irradi-
ated patients (RR =1.67, CI = 1.36–2.05, 
p < 0.0001) and manometric results including 
mean resting pressure and maximum squeeze 
pressures were signifi cantly worse in this group 
of patients. There were no signifi cant differences 
in sexual or urinary function between the two 
groups. Methodological quality of the included 
studies was low and there was a high degree of 
heterogeneity, highlighting the need for more 
robust evidence. Despite this, currently available 
evidence suggests the potential for long-term 
anorectal dysfunction in those treated with pre- 
operative chemo-radiation and this should be dis-
cussed thoroughly with patients prior to 
commencing therapy.  

    Conclusion 

 As surgeons, we must work together with 
other members of the multi-disciplinary team 
in order to ensure patients are made aware 
of the relative merits and the potential nega-
tive effects of pre- operative chemoradiation. 
This therapy has proven benefi ts in appropri-
ately staged patients, with a reduction in local 
recurrence rates, even in those who receive 
optimal surgery [ 57 ]. However, this benefi t 
must be balanced against the potential 
 treatment related complications that have 
been discussed throughout this book chapter. 
These complications indicate the need for 
highly accurate pre-operative tumor staging 
in order to minimize the number of 
patients  receiving unnecessary chemoradia-
tion. Patients must also be involved in the 
decision-making process and should be fully 
counselled by clinicians in order to ensure 
that they are aware of the potential benefi ts 
and the side effects of neoadjuvant treatment. 
Finally, a strategy for the use of chemo-radia-
tion in rectal cancer is provided as an 
 algorithm in Fig.  7.3 .      
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        Introduction 

 The number of cases diagnosed with early rectal 
cancer was low in the past, but there is evidence 
that this fi gure has increased in the past few 
years. The main reason is due to a number of 
Western countries starting national bowel can-
cer screening using faecal occult blood testing 
and fl exible sigmoidoscopy. It is envisaged that 
the percentage of cases diagnosed with Dukes A 
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    Abstract  

  Over the past century, surgery has been the mainstay of rectal cancer man-
agement and will remain so for the foreseeable future. However, surgical 
mortality and morbidity is high, especially for the elderly patients. The 
population is ageing globally, the effect being more pronounced in Western 
countries. It is important to avoid extirpative surgery, especially in elderly 
patients, to deter surgical harm. National bowel cancer screening pro-
grammes around the world have helped to diagnose rectal cancer in its 
early stages. It is important to treat the early stages of the disease differ-
ently from the more advanced stages. Most protocols are bias heavily 
towards surgical management for rectal tumors. National and international 
consensus guidelines do not take into consideration the advancing age of 
the general population and recommend surgery as the gold standard of 
care. There is an urgent need to consider alternative treatment options that 
avoid extirpative surgery and stoma in the early stages of rectal cancer in 
the elderly.  

  Keywords 

   Contact X-rays   •   Brachytherapy   •   Papillon   •   Early rectal cancer   •   Dose 
response   •   High dose superfi cial X-rays   •   Complete clinical response  
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will increase from 8 to 60 % over time [ 1 ]. It is 
therefore important for healthcare providers to 
be aware of this fact and to personal-
ize the  treatment options. Tailoring the treat-
ment for  early-stage rectal cancer will avoid 
over- treatment with  policies laid down tradi-
tionally to cater for more advanced rectal can-
cers. Current colorectal guidelines recommend 
surgery as the gold  standard of care in rectal 
cancer. Total mesorectal excision (TME) is nec-
essary for mid- and  upper- rectal cancer. For 
low-rectal cancer, abdomino- perineal excision 
(APER) is preferred even for early-stage dis-
ease. However, mortality and morbidity is high, 
especially in elderly patients, numbers of whom 
are increasing worldwide. The clinicians 
involved should consider alternative treatment 
options to minimize harm caused by the accepted 
standard of care. Contact X-ray brachytherapy 
is a minimally invasive treatment with no mor-
tality and very little morbidity. It uses low-
energy X-rays (50 kV) that penetrate only a few 
millimeters, incurring  minimal damage to nor-
mal tissues surrounding the tumour. The use of 
low energy X-rays also means that the wall of 
the treatment rectoscope effectively shields all 
but the visualized portion of the rectum. If there 
is any residual tumour at the end of the treat-
ment, surgery can then be carried out. The extent 
of surgery depends on the extent of the residual 
disease. Small residual disease of less than 2 cm 
can be treated by local excision. Bulky residual 
disease can be treated by more radical surgery, 
accepting the calculated surgical risk in a small 
number of non responders. Case selection is 
important for a successful outcome.  

    Case Selection 

    Inclusion Criteria 

     1.    Malignant mobile exophytic rectal cancer 
confi ned to the bowel wall (cT1 or cT2).   

   2.    Well to moderately differentiated adeno
carcinoma.   

   3.    No evidence of suspicious lymph node 
involvement.   

   4.    No evidence of distant metastases.   
   5.    Tumours situated within 12 cm of anal verge.   
   6.    Patients agreeing to long-term follow-up.      

    Exclusion Criteria 

     1.    Deeply ulcerative fi xed rectal adenocarci-
noma (advanced cT3 and cT4).   

   2.    Bulky tumours involving more than half the 
circumference of the bowel wall   

   3.    Poorly differentiated rectal carcinoma   
   4.    Lympho-vascular invasion.     

 Contact X-ray brachytherapy (CBX), often 
called Papillon contact radiotherapy, was named 
after Professor Papillon from Lyon, who popu-
larized this technique for rectal cancer treatment. 
The technique use 50 kV X-rays to deliver a high 
dose of low-energy X-rays directly onto the 
tumour, with a rapid dose fall-off. This can be 
delivered using an orthovoltage machine (Ariane, 
Derby) or with electronic brachytherapy (Xoft 
[Axxent], CA). The principle of contact X-ray 
brachytherapy is to deliver a high dose (30 Gy) 
of radiation to a small volume (5–10 cc) with 
low- energy radiation (50 kV) that has limited 
penetration (60 % at 5 mm, 38 % at 10 mm for 
30 mm applicator). The treatment is given at 
2-weekly intervals. X-ray contact brachytherapy 
shaves off the exophytic malignant sessile polyp 
layer by layer with each treatment, resulting in 
downsizing of tumour centripetally in all direc-
tions with regression to the point of original 
tumour (Fig.  8.1 ). There is now increasing evi-
dence from histological specimens from oper-
ated patients that there is accompanying 
down-staging from advance stage tumour (cT3) 
to early stage (ypT0- ypT1) in good responders to 
radiation, which translates to improve local con-
trol and disease- free survival [ 2 ]. During these 
2-week intervals the normal tissues recover. 
There could be a small amount of superfi cial 
mucosal ulceration at the site of the original 
 cancer, but this usually heals after 3–6 months. 
It is important not to biopsy this area, as the his-
tological fi ndings can be diffi cult to interpret 
even by an experience pathologist. If there is a 
small residual tumour it can continue to regress 
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and eventually become a small superfi cial 
fi brotic scar (Fig.  8.2 ). This area can readily be 
detected on the MRI scans, supplemented by dif-
fusion weighted images, which need to be inter-
preted by an experience radiologist. In case of 
 uncertainty, regular 3-monthly serial endoscopic 
examinations, digital rectal examination (in pal-
pable tumours) and imaging will help to clarify 
the resolving scar from a residual cancer which 
tends to grow back during this period. In the 
majority of cases with recurrence, the regrowth 
of cancer is usually slow after radiation. 

However, it is important to follow these patients 
up closely and regularly to detect any subtle 
changes and to arrange timely investigations as 
necessary.    

    Investigations 

 Case selection is important for successful out-
comes and initial staging is very important. All 
cases should be discussed at the colorectal MDT 
meeting. Complex cases should be discussed at 

a
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  Fig. 8.1    ( a ) Pretreatment (day 0) T2N0M0; ( b ) Post treatment (day 14); ( c ) Post treatment (day 28) after 2 fractions, 
showing good response (good responder)       
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the specialist early rectal cancer MDT, because 
the issues involved can be diffi cult. Patients 
should be inform about the consensus of opinion 
from the experts. However, the fi nal manage-
ment decision rests with the patient, therefore 
they should be well-informed. Help should be 
 available to clarify matters and their decision 
must not be obtained under duress. Endoscopy 
with biopsy to establish histological diagnosis is 
mandatory. Histology should confi rm the inva-
sive malignancy and it is also important to 
exclude any adverse histopathologic prognostic 
features that may be a relative contraindication 
for local treatment. Poorly differentiate adeno-
carcinoma and the presences of lympho-vascular 

involvement are the two most important fea-
tures. In some cases, the decision to treat or not 
to treat is complex, and enough time should be 
allowed to come to mutual agreement. All 
patients should have baseline high-resolution 
MRI [ 3 ], contrast enhanced CT scan of chest, 
abdomen and pelvis. Intra-anal ultrasound 
(EUS) if available is useful to differentiate early 
tumours T1 from T2 but it is important to under-
stand that this distinction is not always clear-cut. 
A PET/ CT scan is not routinely done as part of 
initial investigations. If the tumour marker CEA 
is high at diagnosis, it is useful to monitor 
response and to detect recurrences during fol-
low-up assessments.  

a
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  Fig. 8.2    ( a ) Malignant rectal cancer T3N1M0; ( b ) Post treatment ulcer; ( c ) Post treatment healed scar (10 years)       
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    Preparation of Patient 

 X-ray contact brachytherapy can be carried out as 
a day patient procedure. The patient stays on a 
low-residue diet for 3–5 days before treatment. On 
the day of treatment a micro-enema is given per 
rectum half an hour before treatment. This clears 
the bowel, which helps to identify the tumour mar-
gins accurately. The patient is generally treated in 
prone jack-knife position, which helps to open the 
rectal lumen (Fig.  8.3 ), but sometimes in lithotomy 
position can be useful for low posterior cancers. 
Techniques to infl ate the rectum for better visual-
ization of the tumour have  been developed and 
will help for centres starting with this facility. 
Local anesthetic gel (Instillagel®) is applied around 
the anus to numb the area and ease any discomfort. 
In addition, glyceryl trinitrate (Rectogesic®) or a 
similar preparation can be applied to relax the 
muscles around the anus. This will help to ease the 
discomfort when inserting the rectal applicator.    

    Treatment Protocol 

 There are three sizes of rectal applicator, 30, 25 
and 22 mm, and the choice depends on the size of 
the tumour. If the rectal cancer is less than 30 mm, 
the treatment can start with contact X-ray brachy-
therapy. For larger tumors, external beam chemo-
radiotherapy 45 Gy in 25 fractions over 5 weeks 
(EBCRT) with capecitabine 825 mg/m 2  is used 

initially to downsize the tumour. In elderly 
patients with compromise renal function the dose 
can be modifi ed. For those who are not fi t for che-
motherapy, because of cardiac problems or poor 
renal function, short course radiotherapy (SCRT) 
25 Gy in 5 fractions over 5 days can be used 
instead. However, there is evidence from the 
Trans-Tasman Radiation Oncology Group trial 
(01.04) that long course CRT will downsize and 
downstage the tumour much more effectively, 
with pCR 15 % vs. 1 % in favor of long course for 
more advanced T3 rectal cancers [ 4 ]. Even after 
short course and delay, the regression of tumour 
can be quite slow. A contact X-ray brachytherapy 
boost can follow EBCRT within 2–4 weeks to 
improve local control. A randomised trial called 
OPERA ( O rgan  P reservation for op E rable  R ectal 
 A denocarcinoma) is being set up to evaluate this 
hypothesis. The dose of contact X-ray brachy-
therapy is usually 30 Gy per fraction in three frac-
tions given every 2 weeks. Although the physical 
dose delivered is 30 Gy, the radiobiological effect 
(RBE) of orthovoltage low-energy X-rays is 
much higher at 1.4–1.6, so the equivalent dose 
effect (EQD) is increase to the dose range above 
40 Gy per fraction. This dose is delivered in just 
over 1 min, where normally with external beam 
the equivalent radiation dose is delivered in 4–5 
weeks. As a result of this dose intensity, the can-
cer-cell kill effect has a very steep slope. The 
dose of external beam radiotherapy 45 Gy and 
contact X-ray brachytherapy of 90 Gy, giving a 
total dose of 135 Gy delivered, however, this dose 
is radiobiologically equivalent to 160 Gy. This 
seems a very high dose but it has little effect on 
the normal surrounding tissues, as most of the 
dose is applied directly onto the surface of the 
tumour and not on the normal surrounding tissues 
beneath it. The tumour is shaved off layer by 
layer with each application of X-ray brachyther-
apy, until it regresses completely (Fig.  8.1 ).  

    Possible Side Effects 

 The side effects were reviewed on 100 patients, 
treated with the new Papillon RT 50 machine at 
Clatterbridge from 2009 to 2010. There were 69 

  Fig. 8.3    Treatment position for contact X-ray 
brachytherapy       
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males. The median age of patients was 72 years 
(range 33–99). Elderly and unfi t patients had rad-
ical RT (n = 43), post-op (n = 39), pre-op (n = 5) 
and palliative (n = 13). The Papillon dose was 
60 Gy in 2 fractions over 2 weeks (post-op) and 
the radical group had 90 Gy in three fractions 
over 4 weeks following EBCRT or SCRT 25 Gy 
in 5 fractions over 5 days. The main toxicity was 
bleeding, occurring in 26 % of patients. Fifteen 
patients had mild bleeding and fi ve had G3 bleed-
ing requiring Argon plasma coagulation. No 
patients needed blood transfusions or defunction-
ing stoma to control their bleeding. Two patients 
developed rectal pain following treatment. Both 
had very low-rectal tumors just above the dentate 
line. One needed immediate salvage surgery for 
residual tumour, the other patient’s symptoms 
settled with conservative treatment after 8 weeks. 
There were no fi stulas or strictures caused by the 
new contact machine. There was no 30 days mor-
tality related to contact radiotherapy [ 5 ].  

    Follow-Up 

 Patients who achieve a complete clinical response 
following contact X-ray brachytherapy are fol-
lowed up similarly to those in the watch and wait 
group following chemoradiation [ 6 ]. As most of 
the recurrences are in the fi rst 2 years, intensity of 
follow-up is concentrated around this time. One 
needs to be mindful of the extra anxiety caused to 
patients during this period and the extra cost of 
the investigations offered. Patients should be 
reviewed every 3 months in the fi rst 2 years and 6 
monthly up to 5 years. Digital rectal examination 
(DRE) and endoscopy is carried out as part of the 
examination during these visits. It is important 
that one or two experience observers review the 
patients regularly, as there could be some subtle 
mucosa changes that need to be observed closely 
without a biopsy. Experience centres advocating 
the ‘watch and wait policy’ advice not to biopsy 
these lesions, as the histology are diffi cult even 
for the most experience pathologists to interpret 
[ 6 ]. The area of biopsy may not be representative 
of the status of the tumour, as there could be a 
geographical miss. The ulceration caused by a 

deep biopsy may not heal, and there could be per-
sistent pain and bleeding from this area. In addi-
tion, it makes the interpretation of mucosal 
changes diffi cult in the future. If persistent muco-
sal abnormality is causing concern, the whole 
area should be excised using transanal endo-
scopic mucosal resection (TEMS) to obtain an 
accurate histology, including full thickness of the 
muscle to assess the histology fully (Fig.  8.4 ) [ 7 ]. 
The majority (61 %) of mucosal abnormalities do 
not harbor invasive malignancy apart from low- 
to high-grade dysplasia, which does not require 
major surgical resection [ 8 ]. However, if there is 
suspicion of bulky residual disease either from 
MRI, endoscopy or digital examination, provided 
that the patient is fi t and agreeable to surgery, 
immediate salvage surgery should be offered. 
High-resolution MRI scans should be carried out 
with diffusion weighting imaging (if available) 
every 3 months in the fi rst 2 years and 6-monthly 
in the third year. CT scanning should be carried 
out at 6-monthly intervals in the fi rst 3 years. The 
timing for these investigations is still not interna-
tionally agreed, and as more centres gain experi-
ence with the ‘watch and wait’ policy some 
consensus on follow-up policy can be agreed at 
the international meetings that are now held 
 regularly every year. The risk of recurrence is low 
after 3 years but follow up should continue 
6-monthly up to 5 years at least. Recurrences 
beyond 5 years are very rare, and if patients agree 
to longer term follow up and local healthcare sys-
tems permit this, they should be follow up for 10 
years.   

    Evidence of Effi cacy for Contact 
X-Ray Brachytherapy 

 Contact X-ray brachytherapy has been around 
for more than 80 years. Initial treatment was car-
ried out in Berlin with a 50 kV machine made by 
Siemens. Chaoul treated more than 100 patients, 
many of them with unresectable rectal tumors. 
Primary healing occurred in 62 patients and 30 
patients were cured at follow-up of 4–17 years [ 9 ]. 
In 1946, Lamarque and Gros from Montpellier 
laid down the guidelines for contact radiotherapy. 
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They conducted a study of histological changes 
and observed early signs of cytoplasmic and 
nuclear degeneration a few hours after contact 
radiotherapy and increasing during the next few 
days. They showed that bowel epithelium can 
be destroyed by a single dose of 40 Gy but the 
regeneration was complete 1 month later. They 
reported on a series of 116 patients with rectal 
cancer treated by contact radiotherapy. Cure rates 
at 5 years even for advanced inoperable tumour 
were 20 % [ 10 ]. These were remarkable results, 

because in that era adenocarcinoma of the rectum 
was thought to be radioresistant. Papillon started 
the contact radiotherapy facility using a 50 kV 
Phillips machine in Lyon in the early 1950s. He 
reported on 312 patients with T1 rectal cancer 
treated by contact X-ray brachytherapy alone from 
1951 to 1987 with a 5-year survival of 74 %. There 
were only 9 local recurrences and 7.7 % of cases 
died from cancer-related causes. The remaining 
non-cancerous deaths were related to advancing 
age with co-existing medical problems. For more 

a b

c

d

  Fig. 8.4    ( a ) Pretreatment (day 0) 07/06/12; ( b ) Post treat-
ment day 14 (20/06/12); ( c ) post treatment day 28 
(05/07/12); ( d ) Possible recurrence 14 months later. Had 

TEMS (14/11/13) Histology –TVA with low grade dys-
plasia, no invasive malignancy       
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advanced cases T2 or T3, Papillon used external 
beam radiotherapy, 39 Gy in 13 fractions over 17 
days. This was followed by contact X-ray brachy-
therapy and iridium implant boost. This regime 
was used in 67 patients (median age 74 years) and 
they were followed up for more than 5 years. At 5 
years the survival was 59.7 %. Of the 40 patients 
who were alive and well, 39 had normal anal func-
tion and only one had undergone APER for local 
failure. Among the 8 patients who died of cancer, 
3 had distant metastases and 5 had pelvic failures. 
Eighteen patients (26.8 %) died from intercurrent 
disease due to poor general condition of patients 
[ 11 ]. Papillon observed a relationship between 
the size of tumour and the chance of cure. Five 
year  survival rate was 80 % for lesions 3 cm or 
less and for larger tumours was only 61.5 %. The 
confi guration of the tumour seems to have less 
prognostic signifi cance than the size of the lesion. 
However, distant metastases occurred twice as 
frequently for ulcerative tumours. In 1980, Sischy 
from Highland Hospital in Rochester (New York) 
reported a series of successfully treated limited 
rectal carcinomas by contact radiotherapy in the 
USA. Of 74 patients treated for cure, only 4 had 
local failure. Seventy patients followed up for at 
least 18 months were alive and well and free of 
disease (94 %) [ 12 ]. Myerson and his colleagues 
from Washington University, St Louis, reported 
on 199 patients treated from 1980 to 1995. They 
found that the most important factors for local 
control (Multivariate analysis) were the use of 
external beam radiotherapy (P < 0.001), prior 
removal of macroscopic disease (P = 0.001) and 
mobility on palpation (P = 0.009). Endocavitary 
treatment was very well tolerated. Of 199 cases, 
19 (9.5 %) had minor transitory tennesmus or 
bleed, managed conservatively. The only grade 3 
or 4 morbidities occurred in those patients who 
needed salvage surgery for tumour recurrence. In 
the update of their series to 2004, they had 59 T1 
lesions identifi ed. Forty of these 59 cases under-
went local excision of all macroscopic disease 
before radiation. With radiation all but 3 (who 
had a history of prior pelvic radiation for other 
malignancy) received a combination of external 
beam (usually 20 Gy in 5 fractions over 5 days) 
followed 6–8 weeks later by endocavitary radio-

therapy. There were only 3 failures and only one 
(1.8 %) in the 56 who received external beam 
radiotherapy. The difference between this cohort 
and the experience reported from others using 
local excision without contact radiotherapy was 
highly signifi cant (55/59 vs. 106/129 [P = 0.003]) 
[ 13 ]. Gerard reported on 101 patients with T1/T2 
tumour treated with contact radiotherapy between 
1977 and 1993. There were only 10 % local fail-
ures, with 83 % overall survival at 5 years [ 14 ]. 
He further reported on 63 patients with T2 and 
T3 tumour and a median age of 72 years treated 
between 1986 and 1998. Twenty-six were poor 
surgical risk patients, 15 refused permanent 
stoma and 22 who were fi t for surgery agreed to 
radiotherapy to avoid a permanent stoma. Clinical 
staging was done in 57 patients. Forty patients had 
T2 tumour and 23 had T3 tumour. Patients were 
offered combined modality treatment with EBRT 
(39 Gy in 13 fractions over 17 days) and contact 
radiotherapy boost (80 Gy in 3 fractions over 3 
weeks). At median follow-up of 54 months, local 
control was achieved in 65 % and 86 % after sal-
vage surgery for residual disease. Primary con-
trol rates and 5-year overall survival (patients 
<80 years) were 80 and 86 % for T2 disease. The 
respective fi gures for patients with T3 disease was 
61 and 52 %. No severe grade 3  toxicity requir-
ing colostomy was observed. Anorectal function 
was good in 92 % of patients. Rectal bleeding and 
bowel urgency were the most common long-term 
side effects. Two prognostic factors were found to 
be important. The tumour response after two frac-
tions on day 21 and T stage of the tumour were 
found to be signifi cant factors [ 15 ]. Gerard went 
further to conduct the only randomised trial (Lyon 
96–02) to evaluate the role of contact radiotherapy 
in improving sphincter preservation for T2-T3 
distal rectal cancer. Between 1996 and 2001, 
88 patients were randomised between EBRT 
(36 Gy/13/17 days) and EBRT preceded by con-
tact (Papillon) boost. Sphincter preservation was 
achieved in 76 %, compared to 44 % in the experi-
mental group [ 16 ]. Much higher complete clinical 
responses (24 % vs. 2 %) and pCR or near-com-
plete sterilization (57 % vs. 34 %) were observed 
in the contact boost arm compared to the standard 
arm. These results were maintained in Gerard’s 
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recent update after 10 years’ follow-up [ 17 ]. He 
is  proposing that the OPERA trial should repro-
duce these results, but organ preservation with 
local control at 2 years will be the primary end-
point rather than sphincter preservation. Later he 
moved to Nice and updated his results for patients 
treated in Nice with contact X-ray brachytherapy 
from 2002 to 2009 [ 18 ]. The more recent update 
of his results up to 2009 using the new Papillon 
(Ariane) has shown further improvement due to 
better case selection with 90 % of patients achiev-
ing complete clinical response (cCR) and only 
10 % had local recurrence ([ 19 ]. 

 In 1992, a team from Clatterbridge visited 
Lyon and introduced contact radiotherapy in their 
country. The fi rst facility in the UK was set up in 
1993 and nearly 800 patients have been treated 
with contact X-ray brachytherapy as part of their 
treatment. In 2009, a new RT 50 machine made 
by a British company (Ariane) was made avail-
able for clinical use and approximately 500 
patients out of the whole cohort were treated with 
this new machine. Analysis of the original cohort 
was done on four groups [ 20 ].
    1.    Surgery alone (TEMS)   
   2.    Surgery (TEMS) followed by post-operative 

radiotherapy   
   3.    Pre-operative chemoradiotherapy followed by 

local excision (TEMS)   
   4.    Radical radiotherapy alone.    

  Trans-anal endoscopic microsurgery 
(TEMS) alone was used for all small malignant 
polyps with negative resection margins and no 
adverse features (Group 1 [n = 13]). If the resec-
tion margins were close (<1 mm) or histology 
showed any adverse features e.g. poorly differ-
entiated tumour or lympho-vascular invasion or 
more advanced tumour (pT2), immediate sal-
vage surgery was offered. If the patient refused 
surgery or was a high anesthetic-risk patient, 
post-operative chemoradiotherapy 45 Gy in 
25 fraction over 5 weeks or its radiobiological 
equivalent dose/fraction was offered, followed 
by contact X-ray brachytherapy boost giving 
a further 60 Gy in 2 fractions over 2 weeks 
(Group 2 [n = 25]). Patients with low-rectal 
cancer who were averse to permanent stoma 
or not keen on  extirpative surgery were offered 

pre-operative EBRT (45 Gy/25#/5 weeks) fol-
lowed by contact X-ray brachytherapy in good 
responders (>50 % regression) of primary 
tumour. The dose of contact X-ray brachyther-
apy was 80 Gy in 3 fractions given over 4 weeks 
(Group 3 [n = 33]). In cases with complete clini-
cal response, a watch policy was adopted. If 
there was minimal residual disease <20 mm, 
TEMS was offered to obtain a histological 
diagnosis. If there was no response to contact 
X-ray brachytherapy, immediate salvage sur-
gery was offered. The fi nal group consisted of 
patients not fi t for salvage surgery for residual 
disease due to incomplete response following 
treatment. For these patients we continued to 
adopt a watch policy (Group 4 [n = 29]). The 
analysis of the initial fi rst 100 patients was sim-
ilar to reported results from other centres with 
Papillon facilities. These patients were treated 
between 1992 and 2002. At median follow-up 
of 33 months (range 3–120 months) local recur-
rence occurred in 10 patients (10 %). In the 
whole group three patients (5.6 %) with local 
recurrence had T1 and fi ve patients (17 %) had 
T2 tumors. Six patients had salvage surgery 
(60 %) and one refused surgery although the 
recurrence was operable. Cancer-specifi c sur-
vival was 96 % after salvage surgery and overall 
survival was 77 %, refl ecting the fact that the 
majority of patients were elderly with co-exist-
ing medical problems from which they fi nally 
 succumbed [ 20 ]. In the second extended cohort 
of 220 patients from Clatterbridge, 24 (11 %) 
had persistent disease after combined modality 
treatment. Twenty-one (21/24) had immediate 
surgery and 19 (90 %) were cured. Three patients 
were not fi t for salvage surgery and died of their 
cancer. Of 196 patients who were disease-free, 
11 (5.5 %) developed local recurrence and 7 
had delayed salvage surgery, 6 of these patients 
were cured (86 %). Seven (3.5 %) patients had 
distant relapse and two (1 %) had both local and 
distant relapse. Overall salvage rate of all recur-
rences was 30/44 (68 %). Overall cure rate after 
salvage surgery was 202/220 (92 %) [ 21 ]. These 
results were encouraging, considering that the 
majority of these patients are elderly and medi-
cally compromised.  
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    Salvage for Residual Disease, 
Re-growths or Recurrences 

 If there is residual disease following comple-
tion of treatment at 12 weeks it is recommended 
that one should continue to observe the patients 
up for to 24 weeks, provided there is no pro-
gression of the residual disease. If the disease 
persists at 24 weeks, it is high unlikely that the 
disease will regress beyond this period, and 
immediate salvage surgery should be carried 
out. Reported from Clatterbridge in their sec-
ond cohort, 24 of 220 (11 %) patients needed 
immediate salvage surgery [ 21 ]. In most cases 
the disease continues to regress during these 24 
weeks but sometimes there can be a regrowth if 
there is residual viable cancer. If recurrence 
occurs, this is usually within the fi rst 12 
months. Immediate salvage surgery should be 
carried out for this. If the disease relapses after 
12 months, it is regarded as a true recurrence 
and delayed salvage surgery is indicated. In the 
cohort of patients treated at Clatterbridge, 68 % 
of local recurrences could be salvaged in this 
way. The remaining patients either refused sur-
gery or were too unfi t for salvage surgery [ 7 ]. 
Reports from the São Paulo group experienced 
28/90 (31 %) local recurrences, and salvage 
surgery was possible in 26 (93 %). All local 
recurrences were detected by clinical/endo-
scopic assessment and none were detected by 
radiological imaging alone [ 22 ]. There 
appeared to be a higher number of local recur-
rences in the São Paulo group compared to the 
cohort treated at Clatterbridge. It is likely that 
contact X-ray boost given following EBCRT 
played a signifi cant role in reducing local 
recurrences. This hypothesis will be evaluated 
in OPERA, which is a randomised trial 
 comparing chemoradiotherapy alone against 
EBCRT followed by contact X-ray brachyther-
apy boost. There were additional reports on the 
‘watch and wait’ policy for clinical complete 
responders after CRT for rectal cancer from the 
Maastricht group, which supported the concept 
of a successful approach with the ‘watch and 
wait’ policy [ 23 ].  

    Radiation Dose Escalation 
to Improve Outcomes 

 It is well established that there is a dose response 
relationship in rectal cancer. Evidence from radi-
ation dose escalation studies shows that higher 
doses of radiation improve local control. 
However, dose escalation using external beam 
radiation alone will cause unacceptable toxicity 
for normal surrounding tissues. This limits the 
dose of radiation that can be escalated, as shown 
in the dose escalation study from the Princess 
Margaret Hospital [ 24 ]. Most radiotherapy 
regimes use a small boost fi eld to primary tumour 
following 45 Gy in 25 fractions over 5 weeks. 
This is given either as a concomitant boost or fol-
lowing the completion of the initial phase of 
large fi eld treatment. The dose of radiation boost 
varies from 5.4 Gy in 3 fractions to 9 Gy in 5 
fractions over 1 week, which is not a suffi cient 
dose to sterilize the residual cancer in the major-
ity of cases. Only in 20–30 % of cases there is no 
residual disease (ypT0). Therefore, other forms 
of radiation boost have been investigated. The 
Danish HDR brachytherapy boost trial evaluated 
the role of brachytherapy boost using 10 Gy in 
two fractions against no further boost following a 
chemoradiation dose of 50.4 Gy in 28 fractions 
over 6 weeks in locally advanced resectable T3 
and T4 rectal cancer below 10 cm from the anal 
verge. The rate of response (TRG+2) for T3 was 
29 % vs. 44 % in favor of boost (p = 0.04) and the 
R0 resection rate was 99 % vs. 90 (p = 0.03). 
However, there was no signifi cant pCR between 
the two arms, which was the main end-point. 
Although this was a negative trial for HDR 
brachytherapy boost, the dose given was inade-
quate [ 25 ]. Further analysis of radiation dose 
response models for locally advanced rectal can-
cer after chemoradiotherapy suggested a highly 
signifi cant dose response relationship (P = 0.002). 
For complete response (TRG1), the dose response 
parameter was D 50TRG1  = 92 Gy (95 % CI 79.3–
144.9 Gy) and for major response (TRG1-2) 
D 50TRG1–2  = 72 Gy (CI 65.3–94 Gy). Tumour size 
and N category both had a signifi cant effect on 
the dose response  relationship. It is highly 
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unlikely that external beam alone could deliver 
either 72 Gy for major response or 95 Gy to 
achieve a complete  pathological response [ 26 ]. 
Dutch investigators are evaluating the response 
to dose escalation using brachytherapy with mul-
tiple fractions of 5, 6, 7 and 8 Gy in HIBERT 
trial. Initial results  suggested 7 Gy in 3 fractions 
appears to be safe. The long term clinical out-
comes have not been reported yet. Canadian 
investigators use 10 Gy in 3 fractions. However, 
toxicity seems to be the dose limiting factor. It is 
clear from a number of single institute best-prac-
tice results that a dose escalation of up to 130–
160 Gy was possible without undue major 
toxicity to normal surrounding tissues and this 
can only be achieved by X-ray brachytherapy. 
The results from CONTEM observational studies 
are awaited with interest.  

    Rectal Brachytherapy for Radiation 
Dose Escalation 

 There are three types of rectal brachytherapy:
    1.    X-ray contact brachytherapy   
   2.    HDR rectal brachytherapy   
   3.    Interstitial implants     

    X-Ray Contact Brachytherapy 

 This technique uses low-energy X-rays (50 kV), 
so has fewer problems with shielding for radia-
tion protection. It is suitable for non-infi ltrating 
exophytic small (<3 cm) rectal cancer confi ned to 
the bowel wall. It is used as a fractionated course, 
usually 3–4 fractions every 2 weeks. Dose and 
fractionation is well established and the results 
have been validated in many centres around the 
world.  

    HDR Rectal Brachytherapy 

 Also known as intra-luminal brachytherapy, this 
system uses either radioactive Ir 132  or cobalt 60  
and because the energy of the source is high 

there are problems with radiation protection. 
This is suitable for more infi ltrative /ulcerative 
rectal cancers that have penetrated well beyond 
the confi nes of the bowel wall. The commer-
cially available multi-channel rectal applica-
tor OncoSmart® (Elekta) is used. Alternatively, 
a single-channel rectal/vaginal applicator with 
or without central shielding (Elekta)/ Eckert & 
Ziegler (Bebig) can be used as a single fraction 
boost or fractionated (usually 2–3 fractions). The 
dose and fractionation are still under investiga-
tion. There is no established isoeffect dose data to 
reproduce the equipoise effect with X-ray contact 
brachytherapy. Centres planning to start rectal 
brachytherapy should have both systems to cater 
for different stages, confi guration (ulcerative/
infi ltrative) and sizes of rectal cancer.  

    Interstitial Implants 

 These are used for more infi ltrative residual rec-
tal cancers following external beam radiotherapy, 
or in those tumours that have extended into the 
anal canal and are not suitable for contact X-ray 
brachytherapy or intra-luminal brachytherapy. 
Iridium, originally used for interstitial implants, 
has now been replaced by HDR systems. Needles 
are implanted under GA or spinal anesthesia in 
theatre. Fractionated treatment is given over 24 h. 
Dose is usually between 5–7 Gy per fraction, 
given in three fractions.   

    Discussion 

 In the past decade, increasing use of pre- operative 
chemoradiotherapy for advanced rectal cancer 
has improved local control and this has become 
the standard of care [ 27 ]. The majority of patients 
who are fi t for surgery have had resection of the 
primary together with the regional lymph nodes. 
Total mesorectal excision for upper- and mid- 
rectal cancer became the gold standard of care at 
the turn of this century [ 28 ]. However, abdomino- 
perineal excision (APER) is still recommended 
even for very early stage small rectal cancers. 
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Following pre-operative chemoradiotherapy 
there is no residual cancer (ypT0) in the 
 histological specimens in about 15–20 % of cases 
[ 29 ]. At the same time, realization of harm from 
surgery, especially for elderly patients, is high-
lighted in a number of publications [ 30 ]. In addi-
tion, well-informed patients are not keen to have 
a stoma, even a temporary one, and have started 
to question the need for extirpative surgery when 
informed that no residual tumour can be seen on 
post-treatment scans. Endoscopy is not routinely 
carried out as part of the assessment following 
pre-operative chemoradiotherapy. There will be a 
demand and need to offer this, when a post- 
treatment MRI scan shows no evidence of resid-
ual tumour [ 2 ]. In 1991, the surgical group from 
São Paulo started deferring surgery if no residual 
tumour was detected following chemoradiother-
apy [ 6 ,  22 ]. A number of publications followed 
from this group and others to support this 
approach [ 23 ]. At Lisbon in February 2014, an 
international surgical meeting, ‘When Not to 
Operate’, highlighted this approach and there 
was general consensus among the surgeons to 
adopt this approach for suitable patients. 

 The concept of non-surgical treatment is not 
new. This approach was started by contact X-ray 
brachytherapy before World War Two by the 
German group [ 9 ] and popularized by Papillon 
from Lyon for medically unfi t patients or those 
with advanced rectal cancer [ 11 ]. Rectal adeno-
carcinoma was thought to be radio-resistant at 
that time. However, when the results from 
advanced cancers were encouraging, other 
elderly patients with operable cancer were 
offered this treatment. Obviously the results were 
better for early cancers, and many elderly patients 
were spared extirpative surgery and the prospect 
of a permanent stoma. There were few centres 
around the world with contact X-ray facilities 
and the practice did not expand as much as it 
should have. Firstly, there were only a small 
number of patients suitable for this type of treat-
ment and, secondly, in the mid-1980s the Phillips 
Company stopped the production of 50 kV 
machine as it moved more towards development 
of diagnostic scans. Thirdly, technological 
advances led to the development of other endo-

scopic techniques such as endoscopic resection 
(EMR/ ESD), and these became competing 
 treatment options for polyps. However, EMR is 
not suitable for invasive malignancy, because 
underlying muscle is not removed for proper 
 histological assessment. Moreover, development 
of innovative surgical techniques such as TEMS, 
TEO and TAMIS competes for T1 small rectal 
cancers [ 31 ]. However, general anesthesia is still 
necessary for these procedures and so they are 
not suitable for high anesthetic risk patients. In 
the mid-1990s a British company (Ariane) 
together with a team from Clatterbridge and Prof 
Gerard from Nice collaborated to develop a new 
robust contact X-ray brachytherapy machine. 
This stimulated a revival of interest in contact 
X-ray brachytherapy and now there are several 
centres around the world with this new contact 
X-ray brachytherapy facility [ 19 ]. In 2006, an 
international interest group known as ICONE 
(International Contact Radiotherapy Network) 
was set up in Nice. This group held annual meet-
ings and efforts were made to set up a randomised 
trial known as OPERA ( O rgan  P reservation in 
op E rable  R ectal  A denocarcinoma). The results 
from this trial will strengthen the role of contact 
X-ray brachytherapy in rectal cancer.  

    Conclusion 

 Local treatment of rectal carcinoma is still con-
troversial. However, there is increasing interest 
in the approach that avoids extirpative surgery 
with a permanent stoma. Moreover, increasing 
numbers of patients of patients are now being 
diagnosed with early low-rectal cancer through 
national bowel cancer screening [ 1 ] and we 
need a robust protocol on how best to manage 
them. The standard of care for early low-rectal 
cancer is APER and this is clearly unaccept-
able for early stage small low-rectal cancers 
[ 32 ]. For elderly patients, extirpative surgery 
has increased mortality and morbidity and 
should be avoided [ 30 ]. Most patients would 
prefer not to have a stoma if given the choice. 
Moreover, the fi nancial burden on healthcare 
providers worldwide is mounting, as patients 
live longer because of the excellent medical 
care they receive. If there is residual cancer 
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following contact X-ray brachytherapy and 
external beam  radiotherapy, immediate salvage 
surgery can be carried out without compromis-
ing their chance of cure. Cost-savings for 
healthcare providers from this strategy cannot 
be ignored in this era of austerity measures. 
Most importantly, the patients’ quality of life 
will improve if they can avoid extirpative sur-
gery, a stoma and few weeks stay in hospital 
away from their loved ones. Patients should 
have the choice to avoid surgery if they wish. 
For elderly patients or high surgical risk 
patients, contact X-ray brachytherapy should 
be considered as an alternative treatment 
option for early small low-rectal cancers.     
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    Abstract  

  Transanal Local Excision has become a very useful surgical tool for the 
management of selected cases of rectal cancer due to its low postopera-
tive morbidity and minimal functional consequences. However, the con-
siderably high local recurrence rates led to the introduction of 
preoperative  therapies. Neoadjuvant chemoradiation therapy has been 
considered the preferred alternative in this setting and may result in sig-
nifi cant rates of tumor regression allowing the procedure to be offered to 
a signifi cant proportion of cases. On the other hand, this multimodality 
approach may also determine increased postoperative morbidity. In 
addition, completion or salvage total mesorectal excision in the case of 
local recurrence or the presence of unfavorable pathological features 
may also be a challenging task. Finally, accurate selection criteria for 
this minimally invasive approach are still lacking and may be infl uenced 
by  baseline staging, post-treatment staging and fi nal pathology informa-
tion. Ultimately, selection of patients for this treatment modality remains 
a signifi cant challenge for colorectal surgeons. In the present chapter, 
the rationale, surgical technique and outcomes of transanal local  excision 
are detailed both after surgery alone or in the setting of multimodality 
therapy.  
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        Introduction 

 Transanal local excision has been considered an 
interesting alternative for the management of 
selected rectal cancers for many decades. The 
possibility of removing rectal tumors through the 
anus avoiding entry into the abdomen and the 
complexity of working in the confi nes of the pel-
vis has always been appealing to many surgeons. 
Transanal procedures have been performed with 
minimal morbidity and mortality rates. In addi-
tion, early discharge of patients and no require-
ment for stomas have also been contributing to its 
popularity among surgeons and patients. 

 However, the oncological outcomes of the 
resection of the primary tumor without proper 
lymphadenectomy are closely related to the risk 
of lymph node metastases. Therefore, recogni-
tion of risk factors for lymph node metastases 
(LNM) after accurate staging is crucial for patient 
selection. Ideally, this procedure would be 
reserved for patients with small primary tumors, 
low enough to be accessible through the anus 
(particularly prior to the development transanal 
endoscopic microsurgical techniques) and with 
minimal or no risk for concomitant lymph node 
metastases.  

    Risk Factors for Lymph Node 
Metastases 

 Several studies have focused on clinical and path-
ological risk factors for LNM in rectal cancer, 
particularly for patients considered for transanal 
local excision including pT1 and pT2 rectal 
cancers. 

 One of the most important risk factors for N+ 
disease is pT classifi cation. The risk of nodal 
metastases progressively increases with more 
advanced pT stage classifi cation. Even for the 
earliest tumors invading the submucosa (pT1), 
overall risk of lymph node metastases is around 
12–13 %. Subclassifi cation of pT1 cancers 
into three levels of submucosal invasion has also 
been correlated with the risk of lymph node 
metastases, with a risk of 0–3 %, 8–11 % and 
11–25 % for tumors invading Sm1, Sm2 and Sm3 

respectively [ 1 ,  2 ]. A large retrospective review 
of patients with pT1-2 rectal cancers reported a 
risk of LNM of 21 % in pT2 rectal cancer [ 3 ]. 

 In addition to pT classifi cation, other patho-
logical features have also been associated with 
increased risk of LNM including lymphovascular 
invasion and tumor grade [ 4 ]. The presence of 
lymphovascular invasion and poor differentiation 
signifi cantly increases the risk of LNM. Curiously, 
one study suggested that both pT1 and pT2 can-
cers would harbor a 100 % risk of LNM in the 
coexistence of poor differentiation and lympho-
vascular invasion [ 3 ]. Finally, distally located 
cancers were also found to be more likely to har-
bor LNM, and therefore constitute a high-risk 
factor [ 4 ]. Therefore, a small pT1 rectal adeno-
carcinoma restricted to the sm1 level, well- 
differentiated and with no lymphovascular 
invasion would be the best candidate for a local 
treatment with almost absent risk for lymph node 
metastases [ 5 ].  

    Local Staging 

    T Stage Classifi cation 

 Considering specifi c features of the primary can-
cer (particularly pT status, lymphovascular inva-
sion and tumor grade) are directly associated 
with the risk of LNM, primary local staging of 
rectal cancer is of paramount importance for the 
selection of appropriate candidates for transanal 
local excision. Diagnostic biopsies may allow 
proper determination of tumor grade. On the 
other hand, determination of lymphovascular 
invasion often requires excisional biopsy speci-
mens and is therefore almost impossible to accu-
rately assess preoperatively. Ultimately, clinical/
radiological T and N classifi cation (cT and cN) 
are frequently the only sources of information 
used for management decision of these patients. 

 Depth of the primary tumor may be accu-
rately determined by the use of different radio-
logical imaging modalities. Both endorectal 
ultrasound (ERUS) and high-resolution mag-
netic resonance (MR) have been extensively 
studied for this  particular purpose. Both imaging 
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modalities  provide acceptable overall accuracy 
for each cT classifi cation (≥90 %) [ 6 – 8 ]. 
However, considering the risk of LNM amongst 
T3 and T4 rectal cancers are exceedingly high, 
these patients are not even considered for local 
excision except in extreme palliative situations. 
The distinction between T2 and T3 rectal cancers 
would therefore possibly provide a fi rst fi lter for 
patients potentially suitable for a local proce-
dure. A meta-analysis of accuracy rates for local 
staging of  rectal cancer has been performed 
comparing different staging modalities [ 9 ]. 
Interestingly, ERUS was associated with higher 
sensitivity rates for the distinction between T2 
and T3 cancers whereas specifi city was nearly 
identical. In other words, MR may result in sig-
nifi cantly more underestimation of T stage of 
these patients, potentially leading to inappropri-
ate indication of local treatment for unsuspected 
T3 disease [ 9 ]. 

 Distinguishing between cT1 and cT2 is per-
haps the most relevant step in the assessment of 
these patients. The same meta- analysis of the 
results of rectal cancer staging with MR and 
ERUS suggests that specifi city for the distinction 
of pT1 from pT2 was best for ERUS, even though 
sensitivity was similar between both modalities. 
Therefore, in contrast to the distinction between 
T2 and T3, this means that MR overestimates 
more frequently between T1 and T2 rectal cancer 
when compared to ERUS [ 9 ]. But the ideal 
patient for a transanal local excision is the one 
with a cT1 cancer, preferably restricted to sm1. 
This is due to the fact that the risk of LNM may 
also be correlated with the level of submucosal 
involvement. In fact, full- thickness excision 
allows better estimation of sm level invasion. In 
contrast, partial thickness endoscopic resections 
may not provide the entire submucosa for patho-
logical review and therefore subdivision into 
thirds may be impossible. In this setting, absolute 
measurement of depth of tumor invasion (in spec-
imens without entire submucosa available) may 
provide clinically relevant information as well. In 
non-pedunculated T1 cancers, invasion within 
the submucosa of ≤1,000 μ is  associated with no 
risk of lymph node metastases even in the pres-
ence of lymphovascular invasion. In addition, 

three-dimensional ERUS in experienced hands 
was able to correctly identify sm level of invasion 
with acceptable accuracy rates [ 10 ]. In this study, 
patients with pT0 and pT1 sm1 were correctly 
distinguished from pT1 with massive invasion or 
pT2 with excellent accuracy rates [ 10 ].  

    N Stage Classifi cation 

 Another very important issue in local staging 
during preoperative assessment of these patients 
is accurate lymph node classifi cation. 
Unfortunately, nodal assessment (cN) is consid-
erably less accurate than depth of invasion (cT). 
Overall, accuracy rates of MR and ERUS are in 
the range of (75–85 %) for correct nodal classifi -
cation. Curiously, in the meta-analysis compar-
ing different imaging modalities, sensitivity and 
specifi city rates were nearly identical between 
ERUS and MR [ 9 ]. Still, nodal assessment may 
be infl uenced by the depth of primary tumor inva-
sion. In one retrospective study, the accuracy of 
nodal staging was signifi cantly worse for pT1 
and pT2 cancers. Considering these pT1 and pT2 
cancers are those potential candidates for local 
excision, it is rather disappointing that nodal 
staging was less reliable. Ultimately, the authors 
suggest that these limitations in early cancer 
nodal staging may explain frequent failures after 
local excision alone [ 11 ].   

    Defi ning High-Risk and Low-Risk 
Patients 

 Ultimately, surgeons should attempt to identify 
patients at high or low risk for development of 
lymph node metastases and local recurrence 
prior to offering local excision for rectal cancer 
(Table  9.1 ). Histological and morphologic fea-
tures that defi ne a higher risk of nodal spread 
in T1 tumors are poor differentiation, tumors 
larger than 3 cm or with more than 30 % of the 
bowel lumen involved, presence of lymphovas-
cular or perineural invasion, margins less than 
2 mm [ 3 ,  12 – 16 ]. pT2 tumors are also consid-
ered high risk tumors. When such features are 
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found in the  preoperative assessment, local 
excision should be considered with caution and 
perhaps as indication of palliative management 
(due to oncological reasons or signifi cant medi-
cal comorbidities).

   However, sometimes these features are only 
confi rmed after review of the pathological speci-
men following a local excision. In this case, 
 additional treatment should be considered. One 
option includes completion of total mesorectal 
excision or salvage resection in order to provide 
radical lymphadenectomy. Alternatively, adju-
vant radiation or chemoradiation may be used for 
the management of these patients [ 17 ].  

    Techniques of Local Excision 

    Preoperative Preparation 

 Patients are admitted at the same day or day 
before of the procedure after full bowel prepara-
tion. Antibiotic prophylaxis is performed at the 
time of anesthetic induction. The procedure is 
performed under general or regional anesthesia. 
However, in patients undergoing transanal endo-
scopic techniques (TEM or TAMIS) for upper 
lesions with higher risk of peritoneal entry, gen-
eral anesthesia is preferable. Positioning of the 
patient is determined by primary tumor location: 
the lesion should preferably be located down-
wards. Therefore, jack-knife prone for anterior or 
lithotomy for posteriorly located lesions. In trans-
anal endoscopic techniques, the lateral position 

should be considered in tumors located at the 
right or left rectal walls.  

    Traditional or Standard Transanal 
Local Excision 

 An anal retractor is used to dilate the anus and 
obtain an adequate exposure. A lone-star retrac-
tor, may provide excellent access to the lower 
rectum for this purpose. Selectively, traction 
sutures may be placed laterally to the lesion to 
enhance exposure. A line of dissection with a 
margin of 1 cm is made with electrocautery cir-
cumferentially. The depth of resection should 
always reach the mesorectal fat to provide a max-
imal radial margin (Figs.  9.1  and  9.2 ). The speci-
men should always be fi xed to a cardboard for 
better assessment by the pathologist (Fig.  9.3 ). 
The defect in the rectal wall is then closed trans-
versely in a running suture, preferably with an 
absorbable material (PDS® or caprofyl®).     

    Minimally Invasive Options 

 Two relatively new techniques have been intro-
duced in order to approach rectal tumors using 
the transanal approach with the use of rectal CO2 
distention (pneumorectum), endoscopic view and 
minimally invasive instrumentation [ 18 ,  19 ]. 
These techniques may provide improved surgical 

  Fig. 9.1    Standard local excision: the mesorectal fat can 
be seen after the excision of the surgical specimen       

   Table 9.1    Criteria for defi nition of high risk and low risk 
tumors   

 High risk  Low risk 

 Poor differentiation  Well and moderate 
differentiation 

 Size ≥3 cm  Size <3 cm 
 Circumferential involvement 
≥30 % of lumen 

 Circumferential 
involvement <30 % 
of lumen 

 Presence of lymphovascular 
invasion 
 Presence of perineural invasion 
 Margins <2 mm 
 pT2 
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fi eld view and access to lesions in the middle and 
upper rectum. Implementation of these endo-
scopic microsurgical approaches has resulted in 
signifi cant improvements in quality of the 
resected specimen. In a review of 171 patients 
undergoing transanal endoscopic or standard 
local excision, margin clearance, specimen frag-
mentation, and local recurrence were all consis-
tently higher among the patients operated by the 
traditional approach. Considering that the post-
operative morbidity between the approaches is 

similar, the authors concluded that transanal 
endoscopic surgery is the procedure of choice for 
the local excision of rectal masses [ 20 ,  21 ]. 
Finally, this approach provides proper access to 
safe resection of upper rectal lesions and closure 
of peritoneal defects created by full-thickness 
excision in the anterior wall, particularly in males 
or post-histerectomy females. 

    Transanal Endoscopy 
Microsurgery (TEM)  
 The procedure is performed using a special 
 proctoscope of 4 cm in diameter available in 
lengths of 12 and 20 cm. The rectum is insuf-
fl ated with carbon dioxide at 10–15 mmHg. This 
can be achieved with the use of specifi c or usual 
 laparoscopic CO2 insuffl ators. The optical 6-fold 
increase and the stability provided by the equip-
ment, attached to the operating table, allows for 
an excellent view of the rectum and lesion. The 
proctoscope is frequently repositioned to allow 
best visualization of the lesion during the proce-
dure. Once setup is complete, special endoscopic 
instruments are introduced through the procto-
scope (usually four ports for entry) and resection 
is performed. In addition to the scope and two 
instruments manipulated by the surgeon, suction 
may be used through the fourth portal entry for 
aspiration of the smoke created by cautery 
(Fig.  9.4 ). Marking of 1 cm circumferential mar-
gins around the primary lesion prior to resection 
is advised to avoid disorientation. Full-thickness 
resection is performed using electrocautery 
avoiding direct manipulation of the tumor. 
Alternative energy sources may be used for this 
resection including harmonic or sealing devices. 
Once the specimen is removed, fi nal check for 
hemostasia is performed and bleeds are carefully 
dealt with. In most cases, attempt to close the rec-
tal defect is done with the use of an absorbable 
running suture.  

 The use of specifi c TEM equipments requires 
a signifi cant investment and cost-effectiveness 
becomes a relevant issue. In a recent retrospec-
tive case-control study, patients undergoing TEM 
were compared to standard rectal resection [ 22 ]. 
Even though the initial investment was signifi -
cantly higher for TEM, decreased costs related 

  Fig. 9.2    After fi xation, a signifi cative amount of the peri-
rectal fat can be seen providing an appropriate radial 
margin       

  Fig. 9.3    The surgical specimen should be fi xed to a sur-
face in order to provide orientation for the pathologist       
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to disposable instruments, hospital stay and 
stoma takedown clearly compensated differ-
ences. Ultimately, TEM resulted in a less expen-
sive approach for the management of rectal 
lesions when compared to standard surgical 
resection despite the need for equipment pur-
chase. In that study, the authors suggested that 
savings with TEM would provide compensation 
of the initial investment after 11–12 cases.  

    TAMIS (Transanal Minimally Invasive 
Surgery) 
 More recently, a variation of the previous tech-
nique has been proposed to allow transanal 
 endoscopic microsurgery with the use of stan-
dard laparoscopic equipment [ 19 ]. This would 
potentially avoid the need of considerably 

 expensive and exclusively dedicated TEM 
 equipment. Instead, the use of simple and readily 
available laparoscopic equipment would allow 
similar effi cacy with considerably lower associ-
ated costs. Also, learning curve of the procedure 
could be minimized by the use of routinely used 
as opposed to specifi c TEM instruments. 

 Several transanal ports have been suggested 
for this approach including disposable or reus-
able single-ports. After connection with the regu-
lar laparoscopic insuffl ator, a 5 mm laparoscopic 
scope is inserted to provide endorectal view. In 
contrast to TEM, TAMIS requires an assistant to 
control camera and therefore, stability of the 
image is lost. Once the additional instruments are 
inserted, the surgeon may perform the procedure 
very similar to the TEM technique. However, 

a

b

  Fig. 9.4    ( a ) TEO/TEM 
equipment, with camera 
and insuffl ation in place. 
( b ) The position of TEO/
TEM equipment fi xed to 
the surgical table and with 
instruments inserted 
(From Kosinski et al. [ 76 ])       
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most single ports have only 3 portal entries and 
therefore, smoke aspiration is not continuous. 
Finally, access to the lower rectum may be 
 diffi cult due to signifi cant need for instrument 
angulation. On the other hand, access to the upper 
rectum may be limited by rectal folds in some 
patients. Middle rectal lesions are best suited for 
this technique.   

    Transcoccygeal Excision 

 The posterior approach via trans sacral popular-
ized by Kraske, was especially useful for lesions 
on the posterior wall within the middle or distal 
thirds of the rectum [ 23 ]. However, it also allows 
resection of lateral and anterior lesions. The 
advantage of this approach is that it provides 
exposure of the mesorectum. Therefore, perirec-
tal nodes could potentially be removed for histo-
pathological examination. 

 The patient should always be placed in jack- 
knife prone position. The coccyx is tackled by a 
longitudinal incision from the perineum to the 
second or third sacral vertebra. Gluteal muscle 
insertions are released and the anococcygeal liga-
ment is transected. Removal of the coccix is per-
formed after complete exposure. At this point, 
the middle sacral artery should be ligated. The 
rectum is approached through the perirectal fat, 
and through the levator ani, separated at midline. 
This provides a complete mobilization of the rec-
tum within the intraperitoneal pelvis. For poste-
rior lesions, it is useful to use the digital rectal 
examination to guide the resection. This gives the 
orientation of the lower edge of the tumor in 
order to achieve 1 cm circumferential margin. 
For anterior lesions, posterior incision of the rec-
tum is required, allowing resection under direct 
vision of the primary tumor. All the defects in the 
rectal wall are closed transversely in order to pre-
vent stenosis, using running absorbable suture. 
Finally the levator ani are approximated at the 
midline and the anococcygeal ligament is reat-
tached to the sacrum. The subcutaneous tissue 
and the skin are closed. Morbidity rates for this 
procedure are higher than for transanal excision 
approaches. Development of rectocutaneous fi s-
tulae ranges from 15 to 25 %, and sometimes a 

temporary diverting stoma is required. Other 
complications include urinary dysfunction, 
wound infection and transient fecal incontinence. 
In this setting, transsacral approach is being pro-
gressively less used. However, the procedure 
remains a viable option particularly to patients 
that are not amenable to a transanal approach 
[ 24 ].   

    Morbidity and Mortality 

 Mortality after local excision is very low, with 
most studies showing no mortality and others up 
to 2–3 % [ 25 ]. 

 Overall morbidity has been reported to range 
from 9 to 45 %. Major complications are uncom-
mon and occur in around 1.5 % of cases. Bleeding 
is the most common major complication, eventu-
ally requiring reintervention. Infectious compli-
cations may rarely require a diverting stoma in 
around 1 % of cases [ 26 ]. 

 The single most relevant risk factor for post-
operative complication is the use of neoadjuvant 
CRT. When preoperative CRT is delivered, TEM 
resection leads to a rectal wound that allows pri-
mary suturing without any technical diffi culty, 
unless the distal margin is very close to the anal 
canal/verge. In this situation, even though the 
upper border of the wound may retain its consid-
erable elasticity, the lower border of the wound of 
the anal canal is rather fi xed and with little mobil-
ity. If the resection is wide enough to result in 
signifi cant separation of the proximal and distal 
borders, signifi cant tension will be present, a 
known feature to contribute for wound dehis-
cence. Also, the anal canal has ectodermic as 
opposed to endodermic nerve supply to rectum. 
Therefore, wound separation and mucosal dis-
continuity in this region may be quite painful. 
Finally, regardless of the level of suturing (rectal 
or anal canal), the borders to be sutured after a 
TEM resection in previously irradiated rectum 
will necessarily put together two previously irra-
diated borders. This is actually quite different 
from a coloanal anastomosis following neoadjua-
vant CRT, where the proximal colon is never 
included in the radiation fi eld and therefore a 
NORMAL colon is sutured to an abnormal anal 
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canal previously treated with a signifi cant amount 
of RT [ 27 ]. In fact, even after a coloanal 
 anastomosis is constructed, the risk of dehiscence 
is so signifi cant that a loop ileostomy is almost 
always recommended [ 28 ]. One can imagine the 
risk of wound dehiscence after suturing together 
two previously irradiated borders of rectum or 
anus, sometimes with signifi cant tension depend-
ing on the level of the suture. 

 In fact, few studies compared the risk of wound 
separation and its consequences with or without 
previous exposure to CRT. However, retrospec-
tive studies have suggested that the risk of wound 
dehiscence was signifi cantly higher when CRT 
was delivered preoperatively. In one of these 
studies, diagnosis of wound dehiscence was made 
after more than 1 week following TEM and heal-
ing of the dehiscence took an average of more 
than 8 weeks to complete. An operation that oth-
erwise would almost never require a stoma, in this 
situation diversion is occasionally required [ 29 ]. 
In another study, even though none of the dehis-
cences required stomas, pain management was 
quite signifi cant requiring readmission for anal-
gesia in a signifi cant proportion of patients [ 30 ]. 

 Ultimately, these fi ndings raised the issue 
whether any attempt to close the wound defect 
created by TEM should even be performed. 
Leaving the wound open could potentially avoid 
the complication of wound dehiscence and mini-
mize its consequences. However logical this may 
seem, there is no good evidence to support this 
idea and the author’s clinical experience with 
unclosed wounds showed no signifi cant differ-
ences in pain control after TEM following neoad-
juvant CRT for rectal cancers [ 30 ].  

    Outcomes 

    T1 Rectal Cancer – Local 
Excision Alone  

 Local excision alone was considered a valid 
 treatment alternative for T1 rectal cancer for a 
long time. In the absence of prospectively ran-
domized studies comparing full-thickness local 
excision to radical total mesorectal excision, 

most of data arises from retrospective analysis 
and case-series. Retrospective reviews of selected 
patients undergoing FTLE, oncological outcomes 
(local recurrence, survival and cancer-related 
death rates) were inferior to radical surgery for 
T1 disease, including higher risk for cancer-
related deaths [ 31 ,  32 ]. Even though none of 
these patients were managed by transanal endo-
scopic techniques and there was no distinction 
between favorable and unfavorable tumors, the 
authors suggested that local excision should be 
restricted to patients with prohibitive medical 
contraindications to major surgery. 

 The only prospective study on local excision 
alone for T1 rectal cancer was performed in the 
United States under CALGB [ 33 ]. Between 
1990 and 1995, 59 patients with T1 rectal cancer 
were managed by local excision alone. Ten-year 
local and distant recurrence rates were 8 and 5 % 
respectively. These encouraging results were 
followed by less successful outcomes in follow-
ing studies. A number of studies with variable 
inclusion criteria, inconsistent pretreatment 
staging assessment and no standard pathological 
reporting reported on a wide range of local 
recurrence rates (0–30 %). The retrospective 
comparison of local excision to radical surgery 
for stage I rectal cancer consistently showed 
worse oncological outcomes after local excision, 
even though no randomization or case-matched 
was ever possible [ 31 ]. 

 More recently, with signifi cant improvements 
in local pretreatment staging accuracy and refi ne-
ments in technical aspects of the procedure with 
transanal endoscopic techniques, local recur-
rence rates after local excision alone for selected 
pT1 rectal cancers remains between 10 and 20 % 
[ 34 ]. In addition to the considerably high local 
recurrence rates, salvage procedures after local 
recurrence offer poor oncological outcomes. 
A recent review of 88 patients with pT1 undergo-
ing TEM, local recurrences were observed in 
20 % of the cases [ 35 ]. Of these recurrences, only 
a minority had unfavorable pathological features 
(Sm3 invasion, lymphovascular invasion, poor 
differentiation). More than 80 % had advanced 
stage disease at the time of recurrence and even 
though R0 resection was possible in most cases, 
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3-year disease-free survival was disappointing 
(58 %). Alternatively, immediate salvage resec-
tion following local excision seemed to have not 
compromised oncological outcomes of patients 
with early stage rectal cancer. In a retrospective 
study of patients undergoing local excision fol-
lowed by radical salvage resection within 30 days 
revealed that outcomes were similar to a matched 
control group of patients undergoing straight to 
radical surgery and comparable pathological 
staging [ 36 ]. 

 Even though there is a suggestion that early or 
immediate salvage provides acceptable oncologi-
cal outcomes for these patients, the procedure 
(salvage or completion TME) is not trivial. The 
quality of the resected mesorectum in this setting 
may be signifi cantly compromised in a signifi cant 
proportion of cases (moderate or poor in 36 %). 
Also, some features of the original procedure such 
as distal location of the tumor and long interval 
after local excision (≥7 weeks) were all associated 
with the risk of poor quality of the specimen. 

 Distant metastases, when found after FTLE 
for T1 tumors, usually appear synchronically 
with local recurrence. Although salvage surgery 
after local excision is feasible in most patients 
with T1 tumors, survival might be limited, mainly 
because of distant metastases [ 35 ].  

    Local Excision and Adjuvant Therapy 

 In patients that fi nal pathology after local exci-
sion reveals high-risk features in the surgical 
specimen, an alternative to completion of total 
mesorectal excision is the use of adjuvant RT or 
CRT. Most studies have considered the presence 
of T2 tumors, close or positive resection margins, 
lymphovascular invasion and poor differentiation 
for such purposes. In the CALGB study, negative 
margins pT2 cancer patients were offered adju-
vant 5FU-based CRT (54 Gy). In that study, 
10-year local and systemic recurrence rates were 
18 and 12 % respectively. Curiously, median time 
to recurrence for pT2 cancers was nearly 2 years, 
signifi cantly shorter than for pT1 cancers (nearly 
4 years) in the same study (treated by local exci-
sion alone). 

 The RTOG study showed slightly better 
results for local excision. CRT was given when 
local excision specimens showed unfavorable 
histopathological features in T1 tumors or T2 and 
a higher dose of CRT when margins were 
involved. Low risk T1 tumors were only observed 
without further surgery. The overall local recur-
rence rate was 16 % and local recurrence 
 free- survival was 86 % for patients treated with 
adjuvant therapy in 5 years. These rates are simi-
lar with the ones seen for TME in the literature. 
There was no difference in disease free survival 
or overall survival between patients who received 
adjuvant chemoradiation and those who did not. 
The local recurrence rates were 1/14 (7.1 %) 
patients who were only followed and 2/51 (3.9 %) 
in those who received CRT [ 37 ]. 

 Chakravarti et al. published a retrospective 
cohort of T1/T2 rectal tumors with adjuvant radi-
ation following FTLE or FTLE alone. In the irra-
diation group, local control rates for high-risk T1 
tumors were 100 %, while 85 % for T2 tumors. In 
the FTLE alone group local control rates were, 
respectively 89 and 33 % for T1 and T2 tumors. 
The addition of systemic chemotherapy with 
5FU did not signifi cantly improve local control 
or recurrence free survival in the irradiation 
group. With these results, they recommended 
only adjuvant CRT for high-risk tumors after 
local excision [ 38 ].  

    Neoadjuvant CRT Followed 
by Local Excision 

 Even though postoperative (adjuvant) therapy 
would have the benefi t of offering patients treat-
ment after confi rmation of “unfavorable” patho-
logical fi ndings, the observation of decreased 
toxicity and improved local disease control in 
prospective randomized trials of rectal cancer in 
the setting of radical surgery led to the utilization 
of radiation and chemotherapy in the pre- 
operative period (neoadjuvant) [ 39 – 41 ]. In addi-
tion, the exposure of healthy and well-oxygenated 
tissue, as opposed to post-operative fi brotic tis-
sue, to radiation would theoretically improve its 
anti-neoplastic effects. Finally, perhaps one of 
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the most benefi cial aspects of offering patients 
preoperative neoadjuvant therapy would be the 
effect on tumor shrinkage. The decrease in tumor 
size (downsizing) and shifts in tumor stage 
(downstaging) have been well documented after 
neoadjuvant therapies with radiation and chemo-
radiation (CRT) [ 42 – 45 ]. In fact, the addition of 
chemotherapy to radiation has been shown to sig-
nifi cantly increase the effects on tumor size and 
stage when delivered preoperatively [ 42 ]. Also, 
this downsizing and downstaging seem to be 
time-dependent and therefore, at least 6, 8 or 
even 12 weeks may be required to obtain maxi-
mal results tumor regression [ 46 – 48 ]. 

 It appeared that neoadjuvant therapy, particu-
larly CRT, was the answers to all prayers for 
TEM in rectal cancer: improve local disease con-
trol, minimize toxicity, decrease tumor size, 
downstage cancers and allow a minimally inva-
sive approach without all of downsides of radical 
total mesorectal excision (TME). 

 However, the expected benefi ts of this strategy 
came at a signifi cant cost in terms of wound heal-
ing (as mentioned previously) and salvage possi-
bilities. Also, local recurrences may still be a 
concern depending on baseline and post- 
treatment characteristics.  

    Local Recurrence 

 As mentioned earlier, local recurrence rates have 
historically paralleled the risk of lymph node 
metastases in patients treated by FTLE for rectal 
cancer. pT status is one of the most relevant 
determinants of the risk of perirectal nodal 
 metastases both with or without chemoradiation 
[ 49 – 52 ]. In fact, studies have suggested that the 
risk of lymph node metastases is <5–10 % for 
ypT0, 10–15 % for ypT1 and nearly 20 % for 
ypT2 [ 53 ]. Therefore, one could expect these 
rates of local recurrence after treatment with CRT 
followed by local excision regardless of the 
 original baseline staging. 

 However, radiological imaging has evolved 
signifi cantly over the years and nodal staging has 
improved. Even though accuracy is still far from 
100 %, magnetic resonance (MR) and endorectal 

ultrasound have been studied extensively in order 
to improve detection of lymph node metastases. 
It has been suggested that MR could safely assign 
patients after CRT that would be appropriate 
 candidates for FTLE by correctly identifying 
ycT0- 2N0 (accuracy ≥90 %) [ 54 ]. This suggests 
that ypT0, ypT1 and ypT2 would all be appropri-
ate candidates for FTLE or TEM, once nodal 
 metastases have been ruled out. In a review of 
patients with ycT0-2 N0 following long-course 
CRT and TEM, local recurrence rates were nearly 
15 % [ 55 ]. In this study, most patients had ypT1/
ypT2 whereas ypT0 were very few. In a recent 
report from a multicenter study in Italy (Phase 
II), 63 patients underwent CRT for cT2-3N0-1 
disease at baseline [ 56 ]. Of these, 42 had ypT0 
and were treated by FTLE alone with no recur-
rence. One patient with ypT1 and TRG2 also did 
not recur. However, of the 9 patients with ypT2 
who refused radical TME, 2 developed local 
recurrences after FTLE alone (22 %). Bonnen 
et al., in 2004, published their results comparing 
26 patients with T3 tumors submitted to neoadju-
vant chemoradiation followed by local excision 
and 405 patients submitted to neoadjuvant CRT 
followed by TME. In the local excision group the 
pCR was 54 %. The 5-year local recurrence rate 
was 6 % in this group while 8 % in the TME 
group, and 6 % in the subgroup of complete 
responders in the TME group. Overall survival 
was 86 and 81 % in the local excision and TME 
groups, respectively. An update on their data [ 57 ] 
showed that results were maintained after a lon-
ger follow up of 63 months. They suggest that 
highly selected patients that respond well to CRT 
might be submitted to FTLE [ 58 ]. 

 Other authors have suggested that baseline 
staging is also important and only cT2N0 fol-
lowed by neoadjuvant CRT would be appropriate 
candidates for FTLE or TEM [ 59 ,  60 ]. In fact, the 
single randomized study that compared cT2N0 
followed by neoadjuvant CRT and TEM or TME 
found in its fi rst report advantages in early/imme-
diate outcomes favoring TEM (less transfusion 
and stoma requirements, less hospital stay and 
less need for ICU). Local recurrence rates were 
similar between groups [ 61 ]. In a more recent 
update, local recurrence rates were still similar 
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between groups. However, TEM resulted in more 
early recurrences when compared to TME. Also, 
TEM was considered to be an independent risk 
factor for the development of recurrent disease 
(metastatic or local recurrence) after multivariate 
analysis [ 62 ]. Ultimately, local recurrence rates 
were all <10 % in both groups. Still, it should be 
noted that nearly 1/3 of the patients in each group 
(total of 50 patients in each group) had complete 
pathological response (ypT0), a known predictor 
of low risk for LN metastases. Also, all of the 
local recurrences were among patients with ypT2 
residual cancers. Finally, there is still an ongoing 
study specifi cally dealing with cT2N0 rectal can-
cer patients managed by long-course CRT fol-
lowed by FTLE (including but not necessarily 
TEM) [ 63 ]. One could expect that local recur-
rence rates will ultimately depend on the effec-
tiveness of CRT. If CRT was highly effective, 
with many ypT0, local recurrences will probably 
be low. However, if ypT2 were frequent, one 
could expect higher local recurrence rates.   

    Tumor Fragmentation, Tumor 
Scatter and Local Excision After CRT 

 In addition to the risk of lymph node metastases 
inherent to ypT2 cancers despite proper staging 
and restaging suggesting N0 disease there are 
other risk factors for the development of local 
recurrence. Lymphatic or lymphovascular inva-
sion has been considered a risk factor in these 
patients and should prompt or at least consider 
additional therapy in these patients as previously 
mentioned. However, another feature may play a 
role in local recurrence among these patients 
with residual cancer following CRT [ 64 ]. 

 In a recent report after pathological measuring 
of residual cancers after proctectomy, authors 
identifi ed invisible nests of tumor cells away 
from the residual mucosal abnormality in up to 
3 cm (Fig.  9.5 ) [ 65 ]. This intriguing fi nding of 
tumor fragmentation after neoadjuvant CRT is 
now being examined in different series of patients 
undergoing proctectomy and TEM. These nests 
of tumor cells separated from the primary resid-
ual ulcer may be a result of tumor fragmentation 

due to irregular response to CRT. Areas of the 
tumor that are resistant to CRT may be sur-
rounded by CRT-sensitive areas. CRT may lead 
to complete regression of the sensitive areas leav-
ing discontinuous “nests” of tumor cells viable.  

 In this setting, excision of the visible residual 
mucosal abnormality may not allow excision of 
the entire residual cancer as invisible residual 
cancer cells away from the ulcer may still be 
present [ 64 ,  66 ]. 

 Ultimately, unless there is signifi cant regres-
sion of the primary tumor ypT1 and/or ≤10 % of 
residual cancer cells, rectal cancers may not be 
suitable for local excision despite signifi cant 
downsizing if tumor fragmentation is present 
leaving viable cancer cells away from the visible 
residual mucosal abnormality.  

    ypT0 – TEM or Watch and Wait? 

 Ultimately, the conclusion of this review could be 
that TEM would perfectly fi t patients with 
 complete pathological response after CRT due to 
the minimal risk of local recurrence and proper 
avoidance of radical surgery with its intrinsic 
morbidity and functional consequences. In fact, 
resection by TEM in these patients would merely 
serve as a confi rmation of the excellent effects 
of CRT and no actual cancer cells would be 
removed. Postoperative complications related 
to wound healing would still be an issue (as 

  Fig. 9.5    Fragmented pattern of tumor regression showing 
discontinued foci of cancer cells ≥1 mm away from each 
other       
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 discussed previously) and even though the risk of 
nodal metastases is low, it seems that may reach 
up to 5–10 %, meaning that ultimately a radical 
TME is still a possibility in the case of local 
recurrence [ 64 ]. 

 No immediate surgery and observation alone 
has been proposed for these patients with clini-
cal and radiological evidence of a complete 
response to CRT (complete clinical response – 
cCR) [ 67 ,  68 ]. The absence of any residual ulcer-
ation, mass, irregularity or stenosis, in the 
presence of normal radiological imaging studies 
(including preferably MR with diffusion 
weighted series or PET/CT) have been consid-
ered key fi ndings for the diagnosis of a cCR 
 [ 69 – 71 ]. With this non- operative approach (at 
least immediately after 8–12 weeks from CRT 
completion), patients could avoid any of the dif-
fi culties in wound healing associated with TEM 
after CRT. In addition, surveillance of the rectal 
wall would be facilitated by the absence of a scar, 
granulation tissue and other fi brotic changes. 
Finally, in the event of a local recurrence, salvage 
with TME and sphincter preservation (when 
appropriate) would also be facilitated by no pre-
vious scarring and/or violation of the mesorectal 
fascia. 

 Ultimately, TEM may be perfect for those 
patients with suspicious residual cancers by clini-
cal and radiological studies that pathology reveals 
complete pathological response. This may in fact 
represent a signifi cant proportion of patients [ 72 ].  

    Perspectives 

    Sentinel Node 

 In an effort to minimize the risk leaving nodal 
metastases behind after local excision, the con-
cept of sentinel node biopsy (primarily used for 
melanoma and breast cancer) has been applied 
for early rectal cancers during TEM [ 73 ]. After 
injection of indocyanine green solution (ICG) 
beneath or close the primary rectal lesion, the 
tumor is resected in a full-thickness fashion 
exposing the mesorectal fat in the vicinity of the 
tumor. Then, with the aid of near infra-red (NIR) 

optic, illumination is switched to fl uorescence- 
guided imaging allowing for the identifi cation 
and resection of previously injected ICG within 
local perirectal nodes. In a preliminary experi-
ence with this technique, one study has reported 
successful identifi cation and resection of 1–3 
nodes/patient. The idea is to allow identifi cation 
of unsuspected lymph node metastases in patients 
undergoing transanal local excision (TEM). 
These patients could potentially be offered 
immediate conversion to total mesorectal exci-
sion, thus minimizing the risk of local recur-
rences [ 64 ]. 

 In all three patients in that preliminary study 
(none of them having received preoperative 
CRT), lymph nodes were small and negative after 
pathological examination leading to no change in 
the actual management of patients [ 73 ]. Even 
though the technique is feasible, more studies 
with larger sample sizes are required to deter-
mine the sensitivity and specifi city rates of this 
procedure before it can be defi nitively imple-
mented into clinical practice. Also, identifi cation 
of lymph nodes may be particularly more diffi -
cult in setting of neaodjuvant CRT due to their 
signifi cant number and size reduction after treat-
ment [ 74 ]. Ultimately, this may result in a consid-
erable decrease in nodal harvest success rate with 
this approach.  

    Transanal Total Mesorectal Excision 

 Another interesting alternative for the manage-
ment of rectal cancer has combined the radicality 
of total mesorectal excision to the minimally 
invasiveness of TEM. A limited number of 
reports describing the technical and immediate 
outcomes of total mesorectal excision performed 
transanally using the TEM platform are currently 
available showing promising results [ 75 ]. With 
this approach, it would be possible to see in the 
near future patients undergoing TEM for rectal 
cancers after CRT for sentinel node biopsy. Those 
with positive nodes could immediately be con-
verted to transanal proctectomy with total meso-
rectal excision with no oncological compromise 
and still benefi t from the advantages of this 
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 minimally invasive approach. However, longer 
 follow- up and more experience are needed prior 
to recommendation of this approach for the 
 management of selected rectal cancer patients.      
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        Introduction 

 Abdominosacral resection is an operation that is 
usually performed to resect recurrent rectal can-
cers that invade the sacrum. Occasionally this is 
performed for advanced primary rectal cancers 
with threatened posterior margins or direct inva-
sion into the sacrum (Fig.  10.1 ). It is a procedure 
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    Abstract  

  Abdomino-sacral resection is an operation that is usually performed to 
resect recurrent rectal cancers that invade the sacrum. Occasionally it may 
be performed to treat advanced primary rectal cancers with threatened pos-
terior margins or direct invasion into the sacrum. It is a procedure  combined 
of an abdominal and perineal/sacral part aiming to resect the tumor en bloc 
with the adjacent structures. It carries a signifi cant risk for mortality and 
morbidity. The mortality in recent years has been reported to range up to 
3.5 %. This is usually secondary to a major complication. Morbidity is 
considered signifi cant and ranges up to 70 %. Complete resection can be 
achieved up to 100 % of the operated patients but the majority of the stud-
ies report rates at the range of 55–70 %. This variation is likely due to 
patient selection. The overall 5-year survival following surgery ranges 
between 30 and 45 % with complete resection being the most important 
predictor for overall and disease free survival. Abdominosacral resection 
should be offered in carefully selected patients and carried out at tertiary 
centers with experience in this type of procedure for optimal results.  
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combined of an abdominal and perineal/sacral 
part aiming to resect the tumor en bloc with the 
adjacent structures.  

 Despite all the recent developments in sur-
gery and medical therapy, up to 40 % of the 
patients that undergo surgery for primary rectal 
cancer will develop local recurrence and/or dis-
tant metastases [ 1 – 4 ]. Local recurrence rates 
have been reported as low as 2.5 % [ 5 ]. They 
can range up to 30 % though, with distant 
hepatic or lung metastases diagnosed in up to 
20 and 9 % of patients respectively [ 4 ]. The 
majority of the recurrences will be diagnosed 
within the fi rst 3 years following surgery [ 6 ]. A 
third of these patients will be free of distant 
metastases and may be eligible for a curative 
resection. For this group of patients, radical 
resection is the only option for cure, as chemo-
therapy and radiotherapy are unlikely to be 
curative and are used for palliation when used 
alone. Curative resection is feasible in less than 
a third of cases [ 7 ]. 

 Rectal cancer surgery was initially performed 
during the eighteenth century with the fi rst two 
reported resections resulting in the patients dying 
[ 8 ]. LisFranc was the fi rst to perform a “success-
ful” oncological resection of the rectum [ 9 ]. 

Perioperative morbidity was high though and was 
associated with poor disease free and overall sur-
vival. All operated patients that survived the 
operation represented with a recurrence and died. 

 It was the introduction of anesthesia and 
 aseptic technique that enabled the improvement 
of the surgeons’ performance that consequently 
resulted in the improvement of the perioperative 
outcomes. The fi rst anatomical resection was 
 performed by Ernest Miles [ 10 ]. He removed the 
draining lymph nodes while resecting the rectum, 
by combining the abdominal and perineal 
approach improving the oncological outcomes 
[ 11 ]. However, the functional outcomes and 
 quality of life was adversely affected due to the 
presence of a colostomy and the poor sexual and 
urinary function. 

 Rectal cancer surgery was revolutionized in 
the late twentieth century when Professor Heald 
introduced the total mesorectal excision [ 12 ]. 
This was based on the embryologic development 
of the hindcut, after studies demonstrated that 
resection margins of 2 cm should be considered 
as safe. This had led him to further study the 
value of “holy plane” and proposed a standard-
ized oncological rectal surgery by performing 
total mesorectal excision of the rectum [ 13 ]. 

 The Japanese surgeons recommended the 
excision of the lateral pelvic sidewall lymph 
nodes to supplement the standard operation. The 
results from a number of studies were controver-
sial though with a meta-analysis showing that the 
benefi t from an extended lymphadenectomy did 
not seem to offer a signifi cant oncological advan-
tage while at the same time was shown to be 
associated poor sexual and urinary function [ 14 ]. 

 The introduction of neo-adjuvant radiotherapy 
to the management of rectal cancer signifi ed the 
reach for another important milestone. Its role 
was established late in the twentieth century 
when studies demonstrated signifi cant reduction 
of recurrence rates but without any signifi cant 
impact on the patients’ long term survival. 

 The development and evolution of all the 
above techniques along with the acquired knowl-
edge from the “mistakes of the past”, have 
resulted in the progressive reduction of the local 
recurrence rates. However, the recurrence rates 

  Fig. 10.1    T2    weighted MRI showing invasion of tumor 
posteriorly into the sacrum. The  arrow  shows tumor inva-
sion within the posterior compartment       
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are still considered high, necessitating radical 
surgery to completely remove the cancer. 

 There is a signifi cant variation in the patterns 
of recurrence and therefore the management plan 
should be titrated to the individual. A surgical 
plan can be made with the help of imaging 
modalities such as MRI and CT scan. The images 
from these modalities have been signifi cantly 
improved in the recent years allowing better 
detection rates and identifi cation of earlier 
 recurrences. This has subsequently facilitated the 
performance of more operations for this group of 
patients. 

 Isolated anastomotic recurrences can be ame-
nable to local resection but more extensive dis-
ease requires a more radical resection. Pelvic 
exenteration when the tumor invades adjacent 
structures, with lateral extended lymphadenec-
tomy when there is invasion into the lateral pelvic 
structures. When the tumor invades the sacrum, 
removal of the tumor along with the sacrum is 
required. 

 The absence of accurate diagnostic tools, lack 
of knowledge and the anatomical/surgical chal-
lenges, have resulted in a delay in the attempts to 

resect recurrent rectal tumors. It was not until the 
mid-nineties that advanced pelvic exenterative 
surgery for locally advanced primary and recur-
rent colorectal cancer was considered as an 
option for cure. The fi rst pelvic exenterative pro-
cedures were described in 1948 [ 15 ] and were 
associated with high mortality and morbidity 
rates. Numerous studies have been published 
since (Table  10.1 ) with a signifi cant variation in 
the mortality and morbidity rates. This is primar-
ily attributed to the differences in the patient 
selection among the studies’ population. In 1981, 
Wanebo [ 32 ] was the fi rst to report on the out-
comes following abdominosacral resection in 11 
patients with locally advanced primary (1 patient) 
and recurrent colorectal pelvic cancer 10 patients. 
All patients had neo-adjuvant radiotherapy. 
Plastic reconstruction surgery was performed to 
close the pelvic and perineal defect. The reported 
mortality and morbidity rates were also high.

   The development of the technology and the 
knowledge acquired from performing these pro-
cedures had led to the improvement of the patient 
selection, surgical technique and medical  therapy. 
Studies from various tertiary centers in the world 

     Table 10.1    Recent Studies reporting on abdominosacral resection for locally advanced primary and recurrent rectal cancer   

 Author  Year 
 Curative 
intent 

 R0 
(n)  R0 (%) 

 R1 
(n)  R1 (%) 

 R2 
(n)  R2 (%) 

 Mortality 
(%) 

 Morbidity 
(%) 

 5 years 
Survivawl 
(%) 

 Bosman [ 16 ]  2014  86  48  55.81  30  34.88  8  9.30  3.5  –  28 
 Bhangu [ 17 ]  2012  30  23  76.67  7  23.33  0  0  0  50 
 Sagar [ 18 ]  2009  40  20  50  19  47.5  1  2.5  2.5  60  – 
 Ferenschild [ 19 ]  2009  25  19  76  4  16  2  8  0  68  30 
 Williams [ 20 ] a   2008  3  3  100  0  0  0  0  0  100  – 
 Akasu [ 21 ]  2007  44  24  54.54  13  29.55  7  15.90  2  61  34 
 Melton [ 22 ]  2006  29  18  62.07  10  34.48  1  3.44  3.4  59  43 
 Moriya [ 23 ]  2004  57  48  84.21  9  15.79  0  0  3.5  58  42 
 Gonzalez [ 24 ]  2003  45  33  73.33  12  26.67  0  0  4  56  32 
 Yamada [ 25 ]  2002  64  51  79.69  13  20.31  0  0  1.6  56  – 
 Mannaerts [ 26 ]  2001  50  26  52  18  36  6  12  0  82  – 
 Weber [ 27 ]  2000  23  21  91.30  2 b   8.70  0  0  0  43  – 
 Zacherl [ 28 ]  1999  12  12  100  0  0  0  0  0  42  – 
 Wanebo [ 29 ]  1999  53  45  84.91  8 b   15.09  0  0  8  –  31 
 Magrini [ 30 ]  1996  16  14  87.5  2  12.5  0  0  0  50  – 
 Wanebo [ 31 ]  1994  47  40  85.11  7 b   14.89  0  0  8.5  –  33 

   a This is a study reporting the feasibility of laparoscopic abdominosacral resection for locally advanced primary rectal 
cancer 
  b These studies did not clarify between R1 and R2  
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have been recently published showing an 
improvement of the oncological results with the 
mortality and morbidity rates to remain at high 
levels though. 

 The focus of this book chapter is the technique 
of the abdominosacral resection and this will be 
discussed more extensively within the book 
chapter.  

    Patterns of Recurrence 

 Tumor recurrence may invade any of the intra-
pelvic structures. With the absence of the meso-
rectum, the adjacent organs and structures are 
“unprotected” and susceptible to the tumor. 
The tumor may be progressing anteriorly, pos-
teriorly, laterally or inferiorly. In some occa-
sions it may be isolated at the anastomosis or 
invading the peritoneum and/or large and small 
bowel. Published data suggest that the posterior 
intrapelvic compartment that includes the pre-
sacral fascia, retrosacral space and sacrum, is 
the most common site of local recurrence, 
 representing up to 56.6 % of local recurrences 
[ 29 ,  33 – 36 ]. Invasion within this compartment 
necessitates the performance of an abdomino-
sacral resection to completely remove the 
tumor. In the majority of the cases tumor will 
be invading multiple compartments requiring 
multi-compartmental resection to remove the 
tumor  en bloc . 

 The Anterior below the peritoneal refl ection 
compartment has been shown to be the second 
most common site of recurrence, ranging up to 
50.9 % of local recurrence [ 29 ]. This includes the 
genitourinary system. Invasion of the lateral 
compartment structures has been demonstrated to 
be up to 26.7 % of local recurrence [ 34 ]. Lateral 
compartment structures include the ureters, iliac 
vessels, lateral pelvic sidewall lymph nodes, fas-
cia and bone as well as the roots of the sciatic 
nerve. This compartment in in continuity with the 
posterior compartment and often can be affected 
by the tumor. Tumor invasion within this com-
partment increases the risk of an incomplete 
resection. Anastomotic (central compartment) 
recurrence has been shown to range up to 33.9 % 

of local recurrences [ 33 ,  37 – 39 ]. Involvement of 
the perineum and perineal scar (inferior compart-
ment) following abdominoperineal excision of 
rectum (APER) has been shown to be up to 14 % 
of all recurrences [ 40 ]. Extent of tumor within a 
bowel loop has been also reported at the range of 
14 % [ 40 ].  

    Surgery for Locally Advanced 
Primary and Recurrent Rectal 
Cancer 

 The introduction of total mesorectal excision has 
signifi cantly improved the local recurrence rates 
and patients survival. However, local recurrence 
rates are still considered to be relatively high with 
signifi cant variation between centers and among 
surgeons [ 5 ,  41 – 44 ]. The only potential cure for 
this group of patients is radical surgery. This can 
be in the form of exenterative pelvic surgery, 
including total pelvic exenteration and abdomi-
nosacral resection. Patients with locally advanced 
primary rectal cancer requiring surgery beyond 
the boundaries of TME, require similar aggres-
sive approach by performing exenterative pelvic 
surgery and abdominosacral resection when the 
tumor invades the sacrum.  

    Abdominosacral Resection 

 Abdominosacral resection of the rectum was orig-
inally performed to surgically treat primary rectal 
cancers [ 45 – 49 ]. Surgeons were fond of the tech-
nique as it provided good exposure of the rectum 
and tumor, facilitating its wide resection with safe 
surgical margins and the performance of anasto-
mosis. This procedure was used without the dis-
ruption of the anal sphincters and their innervation. 
One center has suggested the use of abdominosa-
cral resection for the surgical management of low 
rectal cancers, demonstrating similar oncological 
and functional results to the patients treated with 
conventional abdominoperineal excision of the 
rectum [ 50 – 52 ]. The high morbidity rates and the 
introduction of total mesorectal excision had led 
the surgeons to abandon it as treatment for 
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 non-advanced primary rectal cancer. Wanebo [ 32 ] 
was the fi rst to perform abdominosacral resection 
for patients with locally advanced primary and 
recurrence colorectal pelvic cancers. The results 
of operating on the fi rst 11 patients were pub-
lished in 1981, showing high rates of mortality 
and morbidity. 

 In the modern era of colorectal surgery, 
abdominosacral resection is used to treat locally 
advanced primary and recurrent rectal cancer 
when the cancer progresses posteriorly and 
breaches the retro-sacral fascia, therefore poten-
tially threatening the posterior margins. 
Numerous studies (Table  10.1 ) have reported 
their results of performing abdominosacral resec-
tions in patients with locally advanced primary 
and/or recurrent rectal cancer. The colorectal 
group of Mayo clinic [ 30 ] used intraoperative 
radiotherapy to supplement the abdominosacral 
resection and reported high rates of complete 
resections (R0 = 87 %) associated with morbidity 
(50 %) and poor survival. The results of another 
published series of 12 patients (all with complete 
tumor clearance (R0)) [ 28 ] that underwent 
abdominosacral resection for recurrent rectal 
cancer showed the lowest morbidity at 42 % but 
3 year survival as low as 17 %. 

 Results from studies that followed were more 
promising though. A study [ 26 ] where compos-
ite abdominosacral resection was performed in 
patients with locally advanced primary (n = 13) 
and locally recurrent rectal cancer (n = 37), dem-
onstrated a 61 % overall local control and 41 % 
disease free 3 year survival. Yamada et al. [ 25 ] 
used the abdominosacral approach to treat 
patients with locally advanced primary 
(n = 15/22; 68.18 %) and recurrent (n = 21/42; 
50 %) rectal cancer achieving overall curative 
resection of 79.69 and 23 % overall 5 year sur-
vival. The Memorial Sloan Kettering Cancer 
Group demonstrated in a series of 29 patients a 
62 % complete tumor resection and 20 % 5 year 
survival with signifi cant morbidity though at the 
range of 59 % [ 22 ]. Moriya et al. [ 23 ] reported 
similar complete clearance rates at 84 %. The 
Royal Marsden group published the results of 30 
patients that  underwent abdominosacral resec-
tion for locally advanced primary (8 patients) 

and recurrent rectal cancer (22 patients)  showing 
an overall 66 % 3 year local recurrence free sur-
vival, concluding that the procedure is associ-
ated with a low margin- positive rate and should 
be considered as an acceptable treatment for this 
group of patients [ 17 ]. Margin-positive resec-
tion was shown to be associated with poor sur-
vival outcomes and should be avoided when 
possible [ 17 ]. More studies have been recently 
performed and reported similar results [ 18 ,  19 , 
 21 ]. One recent study has investigated the feasi-
bility of laparoscopic abdominosacral resection 
in three patients with locally advanced primary 
rectal cancer and demonstrated that it is feasible 
providing an acceptable cosmetic result without 
compromising the oncological outcome (all 
patients had a complete tumor resection) [ 20 ]. 
This study reported on only three patients.   

    Local Staging of Primary 
and Recurrent Rectal Cancer 

 Accurate local staging is vital for the manage-
ment of this group of patients. It can provide 
information about the local extent of the disease 
and subsequently the type of surgery that is 
required to achieve complete removal of the 
tumor along with the risk of incomplete tumor 
resection. It also allows a detailed discussion 
within a multidisciplinary team to plan neo- 
adjuvant, adjuvant and palliative therapy. 

    Endorectal Ultrasound 

 Endorectal ultrasound (EUS) has been used to 
diagnose recurrent disease with adequate sensi-
tivity and specifi city [ 53 ,  54 ]. It is a useful tool as 
it allows the performance of biopsies at the same 
time with the procedure. A meta-analysis demon-
strated that EUS is very accurate in staging 
advanced (T4) rectal cancer with 95 % sensitivity 
and 98 % specifi city [ 55 ]. However, it provides 
limited information on the extent of the disease 
within the adjacent structures and cannot provide 
adequate information to safely evaluate the tumor 
resectability. USS has limited fi eld of view and 
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cannot be performed when there is signifi cant 
stenosis caused by intra-luminal tumor or extra- 
luminal pressure by tumor [ 56 ]. It has limited 
value following APER when it can only be used 
transvaginally in female patients to assess tumor 
invasion in the anterior structures. Therefore 
its use in the preoperative assessment and staging 
of this group of patients has been gradually 
abandoned.  

    Computed Tomography (CT) 

 Computer tomography (CT) is the most com-
monly used radiological modality for detecting 
primary and recurrent rectal cancer. CT has been 
demonstrated to have a sensitivity up to 95 % in 
detecting local recurrence [ 57 ,  58 ]. However, it 
may often have diffi culties differentiating 
between tissue fi brosis and local recurrence [ 59 , 
 60 ]. It has the tendency to overstage bladder 
involvement [ 61 ]. Its accuracy further drops if 
radiotherapy had previously been applied or in 
cases that there was previous pelvic sepsis [ 62 ]. 
Its sensitivity is considered low in diagnosing 
tumor invasion within the anterior structures 
(bladder and uterus; 50 %) and loco-regional 
lymph nodes (33 %) [ 63 ]. One study assessed the 
ability of CT scan to determine the extent of the 
pelvic disease, demonstrating an overall accuracy 
of 87 % (77.5–93 %) [ 61 ]. CT scan for tumors 
confi ned in the pelvis was more accurate (89 %) 
than when tumors were progressing into the 
abdomen (80 %) [ 61 ].  

    Magnetic Resonance Imaging (MRI) 

 Magnetic Resonance Imaging has been demon-
strated to be highly accurate in the pre-operative 
staging of locally advanced primary and recur-
rent colorectal intrapelvic cancer, providing 
 signifi cant anatomical details that enable the 
planning of neoadjuvant therapy and surgery [ 64 , 
 65 ]. It is now considered the gold standard to 
stage patients that are considered to undergo 
exenterative pelvic surgery for locally advanced 
primary and recurrent rectal cancer. MRI has a 

fundamental role when surgery is considered as 
an option for treatment as it accurately depicts 
the pelvic anatomical structures and compart-
ments relevant to surgery [ 64 ,  65 ]. Previous stud-
ies had shown MRI to be highly accurate in 
detecting colorectal tumor invasion into pelvic 
structures such as the prostate, seminal vesicles 
and the sacrum [ 66 ,  67 ]. One more study reported 
that MRI is accurate in predicting the absence of 
disease to non-resected organs/structures [ 68 ]. 
Messiou et al. [ 66 ] demonstrated that the MRI 
was highly accurate in diagnosing tumor invasion 
into individual adjacent to the rectum anatomical 
structures but proved to be problematic when 
assessing the pelvic sidewalls (sensitivity = 70 %) 
and the female reproductive organs (specifi c-
ity = 33 %). A more recent study demonstrated 
that it is accurate in predicting the extent of the 
tumor within the pelvis and can be safely used to 
guide surgery for curative resection [ 69 ]. The 
same study showed that the MRI sensitivity was 
very high for all compartments but the specifi city 
was lower for the posterior compartment. 
Compared to CT, MRI can more accurately dif-
ferentiate recurrent cancer within a presacral 
scar, based on differences in signal intensity 
between tumor and fi brosis using T2-weighted 
sequences or contrast-enhanced imaging tech-
niques [ 70 ].  

    Diffusion Weighted Magnetic 
Resonance Imaging (DW-MRI) 

 Diffusion-weighted MR imaging (Fig.  10.2 ) is 
a functional radiological modality that can pro-
vide indirect information about the water pro-
ton mobility within biologic tissue [ 71 ,  72 ], 
without the need of a contrast agent [ 73 – 75 ]. As 
a result, a number of studies have been per-
formed aiming to exploit the features of diffu-
sion-weighted imaging and try to characterize 
the cellular composition of different tissues. 
Diffusion weighted MR imaging has since 
found widespread application in the manage-
ment of acute cerebral ischemia as it has been 
demonstrated to be highly accurate in its early 
detection [ 76 – 78 ].  
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 As a consequence, there has been a rising 
interest about the diagnostic value of diffusion 
weighted MRI in oncology. Findings of recent 
studies suggested that the management of 
patients with different cancers could be benefi t-
ted from the additional information DW-MRI 
can provide [ 79 – 84 ]. In colorectal cancer, there 
have been a number of studies investigating the 
DW-MRI’s effi cacy in the management and 
prediction of oncological outcomes. In a series 
of 33 patients Ichikawa et al. [ 85 ] showed that 
DW-MRI is highly accurate in detecting 
colorectal cancer. Sun et al. [ 86 ] investigated its 
value in a series of 37 patients with locally 
advanced primary rectal cancer, concluding 
that it can be used to predict tumor response to 
chemoradiotherapy. Another study compared it 
with Positron Emission Tomography (PET) in a 
series of twenty fi ve patients with colorectal 
cancer and reported it to be inferior in the 
detection of primary lesions but superior to 
PET in the detection of lymph nodes metasta-
ses. Lambregts et al. [ 87 ] however, demon-
strated that it is not reliable to stage local lymph 
nodes following radiotherapy if used alone. The 
main benefi t of adding DW-MRI in the same 
study was the increased number of detected 
lymph nodes and the improved positive predic-
tive value for the identifi cation of metastatic 
lymph nodes. Kim et al. [ 88 ] demonstrated that 
there is a role for DW-MRI as it can improve 
the diagnostic accuracy of MRI in the evalua-
tion of the tumors’ response to neoadjuvant 
chemoradiotherapy.  

    PET and PET/CT 

 Positron emission tomography (PET) scan is an 
accurate diagnostic tool and may have advan-
tages over CT and MRI in discriminating fi brosis 
from cancer [ 89 ]. Exploiting the enhanced uptake 
of FDP-glucose by tumor cells, PET is able to 
detect both local recurrence and distant metasta-
ses. A meta-analysis demonstrated a PET sensi-
tivity and specifi city of 94 % for detecting local 
recurrences [ 90 ] with high accuracy in detecting 
pelvic recurrence in patients who had previously 
been irradiated [ 91 ]. However, limitations of PET 
scan include the inability to identify small vol-
ume disease and a relatively low sensitivity for 
detecting lymph node metastases [ 92 ]. Mucinous 
adenocarcinomas have poorer FDG uptake and 
therefore can be easily missed by PET scan [ 93 ]. 
In an effort to increase the confi dence in diagnos-
ing recurrence, PET with CT (PET/CT) image 
fusion was performed. Sapir et al. investigated 
the role of PET/CT in 62 patients demonstrated 
that PET/CT was more accurate than PEt alone 
for detecting local recurrence [ 94 ] but is not very 
helpful in evaluating anatomical tumor changes 
following chemoradiotherapy [ 95 ]. It might be 
useful in predicting pathological tumor response 
though [ 95 – 97 ].  

    Summary of Strengths 
and Weaknesses of CT, MRI and PET 

 CT and MRI have demonstrated high sensitivity 
in detecting local and distant recurrence and can 
provide detailed anatomical information of 
the affected organ and tumor extension into 
 surrounding tissues [ 61 ,  98 ]. However, CT may 
often have diffi culties determining if a suspected 
pelvic mass represents disease recurrence or tis-
sue fi brosis. This becomes even more diffi cult if 
radiotherapy had previously been applied or there 
was previous pelvic sepsis from an anastomotic 
dehiscence [ 62 ]. 

 PET scan is an accurate diagnostic tool and 
may have advantages over CT and MRI in dif-
ferentiating scar tissue from cancer [ 89 ]. 
Exploiting the enhanced uptake of FDP-glucose 

  Fig. 10.2    Diffusion weighted MRI showing a cancer 
recurrence with mucinous component       
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by tumour cells, PET is able to detect both local 
recurrence and distant metastases. However, lim-
itations of PET scan include the inability in iden-
tifying small volume disease [ 92 ] and a relatively 
low sensitivity for detecting lymph node metasta-
ses [ 92 ]. In addition mucinous adenocarcinomas 
have poor FDG uptake [ 93 ] and therefore can be 
easily missed by PET scan.   

    Imaging to Exclude Distant 
Metastases 

 Accurate identifi cation of extrapelvic disease is 
key for the decision to operate a patient. CT and 
MRI have demonstrated high sensitivity in 
detecting distant recurrence. Both imaging 
modalities can provide at the same time detailed 
anatomical information of the affected organ and 
tumor extension into surrounding tissues [ 61 , 
 98 ]. The accuracy of CT in detecting abdominal 
disease has been demonstrated to be over 85 % 
[ 61 ] with the MRI’s accuracy ranging to similar 
levels [ 64 ,  65 ]. 

 A meta-analysis that investigated the value of 
US, CT, MRI and PET in detecting liver metasta-
ses, demonstrated a sensitivity of 63, 74.8, 81.1 
and 97.2 % respectively and specifi cities of more 
than 93.8 %, with MRI being signifi cantly more 
sensitive than CT (p = 0.05) and equally sensitive 
to PET (p = 0.02) [ 99 ]. There were no signifi cant 
differences in the sensitivity between PET and 
CT (p > 0.05) and neither between CT and US 
(p = 0.45) [ 99 ]. 

 Positron emission tomography (PET) has 
been demonstrated to be highly accurate in the 
detection of disseminated disease [ 100 – 103 ] and 
to have signifi cant impact on the management of 
patients with suspected recurrent colorectal can-
cer [ 104 ,  105 ]. A meta-analysis reported a PET 
sensitivity of 91 % and specifi city of 83 % for the 
diagnosis of distant metastases [ 90 ]. However the 
authors admitted that only 8/27 (29.6 %) studies 
were of high quality fulfi lling their quality crite-
ria at least by 80 %. Another study showed that 
the overall added value of PET in the manage-
ment of patients with local and/or distant 

 recurrent colorectal cancer is 8 % and suggested 
that PET should be used when fi ndings remain 
equivocal after serial imaging review [ 106 ]. In 
the authors practice, all patients with locally 
advanced primary and recurrent rectal cancer that 
have potentially resectable local disease undergo 
a PET scan to exclude distant disease.  

    Selection Criteria for Surgery 

 Decision for surgery is made after extensive dis-
cussions at the local multidisciplinary meeting 
(MDM) and heavily depends on the fi ndings of 
the available diagnostic modalities. Based on the 
radiological fi ndings a decision will be made 
regarding the tumor resectability. Therefore 
accurate preoperative staging in extremely valu-
able in this group of patients as it can help to 
establish the extent of local disease and the pres-
ence or absence of distant metastases and there-
fore infl uence the outcome of the MDM. 

    Distant Recurrence 

 The presence of distant metastases is normally 
considered as a contraindication to proceed for 
surgery [ 107 ]. However, a number of centers 
have demonstrated that synchronous or staged 
resection of locoregional recurrence and distant 
metastases can have acceptable results in highly 
selected patients [ 108 – 110 ]. It is generally con-
sidered a contraindication though, due to the sig-
nifi cant morbidity that is may be associated with 
this type of procedures [ 23 ,  29 ,  111 – 113 ].  

    Resectable Local Recurrence 

 In the absence of distant disease, surgical 
 resection of the primary cancer or the locore-
gional recurrence is the only potentially curative 
option. Surgery for advanced primary or recur-
rent rectal cancer includes a range of different 
procedures that depend on the extent of the dis-
ease and the specifi c organs/structures that are 
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involved. Surgery has to be performed  en bloc  
and is considered curative when the resection 
margins are free of microscopic disease (R0 
resection). The presence of microscopic or mac-
roscopic residual disease at the resection margins 
is defi ned as R1 and R2 resection respectively. It 
has been previously demonstrated that R1 or R2 
resection can result in poorer survival [ 18 ,  114 –
 116 ] and it should be consequently considered as 
palliative resection. A recent study showed that 
patients that undergo an R2 resection have similar 
oncological outcome with the patients that receive 
palliative chemotherapy [ 117 ]. Considering that 
this type of surgery carries considerable mortality 
and morbidity, identifi cation of patients that an 
R0 resection can be potentially achieved is cru-
cial and extremely diffi cult. Preoperative imaging 
with PET, CT and MRI and clinical assessment 
are utilized in an effort to optimize the selection 
of patients in whom curative resection is consid-
ered possible as well as those in whom curative 
resection is an unlike scenario.  

    Contraindications for Surgical 
Resection 

 One of the key factors that guide patient manage-
ment is the patient’s fi tness for surgery. It is 
essential to assess it prior to any discussion for 
surgical options since the lack of fi tness is often 
considered a contraindication when undergoing 
such a major procedure, due to the signifi cant 
risk of death and complications. Operation is 
contraindicated in the presence of circumferen-
tial or extensive lateral pelvic sidewall involve-
ment, involvement of the iliac vessels, bilateral 
ureteric obstruction, sciatic nerve involvement 
and periaortic lymph node metastases [ 26 ,  107 , 
 108 ,  118 ,  119 ]. Involvement of the external iliac 
vessels may present with lower limp edema 
whereas ureteric obstruction with hydronephro-
sis. Tumor invasion of the sciatic nerve may 
 present with lower limp pain and weakness. 
Limited tumor invasion to the lateral pelvic side-
wall and invasion of the sacrum above the S2 ver-
tebrae are considered relative contraindications 

since there are surgical options in both cases [ 23 , 
 29 ,  120 ]. However the likelihood of a complete 
resection is considerably low while the perioper-
ative risk of mortality and morbidity is higher.  

    Irresectable Local Recurrence 

 Surgical resection and chemoradiotherapy can be 
used for palliation, alleviating the patients’ symp-
toms that are related to the organs/structure that 
are invaded by tumor (Fig.  10.3 ). It has been sug-
gested that palliative resection can have an 
improvement in quality of life and pain relief 
[ 121 ,  122 ]. However its use can be usually unsuit-
able considering the co-morbidities related with 
this type of surgery [ 123 ]. It is therefore impor-
tant that the patients are carefully selected for 
palliative procedures taking into consideration 
possible co-morbidities and their social circum-
stances, as the benefi ts from these procedures are 
short term. The symptomatic relief can last up to 
17 months with median symptom free interval of 
4 months compared with 23 months for non- 
palliative procedures (p < 0.001) [ 124 ].   

  Fig. 10.3    Irresectable recurrent rectal cancer. This is  
mucinous adenocarcinoma invading the posterior com-
partment up to the level of S1       
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    The Role of a Multidisciplinary 
Team (MDT)  

 In the modern era of rectal cancer surgery, it is a 
common practice that the patients with primary 
and recurrent rectal cancer are discussed at a mul-
tidisciplinary meeting (MDM). This is usually 
comprised of colorectal surgeons, medical and 
clinical oncologists, histopathologists, radiologists 
and health care professionals that are involved 
with the management of this group of patients. . 

 Patient with locally advanced primary and 
recurrent rectal cancers are selected for surgery 
when they are fi t to undergo general anesthesia 
and when there is no evidence of distant metasta-
ses. Distant metastases are generally considered a 
contraindication for surgery. In very few cases 
synchronous or staged resection may be consid-
ered. In addition contraindications that are men-
tioned before, are extensively discussed to avoid 
operating on patients that the likelihood of a 
complete resection is low.   

    Neo-adjuvant Therapy 

    Neo-adjuvant Radiotherapy 

 Patients with locally advanced primary rectal 
cancer will be eligible to undergo neo-adjuvant 
radiotherapy or chemoradiotherapy. For recurrent 
rectal cancer patients this option may not always 
be available, as the patients may have already 
received the full dosage of radiotherapy when 
they were operated for their primary cancer. 
Capecitabine and Bevacizumab are the com-
monly used chemotherapeutic agents in order to 
increase the tumor’s sensitivity to radiation. 
The evidence however is limited and currently a 
 number of studies are in progress investigating 
its value.  

    Neo-adjuvant Chemotherapy 

 Neo-adjuvant chemotherapy is not commonly 
used for locally advanced primary and recurrent 
rectal cancer. It is employed when reduction of 
the tumor size is desired in order to increase the 

likelihood of a successful tumor resection and 
reduce the risks of perioperative complications. It 
is still under investigation with a number of stud-
ies running to investigate its oncological benefi t.   

    Abdominosacral Resection 

 Abdominosacral resection is a complex surgery 
that involves a big team with a special interest to 
this type of surgery. It can take long time to com-
plete and can involve signifi cant intraoperative 
blood loss. The team should be experienced in 
this type of procedure and be prepared to deal 
with complications during the surgery. A colorec-
tal surgeon with a special interest in pelvic exen-
terative surgery is leading the team that is 
comprised of a spinal orthopedic surgeon, gyne-
cologist and urologist with training in this type of 
surgery; and plastic surgeon. The patients are 
positioned in Lloyd-Davis and undergo urethral 
catheterization and insertion of ureteric stents by 
a specialist urological surgeon in the absence of 
tumor invasion of the bladder. Using an abdomi-
nal and perineal approach, the colorectal surgeon 
can mobilize the pelvic structures anteriorly and 
laterally, leaving the posterior structures that are 
involved or at thread by the tumor to be dissected 
last. When cystectomy is planed due to evidence 
of tumor invasion within the bladder, an extra-
peritoneal approach is used allowing an early 
control of the dorsal venous complex. This is fol-
lowed by division of the endopelvic fascia and 
urethra. If a decision to perform a cystectomy is 
made during surgery due to tumor fi xation anteri-
orly, the anterior compartment can be resected  en 
bloc  with tumor after mobilizing the pelvic 
 sidewall. Bilateral high ligation of the internal 
iliac arteries can be performed in patients that 
undergo cystectomy. Selective ligation of the 
internal iliac arteries distal to the origin of the 
superior vesical artery may be preferred for 
patients that do not undergo cystectomy. The 
internal iliac veins are ligated during the abdomi-
nal part in high sacrectomies (at S1 or S2 level). 
When this is not possible, careful ligation can be 
achieved following division of the rectum during 
the perineal approach. This carries an increased 
risk for signifi cant bleeding. When the abdominal 
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part is completed and the tumor is fully  mobilized 
laterally and anteriorly the surgeon proceeds to 
the perineal part of the operation. This is per-
formed with the patient in supine position. 
A combination of sharp dissection, diathermy 
and bipolar sealing device is used to perform an 
extralevator dissection of the sphincter complex. 
To complete the cystoprostectomy in males, the 
bipolar sealing device is used to the level of the 
previously controlled urethra.  En bloc  resection 
of the vagina, ovaries, pelvic sidewall, internal 
iliac vessels and small bowel is performed as 
required.  En bloc  lateral pelvic sidewall resection 
is performed when indicated, with procedures 
including extended lymphadenectomy, resection 
of internal iliac vessels or piriformis resection. 
With the patient still in supine position and the 
legs lowered, an ileal conduit can be fashioned by 
a urologist, myocutaneous tissue fl aps can be har-
vested by a plastic surgeon and positioned tem-
porarily within the pelvis. A colostomy is usually 
raised after this point and prior to the closure of 
the abdominal wound. Prior to the abdominal 
wound closure a K-Wire can be drilled through 
the anterior and posterior sacral plates and into 
the subcutaneous tissues above the tumor to mark 
a safe margin. The position of the K-wire can be 
confi rmed with the use of fl uoroscopic guidance. 

 The patient is turned into prone position to 
complete the operation. This is not always 
 necessary for tumors below the level of S3. 
A vertical incision directly over the midline of 
the sacrum is performed followed by lateral dis-
section to  mobilize the gluteus muscles laterally. 
The sacrotuberous ligaments, sacrospinous liga-
ments and the piriformis muscle are divided for 
sacrectomies at or proximal to the S3 level 
(Fig.  10.4 ). The  sciatic nerve is identifi ed and 
slinged for all high sacrectomies in order to 
 preserve it. The dural sac is tied off and divided 
distal to the origin of the S2 nerve root. The 
sacrum is disarticulated using osteotomes, a Gigli 
or power saw. A periosteal lift can be performed 
on the anterior surface of the sacrum to the sacral 
segment above the osteotomy to maximize tumor 
clearance. For low sacrectomy (at S4/5) and if 
exposure is adequate, sacral division can be car-
ried out in the supine position through the peri-
neal incision using serial oblique osteotomies. 

Thorough haemostasis of the pelvis and perineum 
can be achieved suing a combination of  diathermy, 
suture, packing and use of a topical haemostatic 
agent (TachoSil®; Takeda Pharmaceuticals, 
Zurich, Switzerland) on raw pelvic surfaces. 
Following resection, the specimen is reviewed to 
identify potential margins (Fig.  10.5 ) at risk and 
mark them for the histopathologist to review in 
detail. Plastic surgery is performed to reconstruct 
the perineal defect using a myocutaneous fl ap, 
biological mesh, omentoplasty or primary clo-
sure. CT angiography is advised to assess the 
patency of the inferior epigastric vessels. The 
size of defect will defi ne the size of the myocuta-
neous fl ap. In order to prevent malrotation, the 
inferior insertion of the rectus abdominis muscle 
is preserved and the fl ap is placed in the pelvis 
from above to prevent any malrotation.   

 With the completion of surgery patients should 
be routinely admitted to the High dependency or 
critical care unit. Intravenous antibiotics are usu-
ally advised for at least 3 days. Patients should be 
started on total parenteral nutrition (TPN) imme-
diately postop in anticipation of a prolonged 
postoperative ileus.    

  Fig. 10.4    Patient in prone during perineal dissection. 
Dissection of the sacrum during abdominosacral resec-
tion. Forceps point at the level of sacrectomy       
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    Results 

 Abdominosacral resection surgery for locally 
advanced primary and recurrent rectal cancer car-
ries signifi cant risk of mortality and morbidity. 
The surgeons that look after the patients should 
have low threshold to escalate the care and 
 manage complications aggressively. The mortal-
ity (Table  10.1 ) in the recent years has been 
reported to range up to 3.5 %. This is usually sec-
ondary to a major complication. Morbidity is 
considered signifi cant for this type of surgery and 
ranges up to 70 %. A major complication can 
result in a prolonged hospital stay, which can last 
more than 30 days. The commonest complication 
is recurrent urinary tract infections. Systemic 
complications such as chest infections and deep 
vein thrombosis may occur. Pelvic sepsis that can 
result in wound dehiscence, sacral osteomyelitis 
or fl ap failure may occur. These can be managed 
using vacuum- assisted closure of the defect or by 
refashioning the fl ap. The pelvic sepsis may be 
amenable to percutaneous drainage. In high 
sacrectomies there is a risk for sacral nerve root 
injury that may result in long-term reduction in 
mobility. 

 Evidence in literature suggests that complete 
resection can be achieved up to 100 % of the 
operated patients. There is signifi cant variation 
though with the majority of the studies reporting 
rates at the range of 55 to 70 %. This is likely to 

be related to patient selection. The commonest 
area of positive margin is the posterior and lateral 
pelvic sidewall. The overall 5-year survival fol-
lowing surgery ranges between 30 and 45 %. 
Complete resection is the most important predic-
tor for overall and disease free survival, and care 
should be taken not to compromise it. The overall 
local recurrence free survival ranges at about 
70 % at 3 years. This is signifi cantly increased for 
R0 resections and drops for R1 resections.  

    Adjuvant Medical Therapy 

 The aim of adjuvant chemotherapy is to prevent 
the dissemination of the disease in high-risk 
patients. This is discussed at the local multidisci-
plinary meetings with the results of the histopa-
thology. There are no clear guidelines for this 
group of patients as to which regime will benefi t 
the patient better. A number of studies are in 
progress to investigate this.  

    Follow-Up 

 This group of patients is at high risk for recur-
rence and therefore the patients undergo an inten-
sive follow up. In a number of centers the patients 
have an MRI scan of the pelvis as soon as they 
are clinically well. The images are used as a ref-
erence to compare with future images. This 
makes the interpretation of future images easier 
as the anatomy has been signifi cantly altered. 
The majority of the recurrences are expected to 
be diagnosed within the fi rst 3 years from sur-
gery. Therefore the follow up during this period 
is more intense. 

 The follow up aims to:
•    manage post operative complications  
•   detect recurrences, either local or distant  
•   detect metanchronous tumors  
•   facilitate the decision for further adjuvant 

therapies  
•   audit the outcomes  
•   assess the patients’ quality of life  
•   reassure the patients    

  Fig. 10.5    Specimen. The specimen is macroscopically 
reviewed following resection for potential margins. The 
 arrow  shows the sacrum. Small bowel was adherent to the 
mass and resected  en bloc  with the specimen          
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 The process of follow-up involves clinical 
review, serum tumor markers, endoscopy and 
radiology. 

    Clinical Review 

 The follow up for this group of patients is intense 
and varies among different centers. Patients are 
usually reviewed and clinically examined every 3 
months during the fi rst 2 years following surgery. 
This takes place usually at tertiary centers. 
Several randomized studies have been performed 
to assess the benefi ts of intense follow up for pri-
mary rectal cancer, without demonstrating any 
statistical signifi cance. However, these studies 
sample size was relatively small. A recent study 
[ 125 ] demonstrated more intensive follow-up for 
primary colorectal cancer can lead to an improved 
5 year survival. These  fi ndings may be applicable 
to this group of patients as well. 

 Systemic and abdominal clinical examination 
takes place along with examination of the 
perineum and fl ap where applicable. Most of the 
patients are asymptomatic but occasionally may 
present with back pain due to the presence of 
recurrence that invades the sacral nerve. Patients 
may also present with symptoms and signs sug-
gestive of dissemination of disease (i.e. anemia, 
cachexia).  

    Blood Tests: Serum Tumor Markers 

 Serum carcinoembryonic antigen (CEA) has 
been used extensively both in the USA and 
Europe for follow up for primary colorectal can-
cer for many year now with evidence suggesting 
that can detect recurrences up to 6 months prior 
to the presentation of symptoms. Evidence sug-
gests that this test can lead to earlier diagnosis of 
recurrences that may subsequently be amenable 
to surgical management [ 126 ,  127 ]. This does not 
necessarily result to curative resection of the 
recurrence though and therefore second look sur-
gery is unlikely to change survival rates on the 
whole. A blood test is usually taken on a 3 

monthly basis for the fi rst 2 years. This may vary 
among centers. 

 Other markers have been studied e.g. Ca19-9 
(carbohydrate antigen) and TPA (tissue polypep-
tide); and compared to CEA but the latter seems 
to be the most sensitive and combinations of mea-
sured markers do not seem to change the overall 
sensitivity and specifi city. In addition the com-
bined use of CT and CEA does not seem to confer 
a signifi cant advantage in detecting recurrences, 
compared to either CEA or CT alone [ 128 ].  

    Flexible Endoscopy/Colonoscopy 

 Endoscopy can only be performed through the 
stoma. There are no clear guidelines as to how 
often should be performed. A common regime 
for this group of patients is at 1, 2, 3 and 5 years 
following curative surgery. It aims to identify and 
describe a potential recurrence and to detect 
metachronous tumors. It is important to remem-
ber that most of the recurrences do not originate 
from the bowel lumen. Therefore endoscopic 
procedures are considered relatively insensitive 
for detecting recurrences. It may identify a recur-
rence indirectly by demonstrating fi xation of the 
bowel to the adjacent structures.  

    Imaging 

 Liver Ultrasound has long been used to accu-
rately depict liver metastatic lesions. It has high 
diagnostic accuracy even small lesions (e.g. 1 cm 
in diameter), although it is highly operator depen-
dent. It has many supporters that even recom-
mend its regular use as part of the follow-up 
process. It has been found very useful when its 
fi ndings are combined with the CEA levels. 

 Computerized tomography (CT) has been 
considered an effective diagnostic tool that is 
employed to detect colorectal cancer recurrences. 
The reported diagnostic accuracy throughout the 
published studies has not been consistent. It has 
improved substantially with time though and in 
many centers is the diagnostic tool of choice. 
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 Computerized tomography (CT) has its 
own limitation that should be taken into 
account. It is difficult to accurately assess the 
lesion’s diameter and has low sensitivity in 
detecting lymph node recurrence. The artifacts 
from surgical clips make the interpretation of 
the images even more challenging. At the 
same time it is difficult to differentiating 
between post operative scarring and recur-
rence using a CT. Its current role in the mod-
ern era of rectal cancer is surgery is limited in 
the majority of the centers in the assessment 
for distant recurrences and metanchronous 
tumors. 

 Magnetic resonance imaging (MRI) is the 
gold standard to assess the pelvis for local recur-
rence. It is superior to CT in tissue characteriza-
tion even in the presence of surgical artifact. It 
can provide detailed anatomical pictures of the 
recurrence with the adjacent structures. However, 
cost and patient factors (e.g. metal prosthesis, 
claustrophobia) make this investigation less 
usable on occasion. 

 One of the diffi culties that MRI may have is 
differentiating between recurrence and scar tis-
sue. This challenge is usually overcome by the 
use of serial scanning rather than just one off 
imaging. This can be found very useful in the 
presence of immediate post op MR images. 
Positron emission tomography (PET) may also 
be used in allowing differentiation of recurrence 
from surgical change. In most of the centers, Its 
use is limited for the cases that CT and MR 
images are equivocal.   

    Conclusion 

 Abdominosacral resection for primary and 
recurrent rectal cancer carries signifi cant mor-
bidity with acceptable mortality. It can how-
ever lead to long-term survival and should be 
offered to patients as an option for cure. 
Patient selection is crucial for this group of 
patients and therefore their management 
should be led by an MDM within tertiary cen-
ter. Incomplete resection has no oncological 
benefi t for these patient and should be avoided 
when possible.     
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        Historical Context 

 The earliest attempts at rectal cancer surgery were 
confi ned to palliative colostomy as described by 
Amussat [ 1 ]. Lisfranc published the fi rst success-
ful rectal tumor resection via a perineal approach 
in 1833 [ 2 ]. Surgery was restricted to low lying 

malignancies because to venture proximally led 
to morbidity and mortality related to breach of 
the peritoneum and subsequent peritonitis. While 
Gaussenbauer initially reported an abdominal 
approach to high rectal tumors this only became 
commonplace after the publication of Henri 
Hartmann’s series [ 3 ,  4 ]. Given the prevalent 
operative mortality with an abdominal approach, 
sacral and perineal techniques persisted into the 
early 1900s, through the work of surgical lumi-
naries such Lockhart-Mummery, York Mason 
and Bevan [ 3 ]. Although Czerny was the fi rst to 
describe a radical combined abdominal and peri-
neal approach to rectal cancers, it was the treatise 
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rectal cancer, it was noted that patients with rectal cancers undergoing 
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of Sir Ernest Miles with its attendant concept of 
tri-directional zones of rectal cancer spread that 
popularized this procedure [ 5 ,  6 ]. The exclusively 
perineal approach remained commonplace as pro-
ponents such as Lockhart Mummery maintained 
that the morbidity and mortality associated with 
Miles’ “radical” procedure (extralevator excision 
of the cancer and pelvic fl oor) was prohibitive. 
With advances in anesthesia, transfusion medicine, 
antibiotics and intensive care, perioperative com-
plications decreased and the abdominoperineal 
resection (APR) described by Miles became the 
gold standard procedure after World War II [ 3 ,  5 ].  

    Indications 

 Advances in surgical techniques and technology 
have resulted in a fall in the proportion of patients 
with rectal cancer undergoing APR to approxi-
mately 20 % (versus restorative anterior resec-
tion) [ 7 ]. Indications for APR generally include 
neoplasms of the lower third of the rectum (within 
5 cm of the anal verge), particularly those involv-
ing the sphincter. Motivated, informed patients 
with good sphincter function for whom it is tech-
nically feasible to achieve a clear one cm distal 
resection margin may be considered for sphincter 
preserving surgery. The choice of surgical proce-
dure for low rectal cancer should however be indi-
vidualized and patient factors and preferences 
considered. For certain patients the option of APR 
may be the safer or functionally preferable option 
with associated quality of life benefi ts, even when 
a restorative procedure is technically feasible. 

 The APR rate varies between surgeons, hospi-
tals, regions and countries. Indeed the APR rate 
has been proposed as an indicator of overall sur-
gical quality, although this is not a valid hypoth-
esis due to a number of other variables [ 8 – 10 ].  

    Outcomes 

 Despite advances in surgery local recurrence 
rates of up to 40 % for rectal cancer were once 
commonly recorded prior to specialization [ 11 ]. 
Even with neoadjuvant and adjuvant chemo- and 

radiotherapy in the late twentieth century local 
recurrence rates remained at 10–15 % [ 12 ]. With 
the propagation of standardized surgery termed 
total mesorectal excision (TME) local recurrence 
rates of 5 % and 5 year survival of 70 % or bet-
ter were increasingly reported for patients with 
rectal cancer amenable to anterior resection (AR) 
[ 13 ]. Unfortunately these results were not consis-
tently replicated for low rectal tumors treated by 
APR. For rectal cancer a positive circumferential 
resection margin (CRM) confers a local recur-
rence risk and poorer prognosis [ 14 ]. Despite the 
introduction of TME and neoadjuvant chemo-
radiotherapy, circumferential margin positivity 
rates and local recurrence rates are higher for 
stage and location matched low rectal cancers 
following APR compared to LAR [ 15 ,  16 ]. In one 
study, 190 patients undergoing APR had a higher 
local failure rate (22.3 % vs 13.5 %) and a poorer 
5 year survival (52.3 % vs 65.8 %) compared with 
371 patients who underwent low anterior resec-
tion (LAR) during the same time period [ 17 ]. A 
large cohort study from Norway also reported a 
higher local recurrence rate (15 % vs 10 %) and 
a poorer 5-year survival (55 % vs 68 %) after 
APR than after AR [ 18 ]. Analysis of fi ve separate 
European trials reported that the APR procedure 
was associated with an increased local recurrence 
rate and a decreased cancer- specifi c survival [ 19 ]. 
On the other hand, 5 year local recurrence rates 
of approximately 5 % have been achieved when 
standardized surgical techniques were employed 
in a meticulous fashion [ 20 ,  21 ]. It remains to be 
determined if inconsistent outcomes following 
APR can be explained by variation in surgical 
standards and approaches, or whether other fac-
tors are infl uential. Tumor factors (there is some 
evidence that tumors requiring APR are more 
locally advanced [ 22 ]) and location (threat to the 
CRM with anteriorly located tumors), anatomic 
considerations (possible differential lymphatic 
spread for low rectal cancers) and technical dif-
fi culties (surgeons following the mesorectal 
plane until it peters out 2 cm above the anal canal 
with specimen “waisting” at the pelvic fl oor and 
increased perforation rates) have been implicated 
in the outcome discrepancy between APR and 
AR [ 14 – 16 ].  
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    Contemporary Open 
Abdominoperineal Resection 

 To address the concerns regarding the onco-
logical safety of APR, the approach of Extra 
Levator Abdominoperineal Excision (ELAPE) 
has been relearnt in many centers. This tech-
nique follows the same principles as set out by 
Miles – “After refl ecting the skin on either side 
to the requisite extent. the interval between the 
levatores ani (is) defi ned. These muscles should 
be divided as far outwards as their origin from 
“the white line” so as to include the lateral zone 
of spread” [ 6 ]. Specifi cally, the steps involved 
in the abdominal and perineal phases have 

again been  standardized to avoid the anatomical 
defi ciencies associated with following a TME 
plane to its termination and entering the funnel 
formed by the puborectalis (this leads to ‘waist-
ing’) [ 23 ]. Production of an APR specimen with 
a “waist” at the level of the pelvic fl oor due to 
erroneously following the TME plane caudally 
was fi rst described by Morson half a century ago 
[ 24 ] (Fig.  11.1a, b ).  

 To achieve a ‘cylindrical’ specimen, the abdom-
inal dissection is halted above the pelvic fl oor at 
the level of the sacrococcygeal joint, just below 
the hypogastric nerves laterally and at the lower 
border of the seminal vesicles or uteri cervix ante-
riorly. The perineal dissection is commenced via 

a

b

  Fig. 11.1    ( a ) Plane of 
resection utilized when TME 
plane is followed to its 
termination. A waist is 
produced at the level of the 
puborectalis. ( b ) Plane of 
resection when the abdomi-
nal dissection is terminated 
at the level of the pelvic fl oor 
and the levators divided at 
the linea terminalis       
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a  perianal incision of varying width according to 
local tumor extent, continues in the ischioanal fat 
outside the sphincter to the levator muscle inser-
tions on to the pelvic side wall. In the modern 
iteration the coccyx is disarticulated in some cases 
where exposure is required (more often needed in a 
prone position). The levator plate is divided widely 
from posterior to anterior (if prone and the reverse 
if supine) and the specimen carefully exteriorized 
allowing dissection off the posterior aspect of the 
vagina or prostate. 

 Wide dissection of the pelvic fl oor avoids 
waisting of the specimen but does commonly 
result in perineal wound complications, even with 
xeno- or local tissue grafts/fl aps [ 25 ]. Although 
general quality of life may not be impaired, peri-
neal wound problems and pain are commonplace 
alongside urinary and sexual dysfunction [ 26 ]. 

 The necessity of such an aggressively wide 
dissection in all comers has been questioned [ 27 ]. 
A comparative Swedish study comparing 79 con-
secutive ELAPE operations with 79 “standard 
APR” historical controls (performed by the same 
surgeons before and after a ELAPE training con-
ference) showed no signifi cant difference in CRM 
involvement, tumor perforation, or local recur-
rence rates between groups. However wound 
complications were substantially higher with a 
longer length of hospital stay in those undergoing 
ELAPE [ 28 ].This was mirrored by a study from 
the Mayo clinic in 2012 in which 246 patients 
underwent APR in the Lloyd-Davies (supine) 
position [ 29 ]. The local recurrence rate at 5 years 
was 5.5 %, not signifi cantly different from that 
after AR. Furthermore, disease-free survival was 
the same after APE and AR. A recent systematic 
review demonstrated no signifi cant difference 
between ELAPE and standard resections. There 
was no evidence that extralevator abdominoperi-
neal excision yielded signifi cantly lower rates of 
resection margin involvement or intra-operative 
bowel perforation compared with standard 
abdominoperineal excision in six independent 
hospital- and population-based patient series [ 30 ]. 

 The current debate highlights a failure to com-
municate effectively and the importance of defi ni-
tions and terminology, or rather a disabling lack 
of defi ned, standardized, internationally, and tem-

porally acceptable terms of reference. Somewhere 
in the last century we left Miles behind and forgot 
his principles – or did we? Patients undergoing 
“standard” APR actually had the levators taken en 
bloc from the pelvic side wall thereby avoiding 
Morson’s waist suggesting that appropriately 
trained, specialist surgeons already included leva-
tor excision in the AP resection of a rectal tumor 
(as described by Miles). Notwithstanding this, 
moves across Europe continue to promote ‘extra-
levator’ AP excision with formal workshops and 
training programs such as LOREC [ 31 ]. Hopefully 
such initiatives will serve to emphasize appropri-
ately careful operative technique, standardized 
boundaries, and macroscopic margin targets of 
the current procedure.  

    Laparoscopic Abdominoperineal 
Resection (LAPR) 

 Laparoscopic APR (LAPR) represents a truly lap-
aroscopic procedure with specimen extraction 
through the perineum. Perceived technical 
 diffi culties in the deep pelvis excluded rectal can-
cer patients from many of the initial laparoscopic 
surgery trials. It is speculated that the learning 
curve for laparoscopic rectal resection may be 
greater than 70 procedures [ 32 ]. Furthermore the 
oncological safety of LAPR has been questioned 
with a CRM positivity rate of up 16 % quoted in 
some studies [ 33 ]. However in these series, sur-
geon persistence in following the TME plane to its 
termination above the anorectal ring rather than 
the technique of laparoscopy per say appears to be 
the causative problem. 

 A number of randomized controlled tri-
als (RCT) have now produced mature data on 
LAPR. Both Ng’s RCT and subset analysis of the 
CLASICC trial showed that outcomes follow-
ing laparosocpic APR were comparable to those 
following open resection [ 34 ,  35 ]. Postoperative 
recovery, return of bowel function and mobiliza-
tion were quicker with lower analgesia require-
ments for patients undergoing LAPR but at the 
expense of longer operating time. Oncological 
outcomes and overall 5 year survival were 
equivalent [ 34 ,  35 ]. This is on the background 
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of  surgeons operating early on the learning curve 
with an associated high conversion rate (30.4 % 
in the CLASICC trial). A recent meta-analysis 
confi rmed no difference in long term or onco-
logical outcomes between open and LAPR while 
LAPR was associated with fewer short term 
complications (OR 2.159, 95 % CI 1.426–3.269, 
P = 0.000) [ 36 ]. Indeed there was some sugges-
tion that local and distant recurrence rates were 
actually lower with LAPR (odds ratio 2.736 and 
1.994, 95 % confi dence interval 1.137–6.584 and 
1.062–3.742, P = 0.025 and P = 0.032, respec-
tively) [ 36 ]. Hand assist or hybrid approaches 
have also been applied to APR and serve as a 
bridge to total LAPR, combining laparoscopic 
colon mobisation with the benefi ts of a shorter 
abdominal incision and manual tactile sensation 
for traction/counter traction [ 37 ]. 

 APR has also been performed using various 
single port platforms with the device being inserted 
at the colostomy site [ 38 – 40 ]. However evidence 
for this technique is confi ned to small case series 
involving highly selective patient cohorts with 
only short term follow up. Stewart et al. involved 
six patients with a median BMI of 28, LN yield of 
18 and negative CRM in all cases. All specimens 
were removed through the perineum [ 38 ].  

    Robotic APR (RAPR) 

 Robotic surgery has been applied to APR 
[ 41 –  43 ]. The erogonomics of the robotic sys-
tems may facilitate dissection of a large low neo-
plasm in an obese patient with a narrow pelvis 
thereby reducing conversion rates (Fig.  11.2 ) 
[ 41 ] and could theoretically translate into lower 
incidences of perioperative complication. It has 
been suggested that robotic APR (RAPR) may 
confer the benefi ts of laparoscopy while avoid-
ing the prolonged learning curve associated with 
LAPR [ 42 ]. Straight and side docking techniques 
are routinely utilized (Fig.  11.3 ) [ 41 ,  42 ]. The 
currently available data suggest that surrogate 
oncological markers such as mesocolic dissec-
tion grade, lymph node number, perforation rates 
and margin involvement are equivalent for open, 
laparoscopic and robotic APR [ 43 ].   

 At present, the fi nancial costs associated with 
the robotoc approach prohibit its wider applica-
tion to APR.  

    Surgical Technique 

    Open APR 

 Pre-operatively all patients are sited for an end 
colostomy and receive stoma education. Some 
surgeons favor a mechanical bowel preparation 
(either oral laxative solution or enema) with or 
without oral antibiotics. Prophylactic intravenous 
antibiotics are administered at induction and a 
urinary catheter then inserted. Care must be given 
to appropriately pad pressure areas and potential 
nerve entrapment points. Neuropraxia has been 
reported after prolonged lithotomy [ 44 ] position-
ing but this was prior to widespread use of pad-
ded boots (rather than metallic stirrups) and 
sequential compression devices for enhanced 
venous blood fl ow and reduction of thrombotic 
events. After standard skin preparation, the peri-
toneal cavity is accessed via a lower midline 
infra-umibilical incision for open surgery or 
direct vision blunt port access for a laparoscopic 
approach. The sigmoid colon is mobilized begin-
ning laterally at Todlt’s line allowing medializa-
tion of the left colon to its embryonic midline 
position. Care is taken to protect the left ureter 

  Fig. 11.2    Four articulated instruments easily accommo-
dated in narrow pelvis of patient undergoing RALR for a 
large low rectal tumor (ypT3N1)       
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a b

  Fig. 11.3    End ( a ) and side ( b ) docking for RAPR       

and gonadal vessels and maintain an intact meso-
colic into mesorectal envelope by utilizing the 
natural fusion plane between the mesocolon and 
Toldt’s fascia. The inferior mesenteric artery is 
ligated or vessel sealed within 1 cm of its origin 
to ensure all draining lymph nodes are harvested 
(while preserving the sympathetic hypogastric 
plexus) for histological staging. Alternatively, the 
‘medial to lateral’ approach is used with the same 
steps in reverse order. There is little advantage to 
this and ureteric visualization is not as effi cient. 

 Division of the mesocolon is begun proximal 
to the IMA and carried laterally towards the 

 junction of the sigmoid and descending colon. 
The left colic artery and inferior mesenteric vein 
are sequentially secured as encountered. The 
colon is then divided after ensuring pulsatile 
blood fl ow in the marginal artery and adequate 
tension free length to permit end colostomy 
formation. 

 Sharp dissection is continued posteriorly, in 
the areolar tissue plane between the parietal pel-
vic wall and the visceral endopelvic fascia of the 
rectum, thereby ensuring an intact mesorectal 
envelope. The rectosacral (Waldeyer’s) fascia is 
sharply divided and the dissection is continued 
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to the level of the sacrococcygeal junction. Care 
is taken to maintain the correct plane and avoid 
potentially torrential bleeding from the presacral 
venous plexus. Laterally the ureters are protected 
on the pelvic side wall and dissection is termi-
nated just below the nervi ergentes. The lateral 
stalks representing condensation of the endopel-
vic fascia running in a posterolateral direction are 
divided. The peritoneal refl ection is then identifi ed 
and entered. The dissection is continued posterior 
to Denonvilliers fascia unless the tumor is anteri-
orly located. Recent work has demonstrated that 
Denonvillier’s fascia is a distinct embryological 
entity representing a condensation of the parietal 
endopelvic fascia separate to the rectal mesocolic 
fascia. This serves to protect branches of the infe-
rior hypogastric plexus passing to the pelvic uro-
genital tract. This anterior dissection is stopped 
at the uteri cervix in females or lower border of 
the seminal vesicles in males. The bowel is now 
divided at the junction between the sigmoid and 
descending colon. If the patient is to be turned 
prone for the perineal phase (or if the procedure a 
laparoscopic one), the end colostomy is fashioned 
at the marked site in a standard fashion. 

 The perineal dissection may be performed 
in the prone or lithotomy positions according to 
surgeon preference without detrimental conse-
quences to oncological outcomes. The anal canal 
is ideally closed with a purse-string suture at the 
beginning of the operation prior to rectal mobi-
lization to prevent spillage. An elliptical skin 
incision around the anal canal should be wide 
enough to include the sphincter and any local 
tumor – hence it is tailored to the tumor size, 
level, and extent (Fig.  11.4 ). The dissection is 
carried through the ischioanal fossa to the under-
surface of the levator plate. The inferior rectal 
artery arising from the internal pudendal artery 
in Alcock’s canal is encountered running from 
lateral to medial. It’s origins from the linea termi-
nales of the posterior obturator fascia are now cir-
cumferentially exposed. The coccyx is identifi ed 
and the anococcygeal ligament is divided if nec-
essary to facilitate coalescence of the abdominal 
and perineal dissections. The levator muscles are 
now divided laterally to join the abdominal dis-
section plane. The specimen is carefully exterior-

ized and the dissection continued anteriorly off 
the posterior aspect of the prostate or vagina, tak-
ing care to preserve the neurovascular bundles. 
This phase can be completed with the rectum in 
position when the specimen is too bulky to evert 
(Fig.  11.5 ). Hemostasis is secured and surgeons 
should be aware of an aberrant obturator artery 
which can cause troublesome bleeding in the 
small but appreciable proportion of patients who 
have one.   

 If present and mobile, the uterus can be ret-
rofl exed to facilitate pelvic closure. The authors 
routinely use omental pedicled fl ap to fi ll the 

  Fig. 11.4    Perineal skin incision for perineal phase of 
contemporary APR       

  Fig. 11.5    Operative specimen for perineal phase of con-
temporary APR with the levators divided at their origin 
from the pelvic side wall. Note no evidence of Morsons 
waist at the level of the puborectalis       
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 pelvic dead space and aide primary perineal 
wound closure [ 45 ]. This is done in layers with 
2/0 polydioxanone sulfate or equivalent. The 
perineal skin is closed with 3/0 or 2/0 non-
absorbable interrupted vertical mattress sutures 
(or subcuticular absorbable suture if the wound 
is small, clean, and non-irradiated). A closed suc-
tion pelvic drain (placed from the abdomen or 
perineum) is helpful in maintaining a dry peri-
neal wound as a seroma is a common cause of 
wound failure without one but they are uncom-
fortable for patients. It is recognized that many 
centers routinely use a local (buttock) or distant 
(rectus abdominis muscle) fl ap, porcine/bovine 
dermis graft, or even their combination for clo-
sure of the perineum.  

    Laparoscopic APR (LAPR) 

 The patient is positioned as for open surgery but 
with an infl atable bean bag, gel mat or “mummy 
wrap” used to ensure the patient remains securely 
fi xed to the operating table for steep Trendelenburg 
with lateral tilt for prolonged periods. Fears 
regarding intraocular pressure elevations have 

been raised but not substantiated by adverse 
events. The authors technique involves the surgeon 
and camera person on the patient’s right side with 
an assistant on the patient’s left. Camera monitors 
are placed at the patient’s feet and left side. 

 The authors favor a 3 or 4 port technique 
(Fig.  11.6a, b ) with a 5 mm camera port at or 
above the umbilicus. The right iliac fossa (RIF) 
port is a consistent operating port while the 
suprapubic and LIF port alternate between the 
surgeon and assistant. The patient is initially 
placed in steep Trendelenburg position and mobi-
lization commenced lateral to medial or medial 
to lateral as described for open surgery. The ure-
ter and gonadal vessels are identifi ed and pre-
served. The IMA is safely sealed with an energy 
device unless the vessel is heavily calcifi ed when 
clips or locking grips may be utilized as adjuncts 
or the primary tools. The lateral colonic attach-
ments are now divided. The splenic fl exure may 
be mobilized if there is insuffi cient length for 
a colostomy (rarely needed). At this stage the 
authors routinely mobilize the omentum (usually 
on the gastroepiploic arcade) for perineal omen-
toplasty later in the operation. An accessory port 
at the proposed stoma site is helpful in providing 

a b

  Fig. 11.6    Three-port ( a ) and four-port ( b ) confi guration for LAPR       
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counter traction (a 12 mm port is used to accom-
modate an endostapler for colonic division). In 
females it may be necessary (or helpful) to hitch 
up the uterus using an externally tied suture 
though the broad ligament. The dissection is as 
for open surgery and the dissection is stopped 
above the levator plate. At this stage the colon 
is divided with an endostapler and a colostomy 
formed at the premarked site. Again, the perineal 
phase may be performed in the supine position 
or the patient may be turned prone depending on 
surgeon preference.    

    Controversies 

    Patient Positioning for APR 

 A central tenet of recently published APR 
 operative series is prone positioning. The prone 
position does afford excellent visualization, 
particularly during the potentially hazardous 
anterior mobilization of the specimen from the 
prostate/vagina and may facilitate nerve preser-
vation. Prone positioning is however time con-
suming and can pose an anesthetic challenge. 
Furthermore, a number of groups have demon-
strated that step wise or synchronous APR in the 
lithotomy or modifi ed Lloyd-Davis position is 
oncologicaly safe with equivalent short and long 
term outcomes [ 46 ,  47 ]. A direct comparative 
study from the Cleveland Clinic involving APR 
performed in 81 patients in the prone position 
and 87 patients in the supine position showed 
no difference in local (equivalent at 5.7 and 
12.5 % for supine and prone APR respectively) 
or distant recurrence (equivalent at 20 % after 
7 years follow up) or overall survival (62.5 and 
59.4 % 5 year survival). The patient groups were 
 equivalent for demographic profi le, use of adju-
vant/neoadjuvant therapy, and tumor stage [ 46 ]. 

 Additionally, a national multi-institutional 
study of standardized APR performed in the 
supine position demonstrated a local recurrence 
rate of 6.0 % at 5 years. It concluded that in 
patients undergoing APR by appropriately trained 
surgeons using a standardized approach, margin 
positivity was dictated by tumor stage, but not 

by center or surgeon [ 47 ]. In our opinion, patient 
position is at the surgeons discretion provided the 
resection is performed in a standardized manner 
incorporating en-bloc the pelvic fl oor and rectum.  

    Perineal Reconstruction 

 Short and long term perineal wound complications 
are common following abdominoperineal resec-
tion. Regardless of approach (open, laparoscopic, 
robotic, lithotomy or prone), anorectal resection 
produces a large fi xed dead-space cavity which 
accumulates fl uid and blood clot, promoting pel-
vic and perineal sepsis, abscess formation and ulti-
mately delayed wound healing. The consequences 
include prolonged hospital stay, increased read-
mission rates, increased nursing home care 
requirements with resultant patient and societal 
fi nancial expense [ 48 ]. Higher perineal morbidity 
has been described following the more radical 
ELAPE [ 26 ]. Primary healing rates range from 45 
to 91 % depending on the study, population, con-
comitant use of neoadjuvant radiotherapy/chemo-
radiotherapy and surgical technique. Careful 
management of the perineal wound and pelvic 
cavity post APR is thus vital [ 48 ,  49 ]. Historically 
the perineum was left open and packed following 
APR to promote hemostasis and drainage with 
subsequent healing by secondary intention. Wound 
healing was often delayed beyond 4 months caus-
ing considerable patient discomfort [ 50 ]. 

 Management strategies for the pelvic and 
perineal defects following APR have evolved to 
include primary perineal wound closure, closure 
of the peritoneum, primary closure with closed 
suction drainage of the pelvis drainage and pelvic 
wound irrigation and active closed drainage [ 51 , 
 52 ]. Peritoneal and perineal closure was associ-
ated with fl uid accumulation and subsequent 
infection in the dead space collection beneath 
the peritoneum and this technique thus fallen out 
of favor. The addition of irrigation to the pelvic 
drainage was not shown to be benefi cial in an 
RCT from 1991 [ 52 ]. 

 While primary perineal wound closure and 
closed suction is the preferred method fol-
lowing APR, a variety of complex, costly and 
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 time- consuming wound management techniques 
incorporating tissue transfer, such as vertical 
rectus abdominis (VRAM) and gracilis fl ap con-
struction, have been advocated to deal with the 
pelvic cavity dead space and aide wound appo-
sition [ 53 – 55 ]. Prophylactic biological matrix 
insertion has also been employed in an attempt to 
circumvent these diffi culties [ 56 ]. Not all patients 
undergoing APR require such radical supplemen-
tal tissue transfer techniques. A very extensive 
resection for locally advanced rectal neoplasms 
with perianal skin involvement mandates formal 
myocutaneous grafting [ 57 ]. However the authors 
favor the use of omentum after APR. The ana-
tomical, physiological and immunological prop-
erties coupled to availability of the omentum, 
especially laparoscopically, make it an excel-
lent candidate for pedicled transfer to the pelvis 
[ 45 ]. Such a fl ap has suffi cient length to reach the 
pelvic fl oor and adequate mass to fi ll any dead 
space (Fig.  11.7 ). A recent systematic review has 
shown that omental fl ap transfer and buttressing 
of the primary perineal repair following APR 
reduces wound infections, reoperation rates and 

hospital length of stay with minimal additional 
operative time or fl ap-associated morbidity [ 58 ].  

 For large defects or synchronous pelvic organ 
resection the inferiorly based rectus abdominis 
myocutaneous (VRAM) fl ap fi rst described in 1984 
provides well-vascularized tissue that can be trans-
ferred to cover signifi cant perineal skin defects, 
vaginal defects, and fi ll the pelvic dead space cre-
ated by APR. Recent studies of VRAM fl ap recon-
struction after APR rectal cancer reported perineal 
wound complication rates of between 0 and 50 % 
[ 55 ,  56 ,  59 ]. Disadvantages include additional time 
and resources (frequently including a separate plas-
tic/reconstructive team), lack of sensation to the 
cutaneous portion of the fl ap (vagina and perineum), 
interference with ostomy siting (especially if two 
stomata are required), risk of fascial dehiscence or 
donor site herniation (the authors routinely employ 
prophylactic mesh in this situation if a fl ap is uti-
lized), pelvic cramps due to muscle activity, and 
abdominal deformation. Alternatives to VRAM 
include the gracilis fl ap (based on the major pedicle 
of the medial circumfl ex femoral artery) and glutius 
maximus fl aps (unilateral or bilateral). Both have 
much to recommend them including ease of access 
and less deformity. The gracilis fl ap also has the 
advantage of being outside the radiation fi eld. For 
recurrent rectal cancer resections a retrospective 
review showed that use of a gracilis fl ap decreased 
the incidence of major pelvic abscess from 46 to 
12 % and signifi cantly improved primary wound 
healing from 33 to 63 % [ 60 ].  

    Prevention of Parastomal Herniation 

 Parastomal herniation occurs in up to 50 % of 
cases after abdominoperineal resection regard-
less of approach [ 61 ,  62 ]. Fifteen percent of 
hernias are symptomatic. A number of strate-
gies have been proposed to reduce the rate of 
herniation and the incumbent costs to patients 
and health care providers [ 61 ,  62 ]. Although not 
commonly performed, extraperitoneal colostomy 
formation may assist in reducing herniation [ 63 ]. 
Maturation of an extraperitoneal end colostomy 
laparoscopically has also been reported [ 64 ]. 
Use of a circular stapler to produce a defi ned 

  Fig. 11.7    Omentoplasty after LAPR to fi ll dead space in 
the true pelvis and aide perineal wound closure       
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 reinforced fascial trephine is currently under 
assessment [ 65 ]. Prophylactic mesh insertion at 
the time of stoma formation has been tested in a 
number of trials employing synthetic meshes or 
animal dermis implants in a sublay or onlay posi-
tion at open and laparoscopic APR. Unfortunately 
outcomes to date have not been as impressive as 
had been expected [ 66 – 68 ], however concerns 
regarding mesh infection and complications did 
not come to pass. Long-term data is required to 
clarify the effi cacy and cost effectiveness of this 
approach [ 69 ].      
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        Introduction 

 The treatment for adenocarcinoma of the rectum 
has shifted greatly in recent decades. Today, the 
modern management of rectal cancer is  composed 
of a multidisciplinary approach. Pre- operative 
chemotherapy and radiation for locally advanced 
rectal cancer have improved local recurrence and 

disease-free survival. Importantly, however, 
 surgery remains the cornerstone of curative 
 therapy. Accurate and specifi c pre- operative 
 staging is of crucial importance when planning 
the operative portion of defi nitive treatment. 

 Historically, in the early nineteenth century, 
the surgical treatment of rectal cancer was mainly 
palliative colostomy. Well into the early twenti-
eth century, surgeons continued to treat rectal 
cancer with a diverting colostomy and perineal 
proctectomy for symptomatic patients. This 
approach inherently was associated with up to an 
80 % local recurrence rate and 8–20 % operative 
mortality [ 1 ,  2 ]. Subsequently, in an effort to 
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    Abstract  

  The superiority of total mesorectal excision (TME) for rectal cancer in 
reducing the incidence of local recurrence and improving long term 
 survival compared to conventional blunt rectal dissection is well estab-
lished. Impotence and other complications due to autonomic nerve injury 
are among the consequences of operations for treatment of rectal cancer. 
Sharp dissection along the parietal pelvic fascia where the  parasympathetic 
nerves are located signifi cantly reduces the incidence local recurrence. 
Autonomic nerve preservation during pelvic sidewall dissections is 
 discussed in this chapter. Role of tumor specifi c TME, intraoperative nerve 
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improve local recurrence rates, a radical abdomi-
noperineal resection was proposed by Miles with 
a mortality as high as 31 % [ 3 ]. Over the next 
several decades, improved understanding of lym-
phatic drainage of the pelvis, as well as the devel-
opment of circular stapling devices for colorectal 
anastomoses, allowed for improvement in sphinc-
ter preservation throughout the 1970s.  

    Advent of Total Mesorectal 
Excision (TME)  

 In 1979 Professor Richard Heald described the 
“total mesorectal excision” and in 1988 the term 
“holy plane” was coined [ 4 ,  5 ] Total mesorectal 
excision (TME) consists of the removal of the 
perirectal lymphatic and adipose tissues, while 
maintaining the lateral and circumferential enve-
lope of the mesorectal fat pad (Fig.  12.1 ). This 
technique gained popularity and was used as the 
method of choice for treatment of rectal cancer 
by 82 % of colorectal surgeons affi liated with 
colorectal surgery training programs in the late 
1990s [ 6 ]. Today, this technique is universally 
accepted as gold standard surgical approach 
when performing an APR or sphincter-sparing 
procedure, and has replaced the conventional 
blunt approach to removing perirectal tissue.  

 TME is associated with improved local 
 control and survival rates. The local recurrence 
rate following total mesenteric excision with an 
APR or sphincter-sparing procedure ranges 
from 4 to 7 % [ 7 – 9 ] This remains an improve-
ment when compared to the local recurrence 
rates following the conventional blunt approach 
which ranged from 14 to 45 %, with or without 
postoperative radiation therapy (RT) or chemo-
radiotherapy [ 10 ].  

    Rationale for TME and Its 
Relationship to Anatomy 
of Spread of Rectal Cancer 

 The lymphatic and venous drainage of the rectum 
are cephalad and lateral (Figs.  12.2  and  12.3 ). 
The upper two thirds of the rectum drains along 
the pathway of the superior hemorrhoidal vein, 
cephalad to the inferior mesenteric nodes, and the 
para-aortic nodes. The lymphatic drainage of the 
lower third of the rectum is cephalad as well as 
laterally along the middle hemorrhoidal vessels 
to the internal iliac nodes. There are no commu-
nications between the inferior mesenteric and 
internal iliac lymphatics [ 11 ]. In women, lym-
phatic drainage above the dentate line also 
includes the posterior wall of the vagina and 
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  Fig. 12.1    The correct plane 
in total mesorectal excision       
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reproductive organs. Below the dentate line, the 
drainage is along the inferior rectal lymphatics to 
the superior inguinal nodes and along the path-
way of the inferior rectal artery [ 12 ].   

 It is believed that the improved local recur-
rence rates with TME is the result of improved 
lateral clearance and circumferential margin neg-
ativity, and removal of potential tumor deposits 
in the mesentery as well as a decreased risk of 
tumor spillage from a disrupted mesentery [ 13 ]. 
Improved local control appears to result in better 
survival [ 14 ].  

    Genitourinary Complications 
of Pelvic Dissection 

 TME preserves the pelvic autonomic nerves 
which reduces the risk of postoperative genitouri-
nary dysfunction [ 10 ].
•    Urinary dysfunction:

 –    Urinary dysfunction after proctocolectomy, 
primarily manifested as diffi culty voiding, 
is thought to be the result of autonomic 
nerve injury leading to impairments in 
parasympathetic innervation to the detrusor 
muscle and/or sympathetic innervation to 
the bladder neck, trigone, and urethra. 
Urodynamic studies reveal a signifi cant 
postoperative decrease in effective bladder 
capacity and increases in fi rst sensation to 
void and residual urinary volume compared 
with the preoperative evaluation [ 15 ]. 
Incidence of urinary dysfunction has been 
reported to be 30–60 %, with the greatest 
risk following abdominoperineal resection 
[ 16 ]. Urinary dysfunction persisting beyond 
the early (30-day) postoperative period has 
been reported in 12 % of patients [ 17 ].  

 –   Autonomic sparing procedures can be effec-
tively performed when dissecting the pelvis. 
A prospective study of 20 patients undergo-
ing a total mesorectal excision (TME) with 
an autonomic nerve preservation (ANP) 
technique and sphincter preservation found 
no signifi cant difference between preopera-
tive and postoperative mean residual vol-
ume after micturition [ 18 ].     

•   Sexual dysfunction:
 –    Sexual dysfunction following proctocolec-

tomy is related to the extensiveness of the 
dissection of the pelvic nerves and occurs 
in both men and women.  

 –   In men, damage to the sympathetic nerves 
during high ligation of the inferior mesen-
teric artery or posterior dissection at the 
sacral promontory can lead to retrograde 
ejaculation, and damage to the parasympa-
thetic plexus (nervi erigentes) during lat-
eral and anterior dissection can lead to 
erectile dysfunction.  

 –   The major risk factors for sexual dysfunc-
tion following proctectomy for malignant 
disease are advanced age, type of surgery 
(abdominoperineal resection versus low 
anterior resection), total mesorectal exci-
sion versus non-TME, and the use of pre- 
operative radiation [ 19 ,  20 ]     

•   Female infertility
 –    The majority of data regarding female 

infertility may be extrapolated from data 
specifi c to infl ammatory bowel disease 
(IBD).  

 –   Pelvic surgery is common in patients with 
infl ammatory bowel disease and the major-
ity of these patients are child bearing age. 
The infertility rate before pelvic surgery 
for such women is less than 10 % which is 
similar to that of the general population, 
however, the rate of infertility following a 
restorative proctocolectomy is signifi cantly 
increased to 26–48 % [ 21 ,  22 ].  

 –   The cause of infertility is thought to be 
mechanical from scarring of fallopian tubes.  

 –   With the recent increase in incidence of 
rectal cancer in younger populations, 
women should be counseled preoperatively 
regarding the risk of infertility.        

    Pelvic Autonomic Nerve Anatomy 

 Surgeons are familiar with visceral and vascular 
anatomy of the pelvis, however, neuroanatomy is 
less apparent and its importance is not 
appreciated. 
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 The parasympathetic nervous system is 
referred to as the craniosacral outfl ow; the pelvic 
splanchnic nerves comprise the sacral outfl ow 
component (Fig.  12.4 ). They arise from the 

 ventral rami of the S2–S4 and enter the sacral 
plexus. They travel with the inferior hypogastric 
plexus, located bilaterally on the lateral walls of 
the pelvis. From there, they contribute to the 
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innervation of the pelvic and genital organs. They 
regulate the emptying of the urinary bladder and 
the rectum as well as sexual function, including 
erection (Fig.  12.5 ).   

 Sacral splanchnic nerves, which arise from 
the sympathetic trunk, provide sympathetic 
efferent fi bers (Fig.  12.4 ). The superior hypo-
gastric plexus is a ganglionic plexus that lies 
over the bifurcation of the aorta in the presacral 
space. From there, the nerves split into two 
hypogastric nerves that run along the internal 
iliac vessels. These nerves connect to the infe-
rior hypogastric plexus on the pelvic sidewall 
(Fig.  12.6 ).  

 The “lateral ligament of the rectum” (LLR) 
has long been the subject of anatomical confu-
sion and surgical misconception. Some surgeons 
believe that the lateral ligaments are artifacts 
 produced by the obsolete process of blunt dissec-
tion during rectal mobilization [ 23 ]. Lin and 

 colleagues performed cadaveric dissection on 32 
cadavers to elucidate the anatomy of this struc-
ture [ 24 ] and report that the constant component 
of the lateral ligament of the rectum included the 
rectal branches from the pelvic plexus, whereas 
the middle rectal artery was not apparent in the 
majority of lateral ligaments. Additionally, they 
concluded that the LLR was located traversing 
between the rectum and visceral fascia, thus 
making it diffi cult to reveal the LLR if perform-
ing TME within the correct surgical plane 
(between visceral fascia and parietal fascia) 
(Fig.  12.7 ).   

    Technical Aspects of TME and ANP 

 The goals of a curative resection for rectal cancer 
include performing a wide resection of the can-
cer, therefore achieving histologically negative 

Ovarian artery and
periarterial plexus
Inferior mesentric/
superior rectal artery
and periarterial plexus

Lumbar portion of
sympathetic trunk

Superior hypogastric
plexus

Left and right
hypogastric nerves
Sacral portion of
sympathetic trunk

Internal iliac artery
and periarterial plexus

Pelvic splanchnic nerves
(parasympathetic)

Sciatic
nerve

Aorta

Anterior view:

Aortic
(intermesentric)

plexus

Sacral splanchnic
nerve (sympathetic)

Inferior hypogastric
plexus

Pelvic splanchnic
nerves

(parasympathetic)

Somatic

Sympathetic

Parasympathetic

Mixed autonomic

Exiting pelvis
via greater
sciatic foramen

Pudendal
nerve

Sacrospinous
ligament

Entering perineum
via lesser sciatic foramen

Ganglion
impar

  Fig. 12.5    Connections of sacral and pelvic splanchnic nerves       

 

H. Hakiman et al.



179

Inferior mesenteric
plexus

Superior
hypogastric
plexus at L5

Vessels and
nerves in
presacral space

Line of dissection

Nervi erigentes
on lateral wall

Denonvillers fasicaPelvic plexus

Lateral ligament
of rectum

Fascia propria
of rectum

Presacral
(Waldeyer’s) fascia

Nervi erigentes

Hypogastric

Pelvic plexus
anterior to rectum

Rectum

Bladder

L5

S2
S3
S4Sacrum

  Fig. 12.6    Mesorectal plane 
of excision in relation to the 
pelvic plexus       

Umbilical artery
(vesicohypogastric
fascia)

Denonvillers fascia

Pelvic plexus

Middle rectal artery

Pelvic splanchnic
nerve
Hypogastric nerve

Rectal nerve branch

Internal iliac artery

Visceral
fascia

Parietal
fascia

Surgical
plane

Lateral ligament
of the rectum

Bladder

Rectum

  Fig. 12.7    Relationship 
of surgical plane with the lateral 
ligament       

 

 

12 Total Mesorectal Excision with Autonomic Nerve Preservation: “Optimized Surgery”



180

margins as well as performing a total mesorectal 
excision (TME) including resection of local 
lymph nodes. 

 When performing TME the following points 
should be kept in mind
    1.    Complete removal of the mesorectum, includ-

ing the lateral and circumferential margins of 
the mesorectal envelope [ 10 ].   

   2.    Removal of the inferior mesenteric artery 
(IMA) and the locoregional lymphatic system 
of the rectum.   

   3.    The use of sharp, rather than blunt dissection, 
in the avascular plane between the parietal and 
visceral pelvic fascia [ 25 ]. Conventional blunt 
dissection violates the mesorectal circumfer-
ence and potentially leads to substantial hem-
orrhage thus leaving residual pelvic tumor.     
 In regards to autonomic nerve preservation, 

care must be taken not to damage the pelvic 
plexus during lateral dissection of the lateral 
 ligament along the pelvic sidewall. Enker [ 26 ] 
describes important aspects of autonomic nerve 
preservation technique. In addition to sharp 
 dissection along the parietal pelvic fascia and 
maintaining intactness of mesorectal envelope, it 
is important to preserve the superior hypogastric 
plexus where it lies on the anterior surface of the 
aorta and divides into the two hypogastric nerves 
running along each side of the pelvis to join the 
inferior hypogastric plexus and the pelvic 
splanchnic nerves from S 2–4. For all resections, 
the anterior plane of dissection is immediately 
anterior to the fascia of Denonvilliers’ in men and 
immediately posterior to the vagina in women. 
Prior to completion of the operation, the nerves 
should be inspected and checked for any 
damage.  

    Intraoperative Nerve Monitoring 

 In efforts to improve nerve sparing surgery, 
 intraoperative electrical stimulation of pelvic 
autonomic nerves has been proposed in urology 
and gynecology [ 27 ]. Lue et al., fi rst reported the 
successful use of intraoperative electrical nerve 

stimulation to monitor the function of cavern-
ous nerves in 16 patients undergoing radical 
 retropubic prostatectomy [ 28 ]. Kneiste and 
 colleagues performed intraoperative nerve stimu-
lation (INS) in 62 patients to confi rm pelvic 
 autonomic nerve preservation (PANP). They 
compared nerve stimulation to visual assessment 
by the surgeon and found that INS results in 
higher sensitivity (82 vs 46 %). In addition, the 
accuracy of INS in predicting PANP was higher 
(88 vs 83 %) and the correlation between urinary 
function and the fi ndings on INS was better 
(kappa-value: 0.65 vs 0.40). A prospective, ran-
domized, single-blinded, multi-center trial is 
underway with an expected completion date of 
December 2015. This study will examine the 
impact of continuous monitoring for preservation 
of urogenital function in patients with TME for 
rectal cancer. 188 patients will be included in two 
arms: TME with and without intraoperative con-
tinuous monitoring of pelvic autonomic nerves. 
(ClinicalTrials.gov Identifi er: NCT01585727)  

    Laparoscopic TME 

 In experienced hands, mesorectal excision can be 
done with comparable results to open surgery 
[ 29 ] with the advantages of less postoperative 
ileus and pain, and a shorter length of hospital 
stay when compared to open surgery [ 30 ]. 
Additionally, possible benefi ts of minimally 
invasive surgery include better visualization and 
magnifi cation, and lack of blunt dissection. 

 In terms of sexual and bladder dysfunction 
after laparoscopic surgery there is limited data 
showing its superiority. A retrospective review of 
patients from a previous randomized trial com-
paring outcomes of laparoscopic with open resec-
tion of rectal cancer found an increased risk of 
sexual dysfunction in those undergoing a laparo-
scopic compared with an open resection in men 
who were previously sexually active (7 of 15 ver-
sus 1 of 22 patients). There was no difference for 
sexual function for women. There was no differ-
ence in rates of bladder dysfunction [ 31 ]. It 
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should be noted that the same principles of 
 mesorectal excision with preservation of auto-
nomic nerves applies to the laparoscopic 
approach. 

 The technical aspects of the laparoscopic 
approach to nerve sparing proctectomy with 
mesorectal excision for rectal cancer can be 
found at the following link to the American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) video library:   http://www.sages.org/
video/laparoscopic-nerve-sparing-proctectomy-
with- mesorectal-excision-for-rectal-cancer-2    .  

    Robotic TME 

 Robotic rectal surgery is an emerging technology 
that combines the advantages of the laparoscopic 
approach, including reduction in postoperative 
pain and faster recovery, with high-quality three- 
dimensional vision [ 32 ]. Based upon small retro-
spective reviews, robotic-assisted total mesorectal 
excision is safe and feasible with no difference in 
number of harvested lymph nodes or circumfer-
ential resection margins compared with open and 
laparoscopic approaches [ 33 – 35 ]. In a case- 
matched analysis of patients undergoing robotic- 
assisted, laparoscopic-assisted, or an open 
approach for the resection of mid- or low rectal 
cancer (165 patients in each arm), no signifi cant 
difference in 2-year disease-free survival was 
identifi ed [ 36 ].  

    Lymphadenectomy and Vascular 
Ligation 

 The goal of total mesorectal excision is to harvest 
the complete nodal basin for staging purposes, 
local control, and the interruption of the meta-
static process. The higher number of lymph nodes 
harvested, the more accurate the staging. A 12 
lymph node benchmark was adopted as a quality 
metric by the American College of Surgeons, the 
National Comprehensive Cancer Network (NCCN), 
and the American Association of Clinical 

Oncology (ASCO) [ 37 ]. However, recent studies 
have shown that the number of harvested lymph 
nodes is affected by pre-operative chemoradia-
tion [ 38 ]. It is believed that the removal of the 
draining lymph nodes to the level of the proximal 
vascular pedicle, rather than the absolute number 
of lymph nodes, is an important surgical princi-
ple. For colon cancer the use of a lymph node 
ratio (the ratio of metastatic to examined lymph 
nodes) has been suggested as a means of incorpo-
rating both the number of involved nodes and the 
total number examined into prognostic stratifi ca-
tion [ 39 ]. 

 The level of vascular ligation is a surrogate for 
resection of the nodal basin. Some authors sug-
gest removal of the blood supply and lymphatics 
up to the level of the origin of the superior rectal 
artery, which is just caudal to the takeoff of the 
left colic artery (low tie) [ 40 ]. When the inferior 
mesenteric artery (IMA) is ligated at its origin 
(high tie), lymph node yield may be increased, 
however, no signifi cant difference in survival has 
been found between the two techniques [ 41 ]. It 
should be noted that when nodes above the supe-
rior rectal drainage are clinically suspicious, the 
resection should be extended proximally to 
include high ligation of the IMA. In addition, 
high ligation of the IMA at the origin at the aorta 
will likely provide better mobilization for a 
tension- free coloanal anastomosis. On the other 
hand the height of vascular ligation can theoreti-
cally put nerve integrity at jeopardy at the aorta.  

    Extended Lateral 
Lymphadenectomy 

 Lateral lymph node dissection (LLND) includes 
removal of all nodal tissue along the common and 
internal iliac arteries. Some studies have shown 
improved local recurrence and survival [ 42 ]. 
A meta-analysis comparing LLND with conven-
tional surgery found that LLND did not confer a 
signifi cant oncological benefi t, but it was associ-
ated with increased urinary and sexual dysfunc-
tion [ 43 ]. Therefore, an extended lateral lymph 
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node dissection is not necessary in the absence of 
clinically negative nodes in this region. 
Additionally, in a recent study from Washington 
University patients with enlarged lymph nodes in 
the lateral region on staging CT scan had no 
increase in local recurrence when treated with 
neoadjuvant chemoradiation therapy and no 
extended lateral lymphadenectomy [ 44 ].  

    Tumor Specifi c TME, Role of TME 
in Upper Rectal Cancer 

 The initial description of TME required a very 
low rectal anastomosis. The mesorectal excision 
would continue down to the pelvic fl oor and if 
the ischemic distal rectum was not removed it 
would lead to a very high leak rate. Pathological 
studies have suggested that distal mesorectal 
spread of cancer is less than 5 cm [ 45 ]. In fact, 
one study reported that no implants were seen 
beyond 1 cm of the tumor in patients who had T1 
or T2 lesions [ 46 ]. Based on these results, com-

plete removal of the entire mesorectum down to 
the pelvic fl oor is not necessary in all cases. 
A study from Mayo clinic included 272 patients 
with upper rectal cancers who underwent low 
anterior resection with tumor-specifi c mesorectal 
excision. This was done by performing a meso-
rectal excision to 5 cm below the tumor and tran-
secting the mesorectum and rectum at a right 
angle at this point (Fig.  12.8 ). They reported 
local recurrence and 5-year disease free survival 
rates of 7 and 78 %, respectively [ 47 ]. Therefore, 
for proximal rectal cancers, distal mesorectal 
excision 5 cm below the lower border of the 
tumor is adequate.   

    Circumferential Radial Margin 

 Recently, there has been great emphasis on the 
importance of total mesorectal excision as it 
relates to circumferential radial margin. Quirke 
et al. showed that obtaining an adequate radial or 
CRM is critical for local control [ 48 ]. It also has 

Tumor
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margin

Total mesorectal
excision

Tumor-specific bowel
and mesorectum
transection

Mesorectum

Rectum

  Fig. 12.8    Tumor Specifi c 
TME, TME in upper rectal 
cancer       
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been shown that positive CRM is an independent 
predictor of local recurrence and decreased sur-
vival in patients who had appropriate operative 
treatment [ 49 ,  50 ]. Use of preoperative MRI and 
knowledge of the CRM can greatly aid in opera-
tive planning, specifi cally if an extra-levator 
approach for APR is necessary to obtain a nega-
tive CRM and reduce local recurrence [ 8 ].  

    Documentation Quality Analysis 
and Grading of TME 

 The operative report should communicate the 
preoperative evaluation, intraoperative fi ndings, 
and technical details of the procedure, including 
extent of resection, anastomotic technique, anas-
tomotic height, and en bloc resection of contigu-
ously involved organs. Adverse events including 
tumor perforation should be clearly documented, 
because tumor perforation is associated with 
a signifi cant increase in the risk of local recur-
rence and a reduction in 5-year survival [ 51 ]. 

Preoperative information including histological 
confi rmation of malignancy, the estimated stage 
of the tumor based on preoperative imaging, the 
estimated level of the tumor in the rectum, and 
a description of preoperative treatments should 
be included as well [ 52 ]. Visualization of the 
 seminal vesicles, splanchnic and lateral pelvic 
nerves and the lateral ligament makes the protec-
tion of autonomic nerves much easier. Clear ana-
tomic driven dissection then becomes paramount 
in importance. 

 In recent years with mounting evidence show-
ing the value of TME and CRM, there is a move-
ment towards standardization of pathology reports 
to include the macroscopic quality of TME and 
microscopic CRM [ 53 ,  54 ]. It is recommended, 
therefore, that all specimens be graded for macro-
scopic quality of TME by trained pathologists. 
Descriptive reported grades include Complete 
(mesorectal plane), nearly complete (intra meso-
rectal plane), and Incomplete (visible muscularis 
propria). This demonstrates the importance of 
photo documentation (Figs.  12.9  and  12.10 ).    

a

  Fig. 12.9    ( a ) Photo of the posterior surface of an intact 
mesorectum after complete total mesorectal exci-
sion. Cross  sections of complete TME, note the intact 

mesorectal envelope. ( b ) “Bread loafi ng” cross sections of 
a complete total mesorectal excision.       
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    Summary 

 Complete surgical resection of tumor and drain-
ing lymph nodes remains the standard of care in 
the current treatment of rectal cancer. Local 

recurrence and survival is signifi cantly improved 
by total mesorectal excision and obtaining nega-
tive circumferential radial margins. Attention to 
preservation of autonomic nerves can reduce 
morbidity of this operation.     

  Fig. 12.10    Incomplete 
TME, note exposed 
muscularis propria       

b

Fig. 12.9 (continued)
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        Introduction 

    Lateral lymph node dissection, a component of 
rectal cancer surgery, involves dissection of the 
lateral pelvic lymph nodes, which comprise the 
internal iliac nodes, common iliac nodes, obtura-
tor nodes and external iliac nodes. Metastasis to 
these nodes from lower rectal cancer occasion-
ally occurs. Therefore, in Japan, lateral lymph 
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  13      Lateral Lymph Node Dissection 
for Rectal Cancer 
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    Abstract  

  Lateral lymph node dissection for rectal cancer was introduced in the 
1950s, but the procedure was later abandoned in the West because of high 
rates of associated morbidity and intraoperative bleeding. In Japan, how-
ever, lateral lymph node dissection is still the standard form of surgery for 
lower rectal cancer, and can be either prophylactic or therapeutic, depend-
ing on whether lateral pelvic lymph node metastasis is clinically absent or 
present, respectively. Because some patients with lateral lymph node 
metastasis can survive for more than 5 years after lateral lymph node dis-
section, the procedure should be attempted if technically feasible. 
However, the use of prophylactic lateral lymph node dissection remains 
controversial, even in Japan. Therefore, a randomized controlled trial (the 
JCOG0212 trial) to confi rm the effi cacy of prophylactic lateral lymph 
node dissection has been initiated. It is anticipated that the JCOG0212 trial 
will clarify the indications for prophylactic lateral lymph node dissection, 
and prove to be an important milestone in research on rectal cancer 
surgery.  

  Keywords  

  Lateral lymph node dissection   •   Lateral pelvic lymph node   •   Prophylactic 
dissection   •   Therapeutic dissection   •   JCOG0212 trial  
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node dissection for stage II or III lower rectal 
cancer is the standard operative procedure, and 
lateral pelvic lymph node metastasis is classifi ed 
as lymph node metastasis. On the other hand, 
neoadjuvant chemoradiotherapy and total meso-
rectal excision (TME) without lateral lymph node 
dissection is the international standard treatment 
for rectal cancer, and lateral pelvic lymph node 
metastasis is considered to be distant metastasis 
in the TNM classifi cation [ 1 ]. This article details 
the history, defi nition, rationale, procedure and 
future of lateral lymph node dissection for rectal 
cancer surgery.  

    History of Lateral Lymph Node 
Dissection 

 In 1895, Gerota described the upward and lateral 
lymphatic fl ow of the rectum [ 2 ] and, to our 
knowledge, this was the fi rst report to document 
lateral rectal lymphatic fl ow. In 1927, Senba in 
Japan demonstrated the distribution of the lateral 
lymphatics around the internal iliac vessels and 
inside the obturator fossa [ 3 ]. These fi ndings sug-
gested that tumors in the rectum can spread 
upwardly and laterally by way of the upward and 
lateral lymphatics. In the 1950s, this new under-
standing of lateral lymphatic fl ow, and the high 
local failure rate after conventional rectal cancer 
surgery, led to Sauer and Bacon performing 
extensive lymphadenectomy [ 4 ] and to Sterns 
and Deddish performing abdominopelvic lymph 
node dissection [ 5 ]. However, use of these proce-
dures did not yield the expected improvement in 
survival rate [ 5 ,  6 ], and was associated with 
higher rates of intraoperative bleeding and post-
operative complications in comparison with con-
ventional surgery [ 5 ]. Thereafter, reports on 
extended lymph node dissection including lateral 
lymph node dissection were rarely published 
except in Japan. Currently worldwide, neoadju-
vant chemoradiotherapy and TME without lateral 
lymph node dissection are the standard treat-
ments for rectal cancer. 

 Lateral lymph node dissection was introduced 
in Japan in the 1970s and the procedure decreased 
the incidence of local recurrence of rectal cancer 
and improved survival [ 7 ]. It then became widely 

accepted, and pelvic autonomic nerve-preserving 
lateral lymph node dissection was developed and 
refi ned from the mid-1980s [ 8 ]. Currently in 
Japan, lateral lymph node dissection and TME 
are still the standard procedure for lower rectal 
caner, and neoadjuvant chemoradiotherapy is not 
commonly used.  

    Defi nition of Lateral Pelvic 
Lymph Nodes  

 In the Japanese Classifi cation of Colorectal 
Carcinoma [ 9 ], the internal iliac nodes, common 
iliac nodes, obturator nodes and external iliac 
nodes are defi ned as lateral pelvic lymph nodes, 
as indicated by the yellow circles in Fig.  13.1 . 
The Japanese Classifi cation employs a number-
ing system for lymph nodes, the internal iliac 
nodes, common iliac nodes, obturator nodes and 
external iliac nodes being numbered 263, 273, 
283 and 293, respectively. The internal iliac 
nodes are divided into those distal and proximal 
to the superior vesical artery (umbilical artery), 
being defi ned as 263D and 263P, respectively. 
The presacral nodes (median (270) and lateral 
(260) nodes), sacral promontory (aortic bifurca-
tion) nodes (280), and inguinal nodes (292) were 
also classifi ed as lateral pelvic lymph nodes in the 
previous edition of the Japanese Classifi cation of 
Colorectal Carcinoma [ 10 ]. These nodes are indi-
cated as white circles in Fig.  13.1 . Because the 
incidence of metastasis to these nodes from lower 
rectal cancer is rare [ 11 ], these nodes are no lon-
ger considered as lateral pelvic lymph nodes.   

    Rationale for Lateral Lymph 
Node Dissection 

 Lateral pelvic lymph node metastasis is found in 
about 15 % of cases of clinical stage II/III lower 
rectal cancer [ 12 ,  13 ]. Several studies from Japan 
have shown that the 5-year survival rate of 
patients with lateral pelvic lymph node metasta-
sis is about 40 % [ 12 – 14 ], being comparable with 
that of patients with resectable liver or lung 
metastasis. Under the assumption that if lateral 
lymph node dissection not performed, local 
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recurrence would develop in the form of metasta-
sis to these nodes and become the cause of death, 
the estimated improvement in the 5-year survival 
rate would be 6 % (0.15 × 0.4 × 100), because 
15 % of patients with lower rectal cancer have 
lateral pelvic lymph node metastasis and 40 % of 
those who undergo lateral lymph node dissection 
will survive for more than 5 years. These fi gures 
would indicate that lateral lymph node dissection 
should be considered whenever lateral pelvic 
lymph node metastasis is suspected preopera-
tively. This option is known as therapeutic lateral 
lymph node dissection. The Guidelines 2000 for 
Colon and Rectal Cancer Surgery also mention 
that in the context of clinically suspected lateral 
lymph node disease, dissection should be 
attempted in order to remove these nodes, if it is 
technically feasible [ 15 ]. 

 Figure  13.2  shows representative CT images 
of lateral pelvic lymph node metastasis. However, 
in patients without lymph node enlargement, not 
all lateral pelvic lymph node metastases can be 
demonstrated by CT or MRI, and sometimes 
they are only revealed after lateral lymph node 
dissection. Because the diagnostic accuracy of 

CT or MRI for lateral pelvic lymph node 
 metastasis is imperfect [ 16 ,  17 ], lateral lymph 
node dissection is also indicated in Japan even for 
patients without evident enlargement of such 
nodes. This option is known as prophylactic lat-
eral lymph node dissection. However, even in 
Japan, the indications for prophylactic lateral 
lymph node dissection are controversial. 
Therefore, on behalf of the Japan Clinical 
Oncology Group (JCOG), a randomized con-
trolled trial to confi rm the effi cacy of prophylac-
tic lateral lymph node dissection is currently 
underway (the JCOG0212 trial) [ 18 ]. Because 
primary analysis of the trial results is planned 
for 2015, no survival data are yet available. 
In terms of morbidity and mortality, the rates of 
grade 3–4 postoperative complications were sim-
ilar between mesorectal excision with lateral 
lymph node dissection and mesorectal excision 
alone. At the European Cancer Congress in 2013, 
 urinary and sexual functions after this form of 
surgery were also reported to be similar in these 
two groups [ 19 ,  20 ]. A previous meta- analysis of 
extended lateral lymph node dissection had sug-
gested that it was associated with an increased 
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  Fig. 13.1    Lateral lymph nodes ( yellow circles ) defi ned by 
the Japanese Classifi cation of Colorectal Carcinoma. Internal 
iliac nodes, common iliac nodes, obturator nodes and exter-
nal iliac nodes constitute the lateral pelvic lymph nodes 

( white circles ). ( Red circles ) are pericolic/perirectal lymph 
nodes along the colon and the rectum and (blue circles) are 
intermediate lymph nodes along the major vesseles (From 
Japanese Society for Cancer of the Colon and Rectum [ 9 ])       
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risk of urinary and sexual dysfunction, and did 
not confer any survival benefi t [ 21 ]. This may 
have been due to the fact that previous retrospec-
tive studies of lateral lymph node dissection had 
included both autonomic nerve-preserving 
 surgery and non-preserving surgery. In the 
JCOG0212 trial, however, autonomic nerve- 
preserving surgery was performed for all of the 
enrolled patients, thus accounting for the similar-
ity of postoperative urinary and sexual functions 
between the groups. It is anticipated that the 
JCOG0212 trial will yield informative data for 
evaluation of prophylactic lateral lymph node 
dissection.   

    Indication Criteria for Lateral 
Lymph Node Dissection 

 The indication criteria for lateral lymph node 
 dissection are stipulated in the 2010 Japanese 
Society for Cancer of the Colon and Rectum 
guidelines for the treatment of colorectal cancer 
[ 22 ]. Lateral lymph node dissection is indicated 
when the lower border of the tumor is located 
 distal to the peritoneal refl ection and has invaded 

beyond the muscularis propria (T3 or T4). This 
criterion is based on retrospective risk analysis 
of lateral pelvic lymph node metastasis [ 12 ]. 
The incidences of lateral pelvic lymph node 
metastasis in cases of clinical stage I rectal can-
cer and for tumors whose lower margin is 
located above the peritoneal refl ection are very 
low. The lower border of the tumor is an impor-
tant aspect of this criterion, because lateral lym-
phatic fl ow in the rectum exists below the 
peritoneal refl ection. It is not appropriate to 
include the distance from the anal verge to the 
lower border of the tumor as part of the indica-
tion criteria, because the distance from the anal 
verge to the peritoneal refl ection differs among 
individual patients.  

    Therapeutic and Prophylactic 
Lateral Lymph Node Dissection 

 As mentioned in the previous section, there are 
two types of procedure for lateral lymph node 
dissection: therapeutic and prophylactic. If a 
patient with rectal cancer has no clinical evi-
dence of lateral pelvic lymph node metastasis, 

  Fig. 13.2    Representative CT images (axial and sagittal sections) of lateral lymph node metastasis. Left latelaral pelvic 
lymph node enlargement is seen ( arrows )       
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prophylactic dissection is indicated, whereas 
therapeutic dissection is indicated if such metas-
tasis is present. Therapeutic and prophylactic 
dissection  differ in their area of dissection and 
level of nerve preservation. In therapeutic dis-
section, the internal iliac nodes, common iliac 
nodes, obturator nodes and external iliac nodes 
are dissected, and the presacral and sacral prom-
ontory nodes are also dissected when metastasis 
is suspected. The autonomic nerves on the side 
where metastasis is suspected are resected. 
Therefore, if bilateral lymph node metastasis is 
suspected, the autonomic nerves are not pre-
served. In prophylactic dissection, the internal 
iliac nodes, common iliac nodes, obturator nodes 
and external iliac nodes are dissected, but the 
presacral and sacral promontory nodes are not. 
All of the autonomic nerves are preserved in 
principle. 

 The anatomy of the autonomic nervous sys-
tem in the pelvis is an important point to consider 
for preservation of the autonomic nerves in rectal 
cancer surgery. Figure  13.3  shows the autonomic 
nerves after TME. Those in the pelvis include the 
superior hypogastric plexus, hypogastic nerve, 
pelvic (inferior hypogastric) plexus and pelvic 
splanchnic nerve. Identifi cation of these auto-
nomic nerves during surgery is very important 
for ensuring their preservation. Preservation pro-
cedures will be described in the next section.   

    Procedure for Prophylactic Lateral 
Lymph Node Dissection 

 In this procedure, the internal iliac nodes, 
 common iliac nodes, obturator nodes, and exter-
nal iliac nodes are dissected and the autonomic 
nerves are preserved. During the dissection, if 
any lymph nodes with metastasis are confi rmed, 
the dissection is converted to therapeutic lymph 
node dissection. 

    Confi rmation of Autonomic Nerves 

 After mobilization of the sigmoid colon and upper 
rectum, the superior hypogastric plexus can be 
identifi ed at the level of the aortic bifurcation 
(Fig.  13.4 ). The fi bers extending from the superior 
hypogastric plexus to the right and left sides of the 
rectum are the hypogastric nerves. These are 
important landmarks for ensuring that the plane of 
dissection stays anterior and medial to the plexus 
and hypogastric nerves. If this plane is main-
tained, these nerves and the pelvic plexus can be 
preserved without diffi culty. Recently, an ultra-
sonic scalpel (Harmonic Scalpel®) or an electro-
thermal bipolar tissue sealing system (Ligasure®) 
has been commonly used for lateral lymph node 
dissection, especially in laparoscopic surgery.   

  Fig. 13.3    Autonomic nerves 
in the pelvis. The superior 
hypogastric plexus, hypogas-
tic nerve, and pelvic (inferior 
hypogastric) plexus can be 
identifi ed       
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    Common and Proximal Internal Iliac 
Node Dissection 

 First, the ureters are exposed bilaterally, and 
then the ureters, the superior hypogastric plexus 
and the hypogastric nerves are lifted using 
retraction tapes to prevent accidental injury. The 
dissection begins along the inner side of the 
common and internal iliac vessels downward to 
the superior vesical artery while removing the 
fatty tissue covering the vessels. This fatty tis-
sue includes the common and proximal internal 
iliac nodes. Within the layer just above the ves-
sels, it is easy to dissect the fatty tissue and 
blood loss will be minimal. In prophylactic dis-
section, only the inner side of the common iliac 
vessels is dissected. After inner side resection, 
the fatty tissue along the outer side of the inter-
nal iliac artery is dissected. This area lies 
between the internal and external iliac vessels. 
Thereafter, dissection of the external iliac lymph 
nodes is performed.  

    External Iliac Lymph Node Dissection 

 The external iliac vessels are picked up using 
retraction tapes, and the fatty tissues only along 
the inner side of the vessels are dissected. After 

external iliac lymph node dissection, the internal 
obturator muscle is identifi ed below and outside 
the external iliac vessels. This represents the lat-
eral limit of lateral lymph node dissection.  

    Obturator Lymph Node Dissection 

 The obturator lymph nodes lie in the obturator 
fossa. At the center of the fossa, the obturator 
nerve runs in a cranial to caudal direction. Because 
the nerve is an important dissection landmark, it 
should be located before initiating lymph node 
dissection. The nerve is picked up using a retrac-
tion tape and the fatty tissues in the area are 
resected. The only major vessels are the obturator 
vessels in the fossa, and care should be taken to 
avoid them during the dissection to prevent bleed-
ing. The distal limit of lateral lymph node dissec-
tion is the obturator membrane, and the dorsal 
limit is the piriformis muscle and  sciatic nerves.  

    Distal Internal Iliac Node Dissection 

 Finally, the distal side of the internal iliac vessels 
is dissected, in the area between the superior 
vesical artery and inferior vesical artery. During 
the dissection, the pelvic plexus connected with 

  Fig. 13.4    Superior 
hypogastric plexus and 
hypogastric nerves. The 
superior hypogastric plexus 
has been picked up with 
forceps       
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the hypogastric nerve should be located. This 
plexus is about 3 cm long and less than 1 mm 
thick. If the middle rectal artery is found, it 
should be ligated and cut. After the dissection, 
prophylactic lateral lymph node dissection is 
completed on the unilateral side, and resection is 
then performed on the other side in the same 
manner. Figure  13.5  shows dissected fatty tis-

sues on the left side. The common iliac, internal 
iliac, and obturator lymph nodes are included 
among these fatty tissues.  

 Figures  13.6  and  13.7  are intraoperative pho-
tographs taken after prophylactic dissection, and 
show the preserved nerves. Figure  13.8  shows the 
obturator fossa after dissection, the obturator 
nerve and obturator vein being preserved.      

    Procedure for Therapeutic Lateral 
Lymph Node Dissection 

 If lateral lymph node metastasis is evident, the 
autonomic nerves should not be preserved 
because metastasis and direct tumor invasion are 
sometimes found around the nerves. If an 
enlarged lymph node is found during the dissec-
tion, frozen section diagnosis is important. If 
metastasis is negative, prophylactic lymph node 
dissection may be indicated. If positive, thera-
peutic lymph node dissection should be done. 

 In therapeutic dissection, unlike prophylactic 
dissection, the presacral nodes and sacral prom-
ontory nodes are optionally dissected. If enlarge-
ment of these nodes is detected, they should be 
dissected. Because the incidence of lymph node 
metastasis is low, routine dissection of the nodes 
is unnecessary. 

  Fig. 13.5    Fatty tissues in the left pelvis removed during 
lateral lymph node dissection       

  Fig. 13.6    Intraoperative 
photograph showing the 
situation after prophylactic 
lateral lymph node dissection. 
The superior hypogastric 
plexus and the hypogastric 
nerves have been preserved       

 

 

13 Lateral Lymph Node Dissection for Rectal Cancer



194

 If all the autonomic nerves are resected, the 
patient’s quality of life is compromised because 
of sexual and urinary dysfunction. Therefore, 
partial preservation of the autonomic nerves 
should be performed, if indicated. For example, 
the autonomic nerves contralateral to any lateral 
pelvic lymph node metastasis should be pre-
served. The grade of preservation of autonomic 
nerves is defi ned in the Japanese Classifi cation of 

Colorectal Carcinoma (Fig.  13.9 ) [ 9 ]. The degree 
of autonomic nerve preservation is classifi ed 
into fi ve categories. Historically, the lumbar 
 splanchnic nerves and superior hypogastric 
plexus have been resected for clinical stage II/III 
rectal cancer in Japan. For this reason, many 
operations were classifi ed as AN1 or AN0 thera-
peutic pelvic lymph node dissection. However, 
the number of such operations is decreasing as 

  Fig. 13.7    Intraoperative 
photograph showing the 
situation after prophylactic 
lateral lymph node dissection. 
The pelvic plexus and 
hypogasric nerve have been 
preserved       

  Fig. 13.8    The obturator 
fossa after prophylactic lateral 
lymph node dissection       
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ANO No autonomic nerves are preserved

AN1 Only unilateral pelvic plexus are preserved

AN2 Only bilateral pelvic plexus are preserved

AN4 All the autonomic nerves are preserved

AN3 All the autonomic nerves except unilateral pelvic plexus are preserved

Lumbar splanchnic
nerves

Hypogastric nerves

Pelvic plexus
S3

<AN4> <AN3> <AN2>

<AN1>

S4

S3

S4

S3

S4

S3

S4

Superior hypogastric
plexus

  Fig. 13.9    Grade of preserva-
tion of autonomic nerves 
defi ned in the Japanese 
Classifi cation of Colorectal 
Carcinoma (From Japanese 
Society for Cancer of the 
Colon and Rectum [ 9 ])       

efforts are made to preserve the autonomic 
nerves. Currently, AN3 is the main preservation 
pattern for therapeutic dissection. 
    1.    Presacral and sacral promontory node 

dissection 
 If presacral or sacral promontory lymph 

node metastasis is suspected, the fat tissues 
at these sites are removed and the superior 
hypogastric plexus is cut at the aortic bifur-
cation. If no metastasis is found in the nodes, 
the lymph node dissection can be omitted 
and the superior hypogastric plexus is 
preserved.   

   2.    Common and proximal iliac node dissection 
 This dissection is the same as that for 

prophylactic dissection. The difference is 
the combined resection of the autonomic 
nerves.   

   3.    Resection of the autonomic nerves 
 The hypogastric nerve and the pelvis plexus 

should be resected en-bloc with the rectum. On 
the distal side of the hypogastric nerve, the pel-
vic plexus can be identifi ed. The pelvic plexus 
is resected partially or totally depending on the 
extent of the primary tumor, and that of the lat-
eral pelvic lymph node metastasis. Because the 
plexus includes the hypogastric nerve and the 
pelvic splanchnic nerves from the sacral nerves 
S2, S3 and S4, the plexus is cut at the level of 
the pelvic splanchnic nerves from S2 or S3, 
when the plexus is preserved. If the primary 
tumor or lateral pelvic lymph node metastasis is 
extensive, the pelvic plexus should be totally 
resected. However, there is no consensus among 
Japanese surgeons with regard to the indica-
tions for partial preservation of the plexus.   
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   4.    External iliac node dissection   
   5.    Obturator lymph node dissection   
   6.    Distal internal iliac node dissection 

 These dissections are same as those for pro-
phylactic dissection. The difference is resec-
tion of the obturator vessels and the superior 
vesical artery. The vessels are ligated and cut at 
the distal and proximal ends in the pelvis. After 
resection on one side, resection is performed 
on the other side. If lateral pelvic lymph node 
metastasis is also evident on the contralateral 
side, therapeutic resection is also performed. 
If lateral pelvic lymph node metastasis is not 
suspected on the contralateral side, prophylac-
tic resection is performed. Figure  13.10  shows 
the situation after therapeutic lateral lymph 
node dissection. The pelvic plexus, hypogas-
tric nerve, pelvic splanchnic nerves, and ves-
sels except for the obturator nerve and internal 
iliac vessels, are resected.     

      Future of Lateral Lymph 
Node Dissection 

 The results of the JCOG0212 trial will have a 
very important impact. If they indicate that 
prophylactic lateral lymph node dissection is 

 superior to TME alone, then surgeons outside 
Japan will need to consider prophylactic lateral 
lymph node dissection as a standard operation 
for lower rectal cancer. A clinical trial to com-
pare TME plus neoadjuvant chemoradiotherapy 
and lateral lymph node dissection will also be 
necessary. On the other hand, if the JCOG0212 
trial demonstrates that TME alone is not infe-
rior to prophylactic lateral lymph node dissec-
tion, then lateral lymph node dissection will not 
be indicated for patients without clinical evi-
dence of lateral pelvic lymph node metastasis. 
However, the controversy regarding therapeutic 
lateral  dissection for patients with clinical evi-
dence of  lateral pelvic lymph node metastasis 
remains.  

    Conclusion 

 More than 100 years after the fi rst description 
of lateral lymphatic fl ow in the rectum and 
more than 50 years after the introduction of 
lateral lymph node dissection, the JCOG0212 
trial marks a milestone of research on lateral 
lymph node dissection. This trial will clarify 
the indications for prophylactic lateral lymph 
node dissection and we anticipate that the 
results will mark an important step in rectal 
cancer surgery.     

  Fig. 13.10    Intraoperative 
photograph showing the 
situation after therapeutic 
lateral lymph node dissection. 
Only the obturator nerve and 
the internal iliac vessels have 
been preserved. The superior 
hypogastric plexus was 
preserved in this case       
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        Laparoscopic Proctectomy 

       Introduction 

 Laparoscopic colorectal surgery has consistently 
been shown to be feasible and safe. It has the 
potential to offer many short-term advantages to 
patients in terms of post-operative recovery 
and chance of major complications. In fact in 
elderly patients having treatment for colonic 
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    Abstract  

  Laparoscopic rectal surgery is technically challenging, with a clearly 
described learning curve. It has been shown to be feasible and safe and 
offers the advantages of a minimally invasive approach. Studies have dem-
onstrated a similar mesorectal dissection with oncologically acceptable 
outcomes. 

 Current data supports robotic proctectomy as being as oncologically 
effective and safe as a laparoscopic approach. Advantages of a robotic 
approach to proctectomy include stable three-dimensional visualisation, a 
comfortable operating position and articulated instruments for improved 
dexterity. 

 Studies and meta-analyses to date have suggested that this results in a 
better quality mesorectal dissection with at least a similar oncological 
 outcome to a laparoscopic approach with fewer conversions to open 
 surgery and less genitourinary dysfunction. The results of currently 
recruiting multinational randomised studies are awaited.  
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 cancer, randomized data would suggest that their 
chance of a major complication is signifi cantly 
reduced [ 1 ]. 

 Benefi ts seen with minimally invasive colonic 
surgery have been shown to translate to proctec-
tomy, however there has been concern regarding 
oncologic outcomes that have limited its uptake. 
A minimally invasive surgical resection of a rec-
tal cancer is a technically challenging undertak-
ing requiring mobilization of bowel in multiple 
abdominal, dissection and transection of major 
vessels, safe specimen extraction after an 
appropriately- performed rectal dissection, then 
re-anastomosis. 

 The rectal resection itself requires a different 
technique from colon cancer. The gold standard 
total mesorectal excision (TME) requires precise 
dissection in the mesorectal plane, necessitating 
controlled traction and adequate vision [ 2 ]. 

 This is technically demanding given the nar-
row confi nes of the pelvis making laparoscopic 
instrument manipulation diffi cult. The skill of the 
assistant are often as important as the surgeon as 
the procedure relies on a capable camera opera-
tor, skilled at providing appropriate counter 
 traction during pelvic dissection.  

    Technique 

 For laparoscopic proctectomy, the patient is 
placed in modifi ed low lithotomy position with 
legs in Allen® Yellofi ns® Stirrups (Allen Medical 
Systems, Inc.). A urinary catheter is inserted. The 
thighs need to be fully extended and arms tucked 
by the sides in order to maximize mobility of 
instruments during multi-quadrant dissection. 
The buttocks need to be over the end of the table 
to facilitate access for anastomotic stapling. 
Ensuing the patient is well fi xed to the table with 
either a ‘beanbag’ or appropriate strapping is 
important to maintain positioning during the 
steep head-down maneuvers required for pelvic 
dissection. The beanbag needs to be wrapped 
over the shoulders and clear of the perineum [ 3 ]. 

 Port placement entails a 12 mm camera port 
placed at the umbilicus by Hassan technique, 
usually a 30-degree laparoscope is required to 

allow adequate visualization. Two operating 
ports are placed under direct vision on the right 
side, usually lateral to the lateral border of rectus, 
the lowermost trocar positioned to allow ade-
quate reach into the pelvis, but not so low as to 
compromise reach to the splenic fl exure or access 
over the pelvic brim to the deep pelvis, this can 
be a 10 mm port if access for stapling is contem-
plated, otherwise both are 5 mm. A third assistant 
port is placed in the left lower quadrant. Sometimes 
if access is compromised a further suprapubic 
10 mm port may be required to allow stapler 
access in a narrow pelvis. 

 The patient is initially positioned in steep 
Trendelenburg position, left side up, the omen-
tum placed high over the stomach and liver and 
the small bowel manipulated out of the pelvis 
into the right upper quadrant. Initial colonic 
mobilization can be carried out in a medial to 
 lateral or lateral to medial direction. Medial to 
lateral mobilization has the advantage of identi-
fying major structures such as the Inferior mes-
enteric artery (IMA) and left ureter early in the 
 procedure minimizing the risk of late conversion 
to an open procedure. 

 The IMA is identifi ed, and retracted in an 
upward direction. The peritoneum is incised with 
diathermy or an energy device along the vessel’s 
inferior border. This opens a retroperitoneal win-
dow that can be dissected and developed laterally 
to identify the left ureter. This is dissected poste-
riorly away from the colonic mesentery. The base 
of the IMA can then be dissected, care being 
taken to preserve inferior hypogastric nerves, 
before the vessel is divided with a vessel sealer, 
clips or staples. The distal divided end of the 
IMA can then be elevated to facilitate further 
development of the retrocolic plane towards the 
splenic fl exure. The inferior mesenteric vein 
(IMV) is then isolated and divided at the lower 
border of the pancreas. Dissection can then con-
tinue along the lateral attachments of the sigmoid 
and left colon towards the splenic fl exure. As the 
fl exure is approached the patient is placed in a 
reverse-Trendelenburg position to assist with 
caudal retraction of the colon as the lateral attach-
ments of the fl exure are divided, the omentum 
mobilized free of the distal transverse colon and 
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the lesser sac entered. It is important that full 
splenic fl exure mobilization is accomplished to 
allow adequate colonic mobilization for 
anastomosis. 

 When mobilization is completed the patient is 
returned to a Trendelenburg position and pelvic 
dissection commenced using the assistant to 
maintain adequate counter-traction on the rec-
tum. Care is taken to identify and preserve left 
and right hypogastric nerves. The initial posterior 
dissection is developed through Waldeyer’s fas-
cia to the pelvic fl oor or as low as thought neces-
sary for the tumour position. The right and left 
sides are then developed in a semicircular fash-
ion, again using counter-traction on the 
 mesorectum, and fi nally the anterior dissection is 
performed with steady downwards retraction on 
the rectum and upwards counter-traction on the 
base of the bladder. Denonvillier’s fascia is the 
anterior landmark for preserving an intact meso-
rectum if an oncologically appropriate resection 
is to be performed, and dissection should con-
tinue precisely outside this fascia where, in 
males, the hypogastric nerves are at risk between 
fascia and seminal vesicles. 

 When the appropriate level for resection is 
reached, the rectum is divided at right angles with 
an endoscopic stapler. 

 It is then exteriorized through a small midline 
or left iliac fossa muscle splitting incision pro-
tected by a wound protector such as an Alexis® 
Wound retractor (Applied Medical Resources 
Corporation, Rancho Santa Margarita, CA). 

 The proximal colon is divided, the vascular 
pedicle identifi ed and the proximal end of the 
IMA resected with the specimen to ensure ade-
quate lymph node harvest. An anvil is then fi xed 
in the proximal bowel end with a purse-string 
suture, the bowel returned to the abdominal cav-
ity, pneumoperitoneum re-established, and sta-
pled anastomosis performed [ 4 ]. 

 If the patient is to have an abdomino-perineal 
resection (APR) the distal dissection is continued 
as far distal as thought appropriate, the colon 
divided proximally with a stapler and the proxi-
mal end exteriorized via a previously marked 
colostomy site and matured. The perineal dissec-
tion is then performed in the usual fashion.  

    Hand-Assisted Laparoscopic 
Proctectomy (HALS) and Single-Port 
Techniques 

 The development of hand-access ports in the 
1990s has enabled surgeons to insert a hand into 
the abdominal cavity without consequent loss of 
pneumoperitoneum. This allows use of the hand as 
a retractor and provides enhanced tactile feedback 
compared to a purely laparoscopic approach. The 
incision required for the port is small and usually 
similar to that required for specimen extraction. 
Studies comparing a standard laparoscopic vs. 
hand-assisted approach have shown similar onco-
logical outcomes [ 5 ]. Tjandra et al. demonstrated 
a shortening of operating time for the HALS group 
(169.8 vs. 188.2 min;  p  < 0.0001) [ 6 ]. 

 Approaches to rectal dissection using a single 
laparoscopic port for all laparoscopic instruments 
have also been reported, and while feasible, with 
similar oncological results reported as in laparo-
scopic cases, it is a diffi cult technique with a 
moderate to high chance of requiring conversion 
to a multiport technique [ 7 ].  

    Outcomes 

 Short-term outcomes for laparoscopic and open 
proctectomy has been shown to be very similar. 
For the CLASICC trial, no difference in short- 
term morbidity or mortality was identifi ed. The 
American College of Surgeons NSQIP study 
showed that laparoscopic rectal cancer surgery 
took longer but resulted in fewer blood transfu-
sions, shorter hospital stay (by 2 days) and less 
morbidity (21 % vs. 29 %) [ 8 ].  

    Laparoscopic Learning Curve 

 Laparoscopic rectal dissection is complex with a 
learning curve that is thought to continue beyond 
120 cases [ 9 ]. Comparisons with right-sided 
colonic resections have shown that, using conver-
sion rates as an indicator, surgeon experience is 
an independent predictor of conversion with a 
learning curve approaching 50 cases [ 10 ]. The 

14 Laparoscopic and Robotically Assisted Proctectomy



202

two main patient factors resulting in increased 
conversions are a narrow male pelvis and 
increased Body Mass Index (BMI) [ 11 ]. 

 The CLASICC trial required surgeons to 
have completed a minimum of 20 colorectal 
resections. There was concern that this was still 
 relatively early in the surgeons’ laparoscopic 
proctectomy learning curve and contributed to 
the higher than expected conversion rate to 
open surgery [ 12 ]. The COREAN trial, ran-
domizing T3N0-2 patients to laparoscopic or 
open surgery after neoadjuvant therapy had a 
much lower conversion rate for the laparo-
scopic group (2/170, 1.2 %), infl uenced not 
only by lower BMI (24.1 kg/mÇ versus 
CLASICC 26 kg/mÇ), but also greater surgeon 
experience with the seven surgeons contribut-
ing to the trial having performed a median of 75 
resections [ 13 ].  

    Oncological Outcome 

 Laparoscopic rectal surgery has been shown to be 
an oncologically acceptable procedure [ 14 ]. 
Studies have demonstrated that an oncologically 
appropriate TME can be performed and large 
case series have shown similar outcomes and sur-
vival [ 15 ]. 

 One important component of the assessment 
of a procedure’s oncological outcome is the qual-
ity of the resected rectal specimen. An adequate 
TME specimen requires an intact mesorectal fas-
cia with a smooth surface without evidence of 
tearing or mesorectal defects [ 16 ]. Early results 
from the CLASICC trial demonstrated a slightly 
higher but non-signifi cant increase in positive 
CRM for those having laparoscopic anterior 
resection. This was 16 (12 %) of 129 laparo-
scopic anterior resections vs. 4 (6 %) of 64 open 
cases,  p  = 0.19. There was no difference for those 
having APR (10 (20 %) of 49 laparoscopic and 7 
(26 %) of 27 open,  p  = 1) [ 12 ]. 

 The European Colon Cancer Laparoscopic or 
Open Resection (COLOR II) trial was designed 
as a randomised, international multicentre study 
to specifi cally examine the question of laparo-
scopic rectal cancer surgery. One Thousand one 

hundred and three patients with rectal cancer 
within 15 cm of the anal verge were randomised 
to either open or laparoscopic surgery [ 17 ]. 
Patients with T3 cancers within 2 mm of the 
endopelvic fascia and T4 tumours were excluded. 
Short-term outcomes have been published. These 
demonstrated the laparoscopic resections to be 
similar in extent with similar rates of intraopera-
tive complications, morbidity and mortality to 
the open procedures. The CRM positivity rate 
was similar in both groups (10 %,  p  = 0.850) of 
note, however, was that the rate was lower for the 
laparoscopic group with tumours in the lower 
5 cm of the rectum (15/165, 9 % for the laparo-
scopic group vs. 17/79 (22 %) for the open group, 
 p  = 0.014). 

 Adherence to a mesorectal excision, either 
complete or to 5 cm distal to the lower margin of 
the tumour was required, and all dissection of the 
mesorectum had to be completed laparoscopi-
cally to qualify as a laparoscopic case, otherwise 
it was classifi ed as an open conversion. Pre-study 
screening of surgeons by assessment of fi ve con-
secutive cases was required to be included as an 
operating surgeon on the study. 

 Five year follow-up of the CLASICC data 
however did not demonstrate a difference in sur-
vival for these patients (60   .3 % for laparoscopic 
vs. 52.9 for open cases  p  = 0.132). There was no 
difference for either anterior resection or 
abdomino- perineal resection (APR). 

 Local recurrence was similarly not signifi -
cantly different; 9.4 % for open versus 9.4% for 
laparoscopic anterior resection vs. 7.6 % for 
open,  p  = 0.740. 

 Of note those patients converted to open sur-
gery did signifi cantly worse, even when con-
trolled for surgeon related factors (Fig.  14.1 ) The 
reason for this is unclear. The most common 
 reason cited for conversion was ‘advanced cancer 
pathology’ however the cancer specifi c survival 
does not refl ect this [ 14 ].   

    Functional Outcome 

 Urinary and sexual dysfunction following rec-
tal resection for cancer has historically been 
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reported as being as high as 30–40%, especially 
after APR. The adoption of TME dissection and 
autonomic nerve sparing techniques have gone 
some way to reducing this, however there are still 
risks to urinary and sexual function. 

 Quah et al. showed a greater deterioration in 
sexual activity after laparoscopic compared to 
open laparoscopic surgery [ 18 ]. 

 Jayne found similar outcomes in his analysis of 
the CLASICC trial data [ 19 ]. Of the 247 (71.2 %) 
who completed questionaries 98 had a laparo-
scopic rectal resection and 50 an open resection. 
The rate of severe sexual function change in 
males following open rectal resection was 23 %, 
in keeping with previous studies. Sexual function 
tended to be worse after laparoscopic rectal 
TME, especially for erectile dysfunction. 
Performance of a complete TME gave a sixfold 
increase in the chance of postoperative sexual 
dysfunction compared to a partial mesorectal 
dissection. 

 A recent systematic review, seeking to syn-
thesize expert opinion in the literature found 
that while there had been growing acceptance 
of laparoscopic colonic surgery for some time, 
a laparoscopic approach to rectal cancer 
remains controversial (Fig.  14.2 ) [ 20 ]. There is 
no doubt that laparoscopic proctectomy is 
a complex procedure, however in expert hands, 
the current evidence would suggest that long 
term oncologic outcomes are similar to an open 
approach but more randomized, long term data 
is needed.    

    Robotic- Assisted Proctectomy 

 Robotic-assisted proctectomy, undertaken using 
the da Vinci TM  system (Intuitive Surgical, 
Sunnyvale, CA, USA) was fi rst reported in 2003 
[ 21 ]. It is apparent that there are a number of 
 features of the robotic system that have the poten-
tial to reduce or eliminate some of the inherent 
problems associated with a laparoscopic approach. 

 The operating surgeon can be comfortably 
seated at the robotic console that presents a 
stable three-dimensional high-defi nition image 
(Fig.  14.3 ). Three operating and one camera 
arms are mounted on a patient-side cart with the 
instruments being inserted through ports similar 
to standard laparoscopic ports. The ports them-
selves are positioned so the ‘zero-point’ of the 
robotic instrument is centred in the patient’s 
abdominal wall. The movements of the arm and 
instrument are coordinated to keep this point 
stationary to minimise trauma to the abdominal 
wall. The surgeon is in full control of the laparo-
scopic camera and is not reliant on an assistant 
to maintain position or orientation. The robotic 
instruments are wristed and capable of precise 
dexterous movements controlled by the surgeon 
through an intuitive console system (Fig.  14.4 ). 
Instrument movement can be scaled and tremor 
eliminated. The console does not provide haptic 
feedback that can make discrimination of tis-
sue consistency diffi cult and requires care when 
placing traction on delicate structures or when 
knot- tying. Movement is possible through 7° of 
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  Fig. 14.1    Five-year overall survival by 
actual procedure for all patients 
randomized by surgeons with a lower 
than average conversion rate (log rank 
test):  p  = 0.013 (Wilcoxon test) (From 
Jayne et al. [ 14 ])       
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freedom, 180° of articulation and 540° of rotation 
[ 22 ]. The robot itself has undergone a number of 
iterations, initial versions of the robot had one 
fewer operating arm and a more limited range of 
movement requiring adaption of docking tech-
niques in order for the operating instruments to 
adequately reach all quadrants of the abdomen. 
At this point, the third generation, da Vinci Si HD 
is the current evolution.   

    Technique 

 Given that a proportion of the colonic mobili-
sation in proctectomy does not require the pre-
cise manipulative skills of the robot a number 
of ‘hybrid’ techniques have been developed 
where the initial component of the dissection is 
 performed laparoscopically: usually the splenic 
fl exure take-down, and then the cart is docked 
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  Fig. 14.2    Temporal 
summary of expert opinion in 
the literature pertaining to 
laparoscopic surgery for 
rectal cancer (From Martel 
et al. [ 20 ])       

  Fig. 14.3    The surgeon at the console and the patient side cart of the da Vinci Si HD Surgical System (  http://www.
intuitivesurgical.com    ) (From Freschi et al. [ 22 ])       
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for IMA mobilisation and division and pelvic 
dissection. 

 Port placement is dependent of whether a 
hybrid or totally robotic technique is being under-
taken. In either case the 12 mm camera port is 
usually placed just above and to the right of the 
umbilicus. It is important to allow adequate spac-
ing of 8–10 cm between ports and an adequate 
distance from the pelvis to minimise arm clash-
ing. Pneumoperitoneum should be established 
prior to placing the working ports to ensure satis-
factory positioning. 

 Two 8 mm ports are then placed under direct 
vision on either side just lateral to the midclavicular 
line (MCL) on a line between the umbilicus and 
anterior superior iliac spine. For a single stage 
totally robotic procedure, a third 8 mm port is placed 
in the right upper quadrant (RUQ) in the MCL, and 
a fourth 8 mm port in the left upper quadrant (LUQ) 
just lateral to the MCL. A 5 mm assistant port is 
placed laterally in the right upper quadrant, and is 
used for added retraction, suction and irrigation [ 23 , 
 24 ]. For a hybrid approach, the right subcostal port 
is omitted and the LUQ port can be brought cau-
dally, providing an appropriate distance from the 
other ports is maintained (Fig.  14.5 ) [ 25 ].  

 The patient is positioned in steep 
Trendelenburg position, left side up and the 
 abdomen explored laparoscopically. The small 

bowel is retracted out of the pelvis, and at this 
point the colon can be mobilised laparoscopically 
and the splenic fl exure taken down. One disad-
vantage of the robot is that, once docked, the 
patient position cannot be changed without 
undocking and then redocking the robotic cart, 
thereby negating the helpful effect of gravity 
when mobilising the splenic fl exure. 

 The robot can then be docked with the patient 
cart approaching and docking over the left leg 
(Fig.  14.6 ). If the inferior mesenteric vessels are 
to be dissected, the robotic arms are fi rst docked 
with robot arm 1 in the right lower quadrant for 
a monopolar shears, robot arm 2 in the LUQ 
port for a Cadiere grasper, and robot arm 3 in the 
RUQ for a bipolar grasper. The mesocolon over 
the IMA is retracted upwards and the perito-
neum opened at its base. The IMA is dissected, 
care being taken to protect the periaortic hypo-
gastric nerve plexus. The IMA can be divided 
near its base with laparoscopic or robotic Hem-
o-lok® clips (Weck Closure System, research 
Triangle Park, NC, USA) following clear identi-
fi cation of the left ureter laterally. The IMV is 
identifi ed by dissecting towards the ligament of 
Treitz and divided at the inferior border of the 
pancreas. Dissection then continues under the 
left mesocolon towards the splenic fl exure if this 
has not been completed laparoscopically. During 

  Fig. 14.4    The daVinci master control interface used to 
remotely manipulate the wristed robotic instruments tip 
(From Freschi et al. [ 22 ])       

  Fig. 14.5    The layout of the port placement for single- 
stage robotic low anterior resection.  MCL  midclavicular 
line,  SUL  spinoumbilical line,  ASIS  anterior superior iliac 
spine,  Rt . right,  Lt.  left (From Choi et al. [ 23 ])       
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splenic fl exure dissection only robot arms 1 and 
3 are used to minimise external collisions.  

 For the pelvic dissection the robotic arms are 
redocked, robotic arm 2 moving to the left lower 
quadrant port with Cadiere forceps and robotic 
arm 3 to the left upper quadrant port with the 
bipolar forceps. The RUQ port or a further 12 mm 
suprapubic port can also be useful here to aid in 
rectal retraction. 

 The robotic Cadiere retracts the rectum anteri-
orly and the posterior mesorectal plane is dis-
sected as far distally as possible with monopolar 
scissors. Lateral dissection is then performed, 
care being taken to preserve the inferior 
 hypogastric nerves. Using the Cadiere to retract 

the vagina/prostate upwards facilitates anterior 
 dissection, with robot arm 3 being used to pro-
vide downwards traction on the rectum 
(Fig.  14.7 ). When TME has been performed to 
the pelvic fl oor, rectal transection is performed 
with a laparoscopic stapler, often best accom-
plished with the robotic cart undocked. When the 
distal rectum has been divided. The robot is 
undocked and the rectum extracted via a small 
suprapubic or left iliac fossa incision with the aid 
of a plastic wound protector. The specimen is 
resected, the proximal bowel prepared, and the 
stapler anvil placed with the aid of a purse string 
suture. The bowel is returned to the abdomen and 
the wound either closed or wound protector 
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Surgical
assistant

Anesthesiologist

Nurse

  Fig. 14.6    An overhead view of the operating room confi guration for robotic low anterior resection  (From Choi et al. [ 23 ])       
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occluded with a glove placed over the top or 
clamped prior to re-establishing pneumoperito-
neum and forming a stapled anastomosis with 
laparoscopic assistance.  

 Distal resection with the robot remains diffi -
cult. Obtaining a right-angled transection of the 
rectum following TME remains challenging. The 
options include using conventional laparoscopic 
stapling instruments or converting to a mini 
Pfannensteil incision to enable use of an open 
stapler. A stapler for robotic –assisted surgery is 
currently becoming available, however, it remains 
diffi cult to completely transect the rectum with 
one fi ring and an association between number of 
stapler fi rings and an increased incidence of 
anastomotic leak has been identifi ed [ 26 ]. 

 Another technique involves division of the 
rectum and placement of a purse string suture 
robotically to close the rectal stump and enable 
single-stapled anastomosis [ 25 ]. 

 Specimen removal can be via an abdominal 
incision, transanally [ 27 ] or transvaginally [ 28 ]. 

 Other novel techniques have been described to 
complete a robotic TME. One; robotic assisted 
transanal surgery for total mesorectal excision 
(RATS-TME) uses a commercially available 
GelPOINT Path Transanal Access Platform 
(Applied Medical, Inc., Rancho Santa Margarita 
CA, USA) [ 29 ]. Following the abdominal com-
ponent of the procedure, the rectum is divided at 
the dentate line, the device is placed into the anal 
canal, insuffl ation established and the robotic 
arms redocked. Dissection is carried out in a 

cephalad direction circumferentially in the 
 mesorectal plane to meet the dissection plane 
established previously from above.  

    Learning Curve 

 As well as skill in manipulating the robot instru-
ments and camera the surgeon has to adapt to 
the decreased haptic feedback when performing 
grasping tasks. Also there is the issue of ‘patient 
side competency.’ Port placement is important 
to minimise arm clashing during dissection and 
manipulation and an appreciation of how the 
robotic arms move for a given input adds to 
ease in manipulating the bowel around the 
abdominal cavity. 

 Virtual reality trainers have been developed 
with the aim of enhancing learning of robot 
 specifi c tasks. These have been shown to increase 
the rate of acquisition of new skills, and could 
lead to an earlier plateau in the learning curve 
[ 30 ], but also, when used as a warm-up, reduced  
errors when performing a more complex robotic 
task [ 31 ]. 

 D’Annibale et al. found a decreasing trend in 
operating time over their fi rst 22 cases and a sta-
tistically different operating time between cases 
1–22 and cases 40–50 ( p  = 0.002) [ 32 ]. Studies 
specifi cally investigating the learning curve indi-
cate that it appears to be overcome after about 
15–30 cases [ 33 – 36 ]. This is shorter than that 
seen with laparoscopic rectal surgery, and there is 
evidence that it is shorted by previous laparo-
scopic experience [ 37 ].  

    Perceived Benefi ts 

 Current data supports robotic proctectomy as 
being as oncologically effective and safe as a 
laparoscopic approach, but there is a lack of high 
quality evidence. 

 Meta analysis does describe a longer operating 
time for robotic TME, however this can vary 
widely across studies if a hybrid approach is used 
to perform part of the colonic mobilisation 
 laparoscopically rather than a totally robotic 

  Fig. 14.7    Posterior mesorectal dissection with the Da 
Vinci robot       
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 procedure. While all robotic procedures require 
some time to dock the patient-side cart, this does 
not appear to be a major infl uence on operative 
times, averaging less than 10 min across studies 
[ 38 ,  39 ].  

    Oncologic Outcomes 

 Only one randomized trial has been reported to 
date [ 40 ]. This compared 36 patients assigned to 
either a robotic or laparoscopic approach. No dif-
ferences were observed in operative times 
( p  = 0.477) or in quality of mesorectal dissection 
( p  = 0.323). The TME specimen was graded as 
complete in 17 robotic cases and nearly complete 
in 1, compared with 13 complete specimens in 
the laparoscopic group and nearly complete in 3. 
The 2 converted cases were graded as nearly 
complete. 

 There was a non-signifi cant difference in con-
version rate (two laparoscopic, nil robotic, 
 p  = 0.486) and a signifi cantly shorted length of 
hospital stay for robotic patients (robotic- 
assisted, 6.9 ± 1.3 days; standard laparoscopic, 
8.7 ± 1.3 days; p < 0.001).  

    Quality of Dissection 

 One of the assumptions made of robotic proctec-
tomy is that it allows greater operative precision, 
especially when performing a mesorectal dissec-
tion. Studies comparing the CRM between 
robotic and laparoscopic groups have found no 
signifi cant difference in specimen quality 

(Fig.  14.8 ). A number of studies have examined 
the TME grade of RALS rectal surgery. Luca 
et al. graded quality of TME in 28 patients and 
found 22 complete, 6 nearly complete and 0 
incomplete [ 41 ]. Baik et al. compared TME 
grade between RALS and Lap LAR and found a 
signifi cantly more complete TME specimen in 
the RALS group ( p  = 0.03) [ 42 ]. Karahasanoglu 
et al. found the grade of the TME specimen was 
complete in all 22 rectal RALS specimens [ 28 ].  

 D’Annibale reports a CRM of <2 mm in 6 of 
the laparoscopic patients and none of the robotic 
patients in his series of his fi rst 50 robotic 
 proctectomies compared with 50 laparoscopic 
proctectomies [ 32 ]. 

 Kang et al., in their cohort of 165 patients, 
having either open, laparoscopic, or robotic sur-
gery for low rectal cancer, found a signifi cantly 
different rate of CRM involvement for open vs. 
robotic cases (17, 10.3 % vs. 7, 4.2 %,  p  = 0.034), 
but no signifi cant difference in CRM involvement 
between either open and laparoscopic cases (11, 
6.7 %) or laparoscopic and robotic cases [ 43 ]. 

 Other indicators of a quality oncological 
resection such as number of lymph nodes har-
vested or distal resection margin have shown no 
signifi cant difference between laparoscopic and 
robotic approaches [ 44 ].  

    Surgeon Fatigue 

 The ergonomic position of the surgeon at the 
robot console has been thought to be a major 
advantage to performing precise surgery, 
 especially when compared to the alternative 
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 laparoscopic approach, standing beside the 
patient looking at a remote 2-dimensional moni-
tor. In a laboratory model, robot-assisted surgery 
appears less physically stressful than standard 
laparoscopy with both the perception of effort 
and physical workload being less for similar 
mental stress [ 45 ]. One study that investigated 
operator and assistant fatigue by Pigazzi et al. 
asked surgeons to categorically self-report fatigue 
levels for 6 RALS and 6 CLS low anterior resec-
tions (LARs) [ 46 ]. 5/6 RALS cases and 2/6 CLS 
cases resulted in mild fatigue, 1/6 RALS cases 
and 3/6 CLS cases resulted in moderate fatigue 
and 1/6 CLS cases resulted in severe fatigue.  

    Conversion Rates 

 Conversion rate can be taken as a marker of pro-
cedure diffi culty with a low conversion rate 
implying an easier operation. There is evidence 
that this is signifi cantly lower for robotic 
proctectomy. 

 Pratiti et al. reported a conversion rate of 
19 % in their laparoscopic group compared to 
none in the robotic group in spite of the majority 
of the robotic patients having had previous 
abdominal surgery and low cancers requiring 
complete TME [ 33 ]. 

 In the metanalysis by Memon et al. (Fig.  14.9 ), 
a reduction in risk of conversion of 7 % (95 % CI 
1–12) was found, however there appeared to be 
marked differences between studies, due to the 
small numbers in each.  

 Conversion rates were again seen to be signifi -
cantly lower for rectal procedures in Halabi et al.’s 

nationwide review of robotic-assisted colorectal 
surgery in the United States [ 47 ]. Although this 
study was unable to identify the number of cases 
converted from robotic to laparoscopic surgery, 
a robotic approach was  associated with a 90 % 
reduction in chance of conversion to an open 
approach (p < 0.001). 

 There is no doubt that a laparoscopic TME 
dissection is a technically demanding procedure, 
and patient factors such as obesity, a narrow male 
pelvis, or a bulky tumour can require conversion 
to an open approach in order to get an optimal 
oncologic outcome for the patient. The COREAN 
trial group, where all surgeons involved were 
experienced in laparoscopic rectal surgery, were 
able to obtain an excellent conversion rate of 
1.2 % in their laparoscopic group. 

 It may be that the enhanced ability to com-
plete a diffi cult TME in a minimally invasive 
fashion may be one of the main benefi ts of 
RTME, allowing patients the enhanced recovery 
and shorted hospitalisation compared to an open 
procedure.  

    Genitourinary Function 

 Data from the CLASICC trial for laparoscopic vs. 
open dissection has suggested that sexual func-
tion may be worse after a laparoscopic dissec-
tion. The enhanced stereoscopic vision and 
improved dexterity of the robotic platform is 
assumed to assist preservation of autonomic 
nerves during mesorectal dissection. In particular 
the robotic platform provides stable traction and 
counter-traction under control of the operating 
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surgeon, and the mobile wrist allows precise use 
of monopolar diathermy, reducing the chance of 
nerve injury. There are currently no randomized 
trials, however Kim et al. have reported a pro-
spective comparison of robotic vs. laparoscopic 
proctectomy. A similar decrease in erectile func-
tion for both groups was seen, but the robotic 
group experienced earlier recovery of voiding 
and sexual function [ 48 ]. 

 Similar results were reported by D’Annibale 
et al. who found that 100 % of sexually active 
patients had preserved erectile function after 
robotic TME compared to 43 % of those follow-
ing laparoscopic TME ( p  = 0.045) [ 32 ]. 

 Park et al. have published a recent study com-
paring urinary and erectile function outcomes 
after laparoscopic and robotic TME (Fig.  14.10 ) 
[ 49 ]. There were 32 patients in each group, 
matched for age, tumour stage and position, pro-
cedure, with all T3, T4, or node positive disease 
having preoperative long-course chemoradiation. 

Urinary and erectile function was assessed and 
graded using the International Prostatic Symptom 
Score (IPSS) and the International Index of 
Erectile Function (IIEF-5) questionnaire, which 
comprises four questions about erectile func-
tion and one question about intercourse satisfac-
tion, This was done before treatment and 3, 6, 
and 12 months post-operatively. The IPSS were 
elevated in both groups after surgery but demon-
strated no signifi cant difference between groups 
for the  follow- up period. Following exclusion of 
patients with no preoperative sexual activity, the 
IIEF-5 scores for the remaining 20 patients in the 
robotic group were compared with the laparo-
scopic group. Baseline scores were similar and 
at 3 months, reduction in score was also similar. 
However, by 6 months the increase in the robotic 
group’s score was signifi cantly higher, returning 
to a similar score by 12 months.  

 While this does suggest some advantage to a 
robotic approach, presumably due to the potential 
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for an improved robotic dissection in the pelvis 
from enhanced visualization of autonomic nerves 
in the anterior portion of the rectal plane and on 
the lateral side walls. The study however, used a 
hybrid technique, with a conventional laparo-
scopic approach to mobilize the colon and dissect 
and ligate the IMA pedicle prior to using robotic 
assistance for the TME dissection. This may have 
placed the superior hypogastric plexus at similar 
risks of damage for both groups.  

    Cost 

 Aside from the signifi cant fi nancial outlay to pur-
chase a robotic system, operative costs have been 
shown to be consistently greater for a robotic 
approach. Halabi’s study of US data demon-
strated an increased hospital charge of 
USD$12,965 per case [ 47 ]. 

 There is evidence that the short-term advantages 
of a minimally invasive approach allow an earlier 
discharge and fewer resources after discharge.  It 
has been argued that, especially among elderly pat-
ents that consideration should be given to a laparo-
scopic or robotic approach as the extra costs are 
mitigated by the reduced open conversions and 
subsequent inpatient and post discharge costs [ 50 ]. 

 Barbash et al. performed a cost analysis of low 
anterior resection when a robot is used, factoring 
in savings associated with reduced complications, 
earlier discharge and recovery [ 51 ]. A RALS pro-
cedure increased the mean cost by $1,600 from 
US$16,688 for a CLS LAR. Abodeely et al. per-
formed cost- reimbursement analysis on 4 segmental 
colectomies, 20 sigmoid colectomies, 5 rectopex-
ies +/− resection, and 6 LARs/APRs performed 
robotically [ 52 ]. Only LAR/APR was fi nancially 
benefi cial to the institution with an average profi t 
per case of US$773. For uncomplicated rectal can-
cer surgery cases the gain for the institution was 
signifi cant and ranged from US$2,288–23,673.  

    The Future 

 Two multicentre randomised controlled trials of 
robotic versus laparoscopic assisted resection 

for rectal cancer (ROLARR [ 53 ] and ACOSOG 
Z605 [ 54 ] ) are now recruiting; however it will 
be several years until data establishing the safety 
and effi cacy of RALS proctectomy is available. 

 ROLARR, a multinational, prospective 
 randomized, controlled, unblended, multina-
tional trial has completed its accrual phase of 400 
patients. It compares robotic and laparoscopic 
surgery for rectal cancer. The primary outcome 
measure is the rate of conversion to an open 
 operation. It is also investigating differences in 
rate of CRM involvement, 3-year local recur-
rence, disease- free and overall survival, quality 
of life and cost-effectiveness data. 

 A vessel-sealing device and soon-to-arrive 
stapling instrument for the robotic arms will 
improve the ability to adequately deal with large 
vessels during robotic dissection. 

 Another technique that can be employed dur-
ing a robotic procedure is the assessment of 
bowel perfusion by visualisation of indocyanine 
green fl uorescence using near-infrared laparos-
copy (NIR). This can allow enhanced assessment 
of tissue perfusion to guide bowel transection and 
selection of appropriate transection margins [ 55 ]. 

 Robotic-assisted surgery for complex pelvic 
procedures is being reported. Patients requiring 
exenterative surgery for recurrent rectal cancer, 
endometriosis or complicated diverticular dis-
ease have the potential to benefi t from this new 
technique; however further evidence of its effi -
cacy is required [ 56 ]. 

 The newest iteration of the da Vinci system, 
the  da Vinci ®  Xi ™ offers improved instrument 
arm architecture, longer instruments, and the 
ability to mount the camera on any arm. These 
features may facilitate multi-quadrant surgery, 
and decrease the need for a hybrid approach or 
multiple dockings. 

 Although the Da Vinci is the only robotic 
 platform currently being used for colorectal sur-
gery, a number of other companies are develop-
ing instrument systems. These can broadly be 
described as extracorporeal or intracorporeal 
with instruments introduced via a NOTES 
approach [ 57 ]. The application of these new 
robotic technologies to the clinical setting is 
awaited with interest.      
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        Introduction 

 Restorative proctectomy has gained interna-
tional popularity and global acceptance for the 
treatment of rectal cancer as an alternative to 
abdominal perineal resection (APR). A restor-
ative procedure allows for the maintenance of 
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    Abstract  

  Restorative proctectomy has gained international popularity and global 
acceptance for the treatment of rectal cancer as an alternative to abdominal 
perineal resection (APR). A restorative procedure allows for the maintenance 
of intestinal continuity and thus the normal evacuatory pathway. Restorative 
proctectomy has been made feasible through the development of better surgi-
cal instruments, linear and circular staplers, and a better understanding of 
rectal cancer oncology. The principles of total mesorectal excision allow for 
proper resection of rectal cancer, respecting the mesorectal envelope and 
ensuring adequate circumferential (radial; lateral) and distal margins, without 
negating the ability to provide most patients with rectal cancer with a restor-
ative yet also curative surgical option. When rectal cancer is treated by sur-
geons with expertise in rectal surgery, the rates of restorative procedures are 
higher, rates of  permanent stoma lower, and rates of survival higher. These 
fi ndings highlight the importance of extensive knowledge of the various 
restorative options and indications for surgeons treating rectal cancer. In the 
setting of distal third rectal cancers, pre- operative planning and intra-opera-
tive decision making becomes even more crucial in selecting those patients 
who require an APR and those who may undergo a restorative proctectomy.  
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 intestinal  continuity and thus the normal evacu-
atory pathway. Restorative proctectomy has been 
made feasible through the development of better 
surgical instruments, linear and circular staplers, 
and a better understanding of rectal cancer oncol-
ogy. The principles of total mesorectal exci-
sion allow for proper resection of rectal cancer, 
respecting the mesorectal envelope and ensur-
ing adequate circumferential (radial; lateral) 
and distal margins, without negating the ability 
to provide most patients with rectal cancer with 
a restorative yet also curative surgical option. 
When rectal cancer is treated by surgeons with 
expertise in rectal surgery, the rates of restorative 
procedures are higher, rates of  permanent stoma 
lower, and rates of survival higher [ 1 – 4 ]. These 
fi ndings highlight the importance of extensive 
knowledge of the various restorative options and 
indications for surgeons treating rectal cancer. 
In the setting of distal third rectal cancers, pre- 
operative planning and intra-operative decision 
making becomes even more crucial in selecting 
those patients who require an APR and those who 
may undergo a restorative proctectomy. 

 Aside from the surgical assessment of whether 
a restorative proctectomy is feasible, it is impor-
tant to note that most patients prefer to undergo a 
restorative procedure than a permanent stoma. 
When pre-operatively asked their preference of 
which procedure to undergo, only 5 % of patients 
with rectal cancer chose APR, while 30 % chose 
a restorative resection [ 5 ]. Sixty-fi ve percent of 
patients in this study preferred to leave the deci-
sion to the surgeon [ 5 ]. Interestingly, when post-
operatively re-surveyed, 46 % of patients who 
underwent APR would again chose that option 
and 69 % of patients who underwent restorative 
proctectomy would chose anterior resection 
again, perhaps suggesting that both APR and 
restorative proctectomy and well tolerated and 
better perceived after surgery than before  surgery. 
Numerous studies have found that overall long 
term quality of life is, in fact, the same when 
APR and restorative proctectomy are compared 
[ 6 – 8 ]. While patients following a restorative 
proctectomy may have more pelvic pain, diar-
rhea, or trouble sleeping in some cases, they also 
have better sexual function and improved body 

image scores when compared to patients with a 
permanent  colostomy [ 6 – 8 ]. Overall, the vast 
majority of patients with rectal cancer desire a 
restorative procedure and are happy with the 
functional results long term. Therefore, a restor-
ative proctectomy should be offered whenever it 
can be undertaken without compromising onco-
logic goals.  

    Indications for Restorative 
Proctectomy 

 The main consideration when deciding a patient’s 
candidacy for restorative proctectomy is the abil-
ity to achieve an acceptable distal margin. 
Traditionally, a 5 cm distal margin from the anal 
sphincters was accepted as the minimal distal 
margin. This margin has been thoroughly chal-
lenged in the last decade; comprehensive histo-
logical evidence has proven that a margin less 
than 2 cm does not negatively impact survival or 
local recurrence [ 9 ,  10 ]. In fact, a 1 cm margin 
has been clearly shown to offer equivalent onco-
logic outcomes [ 11 – 13 ]. Even distal margins of 
5 mm or less have been shown to be safe, without 
adversely affecting local recurrence or survival 
rates [ 14 ,  15 ]. It has been suggested that the 
potential downstaging effects and reduced local 
recurrence rates achieved with modern neoadju-
vant chemoradiotherapy in patients with mid and 
distal rectal cancers may be the reasons why such 
a short distal margin is oncologically sound [ 16 ]. 
Careful post-operative follow up is necessary in 
patients with short distal margins, as it has been 
shown that mucosal recurrence is associated with 
a close distal margin [ 17 ]. Indications for neoad-
juvant chemoradiotherapy for distal tumors and 
the vital importance of circumferential resection 
margin status are discussed in other chapters. 

 The use of intersphincteric dissection may 
further expand the numbers of patients in whom 
intestinal continuity can be achieved [ 15 ]. Rullier 
and colleagues have reported on the ability to 
achieve good oncologic and functional outcomes 
with intersphincteric dissection [ 15 ,  18 ]. Their 
recently proposed classifi cation system for low 
rectal tumors resulted in the ability to achieve a 
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restorative procedure in 79 % of 404 patients 
with rectal cancer less than 6 cm from the anal 
verge [ 18 ]. Performing partial or fully inter-
sphincteric dissections in appropriately selected 
patients with juxta-anal or internal sphincter 
invading tumors, respectively, did not result in 
increased recurrence or decreased disease-free 
survival in their patients [ 18 ]. Fecal continence 
appears to be adequate in patients with partial or 
fully intersphincteric resections and coloanal 
anastomoses, though careful patient selection 
must take pre-operative continence and sphincter 
function into consideration [ 15 ,  19 ]. 

 There are two patient populations often 
thought of as poor candidates for restorative 
proctectomy: elderly and obese patients. It may 
be incorrectly assumed by some surgeons that 
elderly patients have poor anorectal physiology 
and therefore have worse function after a restor-
ative proctectomy. This erroneous supposition 
may lead some surgeons to prefer APR in the 
elderly population. However, chronologic age 
alone is not an indication for APR, even for distal 
rectal cancers. A case-control study of patients 
over 75 years of age with low rectal cancer found 
that the functional outcomes of a colonic J pouch 
anal anastomosis was good to excellent in most 
patients [ 20 ]. Incontinence, urgency, constipa-
tion, and laxative use (among other metrics) did 
not signifi cantly differ between age groups [ 20 ]. 
Sphincter tone, and not age, should be considered 
when discussing restorative options for rectal 
cancer with elderly patients. Restorative proctec-
tomy in the obese patient is similarly often feasi-
ble and is not considered a contraindication. 
Circumferential margin status, ability to undergo 
a restorative proctectomy, and long term onco-
logic outcomes have been shown to be similar in 
obese and non-obese patients [ 21 ,  22 ]. However, 
a high quality operation is undoubtedly a more 
technically challenging endeavor in the obese 
patient. Operative time and length of stay are 
often signifi cantly longer for an obese patient 
[ 22 ]. In addition, the risk of anastomotic leak is 
higher after restorative proctectomy in the obese 
population [ 21 ]. A recent analysis of the 
American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP)  database 

found that high BMI is an independent predictor 
of complications in patients undergoing proctec-
tomy [ 23 ]. Moreover, a laparoscopic proctec-
tomy may not be feasible in an increased 
percentage of obese patients. The obese patient 
must understand these factors that may impact 
their outcomes during pre-operative counselling.  

    Technique 

 The critical steps of a restorative proctectomy are 
listed in Table  15.1 . The decisions between sta-
pled vs hand-sewn anastomosis and end-to-end 
anastomosis vs colonic reservoirs are discussed 
in detail later in this chapter. There are addi-
tional key steps in restorative proctectomy that 
are worth expanding upon. These critical steps 
begin even before the operation itself. The oper-
ating table must be capable of achieving steep 
Trendelenberg position during the pelvic dissec-
tion, as well and left and right tilt to facilitate dis-
section. The patient must be adequately padded 
and secured to allow for such position changes. 
The patient must be also positioned at the end 
of the operating table so that the anus is eas-
ily accessible for either a stapled or hand-sewn 
anastomosis. After proper secure positioning, 
digital rectal examination must be performed to 
re- familiarize the operative team with the current 
characteristics of the tumor including distance 
from dentate line, fi xation, and size, all of which 
may have changed since the last offi ce visit, espe-
cially following neoadjuvant chemoradiotherapy. 
The authors routinely employ urologist-placed 
bilateral ureteric stents to facilitate ureteric iden-
tifi cation during the procedure with low associ-
ated morbidity [ 24 ]. Although bilateral stent 
placement requires a mean of 11 minutes it likely 
saves time during surgery by allowing more rapid 
ureteric identifi cation [ 24 ].

   Splenic fl exure mobilization is routinely per-
formed during all proctectomies. While non- 
randomized studies have shown that it is safe not 
to perform a splenic fl exure mobilization in 
selected patients undergoing proctectomy, there 
are advantages to its routine use [ 25 – 27 ]. There 
are no differences in bowel perforation, 
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 anastomotic leak, post-operative morbidities, or 
oncologic outcomes if the splenic fl exure is 
mobilized, though the average operative time is 
longer  [ 25 – 27 ]. The average size of the extracted 
 specimen is, however, longer in those patients 
with splenic fl exure mobilization; therefore, 
mobilization facilitates the creation of a colonic 
reservoir [ 25 ]. Furthermore, it has been shown 
that patients who undergo splenic fl exure mobili-
zation are  signifi cantly more likely to receive a 
colonic reservoir than those who do not (49 % vs 
22 %, p 0.039) [ 27 ]. A colonic J pouch should be 
routinely created as part of a coloanal anasto-
motic procedure whenever technically feasible. 

Routine ligation of the inferior mesenteric artery 
proximal to the left colic artery and the inferior 
mesenteric vein at the edge of the pancreas helps 
secure adequate length for a reconstruction. 
Moreover, routine splenic fl exure mobilization 
and “high” ligation help ensure an optimal blood 
supply to a tension- free anastomosis. We evalu-
ated 19 patients in whom a re-do low anterior 
resection or coloanal anastomosis was required 
to treat a prior colorectal anastomosis which had 
either leaked or strictured [ 28 ]. In 89 % of 
patients, a “high” ligation had not been per-
formed and the splenic fl exure had not been 
mobilized [ 28 ]. 

   Table 15.1    Restorative proctectomy – critical operative steps   

 Modifi ed lithotomy position 
 Digital rectal examination to assess level of tumor in relation to dentate line and fi xation of tumor 
 Laparoscopic approach unless contraindicated 
 Complete mobilization of left colon 
 Identifi cation of left and right ureters 
 Full splenic fl exure mobilization 
 Isolation and high ligation of inferior mesenteric artery at aorta 
 Isolation and ligation of inferior mesenteric vein at level of duodenum 
 Total mesorectal excision 
   Critical assessment and preservation of bilateral ureters, hypogastric nerves, and nervi erigentes 
 Assessment of distal margin via palpation in pelvis and digital rectal examination 
 Digital vaginal examination to ensure adequate separation of the posterior vaginal and anterior rectal walls 
 Assess colon for length to perform restorative procedure 
 Plan specimen extraction and restorative procedure: 
   If adequate distal margin at 2 cm from dentate line: 
    Staple distal margin 
    Periumbilical specimen extraction 
    Staple proximal margin 
    Colonic J pouch construction if length permits 
     Straight circular anastomosis, coloplasty, or end-to-side anastomosis if J pouch not possible 
    Double stapled circular anastomosis 
    Air leak test with fl exible sigmoidoscopy 
   If stapled anastomosis not possible due to distal margin less than 2 cm from dentate line: 
    Placement of transanal retractor and effacement of anus 
    Distal margin transection at or above dentate line using electrocautery 
    Mucosectomy or intersphincteric dissection 
    Transanal extraction of rectum and sigmoid colon 
    Transection of proximal margin 
    Colonic J pouch stapled construction if length permits 
    Hand-sewn coloanal anastomosis of J pouch or end-to-end confi guration 
    Water test anastomosis via pelvic irrigation 
 Placement of pelvic drain 
 Construction of diverting loop ileostomy 
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 After a stapled anastomosis, regardless if the 
reconstruction is straight or a reservoir,  air-leak 
testing should be performed. Routine intra- 
operative fl exible sigmoidoscopy allows for the 
early detection of an anastomotic leak or small 
dehiscence as well as direct inspection of the 
staple line. Staple line visualization may identify 
bleeding or ischemic mucosa and may help reduce 
the risk of post-operative anastomotic complica-
tions [ 29 ]. Given that the risks of  performing 
routine intra-operative fl exible  sigmoidoscopy 
are extremely small and the procedure does not 
add much operative time, routine performance is 
advocated to inspect the anastomosis [ 29 ,  30 ]. In 
the case of a distal hand-sewn coloanal anastomo-
sis, fl exible sigmoidoscopy is not possible to per-
form an air leak test. Instead, a “water leak test” 
is performed by using the reverse Trendelenburg 
position while the pelvis is fi lled with fl uid. 
Additional sutures may be placed to reinforce the 
staple line if there is a water leak.  

    Hand-Sewn Versus Stapled 
Anastomosis 

 The majority of surgeons perform a stapled anas-
tomosis whenever technically feasible. During 
the early days of stapled colorectal anastomoses, 
the results were confl icting. A randomized trial 
of the circular stapler in 1981 found that though 
the stapler carried risks of rectal tear and anasto-
motic defects, it allowed surgeons to “save as 
many as 12 % of rectums” where a pelvic anasto-
mosis was required but a hand-sewn transanal 
anastomosis would have required additional rec-
tal resection [ 31 ]. This fi nding is less relevant in 
the era of total mesorectal excision for rectal can-
cer. Other early studies showed that the stapled 
anastomosis was not associated with increased 
adverse outcomes, nor did it alter the risk of 
recurrence or survival [ 32 – 34 ]. However, a ran-
domized trial of 118 patients requiring a low 
colorectal anastomosis concluded that the hand- 
sewn anastomosis should remain the standard of 
care [ 35 ]. In this study the early stapler did not 
save time, caused more complications, and was 
much more expensive [ 35 ]. Despite this study, 

work with staplers continued and results 
 continued to improve [ 36 ,  37 ]. 

 More recent studies have shown the benefi ts 
of the stapled anastomosis, leading to its wide-
spread adoption in intestinal surgery, including 
restorative proctectomy. A stapled anastomosis 
now takes signifi cantly less time than does a 
hand-sewn anastomosis; a mean of 50 min less 
time [ 38 ,  39 ]. Morbidity is similar between the 
techniques, although the stapled anastomosis has 
lower anastomotic leak and stricture rates [ 38 , 
 40 ]. Disease-free survival, overall survival, and 
recurrence rates do not differ between the tech-
nique of anastomosis [ 39 ,  41 ]. The hand-sewn 
colorectal anastomosis has been shown to have 
equal or perhaps worse post-operative sphincter 
function, although there is an acknowledged bias 
in some of these studies where hand-sewn anas-
tomoses are reserved for the very distal anasto-
moses where a stapled anastomosis would not be 
possible [ 38 ,  42 ,  43 ]. The most recent Cochrane 
review on the subject concluded that the stapled 
anastomosis should not be considered superior to 
the hand-sewn anastomosis in colorectal surgery, 
but found that there are few recent studies on the 
topic and are no longer relevant in the setting of 
elective surgery [ 44 ]. Operative time was not an 
included outcome in this review [ 44 ]. In sum-
mary, the stapled anastomosis is safe and takes 
less time than does a hand-sewn anastomosis. 
Where feasible, a stapled anastomosis should be 
performed, reserving the hand-sewn technique 
for very distal anastomoses where a restorative 
proctectomy would not otherwise be possible. 
Both techniques are very relevant and the sur-
geon treating distal rectal cancer must be capable 
of performing both of them. 

 For the stapled technique, a purse-string 
device is used to secure a continuous number 1 
polypropylene suture at the proximal resection 
margin. Alternatively, a running number 1 poly-
propylene suture may be circumferentially 
sutured at the cut edge of the proximal resection 
margin of colon. Various diameter circular sta-
plers are available. The 33 mm stapler is rou-
tinely used in the authors’ practice, with the 
29 mm stapler being used as an alternative for 
small-caliber small bowel during some ileorectal 
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anastomosis procedures. The distal spike of the 
stapler is brought out through the center of the 
staple line (or as close to it as  possible). A Lone 
Star ™ rectractor is used to efface the anus if 
there is any diffi culty passing the stapler up 
through the anal canal. Special attention must be 
given in female patients to ensure that the vagina 
is not entrapped in the  stapled line prior to its fi r-
ing. After the stapler is fi red the proximal and 
distal anastomotic rings are inspected for com-
plete circular integrity. These are separately 
labelled and sent to pathology, with the onco-
logic status of the anastomotic rings being of 
particular interest in a very distal rectal cancer 
and threatened distal margin. A clear correlation 
has been shown between the number of distal 
stapler cartridges used and anastomotic leak rate. 
For this reason, a distal purse string or a single 
stapler cartridge closure of the rectal stump is 
preferable to multiple stapler fi rings. For a hand-
sewn anastomosis the Lone Star™ retractor is 
used to efface the anus. The anastomosis is ori-
ented by placing 4 corner sutures of 2-0 Vicryl. 
Interrupted 2-0 Vicryl sutures are then placed 
circumferentially, about 3 mm apart. In both 
techniques, meticulous care must be taken to 
ensure the proximal colon is not twisted on its 
mesentery, the anastomosis is tension-free, and 
the 2 ends of bowel have good blood supply.  

    Colonic Reservoirs 

 Whether stapled or hand-sewn, various confi gu-
rations of the colon may be used for the colorec-
tal or coloanal anastomosis. A straight or 
end-to-end anastomosis after rectal resection 
replaces the normally compliant rectum with a 
segment of sigmoid or descending colon 
(Figs.  15.1  and  15.2 ). Most patients have satis-
factory bowel control and stool frequency with 
an end-to-end anastomosis [ 45 ]. However, there 
is a subset of patients who have very frequent 
bowel movements per day, especially in the set-
ting of a very low anastomosis [ 46 ]. Other 
 unsatisfactory symptoms after restorative proc-
tectomy include incomplete evacuation, inconti-
nence, clustering of bowel movements and 

urgency [ 47 ,  48 ]. Validated tools have been 
developed to quantify these symptoms, collec-
tively known as low anterior resection syndrome 
(LARS) [ 47 ,  48 ]. Neoadjuvant radiotherapy, a 
coloanal anastomosis, and hand-sewn anastomo-
sis are associated with poorer function [ 47 ]. 
Quality of life after restorative proctectomy is 
closely associated with the severity of LARS 

  Fig. 15.1    Hand-sewn end-to-end coloanal anastomosis 
(With permission Wexner and Fleshman [ 95 ])       

  Fig. 15.2    Staple lines prepared for stapled end-to-end 
colorectal anastomosis (With permission Wexner and 
Fleshman [ 95 ])       
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symptoms [ 49 ]. To mitigate these symptoms, 
various techniques have been studied in an 
attempt to re-create the reservoir function of the 
resected rectum. These are known as colonic 
 reservoirs and include the colonic J pouch, 
 transverse coloplasty, and end-to- side (or 
“Baker”) confi gurations.   

    Colonic J Pouch 

 The technique of creating a colonic J pouch is 
 similar to that of an ileal J pouch, though the 
colonic J pouch should be much smaller. Healthy 
diverticular- disease-free descending colon is used 
for the pouch. The pouch should be assessed for 
adequate tension-free reach to the level of the dis-
tal rectal or anal resection margin. A 6–8 cm dis-
tance from the stapled proximal resection margin 
is measured and will form the efferent limb of the 
pouch. This limb is folded back onto the colon so 
that the anti-mesenteric borders are approximated. 
An enterotomy is then made at the apex of the 
pouch. A linear cutting stapler is introduced and 
fi red along the anti-mesenteric borders to create 
the pouch. The staple line is irrigated and inspected 
for bleeding. Interrupted seromuscular sutures are 
placed at the level of the tip of the afferent limb 
for added support. For a stapled anastomosis, a 
purse string suture is then placed at the enterot-
omy and the anvil is secured. For a hand-sewn 
anastomosis, interrupted sutures are used to create 
the coloanal anastomosis. See Fig.  15.3  for an 
illustration of the anatomy and proper orientation 
of a colonic J pouch in the pelvis.  

 The colonic J pouch was fi rst described for use 
in coloanal anastomosis after proctectomy for rec-
tal cancer. Early series found that with the colonic 
J pouch, the mean number of bowel movements 
was 1.1 per day, maximum tolerated volume was 
increased on anal manometry, and signifi cantly 
more patients had 1–2 bowel movements per day 
when compared to patients with straight coloanal 
anastomoses [ 50 ,  51 ]. Although a randomized 
trial comparing colonic J pouch to straight colo-
anal anastomosis found that the capacity of the 2 
reservoirs was not signifi cantly different a 
6 months, the colonic J pouch was associated with 

better functional results,  including less stool fre-
quency and less incontinence [ 52 ]. These benefi ts 
persist up to at least 1 year post-operatively [ 53 , 
 54 ]. One study even found better functional out-
comes 5 years after colonic J pouch reconstruc-
tion [ 55 ]. These superior outcomes included 
decreased frequency, urgency, and nocturnal 
bowel movements [ 55 ]. In addition the anal pres-
sure gradient, mean pressures, compliance, and 
threshold volume are all better on anal manometry 
testing in patients with colonic J pouches, over 
straight anastomoses [ 55 ,  56 ]. These facts may 
explain why the quality of life in patients with 
colonic J pouches is better, especially up to 
1–2 years after surgery [ 57 ]. In non- randomized 
trials, the anastomotic leak rate is also substan-
tially lower following colonic J pouch [ 53 ,  58 ]. 
Randomized trials, a meta- analysis, and Cochrane 
review have all come to the same conclusion – 
that colonic J pouch is superior to straight anasto-
mosis for at least 1 year after surgery [ 59 – 61 ]. The 
Association of Coloproctology of Great Britain 
and Ireland state that colonic J pouch formation 
should be considered in their position statement 
on the management of colorectal cancer [ 62 ]. 
Given these data, the colonic J pouch should be 
used whenever technically  feasible for low 

  Fig. 15.3    Anterior view of a colonic J pouch in the pelvis 
(With permission Wexner and Fleshman [ 95 ])       
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colorectal and coloanal anastomoses in restorative 
proctectomy for rectal cancer.  

    Transverse Coloplasty 

 A coloplasty also creates a reservoir, but does 
not require as much redundant colon or as wide a 
 pelvis as does a colonic J pouch. First, the colon 
must be assessed for length to see if a coloplasty 
will still allow a tension-free anastomosis in the 
pelvis. If so, the bowel is brought out through 
an incision or may also be brought out transa-
nally if the distal resection margin is very low. 
Starting approximately 5 cm proximal to the 
proximal resection line, a 8–10 cm full thickness 
longitudinal colotomy is made along the anti-
mesenteric border of the colon. Stay sutures are 
then used to reapproximate the colotomy trans-
versely. Interrupted sutures are used to close 
the colotomy transversely, creating the colonic 
reservoir. A stapled or hand-sewn end-to-end 
anastomosis to the distal resection margin is then 
performed. Figure  15.4  illustrates a completed 
transverse coloplasty with a hand-sewn coloanal 
anastomosis.  

 Small randomized studies have compared the 
colonic J pouch to transverse coloplasty. When 
combined, the functional outcomes appear to be 
similar between the reservoirs [ 62 – 65 ]. One 
potential advantage of the transverse coloplasty 

over the colonic J pouch is that fewer patients 
have evacuatory diffi culties or need for enemas 
[ 65 ,  66 ]. Most patients have up to 3 bowel 
 movements per day [ 66 ]. It should be noted that 
one randomized trial found a trend toward more 
anastomotic leaks in the coloplasty group, but 
this was not statistically signifi cant [ 65 ]. It is 
clear from many studies that both the colonic J 
pouch and coloplasty provide better functional 
results, quality of life, and superior manometry 
results over a straight anastomosis [ 67 – 69 ]. 
These same studies suggest that perhaps the best 
indication for a coloplasty is for patients in 
whom a colonic J pouch is not technically feasi-
ble; for example, in a narrow pelvis or a bulky 
mesentery [ 68 ,  69 ]. A study from the Cleveland 
Clinic found that since the technique of colo-
plasty was introduced, there were fewer failures 
in creating some form of colonic reservoir in 
patients requiring a coloanal anastomosis for 
rectal cancer [ 67 ]. Specifi cally, coloplasty was 
formed in patients in whom a colonic J pouch 
was not possible. However, a later multi-center 
randomized controlled trial which included the 
same institution concluded that in patients who 
could not have a colonic J pouch due to technical 
issues, coloplasty did not confer signifi cant ben-
efi ts over a straight anastomosis, perhaps because 
of their anatomical limits that prevented them 
from receiving a colonic J pouch as well [ 70 ]. 
Thus, the colonic J pouch should still be pre-
ferred over the coloplasty, though it is a reason-
able reservoir option to consider when a pouch is 
not possible.  

    End-to-Side Anastomosis 

 An end-to-side, or “Baker” anastomosis, is typi-
cally secured to the distal resection line with a 
circular stapler, as shown in Fig.  15.5 . The proxi-
mal resection margin is chosen in an area with 
good blood supply, free of diverticulae, and able 
to reach the distal resection margin without ten-
sion. There are two techniques used to introduce 
the anvil of the stapler. One approach is to sharply 
transect the specimen at the proximal margin. 
The anvil of the circular stapler is inserted through 
the open end of colon and the tip of the anvil is 

  Fig. 15.4    Transverse coloplasty, shown with hand-sewn 
coloanal anastomosis (With permission Wexner and 
Fleshman [ 95 ])       
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brought out through a small colotomy about 3 cm 
from the end of the colon on the  anti- mesenteric 
border. The end of the colon is then closed with a 
linear stapler. A purse-string stitch is used to 
close the small colotomy around the post of the 
anvil. The alternative technique is to staple the 
transection margin of the colon. A larger, approx-
imately 3 cm, colotomy is then made about 3 cm 
from the staple line on the anti- mesenteric border. 
A purse-string stich is placed and the anvil is 
inserted and secured in the same fashion as for an 
end-to-end anastomosis. The stapler is then fi red 
from below under direct visualization, taking care 
of to keep the colon properly oriented.  

 The end-to-side anastomosis appears to confer 
many of the functional advantages of the colonic 
J pouch. Compared to a straight anastomosis, 
there are signifi cantly fewer anastomotic leaks 
and similar overall anastomosis is safe, and easier 
and faster to create than the colonic J pouch [ 71 , 
 72 ]. There are some subtle differences that make 
the colonic J pouch the preferred reconstructive 
option. The colonic J pouch has been shown to 
have better ability to evacuate in less than 15 min 
at 6 months post-operatively [ 73 ]. Maximal toler-
able volume and volume of urgency is better in 
the early post-operative period in the colonic J 

pouch as measured by anal manomtery [ 74 ]. A 
2008 Cochrane review of 4 randomized trials 
comparing colonic J pouch to side-to-end anasto-
mosis did not demonstrate a functional difference 
between groups, but acknowledged that they were 
small trials and recommended larger randomized 
trials [ 62 ]. A more recent meta- analysis of 6 ran-
domized trials found similar functional outcomes 
between the groups, but  better early post-opera-
tive function in the colonic J pouch group [ 75 ]. 
For this reason, a colonic J pouch should be cre-
ated if technically feasible. An end-to-side anas-
tomosis is the second choice and a coloplasty is a 
possible third choice for reconstruction.   

    Colonic Rotation and Interposition 

 After full mobilization of the left colon and 
splenic fl exure and high ligation of the inferior 
mesenteric vessels, some patients may still not 
have adequate colonic length to perform a restor-
ative procedure. This problem may be attributed 
to prior colon resection, extent of the planned 
resection, or a simple variant of normal colon 
length. In order to achieve reconstruction in these 
patients, additional manoeuvers should be con-
sidered. A right colon to rectal anastomosis can 
be employed by fully mobilizing the right colon 
and rotating it into the pelvis, while maintaining 
ileocolic blood supply. This technique has been 
shown to have good results, with all patients 
having stoma closed, no anastomotic leak, and a 
mean of 3 bowel movements per day in a series of 
48 patients [ 76 ]. Ileocecal rotation has also been 
shown to be successful after even more exten-
sive resection of the colon [ 77 ]. After rotation 
of the ileocecal segment or right colon segment, 
the bowel may be brought through a window of 
the small bowel mesentery to facilitate reach into 
the pelvis. In addition to rotational procedures, 
interposition of pedicled segments of ileoce-
cum or intervening colon have been described 
to allow for a reconstruction in the pelvis [ 78 , 
 79 ]. While not commonly needed, rotational and 
 interposition procedures are  valuable tools to 
achieve a reconstruction after proctectomy, espe-
cially where a more extensive resection of the left 
colon is needed.  

  Fig. 15.5    End-to-side stapled colorectal anastomosis 
(With permission Wexner and Fleshman [ 95 ])       
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    Fecal Diversion 

 A loop ileostomy should generally be created in 
the setting of a restorative proctectomy 
 following neoadjuvant therapy for rectal cancer. 
It is created about 40 cm proximal to the ileoce-
cal valve to facilitate subsequent closure. 
Meticulous care and inspection must be done to 
ensure proper identifi cation of the afferent and 
efferent limbs during maturation. This is espe-
cially important during a laparoscopic proce-
dure and the small intestine of each limb should 
be run to confi rm correct orientation. The affer-
ent limb should be everted during maturation to 
better facilitate pouching and minimize skin 
irritation. Stoma closure is often performed 
12 weeks after surgery. Stoma closure should be 
delayed until all post-operative chemotherapy 
has been completed. Prior to stoma closure a 
water-soluble contrast enema and direct inspec-
tion of the anastomosis with sigmoidoscopy 
should be  performed to rule out a sub-clinical 
anastomotic leak. Minor stricturing of the 
colorectal or coloanal anastomosis is usually 
easily dilated with the examining fi nger at the 
time of sigmoidoscopy and/or just prior to stoma 
closure if needed. 

 The need for a diverting stoma has been 
called into question, as stoma closure requires a 
second operation and hospital stay. However, 
numerous studies have shown that a defunction-
ing stoma is important after restorative proctec-
tomy. Patients without a temporary ileostomy 
have signifi cantly higher rates of anastomotic 
leak, peritonitis, and need for unplanned or 
urgent re-operations in the post-operative period 
[ 80 – 82 ]. Pooled analysis in a Cochrane review 
concluded that while a proximal stoma does not 
change post-operative or long term mortality 
after rectal cancer surgery, it does prevent anas-
tomotic leaks and urgent re- operations [ 82 ]. 
Given that an ileostomy is safe and usually 
associated with only minor problems, such as 
dehydration, it should be recommended [ 82 , 
 83 ]. It is vital to have enterostomal therapists 
and nurses who can provide education to 
patients on local stoma care, pouching, and 
most importantly fl uid management and signs 

of dehydration. They are invaluable in reducing 
complications during the time a patient is 
diverted.  

    Complications and Functional 
Outcomes 

 Anastomotic leak is a risk in any intestinal 
 surgery, but is especially signifi cant after restor-
ative proctectomy. A severe leak may result in 
the need for a permanent stoma in patients who 
return to the operating room and require interven-
tion on the anastomosis. A diverting ileostomy 
signifi cantly mitigates against the sequelae of a 
leak. Risk factors for anastomotic leak include 
malnutrition, smoking, obesity, and chronic dis-
ease [ 84 ]. A low anastomosis, prolonged opera-
tive time, and spill of bowel contents during 
the procedure are also risks that are common in 
restorative proctectomy for rectal cancer [ 84 ]. 
A quality improvement study of colorectal resec-
tions found that anastomosis less than 10 cm 
from the anal verge was an independent predic-
tor of anastomotic leak [ 85 ]. Long term conse-
quences after anastomotic leaks persist up to 
3 years. At 1 year following restorative proctec-
tomy, patients who had a post-operative leak have 
been shown to have more frequent bowel move-
ments and worse bowel control [ 86 ]. At both 1 
and 3 years after restorative proctectomy, these 
same patients also have worse mental component 
scores on the Short-Form 36 questionnaire [ 86 ]. 
A defunctioning stoma and close observation in 
the early post-operative period are keys to pre-
venting, identifying, and minimizing the conse-
quences of anastomotic leak. 

 As mentioned earlier, most patients have good 
function after restorative proctectomy and are sat-
isfi ed with the decision to undergo a restorative 
procedure. Colonic reservoirs have been devel-
oped to obviate or at least ameliorate problems 
with frequency and LARS. The frequency of bowel 
movements continues to improve up to 5 years 
post-operatively in patients with a coloanal anas-
tomosis; it is important to counsel patients with 
early post-operative frequency on this [ 87 ,  88 ]. 
The compliance of the  neo-rectum is essential to 
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provide good function and  minimizing  sphincter 
and nerve trauma  during the  proctectomy is also 
important [ 89 – 91 ]. Incontinence after restorative 
proctectomy can be predicted in patients with 
high pre-operative fecal incontinence scores and 
low rectal cancers [ 92 ]. Also, patients who are 
incontinent 1 year after restorative proctectomy 
are more likely to have asymmetry of the anal 
sphincter during squeezing on anal manometry, 
suggesting that iatrogenic damage may have 
occurred [ 93 ]. Meticulous attention must be paid 
to avoid sphincter injury during dissection and 
anastomosis. 

 Diffi cult stool evacuation is a problem for some 
patients post restorative proctectomy. This com-
plaint may be a presentation of anterior resection 
syndrome [ 47 ,  48 ]. Early colonic J pouches were 
more likely to have evacuatory problems, espe-
cially since the size of colonic J pouch was not 
standardized [ 94 ]. A study comparing 10 cm to 
5 cm colonic J pouches after  restorative proctec-
tomy for rectal cancer found that the larger pouch 
size was associated with measured evacuatory 
function and reported evacuation diffi culties [ 94 ]. 
Evacuation problems are less likely with a trans-
verse coloplasty, although urgency, incomplete 
evacuation with bowel movements, and inconti-
nence have been reported in these patients [ 66 ]. 
These functional problems can often be assisted 
with medications or enemas. They rarely require 
pouch revision or conversion to a permanent 
colostomy.  

    Conclusion 

 Most patients prefer to undergo a restorative 
proctectomy instead of an APR. The lit-
erature supports that shorter distal margins 
still  provide good oncologic outcomes, thus 
increasing the number of patients who are can-
didates for restorative proctectomy. Advanced 
age and obesity are not contraindications to a 
restorative procedure. Standard precautions 
during laparoscopic proctectomy such as ure-
teric stenting and air testing with fl exible sig-
moidoscopy minimize complications of this 
complex procedure. A diverting ileostomy 
should be a part of the restorative proctectomy 
procedure to reduce the  complications of 

anastomotic leak. Stapled distal anastomosis 
ideally with a single stapler fi ring is preferred 
to a hand-sewn anastomosis. Hand-sewn anas-
tomosis should be considered in very distal 
tumors where stapling is not technically feasi-
ble. To reduce the risks of functional problems 
such as stool frequency and urgency, numer-
ous colonic reservoirs have been studied. 
Colonic J pouch, transverse coloplasty, and 
end-to-side reservoirs have all been shown 
to confer superior functional results over 
the straight end-to-end anastomosis without 
increased morbidity. The colonic J pouch is 
the preferred best option which should be con-
sidered when adequate colonic length permits 
restorative proctectomy.     
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        Introduction 

 Total mesorectal excision is the standard 
 technique for the surgical extirpation of rectal 
malignancies [ 1 ,  2 ], and is discussed elsewhere. 
The location of the malignancy with relation to 
the anal sphincters is the predominant determi-
nant of a low anterior resection (LAR) or an 
abdominoperineal resection (APR). The desire to 
avoid a permanent colostomy has driven the 
 evolution of the management of middle and low 
rectal cancers, with most patients undergoing 

sphincter- sparing procedures (coloanal, low or 
ultra-low colorectal anastomosis), and relegating 
external sphincter involvement as the only 
 absolute indication for an APR. In select patients 
with good pre-operative continence, tumors that 
involve the internal sphincters can still undergo 
an inter- sphincteric resection with good onco-
logic and functional outcomes [ 3 ,  4 ]. However, 
tumors with distal margins involving the anal 
canal or within 1 cm of the sphincters require an 
APR. Distal tumor margin more than 2-cm from 
the dentate line allows a sphincter-sparing resec-
tion, whereas those between 1- and 2-cm will 
likely need an inter-sphincteric resection to 
achieve clearance. A distal resection margin of 
2-cm is needed for tumors less than 5-cm from 
the anal verge [ 5 ] as long as a complete mesorec-
tal excision as described by Heald [ 1 ,  6 ,  7 ] is 
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undertaken. Even if the tumor location allows a 
sphincter-preserving resection, the presence of 
sphincter dysfunction as elicited by a compre-
hensive continence history and physical may 
necessitate an APR [ 8 ]. Obesity and a deep, nar-
row pelvis may technically prevent a low or ultra- 
low colorectal anastomosis, and may mandate a 
coloanal anastomosis via a perineal approach or 
an APR. 

 Despite the curative goal of a resection, APR 
with the resulting end colostomy can lead to sig-
nifi cant psychosocial disability [ 9 ]. Extirpation 
of the rectum and anus leads to the loss of an 
adaptable reservoir, discriminatory anorectal sen-
sory apparatus, and a complex sphincteric mech-
anism. The goal of total anorectal reconstruction 
(TAR) is to achieve a continent neo-reservoir 
with autologous muscle or artifi cial sphincter. 
TAR was fi rst performed in 1930 by Chittenden 
[ 10 ] who after an APR, created a perineal colos-
tomy and a neo-sphincter from a fl ap of gluteus 
maximus. Since then, the development of muscle 
transfer techniques, dynamization of the muscle 
with electrical fi eld stimulation, sphincter aug-
mentation, and artifi cial implantable sphincters 
have further aided in the advancement of TAR. 

 Re-establishment of continuity can be 
achieved with immediate reconstruction at the 
time of extirpative surgery, delayed reconstruc-
tion after an APR, or for the management of 
anastomotic complications after a low anterior 
resection.  

    Selection Criteria 

 TAR may be performed as a synchronous proce-
dure or a delayed reconstruction after the initial 
APR. Well-motivated patients with T1-2 N0 
tumors that have not been radiated should be eli-
gible for synchronous TAR. For those undergo-
ing radiation or have higher grade tumors, TAR 
can be offered after at least 2 years to make sure 
there is no local recurrence after the APR. 

 Obesity, advanced age, history of pelvic irra-
diation, and local recurrence should factor into 
patient selection. Frank discussion about the lack 
of perfect continence and need for reoperations 

with a possible permanent colostomy should also 
be discussed. Extensive pre-operative counseling 
may also be benefi cial to screen patients 
 unsuitable for TAR.  

    Principles of Total Anorectal 
Reconstruction 

 The intact continence mechanism is complex and 
is still not fully understood very well. Continence 
requires the presence of: (1) a reservoir that has 
the capacity to distend, store and discharge only 
when appropriate; (2) a sphincter complex that is 
closed at rest to prevent any leakage, a capability 
to augment the resting tone if the reservoir pres-
sure increases, and the ability to relax and allow 
passage of contents; and (3) a sensory complex 
which can discriminate the quality and quantity 
of the reservoir contents. Any loss of these can 
result in varying degrees of incontinence. The 
goal of TAR is to recreate these physiologic func-
tions. Unfortunately, anorectal excision results in 
the permanent loss of the sensory complex [ 11 ], 
and the goals of TAR involves the creation of a 
neo-rectal reservoir along with an autologous 
muscle or artifi cial sphincter with the goal of 
attaining continence or pseudo-continence.  

    Neo-rectal Reservoir 

 The main function of the rectum is to serve as a 
reservoir and to allow for the discrimination of 
distention due to accumulation in this reservoir. 
The colon has propulsive activity and has less 
capacity to store and distend. Replacement of 
rectum with a segment of colon can lead to sig-
nifi cant “low anterior resection syndrome” which 
is characterized by urgency, frequency, stool 
fragmentation and clustering, incomplete evacua-
tion, tenesmus, and even frank incontinence [ 12 , 
 13 ]. While most of these symptoms improve after 
a year [ 14 ], persistent defecatory problems have 
been noted [ 15 ]. To decrease these symptoms, 
neo-rectal reservoirs were advocated, and their 
creations in various confi gurations are discussed 
elsewhere in this book. The improvement over 
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time in function of a reservoir may be due to the 
reduction in the propulsive activity in the colon 
used for the neo-rectum rather than the neo- 
rectum’s storage [ 16 ]. 

 The use of a pouch or a coloplasty in TAR is 
different, as the distal 3–4 cm of the neo-rectum 
will have to be surrounded by a neo-sphincter, 
and it is better to have the pouch of the neo- 
rectum lie above the neo-sphincter. Different res-
ervoir confi gurations have been described with a 
neo-sphincter: J-pouch [ 17 ], C-shaped or lateral 
pouch [ 18 ,  19 ], triplicated ileal pouch in a patient 
who had undergone a proctocolectomy [ 20 ], and 
a coloplasty [ 21 ]. More complex reservoirs have 
been created, but failed to show any signifi cant 
improvement in functional outcome despite the 
increase in morbidity [ 22 ]. 

 Review of the literature shows that most stud-
ies focus on the neo-sphincter and little attention 
is assigned to the creation of the reservoir. Even 
studies that assess the construction of a reservoir 
fail to show the need for a reservoir or the con-
fi guration of a reservoir [ 17 ,  18 ,  22 ]. Some pouch 
confi gurations are associated with signifi cant 
morbidity with no clear benefi t. Coloplasty [ 23 ] 
or even a myotomy [ 21 ] just proximal to the 
sphincter could theoretically improve the func-
tional outcome with minimal additional co- 
morbidity [ 24 ,  25 ], but further studies are needed 
to assess benefi cial effects of different pouch 
confi gurations on functional outcome.  

    Neo-sphincter 

 The intact sphincter mechanism is a complex 
 system with a basal tone at rest due to the internal 
sphincter complex, and a voluntary dynamic 
external sphincter that augments this tone to 
 prevent any leakage of rectal contents. 

    Smooth Muscle Sphincter 

 The role of the smooth muscle internal sphincter 
in maintaining continence is limited, but surgical 
management of benign anorectal conditions with 
intentional or inadvertent injury to the internal 

sphincter have resulted in varying degrees of 
incontinence. TAR with creation of a neo-smooth 
muscle sphincter has been reported [ 26 ,  27 ] 
which was modifi ed from a technique described 
by Schmidt [ 28 ]. The technique involves freeing 
the pericolic fat of the distal 3–4 cm of colon, dis-
secting the seromuscular layer from the underly-
ing mucosa, cutting it into a spiral, long strip, and 
wrapping it around the bowel to create a cone- 
shaped muscular cuff. Twenty-two of 30 patients 
had satisfactory functional outcome at 6 months 
[ 27 ]. Several other studies have shown good out-
comes after excision of the rectum and creation 
of a neo-smooth muscle cuff using colonic mus-
cle [ 29 – 33 ]. A technically easier technique 
involved fi rst denuding the mucosa and then 
everting the denuded colonic end prior to anasto-
mosing the cuff to the perianal skin [ 34 ]. All 
these neo-smooth muscle sphincters are associ-
ated with an increase in resting intraluminal pres-
sure at the neo-sphincter [ 19 ,  27 ,  33 ]. 

 Despite the positive results, it is unclear if the 
real benefi t of a free graft as a neo-smooth mus-
cle sphincter is due to its behavior as a biological 
Thiersch cerclage    rather than a true sphincter. 
Creation of a neo-smooth muscle sphincter cuff 
with colonic muscle is reasonable as it is easier to 
perform and adds minimally to the morbidity. 
Further studies to assess the role of this neo- 
sphincter in TAR are needed to assess the func-
tional results.  

    Skeletal Muscle Sphincter 

 A variety of skeletal muscle sources have been 
used to create a neo-external sphincter including 
the gluteus maximus, adductor longus, and graci-
lis. Most of these were studied in the treatment of 
fecal incontinence, and have been adapted to 
TAR. Dynamization has also been used with 
these sources. 

    Gluteus Maximus 
 In 1902, Chetwood described the use of the glu-
teus maximus for the treatment of anal inconti-
nence [ 35 ]. The use of the gluteus maximus for 
neo-sphincter construction after APR was fi rst 
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reported by Chittenden in 1930 [ 10 ]. Though 
 several studies have used this muscle in the 
 treatment of fecal incontinence with varying 
 success [ 36 – 38 ], its use in TAR and successful 
long-term outcomes have only recently been 
reported [ 39 ,  40 ]. Initial functional outcomes were 
poor, but improved markedly with bio-feedback 
and  long- term functional exercises [ 39 ,  40 ]. 
Dynamic gluteoplasty has been shown to have bet-
ter functional outcome in the management of fecal 
incontience [ 36 ,  37 ], but this has not been adapted 
for neo- sphincter reconstruction during TAR. 

 Unfortunately, gluteoplasty is diffi cult to per-
form, and is beset by frequent complications due 
to the muscular tension which leads to disruption 
of the ring, denervation, and eventual muscle 
atrophy. The procedure described by Farid seems 
to minimize these complications by using a fascia 
lata graft [ 41 ].  

    Adductor Longus 
 A single study described the creation of a neo- 
sphincter with the adductor longus femoris mus-
cle during TAR [ 42 ]. Satisfactory results were 
obtained in 82 % of the 48 patients undergoing 
TAR. Unfortunately, no other studies exist using 
this muscle.  

    Gracilis 
 In 1952, Pickrell used the gracilis for sphincter 
construction for the treatment of fecal inconti-
nence [ 43 ]. Though the gracilis neo-sphincter 
was incapable of maintaining prolonged muscle 
contraction, Simonsen used it for creation of a 
neo-sphincter after APR [ 44 ]. It was not until the 
1990’s that dynamization [ 45 ,  46 ] of the gracilis 
neo-sphincter propelled it to the procedure of 
choice. 

 Several techniques for the graciloplasty have 
been described. The techniques depend on 
whether unilateral or bilateral muscle is used, the 
confi guration of the loop around the anus as 
shown in Fig.  16.1 , the target of the fi xation of 
the muscle, and timing of the dynamization with 
electrostimulation. Wong described an alpha loop 
with fi xation of the tendon to the ipsilateral 
pubic bone [ 47 ]. Ho described fi xation to the 
ipsilateral fascia [ 48 ]. Mander described several 

confi gurations: alpha loop with fi xation to the 
ipsilateral ischial tuberosity, gamma loop with 
fi xation to the contralateral ischial tuberosity, and 
epsilon loop with fi xation to the contralateral 
ischial tuberosity [ 17 ]. Rosen described a split-
sling technique with longitudinal division of the 
muscle and a colonic pull-through [ 49 ]. Cavina 
described the addition of a second gracilis in a 
split-sling confi guration with one muscle tendon 
being fi xed to the ischial tuberosity and the other 
to the pubic bone [ 50 ]. Geerdes described a dou-
ble graciloplasty where the pelvic fl oor and 
sphincter complex were re-created simultane-
ously [ 22 ]. Some of the studies reported dynam-
ization at the time of graciloplasty while Violi 
described using biofeedback before dynamiza-
tion to minimize complications [ 51 ].  

a

b

c

  Fig. 16.1    Gracilus wrap around the colon: ( a ) alpha loop; 
( b ) gamma loop; ( c ) epsilon loop       
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 Graciloplasty is technically easier than 
 gluteoplasty and achieves better functional 
results [ 52 ]. Dynamic graciloplasty is likely the 
best option for neo-sphincteroplasty during TAR 
and is associated with a higher success rate [ 46 , 
 50 ]. Of the different confi gurations, the alpha 
loop is technically the easiest and most com-
monly used. Double graciloplasty is associated 
with higher morbidity and may not be ideal in 
TAR [ 53 ]. The largest series published by Cavina 
reported a 87 % success rate in 98 patients over 
several years [ 50 ]. However, stimulated gracilo-
plasty still carries a high rate of complications 
and need for re-operation especially due to necro-
sis of the neo-anus, with the incidence of this 
complication higher after an APR than for the 
management of fecal incontinence [ 54 ].   

    Artifi cial Bowel Sphincter 

 In 1987, Christiansen and Lorentzen performed 
the fi rst successful implantation of an artifi cial 
anal sphincter to treat patients with fecal 
 incontinence [ 55 ]. A large multi-center trial noted 
clinical success superior to that of dynamic 
graciloplasty. This led to the use of the artifi cial 
bowel sphincter in TAR [ 56 ]. Encouraging results 
were reported by Romano et al. [ 57 ], Devesa 
et al. [ 21 ], and Ocares et al. [ 58 ]. However, 
explantation of the device can be as high as 47 % 
due to device-related complications [ 59 ], and 
long-term complications continue to increase 
with time [ 60 ].  

    Antegrade Continence Enema 

 The antegrade continence enema (ACE) as 
described by Malone et al. [ 61 ] in 1990 can be 
used to achieve a satisfactory pseudo-continent 
status with a perineal colostomy. With TAR, the 
most disabling symptom is constipation, and the 
addition of ACE can overcome this and provide 
better functional results in terms of both quality 
of continence and quality of life than retrograde 
enemas. Chiotasso fi rst reported its use in 
 conjunction with a perineal colostomy [ 62 ]. 

Quality of life was not signifi cantly different 
between patients with an abdominal colostomy 
and those with an ACE and a perineal colostomy 
[ 63 ]. An advantage of using ACE with TAR is to 
 render the patient pseudo-continent and to pre-
vent  disabling fecal impaction.  

    Outcomes 

 TAR attempts to restore the normal functions that 
have been lost: an acceptable reservoir with ade-
quate capacity and ability to discharge, a discrim-
inatory sensation, and a sphincter mechanism. 
The limitations of TAR, which in no way  recreates 
the sensory apparatus and only partially recreates 
a functional reservoir and sphincter mechanism, 
prevent full continence in most patients. 

 All reports of TAR are retrospective analysis 
of a certain technique, with a small number of 
patients with relatively short follow-up. As such, 
only the morbidity and functional outcome can 
be evaluated. The impact of constipation, which 
is frequent after TAR, cannot be evaluated or 
compared between techniques. When compared 
with control subjects, quality of life appeared 
undiminished after TAR [ 64 ]. When comparing 
techniques, most studies fail to evaluate the role 
of a neo-rectum as discussed previously, and 
focus on the neo-sphincter. 

 Table  16.1  shows the outcomes of smooth 
muscle neo-sphincters especially when com-
bined with ACE in TAR. As the quality of life 
is unchanged with ACE and a perineal colos-
tomy [ 63 ], the addition of a neo-smooth muscle 
sphincter is questionable, but may act as a bio-
logical Thiersch cerclage of the colocutaneous 
anastomosis. The cuff has a higher-pressure zone 
and is able to maintain this increased pressure in 
most patients [ 31 ,  32 ], but Lasser pointed out that 
the lack of this tonicity did not correlate with a 
poor functional outcome. Early complications 
are related to dehiscence or necrosis of the peri-
neal colocutaneous anastomosis, while late com-
plications are related to mucosal prolapse and 
stricture of the neo-anus [ 31 ,  32 ]. The early com-
plications were responsible for the conversion 
back to an abdominal stoma. Lack of irradiated 
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tissue in the pelvis may also decrease the peri-
neal  complications [ 33 ]. The higher continence 
noted by Hirche et al. [ 65 ] may be attributed to 
the  perineal and neo-sphincter training, external 
electrostimulation of the perineal cuff, biofeed-
back and colonic irrigation.

   Table  16.2  shows the outcomes of dynamic 
and adynamic graciloplasty in TAR. The over-
all morbidity of TAR with dynamic gracilo-

plasty is high with frequent complications 
including  erosion, colonic perforation, perineal 
sepsis,  neo- sphincter necrosis, and stenosis 
or necrosis of the neo-anus. Device explanta-
tion in dynamic graciloplasty was also high 
due to erosion and infection. Despite this mor-
bidity, dynamic graciloplasty was associated 
with a high continence in several studies. The 
continence does improve over time [ 48 ,  51 ]. 

   Table 16.1    Outcomes of neo-smooth muscle sphincters with ACE in TAR   

 Author 

 Patients 
(total/
evaluated)  Complications  Functional outcome 

 Lasser [ 31 ]  40/38  55 %  87 % high satisfaction 
 2 reconverted  11 % normal continence 

 5 % incontinence 
 Gamagami [ 32 ]  63/46  65 %  59 % satisfactory continence 

 3 reconverted  4 % incontinence 
 Portier [ 33 ]  18/17  33 % 

 0 reconverted 
 Pocard [ 69 ]  12/12  Not reported  Quality of life scores equivalent to coloanal anastomosis 
 Hirche [ 65 ]  44/27  40 % minor, 7 % major  81 % normal continence 

 3 reconverted  19 % partial continence 

   Table 16.2    Outcomes of dynamic and adynamic graciloplasty in TAR   

 Author 
 Patients (total/
evaluated)  Dynamic  Adynamic  Complications  Functional outcome 

 Simonsen [ 44 ]  24/22  –  24  22 % major  77 % continence to solid/soft 
stool  65 % minor 

 Williams [ 46 ]  12  8  –  62 % continence to solid/
liquid stool 

 Santoro [ 66 ]  14/11  –  14  1 reconverted  73 % continence 
 Mander [ 17 ]  10/9  10  –  80 % complication  100 % incontinence 

 1 explant 
 Geerdes [ 22 ]  16/12  16  –  4 reconverted  31 % continence with enema 
 Cavina [ 70 ]  31/26  98  –  37 % complication  87 % continence to solid/

liquid stool  1 reconverted 
 4 explants 

 Rullier [ 53 ]  15/12  –  15  73 % complication  78 % continence to solid stool 
 3 reconverted 

 Rosen [ 49 ]  35  35  –  60 % complication  66 % continence to solid stool 
 6 explants 
 5 reconverted 

 Lirici [ 71 ]  3/3  3  –  Adequate continence 
 Ho [ 48 ]  17/11  17  –  40 % complication  81 % continence without 

stimulation  2 battery explants 
 Violi [ 51 ]  23/16  15  8  37 % complication  75 % continence 
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Surprisingly, the  continence achieved with 
adynamic graciloplasty was comparable to the 
dynamic counterparts [ 44 ,  66 ,  67 ]. Both Violi 
[ 51 ] and Ho [ 48 ] noted similar continence in 
their dynamic graciloplasty patients when the 
stimulator was turned off. However, patients 
in another series were completely incontinent 
without dynamization [ 46 ]. Despite these con-
tradicting results, dynamization may not have 
a clear benefi t, and the graciloplasty may serve 
as cerclage akin to the neo- smooth muscle 
sphincter discussed before. Interestingly, addi-
tion of ACE to TAR with a neo-reservoir and 
dynamic graciloplasty showed complete conti-
nence to solid and liquid stool in only 50 % of 
the patients [ 68 ].

   Table  16.3  shows the outcomes of the artifi cial 
bowel sphincter in TAR. The largest series by 
Romano et al. [ 57 ] was the largest cohort with no 
explants of the sphincter. The rest of the reports 
had either skin or colonic erosion that led to the 
explantation of the sphincter.

        Conclusion 

 The role of TAR and the preferred surgical 
approach is unclear. Patients must be exten-
sively counseled on the lack of perfect conti-
nence, the high morbidity, and the need for 
re-operative surgery. The ability to under-
stand that a colostomy may be needed in the 
future is essential. Foremost, the goal of 
curative surgery for anorectal malignancy 
needs to be reinforced rather than the desire 
for the absence of a colostomy. TAR after an 
APR is a challenging surgery with high mor-
bidity. TAR at the time of an APR in select 
patients may be associated with lower 
morbidity.     
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        Introduction 

 In patients with locally advanced rectal cancer 
(LARC), not involving the mesorectal fascia 
(MRF), i.e., not threatening the circumferential 
resection margin (CRM) radical surgery with total 
mesorectal excision (TME) is the current standard 
of care. Prior to the TME era, high rates of local 
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    Abstract  

  The management of patients with “locally advanced rectal cancer” 
(LARC) has evolved with a paradigm shift from postoperative to preop-
erative, because preoperative chemoradiation (CRT) improves local con-
trol and causes less acute and late treatment-related toxicity compared 
with postoperative. Hence, long-course preoperative CRT is considered a 
standard strategy in much of Europe and the USA. 

 However, the late effects on anorectal, sexual and urinary function, 
have prompted an increasing move to omit preoperative treatment in 
selected cases or early cT3N0 cancers. In addition, small early-staged low 
rectal cancers are increasingly being treated by local excision/transanal 
excisional microsurgery (TEM) in organ preservation strategies. 

 Consequently, the defi nitive surgical histopathology may reveal more 
advanced stages than predicted clinically, which raises the question 
whether such patients should be offered postoperative adjuvant pelvic 
radiation therapy, which also can be associated with complications (which 
may be more pronounced after radical surgery).  
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recurrence were observed after radical surgery, 
and 10–40 % of patients required a  permanent 
stoma – even in tumours arising in the upper rec-
tum. In the 1970s, non-randomised observational 
studies defi ned clinical and histopathological fac-
tors which predicted a high risk of both local and 
systemic recurrence in rectal cancer [ 1 ]. 

 Three important historical studies from the 
USA supported the addition of 5-fl uorouracil 
(5-FU)-based chemotherapy to radiation follow-
ing surgery for the treatment of rectal cancer 
 [ 2 – 4 ]. On this evidence the National Institutes of 
Health consensus conference endorsed the use of 
post-operative 5-FU based CRT for patients with 
stage II or III rectal cancer [ 5 ]. The integration of 
5FU chemotherapy into chemoradiation sched-
ules has traditionally been attractive as the strat-
egy provides both a radio-sensitising agent within 
the pelvis, with potential systemic effects to erad-
icate distant micro-metastases. 5FU-based adju-
vant chemotherapy has been fi rmly established 
and recommended as adjuvant treatment to pro-
long survival in patients following a curative 
resection with stage III colon cancer [ 6 ]. Hence, 
postoperative CRT regimens commonly involve 
a so called “sandwich” approach, in which 
5FU-based chemotherapy    is administered before 
and after chemoradiotherapy [ 3 ,  7 ]. 

 Meta-analyses published in 2000 and 2001 fur-
ther supported the benefi t of the addition of radio-
therapy over surgery alone [ 8 ,  9 ]. The Colorectal 
Cancer Collaborative Group published a meta-
analysis in 2001 that evaluated 22 randomized tri-
als comparing radiotherapy either before or after 
surgery to surgery alone. There was a trend 
towards an improvement in survival in the patients 
that received radiotherapy compared to surgery 
alone and support for the use of radiotherapy to 
reduce local recurrences from 22 to 12.5 %. With 
increasing confi dence regarding the benefi t of 
radiotherapy, it was being widely used by 2000. In 
contrast, the role of chemotherapy, while clear for 
colon cancer, was not as clear for rectal cancer. 

 Europe took a different approach. Randomised 
trials [ 10 – 12 ] showed short course preoperative 
pelvic radiotherapy (SCPRT) using 5 × 5Gy an 
effective treatment to reduce local recurrence in 
resectable and early rectal cancers. Two 
 subsequent European trials – the Dutch TME 

study [ 13 ] and the CR07 trial [ 14 ] evaluated 
whether SCPRT simply compensated for poor 
surgical technique i.e. whether SCPRT still 
reduced local recurrence if TME was performed. 

 The risk of local recurrence, after a potentially 
curative resection, is high if microscopic tumour 
cells are detected within 1 mm of the CRM. So 
the control group recommended postoperative 
radiotherapy or chemoradiotherapy in the Dutch 
TME study and CR07 trial respectively in the 
event of a histopathological involved CRM. Both 
trials confi rmed a reduction in local recurrence 
(LR), and demonstrated that preoperative radio-
therapy is more effective than selective postop-
erative radiation or chemoradiation, but did not 
show an improvement in overall survival (OS) 
[ 13 – 16 ]. Patients with a positive CRM fared 
equally badly whether treated with SCPRT or 
postoperative CRT. 

 Further randomized controlled trials in both 
continents [ 17 ,  18 ] also showed reduced levels of 
local recurrence with less acute and late toxicity 
than postoperative therapy, but no improvement 
in disease free survival (DFS) or OS. 

 Hence, with the introduction of improved 
more accurate preoperative imaging (CT, tran-
srectal ultrasound and MRI) to stage the patient 
clinically, both European and US data have 
served to modify the strategy of postoperative 
5-FU-based chemoradiation (CRT) for patients 
with stage II or III rectal cancer, which has now 
been extrapolated to the preoperative setting. 

 Randomised trials have therefore established 
preoperative CRT as more effective than postop-
erative CRT [ 17 ,  18 ], that the RT component 
should be placed as early as possible if APER is 
performed [ 19 ,  20 ] and confi rmed prolonged 
venous infusions of 5FU as the optimal concur-
rent chemotherapy partner [ 7 ]. However, trials 
have not addressed selection criteria, or the opti-
mal radiotherapy dose or fi eld size for CRT. 

 In this chapter we review the role of postop-
erative chemoradiation after emergency surgery, 
and when the histopathology suggests the staging 
is more advanced than predicted clinically after 
radical surgery or local excision. We discuss the 
relevant trials and make recommendations for the 
selection of appropriate patients for postopera-
tive CRT.  
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    Post-operative Chemoradiation 

 Historically the argument for preoperative ver-
sus postoperative chemoradiation focused on the 
ability to use histopathological staging rather 
than clinical staging and the operative fi ndings 
to select appropriate patients for postoperative 
chemoradiation according to their risk of local 
recurrence. In the 1980s preoperative assess-
ment was limited to the inexact science of digi-
tal rectal examination and the apparent tumour 
fi xity to other structures. So surgically defi ned 
histopathology offered a better prediction of 
outcome, and therefore a series of randomised 
trials tested the respective roles of chemother-
apy, radiotherapy and CRT in the post-operative 
adjuvant setting following surgical resection. 
This emphasis on postoperative CRT refl ects the 
fact that until recently there have been no widely 
accepted and validated imaging methods to 
defi ne locally advanced rectal cancer or unre-
sectable disease. However, there were disadvan-
tages in terms of enhanced acute and late toxicity 
from postoperative chemoradiation because of 
the frequent tethering of small bowel in the 
sacral bay by adhesions following an AP exci-
sion of the rectum (APER). The long-term toxic-
ity of postoperative chemoradiotherapy may be 
more limited than we originally believed with 
current techniques, and with the current ability 
to use IMRT and specify small bowel as an 
organ at risk (OAR), late toxicity may be even 
lower. 

 There are many countries where postopera-
tive chemoradiation is still performed based on 
histopathology for locally advanced rectal 
 cancers and still considered as standard clini-
cal practice. For example, the National 
Comprehensive Cancer Network (NCCN) 
guidelines recommend routine post-operative 
chemoradiation for initial cT1-2 N0 rectal can-
cers which were subsequently found to be 
pT3N0M0 or pT1-3,N1-2(NCCN guidelines 
version 3.2014) [ 21 ]. A recent Italian study 
reported outcomes in more than 1,000 patients 
treated with adjuvant 5-FU based chemoradio-
therapy with patients treated from 1985 to 2005 
[ 22 ]. 842 (63 %) patients were stage III and 496 
(37 %) were stage II. Out of 448 recurrences 

observed, only 96 had local failure as a fi rst 
event and only 71 of these patients died with an 
isolated local recurrence. Postoperative CRT 
may be more conventional in areas where medi-
cal resources are scarce, such that patients pres-
ent late and acutely, there are long waiting-lists 
for radiotherapy or the MDT is not comprehen-
sive or dysfunctional.  

    Selective Postoperative 
Chemoradiation 

 Selective postoperative chemoradiation on the 
basis of an involved CRM appears inferior to 
blanket SCPRT [ 14 ]. In the CR07 trial there 
were no details on compliance in the 53/77 
patients who received selective postoperative 
CRT. Hence, it’s not known (as it is in the 
German study) whether the majority of recur-
rences occurred in the treated or non-treated 
patients –i.e. whether it was an issue of compli-
ance. In the CR07 trial doses of RT mandated 
were also modest (45 Gy) compared with stan-
dard postoperative CRT trials e.g. the German 
trial mandated 55.8 Gy postoperatively [ 17 ] and 
US trials used 50–54 Gy. 

 Despite TME surgery performed with curative 
intent, many patients still have a high risk of local 
and metastatic recurrence. As yet we lack the 
ability to identify rectal cancers that are never 
going to recur following surgery. 

 Finally, high quality pathological reporting is 
required for decisions to be made regarding addi-
tional postoperative treatment.  

    Randomised Trials Evaluating 
Post-operative CRT Versus Surgery 
Alone (Table  17.1 ) 

       NSABP R-01 

 The National Surgical Adjuvant Breast and 
Bowel Project (NSABP) R-01 trial randomised 
574 patients with histologically staged Dukes B 
and C rectal cancer following a curative resection 
to three groups: a control group receiving 
no  further treatment; postoperative radiation 

17 Postoperative Chemoradiation for Rectal Cancer
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therapy alone; and postoperative chemotherapy 
 consisting of semustine, vincristine, and 5-FU 
(MOF) [ 4 ]. The dose of radiation was 46–47 Gy, 
or 51–53 Gy for those patients intended to receive 
a perineal boost. 

 Postoperative chemotherapy signifi cantly 
improved DFS ( p  = 0.006). with a border-
line improvement in OS ( p  = 0.05) from 
 chemotherapy. Only males benefi tted from 
chemotherapy in terms of DFS and OS, and 
women actually achieved worse OS (which 
did not refl ect treatment associated deaths). 
Postoperative radiotherapy decreased local 
regional failure to 16 % versus 25 % in the con-
trol group and 21 % in the chemotherapy group 
( p  = 0.06 for the comparison with the control 
group). Radiation itself did not confer any sig-
nifi cant benefi t in terms of DFS or OS for either 
males or females.  

    GITSG 7175 

 The Gastrointestinal Tumor Study Group 
(GITSG) trial evaluated the benefi t of the respec-
tive roles of radiation, chemotherapy, or com-
bined modality therapy (chemoradiation) in the 
treatment of locally advanced rectal cancer [ 2 ]. 
After curative surgery 202 patients were random-
ized into four different groups: a control group 
receiving no further treatment; adjuvant chemo-
therapy only with semustine and 5-fl uorouracil; 
adjuvant radiotherapy only at doses of 40–48 Gy, 
and fi nally a combination of chemotherapy and 
radiotherapy. After 80 months follow-up. signifi -
cantly better DFS was observed in the combina-
tion therapy arm compared to resection alone, 
although there was no signifi cant difference in 
OS in four groups 55 % recurred in the surgery 
alone control arm versus 46 % in the chemother-
apy alone arm, 48 % in the radiation alone arm, 
and 33 % with combined CRT (p = 0.04). The 
comparison between the control arm and CRT 
was even more signifi cant (p = 0.009). The long- 
term follow-up results of this study confi rmed a 
signifi cantly improved overall survival in the 
combination treatment group compared to sur-
gery alone group [ 23 ].  

    NCCTG 79-47-51 

 The North Central Cancer Treatment Group 
(NCCTG) trial (protocol 79-47-51) evaluated a 
short chemotherapy regimen combined concur-
rently with a higher dose of radiation and the 
same higher-dose radiation regimen alone [ 3 ]. 
After curative surgery 209 patients were ran-
domised to receive postoperative radiation ther-
apy alone to a dose of 45 Gy plus a 5.4 Gy boost 
or postoperative semustine and 5-FU chemother-
apy combined with the same radiation regimen. 
Patients randomised to CRT started treatment 
radiation after two cycles of chemotherapy, fol-
lowed by two further cycles of chemotherapy. 
After a median follow-up time of over 7 years, 
the estimated 5-year recurrence rate in the radia-
tion arm was 63 % compared with 42 % in the 
CRT arm. The CRT arm reduced overall recur-
rence by 34 % compared to the radiation alone 
arm ( P  < 0.003). The addition of chemotherapy to 
radiation reduced both local recurrence (25 % 
versus 13 %  P  < 0.02) and distant metastases 
(43 % versus 29.5 %  P  < 0.003). OS was also sig-
nifi cantly improved ( p  = 0.025). CRT increased 
the acute toxicity in terms of nausea, vomiting, 
diarrhea, stomatitis, leukopenia, and thrombocy-
topenia. It should also be noted that a subsequent 
publication highlighted that there was a signifi -
cant increase in severe diarrhoea (≥Grade 3) in 
the CRT arm (22 vs. 4 %, p = 0.001) and this was 
more marked in patients who underwent a low 
anterior resection compared with those who had 
an APER (p = 0.006) [ 24 ]. There was no signifi -
cant increase in late morbidity in the CRT arm. In 
the light of this evidence, the National Institute of 
Health Consensus Conference in 1990 [ 25 ] rec-
ommended post-operative chemoradiation as the 
standard of care in the United States for cura-
tively resected rectal cancer.  

    NSABP R-02 

 The NSABP R-02 trial evaluated whether adding 
radiation to chemotherapy was better than che-
motherapy alone in terms of postoperative adju-
vant therapy of Dukes B and C rectal cancers 
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[ 26 ]. A radiation dose of 45 Gy with a 5.4 Gy 
boost was used. In the light of the NSABP R-01 
results, male patients were randomised to one of 
four postoperative treatment groups: (1) 5-FU 
plus leucovorin (LV), (2) 5-FU plus LV plus radi-
ation, (3) MOF chemotherapy, and (4) MOF che-
motherapy plus radiation. Female patients were 
randomly assigned to 5-FU plus LV or 5-FU plus 
LV plus radiation The chemotherapy during radi-
ation therapy for both combined modality arms 
involved bolus infusions of 5-FU during the fi rst 
3 and last 3 days of radiation therapy. 

 The results of NSABP R-02 supported the 
previous results of the NSABP R-01 study, where 
postoperative radiation therapy resulted in 
decreased locoregional recurrence, but not in 
improved DFS or OS. In NSABP R-02 radiation 
therapy added to chemotherapy again reduced the 
cumulative incidence of locoregional recurrence 
as a fi rst event (8 % versus 13 % at 5 years) com-
pared to chemotherapy alone (HR = 0.57), but 
had no impact on DFS, or OS. Males treated with 
5-FU plus LV compared with MOF experienced 
signifi cantly better DFS (55 % versus 47 % at 5 
years), but not OS (65 % compared with 62 % at 
5 years).  

    European Studies 

 A randomised trial of postoperative 5FU based 
chemoradiation against surgery alone in Dukes B 
and C rectal cancer to a dose of 46 Gy demon-
strated a signifi cant improvement in local con-
trol, disease free survival and overall survival for 
postoperative chemoradiation [ 27 ]. Other ran-
domised trials comparing postoperative radio-
therapy with surgery alone [ 28 ,  29 ] showed some 
benefi t in local control but no survival benefi t. 
The small EORTC trial randomised only 172 
patients and did not show any benefi t in OS or 
local control from postoperative irradiation [ 30 ] 
following resection of locally advanced rectal 
carcinoma (Dukes B and C). 

 Many of these studies have been criticised 
because the design delayed the use of fully ade-
quate systemic doses of 5FU until after the com-
pletion of the chemoradiation phase.   

    Randomised Trials Evaluating 
the Optimal Concurrent 
Chemotherapy Regimen (Table  17.2 ) 

    Subsequent successive studies in the postopera-
tive setting have attempted to improve outcomes 
by modifying and intensifying the concurrent 
chemotherapy component. This strategy has been 
associated with only marginal success. 

    Intergroup/NCCTG 86-47-51 Trial 

 This trial refl ected the fact that phase III trials 
comparing prolonged intravenous infusion 
(PVI) versus bolus 5FU suggested improved 
response rates in mCRC with PVI, and hence the 
most commonly preferred administration of 
5-fl urouracil was (225–300 mg/m 2  daily). To 
compare the bolus administration with a contin-
uous intravenous infusion concurrently with RT, 
the NCCTG randomized 660 patients in two 
arms [ 7 ]. Both arms received concurrent radio-
therapy. The fi rst group received bolus 5FU on 
three consecutive days as a rapid infusion of 
500 mg/m 2  while the other group received 5FU 
as a protracted infusion (225 mg/m 2 /day). Four-
year relapse free survival was 63 % in continu-
ous infusion group while it was 53 % in the 
bolus arm ( P  = 0.01). Signifi cant difference for 
4-year overall survival was also observed in the 
same study (   70 % vs 60 % in continuous infu-
sion and bolus group respectively), ( P  = 0.005). 
Interestingly, no benefi t was observed for local 
relapse in the continuous infusion group 
( P  = 0.110).  

    Intergroup 0114 

 A further postoperative chemoradiation study 
(Intergroup 0114) compared postoperative 5FU 
alone versus 5FU plus low dose folinic acid, 5FU 
and levamisole or the combination of 5FU levam-
isole and low dose folinic acid in combination 
with radiotherapy [ 31 ]. Results showed that the 
novel combination regimens did not improve out-
come over bolus 5FU alone.  
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    Intergroup 0144 

 In addition, the Intergroup 0144 study [ 32 ] ran-
domised 1,917 patients with pathologically 
staged T3-4,N0-1 rectal cancer into three arms 
comparing bolus and PVI of 5FU combined with 
50–54 Gy of postoperative radiotherapy. With a 
median follow-up of 4.6 years, the overall sur-
vival was 72 % for PVI versus 67 % for bolus. 
However, this difference did not meet the pre-
defi ned defi nitions of statistical signifi cance 
[ 32 ]. The authors commented when discussing 
the risks of local recurrence – “Our patients 
overwhelmingly did not receive TME and had 
nodal evaluation inferior to current 
recommendations.”  

    Greek Study 

 A small Greek randomised co-operative trial with 
321 patients evaluated the addition of irinotecan 
to postoperative CRT compared to LV-bolus and 
5FU with radiotherapy [ 33 ], but observed no dif-
ference between the arms in 3-year OS, DFS or 
and local relapse-free survival. Grade 3 and 4 
toxicity were similar in both arms, but the inci-
dence of severe leucopenia was signifi cantly 
higher with irinotecan.  

    German Study 

 More recent European data [ 34 ] suggest that, 
based on DFS and OS, although local recur-
rence was similar in each group (i.e. 12 (6 %) in 
the capecitabine group vs 14 (7 %) in the 
5- fl uorouracil group), capecitabine (1,650 mg/
m 2  during days 1–38) can replace a bolus regi-
men of 5-fl uorouracil in postoperative adjuvant 
chemoradiotherapy regimens for patients with 
locally advanced rectal cancer [ 33 ]. Hence 
most accept that Capecitabine is equivalent to 
5-FU.   

    Randomised Trials Comparing 
Preoperative and Postoperative 
CRT (Table  17.3 ) 

       The German CAO/ARO/AIO – 94 Trial 

 In the landmark German CAO/ARO/AIO – 94 
trial [ 17 ] 823 patients with cT3 or cT4 stage or 
node positive were randomised between pre- 
operative CRT and post-operative CRT using 
5FU as a 120-h continuous infusion during the 
1st and 5th weeks of radiation at a dose of 
1,000 mg/m 2  of body surface. Patients were also 
intended to receive post-operative adjuvant che-
motherapy in both arms. Acute and late toxicity 
were signifi cantly reduced with the pre-operative 
approach – although it should be recognised that 
a higher radiation dose was mandated for the 
postoperative regimen (55.8 Gy compared to 
50.4 Gy). Loco-regional failure was only 6 % in 
the preoperative arm versus 13 % in the post- 
operative arm. There was however no difference 
observed in the distant metastases rate, DFS or 
OS. Updated data with 10-year follow-up showed 
17 of the 38 local recurrences in the postoperative 
arm was observed in the 145 patients who did not 
receive CRT [ 35 ].  

    NSABP R-03 

 The NSABP R-03 trial [ 18 ] randomised 267 of 
an initially intended 900 patients between pre-
operative or postoperative 5-FU-based chemo-
radiation. The preoperative group also received 
a short 6 week course of bolus 5-fl uorouracil 
with leucovorin followed by radiation (45 Gy in 
25 fractions with an additional 5.4 Gy boost). 
Postoperatively patients were intended to 
receive 24 weeks of weekly 5-FU and 
LV. Patients in the postoperative arm received 
the same chemoradiation and chemotherapy. 
The preoperative arm showed an advantage in 
5-year DFS (64.7 % vs 53.4 %, P = 0.011), but 
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no signifi cant difference in OS (P = 0.65). 
Interestingly, lower levels of acute and late 
treatment related toxicities were observed in the 
preoperative treatment arm.  

    Korean Trial 

 A small prospective trial aimed to determine the 
effect of different sequences of radiation and che-
motherapy, after curative resection of Stage II 
and III rectal adenocarcinoma, on DFS and OS. A 
total of 308 patients were randomized to early or 
late postoperative radiotherapy to a dose 45 Gy in 
25 fractions either starting on Day 1 of the fi rst 
chemotherapy cycle in the early RT arm or on 
Day 1 of the third chemotherapy cycle in the late 
RT arm. Chemotherapy involved 8 cycles of che-
motherapy, consisting of fl uorouracil 375 mg/m 2 /
day and leucovorin 20 mg/m 2 /day, at 4-week 
intervals. The initial results of the study were 
published in 2002, and suggested that early RT 
conferred a signifi cant advantage in DFS com-
pared with late RT plus chemotherapy [ 19 ]. 
However, after 10 years of follow-up, the trial 
failed to show a statistically signifi cant advantage 
in DFS (71 % vs. 63 %; p = 0.162) for early RT 
with concurrent chemotherapy. OS was not sig-
nifi cantly different between the two treatment 
groups. However, the results suggest early post-
operative chemoradiation should be considered 
for patients requiring an abdomino-perineal 
resection [ 20 ].   

    If Preoperative CRT Is Omitted, 
Which Patients Should Receive 
Postoperative CRT? 

 The most important pathological and histopatho-
logical features impacting on the risk of local 
recurrence include: overall pathological TNM 
stage, T substage, R-status (R0,R1,R2), CRM 
status, adequacy of lymph node assessment, the 
number of involved lymph nodes, extracapsular 
extension, the presence of extranodal deposits, 
quality of mesorectal excision (whether within 
the muscularis plane), tumour differentiation, 

lymphovascular invasion (LVI), EMVI and peri-
neural invasion (PNI). To some extent all of these 
(except PNI) can be predicted as likely by preop-
erative imaging, although this prediction does not 
account for the fallibility of the radiologist, the 
surgeon and the pathologist. Also there are occa-
sionally unforeseen operative fi ndings – with 
involvement of other abdominal organs or perito-
neal disease. All the above need to be taken into 
consideration before deciding to recommend 
postoperative CRT (see Table  17.4 ), and the cur-
rent variability in outcomes mean that these 
imaging results should always be discussed with 
the patient with a view to informed consent and 
shared decision-making.

   Data from Erlangen show a higher risk of 
local recurrence after primary surgery for 
patients with at least four involved regional 
lymph nodes [ 36 ], but it is essential to know the 
quality of the mesorectal excision. The number 
of examined lymph nodes can also be regarded 
as a measurement of the quality of surgery. In the 
EORTC 22921 trial the median number of exam-
ined lymph nodes was 8 (range 0–45) but meso-
rectal quality was not evaluated. In the Dutch 
TME study approximately 50 % had a good 
quality mesorectal excision, but the median 
number of lymph nodes retrieved was only 7 and 
12 or more LN were found in only 18 % of the 
cases [ 37 ,  38 ].  

   Table 17.4    Indications in author’s (RGJ) unit for post-
operative chemoradiation   

  Suffi cient and necessary  
  Insuffi cient and 
unnecessary  

 CRM ≤ 1 mm  pT1/pT2 
 pT4b  pT3 
 pN2 extracapsular  CRM >2 mm 
 Extranodal deposits  pT4a 
 pN2 if poor mesorectal quality  pN1 
  Suffi cient  
 pN2 low tumours within 4 cm 
of anal verge (risk of involved 
LPLN) 
  Borderline suffi cient  
 pN2 if good mesorectal quality 
 CRM 1–2 mm 
 Circumferential obstructing 
tumours 
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    The Quality of the Mesorectum 

 Hermanek, Quirke and Nagtegaal have promoted 
the importance of assessing the quality of the 
mesorectum in the surgical specimen and record-
ing by means of a photograph, with three grades 
based on the completeness of the removal of the 
mesorectum (Table  17.5 ).

   A TME specimen ideally should have a 
smooth surface, without incisions or tearing, as 
an indication of successful surgery. ‘Coning’ is a 
tendency for the surgeon to cut inwards towards 
the central tube of the rectum during distal dis-
section, rather than staying outside the visceral 
mesorectal fascia, which gives the specimen a 
tapered, conical appearance. This observed fea-
ture is an indication of suboptimal surgical qual-
ity [ 39 ]. Two trials – the CLASSICC study of the 
Medical Research Council in the United Kingdom 
and the Dutch TME trial have originally defi ned 
a protocol to assess the quality of surgery. This 
classifi cation has been utilised in the MERCURY 
study and the CRO7 study [ 15 ]. Multivariate 
analysis will need to be validated in future ran-
domised studies. For this reason the quality of the 
mesorectum should be part of the evaluation of 
the need for postoperative CRT. Lymph node 
retrieval in rectal cancer is dependent on many 
factors-the tumor, the patient, the surgeon, the 
radiotherapist, and the pathologist, but poor qual-
ity mesorectal specimens may leave involved 
nodes within the patient.  

    The Impact of Chemotherapy 
on Local Recurrence 

 Adjuvant chemotherapy ‘per se’ may impact on 
local recurrence. In the late results of the EORTC 
22921 trial, at 10 years, cumulative incidence of 

local relapse was 22.4 % (95 % CI 17.1–27.6) 
with radiotherapy alone, 11.8 % (7.8–15.8) with 
neoadjuvant radiotherapy and chemotherapy, 
14.5 % (10.1–18.9) with radiotherapy and adju-
vant chemotherapy and 11.7 % (7.7–15.6) with 
both adjuvant and neoadjuvant chemotherapy 
(p = 0.0017) [ 40 ]. More recent studies [ 41 ,  42 ] 
have confi rmed that the addition of oxaliplatin to 
5FU-based chemotherapy is more effective and 
improves DFS and OS in patients with Stage III 
colon cancer. FOLFOX is now considered an 
international standard as adjuvant chemotherapy 
for colon cancer in stage III disease or high risk 
stage II colon cancer after curative resection. 
However, 5FU based chemoradiation has not 
been compared against FOLFOX alone without 
radiotherapy. 

 In more recent analyses, postoperative adju-
vant CRT was associated with signifi cantly 
higher cause specifi c survival (CSS) when com-
pared with surgery alone, but in contrast, the ben-
efi t of Neo-Adjuvant RT was not signifi cant [ 43 ].  

    Local Excision/TEM 

 Given the morbidity of radical surgery and the 
emotional consequences of a permanent stoma, 
more conservative approaches such as local exci-
sion followed by CRT are attractive alternatives 
for selected cases. Traditionally, transanal opera-
tions for early rectal cancers rarely achieved 
complete tumour resection and high rates of local 
recurrence were observed. Transanal endoscopic 
micro-surgery (TEM) [ 44 ] offered better visual-
ization and access, which facilitated full- 
thickness excisions and achieved clear surgical 
margins in more than 90 % of patients [ 45 ,  46 ]. 
There is now increasing interest in local excision/
TEM and postoperative chemoradiation therapy 

   Table 17.5    Grading of quality and completeness of the mesorectum in a total mesorectal excision specimen   

 Mesorectum  Defects  Coning  CRM 

 Complete  Intact, smooth  Not deeper than 5 mm  None  Smooth, regular 
 Nearly complete  Moderate bulk, irregular  No visible muscularis propria  Moderate  Irregular 
 Incomplete  Little bulk  Down to muscularis propria  Moderate–marked  Irregular 

  Both the specimen as a whole (fresh) and cross‐sectional slices (fi xed) are examined in order to make an adequate 
interpretation  
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(CRT) as an organ -sparing approach for selected 
small early staged low rectal cancers – particu-
larly in the elderly and frail. 

 The current rationale for local excision of can-
cers in the low rectum derives from a report from 
St Marks Hospital [ 47 ]. The stumbling block for 
accepting that local excision is equally effective 
to radical surgery in fi t patients is fi nding selec-
tion criteria that identify patients unlikely to 
recur. A multitude of factors such as size, ulcer-
ation, imaged depth of penetration, detection of 
regional lymph node involvement and pathologi-
cal grade have been reasonably successful at cat-
egorising patients as high or low risk. For 
example, in a single institution experience, the 
likelihood of microscopic regional nodal involve-
ment was shown to be rare in T1 tumours but 
increased to 10–30 % in T2 tumours, and was as 
high as 60 % in T3 tumours [ 48 ]. Hence current 
data suggest that this approach should be limited 
to patients with either T1 tumours with no(?) 
adverse pathologic factors or favourable T2 
tumours. Transmural (T3) tumours have a much 
higher (approaching 25 %) local recurrence rate 
[ 49 ]. 

 One of the fi rst to document postoperative 
adjuvant chemoradiation following local exci-
sion [ 50 ] reported a DFS of 88 % with a median 
follow up of 27 months for the 17 patients. A sub-
sequent retrospective study suggested post opera-
tive RT/CRT was of benefi t with 5-year local 
control after local excision increasing from 33 to 
85 %, but several late local failures beyond 
5 years following irradiation were observed [ 45 ]. 
In a later study of 39 patients treated with local 
excision followed by postoperative radiation 
therapy +/− 5-FU-based chemotherapy, crude 
local failure increased with increasing T stage: 

0 % T1, 24 % T2, and 25 % T3. Actuarial local 
failure at 5 years was 31 % for T2 disease [ 51 ]. In 
another small retrospective study, after a median 
follow-up of 3 years, all 12 patients who received 
local excision and radiotherapy remained disease 
free, whereas a 50 % recurrence rate was observed 
in patients who refused adjuvant radiotherapy 
[ 52 ]. 

 In the non-randomised prospective CALGB 
trial 51 patients with T2 cancers received CRT 
after local excision, and 7/51 experienced iso-
lated local recurrence [ 53 ]; In the updated results 
with more than 7 years median follow-up, the 
local control rates appeared less impressive    [ 54 ]. 
NCCN guidelines appear to recommend abdomi-
nal surgery for these patients, but many might 
still choose to decline radical surgery. Usually 
patients are obliged after informed discussion to 
choose between anterior resection/APER or post- 
operative adjuvant CRT. 

 The results of local excision and postoperative 
RT/CRT are limited to a few small studies 
(Table   17.6  ), but there have been no randomised 
controlled trials, which randomise a local treat-
ment e.g. local excision and (chemo)radiation 
versus AP excision of the rectum. In general, the 
strategy of using post-operative chemoradiation 
to compensate for inadequate surgery has histori-
cally been associated with limited success. 
However, experience in post-operative (chemo)
radiation has been gained for low lying T2 and 
T3 rectal cancers in groups of patients considered 
inoperable either because of their poor general 
condition relating to age or frailty, performance 
status or severe other co-morbidity and also in 
those patients who, despite informed explana-
tions, have adamantly refused to undergo an AP 
excision of the rectum.

   Table 17.6    Studies evaluating local excision plus post-operative RT/CRT: crude local recurrence (LR) by T stage   

 Author, year  No. of pts  Adjuvant treatment  Median follow-up  LR in T1 tumors  LR in T2 tumors 

 Willett, 1989 [ 69 ]  26  RT  5 years  10 % (1/10)  18 % (2/11) 
 Ota, 1992 [ 70 ]  31  RT +/− 5FU  35 months  0 % (0/16)  7 % (1/15) 
 Valentini, 1996 [ 71 ]  21  RT  4½ years  11 % (1/9)  17 % (2/12) 
 Wagman, 1999 [ 51 ]  39  RT +/− 5FU  41 months  0 % (0/6)  24 % (6/25) 
 Steele, 1999 [ 53 ]  51  5FU-RT  4 years  Not tested  14 % (7/51) (5-year 

rate) 
 Greenberg, 2008 [ 54 ]  7.1 years  18 % (10-year rate) 
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       Radiotherapy Target Delineation/
Planning 

 The major challenge in radiotherapy planning 
remains to achieve the best chance of cure with 
the least probability of late morbidity. The prob-
able site of subclinical disease needs to be 
encompassed with adequate doses, while simul-
taneously ensuring that the surrounding normal 
tissues are spared as far as possible. The major 
organs at risk in the pelvis include the small 
bowel, anal sphincter and bladder. Clinical tar-
get volumes (CTV) for small early pT1 and pT2 
cancers after local excision (if radiotherapy is 
required) may not be the same as the preopera-
tive CTV in more locally advanced cT3 and cT4 
tumours. 

 Despite recent advances in imaging (allow-
ing visualisation of structures such as the meso-
rectal fascia) and more meticulous radiation 
treatment delivery, total dose and fi eld size 
remains controversial, refl ecting different con-
ventions, skills, and day-to-day practices. 
Inter-trial comparisons suggest that local con-
trol rates are not improved with larger fi eld 
sizes or higher radiotherapy doses i.e. 50.4 Gy 
in 1.8 Gy fractions. There is a trend towards 
reduced overall and bowel toxicity with smaller 
fi eld sizes i.e. superior border below sacral 
promontory, and a lower dose of 45 Gy in 
1.8 Gy  fractions. In addition, the trials with the 
lowest rates of overall and bowel toxicity 
(ACCORD-12/0405 PRODIGE 2, STAR-01 
and NSABP R-04) also utilized daily continu-
ous concurrent chemotherapy regimens and, in 
the case of STAR-01, 3D conformal radiother-
apy techniques [ 55 ]. 

 The Roels delineation guidelines were devel-
oped for CTV delineation in the preoperative 
 setting [ 56 ], and identifi ed fi ve predominant 
areas of risk for local recurrence and potential 
lymph node involvement. Advice is also given 
regarding coverage of primary tumour, radiologi-
cally involved lymph nodes, mesorectum, peri-
rectal nodes, external iliac nodes, internal iliac 
nodes and presacral nodes. In contrast, the RTOG 
guidelines are a one-size-fi ts-all consensus of 
experts [ 57 ].  

    Target Delineation Following 
Radical Surgery 

 Following radical curative surgery there is clearly 
no GTV. Hence a CTV is delineated with expan-
sion for PTV. We are not aware of recommended 
fi eld sizes for postoperative CRT. It seems sensi-
ble to examine the planning CT scan for evidence 
that mesorectal tissue is still present as this is 
associated with local recurrence and should be 
delineated as part of the CTV, since some local 
recurrences historically refl ected inadequate 
mesorectal resection [ 58 ]. In a Danish study, 
inadvertent residual mesorectal tissue was com-
monly observed on postoperative MRI (54 (40 %) 
of 136 patients), particularly after partial meso-
rectal excision [ 59 ].  

    Target Delineation Following 
Local Excision 

 In the case of post operative CRT after local 
excision, the whole mesorectum will be in situ. 
Early cT1and cT2 rectal tumours and the extent 
of lymph node dissection have been discussed 
[ 60 ]. For cT1 cancers only 1 % were pN2 and 
only 3/198 patients had lymph node metastases 
beyond the pararectal mesorectum. In contrast, 
for cT2 tumours 58/194 (30 %) had N1 and 14 
(7 %) had N2 nodal disease, but only 8/194 
(4 %) had lymph node metastases beyond the 
pararectal mesorectum. Descriptions of mapping 
of sites of lymph nodes within the mesorectum 
in more advanced stages are sparse and per-
formed on few patients [ 61 ]. We therefore usu-
ally treat the whole mesorectum 5 cm in the 
cephalad direction superior to the excison site of 
the primary tumour, and 3 cm distal following 
local excision.  

    Complications of Postoperative CRT 
After Radical Surgery 

 The actuarial risk of chronic small bowel toxicity 
is reported to vary between 7 and 42 % at 5 years 
[ 24 ,  62 ]. In historical series, the larger the volume 
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of small bowel (SB) irradiated, the higher the risk 
of acute and late toxicity [ 62 – 66 ]. More recent 
trials with more modern radiotherapy techniques 
and the use of capecitabine [ 67 ] have shown a 
more favorable toxicity profi le and compliance 
than those of the German or NASBP R-03 trial. 

 It is clear therefore that the potential for using 
IMRT to reduce the amount of small bowel 
within the CTV superiorly and anteriorly in small 
tumours and using concurrent capecitabine may 
reduce the risks of late bowel toxicity.  

    Conclusion 

 There is increasing controversy regarding the 
role of pre and postoperative CRT combined 
with radical surgery – particularly in the case 
of pT3N0 patients. There is little evidence 
from SEER data that postoperative adjuvant 
CRT is of benefi t in curatively resected rectal 
cancer with pT3N0 histology. If the decision 
to omit preoperative radiotherapy is fl awed by 
inaccurate clinical staging, postoperative CRT 
may be required to salvage a high risk of local 
recurrence. Postoperative CRT can be associ-
ated with complications (often more pro-
nounced after radical surgery). We recommend 
necessary, suffi cient, borderline suffi cient and 
insuffi cient indications for the use of postop-
erative chemoradiation. However, this selec-
tion can only be rationally performed if there 
is evidence of the quality of the mesorectum in 
the TME specimen, and there are suffi cient 
nodes resected (although there is an associa-
tion between these two factors). We recom-
mend the radiation component should be 
placed as early as possible. 

 Compliance to postoperative CRT is often 
poor –particularly after APER because of 
healing problems, and morbidity is signifi -
cant. Hence treatment should be individual-
ized, and patients treated selectively and with 
caution, according to the predicted risk of 
local versus metastatic disease, and the poten-
tial for late morbidity.  

    Postoperative Chemoradiation 
Learning Points 

•     Local recurrence after radical surgery for rec-
tal cancer can cause devastating symptoms  

•   Most postoperative adjuvant trials were per-
formed in patients with clinically staged 
pT3-4 N0 or N + (or ultrasound based)
•    Most trials evaluating postoperative 

chemoradiation were performed in the pre- 
TME era, which might limit their applica-
tion in modern practice.  

•   Outcomes with adjuvant chemotherapy alone 
in rectal cancer have been of more limited 
benefi t than colon cancer (Cochrane review)  

•   Post-op RT alone may modestly improve 
local control, but has no impact on distant 
metastases, disease-free survival, or overall 
survival and RT alone is therefore consid-
ered obsolete.  

•   Prospective randomized trials showed that 
combined CRT with 5-FU improved local 
control, distant control, as well as survival 
in two randomized trials  

•   Postoperative chemoradiation is associated 
with morbidity, which characteristically 
has a late onset and is often permanent.  

•   RT plus continued infusion of 5-FU 
improves survival over bolus 5-FU. Other 
concurrent drugs have so far not shown 
additional benefi t  

•   For postop T3-4 or N+: Adjuvant chemo-
therapy (5-FU/LV), followed by continu-
ous infusion 5-FU + RT, then additional 
5-FU/LV, or alternatively, initial continu-
ous infusion 5-FU + RT followed by adju-
vant chemotherapy, has been recommended 
in NCCN guidelines           
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     Cancer is known to have affl icted prehistoric 
humans. Skeletal remains with features charac-
teristic of osteogenic sarcoma (and perhaps 
myeloma and bony metastases from soft tissue 
cancers) have been discovered. These lesions 
were quite uncommon, presumably because life 
expectancy was short and because most cancers 
occur in old people. The earliest known remain-
ing written document dealing with human illness 
is the Edwin Smith Papyrus, dating from phara-

onic times (2500–3000 BC) and discovered in 
Egypt. The author is believed to be Imhotep, a 
high offi cial in the kingdom whose expertise 
extended to architecture, law, and other disci-
plines. In this document, cancer was recognized 
as an illness with no effective treatment. 
Understanding human disease progressed over 
the centuries from that time, with contributions 
from many disciplines. 

 Claudius Galenius, also known as Galen (born 
in modern-day Turkey in 129, died 216) concep-
tualized disease as a manifestation of imbalances 
among four body humors, an exercise in observa-
tion and intuition but without testable hypothe-
ses. His concept led to treatments (such as 
bloodletting) for various illnesses that we now 
consider to have been useless or harmful. His 
infl uence, incredibly, extended 18 centuries to 
the twentieth century. Sir William Osler (born in 
Canada in 1849, died 1919), arguably the world’s 
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most renowned internal medicine expert of his 
time, advocated bloodletting as a legitimate form 
of therapy in the early twentieth century [ 1 ]. It 
persists in many areas of the world. Because the 
Galenic concepts were eventually shown to be 
incorrect, surveillance based on his system would 
have been unworkable. 

 What we now call the scientifi c method 
evolved gradually at the end of the Dark Ages 
(fi fth – fi fteenth centuries). Dominant fi gures 
were Albert the Great, a Catholic saint (born in 
present-day Germany in 1193, died 1280), his 
student Saint Thomas Aquinas (born in present- 
day Italy in 1225, died 1274) and Sir Francis 
Bacon (born in England in 1561, died 1626). 
Bacon’s magnum opus was Instauratio Magna. 
This concept characterized the beginning of the 
Renaissance, the humanist development of west-
ern civilization that signaled the end of medieval 
times and the beginning of the modern era, trans-
forming science, literature, music, politics, and 
all other facets of human life. It arose in many 
centers of higher learning throughout the world, 
but primarily in Europe. This empirical method 
featured development of a hypothesis, testing of 
the hypothesis, critical evaluation of the test 
results, revision of the hypothesis, repeated test-
ing, and eventual derivation of an evidence-based 
conclusion. It resulted in an explosion of knowl-
edge that continues to the present. Its relevance to 
rectal carcinoma is clear. 

 Andreas Vesalius (born in modern-day 
Belgium in 1514, died 1564) is credited with 
beginning the rational description of human anat-
omy, based on the dissection of human bodies. 
Innumerable others have added detail to the cor-
pus of knowledge of anatomy of all living organ-
isms, with tools unimaginable to Vesalius. Without 
our current understanding of human anatomy, the 
relevance of pelvic lymph nodes would be lack-
ing, the concept of anatomic layers of the rectum 
would be unknown, and the techniques we now 
use to resect and/or irradiate rectal carcinoma 
would be unavailable. Modern concepts of sur-
veillance after curative-intent treatment for rectal 
cancer rely heavily on his work. 

 Antonie van Leeuwenhoek (born in 1632 in 
modern-day Holland, died 1723) was an appren-

tice in a fabric shop with an interest in lenses. He 
developed a technique for making high quality 
spherical glass lenses and used them when he 
built his microscopes. His invention revealed 
micro-organisms (such as bacteria), cells of mul-
ticellular organisms (such as sperm), and intra-
cellular structures (such as nuclei). As with gross 
anatomy, which had been revolutionized by direct 
experimentation, the light microscope was fol-
lowed by other imaging systems, ranging from 
electron microscopy to monoclonal antibody- 
based tissue stains. Without the knowledge and 
concepts that resulted from these tools, modern 
concepts of rectal cancer surveillance would be 
similarly unknowable. The long list of other 
transformative advances from the Renaissance to 
the present should be evident to most readers of 
this book. 

 William Harvey (born in England in 1578, 
died 1657), a physician, was the fi rst to correctly 
describe the circulation of blood. His magnum 
opus (De motu cordis et sanguinis in animalibus) 
was – and remains – essential to the science of 
surgery and physiology. John Hunter (born in 
Scotland in 1728, died 1793), a physician- 
scientist, discovered the nature of the lymphatic 
system. His work further rationalized medical 
and surgical practice and appeared just before 
major surgical procedures were feasible. His 
work provided an explanation of lymphatic 
metastases. 

 Another advance which presaged the concept 
of surveillance was that of effective general anes-
thesia. The history of mind-altering substances 
undoubtedly begins with ethanol, used by most, 
if not all, centers of prehistoric civilization. 
Unfortunately, ethanol proved not to be an effec-
tive anesthetic agent. Many physicians and scien-
tists, as well as non-expert thrill seekers, 
discovered effective anesthetic agents, beginning 
in the late seventeenth century. Often the discov-
ery was fortuitous, apparently, and pursued only 
as a form of entertainment. American, European, 
Chinese and Japanese centers were important in 
understanding the doses that were safe to use, the 
side effects, and so forth. Opium and its deriva-
tives, nitrous oxide gas, and diethyl ether were in 
common use by the mid-eighteenth century. Sir 
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Humphry Davy (born in England in 1778, died 
1829) discovered the medical use of nitrous 
oxide. He, James Watt, Samuel Taylor Coleridge, 
and others used nitrous oxide for its pleasurable 
effects but Davy did not consider it as an anes-
thetic. Crawford W. Long (born in America in 
1815, died 1878), a Georgia physician educated 
at the University of Pennsylvania, used diethyl 
ether for recreational purposes, as did other stu-
dents. He noted that those who inhaled its vapor 
often stumbled, fell, and otherwise injured them-
selves, but only noticed pain after the effect of the 
ether had worn off. He performed many opera-
tions using NO 2  and is considered the discoverer 
of anesthesia. William T.G. Morton (born in 
America in 1819, died 1868) was a Harvard- 
educated dentist who fi rst publicly demonstrated 
that diethyl ether was an effective anesthetic 
agent. He used it during operations on ~2,000 
soldiers in the American Civil War. This develop-
ment enabled the conduct of major surgery 
world-wide. 

 Rectal carcinoma was known to be common 
in the eighteenth century. It was not possible to 
cure this disease with radical surgery until effec-
tive anesthesia (typically diethyl ether applied by 
a gauze sponge placed over the face, enabling its 
vapors to be inhaled) became available in the 
mid-eighteenth century. The fi rst attempts at 
curative-intent surgery were often unsuccessful, 
for obvious reasons. Anesthesia was rudimen-
tary. Muscle relaxants were unknown. No 
 monitoring devices except physical examination 
were available. Even blood pressure was mea-
sured by simple palpation of accessible arteries. 
Measurement of serum electrolytes, blood 
counts, and so on, was unavailable. The realiza-
tion that germs cause disease was unknown and 
sterile technique was therefore not undertaken. 
Blood transfusions were unavailable. Patients 
were not given intravenous fl uids. The surgeon 
had to devise the operation without guidance 
from prior experience and evidence. We can 
scarcely imagine now how any patient survived 
rectal cancer surgery at that time. 

 In spite of everything, those with rectal cancer 
sought surgeons who might cure them. They real-
ized that their fate without radical surgery would 

be agonizing and they took their chances. When 
rectal cancer surgery was successful, some who 
had been cured of the index cancer died of a new 
colonic cancer. Metastases which had not been 
detected intra-operatively by the surgeon often 
killed the patient a few months or years after the 
index operation. Still, armed with the knowledge 
that rectal cancer was otherwise incurable, the 
courageous surgeons (and their even more coura-
geous patients) relied on the knowledge accumu-
lated since the beginning of the Renaissance and 
succeeded in eradicating the cancer surprisingly 
often. We can speculate that the physicians and 
surgeons of the time wondered whether it might 
be worthwhile to try to reoperate and resect 
recurrent rectal cancer or a new primary colon 
cancer arising in the colostomy (thus marking the 
beginning of the concept of surveillance) but it 
appears that no surveillance measures were ever 
recorded. 

 In the nineteenth century, Charles Babbage 
(born in England in 1791, died 1871), the 
Lucasian Professor of mathematics at Cambridge 
University, addressed the problem of mathemati-
cal calculations, which were numerous, tedious, 
and done by humans at that time. Mistakes were 
rare but devastating. He drew a detailed plan of a 
mechanical device to perform mathematical cal-
culations of all sorts. This device was never con-
structed because of its complexity but modern 
engineers believe that it would have worked per-
fectly. He is generally credited with the invention 
of the computer. Modern applications of the com-
puter are innumerable. Surveillance after primary 
treatment of rectal cancer as we know it would be 
impossible without computers. 

 Great progress in microbiology was made in 
the late nineteenth century. Robert Koch (born in 
Germany in 1843, died 1910), a chemist and a 
founder of the discipline of microbiology, identi-
fi ed the organisms responsible for several diseases 
(cholera, anthrax, tuberculosis). He strengthened 
the concept that microorganisms can cause dis-
ease and enunciated the famous Koch’s Postulates, 
four simple rules by which causality of an infec-
tious disease could be clearly established. He was 
a major force in public health and improved the 
instruments and techniques  relevant to a microbi-
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ology laboratory. For his work, he was awarded 
the Nobel Prize in Medicine in 1905. Louis 
Pasteur (born in France in 1822, died 1895) was 
another giant in the fi elds of chemistry and micro-
biology. He demonstrated that microorganisms 
cause disease (and are responsible for fermenta-
tion of beer). He showed that vaccination was dra-
matically effective in preventing various infectious 
diseases. He proposed that keeping microorgan-
isms from entering the body would prevent infec-
tion, thus abruptly changing surgical practice. The 
improvements in public health led to an increase 
in the human lifespan, which has continued to the 
present. Since rectal carcinoma largely affects old 
people, the numbers of survivors of rectal cancer 
who might benefi t from surveillance has grown as 
well. 

 Detection of disease was markedly improved 
by the discovery of x-rays by Wilhelm Konrad 
Röntgen (born in Germany in 1845, died 1923). 
In the case of rectal carcinoma, this enabled lung 
and bone metastases to be detected easily. 
Development of the barium enema test and other 
radiological studies utilizing various contrast 
agents proved very useful and safe, although 
primitive dosimetry and tissue tolerance limits 
led to serious (even fatal) radiation-related 
adverse events. What we now know as surveil-
lance then expanded its scope and encompassed 
not only detection of recurrent cancer but also the 
detection of treatment-related events, neither of 
which could be usually treated successfully in the 
early twentieth century. Subsequently, unrelent-
ing research and clinical insights markedly 
improved the accuracy of diagnostic radiological 
studies and decreased the incidence of symptom-
atic radiation-related injuries. 

 In the early twentieth century, progress was 
also made on other fronts. The British surgeon 
John Percy Lockhart-Mummery (born in England 
in 1875, died 1957) and his colleague, the British 
pathologist Cuthbert E. Dukes (born in England 
in 1890, died 1977), working at St. Mark’s 
Hospital in London, established a method of 
excising rectal cancer that met simple criteria: it 
was anatomically reasonable, it was fast, and it 
removed all evident cancer. If all evident cancer 
could be extirpated, some patients were cured. 

Those with unresectable cancer could be advised 
about their prognosis so they could make plans 
for their future. A colostomy was sometimes cre-
ated as well for those with abysmal prognoses. 
The technique of rectal cancer surgery initially 
described by Lockhart-Mummery and Dukes 
improved incrementally until the concept of total 
mesorectal excision (TME) was introduced by 
R.J. (Bill) Heald (in 1982) and is now widely 
practiced [ 2 ,  3 ]. 

 Dukes and Lockhart-Mummery were also 
responsible for another innovation, the Dukes 
staging classifi cation [ 4 ]. It was based on post- 
operative pathological examination of the 
resected tissue. It was simple and had great prog-
nostic power. The concept of staging subse-
quently blossomed throughout the world, with 
the development of staging systems of various 
descriptions for most types of cancer. By the late 
twentieth century, the American Joint Committee 
on Cancer (AJCC) staging system and the 
European International Union for Cancer Control 
(UICC) staging system, with input from Japanese 
and other less well known systems, were merged 
into a single entity, with successive editions 
incorporating advancements in knowledge and 
deleting or modifying components, as evidence 
suggested. The stage of rectal carcinoma affects 
the various strategies for surveillance proposed 
by various expert groups. 

 During the late nineteenth century, another 
source of improved medical care was the found-
ing of professional societies. These were inaugu-
rated in wealthy nations, particularly in Europe, 
America, Canada, and Japan in the nineteenth 
century. Even many middle-income and low- 
income countries now have public health entities, 
modeled on the American Public Health 
Association (founded in 1872), societies such as 
the American Medical Association (founded in 
1847) and the American College of Surgeons 
(founded in 1913). The Royal College of 
Surgeons (initially The Company of Barber- 
Surgeons), was established in 1540 as a trade 
guild, then split by an Act of Parliament into two 
entities (surgeons and barbers) in 1745. Both 
were granted Royal Charters in 1800. The sur-
geon entity was renamed The Royal College of 
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Surgeons in London. It was granted a new Royal 
Charter in 1843 and acquired its current name: 
The Royal College of Surgeons of England. The 
Royal College also played a major role in improv-
ing professional standards, fostering research, 
and adapting to the National Health Service. 
Most nations have experienced similar evolutions 
in health care systems. The American Proctologic 
Society, founded in 1899 and later named the 
American Society of Colorectal Surgeons 
(ASCRS), was able to focus on quality improve-
ment at many levels [ 5 ]. ASCRS members pro-
posed and instituted quality standards, held 
regular meetings, and collaborated with similar 
organizations throughout the world. 

 Among the topics to emerge from the produc-
tive ferment was the question of what to do when 
a rectal carcinoma patient has received curative- 
intent surgery and later develops metastases. 
Enter Owen H. Wangensteen M.D., Ph.D., chair-
man of the surgery department at the University 
of Minnesota. His remarkably bold concept was 
called “second-look” surgery. This entailed re- 
opening the abdomen or chest, searching for 
metastases, and resecting all of them, if techni-
cally feasible. This process was vigorously pur-
sued, with re-explorations and re-resections 
carried out up to six times, in some cases. Some 
patients died of complications of surgery and 
many were found to have unresectable recur-
rences after one or more attempts, but some were 
rendered free of disease for the remainder of 
their lives. This provided a strong rationale for 
surveillance after initial resection of various 
cancers, including rectal carcinoma, based on 
the premise that early detection of local recur-
rence and metastases would improve cure rates. 
The limited surveillance modalities available in 
Wangensteen’s time (chest radiographs, radio-
nuclide scans, and endoscopy chief among them) 
were followed by ever more powerful (and accu-
rate) tools. This strategy eventually was aban-
doned [ 6 ]. However, the concept of surveillance 
(and possible cure) of patients with recurrent 
rectal cancer was fi rmly established by this bold 
clinical experiment. 

 This proliferation of surveillance modalities 
eventually led to cost containment efforts, which 

persist to the present. The problem of costs of 
medical care was of particular interest in the 
nations with national health systems. The fi rst 
was instituted in the USSR in 1937. They are 
nearly universal in modern industrial nations. 
The economic burden of cancer survivorship in 
the United States and in other countries is quite 
high [ 7 ]. Cost containment for surveillance after 
cancer treatment has been diffi cult to achieve. 
Many analyses of the state of medical care have 
been offered. A full edition of  JAMA  featuring 
this topic ( JAMA  310:1877–1998; 2014) was 
recently published. Patients and their relatives 
demand state-of-the-art surveillance for their 
loved one; those who pay for this use various 
methods of reining in costs. The development of 
mathematical techniques to study societal prob-
lems provided a practical tool--the randomized 
clinical trial--to address this conundrum. 

 The emergence of surveillance as a compo-
nent of medical practice clearly follows a pattern. 
A new concept (e.g., the scientifi c method) is fol-
lowed by discoveries of fundamental features of 
a natural process which, in turn, results in practi-
cal applications. In the early 1990s, our research 
group decided to address a practical problem in 
clinical care related to the treatment of cancers of 
all sorts: how should one follow a patient after 
curative-intent primary therapy? We searched the 
relevant literature but found very little empirical 
data pertaining to this topic. We then decided to 
try an alternate approach: how do clinical experts 
follow their own patients? For colorectal cancer, 
we chose to determine how members of the 
American Society of Colorectal Surgeons 
(ASCRS) followed their own patients after 
curative- intent initial therapy. For this, we devel-
oped a survey [ 8 ]. We asked ASCRS surgeons 
who commonly performed surgery for colon car-
cinoma what surveillance modalities they used. 
We consulted the existing literature to decide 
which modalities to offer on the survey. We sent 
the survey instruments by surface mail to the 
members of ASCRS, along with a stamped, self- 
addressed return envelope and a cover letter 
explaining the reason for the survey and the way 
we wanted to the recipient to respond to the sur-
vey. We were surprised by the results. There was 
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apparently no consensus. We then sent this sur-
vey to the members of the Society of Surgical 
Oncology and got similar results [ 9 ]. We also 
attempted to fi nd explanations for the dramatic 
variation in surveillance intensity after curative- 
intent rectal cancer surgery we had documented. 
For example, we found that there was an effect of 
initial TNM stage, but not enough to explain the 
overall variation [ 10 ]. Our group has subse-
quently conducted similar surveys (now web- 
based) focusing on various other solid tumors. In 
each case, there was no consensus. At about the 
same time, a number of clinical trials were con-
ducted to determine the optimal surveillance 
strategy for patients with colorectal cancer after 
curative-intent primary treatment. As of 2003, 
researchers at Cancer Care Ontario (CCO) identi-
fi ed six randomized clinical trials comparing 
more intensive vs. less intensive strategies for 
rectal cancer patients after curative-intent pri-
mary treatment [ 11 ]. All had serious fl aws, as 
shown in Table  18.1 .

   In 2013, Johnson et al.[ 12 ] summarized the 
then-current recommendations of the following 
institutions:
•    The National Comprehensive Cancer Network 

(Table  18.2 ).
•      The American Society of Clinical Oncology 

(Table  18.3 ).

•      The European Society for Medical Oncology 
(Table  18.4 ).

•      The National Institute for Clinical Excellence 
(NICE) of the United Kingdom (Table  18.5 ).

•       Cancer Care Ontario (Table  18.6 ).  
•   The American Society of Colon and Rectal 

Surgeons (Table  18.7 ).
•      The Society for Surgery of the Alimentary 

Tract (Table  18.8 ).
•      The Fox Chase Cancer Center (Table  18.9 ).
•      The University of Sydney (Table  18.10 ).
•      The National Kyushu Cancer Center 

(Table  18.11 ).
•      McMaster University, Canada (Tables  18.12  

and  18.13 ).
       The evidence base of all the cited trials (and 

thus all the recommendations of the professional 
societies, governmental entities, and other pro-
fessional guideline creators) has been rather 
weak, particularly with respect to the numbers 
of subjects. In 2000, Professor John N. Primrose 
and many collaborators in the U.K. launched 
another trial (FACS: Follow-up After Colorectal 
Surgery), one with adequate sample size, clear 
defi nitions of goals and methods, long follow-
up, excellent statistical support, and funding 
from the U.K. government. It was published in 
2014 [ 13 ]. The objective of the trial was to 
assess the effect of scheduled measurement of 

   Table 18.1    Summary of intense vs. less intense randomized trials for colorectal cancer surveillance                       

 Study, year 
 Surveillance 
intensity 

 Number of 
patients 
randomized 

 Median 
observation time 
(months) 

 Overall 
recurrence 
rate (%) 

 Number of 
second bowel 
cancers 

 Radical 
reoperation 
rate (%) 

 5-year 
survival 
rate (%) 

 Ohlsson 
(1995) 

 Less  54  82  33  NR  17  67 
 More  53  32  29  75 

 Makela 
(1995) 

 Less  54  >60  39  NR  14  54 
 More  52  42  23  59 

 Schoemaker 
(1998) 

 Less  158  >60  NR  5  NR  70 
 More  167  3  76 

 Kjeldsen 
(1997) 

 Less  307  >60  26  3  NR  68 
 More  290  26  7  70 

 Pietra 
(1998) 

 Less  103  >60  19  1  10  58 
 More  104  25 a   0  65  73 b  

 Secco 
(2002) 

 Less  145  >60  53  NR  16  48 
 More  192  57  31  63 

   Adapted from Figueredo et al. [14].   http://www.biomedcentral.com/content/pdf/1471-2407-3-26.pdf     
  a  p  < 0.05 
  b  p  < 0.05  
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   Table 18.2    Rectal    cancer; obtained from NCCN (  www.nccn.org    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit  2–4  2–4  2  2  2  0 
 Serum CEA level b   2–4  2–4  2  2  2  0 
 Chest/abdominal/pelvic CT c   1  1  1  0–1  0–1  0 
 Colonoscopy d, e   1  0–1  0–1  0  0–1  0–1 
 Proctoscopy f, g   2  2  2  2  2  0 

 PET-CT scan is not routinely recommended. 

  NCCN guidelines were accessed on 1/28/12. There were minor quantitative and qualitative changes compared to the 
guidelines accessed on 4/10/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b For T2 or greater lesions 
  c If patient is a potential candidate for resection of isolated metastasis 
  d For patients at high risk for recurrence (e.g., lymphatic or venous invasion by tumor, or poorly differentiated 
tumors) 
  e Colonoscopy in 1 year except if no preoperative colonoscopy due to obstructing lesion, colonoscopy in 3–6 months. If 
advanced adenoma (villous polyp, polyp >1 cm, or high grade dysplasia), repeat in 1 year. If no advanced adenoma, 
repeat in 3 years, then every 5 years 
  f For patients status post low anterior resection of the rectum 
  g Patients with rectal cancer should also undergo limited endoscopic evaluation of the rectal anastomosis to identify local 
recurrence. Optimal timing for surveillance in not known. No specifi c data clearly support rigid versus fl exible proctos-
copy. The utility of routine endoscopic ultrasound for early surveillance is not defi ned  

   Table 18.3    Colorectal cancer; obtained from ASCO (  www.asco.org    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit  2–4  2–4  2  2  2  0 b  
 Serum CEA level c, d   4  4  4  0  0  0 
 Chest/abdomen CT e   1  1  1  0  0  0 
 Colonoscopy f, g   1  0  1  0  1  0-1 
 Flexible proctosigmoidoscopy h   2  2  2  2  2  0 

 Routine blood tests (i.e., CBC, LFTs), fecal occult blood testing, yearly chest x-rays are not recommended. 
 Use of molecular or cellular markers should not infl uence the surveillance strategy. 

  ASCO guidelines were accessed on 1/28/12. There were no signifi cant changes compared to the guidelines accessed on 
10/31/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b Physician visit after 5 years at the discretion of the physician 
  c For patients with stage II or III disease if the patient is a candidate for surgery or systemic therapy 
  d Since fl uorouracil-based therapy may falsely elevate CEA values, waiting until adjuvant treatment is fi nished to initiate 
surveillance is advised 
  e For patients who are at a higher risk or recurrence, and who could be candidates for curative-intent surgery. A pelvic 
CT scan should be considered for rectal cancer surveillance, especially for patients who have not been treated with 
radiotherapy 
  f All patients with colon and rectal cancer should have a colonoscopy for pre- and perioperative documentation of a 
cancer- and polyp-free colon. If normal at 3 years, once every 5 years thereafter 
  g For colorectal cancer patients with high-risk genetic syndromes, the physician should consider the guideline published 
by the American Gastroenterology Association 
  h For rectal cancer patients who have not received pelvic radiation  
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carcinoembryonic acid (CEA) and computed 
tomography (CT) as followup to detect recur-
rent colorectal cancer with curative intent. This 
was a randomized clinical trial in 39 National 
Health Service hospitals in the United Kingdom. 
There were 102 eligible participants recruited 
between January 2003 and August 2009 who 
had undergone curative surgery for primary 
colorectal cancer, including adjuvant treatment 
when indicated with no evidence of residual dis-
ease on investigation. In addition to followup 
colonoscopy, the patients underwent one of four 
followup regimens: minimal followup, with one 
CT scan at 12–18 month, CEA testing every 

3 months for 2 years, then every 6 months for 3 
years and a single CT scan at 12–18 months, CT 
scan every 6 months for 2 years, then annually 
for 3 years, or combined CEA testing and CT 
scan as above. The primary endpoint was 
enhanced detection of metastatic disease poten-
tially curable with surgery. After a mean of 
4.4 years, the more intensive screening strate-
gies increased the percentage of patients 
detected with potentially curative recurrence by 
4.4–5.7 %, compared with minimal followup. In 
the opinion of the authors of this chapter, this 
trial has proved to be the best one ever con-
ducted on the topic of rectal cancer surveillance 

   Table 18.4    Rectal cancer; obtained from ESMO (  www.esmo.org    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit  2  2  0  0  1  0–1 
 Rectosigmoidoscopy  2  2  0  0  0  0 
 Colonoscopy b   1  0  0  0  1  0–1 
 Imaging of liver, lungs  1  0  1  0  0  0 

 The value of regular clinical, laboratory and radiological examinations are not known. 

  ESMO guidelines were accessed on 1/28/12. There were minor quantitative and qualitative changes compared to the 
guidelines accessed on 10/31/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b A completion colonoscopy, if not done at the time of diagnostic work-up (e.g. if obstruction was present), should be 
performed within the fi rst year. History and colonoscopy with resection of colonic polyps every 5 years  

   Table 18.5    Colorectal cancer; obtained from NICE (  www.nice.org.uk    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit b, c   ≥2  ≥2  ≥2  0  1  0 
 Serum CEA level  ≥2  ≥2  ≥2  0  0  0 
 CT scan of chest,
abdomen, pelvis d  

 ≤1  ≤1  ≤1  0  0  0 

 Colonoscopy e   1  0  0  0  1  0 

 Start reinvestigation if there is any clinical, radiological, or biochemical suspicion of recurrent disease. 
 Stop regular follow-up when the patient and healthcare professional have discussed and agreed that the likely benefi ts 
no longer outweigh the risks of further tests or when the patient cannot tolerate further treatments. 

  NICE guidelines were accessed on 1/28/12. There were major quantitative and qualitative changes compared to the 
guidelines accessed on 10/31/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b Start follow-up at a clinic visit 4–6 weeks after potentially curative treatment 
  c CEA, CT, and colonoscopy were the only quantitative recommendations given. We inferred that offi ce visit would be 
recommended as frequently as these 
  d A minimum of two CTs of the chest, abdomen, and pelvis in the fi rst 3 years 
  e Surveillance colonoscopy at 1 year after initial treatment. If this investigation is normal, consider further colonoscopic 
follow-up after 5 years, and thereafter as determined by cancer networks. The timing of surveillance for patients with 
subsequent adenomas should be determined by the risk status of the adenoma  
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   Table 18.7    Colon and rectal cancer; obtained from ASCRS (  www.fascrs.org    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit b   3  3  0  0  0  0 
 Serum CEA level  3  3  0  0  0  0 
 Colonoscopy c   1  0  0  1  0  0–1 

 Periodic anastomotic evaluation is recommended for patients who have undergone resection/anastomosis or local 
excision of rectal cancer. 
 There is insuffi cient data to recommend for or against chest x-ray as part of routine colorectal cancer follow-up. 
 Serum hemoglobin, hemoccult II, and liver function tests (hepatic enzymes tests) should not be routine components of 
a follow-up program. 
 Routine use of hepatic imaging studies in the follow-up of colorectal cancer should not be performed. 

  ASCRS guidelines were accessed on 1/28/12. These are new quantitative guidelines compared to the qualitative guide-
lines accessed on 12/13/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b Data concerning proper timing of offi ce visits, CEA, and CXR is insuffi cient to recommend one particular schedule of 
follow-up over another; however, offi ce visits and CEA evaluations should be performed at a minimum of three times 
per year for the fi rst 2 years of follow-up 
  c Complete visualization of the colon should be performed if practical in all patients being considered for colon or rectal 
cancer resection; posttreatment colonoscopy should be performed at 3-year intervals  

   Table 18.6    Colorectal cancer; obtained from CCO (  www.cancercare.on.ca    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit b   1–2  1–2  1–2  1  1  1 
 Serum CEA level  1–2  1–2  1–2  1  1  1 
 Chest x-ray  1–2  1–2  1–2  1  1  1 
 Liver ultrasound  1–2  1–2  1–2  1  1  1 
 Colonoscopy c   1  0–1  1  0–1  1  0–1 

 When recurrences of disease are detected, patients should be assessed by a multi-disciplinary oncology team 
including surgical, radiation, and medical oncologists to determine the best treatment options. 
 Patients should be encouraged to participate in clinical trials investigating screening tests added on to their clinical 
assessment. 

  CCO guidelines were accessed on 1/28/12. There were major quantitative and qualitative changes compared to the 
guidelines accessed on 10/31/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b For patients at high risk of recurrence (stages IIb and III). In patients at high risk of relapse but who have co- morbidities 
that may interfere with prescribed tests or potential treatment for recurrence, or who are unwilling to undergo prescribed 
tests or potential treatment for recurrence, clinical assessments yearly or for suggestive symptoms of relapse. For 
patients at lower risk of recurrence (stages I and Ia) or those with co-morbidities impairing future surgery, only visits 
yearly or when symptoms occur are recommended 
  c Colonoscopy postoperatively if not yet done. If polyps present, excise as they are potential precursors of colorectal 
cancer; repeat colonoscopy yearly as long as polyps are found. If there are no polyps, repeat colonoscopy in 3–5 years. 
All patients should have a colonoscopy before or within 6 months of initial surgery, repeated yearly if villous or tubular 
adenomas >1 cm are found; otherwise, repeat every 3–5 years  

and should now be considered the gold standard. 
The results have been presented at many sites. 

 The FACS Trial will undoubtedly not remain 
the gold standard for the indefi nite future, of 
course, as more sensitive, less costly, and/or 
more specifi c surveillance methods are  developed 

and/or effective salvage regimens for recur-
rence become available. Another large random-
ized trial (Gruppo Italiano Lavoro per la 
Diagnosi Anticipata), based in Europe, is now 
mature and the results are expected to be pub-
lished soon. 
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   Table 18.8    Cancer of colon or rectum; obtained from SSAT (  www.ssat.com    ) on 1/28/12 [ 12 ]   

 Years posttreatment a  

 1  2  3  4  5  >5 

 Offi ce visit b   2–4  2–4  2–4  1  0  0–1 
 Serum CEA level  2–4  2–4  2–4  0  0  0 
 Colonoscopy c   1  0  0  1  0  0–1 

 Based on clinical indications, radiographic imaging such as chest x-ray, ultrasound, CT and/or MRI scan may also be 
indicated to evaluate for regional recurrence or metastatic disease. 
 Whole body FDG-PET scanning is a new modality that may be useful in selected circumstances for identifying 
metastatic disease. 
 Patients with recurrent colon or rectal cancer who do not have evidence of distant disease may be candidates for 
surgical resection with or without adjuvant radiation therapy. 
 Localized hepatic or pulmonary metastases detected during surveillance should be evaluated for possible resection. If 
one or a few lesions can be completely resected, survival is signifi cantly prolonged. 

  SSAT guidelines were accessed on 1/28/12. These are new quantitative guidelines compared to the qualitative guide-
lines accessed on 12/18/07 
  a The numbers in the table indicate the number of times the modality is recommended during the indicated year 
post-treatment 
  b Serum CEA level and colonoscopy were the only quantitative recommendations given. We inferred that offi ce visit 
would be recommended as frequently as these 
  c Colonoscopy 1 year after surgery and then every 3 years  

   Table 18.9    Surveillance for 
colorectal cancer patients after 
curative-intent treatment at the 
Fox Chase Cancer Center [ 12 ]   

 Year 

 Modality  1  2  3  4  5 
 Offi ce visit  4  4  2–3  2–3  2–3 
 Serum CEA level  4  4  2–3  2–3  2–3 
 Colonoscopy  1   a    a    a    a  
 CT scan abdomen/pelvis  1  1  1   a    a  

  After 5 years of surveillance, a patient who is clinically well is discharged to 
the primary care physician 
 The number in each cell indicates the number of times a particular modality 
is recommended during a particular posttreatment year 
  CEA  carcinoembryonic antigen 
  a Dictated by fi ndings at a previous colonoscopy and serum CEA level  

   Table 18.10    Surveillance 
for patients with colorectal 
cancer after curative-intent 
primary therapy at the 
Royal Prince Alfred 
Hospital, Sydney [ 12 ]   

 Years posttreatment 

 Modality  1  2  3  4  5 
 Offi ce visit  2–4  2–4  1–2  1–2  1–2 
 DRE and sigmoidoscopy a   2–4  2–4  1–2  1–2  1–2 
 Serum CEA level  2–4  2–4  1–2  1–2  1–2 
 Colonoscopy  1 b   0  1  0  0 
 CT scan abdomen/pelvis  1  0  0  0  0 
 EAUS c   2  2  2  2  2 

  The number is each cell includes indicates the number of times a particular 
modality is recommended during a particular posttreatment year 
  DRE  digital rectal examination,  EAUS  endoanal ultrasonography 
  a Digital Rectal Examination and sigmoidoscopy for patients after anterior 
resection 
  b Early postoperative colonoscopy is indicated if the proximal part of the colon 
was not examined preoperatively 
  c For patients after local excision of rectal cancer  
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 Patterns of recurrence may be different in rec-
tal cancer than colon cancer. Followup after rec-
tal cancer surgery should emphasize the detection 
of loco-regional recurrence in the pelvis and pul-
monary metastases as compared to recurrence 
after colon cancer surgery, where detection of 
liver metsastases is important. Furthermore, since 
there are procedures such as local excision, 
abdominoperineal resection and restorative proc-

tosigmoidectomy, surveillance should be tailored 
to the original procedure performed. 

 The purpose of surveillance after potentially 
curative therapy for colorectal cancer is early 
identifi cation of those patients who might poten-
tially be cured by surgical intervention. 
Colonoscopic surveillance is utilized to screen 
for second primary cancers and polyps. Early 
diagnosis of an asymptomatic recurrence may 

   Table 18.11    Surveillance for patients with stages I, II and III rectal cancer after curative-intent treatment, National 
Kyushu Cancer Center, Japan [ 12 ]   

 Year posttreatment a  

 1  2  3  4  5 

 Offi ce visit  4  4  4  2  2 
 Digital rectal examination 
 Serum CEA and CA19-9 levels  2  2  2  0  0 
 Chest-/abdomen-/pelvis-computed
tomography 

 4  4  4  2 +   2 b  

 Colonoscopy c   1  1  1  0  0 

  For chest imaging, chest CT is more desirable, although chest X-ray is permitted instead 
 For abdominal imaging, abdominal CT is more desirable, although abdominal ultrasonography is permitted instead 
 The number is each cell includes indicates the number of times a particular modality is recommended during a particu-
lar posttreatment year 
  CEA  carcinoembryonic antigen 
  a Surveillance for only 5 years is recommended. Thereafter, the patient is returned to the primary care doctor 
  b For patients with stage I or stage II disease, chest/abdomen/pelvis CT can be once a year in years 4 and 5 
  c The recommended frequency of colonoscopy after 5 years is not determined  

   Table 18.12    Current 
recommendations for 
stage I disease   

 Category 

 Time after primary treatment 

 Year 1  Year 2  Year 3  Year 4  Year 5 

 Clinic visits  2  2  2  1  1 
 Blood tests (CEA, liver)  2  2  2  1  1 
 Chest X-ray  1  1  1  1  1 
 CT abdomen and pelvis  1  1  1  –  – 
 Colonoscopy a   1  –  –  –  – 

  Adapted from guidelines I and II 
  a 3–5 years later if fi rst scope is normal  

   Table 18.13    Current 
recommendations for
stage II and III disease [ 12 ]   

 Category 

 Time after primary treatment 

 Year 1  Year 2  Year 3  Year 4  Year 5 

 Clinic visits  2  2  2  1  1 
 Blood tests (CEA, liver)  2  2  2  1  1 
 Chest X-ray  1  1  1  1  1 
 CT or MRI abdomen and pelvis a   1  1  1  1  1 
 US abdomen b   1  1  1  –  – 
 Colonoscopy c   1  –  –  –  – 

  Adapted from guidelines I and II 
  a Recommended end of the year 
  b Recommended mid-year 
  c 3–5 years later if fi rst scope is normal  
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result in resection of recurrent disease for cure. 
Some meta-analyses support a modest survival 
benefi t. It appears that scientifi c progress will 
lead to major changes in prevention, detection, 
and treatment of rectal carcinoma, with corre-
sponding changes in surveillance after curative- 
intent primary treatment.    
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        Introduction 

 Over the last 20 years, major improvements in 
treatment have made locoregional control of  rectal 
cancer possible. Most signifi cantly, from the sur-
gical point of view, has been the introduction and 
practice of total mesorectal excision (TME). As 
stated by Heald, TME entails “an optimal dissec-
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    Abstract  

  Over the past two decades, major advances in surgery, chemoradiotherapy, 
and postoperative care have contributed to dramatic improvements in 
recovery and survival for patients with rectal cancer. Most signifi cantly, 
from the surgical point of view, has been the adoption of total mesorectal 
excision (TME) as the standard of care. Nevertheless, some patients will 
recur. Locally recurrent rectal cancer is a diffi cult condition to manage, 
and long-term survival is unlikely without additional treatment. Surgery is 
the only potential cure. Ideally, this will involve a multidisciplinary team 
of specialists including medical and radiation oncologists, colorectal 
 surgical oncologists, urologic surgeons, gynecologic surgeons, plastic and 
reconstructive surgeons, orthopedic surgeons, vascular surgeons, and 
 possibly neurologic surgeons. However, surgical treatment of recurrent 
rectal cancer should be undertaken only in carefully selected patients who 
are fi t enough for the extensive, potentially morbid procedures necessary, 
whose tumors are amenable to resection with negative margins, and who 
have been counseled regarding the impact of re-resection on postoperative 
function and quality of life.  
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tion plane around the cancer which must clear all 
forms of extension and circumscribe predictably 
uninvolved tissues” [ 1 ]. Optimal TME mandates 
sharp dissection (rather than the traditionally 
blunt dissection); precise removal of the mesorec-
tum includes the cylindrical mesentery and asso-
ciated nodal tissue in its entirety, as an en bloc 
“package” contained within the sheets of the 
endopelvic fascia. Heald and the Basingstoke 
group reported a local failure rate as low as 5 % 
with an intact TME [ 2 ]. These excellent results 
have been attributed to improved lateral clear-
ance, more thorough removal of potential tumor 
deposits in the mesentery, and decreased risk of 
tumor spillage from a disrupted mesentery. 
Adopted as the surgical “golden standard”, the 
widespread use of TME has lowered rates of 
recurrence and improved survival dramatically, 
compared to historical levels. Advances in tech-
nology and postoperative care have also contrib-
uted to better patient recovery and survival. 

 While surgery is fundamental to the treatment 
of most rectal cancers, chemotherapy and radio-
therapy have also played signifi cant roles. The 
goal of systemic chemotherapy is to reduce the 
risk of distant recurrence. The goal of pelvic radi-
ation is to improve local control. Many tumors 
respond to radiation by downsizing, becoming 
amenable to less extensive resection than would 
otherwise be necessary. For these reasons, neoad-
juvant chemoradiation is widely accepted as part 
of the standard of care in locally advanced (T3/
T4 and/or N1) primary rectal cancer. The combi-
nation of chemotherapy, radiotherapy, and sur-
gery is known as multimodality or trimodality 
treatment. While there are considerable benefi ts 
to this intensive approach, there are also draw-
backs. Treatment-associated morbidity is higher 
in patients who receive radiation, regardless of 
whether it is given preoperatively or 
 postoperatively. Nevertheless, the increasingly 
sophisticated use of preoperative chemoradiation 
followed by TME has demonstrated a 10-year 
overall survival of 58 % and recurrence-free sur-
vival of 62 % [ 3 ]. 

 Despite these measures, some patients will 
recur. Relapse may be systemic, local, or both. 
However, 25–50 % of patients with recurrent 
 rectal cancer show no signs of systemic disease. 

Following treatment of the primary lesion, 
 recurrent systemic disease often appears as meta-
static deposits in the liver or lungs. The surgical 
fi eld is the third most common site [ 4 ]; this area, 
including the site of the primary tumor, regional 
and retroperitoneal lymph nodes, and the anasto-
mosis, drain tracts, and surgical scars, is where 
rectal cancer recurs locally. 

 Locally recurrent rectal cancer is a very diffi -
cult condition to manage, and is associated with 
considerable morbidity and mortality. In the 
absence of metastasis, however, re-resection of 
local recurrence can be curative [ 5 ]. The overall 
goals of surgical treatment are complete tumor 
eradication, preservation of function, and avoid-
ance of complications. Achieving these goals 
may be technically challenging. In a previously 
irradiated surgical fi eld the anatomical planes are 
disrupted, making the area generally hostile to 
evaluation and intervention. In order to obtain 
negative surgical margins, a multi-organ en bloc 
resection is often necessary. The involvement of 
a multidisciplinary team—including experienced 
oncologic specialists from the fi elds of urology, 
gynecology, orthopedics, plastic and reconstruc-
tive surgery, and vascular surgery—will help the 
colorectal surgeon plan operative treatment. Even 
so, postoperative morbidity is common, ranging 
widely (15–70 % or greater) depending on the 
complexity of the procedure [ 6 ]. Consequently 
(unlike the comparatively straightforward resec-
tion of small, isolated metastases in the liver or 
lung) a curative-intent surgical approach to 
locally recurrent disease has not been universally 
accepted as a treatment option. However, while 
some tumors may show some response to chemo-
therapy or radiation alone, very few patients with 
surgically untreated local recurrence survive 
more than 2 years. Surgery remains the only 
potentially curative treatment in this setting, and 
the one that is most likely to provide substantial 
pain control and improved quality of life.  

    Risk Factors 

 Risk factors for locoregional recurrence may be 
broadly categorized as anatomic, pathologic and 
surgical. 
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    Anatomic 

 The location of the surgical fi eld within the 
 narrow pelvic cavity, and the dual lymphatic 
drainage—cephalad along the inferior mesen-
teric vessels and laterally toward the internal iliac 
vessels—increase the chances of local tumor 
spread. The more distally a tumor is situated 
within the rectum, the greater the chance that it 
will recur locally [ 7 ,  8 ]. As the stage of a primary 
rectal cancer increases, so does the risk of recur-
rence. A properly resected stage I rectal cancer 
rarely recurs locally. However, the risk increases 
in stage II and III rectal cancers, even when adju-
vant chemotherapy and radiation are added to the 
treatment regimen. Yiu et al. reviewed the 
University of Minnesota experience with T4 rec-
tal cancers. Pelvic wall involvement was associ-
ated with decreased survival as compared to 
visceral involvement [ 9 ].  

    Pathologic 

 Lymphovascular and perineural invasion, poor 
differentiation, mucinous and signet ring cell his-
tology, perforating or obstructing tumors, and 
large tumor size are associated with increased 
risk. Molecular markers such as mutant p53 gene 
expression, CD133 and CD44, as well as 
decreased expression of Bcl-2 [ 5 ,  6 ] indicate a 
greater possibility of tumor recurrence. Similar to 
the pathogenesis of distant metastatic disease, 
these features are intimately associated with the 
biology of the tumor.  

    Surgical 

 Surgically, achieving adequate negative circum-
ferential and distal margins plays a key role [ 1 , 
 10 ]. Technically poor or incomplete resection 
with positive margins greatly increases the risk. 
When surgical margins are compromised, the 
rate of local recurrence may be as high as 78 % 
[ 2 ,  10 ]. In a study of 52 patients undergoing 
rectal resection, Quirke et al. found that 12 of 
14 patients with positive radial margins devel-
oped recurrence [ 10 ,  11 ]. Furthermore, surgeon 

and hospital volume are associated with 
improved outcomes. Etzioni et al. recently 
reviewed the SEER database and found that 
patients treated by board-certifi ed colorectal 
surgeons in high  volume centers and/or NCI 
designated cancer centers had better overall 
survival [ 12 ]. 

 It is important to emphasize that these three 
factors: narrow pelvis, a large tumor with 
 aggressive biology, and a poor initial operation, 
may act together to create the “perfect storm”.   

    Diagnosis 

 In 70 % of cases, recurrent rectal cancer pres-
ents within 2 years after the primary surgery; 
85 % present within 3 years. However, some 
cases are diagnosed many years after the initial 
operation [ 6 ,  13 ,  14 ]. Surveillance regimens aim 
to identify recurrences before they become 
symptomatic and while they are still potentially 
resectable [ 13 ,  15 ]. Meta-analyses of six pro-
spective randomized trials suggest that rigorous 
surveillance may provide a survival advantage, 
but there is lack of consensus on frequency 
of clinic visits and types of diagnostic tests. 
The current National Comprehensive Cancer 
Network (NCCN) guidelines recommend fol-
low-up with carcinoembryonic antigen (CEA) 
testing every 3–6 months for 2 years, then every 
6 months for a total of 5 years; annual computed 
tomography (CT) scan of the abdomen and 
 pelvis for 5 years; and physical examination at 
scheduled clinic visits. Despite these recom-
mendations, a recent population- based cohort 
study of 57 patients concluded that 70 % of 
patients were diagnosed between scheduled 
exams [ 15 ]. 

 Symptoms of local recurrence may vary, and 
the majority of patients are diagnosed when they 
present symptomatically [ 16 ]. The most com-
mon symptoms are refractory pelvic pain (which 
is a predictor of poor long-term survival) [ 17 ], 
bowel obstruction, rectal or vaginal bleeding, 
and urinary problems. A common manifestation 
in patients who have had abdominoperineal 
resection (APR) is a non-healing perineal 
wound. Whenever symptoms suggestive of 
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recurrence arise, a detailed history and complete 
physical examination must be done. This 
includes digital rectal exam in patients who have 
undergone sphincter-preserving surgery, and 
pelvic exam in females. If recurrent tumor is 
identifi ed, endoscopy and imaging studies will 
help assess extent of disease and surgical risk; a 
complete colonoscopy should be performed if 
possible. Intraluminal recurrences are easily 
diagnosed with endoscopy and biopsy. 
Cystoscopy is required for patients who present 
with urogenital symptoms, as these strongly 
indicate tumoral invasion of the ureters and 
bladder [ 18 ]. 

 CEA is routinely measured during follow-up 
surveillance after primary rectal cancer resec-
tion. Elevation of this tumor marker is frequently 
the fi rst sign of recurrence [ 19 ]; however, ele-
vated CEA is present in only about 50 % of 
patients. Patients with elevated CEA should 
undergo further work-up, including imaging 
studies.  

    Imaging Studies 

 CT is the primary imaging modality used in 
 follow- up, and it is especially helpful in depict-
ing metastases in the lungs and liver and evaluat-
ing regional adenopathy [ 20 ]. Most patients 
undergo CT scanning of the chest, abdomen and 
pelvis. Hocht et al. developed a CT-based 
3-dimensional data collection system to evaluate 
the pattern of recurrence of rectal cancer, with 
special emphasis on lateral tumor extension. 
They found that most recurrences were located in 
the posterior aspect of the bony pelvis, and less 
than 5 % of these recurrences involved the pelvic 
sidewall. The sacrum and coccyx were involved 
in 30 % of patients (Fig.  19.1 ) [ 21 ]. However, in 
patients who have already had surgery or radia-
tion therapy, the fat planes between the tumor and 
adjacent organs may be obliterated, and CT will 
not adequately distinguish scar tissue from tumor.  

 Magnetic resonance imaging (MRI) is more 
effective than CT in detecting and staging local 

  Fig. 19.1    CT 3-dimensional system to evaluate pattern of recurrence (With kind permission from Springer Science + 
Business Media: Höcht et al. [ 21 ], p. 110)       

 

L. Feo et al.



275

recurrence [ 22 ]. An MRI should be done to 
 ascertain the extent of pelvic sidewall involve-
ment, sacral involvement, and involvement of the 
major pelvic nerves, all very important elements 
to take into account during the surgical planning. 
Diffusion-weighted MR imaging (DW-MRI) 
is a promising technique for detecting small-
volume tumor, and preliminary data indicates 
that it  accurately delineates pelvic recurrence 
(Figs.  19.2  and  19.3 ) [ 22 ].   

 Endorectal ultrasound is another imaging 
modality that can be performed at the bedside 
and can be helpful in diagnosing recurrent dis-
ease in certain circumstances. It is most benefi -
cial when the disease recurs after a local excision. 
However, the utility of ERUS is limited after a 
TME because it provides little information 
regarding the extent of the disease and cannot 
assess tumor resectability [ 23 ]. 

 On many occasions, it is diffi cult to identify 
local recurrences using conventional imaging 
modalities, due to an inability to distinguish 
between surgical changes, tumor recurrence, or 
benign lesions. Under these circumstances, 
 positron emission tomography (PET)/CT plays a 
key role in diagnosing rectal cancer recurrence. 
This imaging modality entails use of the glucose 

analog fl uorodeoxyglucose (FDG), a marker of 
the enhanced glucolytic activity characteristic of 
cancer cells, as well as the anatomical resolution 
of the CT scan. FDG-PET CT offers the opportu-
nity to localize small lesions by detecting small 
increases in the metabolic activity in areas or 
organs that, on conventional imaging, appear to 
be negative. Such fi ndings lead to modifi cation of 
therapeutic interventions. On the other hand, if 
the results of conventional imaging are  equivocal, 
PET/CT may be useful for confi rming or exclud-
ing metastatic disease, and investigating an other-
wise inexplicable elevation of CEA. A recent 
meta-analysis comparing FDG-PET, FDG-PET/
CT, CT, and MRI in the detection of recurrent 
colorectal cancer in patients with high suspicion 
of recurrent disease, based on symptoms or ele-
vated CEA, suggested that FDG-PET and FDG- 
PET/CT performed more accurately than CT 
scan alone. PET/CT also demonstrated greater 
accuracy than MRI in identifi cation of lymph 
node recurrence in a lesion levels analysis [ 22 ]. 
In another meta-analysis, FDG-PET without CT 
scan showed an overall sensitivity of 97 % and a 
specifi city of 76 %. These fi ndings led to changes 
in the management of 29–40 % of patients 
 initially diagnosed with tumor recurrence. This 

  Fig. 19.2    Advanced pelvic recurrence with invasion of 
seminal vesicles, lateral sidewall, obturator internus muscle       

  Fig. 19.3    Rectal recurrence with arrows invasion of 
 pelvic  sidewall and prostate       
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imaging modality also proved to be cost-effective 
[ 24 ]. However, despite the advantages of FDG- 
PET, its accuracy depends on tumor size and 
FDG uptake. Lesions measuring less than 1 cm in 
diameter are more diffi cult to detect with PET 
scanning, as are mucinous tumors (which have 
poor FDG uptake). Finally, FDG-PET cannot be 
used to detect or evaluate local recurrence if there 
is residual infl ammation of the tumor bed sec-
ondary to chronic leaks. 

 Regardless of the imaging studies used to help 
diagnose a local recurrence, histologic confi rma-
tion is imperative. In the setting of an extraluminal 
recurrence the biopsy can be done percutane-
ously, under radiological (CT) guidance; in the 
setting of intraluminal or anastomotic recurrence, 
biopsy can be obtained endoscopically. 

 Delineating the precise location of a local 
recurrence is important when assessing the feasi-
bility of surgical resection. While there is no 
standardized approach to categorizing recurrence 
by location, several groups have proposed clas-
sifi cation systems (Table  19.1 ). Yamada and col-
leagues described three different patterns of 
invasion: localized (recurrence into adjacent 
organs or connective tissue), sacral, and lateral 
(sidewall invasion). In this study the 5-year sur-
vival was 38 % for localized tumors, 10 % for 

sacral tumors, and 0 % for laterally invasive 
tumors [ 28 ]. A group at Memorial Sloan Kettering 
Cancer Center has described a nomenclature 
based on anatomical location of tumor within the 
pelvis, defi ning recurrence as either axial (anas-
tomotic, mesorectal or perirectal soft tissue, or 
perineum); anterior (involving the genitourinary 
tract); or posterior (involving the sacrum and pre-
sacral fascia, and the lateral bony pelvis) [ 27 ]. 
The Mayo Clinic bases its classifi cation system 
on degree of fi xation, while also considering fac-
tors such as sites of fi xation and invasion 
(Fig.  19.4 ) [ 26 ]. Wanebo and colleagues have 
proposed a system utilizing the TNM model: 
TR1–TR5, in parallel to TNM staging [ 25 ]. All of 
these classifi cation systems have advantages and 
drawbacks, but their heterogeneity makes it dif-
fi cult to compare outcomes and methodology.

        Treatment Approach 

 When rectal cancer recurs in the pelvis, several 
important issues should be discussed and 
reviewed before proceeding with surgery. It is 
best if these decisions are discussed in a 
 multidisciplinary setting, since treatment of the 
patient with pelvic recurrence will often involve 

   Table 19.1    Proposed classifi cation systems for locally recurrent rectal cancer   

 Authors/Institution  Classifi cation  Description 

 Wanebo et al. [ 29 ]  TR1 or TR2  Intraluminal local recurrence at the primary resection site following local 
excision or at the anastomosis site 

 TR3  Anastomotic recurrence with full thickness penetration beyond the bowel wall 
and into the perirectal fat 

 TR4  Invasion into adjacent organs, including the vagina, uterus, prostate, bladder 
and seminal vesicles, or into presacral tissues with tethering but not fi xation 

 TR5  Invasion into bony ligamentous pelvis, including the sacrum, low pelvis, side 
walls or sacrotuberous/ischial ligaments 

 Mayo Clinic [ 25 ]  F0–F3  Degree of fi xation both in terms of site (anterior, sacral, right or left, and 
number of points of fi xation) 

 Memorial Sloan 
Kettering [ 26 ] 

 Anterior  Anastomotic, mesorectal or perirectal soft tissue, or perineum following 
abdominoperineal excision of rectum 

 Posterior  Genitourinary tract, including the bladder, vagina, uterus, seminal vesicles and 
prostate. 

 Lateral  Sacrum and presacral fascia 
 Axial  Soft tissue of the pelvic sidewall and lateral bony pelvis. 

 Yamada [ 27 ]  Localized  Adjacent organs or connective tissue 
 Sacral  Invades S3, S4, S5, Coccyx and periosteum 
 Lateral  Invades sciatic nerve, greater sciatic foramen, side wall and upper sacrum S1. 
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colorectal surgical oncologists, radiation 
 oncologists, medical oncologists, and other spe-
cialists. The questions that must be answered are 
as follows: (1) Is there any evidence of distant 
metastases? If the answer is yes, surgery for the 
rectal recurrence will not be curative. (2) Is the 
recurrence resectable? (3) Has the patient received 
chemotherapy and radiation prior to recurring? If 
the answer is yes, will the patient benefi t from 
additional therapy before proceeding to surgery? 
Furthermore, if the patient has already received 
radiation, has he or she received the maximum 
allowable dose? (4) If the tumor is not resectable, 
will the patient benefi t from palliative surgery? 

    Preoperative Treatment 

 The goal of preoperative treatment is to downsize 
the recurrent tumor, increasing the possibility of 
re-resection with negative margins. Therefore, 
the initial evaluation is an assessment of tumor 
resectability. In patients with a resectable tumor 
who did not receive neoadjuvant chemoradiation 
during treatment of their primary tumor, preop-
erative combined modality therapy should be 
delivered in order to increase the possibility of 
achieving negative surgical margins [ 29 ]. Patients 
who have had a full dose of external beam radio-
therapy in the past are generally not candidates 
for additional radiation. If the patient has received 
less than 50.4 Gy, however, a modifi ed dose is 

sometimes given. Some centers advocate 
 additional radiation doses of up to 30.6 Gy, with 
or without sensitizing chemotherapy, in patients 
previously treated with 50.4 Gy [ 29 ]. Some 
locally recurrent colorectal cancers do respond to 
chemotherapy, and aggressive chemotherapy 
without radiation may be a treatment option for 
some. The literature on this topic is sparse, and 
currently there is no defi nitive consensus regard-
ing chemotherapy for locally recurrent rectal 
cancer. Hu et al. found that combining FOLFOX 
with radiotherapy provided better survival than 
radiotherapy alone in patients with locally recur-
rent rectal cancer [ 31 ]. Following preoperative 
chemotherapy and/or radiotherapy, re-staging 
should be done to exclude interim development 
of distant metastasis and ascertain the extent of 
the local recurrence. Clinical work-up should 
also evaluate the recurrent tumor’s degree of fi xa-
tion. For patients with unresectable disease, pal-
liative treatment aimed at alleviating symptoms 
and improving quality of life should be 
discussed.  

    Surgical Considerations 

 Radical surgery that achieves negative margins is 
the only potentially curative option for patients 
with local recurrence. Without surgical interven-
tion, locally recurrent rectal cancer carries a 
 dismal prognosis: median survival is typically 
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6–7 months [ 32 ]. Surgical planning involves 
determining what type of surgery will be per-
formed, based on the anatomic feasibility of 
achieving an R0 resection, estimation of accept-
able risk for short- and long-term complications, 
impact on quality of life, and mortality risk 
(Fig.  19.5 ). Rigorous preoperative assessment of 
the patient’s fi tness for undergoing such a major 
operation is crucial [ 33 ]. A patient who is gener-
ally healthy (ASA I–III, no evidence of  metastatic 
disease) may be considered for potentially cura-
tive resection. Patients with poor status (ASA 
IV-V) are not candidates for the extensive surgery 
that is normally required. Proper evaluation and 
risk assessment should include identifi cation of 
any fi ndings that would contraindicate re- 
resection. When assessing a locoregional recur-
rence, the fi rst step is to exclude peritoneal 
disease. This is often missed during preoperative 
imaging and evaluation. Patients with peritoneal 
carcinomatosis are considered to have metastatic 
disease. These patients require a different treat-
ment approach, which may include cytoreductive 
surgery, intraperitoneal chemotherapy, or pallia-
tive surgery, such as a colostomy, if the tumor 
cannot be adequately cyto-reduced.  

 The presence of metastatic disease (except in 
the case of isolated resectable metastases), sciatic 

pain, bone or nerve involvement by tumor, and 
hydronephrosis generally preclude resection. 
Lower limb edema, secondary to lymphatic or 
venous obstruction of the external iliacs, is an omi-
nous sign of extensive disease and is considered an 
absolute contraindication to surgery. Encasement 
of the common or external iliac vessels, bilateral 
ureteral obstruction, or circumferential involve-
ment of the pelvic wall by tumor, indicate a low 
probability of obtaining negative margins. 
Unilateral involvement of the internal iliac vessels 
may be compatible with an R0 resection in selected 
cases. Tumors involving the iliac vessels and ure-
ters may also invade bony structures, such as the 
sacrum. Sacral invasion above the S1–S2 juncture 
almost invariably requires that the patient undergo 
internal fi xation, secondary to sacroiliac instability. 
Some centers consider that sacral invasion above 
S2 contraindicates surgery. Prognostic factors 
should be taken into consideration. Patients who 
are deemed physically fi t enough to withstand the 
rigors of the planned surgery must also be evalu-
ated psychologically, and counseled regarding the 
potential impact of an extensive radical re-resection 
on their postoperative function and quality of life. 

 In up to 50 % of cases, recurrence is confi ned 
to the pelvis and theoretically amenable to cure 
[ 34 ,  35 ]. Unfortunately, due to the daunting com-
plexity and morbidity associated with these pro-
cedures, many patients who may be resectable at 
the time of diagnosis are not offered surgery as an 
option. Consequently, they are often referred to a 
tertiary care center for surgical evaluation much 
later, when the recurrent tumor has progressed 
and is, in fact, unresectable. 

 At our institution we offer resection of locally 
recurrent rectal cancer in patients in whom resec-
tion with negative margins can be achieved. Total 
pelvic exenteration—with or without sacrec-
tomy—can be performed in carefully selected 
patients. While this extensive procedure can 
afford prolonged survival in properly selected 
patients, it is an extensive operation entailing 
considerable morbidity. 

 During resection for a rectal recurrence, non- 
standard planes of dissection must be utilized; 
this is due to the recurrence and the previous 

  Fig. 19.5    Circumferential margins and planes of dissec-
tion.  dotted lines  represent circumferential resection mar-
gins/planes of resection,  S3  indicates level        
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 dissection along standard anatomical surgical 
planes [ 36 ]. It is diffi cult to distinguish between 
scar tissue and recurrent tumor, and the planes 
that were opened during the initial surgery may 
now be affected by tumor. Therefore, the surgeon 
should be prepared to perform a wide resection 
through uninvolved planes. Pelvic structures 
such as  ureters and blood vessels may be dis-
placed due to previous surgery, cancer recur-
rence, or scar tissue. Ureters are often located 
more medially in patients who have had previous 
surgery [ 37 ]. The plane of dissection should be 
lateral to the endopelvic fascia, so as to ensure 
that all previously dissected planes are included 
within the specimen, and any remaining fascia 
propria should be included within the surgical 
specimen [ 36 ]. This may involve resection of 
neighboring anatomic structures and organs 
(Fig.  19.4 ) [ 13 ,  38 ]. The majority of patients 
require an en bloc resection of adjacent anatomy 
such as the abdominal wall, bladder, pancreas, 
and duodenum; and the uterus and ovaries in 
female patients [ 38 ]. Finally, the pelvic dissec-
tion should be lateral to the levators [ 25 ].  

    Surgery and Location of Recurrence 

 Centrally located pelvic recurrences are often 
treated with either a low anterior resection (LAR) 

or APR. Anterior recurrences attached to the 
 genitalia or the urologic organs usually require a 
complete pelvic exenteration (Figs.  19.6  and  19.7 ) 
[ 39 ]. Posterior recurrences adjacent to the sacrum 
can be treated with a partial sacrectomy, preferably 
below the level of S3 [ 25 ]. Lateral recurrences 
involving the pelvic sidewall and  sciatic notch are 
diffi cult to resect with negative margins. As a gen-
eral rule, a recurrent tumor is rarely resectable if 
the fat plane medial to the obturator internus is 
obliterated. Invasion of the sacrum (above the level 
of S2) and invasion of the pelvic sidewall nearly 
always preclude surgery (Figs.  19.8  and  19.9 ).     

 In anterior recurrences the urinary system is 
often involved, requiring resection of the ureters 
and possibly the bladder, as well as the prostate 
and/or seminal vesicles in male patients [ 18 ,  41 ]. 
Some cases require extensive perineal resection 
and reconstruction with tissue fl aps [ 42 ], usually 
a rectus abdominus or a gluteal advancement 
fl ap. Posterior recurrences may involve the 
sacrum and require sacral resection, with control 
of the dural sac and sacral nerves. Ideally, treat-
ment of patients with locally recurrent rectal 
 cancer will involve a multidisciplinary team of 
specialists including medical and radiation 
oncologists, colorectal surgical oncologists, 

A

B

  Fig. 19.7    Pelvic exenteration: perineal phase.  A  anterior 
plane of dissection;  B  posterior plane of dissection [ 56 ]       

Tumor

  Fig. 19.6    Pelvic exenteration: abdominal phase [ 56 ]       
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 urologic surgeons, plastic and reconstructive sur-
geons, orthopedic surgeons, vascular surgeons, 
and possibly neurologic surgeons. Operations for 
locally recurrent rectal cancer are generally 

lengthy, with extensive blood loss and large fl uid 
shifts. A thorough and complete preoperative 
evaluation by the anesthesia team is paramount 
(Figs.  19.10 ,  19.11 , and  19.12 ).      
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  Fig. 19.8    Vascular nerves and muscle planes during lateral dissection (Modifi ed from Austin and Solomon [ 40 ])       
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  Fig. 19.10    ( a ) Perineal dissection – incision; ( b ) Dissection ischiorectal fat       

a b

  Fig. 19.11    ( a ) Periosteal elevation; ( b ) The levators are divided and the dissection is continued posteriorly, dividing 
the sacrospinous and sacrotuberous ligaments. The gluteus muscles are detached from the periosteum of the sacrum       

    Intraoperative Radiation 

 Despite exhaustive planning and strict selection 
criteria, an R0 resection with microscopic mar-
gins cannot be achieved in all cases. Patients with 
recurrent rectal cancer, who have often received a 

maximum dose of external beam radiation during 
treatment of the primary tumor, are not candi-
dates for additional external beam radiotherapy. 
However, they may be considered for intraopera-
tive radiation treatment (IORT). IORT has the 
advantage of directing deeply penetrating 
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 radiation to a specifi c area of residual tumor, 
sparing adjacent structures and organs. Radiation 
by electron beam IORT [ 43 ] or by high-dose-rate 
intraoperative brachytherapy can be delivered to 
the site of tumor immediately after resection [ 44 ] 

(Fig.  19.13 ). A drawback is that it may be 
 technically diffi cult to aim the radiating beam at 
certain areas of the pelvis. Furthermore, the 
 dedicated linear accelerator required for IORT is 
too expensive for most medical centers to 
 purchase and maintain.  

 Interstitial brachytherapy, on the other hand, 
may represent a less costly alternative for some, 
because the radiation can be given in the 
 postoperative setting. Afterloading brachyther-
apy catheters can be attached intraoperatively to 
areas with compromised surgical margins. The 
catheters are fl exible, and the width and length of 
each implant can be adapted to the contours of a 
specifi c anatomical site (Fig.  19.14 ). These cath-
eters may migrate, however, causing the patient 
discomfort and pain [ 45 ].  

 The literature describing IORT is diffi cult 
to interpret, as it is limited to a relatively small 
number of patients treated at specialized centers. 
Hahnloser et al. reported 3- and 5-year survival 
of 42.4 and 20.8 %, respectively, in patients 
with residual disease; 3- and 5-year survival 
for patients with no residual disease was 43.3 
and 27 %, respectively [ 43 ]. Five-year survival 
was 36 % for patients with negative surgical 
margins, but only 11 % for those with positive 
margins [ 46 ]. The potential morbidity resulting 
from IORT includes delayed healing, infection, 
or fi stulae. The ureters and peripheral pelvic 
nerves are most sensitive [ 46 ]. Ureteral  damage 

  Fig. 19.12    Sacral view, perineal defect; division of the 
piriformis muscles in the upper limit of the ischiorectal 
fossa       

  Fig. 19.13    Intraoperative radiotherapy (IORT)       

  Fig. 19.14    Brachytherapy       
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 secondary to radiation may be alleviated by 
stents. Unfortunately, there is no treatment for 
nerve damage.  

    Reconstruction 

 At the completion of either an APR or pelvic 
exenteration, there is often a sizable defect in 
the perineum which cannot be primarily closed. 
Our plastic surgery colleagues have devel-
oped various rotation fl aps to reconstruct the 
perineum. The goal of reconstruction is to fi ll 
the dead space and create adequate skin cov-
erage with non- irradiated tissue [ 47 ]. In our 
institution, the fl ap most commonly created 
by our plastic  surgeons is the vertical rectus 
abdominus myocutaneous fl ap. The fl ap is 
based on the deep inferior epigastric vessels. 
The advantage of this fl ap is that it provides 
a large skin island with underlying muscle. 
However, it necessitates a laparotomy incision, 
and there is decreased abdominal wall strength 
and increased risk of ventral wall hernias. 
Thigh fl aps, conversely, do not require a lapa-
rotomy incision and provide abundant skin and 
muscle [ 47 ]. However, thigh scars can be quite 
large. The gluteal fl ap (unilateral or bilateral) is 
another excellent option. These are based on the 
inferior gluteal artery perforator and are gener-
ally raised in a V-Y fashion [ 47 ]. They are tech-
nically simple to create, and the blood supply 
is reproducible. However, the patient must be 

treated in the prone position; postoperatively, 
the patient  cannot sit for several weeks, so as to 
minimize the risk of necrosis.  

    Patient Outcomes 

 Memorial Sloan Kettering reviewed their experi-
ence with surgical salvage for recurrent rectal 
cancer, following initial radical resection of a pri-
mary rectal cancer, in patients treated from 1986 
to 1995 [ 48 ]. Resection was possible in 103 of 
131 patients. Overall 5-year survival was 24 % 
among all 131 patients. Of the 71 patients who 
had an R0 resection, 5-year survival was 35 %. 
Patients with an R1 resection had 5-year survival 
of 23 %, and patients with an R2 resection had 
5-year survival of 9 %. Table  19.2  compares vari-
ous studies reporting on surgery for locally recur-
rent rectal cancer.

   Tepper et al. reported the results of the 
Intergroup 0114 study, which examined various 
adjuvant chemotherapy regimens following 
resection of stage II and III rectal cancers [ 16 ]. 
Seven hundred and fi fteen patients (42 %) devel-
oped recurrence, at a median follow-up of 
8.9 years. During long-term follow-up of 500 of 
these 715 patients, 123 developed local recur-
rence. Forty-fi ve patients (37 %) underwent 
resection for recurrent tumor. Five-year survival 
in patients who had surgery was 20 %, compared 
to 10 % in those who did not. Five-year survival 
for patients undergoing liver and lung resections 

   Table 19.2    Survival after surgical salvage of recurrent rectal cancer   

 Study  Resections (n)  R0 resections  Survival 

 Salo 1999 [ 48 ]  103  71 (68.9 %)  35 % (R0 5-year survival) 
 Tepper 2003 [ 16 ]  45  Unknown  20 % (5-year survival resected group) 

 10 % (5-year survival unresected group) 
 Kruschewski 2012 [ 49 ]  39  18 (46 %)  35 % (R0 5-year survival) a  
 Bhangu 2012 [ 50 ]  70  45 (64 %)  69 % (R0 3-year survival) 

 56 % (R1 3-year survival) 
 20 % (R2 3-year survival) 

 Alberda 2014 [ 51 ]  93  54 (58 %)  28 % (5-year survival no nRTx) 
 43 % (5-year survival nRTx) b  

   a Combined colon and rectal cancer recurrence 
  b  nRTx  neoadjuvant radiotherapy  
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for metastatic disease was 31 and 33 %, 
respectively. 

 Kruschewski et al. reported on a series of 82 
patients who had undergone R0 resection for a 
primary colon or rectal cancer [ 49 ]. Fifty-six 
(68 %) had surgery for rectal cancer. Re-resection 
with R0 margins was achieved though multi- 
organ or pelvic exenteration in 9 patients with 
recurrent rectal cancer. In concurrence with 
 previous studies, R0 resection was associated 
with signifi cantly longer survival than R1 or R2 
resections: overall survival for the entire cohort 
was 106.1 months after R0 resection, 72.5 months 
after R1 resection, and 37.9 months after R2 
resection; overall survival for patients with inop-
erable recurrence was 42.2 months. Despite the 
improved survival associated with R0 resections, 
these procedures carried a high risk of morbidity: 
the re-laparotomy rate for the entire cohort was 
13 %, and total morbidity was 77 %. 
Complications such as wound infection, abscess, 
obstruction, ureteral or bladder injury, sepsis, 
renal or heart failure, thrombosis, and pneumonia 
were common. 

 Bhangu et al. reviewed the experience of the 
Royal Marsden Hospital, reporting on 127 
patients with recurrent rectal cancer treated at 
that institution between 2007 and 2011 [ 52 ]. The 
1-, 3-, 5- and 10-year local recurrence rates were 
22, 72, 85, and 96 %, respectively. Of the patients 
who proceeded to surgery, 64 % had an R0 resec-
tion, 20 % an R1 resection, and 16 % an R2 
resection. The 3-year survival rates for R0, R1, 
and R2 resections were 69, 56, and 20 %, respec-
tively. There was no statistical difference in sur-
vival between patients undergoing an R2 
resection and those who were managed pallia-
tively or non-operatively. In another study, 
Bhangu and colleagues performed a systematic 
review of the literature, focusing on resection 
margins in locally recurrent rectal cancer [ 50 ]. In 
concordance with previous studies, R0 resections 
were associated with improved survival; resec-
tions resulting in positive margins were associ-
ated with an increased rate of recurrence and 
worse survival. Specifi cally, median survival for 
R0 resection was 28–92 months; for R1 resec-

tion, 12–50 months; for R2 resection, 
6–17 months. 

 Alberda et al. analyzed and compared out-
comes in patients with resectable locally recur-
rent rectal cancer after TME, with and without 
previous neoadjuvant radiotherapy (RT) [ 51 ]. 
One hundred and thirty-nine patients had surgery, 
with 93 patients undergoing curative surgeries. 
The median survival in patients who received 
neoadjuvant RT was 42 months, compared to 
38 months in patients who did not receive neoad-
juvant RT. 

 The outcomes of posterior pelvic exenteration 
with sacral resection for posterior recurrence are 
not very different from the outcomes of resection 
for tumor located in other areas of the pelvis. 
Patients with R0 resection have longer survival 
than those with R1 or R2 resections. Median sur-
vival for patients with R0 resection ranges from 
31 to 45 months [ 53 – 55 ]. Nevertheless, these 
challenging procedures are associated with a 
high morbidity rate and increased use of transfu-
sion, and the risk of pelvic abscess and perineal 
wound breakdown is high.  

    Conclusion 

 Long-term survival for patients with locally 
recurrent rectal cancer is unlikely without 
additional treatment. Chemotherapy and exter-
nal beam radiation may be considered for 
patients with local recurrence who did not 
receive chemoradiotherapy for their primary 
tumor. While chemotherapy and radiation are 
associated with some improvement in the set-
ting of recurrent rectal cancer, they do not offer 
the best chance for long-term survival. Surgery 
is the only potentially curative treatment, but it 
should be undertaken only in carefully selected 
patients who are fi t enough for the extensive 
and potentially morbid procedures required, 
who have tumors amenable to resection with 
negative margins, and who have been coun-
seled regarding the impact of re-resection on 
their postoperative function and quality of life. 
The addition of IORT may be advantageous. 
However, obtaining negative surgical margins 
has the greatest impact on survival.     
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        Introduction 

 Colorectal cancer is the third most common 
malignancy in humans and a leading cause of 
cancer deaths. In 2014, 96,830 new cases of 
colon cancer and 40,000 new cases of rectal 
 cancer were expected to be diagnosed in the 
US. During the same period, 50,310 deaths were 
expected [ 1 ]. Up to 20 % of patients have distant 
metastases at the time of diagnosis and close to 
50 % of patients with localized disease will suffer 
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    Abstract  

  Colorectal cancer is a common malignancy and up to 20 % of patients 
have metastases at diagnosis and up to 50 % of those with localized  disease 
will suffer a recurrence. The problem of metastatic colorectal  cancer is 
therefore substantial. Most patients with metastatic colorectal cancer are 
treated with palliative intent where the treatment is aimed at prolonging 
survival and maintaining the quality of life of patients for as long as pos-
sible. There have been major advances in the management of metastatic 
colorectal cancer in the last decade with the advent of multiple new agents 
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VEGF and EGFR inhibitors. As a result, the overall survival of patients 
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biomarkers are assuming a larger role in the management of and allow for 
more tailored management of individual patients.  
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a recurrence, usually in the form of metastases 
[ 2 ]. Metastatic colorectal cancer is therefore a 
major clinical problem and there is a great need 
for better treatment options. Once at advanced 
stage, rectal cancer and colon cancer are treated 
the same. 

 In select cases, metastatic lesions, usually in 
the liver or lungs, can be surgically removed or 
ablated with a substantial chance of long-term 
survival. This is best determined by a multidis-
ciplinary evaluation including specialists in 
surgery, radiology, and medical oncology. For 
the majority of patients with metastatic 
colorectal cancer who are not surgical candi-
dates for procedures with curative intent, sur-
vival can be markedly prolonged with 
chemotherapy. 

 There has been a steady evolution of ther-
apy for metastatic colorectal cancer with the 
advent of new drugs in the two last decades. 
Prior to the year 2000, the options for therapy 
of metastatic colorectal cancer were very lim-
ited with 5-fl uorouracil being the mainstay of 
therapy, usually given with leucovorin. Since 
2000, multiple new drugs, both cytotoxic as 
well as more targeted drugs, have been found 
to be valuable and have subsequently been 
approved for use. These drugs include irinote-
can, oxaliplatin, capecitabine, bevacizumab, 
afl ibercept, cetuximab, panitumumab and rego-
rafenib. The addition of these cytotoxic and 
biologic agents into the treatment strategy for 
metastatic colorectal cancer has improved 
median overall survival from 11.5 months 
(with 5-fl uorouracil/leucovorin alone) to nearly 
30 months [ 3 ].  

    General Principles and Goals 
of Therapy 

 The goals of therapy vary among individual 
patients. Select patients receive chemotherapy as 
part of a multimodality curative treatment strat-
egy. Most with metastatic disease fall under the 
category of palliative therapy, where the disease 
is incurable, and balancing treatment effi cacy 
with toxicity becomes critical. The goals of 
 therapy can broadly be defi ned in the following 

way but there is a considerable overlap among 
these groups of patients:
    1.    Conversion therapy: This applies to patients 

with metastatic disease where there is a rea-
sonable chance of surgically removing or 
ablating all sites of known disease. Patients 
with large and unresectable but relatively few 
liver metastases fall under this category. By 
using effective systemic therapy with a high 
response rate, many patients can successfully 
undergo a liver resection. A high radiographic 
response rate is critical in this patient popula-
tion and regimens with substantial toxicity are 
often very appropriate.   

   2.    Adjunctive therapy: Patients with upfront 
resectable liver metastases do benefi t from 
either perioperative or postoperative chemo-
therapy. The additional benefi t provided by 
chemotherapy is small.   

   3.    Symptomatic therapy: Patients suffering from 
severe symptoms secondary to tumor bulk, 
may benefi t from upfront aggressive systemic 
therapy. Such therapy has the potential to 
quickly relieve symptoms. In some situations, 
it is reasonable to start with aggressive initial 
chemotherapy and then decrease the intensity 
of the chemotherapy once the symptoms are 
under better control.   

   4.    Therapy given to prolong survival: Most 
patients fall under this category where cura-
tive therapy is not an option but the goal is to 
prolong survival as much as possible without 
causing much decrease in the quality of life of 
the patients. In this group, it becomes critical 
to balance the effi cacy of the therapy against 
the toxicity. Objective tumor response is not 
nearly as important in this group as patients 
can derive substantial survival benefi t without 
showing a major radiographic response.   

   5.    Best Supportive Care: Some patients are too 
frail to receive any systemic therapy and best 
supportive care may be the only appropriate 
option. Other patients may choose not to 
receive chemotherapy for their metastatic 
colorectal cancer and it is therefore helpful to 
be aware of the prognosis of patients who 
receive no therapy. Without systemic ther-
apy, the average survival of patients is 
5–6 months [ 4 ,  5 ].      
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    Systemic Therapy for Metastatic 
Colorectal Cancer 

 With the advent of newer treatment agents, it has 
become clear that the survival is longest among 
those patients who receive all of the available 
active agents [ 6 ,  7 ]. Therefore, every attempt 
should be made to offer all the approved drugs to 
all eligible patients. Recent trials have consis-
tently shown that median overall survival in 
patients receiving active therapy exceeds 2 years, 
indicating a very substantial survival benefi t of 
therapy. The 5-year survival is now reaching 
10 % compared to 1 % before the advent of more 
effective therapy [ 8 ]. Moreover, there is also a 
benefi t in terms of quality of life where treated 
patients not only survive longer but also suffer 
fewer symptoms and have superior quality of life. 

 We recommend starting chemotherapy as 
soon as possible after the diagnosis of metastatic 
disease, even if patients are asymptomatic. There 
is a dearth of literature on the optimal timing of 
initiating chemotherapy and the risks of waiting 
with initiating therapy. Patients with asymptom-
atic metastases, especially liver and peritoneal 
metastases, may quickly become symptomatic 
from organ dysfunction such as hyperbilirubine-
mia and small bowel obstruction and therefore 
ineligible for treatment with some of the active 
agents available. We therefore prefer instituting 
therapy early as that gives the patients the best 
chances of getting exposed to all of the available 
agents. 

 Symptomatic patients undergoing chemother-
apy should be offered an early referral to a pallia-
tive medicine specialist. There is evidence that 
focused palliative therapy delivered along with 
conventional chemotherapy in patients with lung 
cancer may result in improved survival. Early 
institution of palliative therapy remains to be 
studied in a population of patients with mCRC 
but until such data becomes available, an early 
referral for palliative therapy is recommended, 
especially for symptomatic patients. 

 Many patients succumb to their disease with-
out being offered all the available and active 
drugs [ 9 ]. While the survival of patients has 
improved in recent years, the benefi ts seen in 
clinical trials may not be generalizable to all 

patients with metastatic colorectal cancer. 
Patients enrolled in clinical trials are in generally 
younger, more fi t, and have less comorbidities 
than the general mCRC population, all factors 
that may independently improve survival [ 10 , 
 11 ]. The impact of systemic therapy on the physi-
cal function and quality of life needs to be care-
fully considered for the individual patient.  

    Short Overview of the Available 
Agents for Systemic Therapy 

 There are seven drugs approved for the treatment 
of mCRC in the US as of 2014. These drugs have 
different indications and not all have single-agent 
activity. 5-fl uorouracil, capecitabine, oxaliplatin 
and irinotecan are conventional cytotoxic agents 
but biologic agents including monoclonal anti-
bodies and kinase inhibitors are assuming a larger 
role in therapy.
•    5-Fluorouracil (5-FU) has been the mainstay 

of therapy for CRC, both in advanced and 
early stages. It is an antimetabolite that inter-
feres with DNA synthesis, primarily by inac-
tivating thymidilate synthase. 5-FU is also 
incorporated into RNA which further induces 
cell injury. 5-FU is active as monotherapy but 
more frequently given in a combination with 
other agents. There are several different and 
effective methods for delivery of 5-FU and it 
is usually given with leucovorin which 
enhances its activity. 5-FU given as a pro-
longed infusion, usually over 46–48 h every 
2 weeks, is as effective as 5-FU given as a 
bolus and less likely to result in hematologic 
toxicity. Many chemotherapy regimens use a 
combination of 5-FU bolus and prolonged 
infusion (such as FOLFOX6) but other regi-
mens like FOLFOX7 omit the bolus entirely 
given the increased incidence of neutropenia 
with bolus 5-FU therapy. Omitting the bolus 
does not seem to limit the effi cacy of the treat-
ment, at least not in patients undergoing pal-
liative therapy where the effi cacy and toxicity 
of the treatment needs to be carefully 
balanced.  

•   Capecitabine is an oral prodrug of 5-FU 
which is readily absorbed by the intestinal 
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tract and converted to 5-FU in three enzy-
matic steps after absorption. Capecitabine is 
usually given twice daily over 2 weeks with 
a 1-week break. Capecitabine is active as 
monotherapy and has been shown to be non-
inferior to infusional 5-FU, both as a single 
agent [ 12 ,  13 ] and in combinations and is 
increasingly being used in combination with 
other drugs such as oxaliplatin [ 14 – 18 ]. 
Capecitabine has a somewhat different tox-
icity profi le than 5-FU. It is less likely to 
cause mucosal damage and bone marrow 
suppression (neutropenia and thrombocyto-
penia) but more likely to cause skin rash, 
usually of the hands and feet and hyperbili-
rubinemia [ 12 ,  13 ]. Capecitabine is contra-
indicated in patients with severe renal 
insuffi ciency and has several important 
interactions with other drugs, most notably 
warfarin.  

•   Irinotecan is an intravenous cytotoxic agent 
that inhibits topoisomerase I resulting in 
DNA damage. Inhibition of topoisomerase I 
disrupts DNA integrity and interferes with 
DNA replication, transcription and repair. 
Irinotecan is converted to an active metabo-
lite, SN-38, which is responsible for cyto-
toxic action of the drug. SN-38 is detoxifi ed 
by a drug- metabolizing UDP-glucuronyl 
transferase 1A1 (UGT 1A1). Certain genetic 
polymorphisms (including the UGT1A1*28 
allele) can result in excessive toxicity of iri-
notecan. Patients homozygous for the 
UGT1A1*28 allele have a higher incidence 
of GI toxicity and neutropenia from irinote-
can [ 19 ]. About 10 % of the North American 
population is homozygous for UGT1A1*28 
and genetic testing is available and may iden-
tify patients at risk of having excessive tox-
icities [ 20 ]. Irinotecan has substantial activity 
when given alone [ 21 ,  22 ] but is more com-
monly given in a combination with 5-FU and 
targeted agents. The main toxicity is gastro-
intestinal with abdominal cramping and diar-
rhea. The diarrhea can be very severe and 
lead to hypovolemia and electrolyte imbal-
ances. Given the GI toxicity, irinotecan is 

usually not used in combination with 
capecitabine.  

•   Oxaliplatin is a platinum derivative, which 
exerts its cytotoxic effect by binding to purine 
DNA bases and disrupting the normal func-
tion of cellular DNA. Oxaliplatin has little 
single-agent activity against colorectal cancer 
and is always given in a combination with 
other agents. Oxaliplatin is neurotoxic and a 
common cause of sensory polyneuropathy and 
acute neurosensory symptoms, especially 
cold-induced dysesthesia. The sensory neu-
ropathy secondary to oxaliplatin use is dose- 
dependent and cumulative and can be 
irreversible. Oxaliplatin-induced neuropathy 
is major cause of morbidity in patients treated 
for colorectal cancer. Planned discontinuation 
of oxaliplatin after a set number of treatments 
with re-introduction at progression seems to 
decrease the incidence and severity of the 
neuropathy.  

•   Bevacizumab is a recombinant humanized 
monoclonal antibody that binds to and neu-
tralizes vascular endothelial growth factor 
(VEGF) and prevents its binding to the VEGF 
receptor [ 23 ,  24 ]. The mechanism of action of 
bevacizumab is complex and not fully under-
stood. Bevacizumab inhibits tumor angiogen-
esis, growth, and metastasis in numerous 
tumor models. It also reduces intratumoral 
interstitial pressure and potentially promotes 
the delivery of cytotoxic drugs. Bevacizumab 
has very limited activity as monotherapy for 
colorectal cancer but has been shown to mod-
estly improve overall survival and progres-
sion free survival when added to conventional 
chemotherapy effective. Bevacizumab is gen-
erally very well tolerated but it has several 
unique adverse effects [ 25 ]. Bevacizumab has 
been associated with delayed wound healing 
and bowel perforation and should be withheld 
at least 6–8 weeks prior to elective surgery 
and for 6–8 weeks postoperatively [ 26 ]. 
Bevacizumab increases the risk of arterial 
thromboembolic events and hypertension and 
is likely best avoided in patients of high risk 
of cardiovascular complications such as a 
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recent history of a coronary event or a stroke 
[ 27 ,  28 ].  

•   Afl ibercept is a recombinant decoy receptor 
fusion protein that blocks angiogenesis by 
binding to VEGF (a VEGF trap) and placental 
growth factor (PlGF) [ 29 ,  30 ]. Afl ibercept is 
currently approved in a combination with 
FOLFIRI after patients have progressed on 
oxaliplatin-based therapy based on the results 
of a large randomized trial [ 31 ]. As with beva-
cizumab, afl ibercept is associated with bowel 
perforation, delayed wound healing and arte-
rial thromboembolic events. The role of 
afl ibercept in the management of metastatic 
colorectal cancer remains to be further charac-
terized as similar results can be achieved by 
continuing bevacizumab beyond fi rst 
progression.  

•   Regorafenib is a multiple target kinase inhibi-
tor that inhibits VEGF receptors among other 
targets [ 32 ]. The anti-tumor effects of rego-
rafenib are largely secondary to its antiangio-
genic effects. Regorafenib is currently 
approved in the USA for therapy of metastatic 
colorectal cancer previously treated with cyto-
toxic chemotherapy and biologics (last-line 
therapy) based on a large randomized trial 
comparing it to best supportive care [ 33 ]. The 
benefi ts of regorafenib are modest and the tox-
icities can be severe, including hand-foot skin 
reaction, diarrhea, fatigue, and hypertension. 
Regorafenib is currently being studied in com-
binations with other agents as more upfront 
therapy but its use is currently restricted to 
patients where all other approved treatments 
have failed.  

•   Cetuximab and panitumumab are monoclonal 
antibodies against the epidermal growth fac-
tor receptor (EGFR) and are currently 
approved as both monotherapy and in combi-
nation with other agents for metastatic 
colorectal cancer [ 34 ]. Both of these drugs 
bind to the EGFR, thus leading to inhibition 
of its downstream signaling affecting cell sur-
vival and  proliferation. Patients whose tumors 
harbor a RAS mutation do not derive benefi t 
from treatment with EGFR monoclonal 

 antibodies [ 35 – 37 ]. The main toxicity of 
 cetuximab and panitumumab is dermatologic 
as both drugs frequently cause skin rash that 
can be severe and very detrimental to the 
patient’s quality of life.     

    Predictive and Prognostic 
Molecular Markers 

 Certain biomarkers are predictive of survival of 
patients with advanced colorectal cancer and 
some do predict response to therapy. Fifty to 
60 % of patients harbor KRAS and NRAS tumor 
mutations and these patients do not benefi t from 
therapy with EGFR monoclonal antibodies and 
testing tumor tissue for these mutations is now 
mandatory. The American Society of Clinical 
Oncology (ASCO) issued guidelines in 2009 on 
KRAS testing that recommend against using 
cetuximab or panitumumab in patients with 
KRAS mutations of exon 2 [ 38 ]. Since the publi-
cation of these guidelines, it has become known 
that KRAS mutations outside of exon 2 and 
NRAS mutations also predict a lack of response 
to EGFR directed therapy [ 35 ,  39 ]. This has led 
to the concept of all-RAS testing which is cur-
rently recommended. The conventionally used 
exon 2 KRAS mutation analysis will not identify 
the additional 15–20 % of patients with non-exon 
2 KRAS mutations and NRAS mutations who 
will derive no benefi t from anti-EGFR therapy. 
BRAF mutations are seen in 5–10 % of patients 
with colorectal cancer and have been consistently 
shown to predict worse survival [ 40 ,  41 ]. While 
BRAF mutations may be a strong predictor of 
overall survival, the role in predicting responses 
to therapy is less clear. BRAF mutation analysis 
is therefore not currently recommended to guide 
treatment decisions. There are no biomarkers 
available that reliably predict response in patients 
receiving cytotoxic agents or VEGF inhibitors. 
Multiple other molecular markers are being 
explored but RAS mutation testing is currently 
the only one routinely used to help selecting ther-
apy for patients with advanced colorectal 
cancer.  
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    Initial Therapy 

 Multiple options exist for initial therapy of 
mCRC and the treatment has to be individualized 
for each patient. Previous models of colon cancer 
therapy frequently included different “lines of 
therapy”. For example, the initial therapy was 
considered fi rst-line and when the patient was 
found to have progressive disease, second-line 
therapy was offered. For those patients who still 
had a reasonably good performance at the time of 
progression on second-line therapy, third line 
therapy was often offered. This model has now 
been abandoned in favor of a “continuum of 
care” model [ 42 ]. The continuum model incorpo-
rates several concepts that refl ect the current 
practice in the management of advanced colorec-
tal cancer based on recent trials. Patients are 
increasingly being offered maintenance therapy 
following an induction phase with more aggres-
sive chemotherapy and some patients opt for 
treatment breaks followed by reintroduction of 
the same therapy, either after a set time interval or 
upon progression (see section “ Treatment inter-
ruptions and maintenance therapy ” below). 
Patients may change therapy for other reasons 
than progressive disease, sometimes for reasons 
related to adverse effects of therapy but later in 
the course of their disease return to that same 
therapy. The lines of therapy are therefore becom-
ing increasingly blurred. 

 The most common chemotherapy initially rec-
ommended is a cytotoxic doublet containing a 
fl uoropyrimidine such as 5-FU or capecitabine 
with either oxaliplatin or irinotecan given with a 
biologic agent, either a bevacizumab or an EFGR 
inhibiting monoclonal antibody (Table  20.1 ). 
Infusional 5-FU is more effective and better tol-
erated than the older regiments of bolus 5-FU 
[ 43 ]. The addition of irinotecan or oxaliplatin to 
5-FU and leucovorin improves both survival and 
response rates [ 44 – 48 ]. Commonly used initial 
cytotoxic regimens include FOLFOX, CAPOX 
and FOLFIRI (Table  20.2 ). Combination chemo-
therapy is preferred over sequential single-agent 
therapy although the latter may be used in select 
patients, such as the elderly and infi rm, after 
careful counseling. Sequential single-agent 

 therapy has been compared with combination 
therapy in at least two large clinical trials [ 53 , 
 54 ]. While there was not a statistical difference in 
the overall survival among the groups, the sur-
vival was relatively short by modern standards. 
Furthermore, the use of sequential therapy does 
not harness the synergistic effect of the different 
cytotoxic agents. More importantly, patients 
receiving single- agent sequential therapy were 
not likely to be offered all the available effective 
agents upon progression. This is an especially 
important concern as studies have shown a rela-
tionship between the number of agents received 
and time on therapy and overall survival [ 42 ].

    FOLFOX and FOLFIRI can both be consid-
ered very appropriate front-line treatments. There 
are several versions of FOLFOX in use and per-
haps the most commonly used one is modifi ed 
FOLFOX 6 (mFOLFOX6) which consists of 
5-FU given as a bolus on day 1 along with leu-
covorin and oxaliplatin followed by a 46-h con-
tinuous infusion of 5-FU with an ambulatory 
pump. Modifi ed FOLFOX7 (mFOLFOX7) does 
not contain a 5-FU bolus on day 1 but is otherwise 
similar. mFOLFOX7 appears to be less likely to 
cause neutropenia than FOLFOX regimens con-
taining a 5-FU bolus and may therefore be a very 
suitable regimen for patients with advanced dis-
ease receiving palliative chemotherapy. 

 There is no difference in outcome in terms of 
survival or response rate between FOLFOX and 
FOLFIRI assuming patients have access to the 
other regimen upon progression [ 49 ,  50 ]. The 
selection of the chemotherapy backbone depends 
on several factors:
•    Prior adjuvant therapy: Patients who have a 

recurrence of a previously resected early-stage 
colorectal cancer, and received oxaliplatin in 
the preceding 12 months, should be consid-
ered for irinotecan-based therapy, with the 
intent of reintroducing oxaliplatin at a later 
time point in the course of the disease.   

•   Comorbidities: Comorbidities may dictate 
the selection of initial therapy. For example, 
a patient with underlying neuropathy, such as 
diabetic neuropathy, may be better served with 
irinotecan-based regimen (FOLFIRI) instead 
of oxaliplatin-based regimen (FOLFOX) 

T.R. Halfdanarson and J.M. Hubbard



293

   Ta
b

le
 2

0
.1

  
  K

ey
 c

lin
ic

al
 tr

ia
ls

 o
f 

in
iti

al
 (

fi r
st

-l
in

e)
 c

he
m

ot
he

ra
py

 in
 p

at
ie

nt
s 

w
ith

 m
et

as
ta

tic
 c

ol
or

ec
ta

l c
an

ce
r   

 A
ut

ho
r 

 Y
ea

r 
 N

um
be

r 
of

 p
at

ie
nt

s 
 T

he
ra

py
 

 R
R

 (
%

) 
 p-

va
lu

e 
 PF

S 
(m

os
) 

 p-
va

lu
e 

 O
S 

(m
os

) 
 p-

va
lu

e 

  5 -
 F

U
 a

nd
 le

uc
ov

or
in

 v
s.

 c
ap

ec
it

ab
in

e  
 de

 G
ra

m
on

t [
 43

 ] 
 19

97
 

 21
6 

 B
ol

us
 5

-F
U

/L
V

 
 14

 
 0.

00
04

 
 5.

5 
 0.

00
12

 
 14

.2
 

 0.
06

7 
 21

7 
 B

ol
us

 +
 in

fu
si

on
al

 5
-F

U
/L

V
 

 33
 

 6.
9 

 15
.5

 
 H

of
f 

[ 1
3 ]

 
 20

01
 

 30
3 

 B
ol

us
 5

-F
U

/L
V

 
 16

 
 0.

00
5 

 4.
7 

 0.
72

 
 13

.3
 

 0.
97

4 
 30

2 
 C

ap
ec

ita
bi

ne
 

 25
 

 4.
3 

 12
.5

 
 V

an
 C

ut
se

m
 [

 12
 ] 

 20
01

 
 30

1 
 B

ol
us

 5
-F

U
/L

V
 

 16
 

 4.
7 

 0.
65

 
 12

.1
 

 0.
33

 
 30

1 
 C

ap
ec

ita
bi

ne
 

 19
 

 5.
2 

 13
.2

 
  Ir

in
ot

ec
an

 - c
on

ta
in

in
g 

re
gi

m
en

s  
 Sa

ltz
 [

 44
 ] 

 20
00

 
 23

1 
 IF

L
 

 39
 

 <
0.

00
1 

 7.
0 

 0.
00

4 
 14

.8
 

 0.
04

 
 22

6 
 B

ol
us

 5
-F

U
/L

V
 

 21
 

 4.
3 

 12
.6

 
 22

6 
 Ir

in
ot

ec
an

 
 18

 
 4.

0 
 12

.0
 

 D
ou

ill
ar

d 
[ 4

5 ]
 

 20
00

 
 18

8 
 5F

U
/L

V
 

 31
 

 <
0.

00
1 

 4.
4 

 <
0.

00
1 

 14
.1

 
 0.

03
1 

 19
9 

 Ir
in

ot
ec

an
 +

 5
-F

U
/L

V
 

 49
 

 6.
7 

 17
.4

 
 K

öh
ne

 [
 46

 ] 
 20

05
 

 21
6 

 In
fu

si
on

al
 5

-F
U

/F
A

 
 62

 
 <

0.
00

1 
 8.

5 
 <

0.
00

1 
 20

.1
 

 0.
27

8 
 21

4 
 Ir

in
ot

ec
an

 +
 in

fu
si

on
al

 5
-F

U
/F

A
 

 34
 

 6.
4 

 16
.9

 
  O

xa
lip

la
ti

n -
 co

nt
ai

ni
ng

 r
eg

im
en

s  
 de

 G
ra

m
on

t [
 47

 ] 
 20

00
 

 21
0 

 B
ol

us
 +

 in
fu

si
on

al
 5

-F
U

/L
V

 
 22

 
 0.

00
01

 
 6.

2 
 0.

00
03

 
 14

.7
 

 0.
12

 
 21

0 
 B

ol
us

 +
 in

fu
si

on
al

 5
-F

U
/L

V
 +

 o
xa

lip
la

tin
 

 51
 

 9.
0 

 16
.2

 
 G

ol
db

er
g 

[ 4
8 ]

 
 20

04
 

 26
4 

 IF
L

 
 31

 
 0.

00
2 a   

 6.
9 

 0.
00

14
 a   

 15
 

 0.
00

01
 a   

 26
7 

 FO
L

FO
X

 
 45

 
 8.

7 
 19

.5
 

 26
4 

 IR
O

X
 

 35
 

 0.
03

 a   
 6.

5 
 17

.4
 

 Po
rs

ch
en

 [
 15

 ] 
 20

07
 

 23
3 

 FU
FO

X
 

 54
 

 0.
7 

 8 
 0.

11
7 

 18
.8

 
 0.

26
 

 24
1 

 C
A

PO
X

 
 48

 
 7.

1 
 16

.8
 

 C
as

si
dy

 [
 16

 ] 
 20

08
 

 1,
01

7 
 FO

L
FO

X
 

 37
 

 N
S 

 8.
5 

 N
S 

 19
.8

 
 N

S 
 1,

01
7 

 C
A

PO
X

 
 37

 
 8 

 19
.6

 
 D

uc
re

ux
 [

 17
 ] 

 20
11

 
 15

0 
 FO

L
FO

X
 

 46
 

 N
S 

 9.
3 

 N
S 

 18
.9

 
 N

S 
 15

6 
 C

A
PO

X
 

 42
 

 8.
9 

 20
.1

 
 D

ía
z-

R
ub

io
 [

 18
 ] 

 20
07

 
 17

4 
 FU

O
X

 
 46

 
 0.

53
9 

 9.
5 

 0.
15

3 
 20

.8
 

 0.
14

5 
 17

4 
 C

A
PO

X
 

 37
 

 8.
9 

 18
.1

 

(c
on

tin
ue

d)

20 Metastatic Rectal Cancer



294

Ta
b

le
 2

0
.1

 
(c

on
tin

ue
d)

 A
ut

ho
r 

 Y
ea

r 
 N

um
be

r 
of

 p
at

ie
nt

s 
 T

he
ra

py
 

 R
R

 (
%

) 
 p-

va
lu

e 
 PF

S 
(m

os
) 

 p-
va

lu
e 

 O
S 

(m
os

) 
 p-

va
lu

e 

 To
ur

ni
ga

nd
 [

 49
 ] 

 20
04

 
 10

9 
 FO

L
FI

R
I →

 F
O

L
FO

X
 

 56
 

 0.
26

 
 14

.2
 

 0.
64

 
 21

.5
 

 0.
99

 
 11

1 
 FO

L
FO

X
 →

 F
O

L
FI

R
I 

 54
 

 10
.9

 
 20

.6
 

 C
ol

uc
ci

 [
 50

 ] 
 20

05
 

 16
4 

 FO
L

FI
R

I →
 F

O
L

FO
X

 
 31

 
 0.

6 
 7 

 0.
64

 
 14

 
 0.

28
 

 17
2 

 FO
L

FO
X

 →
 F

O
L

FI
R

I 
 34

 
 7 

 15
 

  T
hr

ee
 d

ru
g 

co
m

bi
na

ti
on

s  
( 5

 - F
U

 ,  o
xa

lip
la

ti
n 

an
d 

ir
in

ot
ec

an
 ) 

 Fa
lc

on
e 

[ 5
1 ]

 
 20

07
 

 12
2 

 FO
L

FI
R

I 
 41

 
 0.

00
02

 
 6.

9 
 0.

00
06

 
 16

.7
 

 0.
03

2 
 12

2 
 FO

L
FO

X
IR

I 
 66

 
 9.

8 
 22

.6
 

 So
ug

la
ko

s 
[ 5

2 ]
 

 20
06

 
 14

6 
 FO

L
FI

R
I 

 37
 

 0.
16

8 
 6.

9 
 0.

17
 

 19
.5

 
 0.

17
 

 13
7 

 FO
L

FO
X

IR
I 

 43
 

 8.
4 

 21
.5

 

  N
ot

e 
th

at
 th

er
e 

is
 a

 s
ub

st
an

tia
l v

ar
ia

tio
n 

in
 th

e 
do

se
 a

nd
 to

xi
ci

ty
 p

ro
fi l

e 
am

on
g 

th
e 

re
gi

m
en

s 
lis

te
d 

in
 th

e 
ta

bl
e.

 P
le

as
e 

co
ns

ul
t t

he
 o

ri
gi

na
l r

ep
or

ts
 f

or
 d

et
ai

ls
 

  C
A

P
O

X
 : 

ca
pe

ci
ta

bi
ne

 a
nd

 o
xa

lip
la

tin
,  F

A
 : 

fo
lin

ic
 a

ci
d,

  F
O

L
F

O
X

/F
U

F
O

X
 : 

5-
FU

, l
eu

co
vo

ri
n 

an
d 

ox
al

ip
la

tin
,  F

O
L

F
O

X
IR

I :
 5

-F
U

, o
xa

lip
la

tin
 a

nd
 i

ri
no

te
ca

n,
  F

U
O

X
 : 

5-
FU

 a
nd

 
ox

al
ip

la
tin

,  I
F

L
 : i

ri
no

te
ca

n,
 5

-F
U

 a
nd

 le
uc

ov
or

in
,  I

R
O

X
 : I

ri
no

te
ca

n 
an

d 
ox

al
ip

la
tin

,  L
V

 : l
eu

co
vo

ri
n,

  M
os

 : m
on

th
s,

  N
S :

 n
ot

 s
ig

ni
fi c

an
t, 

 O
S :

 o
ve

ra
ll 

su
rv

iv
al

,  P
F

S :
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

,  R
R

 : r
ad

io
gr

ap
hi

c 
re

sp
on

se
 r

at
e 

  a  C
om

pa
re

d 
to

 F
O

L
FO

X
  

T.R. Halfdanarson and J.M. Hubbard



295

   Ta
b

le
 2

0
.2

  
  C

om
m

on
ly

 u
se

d 
ch

em
ot

he
ra

py
 r

eg
im

en
s   

 R
eg

im
en

 
 5-

FU
 b

ol
us

 
 5-

FU
 in

fu
si

on
 

 L
eu

co
vo

ri
n 

 C
ap

ec
ita

bi
ne

 
 O

xa
lip

la
tin

 
 Ir

in
ot

ec
an

 
 C

yc
le

 le
ng

th
 (

da
ys

) 

 M
od

ifi 
ed

 d
e 

G
ra

m
on

t 
 40

0 
m

g/
m

 2   
 2,

40
0 

m
g/

m
 2   o

ve
r 

46
 h

 
 40

0 
m

g/
m

 2   
 N

on
e 

 N
on

e 
 N

on
e 

 14
 

 m
FO

L
FO

X
6 

 40
0 

m
g/

m
 2   

 2,
40

0 
m

g/
m

 2   o
ve

r 
46

 h
 

 40
0 

m
g/

m
 2   

 N
on

e 
 85

 m
g/

m
 2   

 N
on

e 
 14

 
 m

FO
L

FO
X

7 
 N

on
e 

 2,
40

0–
3,

00
0 

m
g/

m
 2   o

ve
r 

46
 h

 
 20

0 
m

g/
m

 2   
 N

on
e 

 85
 m

g/
m

 2   
 N

on
e 

 14
 

 C
A

PO
X

 
 N

on
e 

 N
on

e 
 N

on
e 

 85
0–

1,
00

0 
m

g/
m

 2   f
or

 1
4 

da
ys

 
 13

0 
m

g/
m

 2   
 N

on
e 

 21
 

 FO
L

FI
R

I 
 40

0 
m

g/
m

 2   
 2,

40
0 

m
g/

m
 2   o

ve
r 

46
 h

 
 40

0 
m

g/
m

 2   
 N

on
e 

 N
on

e 
 18

0 
m

g/
m

 2   
 14

 
 FO

L
FO

X
IR

I 
 N

on
e 

 2,
40

0–
3,

20
0 

m
g/

m
 2   o

ve
r 

46
 h

 
 20

0 
m

g/
m

 2   
 N

on
e 

 85
 m

g/
m

 2   
 16

5 
m

g/
m

 2   
 14

 

  B
ev

ac
iz

um
ab

, c
et

ux
im

ab
 a

nd
 p

an
itu

m
um

ab
 c

an
 b

e 
ad

de
d 

to
 e

ith
er

 F
O

L
FI

R
I 

or
 F

O
L

FO
X

 (
th

e 
ad

di
tio

n 
of

 c
et

ux
im

ab
 to

 F
O

L
FO

X
 is

 s
til

l u
nd

er
 in

ve
st

ig
at

io
n)

. B
ev

ac
iz

um
ab

 c
an

 
be

 a
dd

ed
 t

o 
C

A
PO

X
. 

A
fl i

be
rc

ep
t 

ca
n 

be
 a

dd
ed

 t
o 

FO
L

FI
R

I 
bu

t 
th

e 
co

m
bi

na
tio

n 
is

 o
nl

y 
ap

pr
ov

ed
 a

s 
se

co
nd

-l
in

e 
th

er
ap

y 
af

te
r 

pr
og

re
ss

io
n 

on
 F

O
L

FO
X

 w
ith

 o
r 

w
ith

ou
t 

be
va

ci
zu

m
ab

 
  m

F
O

L
F

O
X

 : m
od

ifi 
ed

 F
O

L
FO

X
  

20 Metastatic Rectal Cancer



296

as initial therapy given its neurotoxicity. 
Similarly, patients with ileostomy may have 
diffi culties tolerating therapy with irinotecan 
and capecitabine given the risk of diarrhea. 
Irinotecan should also be used with great care 
in patients with liver dysfunction. Oxaliplatin 
is safe to use even in signifi cant renal and 
hepatic insuffi ciency.  

•   Performance status: Patients should undergo a 
thorough evaluation, including assessment of 
performance status and comorbidities by a 
medical oncologist prior to commencing ther-
apy. Performance status is relatively easy to 
assess and the two most common used tools 
are the Eastern Cooperative Oncology Group 
(ECOG) performance scale and the Karnofsky 
performance score (Tables  20.3  and  20.4 ) [ 55 , 
 56 ]. Patients with impaired performance score 
may not be candidates for intensive multi- 
agent systemic therapy but can still derive sig-
nifi cant benefi t, both in terms of survival 
improvement and quality of life with fl uoro-
pyrimidine monotherapy. (See the section on 

the elderly and those with impaired perfor-
mance below)
       Capecitabine can be safely substituted for 

5-FU in oxaliplatin-based regimens in the man-
agement of metastatic colorectal cancer [ 14 – 17 ]. 
The optimal dose of capecitabine is not well 
defi ned and there appear to be substantial regional 
differences in tolerance to capecitabine, likely 
based on different pharmacogenomics variations 
in different populations as well as life-style and 
dietary patterns. Capecitabine has been found to 
be effective when used in a combination with iri-
notecan (CAPIRI) [ 57 ], but we do not recom-
mend this as a routine option for fi rst line therapy 
given the risk of complications, especially gas-
trointestinal toxicity. 

 Triple cytotoxic drug regimens such as 
FOLFOXIRI have been evaluated in patients 
with metastatic colorectal cancer and have been 
shown to be safe and effective as initial chemo-
therapy but whether such an aggressive approach 
improves overall survival remains to be seen [ 52 , 
 58 ,  59 ]. The overall survival of patients in the 

   Table 20.3    Eastern Cooperative Oncology Group (WHO/Zubrod) performance status   

 Performance status  Description 

 0  Fully active, able to carry on all pre-disease performance without restriction 
 1  Restricted in physically strenuous activity but ambulatory and able to carry out work of a 

light or sedentary nature, e.g., light house work, offi ce work 
 2  Ambulatory and capable of all self-care but unable to carry out any work activities. Up and 

about more than 50 % of waking hours 
 3  Capable of only limited self-care, confi ned to bed or chair more than 50 % of waking hours 
 4  Completely disabled. Cannot carry on any self-care. Totally confi ned to bed or chair 
 5  Dead 

   Table 20.4    Karnofsky performance status   

 Performance status  Description 

 100  Normal. No complaints. No evidence of disease 
 90  Able to carry on normal activity. Minor signs or symptoms of disease 
 80  Normal activity with effort. Some signs or symptoms of disease 
 70  Care of self. Unable to carry on normal activity or to do active work 
 60  Requires occasional assistance, but is able to care for most of needs 
 50  Requires considerable assistance and frequent medical care 
 40  Disabled. Requires special care and assistance 
 30  Severely disabled. Hospitalization is indicated although death not imminent 
 20  Hospitalization necessary, very sick, active supportive treatment necessary 
 10  Moribund. Fatal processes progressing rapidly 
 0  Dead 
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triple-drug arms does not appear to be superior 
when compared to recent studies comparing 
sequential cytotoxic doublet therapy with biolog-
ics, especially when maintenance therapy is used. 
Furthermore, toxicity favors doublet therapy over 
triple-drug therapy.  

    The Role of Biologic Drugs 

 Most newly diagnosed patients treated in the US 
will receive initial therapy that incorporates bio-
logics, most commonly bevacizumab. Biologic 
therapy directed against VEGF and EGFR has 
been extensively studied and found to provide 
additional benefi t when given in conjunction with 
cytotoxic agents (Table  20.5 ).

   Bevacizumab has been shown to have rela-
tively modest benefi ts in terms of improving 
overall survival and progression showing a pro-
longation in overall survival of 2–3 months over 
cytotoxic therapy alone but consistently seen 
across multiple trials [ 60 – 65 ,  71 ]. Bevacizumab 
has no clinically meaningful effi cacy when used 
alone. Bevacizumab is very well tolerated and is 
extensively used in upfront chemotherapy as well 
as in the maintenance phase of the treatment. The 
most important adverse effects of bevacizumab 
therapy are arterial thromboembolic events, hem-
orrhage, bowel perforation and impaired wound 
healing [ 26 ,  28 ,  71 ]. Continuing bevacizumab 
beyond progression of the fi rst cytotoxic regimen 
is benefi cial. In those circumstances, the chemo-
therapy backbone regimen is changed but the 
bevacizumab continued as adjunctive therapy. 
This concept has been explored in a randomized 
trial where continuing bevacizumab beyond fi rst 
progression was found to prolong both overall 
survival and progression-free survival [ 72 ]. The 
results of observational studies provide further 
support of using bevacizumab beyond fi rst pro-
gression [ 73 – 75 ]. 

 Cetuximab and panitumumab, both monoclo-
nal antibodies directed against EGFR, are effec-
tive both as monotherapy and in combinations 
with cytotoxic agents [ 3 ,  36 ,  66 – 68 ,  76 – 78 ]. The 
benefi cial effects of the available EGFR targeting 
drugs are limited to patients with cancers that 

have no RAS mutations (RAS wild-type). The 
optimal chemotherapy backbone for regimens 
including EGFR inhibitors is not known. Two tri-
als limited to KRAS wild-type patients did not 
show additional benefi t of cetuximab when added 
to oxaliplatin-containing regimens [ 66 ,  67 ]. A 
smaller study reported improved progression- 
free survival but not overall survival when cetux-
imab was added to FOLFOX [ 68 ]. The benefi ts of 
adding cetuximab to oxaliplatin-based chemo-
therapy are therefore uncertain. The additional 
benefi ts of cetuximab when given with cytotoxic 
chemotherapy are modest. For example, cetux-
imab when added to FOLFIRI, signifi cantly pro-
longed overall survival (23.5 vs. 20.0 month) and 
progression-free survival (9.9 vs. 8.4 months) 
compared to FOLFIRI alone in patients with 
KRAS wild-type tumors [ 78 ]. The benefi t of add-
ing EGFR directed drugs to chemotherapy is also 
supported by the fi ndings of meta-analyses of 
completed clinical trials [ 79 ,  80 ]. Similar results 
were reported when panitumumab was combined 
with FOLFOX and the benefi ts were limited to 
patients with RAS wild type tumors (all-RAS 
wild-type) with evidence of harm from panitu-
mumab in patients with RAS mutated tumors 
[ 35 ,  69 ]. 

 The optimal biologic agent to be used in 
upfront therapy in patients with all-RAS wild- 
type tumors is unknown. The benefi ts of bevaci-
zumab and the EGFR inhibitors appear to be of a 
similar magnitude. Two recent studies suggested 
superiority of an EGFR inhibitor over bevaci-
zumab in the fi rst line therapy when given in a 
combination with either FOLFOX or FOLFIRI in 
KRAS wild-type patients but a third large ran-
domized phase 3 trial did not show a difference 
among the two biologic agents [ 3 ,  70 ,  81 ]. What 
is remarkable in these last three trials is the fact 
that median survival is now reported to be around 
30–40 months in the population of patients with 
RAS wild-type tumors. At this point in time, 
FOLFOX or FOLFIRI with either bevacizumab 
or an EGFR-inhibiting monoclonal antibody 
(cetuximab or panitumumab), are reasonable ini-
tial choices in patients with all-RAS wild-type 
tumors. For patients with RAS mutated tumors, 
either FOLFOX or FOLFIRI with bevacizumab 
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unless contraindicated, is appropriate as fi rst-line 
therapy. 

 At the time of progression, it is reasonable to 
change the chemotherapy backbone and those 
receiving fi rst-line FOLFOX (or CAPOX) should 
be offered FOLFIRI (or single-agent irinotecan) 
and vice versa. The patients with RAS mutated 
tumors should remain on bevacizumab or be 
switched to afl ibercept, upon progression on 
fi rst-line cytotoxic therapy, as VEGF inhibition 
beyond fi rst line of cytotoxic therapy is benefi -
cial. Patients with RAS wild-type tumors who 
began therapy with bevacizumab and either 
FOLFOX or FOLFIRI and then progress, should 
be offered EGFR-directed therapy as second-line 
along with cytotoxic therapy. Continuing bevaci-
zumab or switching to afl ibercept and using 
EGFR-directed therapy in third-line is also an 
option (Fig.  20.1 ).  

 Cetuximab has activity when given as a single 
agent in patients who are intolerant of cytotoxic 
chemotherapy. Cetuximab was compared to best 
supportive care in patients who had either 
 progressed on available therapy or had contrain-
dications to such therapy and was found to be 
superior to best supportive care with a median 
overall survival of 6.1 versus 4.6 months [ 76 ]. 
The benefi t was limited to patients with tumors 
that were KRAS wild-type where the median 
overall survival in treated patients was 9.5 months 
vs. 4.8 months in patients receiving best support-
ive care [ 77 ]. Patients with KRAS mutated 
tumors derived no benefi t from cetuximab mono-
therapy in this trial. Not only was there a survival 
benefi t of cetuximab monotherapy in patients 
with KRAS wild-type tumors, but treated patients 
also reported substantial benefi ts in terms of 
quality of life [ 83 ]. Panitumumab has also been 

Bevacizumab
+ CT doublet

mCRC, palliative setting, PS 0-1
Unresectable Liver and Retroperitoneal LN Metastases

Any RAS mut (55%)

PD1

PD2

PD3

PD4

All RAS wt (40%) BRAF mut (5%)

Sridharan et al., Oncology 2014

Optimized Treatment Strategy

Bevacizumab
+ CT doublet

Bevacizumab
+ FOLFOXIRI

EGFR inhibitor
+ CT doublet

EGFR inhibitor
+/− chemotherapy

EGFR inhibitor +/−
irinotecan

Regorafenib

Molecular testing

Regorafenib

Regorafenib

Regorafenib

BSC

BSC

BSC BSC

Bevacizumab
+ CT doublet

VEGFi
+ CT doublet

VEGFi
+ CT doublet

  Fig. 20.1    Management strategies in patients with meta-
static colorectal cancer. Abbreviations:  BSC : best support-
ive care,  CT : chemotherapy,  EGFR : epidermal growth 
factor receptor,  FOLFOXIRI : folinic acid (leucovorin), 
5-fl uorouracil, oxaliplatin and irinotecan,  mCRC : meta-

static colorectal cancer,  mut : mutated,  PD : progressive 
disease,  VEGF : vascular endothelial growth factor,  VEGF 
inhibitor : bevacizumab or afl ibercept,  wt : wild-type (From 
Sridharan et al. [ 82 ]. Copyrighted 2014. UBM Medica. 
111938:814BN)       
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shown to prolong progression-free and overall 
survival and as seen with cetuximab, the benefi ts 
are limited to patients with KRAS wild-type 
tumors [ 84 – 86 ]. Cetuximab and panitumumab 
seem to have similar effi cacy when used as 
monotherapy in chemotherapy- refractory meta-
static colorectal cancer [ 87 ]. With more patients 
receiving cetuximab earlier on in the course of 
their treatment, the role of single-agent EGFR 
directed therapy is likely to have less of a role in 
the management of metastatic colorectal cancer 
but it still remains an option for patients with less 
than optimal performance status and for those 
who wish to avoid cytotoxic chemotherapy. 

 Patients who have experienced cancer pro-
gression on all available regimens and still have 
preserved performance status may be offered 
regorafenib monotherapy. Regorafenib was com-
pared to best supportive care in a randomized 
phase III trial and resulted in a modest improve-
ment in median overall survival (6.4 versus 
5 months) [ 33 ]. 

 Patients should be encouraged to participate in 
clinical trials of new therapeutic agents at all 
stages of their illness and especially after exhaust-
ing all available treatment options provided their 
performance is still good.  

     Treatment Interruptions 
and Maintenance Therapy 

 Patients with metastatic colorectal cancer who 
are interested in maximizing their survival should 
expect to be on continuous therapy until they 
have exhausted all the available treatment 
options. Older regimens such as 5-FU with leu-
covorin are well tolerated with negligible cumu-
lative toxicities. Oxaliplatin, when incorporated 
in treatment regimens, has cumulative and dose- 
dependent sensory neuropathy which can be 
extremely debilitating and a major detriment to 
the quality of life of patients. Debilitating neu-
ropathy is seen in 10–15 % of patients who have 
received a cumulative dose of oxaliplatin of 
800 mg/m 2  or more. Limiting oxaliplatin expo-
sure can therefore decrease the risk of neuropathy 
and is commonly employed. A reasonable 

approach is to discontinue the oxaliplatin after 
4 months of therapy (typically eight treatments of 
FOLFOX or six treatments of CAPOX) and con-
tinue with some form of maintenance therapy. 
This approach has been tested in several trials 
[ 88 – 91 ]. Planned discontinuation of oxaliplatin 
does not seem to result in impaired survival but 
may allow patients to stay on therapy for longer 
and with less toxicity and potentially improve 
overall survival. Complete chemotherapy breaks 
may have adverse effect on survival compared to 
maintenance therapy [ 89 ] and such breaks are 
generally discouraged. The optimal maintenance 
therapy remains unknown but recent studies have 
suggested that a combination of fl uoropyrimi-
dines (either capecitabine or 5-FU with leucovo-
rin) may be both effective and well tolerated [ 92 , 
 93 ].  

    Treatment of Elderly Patients 
and Patients with Impaired 
Performance Status 

 The median age of patients diagnosed with 
colorectal cancer of all stages in the US is 
68 years, and 35 % are 75 years or older [ 2 ]. With 
an aging population in the Western hemisphere, 
colorectal cancer in the elderly is likely to become 
even a larger problem. Therapy of older adults 
with advanced cancer is challenging for multiple 
reasons, especially given the higher prevalence of 
comorbidities, polypharmacy, and impaired per-
formance status in many of these patients [ 94 –
 96 ]. Chronological age is a poor predictor of 
physical function and reserve and is therefore of 
limited use when selecting therapy for patients. 
Elderly patients should ideally undergo a thor-
ough assessment of physical and cognitive func-
tion prior to commencing therapy. As a rule, fi t 
elderly patients with minimal comorbidities, 
derive the same benefi t of therapy as their 
younger counterparts [ 97 – 101 ]. Toxicities may 
be slightly increased among the elderly, espe-
cially neuropathy resulting from the use of oxali-
platin. Elderly patients, especially those at risk of 
falling, may therefore not be good candidates for 
oxaliplatin given the risk of neuropathy. 
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 Fit older patients should generally be offered 
the same therapy as younger patients after a thor-
ough counseling on the benefi ts and risks of ther-
apy. Biological agents seem to be as safe and 
effective in older patients as long as there are no 
contraindications [ 102 – 105 ]. Elderly patients felt 
to be an excessive risk of side effects from either 
oxaliplatin or irinotecan can be offered mono-
therapy with fl uoropyrimidines such as 5-FU 
with leucovorin or capecitabine, or in a combina-
tion with either bevacizumab or an EGFR inhibi-
tor provided there are no contraindications to 
biologic therapy. Capecitabine seems to be as 
effective as 5FU in the elderly and can safely be 
given in conjunction with either bevacizumab or 
cetuximab [ 65 ,  106 ,  107 ]. Capecitabine should 
be used with caution as elderly patients fre-
quently have impaired renal function and increas-
ing the risk of adverse effects. Furthermore, 
compliance to oral therapy needs to be monitored 
carefully and very clear instructions given to 
avoid medication errors, especially in elderly 
patients taking multiple oral medications simul-
taneously [ 108 ]. 

 The treatment of patients with poor perfor-
mance (ECOG Performance Score of 2 or 
higher) follows similar principles as the treat-
ment of elderly patients. Patients with PS of 2 
that is felt to be secondary to the cancer itself, 
should be counseled on chemotherapy and 
offered treatment, as they may experience sig-
nifi cant benefi t in terms of quality of life and 
many patients will have an improvement in the 
performance as the cancer responds to therapy. 
Patients with performance score of 2 seem to 
derive signifi cant benefi t from therapy although 
the toxicity is increased and overall survival is 
shorter that in patients of better performance 
status [ 109 ]. Patients unable to tolerate irinote-
can or oxaliplatin should be considered for fl uo-
ropyridine monotherapy with the addition of a 
biological agent if there are no contraindica-
tions. The patients should be monitored care-
fully for toxicity and dose-reductions used as 
needed to ameliorate adverse effects. Cetuximab 
and panitumumab monotherapy can be consid-
ered in the elderly and patients with impaired 
performance status.  

    Chemotherapy and Liver Resections 

 Liver metastases are a substantial clinical prob-
lem in patients with metastatic colorectal can-
cer. The liver is the most common site for distant 
metastases and liver metastases are a substantial 
cause of morbidity and mortality in patients. 
Resection and/or ablation of liver metastases 
can provide long-term disease control and even 
cure [ 110 – 112 ] and chemotherapy has a role in 
the management of metastases limited to the 
liver [ 113 ]. 

 Patients with colorectal cancer liver metasta-
ses may be broadly grouped into 4 categories:
    1.    Patients who have readily resectable 

metastases.   
   2.    Patients who have either unresectable or bor-

derline resectable metastases but could poten-
tially be resected after successful cytoreductive 
chemotherapy (conversion therapy).   

   3.    Patients who have extensive metastases, 
which will likely never be resectable.   

   4.    Patients with liver metastases and comorbidi-
ties that prevent hepatic resection.     
 The term “conversion therapy” is used where 

the intent of the treatment is to render unresect-
able disease resectable with preoperative chemo-
therapy. The term perioperative or neoadjuvant 
chemotherapy should be reserved to the  treatment 
administered to patients with liver metastases 
that are resectable. Thus, the intent of conversion 
therapy is clearly different from the intent of neo-
adjuvant therapy although both treatments are 
given with the intent of improving long-term out-
comes [ 113 ]. 

 The resectability of liver metastases should be 
determined by a surgeon with experience in liver 
resections, and preferentially in a multidisci-
plinary setting. Patients with a limited number of 
unresectable liver metastases may benefi t from 
neo-adjuvant chemotherapy. Such therapy may 
render the metastases resectable but the risk of 
the treatment has to be weighed carefully against 
the benefi ts. Oxaliplatin can result in sinusoidal 
obstruction within the liver but it is unclear if 
such liver abnormalities increase postoperative 
complications and affect the outcome of surgery 
[ 114 ,  115 ]. Irinotecan is associated with hepatic 
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steatosis and steatohepatitis and prolonged 
irinotecan- based chemotherapy prior to liver 
resection, may increase the risk of complications 
and even mortality [ 116 ,  117 ]. The risk of com-
plications may increase with an increasing dura-
tion of the pre-operative chemotherapy, and there 
may be limited benefi ts in terms of further tumor 
regression beyond 4–6 months of therapy [ 118 ]. 
Patients should also be given adequate time to 
recover from chemotherapy prior to liver resec-
tion. Liver resections within 4 weeks from com-
pleting chemotherapy are associated with a 
higher rate of complications [ 119 ]. 

 The effect of cytotoxic chemotherapy on over-
all survival in patients with resectable liver 
metastases is still under debate. A pooled analy-
sis of two trials evaluating adjuvant 5- fl uorouracil 
after liver resection showed a marginal benefi t 
from adjuvant chemotherapy with a non- 
signifi cant improvement in both median DFS and 
OS [ 120 ]. A large European trial randomized 
patients to either upfront liver resection versus 
perioperative chemotherapy with FOLFOX for 
six cycles before and six cycles after resection 
[ 121 ]. There was an increase in 3-year 
progression- free survival (PFS) from 28.1 to 
35.4 months with perioperative FOLFOX at the 
cost of an increase in reversible postoperative 
complications (16 % vs. 25 %; p = 0.04) but not 
increase in peri- or postoperative mortality. With 
long-term follow-up of this trial, median overall 
survival was 61.3 months (95 % CI 51.0–83.4) in 
the FOLFOX arm versus 54.3 months (41.9–
79.4) in the surgery alone arm [ 122 ]. This 
increase in overall survival was not statistically 
signifi cant, however this may be due in part lower 
than planned enrollment in the trial. Therefore, 
many oncologists utilize perioperative FOLFOX 
in patients with resectable liver metastases. The 
addition of irinotecan to 5-FU and leucovorin 
does not appear to improve outcome when com-
pared to 5-FU and leucovorin alone as adjuvant 
therapy after surgery for resectable liver metasta-
ses [ 123 ]. 

 The role of biologic agents in conjunction 
with chemotherapy in the management of patients 
with resectable liver metastases remains to be 
determined. Bevacizumab likely provides little 

additional benefi t with a risk of postoperative 
complications and is not routinely recommended. 
Cetuximab when given with chemotherapy may 
actually be harmful when given as perioperative 
therapy in patients with resectable liver metasta-
ses [ 124 ]. 

 Patients with initially unresectable liver 
metastases present a different problem. Under 
those circumstances, more aggressive upfront 
therapy may be warranted and there may be a role 
for biologic agents given with cytotoxic therapy. 
Several prospective and retrospective studies 
have been performed and the results in terms of 
conversion rate (i.e. conversion from unresect-
able to resectable liver metastases) and complete 
resection vary widely. Between 10 and 35 % of 
patients with initially unresectable liver metasta-
ses will be able to undergo surgery after neoadju-
vant chemotherapy with a 5-year survival 
approaching 30 % [ 113 ,  125 ]. This is a substan-
tially improved survival over chemotherapy alone 
for unresected stage IV disease. Complete patho-
logical responses are uncommon, even when 
there has been a complete radiographic response 
so resection is still recommended, even though 
the metastases may no longer be perceptible 
[ 126 ,  127 ]. Complete pathological response to 
neoadjuvant chemotherapy, when achieved, does 
predict a better outcome following liver resection 
[ 128 ,  129 ]. 

 Chemotherapy regimens containing three 
cytotoxic drugs (FOLFOXIRI) may be more 
effective in converting unresectable liver metas-
tases to resectable ones when compared to two- 
drug regimens [ 51 ,  130 ,  131 ]. While objective 
response rates may be higher with a three-drug 
regimen, not all studies have confi rm a higher 
complete resection rate [ 59 ]. Therefore, the role 
of three-drug regimens as conversion therapy for 
unresectable liver metastases remains unclear. 
The addition of cetuximab to chemotherapy in 
patients liver metastases and cancer with KRAS 
mutations has been shown to result in high radio-
graphic response rates and possibly increased 
resectability in an uncontrolled phase II study 
and a small randomized trial [ 132 ,  133 ]. These 
fi ndings need to be confi rmed in larger random-
ized trial. FOLFOX, FOLFIRI and FOLFOXIRI 

20 Metastatic Rectal Cancer



304

are all reasonable regimens for patients who are 
being considered for conversion therapy. For 
patients whose tumors are all-RAS wild-type, 
FOLFIRI with cetuximab or FOLFOX or 
FOLFIRI with panitumumab can be considered. 
Bevacizumab can also improve response rates, 
and can be used in patients with RAS mutated 
and unmutated colorectal cancer [ 61 ]. If bevaci-
zumab is used preoperatively, it should be dis-
continued a minimum of 6–8 weeks prior to 
surgery to avoid postoperative wound healing 
complications.  

    Evaluation of Patients While 
on Therapy 

 Patients with metastatic colorectal cancer under-
going systemic therapy should be evaluated at 
regular intervals. A clinic visit prior to each treat-
ment, typically every 2–3 weeks is considered 
good practice. A laboratory evaluation at every 
visit is recommended and should include a com-
plete blood count, chemistries including renal 
and liver function and measurements of the carci-
noembryonic antigen (CEA) in those patients 
who have an elevated level at diagnosis. Imaging 
studies should be done every 2–3 months or even 
more frequently if clinically indicated based on 
changes in symptoms. Computerized tomogra-
phy (CT) or magnetic resonance imaging (MRI) 
imaging is preferred and routine use of positron 
emission tomography (PET/CT) is discouraged 
unless the disease cannot be reliably measured 
with CT or MRI.  

    Conclusion 

 Metastatic colorectal cancer is a common 
problem and a major cause of death and mor-
bidity among cancer patients in general. 
Substantial advances have been made in the 
management of colorectal cancer patients and 
the survival of patients has markedly improved 
in the last two decades. There are now multi-
ple options for systemic therapy that include 
both conventional cytotoxic agents and newer 
biologic agents. Biomarkers, especially RAS 
mutation analyses, are increasingly being used 

to guide treatment decisions. Combination 
chemotherapy that includes a biological agent, 
either a VEGF or EGFR inhibitor, should be 
considered for most patients with adequate 
performance score. Systemic therapy should 
be thought of as a continuum of care rather 
than distinct “lines of therapy”. More aggres-
sive therapy with preplanned phases of less 
intensive maintenance phases appears to mini-
mize adverse events and prolong the time 
patients remain on therapy and therefore max-
imize survival and maintain quality of life. 
Patients with metastatic colorectal cancer 
interested in systemic therapy should expect 
to remain on continuous therapy long-term as 
the exposure to all available therapeutic agents 
with no or limited therapy-free holidays seems 
to result in the best prolongation of survival. 
Judiciously used treatment breaks can be used 
if patients wish to be off therapy for some 
time, or if toxicities become problematic. 
Elderly patients and those with impaired per-
formance status can be successfully treated 
with a meaningful prolongation of survival 
and preservation of quality of life. Less intense 
regimens and single-agent treatments may be 
considered in that population. Patients should 
be encouraged to participate in clinical trials 
whenever possible.     
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        Introduction 

 Surgical resection is the mainstay of treatment 
for rectal cancers. For the vast majority of patients 
with rectal cancers the tumor is located within the 
mesorectal fascia and is resected with total meso-
rectal excision (TME) with excellent clinical out-
comes. A small percentage of patients have 
tumors that extend beyond the mesorectal com-
partment with invasion into the fascia propria or 
beyond into surrounding structures or with local 
lymph node involvement (stage II or III). These 
patients with locally advanced rectal cancer are 
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diffi cult to treat with surgery alone due to an 
increased risk in local disease recurrence. In 
recent years, new technologies and advances in 
treatment protocols have resulted in a multidisci-
plinary approach that has yielded improved clini-
cal and oncological outcomes.  

    Initial Evaluation 

 When planning treatment for all rectal cancers, 
thorough evaluation and accurate clinical staging 
are vital as the optimal therapy is drastically dif-
ferent for varying stages of disease. As with all 
rectal cancers, initial evaluation for locally 
advanced rectal cancer begins with a thorough 
history and physical. Digital rectal exam (DRE) 
should be performed in addition to rigid procto-
sigmoidoscopy to determine the distance of the 
lesion to the anal verge. These exams can also 
reveal information about the tumor, including 
fi xation to surrounding structures, tumor bulk, 

general location and circumferential involvement. 
It is not possible to determine detailed informa-
tion regarding tumor extent or staging through 
physical exam alone and further imaging is 
required. All patients with rectal cancer should 
have a complete colonoscopy to evaluate for syn-
chronous cancers (up to 3 % incidence) and pol-
yps (up to 30 % incidence) [ 1 – 4 ].  

    Staging 

 Clinical staging of rectal cancers is performed 
according to the American Joint Committee on 
Cancer (AJCC) TMN system (Tables  21.1  and 
 21.2 ) [ 5 ]. Locally advanced rectal cancers are 
generally considered to be stage II or III. Available 
imaging modalities for staging include CT scan, 
endorectal ultrasound (EUS), and high resolution 
MRI with specifi c rectal protocols. A CT scan of 
the chest, abdomen and pelvis should be rou-
tinely obtained to evaluate for distant metastasis, 

   Table 21.1    Colorectal cancer AJCC staging defi nitions   

 Primary tumor (T)  TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  Carcinoma in situ: intraepithelial or invasion of lamina propria 
 T1  Tumor invades submucosa 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades through the muscularis propria into pericolorectal tissues 
 T4a  Tumor penetrates into the surface of the visceral peritoneum 
 T4b  Tumor directly invades or is adherent to other organs or structures 

 Regional lymph nodes (N)  NX  Regional lymph nodes cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in 1–3 regional lymph nodes 
 N1a  Metastasis in 1 regional lymph node 
 N1b  Metastasis in 2–3 regional lymph nodes 
 N1c  Tumor deposit(s) in the submucosa, mesentery, or nonperitonealized or 

perirectal tissues without regional nodal metastasis 
 N2  Metastasis in 4 or more regional lymph nodes 
 N2a  Metastasis in 4–6 regional lymph nodes 
 N2b  Metastasis in 7 or more regional lymph nodes 

 Distant metastasis (M)  M0  No distant metastasis 
 M1  Distant metastasis 
 M1a  Metastasis confi ned to one organ or site 
 M1b  Metastasis in more than one organ/site or the peritoneum 

  Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois.  The original and primary 
source for this information is the AJCC Cancer Staging Manual , Seventh Edition (2010) published by Springer 
Science + Business Media  
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most commonly found in the liver and lungs. CT 
imaging may also reveal involvement of adjacent 
organs, however it is not considered the ideal 
imaging modality for locoregional staging. EUS 
has historically been the most accurate modality 
for T staging, with accuracy ranging from 85 to 
95 %, compared to 52–74 % for CT and 71–91 % 
for MRI [ 6 ]. The effi cacy of EUS is limited, how-
ever, by inability to maneuver past stenotic or 
bulky lesions. Nodal staging remains diffi cult 
and on recent meta-analysis, none of the imaging 
modalities were superior to the others, with sen-
sitivities and specifi cities of 55 and 74 % for CT, 
67 and 78 % for EUS, and 66 and 76 % for MRI 
[ 7 ]. Recent advances in MRI techniques have 
improved its utility in rectal cancer staging. 
Specifi cally, MRI is the best modality to evaluate 
the circumferential margin (CRM), defi ned as the 
distance from the tumor to the mesorectal fascia, 
which is important for surgical planning [ 8 ,  9 ]. 
Because of this, MRI is becoming the staging 
modality of choice in centers that are trained in 
the specifi c protocols for rectal cancers as 
 standard pelvic MRI will not provide the same 

information [ 10 ]. Following staging, it is 
 recommended that the patient’s case be discussed 
in a multidisciplinary format with input from 
pathologists, radiologists, and surgical, medical 
and radiation oncologists to determine the best 
recommended course of treatment.

        Neoadjuvant Therapy 

 The management of stage I and IV rectal cancers 
will not be discussed in this chapter. The pre-
ferred treatment for stage II and III rectal cancers 
has changed drastically over the past several 
years. Reduction in local recurrence rates and 
disease-free survival was shown with the use of 
postoperative radiation therapy in conjunction 
with 5-Fluorouracil (5-FU) in two prospective 
randomized trials, prompting the National Cancer 
Institute to issue a consensus statement in 1990 
recommending the use of adjuvant therapy for 
stage II and III tumors [ 11 ]. In recent years how-
ever, is has been demonstrated that neoadjuvant 
chemoradiation is preferred as it has greater effi -
cacy, lower toxicity, and improved oncologic out-
comes than adjuvant therapy [ 12 ]. Potential 
benefi ts of preoperative radiation when compared 
to postoperative include decreased risk of irradia-
tion of the small bowel, no anastomotic radiation, 
improved compliance, lower toxicity, and better 
tumor oxygenation leading to increased radiosen-
sitivity. There is strong evidence to support the 
use of both short-course (5 Gy daily for 5 days 
without chemotherapy) and long-course (45–
50.4 Gy total given at 1.8–2 Gy per fraction over 
5–6 weeks administered with 5-FU chemother-
apy) radiotherapy. 

 The Swedish Rectal Cancer Trial, originally 
published in 1997, fi rst demonstrated the benefi t 
of preoperative radiation [ 13 ]. This study showed 
that patients who received short-course radio-
therapy (SCRT) followed by surgery had reduced 
local recurrence (11 %) and prolonged 5-year 
overall survival (58 %) than those who had sur-
gery alone (27 and 48 %, respectively). Radiation 
was, however, associated with increased gastro-
intestinal complications and led to more readmis-
sions in the 6-month postoperative period [ 14 ]. 

   Table 21.2    Colorectal Cancer AJCC Anatomic Staging 
Groups   

 Stage  T  N  M 

 0  Tis  N0  M0 
 I  T1  N0  M0 

 T2  N0  M0 
 IIA  T3  N0  M0 
 IIB  T4a  N0  M0 
 IIC  T4b  N0  M0 
 IIIA  T1-T2  N1/N1c  M0 

 T1  N2a  M0 
 IIIB  T3-T4a  N1/N1c  M0 

 T2-T3  N2b  M0 
 T4b  N1-N2  M0 

 IIIC  T4a  N2a  M0 
 T3-T4a  N2b  M0 
 T4b  N1-N2  M0 

 IVA  Any T  Any N  M1a 
 IVB  Any T  Any N  M1b 

  Used with permission of the American Joint Committee 
on Cancer (AJCC), Chicago, Illinois.  The original and 
primary source for this information is the AJCC Cancer 
Staging Manual,  Seventh Edition (2010) published by 
Springer Science + Business Media  
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Despite this, the long-term  benefi ts of preo-
perative radiation where still seen after a median 
follow- up of 13 months, with improved overall 
survival (38 % vs. 30 %) and decreased local 
recurrence (9 % vs. 26 %) [ 15 ]. The Dutch 
TME trial, published in 2003, demonstrated the 
benefi t of SCRT when combined with TME [ 16 ]. 
Though local recurrence was signifi cantly lower 
(2.4 % vs. 8.2 %) in patients who received SCRT 
before TME compared to those who underwent 
TME alone, there was no difference in overall 
survival. There was no long-term survival 
improvement from SCRT, but analysis showed 
improved recurrence rates for patients with mid 
and low rectal tumors, but not tumors in the upper 
rectum [ 17 ]. 

 In 2004, the German Rectal Cancer Study 
Group published the results of their investigation 
into the effi cacy of neoadjuvant versus adjuvant 
long-course chemoradiotherapy (LCCRT) in 
combination with TME [ 18 ]. Results showed that 
when given preoperatively, LCCRT decreased 
local recurrence to 6 % versus 13 % postopera-
tive. While there was no signifi cant difference in 
disease-free survival or overall survival, neoadju-
vant therapy resulted in less acute and long-term 
toxicity, as well as an improved rate of sphincter 
preservation. One striking benefi t of LCCRT, 
seen in this study, is signifi cant tumor downgrad-
ing (pathologic staging is lower than initial clini-
cal staging). Additional studies have shown that 
up to 20 % of patients will have complete patho-
logic response to treatment, with no viable tumor 
cells remaining in the resection specimen [ 19 , 
 20 ]. In a study comparing preoperative SCRT to 
LCCRT there was no difference in local recur-
rence, disease free survival or overall survival 
[ 21 ,  22 ]. However, LCCRT was associated with 
decreased positive CRM rate as well as a higher 
percentage of patients with complete pathologic 
response when compared to SCRT. 

 Based on these studies, both neoadjuvant 
SCRT and LCCRT are recommended in combi-
nation with TME for locally advanced tumors 
[ 12 ]. LCCRT has the advantage of potential 
tumor downsizing and/or regression which may 
allow for less radical resection. Risks of increased 

surgical morbidity, GI complications and sexual 
dysfunction have been associated with preopera-
tive radiotherapy [ 23 ]. SCRT tends to be the pre-
ferred treatment in Northern Europe and 
Scandinavia, while LCCRT remains the treatment 
of choice in North America and some European 
countries. The role of newer neoadjuvant chemo-
therapeutic agents, selective radiation, and neoad-
juvant chemotherapy in addition to SCRT are all 
currently being investigated. Optimal timing of 
surgery following neoadjuvant therapy is debated, 
but generally occurs 1–2 weeks after SCRT, and 
6–8 weeks following LCCRT [ 12 ,  24 ]. Several 
recent studies have investigated an increased 
interval following LCCRT, with the thought that 
additional tumor downsizing and increased rates 
of complete pathologic response (no residual 
tumor) may be possible. Meta- analysis demon-
strated a 6 % increase in complete pathologic 
response when a longer interval (greater than 
8 weeks) was used, with comparable oncologic 
outcomes, though these results have not been 
proven prospectively [ 25 ]. 

 As imaging technology improves the ability to 
accurately defi ne tumor characteristics preopera-
tively, some have advocated a more limited use of 
neoadjuvant therapy. The MRI and Rectal Cancer 
European Equivalence (MERCURY) study 
showed satisfactory oncologic outcomes in 
patients with “good prognosis” stage I, II and III 
rectal tumors treated with surgery alone [ 26 ]. 
“Good prognosis” tumors were predicted to have 
negative circumferential margins, and were iden-
tifi ed as tumors >1 mm to the mesorectal fascia, 
with no evidence of extramural venous invasion, 
spread less than 5 mm from the bowel wall (T 
stage T2, T3a and T3b), and no encroachment 
into the intersphincteric plane. For patients ulti-
mately treated with surgery alone, the local recur-
rence rate was 3.3 %, with 5-year overall and 
disease-free survival rates of 68.2 and 84.7 % 
respectively. Acceptable oncologic outcomes 
were still demonstrated at 5 year follow-up, with 
the conclusion that neoadjuvant therapy may not 
be needed in these selected patients with low 
likelihood of margin involvement seen on preop-
erative high resolution MRI [ 27 ].  
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    Adjuvant Therapy 

 Currently, there is no defi nite evidence of a sur-
vival or oncologic benefi t to the use of adjuvant 
chemotherapy. In the European Organization 
for Research and Treatment of Cancer (EORTC) 
22921 trial, the addition of 5-FU-based adju-
vant chemotherapy to preoperative chemoradia-
tion showed no difference in local recurrence 
[ 28 ]. Subgroup analysis suggested an improved 
overall and disease free survival in patients with 
pathologically downstaged tumors, however, 
additional long-term results showed no actual 
benefi t [ 29 ,  30 ]. Compliance to adjuvant ther-
apy is often low, and many patients are unable 
to  tolerate the regimens following surgery. 
Investigations into the use of newer chemother-
apy agents are ongoing. The addition of oxali-
platin to 5-FU-based chemotherapy regimens 
(FOLFOX) for colon cancers has been shown to 
improve recurrence rates and disease free sur-
vival [ 31 ]. Whether this benefi t extends to the 
use of FOLFOX in rectal cancer is currently 
under investigation. Despite the lack of evi-
dence, adjuvant chemotherapy is currently rec-
ommended for all patients with locally advanced 
rectal cancer [ 12 ,  32 ]. This recommendation 
also includes patients with tumors that were 
clinically under-staged and did not undergo the 
recommended neoadjuvant therapy as described 
above.  

    Surgical Management 

    Total Mesorectal Excision 
and Circumferential Margins 

 Complete surgical resection (R0 resection) is 
the cornerstone of curative therapy for rectal 
cancer and is the goal of all operative inter-
vention. Historically, treatment consisted of 
complete rectal resection using blunt dissec-
tion of the rectal fascia. However, this was 
associated with local recurrence rates up to 
30 % [ 33 ]. This blunt dissection failed to 
obtain clear circumferential resection margins 

(CRM), which has since been shown to be an 
independent predictor of local recurrence and 
survival [ 9 ,  34 ]. 

 The promotion of the concept of total meso-
rectal resection (TME) in 1982 drastically 
changed the techniques of rectal resection [ 35 ]. 
By utilizing sharp dissection of the avascular 
plane between the visceral and parietal endopel-
vic fascial layers, the entire mesorectum, 
including rectal lymphatic drainage, may be 
excised en bloc with the rectum itself. This par-
adigm shift in surgical approach drastically 
improved outcomes, with local recurrence rates 
dropping from 30 % to as low as 5 % and 5-year 
survival increasing from 50 % to nearly 75 % 
[ 36 ]. Mesorectal excision has been proven to be 
safe, with decreased morbidity and increased 
preservation of the pelvic autonomic nerves. 
TME, as part of a low anterior resection or 
abdominoperineal resection, is the operation of 
choice for tumors of the middle and lower rec-
tum [ 12 ]. For tumors of the upper rectum, a 
complete TME may not be necessary. However, 
pathologic examinations have identifi ed tumor 
cells in the mesorectum up to 4 cm distal to the 
primary tumor [ 37 ,  38 ]. As such, current recom-
mendations are for a tumor- specifi c mesorectal 
resection for tumors of the upper rectum, 
extending no less than 5 cm distal to the lower 
tumor margin [ 12 ]. 

 The level of optimal vascular ligation has 
been debated. Ligation at the level of superior 
rectal artery origin (“low tie”) has been shown to 
provide an appropriate proximal lymphatic 
resection [ 39 ]. A higher ligation including the 
inferior mesenteric artery (“high tie”) may 
increase lymph node yield, though there is no 
difference in survival when compared to a lower 
ligation [ 40 ]. Additionally, high ligation of the 
inferior mesenteric artery allows for improved 
mobilization to create a tension-free anastomosis 
without increased risk of anastomotic leak [ 41 ]. 
As such, although offi cial recommendations 
indicate that a low tie is acceptable in the absence 
of clinically suspicious nodes above that level, 
many surgeons prefer and recommend a high tie 
in all patients [ 12 ].  
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    Distal Resection Margins 

 Distal intramural spread is uncommon and rarely 
extends more than 1 cm [ 42 ,  43 ]. In light of this, 
a distal resection margin of 2 cm (down from an 
original minimum of 5 cm) is currently recom-
mended [ 12 ]. For low lying tumors located at or 
below the mesorectal margin where a 2 cm mar-
gin would necessitate abdominoperineal resec-
tion, a 1 cm margin has been shown to be 
acceptable and may allow for increased rates of 
sphincter preservation through ultra-low anterior 
resection [ 44 ]. Meta-analysis has shown that 
early tumors, downstaging following neoadju-
vant therapy, low serum CEA levels and good or 
moderately differentiated tumors are most suit-
able for distal resection margin <2 cm [ 45 ].  

    Sphincter Preservation 

 Sphincter preservation is an important part of 
rectal cancer surgery and should be considered 
when adequate margins are feasible. While 
abdominoperineal resection (APR) remains the 
treatment of choice when safe distal margins can-
not be obtained, there is debate surrounding the 
possibility of increasing sphincter preservation in 
these patients. Some argue that neoadjuvant ther-
apy may allow for tumor downsizing, which 
could permit low anterior resection in patients 
initially felt to require APR. There is no conclu-
sive data regarding this subject. Despite some 
researchers, such as the German Rectal Cancer 
Study Group, demonstrating a statistically 
 signifi cant increase in the number of sphincter- 
sparing operations in patients who received neo-
aduvant therapy, others have shown no clear 
benefi t [ 18 ,  23 ,  46 ]. There is currently no consen-
sus or offi cial recommendations regarding 
sphincter preservation, and additional studies are 
required. Patients with very low tumors, poor 
preoperative function, involvement of the leva-
tors and sphincter complex, and incontinence are 
best served with APR [ 47 ]. 

 When sphincters can be preserved, the forma-
tion of a colonic reservoir should be considered 
to decrease the incidence of urgency, clustering, 

increased bowel frequency, and incontinence. 
Colonic J-pouch has been demonstrated to be 
superior to a straight coloanal anastomosis, with 
reduced urgency and bowel frequency [ 48 ,  49 ]. 
Defunctioning stoma, with loop ileostomy pre-
ferred, is recommended for all patients to reduce 
anastomotic leak and reoperation rates [ 50 ].   

    Locally Invasive Tumors 

    Multivisceral Resection 

 Surgical resection may be more extensive for 
patients with T4 tumors that invade into sur-
rounding pelvic structures or with N1 tumors that 
have nodal involvement. To achieve an R0 resec-
tion, all involved structures should be resected en 
bloc along with the rectum and mesorectum [ 12 ]. 
This most often involves the bladder, prostate, 
vagina, uterus, ovaries, and ureters and a multi- 
disciplinary surgical team is advised when avail-
able. Partial resection of the involved organ may 
be feasible, however, complete resection is often 
required as part of a multivisceral resection. 
Resection of all direct adhesions to the tumor is 
also recommended, as it is impossible to assure 
no residual microscopic disease in these struc-
tures, especially following radiation to the area. 
For more extensive disease, and in patients with 
prostate and/or bladder involvement, a total pel-
vic exenteration is often indicated for optimal 
resection and reconstruction. Five-year survival 
and local recurrence rates are comparable to 
those of non-locally invasive tumors [ 51 ]. Lateral 
lymph node dissection should be performed in 
patients with clinically suspicious nodes. While 
Japanese studies have shown lateral lymphade-
nectomy in patients without apparent clinical 
involvement improved locoregional control, no 
oncologic benefi t was found on meta-analysis 
when compared to conventional surgery [ 52 ,  53 ].  

    Intraoperative Radiotherapy 

 Tumor fi xation to the bony and muscular struc-
tures of the lateral and posterior pelvis presents 
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a diffi cult situation due to the diffi culty in 
removing these structures to achieve R0 resec-
tion. Additionally, some tumors may have very 
narrow or involved margins that make complete 
resection challenging. Intraoperative radiother-
apy (IORT), fi rst developed in the 1960s in 
Japan, has been used as an adjunct to improve 
local control in these situations where there is 
expected microscopic or gross involvement [ 54 , 
 55 ]. This technique allows for the delivery of 
focused radiation specifi cally to at-risk areas 
under direct visualization and with minimal 
exposure of surrounding structures. IORT is 
delivered using intraoperative electron beam 
radiotherapy (IOERT) or high-dose-rate 
brachytherapy (HDR- IORT), with no signifi -
cant differences in outcomes between the meth-
ods [ 56 ,  57 ]. There have been no randomized 
trials investigating IORT, however, several 
series have demonstrated it to be safe with 
improvement in local control and overall sur-
vival [ 51 ,  55 ,  58 – 60 ]. These series have been 
relatively small, and some other studies have 
not been able to demonstrate signifi cant sur-
vival benefi ts [ 58 ,  61 – 63 ]. Because of this 
IORT has not been adapted into current stan-
dards of care, however, it may be utilized as an 
adjuvant when available for diffi cult tumors 
that may otherwise be deemed unresectable due 
to margin involvement.   

    Minimally Invasive Surgery 

 As laparoscopic approaches have become more 
common in colorectal surgery, the effi cacy of 
laparoscopic TME has been studied. The 
Medical Research Council Conventional versus 
Laparoscopic Assisted Surgery in Colorectal 
Cancer (MRC CLASSIC) trial, the fi rst to inves-
tigate the issue, showed a non-signifi cant 
increase in the rate of positive CRM in the lapa-
roscopic group [ 64 ]. Despite this, the fi nding 
was not associated with a signifi cant difference 
in 5-year local recurrence rates [ 65 ]. Several 
other studies have since demonstrated no differ-
ence in the rate of positive CRM or in the rate of 
complete mesorectal resection between open 

and laparoscopic approaches [ 66 ,  67 ]. Similarly, 
no difference in disease-free or overall survival 
has been demonstrated between laparoscopic 
and open groups [ 66 ,  68 ,  69 ]. Collectively, the 
current evidence indicates that use of laparo-
scopic TME results in equivalent oncologic out-
comes as compared to open surgery, and is 
currently considered an acceptable option for 
surgical resection [ 12 ,  70 ]. As with all laparo-
scopic operations, there is a signifi cant learning 
curve to the technique and it is recommended 
that surgeons planning to perform laparoscopic 
TME should have adequate experience and 
technical expertise prior to offering the option 
to patients [ 12 ].  

    “Wait and See” Techniques 

 Up to 20 % of rectal cancer patients may expe-
rience complete pathological response to neo-
adjuvant therapy, with no viable tumor cells 
identifi ed in the surgical specimen [ 71 ]. Current 
recommendations are for these patients to still 
undergo standard radical resection as described 
above [ 12 ]. However, some advocate that for 
these patients, where the tumor has been fully 
sterilized by neoadjuvant therapy, additional 
radical resection is unnecessary. Initial results 
from Brazil, where a “wait and see” policy was 
used for patients with complete pathologic 
response, were favorable with overall and dis-
ease-free survival 5-year survival rates of 93 
and 85 % respectively in their small study pop-
ulation [ 72 ,  73 ]. Despite these fi ndings, sys-
temic review of this type of non-operative 
management for rectal cancer concluded that 
the results from the highly selected cases 
included in the Brazilian studies could not be 
extrapolated to include all rectal cancer patients 
[ 71 ]. A major limitation to this approach 
remains the inability of current imaging modal-
ities to reliably predict true complete patho-
logic response [ 74 ,  75 ]. A policy of “wait and 
see” remains experimental and requires addi-
tional study including randomized trial before 
any recommendation for widespread use may 
be made.  

21 Locally Advanced Disease



318

    Conclusion 

 –     All patients should receive a full history and 
physical, digital rectal exam, rigid proctosig-
moidoscopy, colonoscopy, CT scan of the 
chest/abdomen/pelvis, as well as EUS and/or 
MRI with specifi c rectal cancer protocols as 
part of work-up and staging  

 –   All patients with stage II or III rectal cancer 
should receive multimodal neoadjuvant ther-
apy utilizing 5-FU based chemotherapy in 
combination with either short course or long 
course radiation.  

 –   Surgical resection should be performed 
1–2 weeks following short course radiother-
apy, or 6–8 weeks following long course 
chemoradiotherapy therapy regardless of 
apparent downgrading or complete pathologic 
response.  

 –   Total mesorectal excision, as part of low ante-
rior resection or abdominoperineal resection, 
should be performed for tumors of the lower 
and middle rectum, with distal margins of at 
least 2 cm, or 1 cm if located at the mesorectal 
margin.  

 –   Tumors in the upper rectum should undergo 
tumor-specifi c mesorectal resection to at least 
5 cm below the distal margin of the tumor.  

 –   Surrounding pelvic organs with direct tumor 
invasion as well as any direct adhesions to the 
tumor should be resected en bloc with the 
TME specimen.  

 –   Intraoperative radiotherapy, though still con-
troversial and not widely available, may be 
used in cases of narrow or microscopically 
incompletely resected tumors to reduce the 
rate of local recurrence.  

 –   Sphincter preservation should be attempted if 
appropriate margins are feasible; diverting 
stoma and colonic j-pouch are recommended 
following surgical resection to reduce anasto-
motic leak rates and side effects resulting 
from the loss of colonic reservoir.  

 –   Current evidence supports laparoscopic 
TME as an acceptable approach with no 
 difference in rates of positive CRM or distal 
margins when performed by experienced 
surgeons.  

 –   Current standard of care is for all patients to 
be offered adjuvant chemotherapy using 5-FU 
based chemotherapy despite a lack of evi-
dence that its use improves outcomes.        
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    Abstract  

  While the majority of malignant rectal neoplasms are adenocarcinomas, 
and the majority of anal malignancies are squamous cell carcinomas, other 
less frequent histologic subtypes are encountered in the rectum and anus. 
They include carcinoid tumors, rectal lymphoma, anorectal melanoma, 
neuroendocrine carcinoma (NEC) of the rectum, vascular lesions, squa-
mous cell carcinoma of the rectum and its variants, rectal sarcomatous 
lesions, including gastrointestinal stromal tumor (GIST) of the rectum, 
leiomyosarcoma and Kaposi’s sarcoma. These less common histiotypes 
will undoubtedly be encountered in clinical practice and deserve mention. 
Due to their rarity, these tumors frequently pose a challenge with diagno-
sis, staging, pathology, management, and follow-up. In this chapter we 
will discuss tumor biology, natural history and treatment options for these 
rare tumors and offer a data- driven, evidence-based approach to guide 
their management.  
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        Introduction 

 While the majority of malignant rectal neoplasms 
are adenocarcinomas, and anal malignancies are 
squamous cell carcinomas, this chapter focuses 
on other more infrequent histologic subtypes of 
the rectum and anus. These histiotypes include 
carcinoid tumors, rectal lymphoma, anorectal 
melanoma, neuroendocrine carcinoma (NEC) of 
the rectum, vascular lesions, squamous cell carci-
noma of the rectum and its variants, rectal sarco-
matous lesions, including gastrointestional 
stromal tumor (GIST) of the rectum. Due to their 
rarity, these tumors, when encountered in clinical 
practice, often present diffi culties with diagnosis, 
staging, management, pathology and follow-up. 
In this chapter we will discuss tumor biology, 
natural history and treatment options for these 
rare tumors. Often times these lesions can be 
controversial or present diagnostic and therapeu-
tic dilemmas due to their infrequency and physi-
cian unfamiliarity; this chapter offers a 
data-driven, evidence-based approach to guide 
the management of these tumors.  

     Carcinoid Tumors of the Rectum 

 In 1907 Oberndorfer fi rst used the term 
“Karzinoid” to describe small “cancer-like” neo-
plasms thought to have a more benign clinical 
course [ 1 ]. Carcinoids are considered part of a 
heterogeneous group of neuroendocrine tumors 
arising from Kulchitsky’s or enterochromaffi n 
cells in the crypts of Lieberkuhn. Enterochromaffi n 
cells are part of the amine precursor uptake and 
decarboxylation (APUD) system and are capable 
of synthesizing and secreting over 40 different 
biogenic amines and peptide hormones, includ-
ing many neurotransmitters [ 2 ]. 

 The gastrointestinal (GI) tract is the site of 
70 % of carcinoids; the most common location 
for carcinoid tumors is the ileum, containing 
28 % of all lesions [ 3 ]. The rectum is the third 
most common site of carcinoid tumors, compris-
ing 12.6 % of all carcinoids [ 4 ], while the colon 
is the location of 7.8 % of carcinoids [ 3 ]. Evidence 
suggests that the incidence of rectal carcinoid 

may be increasing, perhaps due to the more fre-
quent use of endoscopy for diagnosis and screen-
ing purposes [ 3 ,  5 – 7 ]. Carcinoid tumors comprise 
only a small percentage, approximately 0.1–1 %, 
of all rectal cancers [ 8 – 10 ]. 

 The term “carcinoid” is somewhat controver-
sial in that it historically has been used to describe 
neuroendocrine tumors that were capable of 
exhibiting diverse clinical behavior (see section 
“ Neuroendocrine carcinoma (NEC) of the rec-
tum ”). While most carcinoid tumors have an 
indolent course, are slow growing, and have min-
imal potential for distant spread, they are malig-
nant and can metastasize. Although outcomes for 
those with localized disease are excellent, 
10–20 % of rectal carcinoids will metastasize 
with associated poor survival outcomes [ 3 ,  5 , 
 10 – 13 ]. Traditionally, carcinoids have been clas-
sifi ed by embryologic site of origin (i.e. foregut, 
midgut and hindgut-derived tumors), which 
emphasized clinical and anatomic distinctions 
rather than histologic and immunohistochemical 
differences between each category. In 2010 the 
World Health Organization (WHO) updated their 
classifi cation system, categorizing all GI neuro-
endocrine tumors (“NETs”), including carci-
noids, based on both gastrointestinal location of 
origin and histopathologic characteristics. These 
NETs were separated by histologic grade, into 
three groups on the basis of cell differentiation, 
mitotic count, or proliferation as determined by 
the Ki-67 index [ 14 ]. Carcinoids are considered 
the more benign, well-differentiated grade 1 
tumors amongst the GI NETs. The American 
Joint Committee on Cancer (AJCC) also pub-
lished a tumor, node, metastasis (TNM) classifi -
cation system for GI NETs to standardize staging 
[ 15 ]. Improved classifi cation and staging of these 
tumors will hopefully aid in directing future ther-
apeutic management. 

    Clinical Presentation and Diagnosis 

 Most patients with carcinoid of the colon and 
rectum are diagnosed in their fi fth or sixth 
decade of life [ 5 ,  9 – 12 ,  16 ]. Studies suggest a 
slight male preponderance and higher rates of 
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population- corrected black versus white and 
Asian versus non-Asian ratios for rectal carci-
noids [ 3 ,  5 ]. Most rectal carcinoids are asymp-
tomatic and approximately half are diagnosed 
incidentally during endoscopic evaluation for 
adenocarcinoma or other unrelated anorectal 
diseases [ 10 ,  17 ]. Although symptoms such as 
hematochezia, rectal pain, or change in bowel 
habits due to other concomitant conditions are 
common, symptoms directly attributable to the 
tumor itself are rare. If the carcinoid tumor itself 
is symptomatic, the lesion is likely to be 
advanced [ 8 ,  9 ,  17 – 19 ]. Rectal carcinoid tumors 
are usually located in the mid-rectum, 5–10 cm 
from the anal verge [ 20 ], and appear as small, 
fi rm, yellow, submucosal nodules [ 21 ]. Occa-
sionally they may grossly appear as peduncu-
lated, sessile or ulcerated lesions [ 22 ]. 
Devel  opment of an additional metachronous or 
synchronous primary malignancy may be pres-
ent in up to 55 % of patients which necessitates a 
thorough physical examination and endoscopic 
evaluation of the entire colon and rectum [ 5 ,  8 , 
 23 ,  24 ]. Endoscopic Ultrasound (EUS) has 
become a useful tool in the diagnosis and staging 
of rectal tumors, including carcinoids, assessing 
features such as tumor size, depth of invasion, 
and lymph node involvement [ 19 ,  25 ]. EUS 
guides treatment management and helps deter-
mine the feasibility of endoscopic removal ver-
sus transanal excision or radical surgery. 

 Histologically, carcinoids are composed of 
small uniform cells arranged in a variety of pat-
terns, described as nests, cords, trabeculae, 
rosettes, or tubules of cells that infi ltrate sur-
rounding mucosa and submucosa [ 26 ,  27 ]. 
Overall, 80 % of intestinal carcinoids, demon-
strate the ability to take up silver stains (argyro-
philic) and many are able to reduce silver stains 
(argentaffi nic) [ 5 ]. Only 50–60 % of rectal carci-
noids, however, possess argyrophilic properties, 
and few are argentaffi nic [ 5 ,  11 ,  26 ], 
Immunohistochemical analysis aids in the histo-
logic diagnosis of carcinoid tumors. Non-specifi c 
markers of NE differentiation, such as neuron 
specifi c enolase and chromogranin, are seen in 
the majority of rectal carcinoids [ 5 ,  11 ,  28 ]. 
Immunohistochemistry also demonstrates the 

many hormonal products synthesized by rectal 
carcinoids such as pancreatic polypeptide, carci-
noembryonic antigen, prostate specifi c antigen, 
serotonin, glucagon and somatostatin [ 5 ,  11 ,  29 ]. 
Individual lesions often produce more than one 
hormone or peptide; additionally, carcinoid 
metastases may not synthesize the same product 
as the primary tumor [ 5 ,  11 ,  29 ]. Although iden-
tifi cation of these products is helpful in confi rm-
ing the histologic diagnosis of carcinoid, no 
association between any biochemical product 
and tumor behavior has been demonstrated. 

 “Carcinoid syndrome” is a group of symp-
toms comprised of diarrhea, fl ushing, telangiec-
tasia, dyspnea or wheezing, and hemodynamic 
instability caused by systemic release of neuro-
endocrine products such as serotonin by carci-
noid hepatic metastases [ 30 ]. Long-term 
sequelae include carcinoid cardiac disease or 
right-sided valvular heart disease. Carcinoid 
syndrome is confi rmed by the presence of ele-
vated urinary levels of 5-hydroxyindole-acetic 
acid (5-HIAA), a break-down product of sero-
tonin, in conjunction with classic symptoms. 
However, patients with rectal carcinoids, includ-
ing those with hepatic metastasis, rarely display 
carcinoid syndrome or produce elevations of uri-
nary 5-HIAA for reasons that have yet to be elu-
cidated [ 4 ,  5 ,  12 ].  

    Treatment and Prognosis 

 Due to the heterogeneity of rectal carcinoids and 
their behavioral variability, management guide-
lines remain controversial. Tumor size correlates 
with the risk of metastases and has therefore been 
used to guide treatment. Historically, tumors are 
classifi ed as <10 mm, 10–19 mm, and ≥20 mm 
(Table  22.1 ). Risk factors for carcinoid metasta-
ses include tumors greater than 10 mm, ulcer-
ation, depth of invasion, patient age greater than 
60 years, and muscularis, perineural, or lympho-
vascular invasion [ 11 – 13 ,  17 ,  31 – 33 ]. Tumor 
characteristics associated with survival outcomes 
were tumor size, muscular invasion, and the pres-
ence of metastases [ 34 ,  35 ]. Although 5-year sur-
vival outcomes for those with localized disease is 
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high at 86 %, outcomes signifi cantly worsen for 
those with nodal disease and again for those with 
distant metastases. Five-year survival rates of 
32 % are observed with metastatic carcinoid 
tumors of the rectum [ 3 ].

   The majority of diagnosed rectal carcinoids 
(65–80 %) will be less than 1 cm in diameter, 
which carries a 3–5 % risk of metastasis [ 5 ,  10 , 
 33 ]. Both local transanal excision and endoscopic 
resection has demonstrated to be safe and cura-
tive for the vast majority of patients with these 
small carcinoids that lack adverse features – 
tumors less than 10 mm, without invasion of the 
muscularis propria and without ulceration, or less 
than 10 mm with adequate endoscopic surveil-
lance [ 19 ,  36 ]. Rectal carcinoids ranging from 1 
to 1.9 cm in diameter are associated with a 
10–30 % chance of metastases [ 5 ]. Transanal 
excision is commonly performed for intermediate- 
sized rectal lesions, confi ned to the submucosa, 
without histologic risk factors [ 16 ,  37 ]. Most 
authorities recommend that patients with tumors 
of 1–1.9 cm in size, with invasion of the muscu-
laris propria or other adverse features, and no evi-

dence of metastatic disease, should undergo low 
anterior resection (LAR) or abdominoperineal 
resection (APR) with mesorectal excision [ 11 , 
 17 ]. Lesions ≥2 cm have a 75 % chance of metas-
tasizing [ 37 ], a median survival of 7 months [ 8 ], 
and a 10-year mortality of 60 %. Most studies 
support the use of APR or LAR with mesorectal 
excision for treatment of these larger tumors both 
for cure and for palliation [ 4 ,  16 ,  36 ,  37 ]. 
Aggressive surgical intervention, however, has 
never been shown to improve survival compared 
with local excision in tumors >2 cm. Adjuvant 
chemotherapy and radiotherapy has occasionally 
been used for large carcinoids, without clear evi-
dence of benefi t [ 17 ]. Our algorithm for the treat-
ment of rectal carcinoids based on size is depicted 
in Fig.  22.1 .  

 The most frequent sites of rectal carcinoid 
metastasis are lymph nodes and liver, with less 
common sites including brain, bone, peritoneum 
and lung [ 5 ,  8 ,  9 ]. Various combinations of che-
motherapeutic agents have been used for meta-
static rectal carcinoids, with little improvement in 
survival outcomes [ 8 ]. Lastly, neuroendocrine 
tumors can recur many years after surgical resec-
tion. The vast majority of carcinoids are Stage I 
tumors, or submucosal tumors less than 2 cm in 
size, and have an extremely low risk of recurrence. 
Therefore, there is no clear indication to perform 
long-term endoscopic or radiographic surveil-
lance. Routine annual radiographic  surveillance 

   Table 22.1    Metastatic potential of rectal carcinoids   

 Diameter (cm)  Metastatic potential (%) 

 <1.0  3–5 
 1.0–1.9  10–30 
 ≥2.0  >75 

  Adapted from Koura et al. [ 12 ], Grossmann et al. [ 219 ]  

Rectal Carcinoid Tumor

Rectal Carcinoid

1.0-1.9cm<1.0cm ≥2.0cm

Full Thickness
Excision

Confined to Submucosa: No
Further Treatment

Invades Muscularis or
Lymph Node Metastases:

Surgical Resection +
Mesorectal Excision

Endoscopic Removal
or Local Excision

Surgical Resection

  Fig. 22.1    Suggested 
algorithm for management of 
rectal carcinoid based upon 
tumor size       
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with CT or MRI should be considered for Stage II 
(invading muscularis) or III (regional lymph 
node involvement) NETs because of their high 
risk of systemic metastases, even years after 
 treatment [ 16 ].   

    Lymphoma of the Rectum 

    Primary Lymphoma of the Rectum 

 The large intestine is the site of 6–12 % of all 
gastrointestinal lymphomas [ 38 – 40 ]. Rectal lym-
phoma can represent a primary rectal malignancy 
or metastases from a nodal origin, known as sec-
ondary rectal lymphoma. The vast majority of 
rectal lymphomas are sequelae of systemic lym-
phoma. Primary rectal lymphoma is exceedingly 
rare, representing only 0.2–0.4 % of all primary 
colorectal malignant neoplasms [ 39 ,  41 – 43 ]. 
Almost all primary colorectal lymphomas are 
non-Hodgkin, B cell lymphomas [ 42 ,  44 ]. Very 
few cases of Hodgkin lymphoma have been 
reported in the literature and these are often asso-
ciated with HIV or EBV-infection, infl ammatory 
bowel disease or immunocompromised hosts 
[ 45 – 47 ]. 

 Differentiation of primary from secondary 
colorectal lymphoma is necessary because both 
the survival outcomes and the therapeutic man-
agement of the two are distinct. In 1961 Dawson 
et al. introduced criteria to diagnosis primary 
gastrointestinal lymphoma [ 48 ]. In order to clas-
sify a GI malignancy as a primary lymphoma 
several criteria must be met. These include: no 
palpable peripheral lymphadenopathy, no medi-
astinal lymphadenopathy, normal white blood 
cell count on peripheral blood smear, only mes-
enteric lymph nodes adjacent to the tumor are 
involved at laparotomy, and no malignant lym-
phomatous disease of the liver and spleen. One 
detriment of this classifi cation system is the dif-
fi culty distinguishing between secondary lym-
phoma and those with primary GI lymphoma 
who present with widely metastatic disease. 
There is no standardized classifi cation or staging 
system for GI lymphoma and lymphoma staging 
systems, designed for traditional nodal-based 
lymphoma, fail to provide adequate prognostic 

treatment guidance for primary GI lesions. 
Several staging systems exist for GI lymphoma 
including the Ann Arbor staging with Musshoff 
modifi cation [ 49 ], the international prognostic 
index (IPI) [ 50 ], the Paris staging system [ 51 ] 
and the WHO classifi cation system [ 52 ]. The 
Ann Arbor staging system, originally designed 
for Hodgkin’s lymphoma, and its Musshoff mod-
ifi cation, adopted for extranodal disease in 1977, 
is a very elementary system. The International 
Non-Hodgkin’s Lymphoma Prognostic Factors 
Project developed of the International Prognostic 
Index (IPI) for patients with a diffuse large B-cell 
lymphoma (DLBCL) that consisted of Ann Arbor 
stage, patient characteristics and simple labora-
tory measurements. The Paris staging system has 
increasingly gained signifi cance due to its ability 
to distinguish primary from distant lymphoma 
manifestations depending on involved organ. 
Recently there has been greater advocacy for use 
of the WHO system, which characterizes lym-
phomas on the basis of morphology, immunophe-
notype, molecular genetics, and clinical features 
[ 53 – 55 ]. This system has allowed clinicians to 
better predict the clinical behavior of the lym-
phoma as well as modify management to achieve 
greater therapeutic success. 

    Clinical Presentation and Diagnosis 
 Primary rectal lymphomas are most often diag-
nosed in males in their fi fth through seventh 
decade of life [ 56 ,  57 ]. Presenting symptoms, 
similar to other rectal neoplasms, include abdom-
inal pain, weight loss, palpable abdominal mass 
or, most commonly, lower gastrointestinal bleed-
ing [ 42 ,  58 ,  59 ]. Obstruction and perforation 
however are rare in patients with colorectal lym-
phoma [ 60 ]. Distal rectal lesions may be appreci-
ated on physical examination; however, higher 
more proximal lesions require contrast enema or 
colonoscopy for identifi cation. There are no 
unique radiologic or colonoscopic features to dif-
ferentiate primary rectal lymphoma reliably from 
more common rectal tumors. Endoscopic appear-
ance of colorectal lymphomas are variable and 
have been described as fungating, ulcerative, 
infi ltrative, ulcerofungating, and ulceroinfi ltra-
tive types, with fungating and ulcerofungating 
types being more common [ 61 ]. CT scan and 
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double-contrast barium enema demonstrate both 
focal and diffuse lesions [ 62 ]. Histologic patterns 
are variable and multiple biopsies with immuno-
histochemistry and molecular studies are often 
necessary for defi nitive diagnosis [ 57 ,  63 ]. 

 Primary rectal lymphoma has been associated 
with a number of conditions, including  longstanding 
ulcerative colitis [ 40 ,  64 ,  65 ], pelvic irradiation 
[ 66 ], HIV and EBV infections [ 67 ,  68 ], as well as 
solid organ transplantation [ 69 ]. A number of inves-
tigators have recently described primary rectal lym-
phomas arising in homosexual men [ 70 – 72 ]. While 
no defi nitive causal relationship has been identifi ed, 
all of these conditions are known to cause immune 
system alterations, which may explain their asso-
ciation with primary rectal lymphoma.  

    Treatment and Prognosis 
 Given the rarity of primary colorectal lymphoma, 
studies concerning management are limited to 
small, retrospective observational studies. 
Treatment remains variable, however, histori-
cally it has been managed with surgical resection 
with or without the addition of chemotherapy. 
Depending on the stage of the lesion, surgical 
resection is performed both with curative intent 
and to prevent further complications such as 
hemorrhage, perforation or obstruction [ 42 ,  73 , 
 74 ]. Surgical resection for primary rectal lym-
phoma includes LAR, APR, or transanal excision 
depending on the tumor location and extent of 
invasion. The role of radical surgery in the man-
agement of indolent rectal lymphoma is some-
what controversial due to the associated morbidity 

of rectal resection with a complication rate 
around 20 % [ 60 ,  75 ,  76 ]. Chemotherapy which 
includes cyclophosphamide, vincristine, doxoru-
bicin and prednisolone (CHOP) is given to 
improve survival; using this regimen, disease- 
free survival rates of 35–45 % at 4 years have 
been realized in patients with aggressive lym-
phoma [ 77 ]. The addition of rituximab to stan-
dard CHOP-based therapy has also been showed 
to further improve survival outcomes [ 78 ]. 
Primary radiotherapy for unresectable lesions, 
high-risk surgical candidates, and patients who 
are unwilling to undergo surgery, have also been 
described, with some success [ 79 – 81 ]. Most 
authors advocate adjuvant radiotherapy or 
chemoradiation [ 43 ,  56 ,  75 ,  79 ]. 

 Most authors advocate for adjuvant chemo-
therapy in addition to surgical resection. Avilés 
et al. demonstrated 10-year survival outcomes of 
83 % in 53 patients with primary colonic lym-
phoma treated with complete surgical resection 
followed by chemotherapy. However, this is 
likely to be related to the very select population 
of Stage IE tumors, which were studied [ 75 ]. 
Overall 5-year survival for primary colorectal 
lymphoma is 30–60 % [ 56 ,  73 ,  79 ,  82 – 84 ]. As 
expected there is better survival for patients pre-
senting with localized disease (50 % 5-year sur-
vival) compared with those presenting with 
regional lymph node metastasis (24 % 5-year sur-
vival) [ 79 ]. The histologic grade of the of primary 
lymphoma in addition to stage may also impact 
prognosis [ 43 ]. A management outline of rectal 
lymphoma is depicted in Fig.  22.2 .    

Surgical Resection +/-
Chemoradiation

Chemotherapy +/-
Surgical Palliation

Secondary LymphomaPrimary Lymphoma

Determine if Primary
vs. Secondary

Lymphoma

Rectal Lymphoma  Fig. 22.2    Suggested algorithm for 
management of primary and secondary rectal 
lymphoma       
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    Secondary Lymphoma of the Rectum 

 Secondary lymphoma of the rectum is defi ned 
as regional lymph node metastasis to the rec-
tum. In patients with metastatic lymphoma of 
nodal origin, 5–46 % will have some degree of 
GI tract involvement [ 38 ,  79 ]. Presenting symp-
toms of metastatic lymphoma to the rectum are 
hematochezia and weight loss [ 56 ]. Primary 
therapy for metastatic lymphoma remains che-
motherapy. Surgical intervention is generally of 
little benefi t for the treatment of secondary rec-
tal lymphoma unless it is for complications of 
these lesions such as intussusception, perfora-
tion, obstruction or uncontrollable hemorrhage. 
Lastly, prognosis is poor with overall 5-year 
survival of only 15 % [ 56 ].   

    Anorectal Melanoma 

 Anorectal melanoma (ARM), a type of mucosal 
melanoma, is an aggressive disease with a bleak 
prognosis. Although melanocytes do not nor-
mally occur in the rectal mucosa, malignant mel-
anomas have been found to arise from areas of 
normal-appearing melanocytes, suggesting that 
certain individuals may have melanocytes pres-
ent in the mucosa of the rectum [ 85 ,  86 ]. ARM is 
a rare tumor of the rectum, accounting for 
between 1 and 2 % of lower gastrointestinal 
malignancies and less than 2 % of all melanomas 
[ 87 – 89 ]. The incidence of ARM is thought to be 
increasing for reasons that are unclear [ 90 – 92 ]. 
After the head and neck and female genital tract, 
the anorectum is the third most common mucosal 
site of melanoma involvement [ 90 ]. 

    Clinical Presentation and Diagnosis 

 ARM is commonly diagnosed in the sixth and 
seventh decades of life [ 93 – 96 ]. Anal bleeding is 
the most common symptom in those diagnosed 
with ARM [ 93 ,  94 ,  96 ]. The mean duration of 
symptoms before presentation is 5–6 months [ 93 , 
 94 ,  96 ]. Multiple factors are thought to contribute 
to a delay in diagnosis of ARM. Frequently these 

lesions can be amelanotic in up to 20–25 % of 
cases; additionally, they are often confused with 
benign diseases such as hemorrhoids due to simi-
lar presenting symptomatology [ 88 ,  91 ,  94 ,  95 , 
 97 ]. Two thirds of lesions are found in the anal 
canal or anal verge and approximately a third of 
cases are found in the distal rectum [ 92 ,  93 ]. 
While anal melanoma may vary slightly from 
rectal melanoma in initial presentation or recur-
rence patterns, recent data suggests there is no 
difference in survival outcomes by melanoma 
location within the anorectum [ 98 ].  

    Treatment and Prognosis 

 Despite multiple therapeutic approaches includ-
ing surgical resection, radiation, and systemic 
therapy alone or in combination, prognosis and 
survival remain dismal for ARM [ 95 ,  98 ,  99 ]. 
More radical surgical resection has not been 
shown to alter survival outcomes. Even when 
patients are appropriately pathologically staged 
after rectal resection there is no survival differ-
ence between patients who undergo APR or wide 
local excision (WLE). There is a higher morbid-
ity associated with APR; however, WLE may be 
associated with a higher rate of local recurrence 
[ 89 ,  95 ,  97 ,  100 ,  101 ]. There may be some role 
for radiation as palliative therapy in locally 
advanced, recurrent, or metastatic disease, but 
this too has not improved prognosis. 

 Commonly, the disease is advanced at initial 
presentation with regional nodal spread in up to 
20 % of patients and systemic metastases in up to 
40 % [ 87 ,  88 ,  90 – 93 ,  96 ]. Five-year overall sur-
vival is estimated at 20–22 % with a disease-free 
survival of 16–17 % [ 87 – 90 ,  92 ,  93 ,  100 ,  102 ]. 
Recurrence is often systemic and fatal. A predic-
tor of poor outcome is thought to be the presence 
of perineural invasion in the primary tumor; how-
ever, unlike cutaneous melanoma, lymph node 
status has not shown an impact on survival [ 95 , 
 100 ,  103 ]. 

 Due to the uniformly poor prognosis of ARM, 
efforts combining surgical resection with effec-
tive systemic therapy will be required for the suc-
cessful management of this disease. Recently 
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survival outcomes have improved in the treat-
ment of cutaneous metastatic melanoma through 
advances in both immunotherapy and targeted 
therapy. Ipilimumab, a monoclonal antibody 
 targeting cytotoxic T-lymphocyte antigen 4 
(CTLA- 4), was the fi rst agent to improve overall 
survival in patients with metastatic melanoma in 
a phase III, randomized, control trial [ 104 ,  105 ]. 
Additionally, vemurafenib, an inhibitor of mutant 
BRAF, has increased both progression-free and 
overall survival in a phase III trial in patients with 
melanoma containing the V600E BRAF muta-
tion [ 106 ]. Lastly, various inhibitors of KIT, such 
as imatinib mesylate, sunitinib, nilotinib and 
dasatinib, have also demonstrated survival bene-
fi t in a subset of patients with metastatic mela-
noma harboring mutant KIT [ 107 ]. BRAF and 
KIT mutation rates vary in mucosal melanomas 
according to anatomic site [ 108 ,  109 ]. Thus, it 
can be hypothesized that those ARM which are 
more immunogenic may represent better targets 
for drugs such as ipilimumab which exert its 
effect through immune system modulation, while 
those which possess KIT or BRAF mutations 
may demonstrate a therapeutic response to tar-
geted inhibitors, such as imatinib and vemu-
rafenib. While no current study has specifi cally 
examined ARM treatment with these new drugs, 
new trials utilizing these agents, including ipilim-
umab, BRAF- and KIT-inhibitors, for the treat-
ment of all mucosal melanomas, are underway.   

     Neuroendocrine Carcinoma (NEC) 
of the Rectum 

 Neuroendocrine tumors (NETs) of the rectum are 
rare, comprising 0.2–0.4 % of colorectal malig-
nancies [ 110 – 112 ]. Neuroendocrine neoplasms 
have been described in multiple organ systems, 
including respiratory, genitourinary and endo-
crine organs in addition to the gastrointestinal 
tract. The most common location of NETs in the 
large bowel is the rectum, followed by the cecum 
and sigmoid [ 111 – 115 ]. These lesions possess an 
endocrine function in that they are able to synthe-
size and secrete a multiple amines and hormones, 
including several neurotransmitters. Through 

advancements in both immunohistochemistry 
and microscopy GI neuroendocrine tumors were 
further categorized by degree differentiation 
[ 110 ,  114 ,  116 ,  117 ] and it is now known that 
many different rectal neoplasms (including carci-
noids, certain anaplastic tumors, and small cell 
tumors) display neuroendocrine features [ 110 ]. 
Thus, GI neuroendocrine tumors incorporates a 
spectrum of well to poorly differentiated tumors 
of various sizes. The term “carcinoid” has been 
used to describe a subgroup of smaller, indolent, 
well-differentiated GI NETs while neuroendo-
crine “carcinoma” represented the poorly differ-
entiated, more aggressive lesions in this group. 
This naming taxonomy still lacked clinical sig-
nifi cance, however, because even small, low- 
grade carcinoids may metastasize (see section on 
“ Carcinoid tumors of the rectum ”). 

 Recently, there has been improvement in both 
classifi cation and prognostic value of these 
tumors, beginning with development of the 2010 
WHO guidelines which grades NETs based upon 
degree of differentiation as determined by immu-
nohistochemical features of mitoses and Ki-67 
index (see Table  22.2 ) [ 118 ,  119 ]. Carcinoids are 
considered to be low or intermediate grade NETs 
of the colon and rectum (Grade 1 or 2), or well- 
differentiated lesions. Grade 3 or poorly differen-
tiated lesions are considered neuroendocrine 
carcinomas of small cell type, and less frequently 
large cell carcinoma. This has since further been 
elaborated upon by the American Joint Cancer 
Committee (AJCC) and the European 
Neuroendocrine Tumor Society (ENETs) who 
have developed a Tumor, Nodal, Metastasis stag-
ing system (TNM) in accordance with the WHO 
classifi cation [ 16 ,  120 ,  121 ]. Validation studies 
confi rmed that TNM staging systems accurately 

   Table 22.2    The WHO 2010 Gastrointestinal 
Neuroendocrine Tumor (NET) grading classifi cation   

 Morphology  Mitotic count 
 Ki67 
index (%) 

 Grade 1  Low grade  <2/10 HPF  ≤2 
 Grade 2  Intermediate grade  2–20/10 HPF  3–20 
 Grade 3  High grade  >20/10 HPF  >20 

  Reproduced, with the permission of the publisher, from 
Rindi et al. [ 119 ]  
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stratify colorectal NETs in a prognostically sig-
nifi cant way [ 122 ,  123 ]. Additionally, the WHO 
grading guidelines, based on the Ki67 prolifera-
tive index, demonstrated statistically signifi cant 
different survival outcomes between all grades 
on multivariate analysis further confi rming the 
value of this classifi cation system [ 124 ]. Thus, 
this separation of colorectal NETs into prognosti-
cally relevant subgroups by the TNM staging and 
WHO grading systems may aid in more stream-
lined, standardized treatment of these lesions in 
the future.

   High-grade tumors or neuroendocrine carcino-
mas (NECs) contain abundant necrosis, either 
confl uent or punctate within nests of tumor cells 
where as low-grade neuroendocrine neoplasms 
(e.g., carcinoid) generally possess some degree of 
typical native organ architectural patterns [ 125 ]. 
Up to half of colorectal NETs may contain non-
neuroendocrine elements such as squamous or 
adenocarcinoma components [ 112 ,  114 ,  115 , 
 117 ]. The pathogenesis of these tumors is not 
clear. One hypothesis is that pluripotent stem cells 
within the colonic epithelium exist and undergo 
malignant transformation leading to NE differen-
tiation. Conversely, another hypothesis is that 
some adenocarcinomas, during malignant trans-
formation, may develop NE characteristics. 
Additionally, there are genetic similarities between 
colorectal adenocarcinomas and highly aggressive 
NECs which are not shared by the more benign, 
well-differentiated carcinoid tumors. This sug-
gests that there may not be a common origin 
between these subtypes of neuroendocrine tumors 
despite ultrastructural and immunohistochemical 
similarities. Loss of heterozygosity for the APC 
(adenomatous polyposis coli), DCC (deleted in 
colorectal carcinoma), or p53 genes, which are 
seen in adenocarcinomas are common for NECs, 
but are not associated with well-differentiated car-
cinoid lesions [ 125 ]. The exact reasons behind this 
remain unclear. 

    Clinical Presentation and Diagnosis 

 Most patients diagnosed with NETs of rectum 
are in their 50s–60s [ 5 ,  9 – 12 ,  16 ]. There is a 

slight male predominance and higher rates of rec-
tal NETs among black and Asian populations [ 3 , 
 5 ]. The incidence of colonic and rectal NETs 
may be increasing, perhaps due to the more fre-
quent use of endoscopy for diagnosis and screen-
ing purposes [ 3 ,  5 – 7 ]. Most patients with rectal 
NETs are asymptomatic and are diagnosed inci-
dentally in patients undergoing screening or 
endoscopic testing for unrelated reasons [ 10 ,  17 ]. 

 Abdominal imaging (CT or MRI) combined 
with lower endoscopy provides signifi cant infor-
mation to aid in the staging and diagnosis of 
colorectal NETs. Endoscopic Ultrasound (EUS) 
has also played a key role in staging and treatment 
of rectal NETs; by providing data on size, depth 
of invasion, and lymph node involvement EUS 
helps determines the feasibility of  conservative 
(endoscopic or transanal excision) management 
or the necessity of radical surgery (LAR or APR) 
[ 19 ,  25 ]. Electron microscopy and immunohisto-
chemistry, are often required however for defi ni-
tive diagnosis. Immunohistochemistry provides 
information on NE differentiation and bioactive 
amines. Rectal NE carcinomas, like rectal car-
cinoids, seem relatively incapable of producing 
carcinoid syndrome (even with liver metasta-
ses). Lastly, when small cell NEC of the rectum 
is diagnosed on rectal biopsy, which is histo-
logically identical to small cell carcinoma of the 
lung, a search to rule out a pulmonary primary 
tumor must be performed.  

    Treatment and Prognosis 

 High-grade colorectal NETs, unlike low or inter-
mediate grade carcinoids, are extremely aggres-
sive tumors with poor prognosis. This tumor is 
associated with a 58 % 6-month survival rate, and 
a 6 % 5-year survival rate in some series [ 16 ,  110 ]. 
All rectal NETs, including well- differentiated 
tumors, have an overall 5-year survival of 88.3 %, 
with localized disease having a rate of 90.8 %, 
regional disease at 48.9 % and those with dis-
tant metastases 32.2 % [ 3 ]. This fi nding refl ects 
that most of rectal carcinoid tumors (82 %) are 
localized at diagnosis, with a median size of 
only 0.6 cm [ 123 ]. Colon NECs proximal to the 
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rectum are more aggressive on average, with a 
5-year survival of only 62 % across all stages [ 3 ]. 
These tumors have a high propensity for nodal 
and distant metastasis. As high as 65–80 % of 
patients will have nodal or distant metastasis at 
presentation [ 110 ,  126 ,  127 ]. Tumor grade, tumor 
size, depth of invasion, lymphovascular invasion, 
elevated mitotic rate and lymph node involve-
ment signifi cantly predict malignant behavior 
in localized rectal NETs [ 128 ]. According to 
one analysis of the literature, metastases were 
observed in 2 % of patients with rectal NETs 
measuring less than 1.0 cm, 10–15 % of tumors 
measuring 1.0–2.0 cm, and 60–80 % in patients 
with tumors measuring greater than 2.0 cm [ 129 ]. 
Patients appear to have a marginally better prog-
nosis if they present without metastatic disease, 
have an adenocarcinoma component within their 
tumor, or respond to chemotherapy. Surgery, par-
ticularly in the presence of metastatic disease, 
may not offer a survival benefi t for the majority 
of patients [ 127 ]. 

 There is no standardized management of rec-
tal NETs; as with carcinoids, treatment has been 
guided by tumor size. Because of their low risk of 
metastatic spread, localized disease or tumors 
that are small (<1 cm) and confi ned to the mucosa 
or submucosa (T1) can be managed with endo-
scopic resection or transanal excision. In lesions 
of 1–1.9 cm, transanal endoscopic microsurgery 
(TEMs) should be considered, which allows for 
deeper, full-thickness excision [ 130 ]. Larger 
tumors and those with adverse features should 
undergo APR or LAR. Palliative resection in 
advanced disease may be offered particularly 
where debulking may improve symptoms or 
relieve obstruction. 

 There are no good treatment outcomes for 
patients with metastatic colorectal NETs [ 16 ]. 
Metastatic hindgut NETs are incurable and opti-
mal management requires a multidisciplinary 
approach with chemotherapy [ 131 ]. Palliative 
chemotherapy with or without radiation therapy 
has been used for adjuvant therapy and for treat-
ment of metastatic disease without a clear sur-
vival benefi t. For those few hindgut patients with 
functional tumors, somatostatin analogs are 
effective in the management of carcinoid syn-

drome and may delay disease progression. Liver- 
directed therapy and surgical debulking can 
improve the quality of life for some patients. 

 Due to the high rates of recurrence in colonic 
and rectal NETs, they require surveillance for 
recurrence even after successful complete resec-
tion at surgery except where the risk of recur-
rence is very low i.e. pT1a lesions <1 cm. There 
is little common consensus as to the best surveil-
lance modality, interval period or length of sur-
veillance but the European Neuroendocrine 
Tumour Society (ENETS) has published guide-
lines based upon tumor size [ 120 ]. Lesions <1 cm 
that are well differentiated (G1) with no invasion 
of the muscularis or lymphovascular invasion 
require no follow-up if resection is complete. 
Lesions that are between 1 and 2 cm or are higher 
grade should undergo annual follow-up with 
endoscopy, EUS and MRI. Lesions that are 
>2 cm: one endoscopy, CT or MRI scan, and 
serum marker within the fi rst year. For high grade 
(G3) tumors: surveillance endoscopy, CT scan 
and serum marker every 4–6 months in the fi rst 
year, and thereafter at least annually. ENETS rec-
ommends follow-up for at least 10 years [ 120 ], 
while NANETS guidelines recommend surveil-
lance for up to 7 years [ 16 ].   

    Vascular Lesions 

 Vascular lesions occur throughout the GI tract 
and frequently present in a delayed fashion after 
repeated episodes of bleeding and unwarranted 
procedures. The nomenclature of vascular lesions 
has been tainted by confusion and misnomers, 
but two main categories of vascular lesions have 
emerged: hemangiomas and vascular malforma-
tions [ 132 ]. Hemangiomas are usually absent at 
birth but appear at 6–8 weeks of life. Their course 
is marked by rapid proliferation followed by 
spontaneous involution. They have a high endo-
thelial cell turnover. Vascular malformations, 
however, are usually present at birth, have nor-
mal endothelial cell turnover and grow in propor-
tion with the person [ 133 ]. Vascular malforma tions 
are further classifi ed according to their domi-
nant abnormality into arteriovenous, venous, 
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 lymphatic, lymphatic-venous, and capillary 
 malformations. The term hemangioma is often 
erroneously used to describe vascular malforma-
tions in the GI tract. The commonly used term 
“cavernous hemangioma” will here be replaced 
by the more correct term “cavernous malforma-
tion” or “diffuse cavernous malformation.” 
Hemangiomas do occur in the GI tract but far 
more infrequently than vascular malformations. 
Intestinal vascular malformations are classifi ed 
into capillary, cavernous (localized or diffuse 
infi ltrating), mixed, and hemangiomatosis. Of 
rectosigmoid malformations, 80 % are of the cav-
ernous type. The localized type of cavernous 
malformations is frequently polypoid and symp-
tomatic while the diffuse type can be multiple 
and has been reported up to 30 cm in length. 
Some types can be circumferential and invade 
surrounding structures. 

    Diffuse Cavernous Malformation 

 Diffuse cavernous malformation (previously dif-
fuse cavernous hemangioma) of the rectum is a 
rare condition albeit an important differential 
diagnosis in rectal bleeding. Approximately 130 
cases have been described in the literature [ 133 ]. 
The fi rst case was described in 1839 by Buie and 
Nesselrod in their paper “Erectile tumor of the 
anus.” Diffuse cavernous malformations com-
prise approximately 20 % of intestinal angiomas 
[ 134 ]. They can be found anywhere in the GI 
tract but occur most commonly in the rectosig-
moid area, or in 50–70 % of cases [ 135 ]. 

    Pathology 
 The malformation can be limited to a small area 
or be diffuse and infi ltrate adjacent structures 
such as the bladder or uterus. The diffuse cavern-
ous malformations are of variable sizes, some-
times up to 20–30 cm in length and are 
occasionally found in multiple locations [ 134 ]. 
These lesions do not have malignant potential 
and might be better classifi ed as hamartomatous 
rather than neoplastic lesions. Malignant degen-
eration is exceedingly rare. The diffuse infi ltrat-
ing cavernous hemangioma may replace the 

bowel wall from serosa to mucosa. Histologically, 
these malformations are composed of multiple 
dilated tortuous vessels within a stroma contain-
ing abundant smooth muscle and fi brous connec-
tive tissue [ 136 ]. Diffuse cavernous malformations 
are associated with Klippel-Trénauny syndrome 
[ 137 ] and Kasabach-Meritt syndrome [ 138 ].  

    Clinical Presentation and Diagnosis 
 The disease is characterized by recurrent, 
moderate- to-massive, and sometimes fatal, gas-
trointestinal bleeding. Blood transfusions are fre-
quently required. The fi rst episode usually occurs 
in childhood or infancy [ 139 ]. The mean age at 
diagnosis was 6.5 years in Londono-Schimmer’s 
series of 15 patients [ 140 ]. A delay of several 
years from initial presentation to diagnosis is not 
uncommon and up to 80 % of patients have 
undergone at least one unwarranted surgical 
intervention in an attempt to correct their condi-
tion, most often a hemorrhoidectomy [ 139 ,  141 , 
 142 ]. The bleeding is usually painless and often 
intensifi es with each successive episode [ 135 ]. 
Approximately 17–25 % of patients present with 
obstructive symptoms from voluminous growth 
into the bowel lumen, intussusception, or occa-
sionally, volvulus. Rarely, a rectal cavernous 
malformation may cause tenesmus, urgency and 
incomplete evacuation [ 134 ]. Although the diag-
nosis is frequently delayed, it can be suspected 
from a family history or personal history of 
mucocutaneous lesions, anemia, frank bleeding 
or signs of obstruction. The lesion may be pal-
pable on rectal exam and other vascular lesions of 
the mucous membranes or skin may be seen. 

 This vascular neoplasm is usually diagnosed 
by one of several different modalities. Endoscopy 
is diagnostic and frequently shows nodular 
masses which are soft and compressible and deep 
blue, purple or dull red in color [ 143 ]. Biopsies 
are generally contraindicated due to the risk of 
severe bleeding. Phleboliths are normally not 
seen on abdominal x-ray in younger individuals 
but are seen in 50 % of plain x-rays in patients 
with diffuse cavernous malformations [ 144 ]. 
Phleboliths in unusual areas in the pelvis in a per-
son with history of rectal bleeding and constipa-
tion should prompt suspicion of diffuse cavernous 
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malformation. Barium enema can show 
 irregularity, nodularity and obstruction. CT is an 
excellent diagnostic modality that reveals both 
the extent of malformation and possible invasion 
into adjacent structures. CT fi ndings include 
marked transmural thickening of the bowel and 
mesentery, heterogeneous enhancement, bowel 
narrowing, nodular indentations of the rectosig-
moid wall, and anterior displacement of the rec-
tum [ 145 ]. Angiogram shows the lesion well and 
can localize active bleeding but is invasive and 
has been replaced by more modern imaging 
modalities such as CT or MRI. MRI has excellent 
soft tissue discrimination, has the ability to show 
blood fl ow without the use of intravenous con-
trast, and does not use ionizing radiation [ 145 ]. 
Phleboliths, however, are poorly detected on 
MRI [ 145 ]. Ultrasound is also a useful imaging 
modality but is user dependent.  

    Treatment and Prognosis 
 The treatment of diffuse cavernous malforma-
tions is surgical. Fatal bleeding in untreated 
patients was reported as high as 45 % in a small 
series [ 145 ]. Treatments such as embolization, 
radiotherapy and sclerotherapy have thus far 
been unsuccessful. Sphincter-saving resection 
with coloanal anastomosis with radical removal 
of the abnormal tissue is the procedure of choice 
in these usually young patients with benign dis-
ease [ 146 ,  147 ]. Abdominoperineal resection 
with a permanent end colostomy was used with 
relatively low morbidity and mortality in the 
early patients [ 148 ]. This soon fell out of favor 
for sphincter-preserving resections, now the pro-
cedures of choice. Colonic pull-through proce-
dures have been performed with some success, 
like the Soave procedure [ 140 ,  149 ], and a modi-
fi ed Soave procedure [ 150 ]. Small polypoid cav-
ernous malformations usually are limited to the 
submucosa and have been safely removed with 
endoscopic cautery snare polypectomy [ 151 ]. 
However, the safety of this intervention is unclear 
and massive hemorrhage could ensue. The fol-
lowing criteria for endoscopic polypectomy have 
been proposed: size ≤2.5 cm, pedunculated or 
sub-pedunculated polyp, and depth of lesion lim-
ited to the submucosa [ 143 ].   

    Lymphangioma 

 Rectal lymphangiomas are exceedingly rare with 
only a few reported cases to date [ 152 ]. These 
lesions consist of abnormal dilatation and mass- 
like proliferation of lymphatic channels. They 
have been incidentally detected during colonos-
copy, but when symptomatic, present with pelvic 
pain and rectal bleeding [ 153 ,  154 ]. On colonos-
copy, they frequently appear pedunculated or as 
cystic submucosal nodules with a smooth, trans-
lucent surface that is easily compressible. 
Lymphangiomas less than 20 mm in size can be 
removed by snare polypectomy but larger, ses-
sile, and infi ltrating lesions may require surgical 
resection [ 155 ].  

    Hemangiopericytoma 

 Hemangiopericytoma is a rare tumor fi rst 
described in 1942 by Stout and Murray [ 156 ]. It 
is comprised of profuse proliferation of capillar-
ies surrounded by sheets of rounded, sometimes 
elongated pericytes [ 157 ]. They can become 
quite large and cause compressive symptoms, 
obstruction, intussusception and gastrointestinal 
bleeding [ 158 ]. These tumors are variable in their 
behavior and occur in all age groups without a 
gender predilection. While some tumors remain 
localized for decades, some are malignant, with 
approximately a third developing aggressive 
invasion or metastases, more commonly in older 
patients [ 159 ,  160 ]. 

 Metastases can be detected years after removal 
of the original tumor. Out of 106 cases reported 
in 1976, 26 were in the retroperitoneum and pel-
vis [ 161 ]. Seven cases of colorectal hemangio-
pericytoma were reported in 1959 [ 162 ]. Their 
size ranged from 3.5 to 26 cm in greatest dimen-
sion. Local recurrence and distal metastases were 
common. 

 Treatment consists of complete surgical exci-
sion. Due to the rarity of the tumor and unpredict-
able biological behavior, there remains controversy 
about their management. Neoadjuvant chemother-
apy and adjuvant radiation may have a role in 
larger and unresectable tumors [ 163 – 165 ].   
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    Squamous Cell 
and Adenosquamous Carcinoma 
of the Rectum 

    Squamous Cell Carcinoma 
of the Rectum 

 Squamous cell carcinoma of the colon and rec-
tum is extremely rare with approximately 70 
cases reported in the literature [ 166 ], comprising 
approximately 0.1 % of all colorectal neoplasms 
[ 167 ]. The rectum harbors nearly half of these 
tumors. Williams et al., in 1979 set forth criteria 
for the diagnosis of primary colorectal squamous 
cell carcinoma: (1) The lesion may not be a sec-
ondary metastasis from another primary lesion. 
(2) There should be no squamous-lined fi stula 
track, where squamous carcinoma is known to 
originate. (3) A rectal squamous cell carcinoma 
should not be an extension from an anal squa-
mous cell primary [ 168 ]. 

 The rectum normally does not contain squa-
mous cells, but several theories have been pro-
posed to explain the development of squamous 
cell carcinoma in this location: (1) Proliferation 
of pluripotent stem cells, which exist in the 
mucosal crypts following mucosal injury. (2) 
Squamous metaplasia resulting form chronic irri-
tation [ 169 ], although squamous metaplasia is 
rarely seen; similarly squamous cell carcinoma is 
rarely seen. (3) Persistent embryonal nests of 
committed or uncommitted ectodermal cells 
remaining in an ectopic site after embryogenesis. 
This could explain the lower rectal squamous 
carcinomas, but is unlikely to explain colonic 
tumors. (4) Squamous differentiation arising in 
an adenoma. Rare adenomas have been found to 
have squamous differentiation, which could indi-
cate the parallel adenoma-carcinoma sequence of 
squamous cells [ 168 ,  170 ]. Squamous carcino-
mas have clinicopathological features in com-
mon with adenocarcinomas; the age and sex 
distribution of affected patients are similar for 
adenocarcinoma and squamous cell carcinoma; 
the anatomic distribution of adenomatous and 
squamous tumors is similar within the large 
bowel, although the number of squamous cell 
tumors is too low to allow for a meaningful 

 statistical correlation. No association has been 
found between HPV subtypes 6, 11, 16 and 18 
and squamous or adenosquamous carcinoma 
[ 171 ]. Immunohistochemical staining of keratin 
suggests a pluripotent endodermal stem cell ori-
gin for both squamous call carcinoma and adeno-
carcinoma of the rectum [ 172 ]. 

    Clinical Presentation and Diagnosis 
 Squamous cell carcinoma of the rectum usually 
presents in the fi fth decade of life (range 33–93) 
and more often in women than in men [ 172 ]. 
Symptoms at  presentation are similar as with ade-
nocarcinoma, such as abdominal pain, hemato-
chezia, diarrhea, constipation, anorexia and weight 
loss. Lafreniere et al. reported positive lymph 
nodes in 57 % of patients at diagnosis [ 173 ]. 
Distant metastases at diagnosis were found in 
21 % of patients to either lungs, liver, vertebrae, 
omentum mesentery, peritoneum or adrenal glands 
[ 173 ]. Concomitant conditions such as ulcerative 
colitis, colonic duplication, schistosomiasis, 
amoebiasis, ovarian cancer, endometrial cancer, 
ovarian teratoma, prostate cancer, and a chronic 
colocutaneous fi stula have all been reported but a 
causative relationship is uncertain [ 167 ,  170 ]. A 
tenth of patients were found to have antecedent, 
synchronous or metachronous adenocarcinoma 
[ 167 ]. Although no defi nitive conclusion can be 
drawn from this due the rarity of the disease, it 
suggests that clinicians should maintain a height-
ened awareness for the risk of other neoplasms. 

 Diagnosis is obtained with physical exam and 
endoscopic examination with biopsies. Tumor 
and nodal staging can be further achieved by 
endorectal ultrasound. The presence of distant 
metastatic disease is evaluated by X-ray or CT of 
the chest, and abdominopelvic CT.  

    Treatment and Prognosis 
 The optimal treatment for these rare tumors is not 
clearly defi ned but has been primarily surgical in 
the form of segmental resection or abdominoper-
inal resection. Primary palliative chemotherapy 
was reported in one patient with some response 
[ 174 ]. The pendulum seems to be swinging 
towards non-surgical management with the fi rst-
line treatment being combination chemoradiation 
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therapy as described by Nigro and is now the 
standard of care for squamous cell anal cancer 
[ 175 ,  176 ]. Case reports and case series suggest 
that rectal squamous cell carcinoma responds 
well to initial chemoradiation therapy, with sur-
gery reserved for salvage treatment of non-
responders, partial responders or for recurrence 
[ 173 ,  177 – 179 ]. The need for subsequent surgery 
is unclear, but a sphincter-preserving surgery 
should be feasible in most cases [ 172 ]. 

 Possibly due to the rarity of colorectal squa-
mous cell carcinoma, initial data suggested a 
poor prognosis with 30 % 5-year survival [ 180 ]. 
When examining a larger number of cases, the 
prognosis seems to be similar stage-for-stage to 
node-negative colorectal adenocarcinoma (stages 
I and II). The prognosis is worse, however, when 
nodal disease occurs in SCC than for adenocarci-
noma of a similar stage [ 166 ]. Features that pre-
dict a poor prognosis include right-sided colon 
lesions, ulcerated or annular cancers, node- 
positive disease, grade 3 or 4 cancer, and stage IV 
disease [ 166 ].   

    Adenosquamous Carcinoma 
of the Rectum 

 Adenosquamous carcinoma is an extremely rare 
malignancy with an incidence of 0.025–0.1 % of 
all colorectal cancers [ 181 ]. As its name implies, 
it has both glandular and squamous histologic 
components, both of which are malignant and 
can metastasize. The mean age at diagnosis of 
adenosquamous cell carcinoma is in the sixth and 
seventh decades with an equal gender distribu-
tion [ 167 ,  182 ]. Although Cagir et al. found the 
rectum and distal colon to be affected most often 
[ 181 ], others have found adenosquamous carci-
noma more frequently in the right colon [ 166 , 
 182 ]. 

 The cause of adenosquamous lesions is 
unknown, but the theories for histogenesis mirror 
the ones for squamous colorectal cancer. There 
may be an association with ulcerative colitis 
[ 183 ], polyposis, schistosomiasis, ovarian adeno-
carcinoma and endometrial adenocarcinoma 
[ 184 ]. The squamous component seems to metas-

tasize more frequently and is more aggressive 
than the glandular component [ 184 ]. 

 Adenosquamous carcinoma seems to be more 
aggressive than adenocarcinoma and have a 
worse prognosis stage for stage. Cagir et al. also 
found that 85 % of their patients presented with 
regional or metastatic disease [ 181 ]. 

 The primary treatment modality for these 
tumors is surgery. Adjuvant chemotherapy is fre-
quently used but the benefi t is unknown in this 
uncommon disease [ 185 ]. The Nigro regime has 
also been used as an adjunct after surgery [ 181 ]. 

 In a recent population based study using the 
California SEER database, Masoomi et al. identi-
fi ed 99 cases of adenosquamous carcinoma [ 182 ]. 
They found that adenosquamous tumors present 
with more advanced disease and more poorly dif-
ferentiated tumors. The 5-year survival was 
worse compared to adenocarcinoma with an 
increased overall mortality. They concluded hat 
adenosquamous tumors should be considered a 
poor prognostic factor in patients with colorectal 
cancer. The overall 5-year survival is 30 % or less 
[ 182 ] and the mean survival is 12 months [ 181 ].   

    Sarcomas of the Rectum 

    Leiomyosarcoma of the Rectum 

 Sarcomatous tumors of the colon and rectum are 
rare and include tumors such as fi brosarcoma, 
angiosarcoma, leiomyosarcoma and GIST. 
Before the discovery that most leiomyosarcomas 
are in fact gastrointestinal stomal tumors, 95 % of 
colorectal sarcomas were attributed to leiomyo-
sarcomas. Their earlier described incidence of 
0.07–0.1 % of all rectal malignant tumors is in 
fact much lower [ 186 ]. They are most common in 
the lower third of the rectum [ 186 ,  187 ]. They 
remain diffi cult to diagnose and are very aggres-
sive with a poor prognosis. 

 While GISTs arise from interstitial cells of 
Cajal and express KIT, leiomyosarcomas have a 
distinct lineage from smooth muscle cells and do 
not express KIT. Our previously held notions on 
leiomyosarcoma need to be redrafted with newer 
studies using modern diagnostic criteria, based 
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on fi ndings from true leiomyosarcomas rather 
than fi ndings from GISTs. 

    Pathology 
 Leiomyoma and leiomyosarcoma are found 
throughout the GI tract with 7 % of them in the 
rectum [ 186 ]. Leiomyosarcomas are usually 
larger than leiomyomas; they are soft to rubbery 
fi rm, and frequently very vascular [ 188 ]. They 
arise from smooth muscle in the muscularis 
mucosa, round or longitudinal muscle of the 
bowel wall, or from the vascular smooth muscle 
[ 188 ]. Malignant degeneration of benign leiomy-
oma has been described, although the exact 
pathogenesis is not known [ 188 ,  189 ]. 

 Histologically, leiomyosarcomas appear as 
well-differentiated smooth muscle cells, com-
posed of elongated cells growing in fascicles 
with at least focal pleomorphism and high 
mitotic activity [ 190 ]. Microscopic differenti-
ation between leiomyoma and leiomyo-
sarcoma can be very difficult [ 188 ]. 
Immunohistochemically, they are positive for 
actin and desmin and negative for KIT and 
CD34, differentiating them from GIST tumors 
[ 190 ]. Based on the number of mitoses per 10 
consecutive high-power fields, the tumor is 
classified into high-grade (10≥/10 HPFs) or 
low-grade tumor (<10 mitoses/10 HPFs) [ 191 ]. 

 Spread is local, with direct invasion, or blood- 
borne, most often to lungs and liver, but also to 
peritoneum, brain and spine. Metastases to lung 
and liver is the most common cause of death 
[ 186 ]. Although it is generally said that leimyo-
sarcoma does not spread to lymph nodes [ 191 ], 
there are case reports of lymph node involve-
ment, mainly with very poorly differentiated 
tumors [ 188 ].  

    Clinical Presentation and Diagnosis 
 The tumor occurs more frequently in males, 
while benign leiomyomas tend to occur more fre-
quently in females [ 188 ]. The tumor is most often 
diagnosed in the fi fth and sixth decades. 
Presenting symptoms include bleeding, constipa-
tion, rectal pain, sense of fullness and diarrhea 
[ 186 ]. Most tumors appear as submucosal masses 
that mainly grow into the lumen but also can 

grow away from it [ 186 ]. The tumor may pro-
trude into the lumen or partially occupy the cir-
cumference of the rectum. Approximately 50 % 
of the tumors are ulcerated [ 188 ]. Khalifa et al. 
carefully reviewed 136 cases of rectal leiomyo-
sarcoma [ 186 ]. The majority of tumors were in 
the lower rectum, and 89 % of them were palpa-
ble by rectal exam. The tumor size ranged from 
1 cm to 15 × 10 × 20 cm but tumors up to 30 cm 
have been identifi ed [ 192 ]. Diagnosis is made by 
endoscopy and biopsy, although biopsies can be 
diffi cult to obtain [ 188 ].  

    Treatment and Prognosis 
 The mainstay of treatment is surgical. Any clear 
recommendation regarding the choice of treat-
ment is diffi cult for this rare malignancy, but a 
few trends have emerged from several case 
reports and retrospective series [ 186 ,  187 ,  193 ]. It 
is important to recognize the selection bias when 
comparing the different surgical approaches as 
patients are selected for surgery based on size 
and state of their primary tumor. Local excision 
has been followed by high local recurrence rates 
up to 60–67 %, necessitating a more aggressive 
surgical approach [ 186 ,  194 ] The local recur-
rence rate after abdominoperineal resection is 
much lower, 20–24 %, but this has not translated 
into a difference in long-term survival when com-
paring the two general surgical modes [ 186 ,  187 , 
 192 ,  194 ]. The disease-free survival at 5 years 
was 32 % after wide local excision and 52 % after 
radical resection but overall survival was identi-
cal [ 187 ]. 

 Randleman Jr et al. concluded that anorectal 
lesions smaller than 2.5 cm in diameter and con-
fi ned to the bowel wall could be treated with wide 
local excision and patients with larger, non- 
confi ned lesions might do better with a more 
radical resection [ 193 ]. 

 Adjuvant radiotherapy was used early on but 
was soon believed to be of little benefi t [ 188 , 
 195 ]. No benefi t of either radiation treatment or 
chemotherapy has been shown [ 193 ]. 

 The overall prognosis for patients with rectal 
leiomyosarcoma is poor with a 5-year survival of 
40 % [ 196 ] and median survival of 33 months 
[ 192 ]. A young age at diagnosis (under 50 years) 
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and a high histologic tumor grade have been 
found to be poor prognostic factors, stressing the 
need to identify adjuvant treatments for these 
patients [ 187 ,  192 ,  194 ]. Recurrence has been 
noted 15–17 years after treatment, underlining 
the need for long-term follow-up [ 192 ].   

    Rectal Gastrointestinal 
Stromal Tumor  

 Gastrointestinal stromal tumors (GISTs) have 
been recognized as the most common mesenchy-
mal tumors of the GI tract. Prior to the advent of 
immunohistochemical diagnostics, most GI stro-
mal tumors were identifi ed as leiomyosarcoma. 
GISTs occur in 1.1–2 persons per 100,000 [ 197 ]. 
The rectum is the third most common site for 
GIST, accounting for 4–5 % of all GIST tumors 
[ 190 ,  198 ]. The tumor occurs more commonly in 
males and usually between the fi fth and seventh 
decades of life [ 190 ]. 

 The tumors originate from the interstitial cells 
of Cajal and are characterized by over-expression 
of KIT protein (CD117), which is a transmem-
brane receptor tyrosine kinase (TK) [ 199 ]. This 
overproduction results from gain-of-function 
mutations in the KIT proto-oncogene resulting in 
tumor proliferation or inhibition of apoptosis 
[ 200 ]. In rare cases, the mutation is not in the KIT 
proto-oncogene, but in the platelet-derived 
growth factor receptor-alfa (PDGFRA) gene. A 
high degree of sequence homology between KIT 
and PDGFRA explains the inhibitory ability of 
imatinib on both. All but a minority of GISTs 
express KIT. KIT is also expressed by other 
tumors, such as melanoma, Ewing’s sarcoma, 
angiosarcoma, mastocytoma, and seminoma. 

 Most GISTs are sporadic, but families with 
germline KIT or PDGFRA mutations have been 
identifi ed. There is an association between hered-
itary syndromes such as von Recklinghausen’s 
disease and Carney’s triad (gastric GIST, para-
ganglioma, and pulmonary chondroma) [ 201 ]. 
The National Institute of Health risk stratifi es 
GISTs into four risk groups based on their mitotic 
rate and size; high-risk, intermediate risk, low 
risk, and very low risk (see Table  22.3 ) [ 200 ].

      Pathology 
 On histology, GISTs are characterized by spin-
dle cell type, epitheloid type, or rarely mixed 
type. GISTs usually have scant stroma. KIT-
negative GISTs have been identified, although 
most are KIT-positive; 7–9 % of rectal GISTs 
are KIT- negative [ 200 ]. These tumors are still 
thought to be responsive to tyrosine kinase 
inhibitors. Staining for KIT protein should be a 
diagnostic aid for GIST. Absent KIT protein 
does not exclude GIST; mutational analysis of 
KIT or PDGFR genes can then be considered 
[ 202 ].  

    Clinical Presentation and Diagnosis 
 Approximately half of rectal GISTs are asymp-
tomatic and discovered incidentally during work-
 up for unrelated symptoms [ 200 ]. Symptomatic 
patients present with anal bleeding and perianal 
pain, most commonly, but also with diffi cult def-
ecation, pressure, diarrhea and dysuria [ 203 ]. 
Most rectal GISTs show extraluminal tumor 
growth with a “tip of the iceberg” view on endos-
copy, which necessitates pre-operative cross- 
sectional imaging [ 204 ]. Rectal GISTs are 
signifi cantly smaller than intestinal and gastric 
GISTs [ 205 ]. Most rectal GISTs occur in the 
lower rectum [ 206 ]. Non-gastric GISTs are more 
likely to show malignant behavior than gastric 
GISTs [ 197 ].  

    Treatment and Prognosis 
 The main treatment for localized GISTs is surgi-
cal resection, and the goal of surgery complete 
resection with an intact pseudocapsule. Small 
rectal GISTs that are amenable to local excision 

   Table 22.3    NIH consensus criteria for GIST risk groups   

 Tumor size  Mitotic rate 

 Very low risk  <2 cm  <5/50 HPF 
 Low risk  2–5 cm  <5/50 HPF 
 Intermediate risk  <5 cm  6–10/50 HPF 

 5–10 cm  <5/50 HPF 
 High risk  >5 cm  >5/50 HPF 

 >10 cm  Any mitotic rate 
 Any  >10/50 HPF 

  With kind permission from Springer Science + Business 
Media: Hassan et al. [ 200 ]  
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can by removed in this manner if a negative 
microscopic margin is obtained [ 200 ]. Local 
recurrence rates are high and occurs in approxi-
mately 50–80 % of patients after curative resec-
tion [ 207 ,  208 ]. Recurrence after surgical 
resection is more likely in the presence of 
 high- risk features, mainly ≥5 mitoses/50 high-
power fi elds, tumor size ≥10 cm and location in 
the small bowel [ 208 ]. GIST does not metasta-
size through lymphatics. Distant metastases are 
uncommon from anorectal GIST, and if they 
occur, tend to be to sites that are less commonly 
affected by metastatic GIST, including lungs, 
bone, adrenal glands, and other rare sites [ 207 ]. 
Most anorectal GISTs are high risk (86 %), usu-
ally on account of their high mitotic rate rather 
than large size [ 207 ]. 

 The 5-year disease-specifi c survival after local 
resection only is around 55 % with a median sur-
vival of 66 months [ 209 ]. GISTs respond poorly 
to conventional cytotoxic chemotherapy and to 
radiotherapy, but the advent of the tyrosine kinase 
inhibitor imatinib mesylate has revolutionized 
the treatment of GIST. The fi rst-line treatment of 
metastatic GIST is imatinib, with a 2-year sur-
vival of approximately 70 % and median survival 
of 58 months, depending on the mutation status 
[ 208 ]. Imatinib is given by mouth, usually 
400 mg daily [ 210 ]. Side effects are rare and 
include dermatitis, abdominal pain, and 
diarrhea. 

 In general, small GISTs located within 5 cm 
from the anal verge can be resected trans-anally. 
Lesions in the mid-rectum can be resected 
through a trans-sacral approach, and anterior rec-
tal wall lesions through a transvaginal approach. 
There is no need for lymph node clearance or 
TME. Large, advanced lesions in the lower rec-
tum or recurrent tumors, or tumors resist resistant 
to TKI in this location, are removed with an 
APR. Laparoscopic sphincter-sparing surgery 
appears safe and feasible [ 211 ]. 

 Pre-operative tyrosine kinase inhibitor can 
downsize the tumor or make an unresectable 
tumor resectable, render the surgery more con-
servative, easier, safer, preserve tissue and func-
tion, with higher likelihood of negative margins 
[ 198 ,  212 ]. It may prevent rupture of a tumor in 

the confi ned pelvic space. Adjuvant imatinib 
improves recurrence-free survival [ 210 ]. 

 The most important prognostic factors for 
GIST are tumor size, mitotic rate and location of 
primary tumor (see Table  22.4 ) [ 208 ,  209 ]. The 
completeness of resection and tumor rupture also 
affect outcomes. Microscopic margins do not 
seem to negatively impact survival. Other prog-
nostic factors are cellular proliferation index esti-
mated by Ki67 immunohistochemistry, diffuse 
mucosal invasion, which is seen in aggressive 
GISTs only, aneuploidy, which is a marker of 
malignancy, and telomerase expression [ 201 ].

   The risk of disease relapse persists for years 
after resection of primary disease highlighting 
the need for extended surveillance with imaging 
[ 200 ]. Patients with positive KIT should be 
enrolled in a clinical study.   

    Kaposi’s Sarcoma of the Rectum 

 Moritz Kaposi initially described Kaposi’s sar-
coma in 1872 [ 213 ]. Kaposi’s sarcoma initially 
had three epidemiologic forms: the classic form, 
which occurs mainly in elderly men of 
Mediterranean and Eastern European descent; the 
endemic form which is mainly seen in equatorial 
Africa, an aggressive and often fatal form; and 
the post-transplant or iatrogenic form which 
occurs with immunosuppression. The fourth form 
is named epidemic or AIDS-related Kaposi’s 
 sarcoma. Human herpesvirus 8 (HHV- 8) was 

   Table 22.4    Risk stratifi cation of primary rectal GIST by 
mitotic index and size   

 Tumor parameters  Risk for progressive 
disease (%)  Mitotic rate  Size 

 ≤5/50 HPF  ≤2 cm  None (0 %) 
 >2, ≥5 cm  Low (8.5 %) 
 >5, ≤10 cm  Insuffi cient data 
 >10 cm  High (57 %) 

 >5/50 HPF  ≤2 cm  High (54 %) 
 >2, ≥5 cm  High (52 %) 
 >5, ≤10 cm  Insuffi cient data 
 >10 cm  High (71 %) 

  The data is based on long-term follow-up of 111 rectal 
GISTs. From Miettinen and Lasota [ 220 ], Copyright 
2006, with permission from Elsevier  
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 identifi ed in 1994 from Kaposi’s sarcoma skin 
lesions [ 214 ], and has since been found in over 
95 % of Kaposi’s sarcoma lesions, regardless of 
their source or clinical subtype [ 215 ]. HHV-8 is 
the primary and necessary factor in the develop-
ment of Kaposi’s sarcoma in the usually immu-
nosuppressed host. 

    Clinical Presentation and Diagnosis 
 Kaposi’s sarcoma most frequently involves the 
skin, but more frequently involves the GI tract in 
homosexual males with AIDS, or in over 50 % of 
cases [ 216 ]. The average age at presentation of 
anorectal Kaposi’s sarcoma in a series of eight 
patients was 34 years [ 217 ]. When the bowel is 
involved, it usually precedes skin involvement. 
The oral cavity and buccal mucosa is frequently 
involved and lesions should be sought on exam. 
Bowel involvement is generally asymptomatic 
but rectal involvement is frequently accompanied 
by proctalgia, bleeding and diarrhea [ 217 ]. The 
symptoms, however, are frequently caused by 
other anorectal infections or colitis, rather than 
the sarcomatous lesion per se [ 217 ]. Isolated ano-
rectal involvement is less common than dissemi-
nated Kaposi’s sarcoma involving the GI tract, 
skin and/or lymph nodes. Rare cases of colorectal 
Kaposi’s sarcoma were initially diagnosed as 
ulcerative colitis [ 218 ].  

    Pathology 
 Kaposi’s sarcoma predominantly involves the 
submucosa with late involvement of the mucosa 
and sometimes deeper layers of the bowel wall. 
Lesions are seen as red nodules, plaques or mac-
ules on endoscopy. Biopsies must include sub-
mucosa for correct diagnosis [ 218 ]. Histologically, 
Kaposi’s sarcoma is characterized by vascular 
clefts and spindle cells, the presumed tumor cells 
[ 213 ].  

    Treatment and Prognosis 
 Treatment of Kaposi’s sarcoma of the rectum 
consists most importantly of correction of the 
immunodefi ciency, by reducing or halting immu-
nosuppressive medications or, in the case of HIV/
AIDS, use of highly active antiretroviral  treatment 

(HAART). HAART has been shown to prevent, 
halt and shrink the growth of Kaposi’s sarcoma 
[ 215 ]. Progression of Kaposi’s sarcoma seems to 
be further delayed by foscarnet, which is used for 
cytomegalovirus infection. The response of 
Kaposi’s sarcoma to HAART is unpredictable, 
therefore, specifi c local and systemic therapy is 
frequently used as well. Kaposi’s sarcoma, espe-
cially the classic form, is responsive to radiation 
therapy but the response of the epidemic, AIDS-
related form is less durable [ 215 ]. 

 Cytotoxic drugs, mainly liposomal 
 anthracyclines, paclitaxel, vinca alkaloids, and 
bleomycin, are used in widespread mucocutane-
ous disease, lymphedema and visceral disease. 
Response is generally lower in the epidemic form 
compared to the classic form. Liposomal doxoru-
bicin is by many physicians considered a fi rst- 
line treatment for patients with advanced Kaposi’s 
sarcoma. Interferon-alpha has shown promising 
results. Experimental therapies, including inhibi-
tors of angiogenesis such as inhibitor of VEGF 
(vascular endothelial growth factor), thalido-
mide, and retinoids have activity against Kaposi’s 
sarcoma [ 215 ]. 

 Death is usually not attributed to Kaposi’s sar-
coma, but to other AIDS-related disease or com-
plications. Surgery is often suffi cient for patients 
with single cutaneous lesions but is usually not 
indicated other than for a diagnostic biopsy in 
anorectal Kaposi’s sarcoma [ 217 ].       
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        Introduction 

 Over the past few decades, advances in the 
 treatment of rectal cancer (RC) have resulted in 
substantially improved survival and local control. 
Unfortunately, while oncological outcomes have 
improved, a large proportion of the growing 
 survivor population experiences adverse effects 
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of RC and its treatment, impairing their quality of 
life (QoL). Consequently, QoL studies are now 
recognized as critical in describing patient- 
reported outcomes, highlighting the impact of 
RC and its treatment on the patient’s well-being. 
Better understanding of QoL in RC not only 
facilitates enhanced patient information regard-
ing relevant problems throughout the patient 
journey, but also underpins initiatives towards 
preventing and managing these problems to 
ensure that both the length and quality of the 
patient’s life are optimized.  

    Conceptual Defi nition 
of Quality of Life 

 QoL represents the general well-being of indi-
viduals or groups of people. It is a broad concept 
that can take on various meanings [ 1 ], and essen-
tially encompasses all aspects of life. In light of 
the breadth of the concept, the term “health- 
related quality of life” (HRQoL) was introduced, 
narrowing the focus to aspects of life that are 
directly affected by changes in health. Even 
though all aspects of life could contribute to or be 
infl uenced by health (especially in chronic ill-
ness) [ 2 ], some aspects of life, such as political 
and cultural, are usually distant from health con-
cerns, and are less amenable to medical interven-
tion [ 3 ]. HRQoL has been defi ned inconsistently, 
and has often been used interchangeably with 
“health status” or “functional status” [ 4 ]. Of the 
various defi nitions of HRQoL, the most prag-
matic, comprehensive and rigorous is one pro-
posed by The United States Centers for Disease 
Control and Prevention, which is commonly 
adopted: 

 “An individual’s or group’s perceived physical 
and mental health over time” [ 5 ]. 

 With the notion of HRQoL being widely 
accepted, “QoL” and “HRQoL” are now virtually 
synonymous in healthcare. For the purpose of 
consistency, only “QoL” will be used henceforth 
in this chapter, with the term assuming the defi ni-
tion of HRQoL. 

 The essence of QoL lies in its subjectivity and 
multidimensionality [ 6 ]. A patient’s view of his 

or her QoL may be quite different from the view 
of the clinician or those close to the patient, but 
since QoL is an individual’s or group’s own 
 perception, the patient’s subjective judgment of 
QoL should be the gold-standard. 

 Although QoL has been defi ned differently, 
there is a high level of consensus that it is a 
 multidimensional construct. Several QoL mod-
els have been presented, providing the funda-
mental framework to its conceptualization and 
guiding its measurement [ 7 ]. A model originally 
formulated by Wilson and Cleary [ 8 ], and subse-
quently revised by Ferrans et al. [ 9 ], stands out 
from the others for describing the causal rela-
tionships between the full spectrum of outcome 
endpoints, from conventional clinical to patient-
reported variables. Moreover, most elements of 
this model clearly correspond to common 
focuses and scopes of QoL evaluation. We have 
adapted this model to further delineate the read-
ily identifi able determinants and dimensions of 
QoL (Fig.  23.1 ). The model serves to give an 
overall conceptual outline, and is by no means 
exhaustive.  

 The way the model works is that as you move 
down the diagram, the focus shifts from the bio-
chemical level to the person as a whole, through 
to how the person operates as part of the society 
[ 8 ], thereby promoting a holistic and patient- 
centered approach to outcome assessment. 
A dimension positioned higher in the diagram 
underlies the lower dimensions. 

 As illustrated in Fig.  23.1 , characteristics of 
the individual and the environment can interact 
with and alter all dimensions of QoL [ 9 ]. These 
characteristics include intrapersonal, interper-
sonal, institutional, community and public pol-
icy factors [ 9 ]. Biological function involves 
basic pathophysiological processes occurring at 
the molecular, cellular or whole organ levels [ 9 ]. 
Not only can biological function manifest in 
symptoms, it can also have direct or indirect 
effects on the other subsequent dimensions of 
QoL [ 9 ]. Symptoms are a person’s somatic sen-
sations. The person’s experience and interpreta-
tion of symptoms are major determinants of 
functional status, general health perceptions and 
overall QoL [ 9 ]. Functional status refers to a 
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 person’s ability to perform tasks. It is generally 
conceived that physical, social/role, emotional/
psychological and cognitive functioning are the 
most pertinent areas of functional status for eval-
uating QoL [ 10 ]. General health perceptions 
integrate the earlier dimensions, but are more 
than a mere summary of them. When forming an 
ultimate judgment or rating of their health, peo-
ple take all elements that are applicable to their 
personal context into account (not just those that 
have been identifi ed in the model), including the 
relative weighting or importance of each [ 9 ]. 
Overall QoL is based on all of the earlier 
 components, but also incorporates happiness and 

 satisfaction with life, which are very much 
shaped by the person’s values, preferences and 
circumstances [ 9 ].  

    Quality of Life Measurement 

 As explained earlier, QoL is an individual’s or 
group’s perceived health [ 5 ], and the patient’s sub-
jective judgment should be the gold-standard. The 
measurement of QoL thus involves asking patients 
to rate their own impression of QoL. Such a ques-
tionnaire is termed a “QoL instrument”. Numerous 
instruments have been developed to date, aimed at 

Characteristics of the
individual and the

environment

Functional
status

Symptoms

Biological
function

General health
perceptions

Overall QoL

Cognitive

Emotional/
psychological

Social/role

Physical

  Fig. 23.1    Conceptual model of QoL (Adapted from the model fi rst devised by Wilson and Cleary [ 8 ], and later revised 
by Ferrans et al. [ 9 ])       
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assessing different QoL dimensions. There are 
instruments that concentrate on one dimension, with 
some instruments focusing on symptoms, some 
focusing on an area of functional status and so on. 
However, given that QoL is a multidimensional con-
struct, instruments that only explore one dimension 
of QoL cannot be conceptually considered true or 
comprehensive QoL instruments. For example, the 
Low Anterior Resection Syndrome Score (LARS 
score) is a fi ve-item scoring system for assessing 
bowel function after sphincter-preserving rectal can-
cer treatment [ 11 ]. Its scoring is designed to refl ect 
the impact of bowel dysfunction symptoms on over-
all QoL, but because its scope is limited to bowel 
dysfunction symptoms, the LARS score does not 
conceptually qualify as a QoL instrument. 

 QoL instruments are often classifi ed as generic 
or disease-specifi c. Generic QoL instruments are 
designed for evaluating the combined effects of 
all health problems that the patient endures, 
whereas disease-specifi c instruments are designed 
for examining the effects of one particular condi-
tion or a similar group of conditions. Therefore, 
disease-specifi c instruments are more relevant 
and sensitive to the condition of interest, but 
generic instruments are more sensitive to comor-
bidities, and enable comparison of QoL between 
different condition groups. Depending on the pur-
pose and context of QoL measurement, one type 
of instrument may be more suitable than the other. 

 Some of the most commonly used QoL instru-
ments in RC are summarized in Table  23.1 . All of 
these instruments are multidimensional, patient 
self-administered, and have been validated 
according to robust psychometric criteria.

   QoL instruments allow standardized quantifi -
cation of QoL that can readily support treatment 
decision-making, evaluation and follow-up, in 
both clinical research and routine practice con-
texts. Apart from established QoL instruments, 
qualitative methods are also used to assess QoL 
at times, and could elicit information that is not 
captured quantitatively. However, qualitative 
methods are more diffi cult to standardize, and the 
interpretation and application of such results are 
more complex and laborious. Qualitative meth-
ods are hence not as practical and sustainable as 
quantitative QoL instruments in measuring QoL.  

    Response Shift Phenomenon 

 Most clinicians have probably encountered 
patients who state that they appreciate life even 
more after surviving a cancer diagnosis. In gen-
eral, patients who experience life-threatening 
diseases often change their internal benchmark 
and reconceptualize “good QoL” over the dis-
ease trajectory to accommodate their illnesses 
[ 30 ,  31 ]. Furthermore, during the course of RC, 
many patients adapt to their new situation, and 
learn how to cope with pain, fatigue, bowel-, 
urinary- and sexual dysfunction and so forth. 
Consequently, reports of QoL improving in RC 
patients over time to a level even superior to 
baseline, and reports of RC patients having bet-
ter QoL scores than a comparable group of the 
general population, are not uncommon. On the 
contrary, some patients may fi nd a relatively 
stable situation (by objective standards) 
increasingly distressing, especially if an 
expected improvement does not occur. Thus, 
the patient’s rating of QoL may change over 
time even though no objective change has been 
observed. This phenomenon is referred to as 
“response shift”. Response shift should be 
taken into consideration in longitudinal studies 
with a follow-up period of several years, and 
when comparing QoL of RC patients with the 
general population [ 32 ].  

    Interpretation of Quality of Life 
Results 

 Changes in QoL scores over time and differences 
in QoL scores between groups can be diffi cult to 
interpret. What does, say, an 11-point difference 
between two groups, or a 7-point improvement in 
a patient or a group actually mean? Do these 
numbers indicate a trivial, small, moderate or 
large difference or improvement? Due to the fact 
that a statistically signifi cant difference does not 
necessarily imply that the difference is also of 
any clinical importance, it is crucial to defi ne 
what size difference (the minimum difference) is 
considered clinically relevant. In clinical trials, 
this should be done a priori. 
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 Some investigators have examined and dealt 
with this issue by measuring the patient’s per-
ceived extent of change using a “subjective sig-
nifi cance questionnaire”, and ascertaining the 
corresponding difference in EORTC QLQ-C30 
scores [ 33 ]. Guidelines have been published 
accordingly in order to support the interpretation 
of EORTC QLQ-C30 results [ 34 ]. Nonetheless, 
for many QoL instruments, no consensus has 
been reached regarding this issue, and a clinically 
relevant difference has not been determined yet. 
Therefore, no specifi c guidelines are presented 
here. Instead, clinicians and researchers working 
with a specifi c QoL instrument are encouraged to 
search the literature for the most up to date evi-
dence within this fi eld in order to base their sam-
ple size calculation, analysis and interpretation of 
results on the most recent knowledge. 

 Population-based normative or reference val-
ues can be useful when interpreting QoL results. 
These values represent the QoL level of the gen-
eral population. Thus, reference values assist in 
the interpretation of QoL data in clinical cancer 
trials by providing estimates of the QoL level one 
would expect for a group of patients, had they not 
been sick. Furthermore, reference values can 
offer further information regarding the distribu-
tion of scores for each scale, and thereby facili-
tate sample size calculations. Given that it is well 
documented that QoL is infl uenced by age and 
gender, reference values should be age- and gen-
der stratifi ed [ 35 ]. In studies where QoL is com-
pared between patients grouped by gender or age, 
reference values can help to clarify whether dif-
ferences observed are related to the disease or 
simply refl ect unspecifi c differences normally 
found in the general population. 

 Reference values have been published for a 
number of QoL instruments (please see the 
“Comments” column in Table  23.1 ).  

    Quality of Life After Rectal Cancer 
Surgery 

 During the past decades, numerous studies 
have shown that essentially all QoL dimensions 
are affected during the fi rst year after  surgery 

 compared with general population norms, 
with the greatest differences observed at the 
time of discharge from hospital. Six months 
 postoperatively, global QoL and pain approxi-
mate norm reference, but patients still fare worse 
in  physical-, role- and social functioning, as well 
as being more affected by symptoms and prob-
lems like fatigue, dyspnea, insomnia, constipa-
tion, diarrhea and fi nancial diffi culties [ 36 – 38 ]. 
However, in general, descriptive cross-sectional 
and longitudinal studies among RC survivors 
have concluded that long-term overall QoL after 
treatment is good [ 36 ,  39 ,  40 ]. 

 Nevertheless, a few problems persist to be 
common and bothersome for many years after the 
initial treatment for RC, affecting several dimen-
sions of QoL. Bowel-, urinary- and sexual dys-
function are issues that continue to trouble RC 
patients for some years after the initial treatment 
[ 41 ]. Therefore, these issues are described in fur-
ther detail below. 

 Factors known to infl uence the prevalence and 
severity of bowel-, urinary- and sexual dysfunc-
tion are age, gender, tumor level and stage, type 
of surgery and neoadjuvant therapy [ 42 – 49 ]. 

    Bowel Dysfunction 

 Recent studies have reported that 50–90 % of RC 
patients undergoing the sphincter-preserving 
 surgical procedure low anterior resection (LAR) 
suffer from at least some degree of bowel dys-
function postoperatively [ 50 ,  51 ]. Many patients 
suffer from a range of bowel dysfunction symp-
toms including fecal incontinence, urgency, 
 frequent bowel movements and clustering, which 
are collectively referred to as (low) anterior 
resection syndrome (LARS or ARS) [ 11 ,  52 ]. 
The risk of bowel dysfunction mainly depends on 
tumor level and height of anastomosis [ 53 ]. 

 In a recent study of LARS using the aforemen-
tioned LARS score, the authors found that out of 
183 patients who underwent sphincter-preserving 
resection, 29 % had “no LARS”, 25 % “minor 
LARS” and 46 % “major LARS” at 12 months 
after surgery [ 54 ]. They also found that the syn-
drome had a considerable impact on the patient’s 
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everyday life, and was associated with impair-
ment in several QoL dimensions. Studies have 
shown that bowel dysfunction undermines mental 
health, social- and physical functioning, and that 
fecal incontinence is associated with poorer levels 
of lifestyle, coping, depression and embarrass-
ment [ 41 ,  55 ,  56 ]. In a cross-sectional study of 81 
RC patients with no stoma, bowel dysfunction 
was shown to be negatively associated with global 
QoL, physical-, role- and social functioning [ 57 ]. 
In two recent studies, one being a follow-up study 
of 260  non- stoma patients and the other a cross-
sectional study of 796 non-stoma patients, global 
QoL, fatigue, insomnia, physical-, role-, emo-
tional- and social functioning were shown to be 
strongly associated with LARS [ 54 ,  58 ]. 
Moreover, the latest follow-up of patients in the 
famous Dutch total mesorectal excision (TME) 
trial using the LARS score revealed that 46 % of 
the surviving cohort experienced “major LARS” 
even more than 14 years after treatment, which 
was also associated with poorer QoL in a number 
of dimensions [ 59 ]. 

 Even though LARS is undoubtedly highly 
prevalent, it has previously been poorly defi ned 
and hence inconsistently measured and reported. 
Consequently, prevalence estimates of LARS 
vary signifi cantly between studies. Novel tools 
that have been rigorously developed and vali-
dated for international use, like the LARS score 
[ 11 ,  60 ] and the Memorial Sloan-Kettering 
Cancer Center (MSKCC) Bowel Function 
Instrument [ 61 ], enable standardized assessment 
of LARS across centers and borders, and will 
hopefully facilitate valid comparisons of results 
and meta-analysis on the subject in the future. 

 Patients with a permanent stoma after RC sur-
gery also suffer from problems related to bowel 
and/or stoma dysfunction. Stoma formation 
through the rectus muscle is complicated by 
parastomal herniation in up to 50 % of cases, and 
this is a distressing problem that reduces the QoL 
of stoma patients [ 62 ,  63 ]. Leakage of stools, 
need for frequent bag-changing, stoma care- 
related problems, sore skin, odor and noise from 
the stoma, embarrassment and travel challenges 
are issues commonly reported by patients, affect-
ing several dimensions of QoL [ 38 ,  64 – 66 ].  

    Urinary Dysfunction 

 Urinary dysfunction is common after RC 
 treatment and consists of urinary urgency and 
incontinence, increased frequency of urination, 
incomplete bladder emptying and urinary reten-
tion [ 41 ,  45 ]. Urinary dysfunction has been 
demonstrated to be associated with worse social 
functioning and more pain [ 41 ]. 

 In the Dutch TME trial, urinary dysfunction 
was investigated in 785 patients 5 years after 
surgery. Long-term incontinence was reported 
by 38 % of patients, of whom 72 % had a nor-
mal preoperative function. Long-term diffi culty 
in bladder emptying was reported by 31 % of 
patients, of whom 65 % had a normal preopera-
tive function. The authors concluded that uri-
nary dysfunction after RC treatment is mainly 
caused by autonomic nerve damage during sur-
gery, and found that preoperative radiotherapy 
was not associated with urinary dysfunction 
[ 45 ,  46 ], which is similar to the conclusion of a 
recent systematic review and meta-analysis on 
the topic [ 67 ].  

    Sexual Dysfunction 

 Sexuality is a key part of adult QoL. Even though 
sexual activity declines with age, and the median 
age of RC patients is around 70 years, the major-
ity of RC patients are sexually active prior to the 
treatment of their disease [ 68 ]. Sexual problems 
after surgery for RC are common. They are mul-
tifactorial, inadequately discussed, and often 
untreated. Nevertheless, the impact of RC treat-
ment on sexual function is poorly investigated, 
and the majority of existing studies are limited by 
low response rates, especially among women, 
indicating that the issue is still taboo [ 40 ,  67 ]. 

 Specifi c sexual problems in women are dys-
pareunia, reduced libido, arousal, lubrication 
and orgasm. Whereas in men, these are impo-
tence, decreased libido, orgasm and ejaculation 
[ 56 ,  57 ]. The reported rates of sexual dysfunc-
tion vary signifi cantly, ranging from 23 to 69 % 
in men, and from 19 to 62 % in women [ 69 ]. 
In a study involving 180 patients undergoing 
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curative RC surgery, 29 % of women and 45 % 
of men reported that “surgery made their sex 
lives worse” [ 70 ]. 

 An unusually high response rate (>75 %) was 
obtained in the Dutch TME trial. Only patients 
who were sexually active before RC treatment 
(79 % of male patients and 52 % of female 
patients) were evaluated ( n  = 757). Results 
showed that general sexual dysfunction, erectile 
dysfunction and ejaculation problems were 
reported by 76, 80 and 72 % of male patients, 
respectively. In female patients, increase in gen-
eral sexual dysfunction, dyspareunia and vaginal 
dryness were reported by 62, 59 and 57 %, 
respectively. Two years after treatment, 29 % of 
men and 18 % of women were no longer sexually 
active [ 68 ]. 

 Another study of 457 RC patients revealed 
that male RC survivors had more problems with 
erectile function (54 %) than males in the general 
population (27 %). Furthermore, 68 % of male 
RC survivors reported ejaculation problems. 
Lubrication problems and dyspareunia were 
more common in female RC survivors (35 and 
30 %, respectively) than females in the general 
population (5 and 0 %, respectively). Male RC 
survivors scored lower on the EORTC QLQ-CR38 
sexual functioning scale compared with the gen-
eral population. However, scores on the 
QLQ-CR38 sexual enjoyment scale were similar 
between the two groups. Female RC survivors 
reported worse sexual functioning as well as less 
sexual enjoyment than the general population. 
For both genders, the differences in sexual func-
tioning and/or sexual enjoyment identifi ed were 
clinically meaningful [ 43 ]. 

 Sexual dysfunction is signifi cantly more 
severe in men, and men feel more distressed by it 
than women. Sexual function has been shown to 
be impaired in all age groups, but younger 
patients have a more severe impairment of sexu-
ality, which leads to profound emotional symp-
toms. Strain due to impaired sexuality is 
signifi cantly higher for patients aged ≤69 years 
compared with older patients [ 48 ,  71 ]. 

 Although many studies have documented that 
a large proportion of RC patients experience sex-
ual dysfunction after their treatment, it is still not 

entirely clear how to defi ne the presence of sex-
ual dysfunction, sexual problems and sexual dis-
orders, and thus estimates vary across studies. 
Furthermore, studies within this taboo fi eld are 
compromised by low response rates, especially 
among women. Hopefully, the increasing atten-
tion on these very important matters will lead to 
more high-quality research in the future.  

    Quality of Life with or Without 
a Permanent Colostomy 

 The presence of a permanent stoma has histori-
cally been viewed as a factor that reduces 
QoL. Therefore, it is thought that preservation of 
bowel continuity would be superior to the forma-
tion of a permanent stoma whenever the onco-
logical outcome is deemed equivalent [ 51 ]. With 
the introduction of stapling devices and improved 
surgical techniques, permanent colostomy rates 
have decreased, and anastomoses are now per-
formed at very low levels. 

 As discussed earlier, it is evident that a large 
proportion of non-stoma patients suffer from 
severe bowel dysfunction, which affects their 
QoL substantially [ 54 ,  58 ]. In addition, stoma 
care has improved considerably during the past 
decades, both with respect to available products 
and to the information and guidance provided by 
specialist nurses. When taking all of these factors 
into account, the superiority of sphincter preser-
vation does not appear as defi nite as once 
believed. Thus, many studies have investigated 
the QoL of RC patients after LAR versus abdom-
inoperineal resection (APR). 

 A Dutch study published in 2014 examined 
the physical and mental consequences of a stoma 
among 1019 RC survivors 1–10 years after diag-
nosis. They found that stoma patients reported 
statistically signifi cant lower global health status/
QoL, physical-, role- and social functioning, but 
fewer problems with constipation and diarrhea 
compared with those without a stoma. All differ-
ences were of small clinical relevance [ 72 ]. 

 In a Cochrane review updated in 2012, the 
authors concluded that there is no clear difference 
in global QoL with or without a permanent stoma 
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[ 73 ]. The results of 35 studies, all non- randomized 
and representing 5,127 participants, were ana-
lyzed in the review. In 14 out of the 35 studies, the 
authors found that patients undergoing APR/
Hartmann’s operation did not demonstrate worse 
QoL than patients undergoing LAR. The remain-
ing studies identifi ed some differences, but these 
were not consistently in favor of non-stoma 
patients. Amongst the included studies, there was 
a clear tendency towards stoma patients reporting 
signifi cantly more sexual problems, but less diar-
rhoea and constipation compared with non-stoma 
patients. Therefore, no fi rm conclusion was 
drawn, but the authors stated that “the included 
studies challenge the assumption that anterior 
resection patients fare better” [ 73 ]. 

 Similarly, in a meta-analysis of 1,443 patients 
from 11 studies, no difference in global QoL 
was found. Nevertheless, stoma patients showed 
superior future perspective, cognitive- and emo-
tional functioning scores than non-stoma 
patients, while non-stoma patients tended to 
score more positively on vitality, sexual- and 
physical function [ 74 ]. 

 Therefore, the question of whether LAR or 
APR is superior with regards to QoL cannot be 
answered unequivocally, since different dimen-
sions of QoL are affected, and it is not conceptu-
ally or philosophically sound to directly compare 
different dimensions (for example, which is 
worse: impaired cognitive or physical func-
tion?). Rather than searching for a simple yes or 
no answer to the question, emphasis should be 
placed on describing the different dimensions of 
QoL affected with and without a permanent 
stoma. This will lead to more comprehensive 
preoperative information for patients, which 
would be of particular interest to those for whom 
either a LAR or an APR is a feasible and reason-
able option. The everyday life of one patient is 
different from another, and hence patients may 
have different preferences. Consequently, no 
single procedure fi ts all. Thorough information 
about how QoL is affected differently with and 
without a stoma is essential in facilitating joint 
decision- making between the clinician and the 
patient regarding what the best solution is for the 
individual patient. 

 Therefore, the formation of a stoma should 
not always be deemed a failure of surgical treat-
ment, and high APR rates do not necessarily 
refl ect suboptimal surgical quality, especially 
given that APR rates do not correlate well with 
other indicators of rectal surgery quality at the 
hospital level [ 75 ]. Instead, relevant measures of 
QoL, with particular attention to bowel-, sexual- 
and urinary problems, should be used in combi-
nation with other established indicators such as 
mortality and recurrence rates, for the evaluation 
of surgical quality.  

    Impact of Laparoscopic Surgery 
on Quality of Life 

 As QoL has become a standard endpoint in the 
evaluation of relatively new or emerging treat-
ments, there has been an increasing interest in 
how QoL compares after laparoscopic versus 
open RC surgery. Nevertheless, the evidence is 
scarce and confl icting. Some studies exploring 
short-term QoL outcome have found differences 
in favor of laparoscopic surgery, reporting better 
body image, less pain and superior global QoL as 
early as 1 week after the operation [ 76 ]. At 
3 months, laparoscopically operated patients 
seem to experience less sleep disturbance, 
fatigue, physical and gastrointestinal symptoms 
[ 77 ]. Better scores in general health, physical- 
and social functioning have also been found at 
1 year [ 78 ,  79 ]. However, a recent randomized 
multicenter trial could not confi rm these results, 
as the study did not fi nd any differences in QoL at 
4 weeks, 6 and 12 months after surgery [ 64 ]. 

 In terms of urinary- and sexual function, there 
is no evidence that laparoscopic surgery causes 
less harm to urinary function than open surgery. 
The results for male sexual function are contra-
dictory [ 80 ,  81 ]. Data concerning female sexual 
function are very limited due to low response 
rates in most of the studies [ 81 ]. 

 Robotic-assisted laparoscopic operations have 
recently been introduced in the surgical treatment 
of RC. So far, a few non-randomized studies 
have indicated that robotic surgery is associ-
ated with an earlier recovery of normal voiding 
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and sexual function compared with conventional 
 laparoscopic surgery [ 82 – 84 ]. A currently run-
ning randomized trial (the ROLARR study) will 
further clarify and provide more defi nitive evi-
dence regarding whether robotic surgery leads to 
superior QoL than laparoscopic surgery [ 85 ].  

    The Impact of Neoadjuvant Therapy 
on Quality of Life 

 A large proportion of patients undergo neoadju-
vant therapy in addition to surgery, and its effects 
on QoL have been investigated recently in several 
studies. 

 In a follow-up study of QoL after RC surgery 
with or without preoperative radiotherapy, the 
authors analyzed data from 990 patients and con-
cluded that short-term preoperative radiotherapy 
leads to more sexual dysfunction, slower recov-
ery of bowel function, and impaired daily activity 
postoperatively. However, these effects do not 
have a serious impact on QoL [ 42 ]. 

 The Dutch TME trial group has published 
studies focusing on the three major areas of post- 
treatment dysfunction, namely urinary-, bowel- 
and sexual dysfunction. Patients were randomized 
to TME surgery with or without preoperative 
short-course radiotherapy, and the authors con-
cluded that preoperative radiotherapy adversely 
affects bowel- and sexual function [ 44 ,  68 ], but 
not urinary function [ 46 ]. 

 In 2013, a systematic review and meta- analysis 
of the effect of preoperative radio(chemo)therapy 
on long-term functional outcome in RC patients 
operated with TME technique was published. 
Study designs, evaluation parameters and clinical 
characteristics of the patients varied considerably 
among the identifi ed studies. Therefore, compari-
son of these studies was limited, and only a few 
studies were eligible for the purpose of meta- 
analysis. The authors found that the quality of 
studies on long-term functional outcome was low. 
However, the meta-analysis showed that preoper-
ative radio(chemo)therapy negatively affects ano-
rectal function after TME, while no statistically 
signifi cant effect of preoperative radio(chemo)
therapy on erectile function was found. The effect 

of preoperative radio(chemo)therapy on urinary 
continence showed no statistical signifi cant dif-
ference either [ 67 ]. 

 A Cochrane review published in 2013 included 
fi ve trials in the meta-analysis. The focus of the 
review was on traditional “hard” outcomes, like 
recurrence rates, survival, pathological response, 
morbidity and so on, but the authors also stated 
that the very limited data available from the 
included studies precluded a meta-analysis of 
QoL-related parameters. Thus, they concluded 
that “the effects of preoperative chemo/radiother-
apy on functional outcome and quality of life are 
incompletely understood and should be addressed 
in future trials” [ 86 ].   

    Quality of Life After Complex Rectal 
Surgery for Primary Advanced 
Rectal Cancer and Locally Recurrent 
Rectal Cancer 

 Advances in RC surgical techniques have made it 
possible to perform complex, exenterative resec-
tions beyond the TME planes in patients with pri-
mary advanced or locally recurrent RC. Such 
surgery may include bladder reconstruction, 
sacrectomy and perineal reconstruction. Due to 
the complex and extensive nature of the treat-
ment, postoperative morbidity is high (15–68 %) 
[ 87 ], and the impact on QoL would be even 
greater than standard surgery, as normal anatomy 
and bodily function are more disrupted. However, 
only a few studies have been published on how 
such complex surgery affects QoL, with various 
methodological issues including retrospective 
design, small sample size and a high amount of 
missing data. The studies have mainly examined 
patients who are disease-free after being treated 
with potentially curative resection [ 88 ]. 

 Overall, QoL seems to be worst (lowest level 
of functioning and highest degree of symptoms) 
preoperatively and improves after surgery [ 89 ]. 
Results from two studies evaluating QoL in the 
fi rst 2 years after surgery showed that improve-
ment mostly occured during the fi rst year [ 89 , 
 90 ]. One year after surgery, QoL of patients 
treated with exenterative surgery was comparable 
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to that of patients treated with standard surgery 
for primary non-advanced RC. On the other hand, 
lower levels of physical- and emotional role func-
tioning were found compared with the general 
population, indicating that these patients, despite 
improving from preoperative levels, continue to 
experience limitations in their physical and psy-
chological health. 

 Longer-term QoL after complex surgery for 
RC has only been studied in cross-sectional set-
tings and inconsistent results have been reported 
[ 91 ,  92 ]. One study found that the QoL in this 
group of patients was poorer in terms of global 
QoL, body image, fatigue, pain, defecation 
problems, role-, physical-, and social function-
ing than in patients treated with standard surgery 
for primary non-advanced RC [ 92 ]. In con-
trast, another study found that QoL was similar 
between the two groups [ 91 ]. In a study explor-
ing QoL using qualitative interviews, patients 
treated with complex surgery described a nega-
tive impact on daily activity. The interviews also 
revealed that while patients had a highly focused 
desire to seek wellness and cure, there was some 
misunderstanding of the therapeutic options and 
treatment morbidity [ 93 ]. 

 Patients treated for local recurrence seem to 
have worse QoL in relation to future perspective, 
body image, physical- and social functioning, as 
well as a higher degree of pain compared with 
patients treated for non-advanced and primary 
advanced RC. However, a comparison between 
these patients categorized as three discrete groups 
(as opposed to lumping primary advanced and 
locally recurrent RC into one group) has only 
been conducted in one study [ 38 ]. 

 There is little information regarding sexual 
activity, enjoyment and problems following 
complex surgery due to very low response rates 
in most of the studies. Nonetheless, based on the 
available literature, it appears that sexual func-
tioning is worse after surgery compared with the 
patient’s preoperative activity [ 38 ,  94 ]. In a study 
of sexual function after vaginal reconstruction 
with a vertical rectus abdominis myocutaneous 
fl ap, half of the women were sexually active 
before surgery. Although the desire for sexual 
contact was unchanged after surgery, only 14 % 
reported sexual activity [ 94 ]. In a cross-sectional 

study, male patients treated for local recurrence 
reported more problems with erectile function 
and feeling less masculine than patients treated 
for non-advanced and primary advanced RC 
[ 38 ]. Despite a high prevalence of sexual dys-
function, few patients reported the use of aids, 
suggesting that patients may have insuffi cient 
awareness of the management of sexual dysfunc-
tion [ 38 ]. 

 Even though the evidence regarding QoL 
after complex, exenterative surgery for RC is 
scarce, it is clear that various dimensions of QoL 
are impaired for variable periods of time. As out-
lined in the Beyond TME consensus statement 
[ 95 ], more knowledge of QoL in this area is 
needed to examine whether subgroups of patients 
are more affected by the treatment than others. 
Future efforts should be directed towards pro-
spective data collection and must include patients 
undergoing both curative and non-curative 
surgery.  

    Conclusion 

 The impact of RC and its treatment on QoL is 
diverse. The exact effects depend on  several 
factors, including the dimension of QoL 
concerned, tumor characteristics, the treat-
ment involved, the measurement method 
and  timing, and of course, the patient him 
or herself. Even in similar circumstances, 
the values, standards, expectations, adap-
tation and coping abilities, as well as the 
resultant perception of one patient differ 
from another, and could also differ over time 
within the same patient. Consequently, gen-
eralizations and comparisons of QoL, both 
cross- sectional and longitudinal, need to be 
interpreted with caution. Despite that there is 
no “ average” or “typical” individual patient 
in reality, the evidence on overall QoL trends 
in RC  presented in this chapter can hopefully 
enhance the clinician’s understanding of the 
topic, and further strengthen patient infor-
mation,  communication and shared decision-
making. There does appear to be a measurable 
 correlation between QoL and some objec-
tive markers of oncological status [ 96 – 101 ], 
but more research is needed to better guide 
the clinician in weighing, substituting and 
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combining QoL with other clinical measures 
in choosing the most appropriate manage-
ment for the patient and assessing outcomes. 
Finally, more work is also required in further 
developing and consolidating the prevention 
and management of QoL issues, in order to 
optimize both the length and quality of the 
patient’s life.     
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        Introduction 

 Despite recent declines in the incidence of 
 newly- diagnosed rectal cancer, 20–30 % of 
patients will present with unresectable dis-
ease [ 1 ]. Additionally, half of all rectal cancer 
patients may require a palliative procedure due 
to advanced disease or recurrence at some point 
during their disease process [ 2 ,  3 ]. Furthermore, 
while chemotherapy is the standard of care in 
those with stage 4 rectal cancer with no symp-
toms [ 4 ,  5 ], operative or endoscopic interven-
tion is often indicated in those who develop 
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    Abstract  

  Twenty to 30% of patients with rectal cancer will present with unresect-
able disease. Although chemotherapy is the primary treatment modality 
for patients with asymptomatic unresectable rectal cancer, half of all these 
patients may require a palliative procedure at some point due to obstruc-
tion, perforation, bleeding and/or pain. The surgeon is critical to the mul-
tidisciplinary team and will provide guidance as to the appropriate 
treatment strategy. Thus, it is imperative that a surgeon who commonly 
treats these patients to have knowledge of all treatment modalities avail-
able. The aim of this chapter is enhance the reader’s knowlege of palliative 
strategies for patients with stage 4 rectal cancer.  
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obstruction, perforation, bleeding and/or pain 
[ 1 ,  6 ]. Therefore it is in the best interest of a 
surgeon who  commonly treats these patients to 
be  familiar with the approaches to care in these 
complex patients who are often in the last months 
of their lives. 

 The primary goal of palliative treatment is to 
improve symptoms from both the primary tumor 
and its sequelae, and although adhering to routine 
oncologic principles is preferred, it may not be 
feasible. Palliative interventions are intended to 
improve the patient’s quality of life with little 
impact on survival [ 7 ]. Success is achieved by 
alleviating symptoms without the development of 
new symptoms or hastening death. Palliative 
therapies include resection or diversion of fecal 
stream, endoscopic-based interventions, or adju-
vant therapies such as chemotherapy and radia-
tion therapy [ 3 ,  8 ]. 

 Sites of both the primary tumor and metasta-
sis are highly variable making individualized 
care of patients with unresectable rectal 
cancer essential. Moreover, a multidisciplinary 
approach is recommended to determine optimal 
timing of  procedures, chemotherapy and/or 
radiation therapy [ 9 ]. The surgeon is a vital 
member of this multidisciplinary team. It is the 
surgeon who will  provide information on the 
operative and nonoperative approaches to the 
problems facing the patient. With this insight 
the patient can choose their best option by care-
fully balancing the risk/benefi t ratio with per-
sonal preferences [ 3 ]. The goal of this chapter is 
to enhance the reader’s armamentarium for the 
management of patients with stage 4 rectal can-
cer. Unfortunately, there is a paucity of prospec-
tive randomized controlled trials evaluating the 
optimal treatment for symptomatic patients with 
stage 4 disease. Thus, the majority of recom-
mendations are based on expert opinion from 
single institution studies.  

    Evaluation 

 Appropriate staging of rectal cancer is critical 
prior to proceeding with management as optimal 
treatment is dependent on nodal status and 
the presence or absence of distant disease. 

Colonoscopy should be performed to evaluate 
the entire colon and rectum for synchronous 
lesions or other pathology. Rigid proctoscopy is 
performed to localize the lesion and to confi rm 
its location in the rectum and its relationship to 
the three rectal folds [ 10 ,  11 ]. A complete history 
and physical examination with assessment of 
performance status and tumor-related symptoms 
should be evaluated. A digital rectal exam per-
formed by an experienced surgeon is critical to 
assess the relationship between the tumor and 
critical pelvic structures such as the anorectal 
ring, the prostate or vagina, and the coccyx or 
sacrum. Appropriate laboratory studies including 
a complete blood count (CBC), liver function 
tests (LFT), and carcinoembryonic antigen 
(CEA) are obtained. Computed tomography (CT) 
of the chest, abdomen and pelvis with oral and 
intravenous contrast must be obtained to evaluate 
for presence of metastasis. This is used in con-
junction with endoscopic ultrasound (EUS) or 
magnetic resonance imaging (MRI) of the pelvis, 
which determines tumor depth and/or invasion to 
adjacent structures and lymph node involvement 
[ 2 ,  12 ]. 

 EUS and MRI have been found to be very 
similar in their ability to stage rectal cancers. 
A meta-analysis of 90 studies evaluating EUS, 
CT and MRI in staging rectal cancer demonstrate 
similar sensitivity of 94 % for EUS and MRI for 
muscularis invasion but signifi cant differences in 
sensitivities with 86 and 69 % respectively 
(P = 0.02). Nodal staging demonstrates equally 
low sensitivity and specifi city for EUS and MRI 
with 67 and 78 %, and 66 and 76 % respectively. 
Although the authors conclude that EUS is more 
accurate for rectal cancer staging, this technology 
is limited by tumors located 8–10 cm from the 
anal verge, stenotic tumors, and the modality 
being operator-dependent [ 13 ]. MRI has been 
found to be superior to EUS in evaluating cir-
cumferential resection margin [ 14 – 16 ], and both 
MRI and CT are required to evaluate more 
centrally- located lymph nodes (iliac, mesenteric 
or retroperitoneal) [ 13 ]. Thus, EUS is utilized in 
the vast majority of rectal cancers for local stag-
ing with MRI used as an important adjunct [ 12 ]. 

 The role of fl uorodeoxyglucose-positron 
emission tomography (FDG-PET) is somewhat 
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 controversial. There is very little to no role for 
this imaging modality in the workup of primary 
rectal cancer. However, it can be helpful in evalu-
ating equivocal fi ndings on CT or in patients 
unable to undergo intravenous contrasted studies 
[ 2 ,  12 ]. 

 Resectability of a primary tumor is defi ned 
by complete resection of all disease with nega-
tive margins, the so-called R0 resection [ 17 ]. 
The most current National Comprehensive 
Cancer Network (NCCN) guidelines do not 
advise resection unless an R0 resection is 
intended [ 18 ,  19 ]. Contraindications to surgical 
intervention with curative intent include both 
anatomic and patient characteristics. Tumors 
involving the sciatic nerve, encasing the com-
mon and/or external iliac arteries, obstructing 
the bilateral ureters, and/or causing extensive 
fi xation to the lateral pelvic side wall are not 
suitable for R0 resection. Multiple peritoneal 
metastasis and/or metastasis involving vital 
structures, and/or poor performance status are 
also contraindications to resection with curative 
intent [ 3 ,  20 ] (Table  24.1 ).

   In those patients who are unable to undergo 
a R0 resection, close monitoring for symptoms 
that could be palliated by surgical, endoscopic-
based, and/or multimodal adjuvant therapies 
should be performed [ 4 ]. Symptomatic patients 
with stage 4 rectal most commonly present 
with obstruction or change in bowel habits (20–
40 %), bleeding (25–44 %), or pain (6–20 %) 
[ 21 – 23 ]. Again, it should be stressed that due 
to the variability in both patients and their 
tumors, treatment should be individualized and 
a multidisciplinary team approach is strongly 
advised.  

    Operative Intervention 

 In general, embarking on an operative inter-
vention in a patient with stage 4 rectal cancer 
in an elective setting is meaningful only if the 
operative risk is low and the patient has a rea-
sonable life expectancy (at least 2–6 months) 
[ 7 ,  21 ,   24 – 29 ]. In an emergent setting however, 
the question to be answered is what interven-
tion to offer as an operation may be the only 
therapy to improve short-term survival [ 21 , 
 30 ]. Potentially life- threatening complications 
include obstruction, perforation and bleeding. 
The American Society of Colon and Rectal 
Surgeons (ASCRS) identifi es three goals of 
treatment in the emergent setting: (1) prevent 
the immediate negative impact of complication 
such as sepsis and death, (2) achieve tumor 
control, and (3) allow for the initiation of adju-
vant or systemic therapy [ 4 ]. Interventions 
should be individualized based on presenting 
symptom or symptoms, and available imaging 
and therapeutic modalities. 

    Obstruction 

 Malignant bowel obstructions occur in 10–28 % 
of rectal cancer patients, and 30–40 % of these 
resolve with conservative measures such as 
 nasogastric tube (NGT) decompression and 
bowel rest [ 7 ,  21 ,  23 ]. These conservative 
 measures are widely-available, inexpensive, and 
 stabilize the patient with low risk of bleeding and 
perforation from the intervention [ 31 ]. However, 
in patients with persistent or recurrent obstructive 
symptoms, a more aggressive therapy should be 
offered. While all operative approaches are palli-
ative in this setting by defi nition, they can be 
broadly categorized into venting procedures and 
resectional procedures. 

 Venting procedures include gastrostomy tube 
placement and stoma placement to proximally 
divert the fecal stream. Venting gastrostomy tube 
placement, either placed endoscopically or surgi-
cally, for bowel decompression allows for dis-
continuation of an NGT, and potential discharge 
from the hospital to home or hospice [ 32 ,  33 ]. 
These should be considered in those patients who 

   Table 24.1    Contraindications to surgical intervention   

 Contraindications to R0 Resection 

 Tumors involving the sciatic nerve 
 Tumors encasing the common and/or external iliac 
arteries 
 Tumors obstructing the bilateral ureters 
 Tumors causing extensive fi xation to the lateral pelvic 
side wall 
 Multiple peritoneal metastasis 
 Metastasis involving the vital structures 
 Poor performance status 
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have maximized their chemotherapy options, are 
in the most terminal stages of their disease, or in 
those who are medically frail from malnutrition 
and/or other comorbidities. Gastrostomy tube 
placement is associated with high success rates 
between 86 and 100 % [ 34 ], and immediate 
improvement in patient symptoms [ 35 ]. However, 
a recent retrospective review demonstrates high 
major procedural-associated complications 
(10.2 %), with the majority (59.3 %) of patients 
being maintained NPO despite percutaneous 
endoscopic gastrostomy (PEG) placement [ 36 ]. 
Additionally, it should be stressed that in those 
who undergo PEG tube placement, survival is not 
signifi cantly improved with median survival of 
only 66–147 days [ 34 ]. 

 A proximal fecal diversion is a great option 
for those patients who are both fi t and willing to 
undergo an operative procedure. In these patients, 
the site of obstruction and extent of proximal 
 distension often determines the best surgical 
option. Diverting fecal stream with a diverting 
stoma may be the only feasible option in 
obstructed patients with signifi cant comorbidities 
or uncertainty of life expectancy, considerable 
tumor burden or carcinomatosis, or underlying 
fecal incontinence [ 1 ,  37 ,  38 ]. In patients with 
acute malignant obstruction, diverting stoma is 
the preferred surgical option as it has been dem-
onstrated that patients who undergo emergent 
primary resection demonstrate worse overall 
 survival when compared to those who underwent 
elective surgery [ 39 ]. 

 While these diverting stomas can be palliative 
in the sense that they relieve the obstruction, it 
should always be considered that the stoma itself 
may have signifi cant adverse effects on the 
patient’s quality of life with leakage, prolapse or 
retraction causing limitations in quality of life 
[ 40 ]. One-third of patients develop complications 
from their stoma including the aforementioned 
complications as well as skin irritation, pain or 
partial necrosis [ 7 ,  41 ,  42 ] not to mention the 
short-term complications of the procedure itself 
such as wound infection or ileus [ 43 ]. If the deci-
sion is made to divert the fecal stream in an 
obstructed patient a sigmoid or transverse loop 
colostomy is typically fashioned [ 1 ,  44 ]. Despite 
placement of diverting stoma, many patients may 

continue to have pelvic pain due to tumor inva-
sion and/or persistent rectal drainage or bleeding 
[ 1 ]. All of these symptoms worsen the patient’s 
quality of life. 

 For these quality of life reasons, resection of 
the affected segment or a subtotal colectomy with 
or without reanastomosis (Hartmann procedure) 
should be considered in those patients presenting 
with obstruction who are able to tolerate length-
ier procedures and who have resectable primary 
tumors. Historically, obstructions were managed 
with a three-stage approach in which a diverting 
colostomy was created during the fi rst operation 
followed by resection and then reanastomosis 
during the second and third operations respec-
tively [ 45 ]. This was due to patients being very ill 
with severe dehydration and malnourishment. 
Additionally, bowel mucosa is friable and 
patients often do not undergo adequate bowel 
preparation making reanastomosis undesirable. 
However, it was found that two-stage procedures 
were equally effective and associated with shorter 
hospital stays, and soon a two-stage approach 
consisting of a Hartmann procedure followed by 
reanastomosis was adopted. Some centers have 
now adopted a one-stage approach consisting of a 
subtotal colectomy with ileocolic anastomosis 
with equal mortality rates as a two-stage proce-
dure [ 45 ]. 

 A low anterior resection (LAR), an abdomi-
noperineal resection (APR), or even pelvic 
exenteration may be indicated in those with 
advanced disease and signifi cant symptoms such 
as severe tenesmus, incontinence, constipation or 
diarrhea, or intractable pain due to local invasion 
into nerves [ 7 ]. These procedures are less than 
ideal due to unnecessary risk in terminally ill 
patients but may be suitable for some patients 
with longer life expectancies. Tumor size and 
location in addition to patient factors such as body 
habitus and comorbidities dictate which procedure 
is most suitable. In a patient with poor anal func-
tion or in a patient who has undergone pelvic 
irradiation, a Hartmann procedure may be the pre-
ferred approach [ 3 ]. However, if the tumor involves 
the sphincter complex, an APR may be the proce-
dure of choice [ 44 ]. Additional indications for 
extensive resection include colovaginal or colo-
vesical fi stulae, or tumors that have perforated and 
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are the source of pelvic sepsis [ 1 ,  20 ]. In general, a 
Hartmann procedure or LAR is preferred over 
APR for palliation due to decreased perineal 
wound complications and decreased pain [ 46 ]. 

 A laparoscopic approach to diversion or resec-
tion may be used as it is associated with a shorter 
recovery including a faster return of bowel func-
tion and shorter hospital stay, and thus a shorter 
interval to initiating chemotherapy [ 3 ]. 
Additionally, a laparoscopic approach is associ-
ated with less pain and fewer postoperative com-
plications making this approach in patients with 
limited life expectancy appealing [ 1 ,  7 ,  47 ]. 
However, a dilated colon may make performing a 
laparoscopic procedure technically very chal-
lenging and not worth the operative risk [ 1 ,  3 ]. 
Ultimately, the choice in operative approach 
should dictated by surgeon experience and com-
fort level.  

    Perforation 

 Bowel perforation is a life-threatening complica-
tion occurring in 2–9 % of colorectal cancer 
patients [ 48 ,  49 ]. The patient with stage 4 rectal 
cancer and bowel perforation is frequently ill and 
the challenge in this setting is primarily due to 
the patient’s condition and the emergent nature. 
Perforation most often occurs near or at the site 
of the tumor, and occurs as a result of tumor 
necrosis or adjacent infl ammation. Perforation 
occurring proximal to the site of the tumor is 
most commonly due to distal obstruction and 
proximal bowel dilation resulting in local isch-
emia and transmural necrosis [ 50 ]. 

 Prior to pursuing an operative intervention 
patients and their families should be counseled 
and expectations of the operation should be man-
aged. It is important in these situations that 
patients truly understand the implications of 
undergoing a surgical procedure including both 
the risks and benefi ts as well as potential out-
comes [ 51 ]. The surgical procedure performed 
will be dependent on the site of perforation and 
whether intraabdominal sepsis is present. If the 
perforation occurs proximal to an obstructing 
tumor, resection of both the affected bowel seg-
ment and an oncologic resection should be per-

formed. A perforation at the site of the tumor that 
is contained should be managed with resection of 
the involved structures en bloc. Free perforation 
with peritonitis requires resection of the involved 
segment and fecal diversion with a stoma [ 4 ]. 
A primary anastomosis may successfully be 
achieved in the emergency setting but is contrain-
dicated in patients with fecal peritonitis. A staged 
procedure should be performed in this patient 
population, especially when in a patient who is 
requiring vasopressor support or who has major 
co-morbidities [ 52 ]. The goal in performing a 
staged procedure is to prevent anastomotic dehis-
cence as this is associated with worse overall sur-
vival and need for re-operation [ 53 ]. 

 A recent study of 1,004 patients with bowel 
obstruction in the setting of stage 4 colon cancer 
was recently undertaken using the Surveillance, 
Epidemiology and End Results (SEER) – 
Medicare database. The authors found that 
median survival after obstruction was less than 
3 months with 12.7 % of patients admitted to the 
hospital dying while inpatient. Moreover, the 
authors found that the overall ratio of days in the 
hospital to days out of the hospital did not differ 
between surgical and nonsurgical therapies (1:5), 
and surgical intervention was not associated with 
improved survival [ 26 ]. Furthermore, it is clear 
that patients with bowel perforation in the setting 
of colorectal cancer demonstrate high morbidity 
and mortality rates of 43–60 % and 5–40 %, 
respectively [ 54 – 57 ]. This is thought to be due to 
a result of both the underlying malignancy and 
preoperative state of the patient as well as the 
developing or ongoing sepsis [ 54 ]. Given these 
fi ndings, it is critical that patients have a clear 
understanding of the risks and benefi ts of surgical 
intervention.  

    Bleeding 

 Bleeding due to the primary tumor occurs less 
frequently than obstruction. Patients typically 
present with chronic blood loss which does not 
require surgical intervention. However, in 
patients who present with acute massive blood 
loss, patients should be aggressively resuscitated 
and closely monitored in an intensive care  setting 
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if unstable [ 58 ,  59 ]. Indications for surgery 
include persistent hemodynamic instability 
despite at least six units of blood products, fail-
ure of endoscopic techniques to halt bleeding, 
recurrent bleeding after initial stabilization or 
accompanied by shock or bleeding requiring 
greater than three units of blood products per 
day [ 60 ]. 

 Small tumors that cause persistent bleeding 
and/or symptomatic anemia may be amenable to 
transanal excision (TAE) or transanal endoscopic 
microsurgery (TEM) [ 1 ,  61 ,  62 ]. Transanal pro-
cedures have been found to be safe procedures 
with low morbidity when compared to radical 
surgery [ 63 – 65 ]. These procedures offer a mini-
mally invasive debulking while minimizing the 
complications associated with radical surgery, 
and should be offered to unfi t or unwilling 
patients to more radical procedures [ 62 ]. The 
main limitation to a transanal approach is large 
obstructing tumors that are unable to be bypassed 
with a shorter rigid scope [ 66 ].   

    Palliative Resection 

 Traditionally, palliative resection was, and con-
tinues to be performed to prevent obstruction, 
bleeding and pain in asymptomatic or minimally 
symptomatic patients. However, it is not cur-
rently recommended that patients with asymp-
tomatic tumors undergo routine resection, and 
systemic chemotherapy should be the primary 
treatment modality [ 4 ,  12 ]. Despite this, there 
continues to be a number of proponents for pal-
liative resection in asymptomatic patients with 
more than two-thirds of patients who present 
with stage 4 colorectal cancer undergoing resec-
tion of the primary tumor according to a study 
based on the Surveillance, Epidemiology, and 
End Results (SEER) database [ 67 ]. Proposed 
advantages to palliative resection include 
improvement in quality of life, prevention of 
complications of the primary tumor such as 
obstruction, bleeding or pain as well as improve-
ment in survival rates [ 8 ,  68 ]. Additionally, per-
forming a palliative resection potentially avoids 
an emergent resection as it has been demonstrated 

that resection in an elective setting demonstrates 
a decrease in mortality when compared to resec-
tions in an emergent setting [ 44 ,  69 – 71 ]. 

 Regardless of any proposed benefi t, the resec-
tion of primary tumors on asymptomatic patients 
is not without potential risks. Morbidity rates 
from resections have been demonstrated to be as 
high as 23–48 % [ 72 ], and resections may actu-
ally worsen quality of life [ 30 ,  73 ] and lead to 
poorer survival rates [ 74 ]. Additionally, it has 
been argued that many patients will die from pro-
gression of systemic disease rather than the 
development of a primary tumor complication, 
and these patients need not undergo an invasive 
procedure [ 72 ,  73 ,  75 ]. In fact, a retrospective 
study by Patel et al. demonstrated that only 4.3 % 
of patients treated with neoadjuvant chemother-
apy progress to complete obstruction and subse-
quent perforation [ 43 ]. In another study of 
patients undergoing chemotherapy for synchro-
nous colorectal metastasis, only 7 % of patients 
required intervention for obstruction, perforation 
or bleeding [ 76 ]. Of most concern is that pallia-
tive resection delays the initiation of chemother-
apy [ 67 ,  77 ]. It is clear that chemotherapy 
improves both quality of life and survival in 
patients with unresectable rectal cancer [ 78 ,  79 ]. 
Thus, interruption or postponement of this ther-
apy to perform resection in an asymptomatic 
patient is currently not advised. 

 Despite the risks of resection, a number of 
retrospective studies have been performed evalu-
ating palliative resection of the primary tumor. 
Cirocchi et al. recently performed a study for the 
Cochrane Collaboration evaluating survival in 
patients undergoing resection of an asymptom-
atic primary tumor versus chemotherapy. The 
authors evaluated seven retrospective studies 
summarized in Table  24.2  [ 80 – 86 ], and found no 
differences in overall survival and no signifi cant 
reduction in risk of complication in the resection 
group [ 87 ]. In contrast, Stillwell et al. performed 
a meta-analysis of eight retrospective studies 
and found a signifi cant survival benefi t in 
patients undergoing resection of the primary 
tumor (p < 0.001), and a 7.3 times higher compli-
cation rate from the primary tumor in those 
treated with chemotherapy alone [ 88 ]. Recently, 
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the National Surgical Adjuvant Breast and 
Bowel Project C-10 (NSABP C-10) published 
the results of their prospective trial evaluating 
the safety of Bevacizumab to systemic chemo-
therapy with infusional fl uorouracil, leucovorin, 
and oxaliplatin (mFOLFOX6) as the initial treat-
ment for stage 4 colon cancer. The authors found 
that 87 % of patients did not develop symptoms 
from the primary tumor over a median follow-up 
of 20.7 months. They concluded that asymptom-
atic patients should undergo initial systemic 
therapy as the rate of serious adverse events from 
the primary tumor is acceptably low and the 
majority of patients would avoid unnecessary 
surgery [ 89 ].

   It has been widely acknowledged that the sur-
vival benefi t seen in patients who have under-
gone palliative resection may be due to selection 
bias [ 4 ]. These patients tend to actually be symp-
tomatic and physiologically fi tter [ 30 ]. Moreover, 
the studies have all been retrospective reviews 
evaluating outdated chemotherapy regimens [ 4 ]. 
To address these issues, several prospective stud-
ies are currently underway. Although these are 
studies primarily addressing metastatic colon 
cancer, guidelines regarding management of late 
stage rectal cancer may be developed as a result. 
The University College Hospital in London, 
England has completed a phase III trial evaluat-
ing overall survival in patients with metastatic 
colorectal cancer receiving chemotherapy with 
and without surgery. Results have not yet been 
published [ 90 ]. The Dutch Colorectal Cancer 
Group (DCCG) is currently accruing patients 
with synchronous unresectable metastatic 
colorectal cancer to a randomized phase III trial 
investigating overall survival in patients under-
going resection of the primary tumor followed by 
systemic therapy compared to patients receiving 
systemic therapy alone [ 91 ]. Additionally, the 
SYNCHRONOUS trial is a multicenter, random-
ized controlled trial in Germany evaluating the 
safety and effi cacy of resection of the primary 
tumor in patients with metastatic colon cancer 
prior to initiating systemic therapy. Primary end-
point is overall survival with secondary end-
points determining time-to-development of 
tumor-related complications and intervention 
required [ 92 ].  

    Endoscopic Interventions 

 Most patients do not require emergent surgery 
and obtaining radiographic data becomes impor-
tant in determining optimal treatment [ 93 ]. In 
addition to localizing the issue, determining the 
presence of carcinomatosis or ascites is essential 
as the presence of either is associated with 
 unsuccessful surgery [ 94 ]. Nonoperative inter-
vention is the preferred route in those patients 
with carcinomatosis or ascites, those who dem-
onstrate poor performance status, or those with 
an unacceptably high operative risk. 

 Endoscopic-based therapies are an attractive 
alternative to operative intervention as they are 
less invasive and can be performed on an outpa-
tient basis without general anesthesia. Endoscopic 
interventions are able to relieve obstructions, 
bleeding and/or pain rapidly and effectively. 
These are important considerations when elect-
ing to intervene on patients with limited life 
expectancy. 

    Rectal Stents for Obstruction 

 An alternative to surgical intervention in those 
presenting with obstruction may be endoscopic 
stenting to allow patency of the bowel lumen. 
Given the high morbidity and mortality associ-
ated with emergent surgery for colorectal 
 obstruction, self-expandable stents (SEMS) were 
initially used to convert an emergent surgery to 
an elective surgery [ 95 ]. Placement would allow 
for rapid decompression and the ability to stabi-
lize the patient with minimal sedation and less 
cost [ 96 ]. This evolved to utilizing SEMS for 
bridging to defi nitive surgery or for palliative 
therapy [ 97 – 99 ]. 

 A SEMS procedure entails placement of a 
metallic stent across the tumor with the aid of 
endoscopy, fl uoroscopy, or both [ 100 ] (Figs.  24.1  
and  24.2 ). Over the course of 24–72 h, the stent 
expands and becomes incorporated into the tumor 
by pressure necrosis [ 96 ]. Technical success and 
clinical rates have been demonstrated to be as 
high as 98.7 and 95.9 % respectively, and 93 and 
91 % respectively in the palliative setting [ 92 ]. 
Following stent placement, patients are able to be 
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resuscitated and optimized for any potential sub-
sequent surgical procedure without the need for 
diverting stoma placement [ 96 ,  101 – 103 ]. 
Retrospective studies have demonstrated that 
stent placement is associated with increased rates 

of primary anastomosis during subsequent opera-
tions and shorter hospital stays [ 92 ,  103 ,  104 ]. 
Additional advantages to SEMS include the use 
of covered stents for colovaginal or colovesical 
fi stulae as well as patients having the ability to 

a b c

d e f

  Fig. 24.1    ( a ) Malignant stricture. ( b ) Guidewire through 
stricture. ( c ) Stent deployment. ( d ) Guidewire through 
stricture. ( e ) Stent deployment. ( f ) Final stent placement. 

Placement of a self-expanding metallic stent in an 
obstructing colon cancer with the aid of endoscopy and 
fl uoroscopy       

  Fig. 24.2    In situ stent of 
obstructing colon cancer       

 

 

24 Palliative Options in Patients with Stage 4 Rectal Cancer



376

undergo chemoradiation with the stent in place 
[ 96 ,  105 ,  106 ].   

 Contraindications to the use of colon and rec-
tal stents include perforation and certain charac-
teristics of the tumor that could increase risk of 
perforation including a long segment of tumor or 
signifi cant angulation of the colon or rectum 
[ 107 ]. Tumors must be able to be traversed with a 
guidewire in order for successful stent place-
ment. Additionally, tumors cannot be located 
within 5 cm of the anal verge to allow for place-
ment of overlapping stents and to prevent the 
development of pain, tenesmus and incontinence 
after placement [ 108 ]. SEMS is also not indi-
cated in patients with obstruction due to external 
compression such as metastasis [ 94 ]. 

 Although the overall mortality rate of SEMS 
is low at 1 % [ 92 ], complications of SEMS do 
exist including perforation, migration, reob-
struction and bleeding. Perforation rates have 
been reported to occur in 3.8 % of patients [ 109 ]. 
Although the exact mechanism is unclear, it has 
been proposed that early perforation is due to 
balloon predilation, rapid expansion of the bal-
loon or the stent, or guidewire manipulation 
[ 109 ]. Late perforation, occurring less fre-
quently, may be due to friable tissue and poor 
vascularity  particularly in previously irradiated 
tissue. Additionally, certain chemotherapeutic 
agents have been associated with an increased 
risk of perforation [ 89 ]. Migration, although typ-
ically less serious than perforation, occurs at a 
rate of 10 % [ 110 ]. This is likely due to the 
 tortuosity of bowel and its lack of fi xation to 
adjacent structures and organs in addition to 
active peristalsis [ 31 ,  111 ,  112 ]. Tumor shrink-
age following chemoradiation, balloon dilation 
or poorly-sized stents have also been proposed to 
cause stent migration [ 110 ]. Covered stents have 
been found to have increased rates of migration 
due to a decrease in tumor ingrowth when com-
pared to the more commonly used uncovered 
stents [ 113 ]. Bleeding occurs in approximately 
5 % of patients who have undergone stent place-
ment [ 109 ]. 

 A number of retrospective reviews from single 
institutions have reported primarily positive 
 outcomes. The fi rst randomized trial comparing 

colostomy to SEMS demonstrated 57 % long- 
term patency until death [ 114 ]. Fiori et al. pub-
lished another small series of 22 patients with 
similar morbidity and mortality between colos-
tomy and SEMS groups [ 115 ]. A multicenter 
RCT from the Netherlands was closed prema-
turely due unacceptably high perforation rate in 
the SEMS group [ 116 ]. A Cochrane Review of 
fi ve randomized trials evaluating colorectal stents 
and emergent surgery in malignant colon obstruc-
tions, including two of the three previously men-
tioned, concluded that SEMS has no advantage 
over emergent surgery. Emergent surgery demon-
strates higher clinical success with no differences 
in overall complication or 30-day mortality rates 
between the two groups. However, SEMS is safe 
in this setting with acceptable rates of complica-
tions, and the advantage of shorter length of hos-
pital stay [ 117 ]. Table  24.3  summarizes several of 
the studies evaluated in this review [ 114 – 116 , 
 118 ,  119 ]. Thus, although SEMS has not been 
demonstrated to be superior to traditional surgi-
cal approaches to malignant bowel obstructions, 
it may be useful in select patients.

       Laser Therapy for Obstruction 
and Bleeding 

 Endoscopic laser therapy is useful for the treat-
ment of both obstruction and bleeding due to 
intrinsic lesions of the bowel. Advantages of 
endoscopic laser therapy are the ability to treat 
tumors under direct visualization and being 
widely available [ 31 ]. 

 The Neodymium: Yttrium-Aluminum-Garnet 
(Nd:YAG) is the most commonly used laser and 
has been found to be safe and effective with suc-
cess rates as high as 85–95 % [ 66 ]. Relief of 
obstruction is immediate and may be repeated if 
necessary. Application is fairly simple and can be 
performed in an outpatient setting without gen-
eral anesthesia [ 66 ,  120 ]. The Nd:YAG laser 
works by causing coagulative necrosis or vapor-
ization through optic fi bers and is not absorbed 
by water or blood [ 3 ,  120 ]. The depth of 
 penetration is approximately 4 mm and more 
controlled than electrocoagulation [ 120 ]. Overall, 
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complication rates have been reported to be 
between 2 and 15 % and primarily due to bleed-
ing and perforation [ 76 ,  121 ]. Palliation is main-
tained in approximately half of patients surviving 
6 months. In patients with circumferential tumors 
or in patients with pain, Nd:YAG is not useful in 
palliation [ 120 ]. 

 Endoscopic argon plasma coagulation (APC) 
utilizes ionized argon gas to deliver electrical 
current and provide both fulgaration and hemo-
stasis [ 116 ]. It has been demonstrated in a retro-
spective trial of 272 patients with obstruction to 
have an immediate success rate of 85 % and low 
major complication rate of 2 % [ 122 ]. APC 
causes a more superfi cial ablation (2–3 mm) thus 
poses less of a risk of perforation compared to the 
Nd:YAG laser. However, APC is less effective at 
relieving obstruction. 

 With growing interest in utilizing radiofre-
quency ablation (RFA) for solid tumor destruc-
tion including liver and prostate malignancies, 
investigators have evaluated the use of RFA for 
colorectal cancers. Vavra et al. performed RFA 
on 12 patients with rectosigmoid tumors found to 
be unresectable to evaluate feasibility and safety. 
In their preliminary study, the authors demon-
strate no treatment-related morbidity or mortality 
[ 123 ]. Based on this, more studies will likely be 
performed to assess the use of RFA in colon and 
rectal cancers.   

    Chemotherapy 

 Advances in chemotherapy have allowed a 30 % 
response rate of 5-fl uorouracil (5-FU)-based ther-
apy [ 124 ,  125 ], in addition to improved survival 
and quality of life with symptom relief in as little 
as 1–2 weeks [ 76 ,  79 ,  126 ]. The median survival 
of those with metastatic colon and rectal cancer is 
approaching 24–34 months with newer chemo-
therapy regimens [ 2 ,  127 ] compared to 6–9 months 
in untreated patients [ 7 ]. Additionally, chemother-
apy has the potential of converting unresectable 
disease to resectable disease [ 2 ]. Fifty to 60 % of 
patients are downstaged with neoadjuvant therapy 
with 20 % of patients demonstrating a complete 
pathologic response [ 128 – 132 ]. 

 It is recommended that patients with unresect-
able disease undergoing chemotherapy should be 
reevaluated for resection every 2 months [ 12 ]. 
Reevaluation should include evaluation of the 
patient’s general condition, side effects as well as 
the impact of quality of life of chemotherapy, and 
physical examination. A CEA level and CT of 
involved regions should be obtained [ 2 ]. 

 In patients with stage 4 rectal cancer, chemo-
therapy should focus on palliation rather than 
cure [ 33 ,  93 ]. In patients considered never resect-
able and having symptoms, treatment goal should 
be to rapidly reduce the tumor in order to relieve 
symptoms. Asymptomatic never resectable 
patients should not undergo intensive treatment as 
the goal of therapy is to prevent tumor progres-
sion with low toxicity [ 37 ,  98 ]. Ultimate treat-
ment selection should be based on both tumor and 
patient characteristics that is beyond the scope of 
this chapter [ 37 ,  98 ]. The reader is advised to 
review Chaps.   17     and   20    , for a more comprehen-
sive analysis of chemotherapy regimens.  

    Radiation 

 As previously stated, systemic therapy has been 
demonstrated to improve both survival and qual-
ity of life in patients with stage 4 rectal cancer. 
However, there is a subset of patients who do not 
respond appropriately and require local therapy 
for relief of pelvic pain, tenesmus, obstruction or 
bleeding. No formal guidelines exist for the 
delivery of radiotherapy for palliation in rectal 
cancer. Additionally, radiotherapy is likely unde-
rused due to concern for toxicity. However, a 
recent systematic review by Cameron et al. evalu-
ated 27 studies of palliative radiotherapy in 
symptomatic patients with rectal and rectosig-
moid cancers. The authors concluded that radio-
therapy is effective with a pooled overall response 
rate of 75 % in 1,084 patients with acceptable 
toxicity [ 133 ]. Currently, the authors are con-
ducting a study to determine the optimal fraction-
ation schedule for palliation in patients with 
incurable prostate and rectal cancer [ 134 ]. Please 
refer to Chap.   17    , for additional information on 
radiation therapy in patients with rectal cancer.  
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    Conclusion 

 A signifi cant number of patients diagnosed 
with rectal cancer will be or become ineligible 
for curative therapy. Although chemotherapy 
is currently the standard of care in asymptom-
atic patients with stage 4 rectal cancer, a num-
ber of patients have or will develop symptoms 
of their primary tumor. Palliative surgical 
interventions are oftentimes critical to improv-
ing the remainder of a patient’s life. Thus, the 
surgeon plays a vital role in the multidisci-
plinary team in determining optimal timing of 
an operative intervention, and having knowl-
edge of the various therapies is essential.     
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        Introduction 

 In the Western population, with increasing life 
expectancy, there will be more and more 
patients affected by rectal cancer. Most of these 
patients are treated according to (inter)national 
guidelines or driven by expert meetings. But in 
the heterogeneous group called “elderly”, rang-
ing from very fi t to very frail patients there is 
no consensus about the optimal therapy and 
multimodality therapy is less often used in this 
group. Overall, the elderly with rectal cancer 
are at risk for receiving under treatment. This 
chapter will give some guidance in assessing 
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the physiological fi tness of the elderly and 
determination of the he optimal treatment for 
the individual patient.  

    Frailty and Performance 
of the Elderly 

 In elderly patients the physiological age can be a 
poor refl ection of the chronological age. 
According to Balducci there are two chronologi-
cal landmarks [ 1 ]. The lower boundary of senes-
cence is the age of 70, because between 70 and 
75 years the incidence of age related changes 
increases sharply and 85 years may be consid-
ered as a red fl ag indicating a risk of frailty. 
Frailty is defi ned as “an elderly patient who is at 
heightened vulnerability to adverse health status 
change (such as hospitalization, mortality, nurs-
ing home admission) because of a multisystem 
reduction in reserve capacity”, but it is still 
widely discussed how to identify frailty in an 
individual patient [ 2 ,  3 ]. In elderly with rectal 

cancer, identifying frailty is important because 
frailty is a predictor for post-operative complica-
tions, and frail patients have a shorter life- 
expectancy than non-frail patients [ 4 ,  5 ]. 
Figure  25.1  is an illustration on how the physio-
logical reserve declines due to ageing and frailty.  

 In the period between the two previously men-
tioned landmarks, assessing the condition and vul-
nerability of the individual elderly can be very 
diffi cult. The most evidenced base process to detect 
and grade frailty for severity is a comprehensive 
geriatric assessment (CGA) [ 6 ]. A CGA has been 
shown to detect frailty in geriatric oncology 
patients [ 7 – 9 ]. In a large prospective Norwegian 
study the CGA was used to predict post-operative 
complications and mortality in electively operated 
colorectal cancer patients >70 years [ 5 ]. Severe 
comorbidity was predictive of severe complica-
tions, whereas instrumental activities of daily liv-
ing dependency (IADL) and depression were 
predictive of any complication [ 10 ]. Impaired 
nutrition and comorbidity  predicted early mortal-
ity. The CGA evaluates several domains including 
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functional status, mobility/risk of falls, cognition, 
depression, comorbidity, polypharmacy, social sit-
uation and geriatric syndromes. It has been sug-
gested to categorize patients into three groups 
according to CGA results: fi t patients, vulnerable 
patients and frail patients [ 11 ]. 

 Other functional assessment-scores include 
the Barthel index and oncological performance 
status scales such as The Karnofsky performance 
status scale (KPS) and the Eastern Cooperative 
Oncology Group performance status (ECOG 
PS). The Barthel index is useful for assessing the 
functional ability of an elderly person at time of 
diagnosis. The KPS is validated in patients with 
cancer but is poorly validated in elderly patients 
as it does not include many areas of impaired 
functioning seen in the elderly [ 12 ]. Furthermore, 
multiple studies have shown that for older cancer 
patients a CGA obtains additional information to 
the performance status and chronological age and 
has been proven feasible [ 9 ,  13 ,  14 ]. 

 Although a CGA may be used to detect frailty, 
it is time consuming and a resource intensive pro-
cess. Particularly during a pre-operative outpa-
tient visit, when the treatment options are 
discussed, normally not much time is left for 
assessing whether the patient is fi t for (multimo-
dality) treatment, and a CGA is too time 
 consuming. Easier classifi cations such as the 
American Society of Anesthesiology classifi ca-
tion (ASA) gives an estimation of a patient’s 
anaesthetic risk, but high ASA-scores have not 
been proven to be predictive for post-operative 
morbidity and mortality [ 5 ,  15 ]. A test easily 
done during a pre- treatment visit is the timed-up- 
and-go test (TUG). It is a straightforward and 
quick test where the patient is observed and timed 
while he rises from an arm chair, walks 3 m, 
turns, walks back and sits down again. Based on 
multiple studies the TUG is considered normal if 
a patients requires ≤20 s to complete the test 
[ 16 ]. In a multicenter cohort study containing 
onco-geriatric patients, twice as many patients 
were identifi ed as at risk for post-operative com-
plications using TUG compared to using ASA- 
classifi cation [ 17 ]. 

 The Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score is a surgical 

assessment scale and includes 12 physiological 
measurement including clinical and laboratory 
parameters [ 18 ]. Although the APACHE II has a 
good prognostic capacity, it does not consider the 
nutritional status of the patient, which is particu-
larly important in elderly patients. The test is rel-
evant in the immediate post-operative period for 
both younger and elderly patients, but pre- 
operatively it provides little information about 
the suitability of elderly patient to undergo can-
cer treatment [ 12 ]. Another surgical assessment 
scale in predicting morbidity and post-operative 
mortality in general surgery and patients with 
colorectal cancer, is the physiological and opera-
tive severity score for enumeration of mortality 
and morbidity (POSSUM) which contains 12 
physiological and six operative variables [ 19 ]. 
Unlike APACHE II, it contains information about 
cardiac arrhythmias and ECG fi ndings. The intra 
operative score factors include information about 
the type and timing (emergency or elective) of 
the surgical procedure and if there is per- operative 
contamination. Both surgical assessment scales 
provide some information about pre-operative 
frailty, but focuses particularly on the post- 
operative period. They are useful in the pre- 
operative selection of elderly patients and 
prediction of morbidity and mortality, but they 
cannot be used as an exclusion for cancer treat-
ment [ 12 ]. 

 Another way to assess the patient is the use of 
comorbidity scores, because comorbidity may 
predict a patient’ physiological status and reac-
tion to therapy. The adult comorbidity evalua-
tion- 27 (ACE-27), cumulative illness rating scale 
for geriatrics (CIRS-G) and the Charlson comor-
bidity index have been developed and validated 
in elderly patients with cancer. The CIRS-G is 
more time consuming than the Charlson comor-
bidity index, but both are considered as reliable 
tools to assess comorbidity [ 12 ,  13 ]. 

 The International Society of Geriatric 
Oncology (SIOG) brought together a surgical 
risk assessment tool composed of geriatric 
assessment tools in order to obtain a comprehen-
sive picture of the onco-geriatric patient [ 15 ]. 
These tests were brought together in the PACE 
(Preoperative Assessment of Cancer in the 
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Elderly). Included in the pace are; the Mini- 
mental state examination, Activities of daily liv-
ing (ADL), Instrumental activities of daily living 
(IADL), Geriatric depression scale, Brief fatigue 
inventory (BFI), ECOG PS, ASA score and 
Satariano’s index of comorbidities. The PACE 
was validated in a prospective study where a 
20-min interview was administered within 2 
weeks prior to planned surgery. In total 460 
patients with a mean age of 76.9 years were 
included. The authors found that the likelihood 
of having a postoperative complication is 
increased by 50 % when patients have a depen-
dent IADL, abnormal ECOG PS or a moderate 
to severe BFI measured prior to surgery. 
Disability measured by a dependent ADL was 
found to best predict an extended hospital stay, 
but dependent IADL and abnormal ECOG PS 
were also signifi cantly associated with pro-
longed hospital stay. Overall they recommend 
that PACE is used routinely in surgical practice 
and that it may be a valuable tool in the decision 
process concerning whether the elderly is a can-
didate for surgical intervention [ 15 ]. 

 In summary, there is still a lack of one easily 
applicable and validated assessment tool that 
offers a quick estimation of the patient’s physi-
ological fi tness and is acceptable for surgeons, 
oncologists and geriatricians. Simple measures 
of objective performance status such as TUG are 
promising [ 20 ]. Multiple studies have showed 
that the CGA seems to be the best assessment 
scale to help clinicians make diffi cult decisions 
in elderly patients [ 12 ,  21 ]. Identifying func-
tional limitations, for example, highlights the 
need to offer exercise and resistance training to 
the patient prior to surgery. There is increasing 
evidence that this might decrease the rate of 
post- operative complications and improve sur-
vival [ 22 ,  23 ]. In addition, an assessment of cog-
nitive function is also important when consulting 
with an older patient before any treatment is 
given. The number of patients with cognitive 
dysfunction increases with increasing age, and it 
is mandatory for the treating surgeon to realize 
whether the patient is capable of consenting to 
the treatment plan.  

    Do We Need to Work-Up the Elderly 
Differently? 

 In the elderly it is important to bring in the life 
expectancy in the decision-making process. In 
the elderly there are huge differences in life 
expectancies comparing the fi ttest quartile of per-
sons to the ones in the lowest quartile. For exam-
ple, for women who reached the age of 80, the 
fi ttest quartile has a life expectancy of at least 13 
years, while the sickest quartile has a life expec-
tancy less than 4.6 years [ 24 ]. For males who 
reached the age of 80 the fi ttest quartile has a life 
expectancy of at least 10 years and the lowest 
quartile less than 3.3 years. In the decision mak-
ing process, it is important to estimate whether 
the patient belongs to the fi ttest quartile, the 
median, or the sickest quartile. Life expectancy 
estimates can be used to determine if an elderly is 
likely to benefi t from treatment. Patients who 
belong to the fi ttest quartile are likely to benefi t 
from the best oncological treatment, whereas in 
those patients who belong to the lowest quartile 
oncological outcome becomes less important. In 
those patients quality of life is more important 
and a less invasive approach can be desirable. 

 Overall increasing age and rectal cancer is 
associated with an increased likelihood of under 
treatment with local excision rather than radical 
surgery and multimodality therapy. This was 
confi rmed in a small American population based 
study, where age also had a signifi cant impact on 
whether patients received surgery alone or had 
surgery and chemo radiotherapy. Elderly who did 
receive the multimodality treatment had signifi -
cantly better survival compared to elderly receiv-
ing suboptimal treatment [ 25 ]. 

 Another population based study among rectal 
cancer patients using the SEER registry also 
found a decreased use of any cancer treatment, an 
increased use of local excision and a decreased 
use of radical surgery [ 26 ]. They also reported 
lower disease stages and decreasing survival rates 
as age increased. An explanation for the lower 
disease state and survival could be due to surgical 
under treatment, as accurate staging is not possi-
ble with local excision. 
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 An important aspect of rectal cancer treatment 
in the elderly is the fact that most of these patients 
are affected by comorbidities. Figure  25.2  shows 
the patterns of different comorbid diseases in 
Dutch CRC patients according to age. In this 
population based sample 30 % of patients 
<60 years suffered from comorbidities compared 
to 71 % of the patients aged >80 years [ 27 ]. In 
addition, a rising prevalence of comorbidities in 
all age groups was found during the study period. 
Regardless of age, having comorbidity is associ-
ated with adverse outcome after colorectal sur-
gery [ 28 ,  29 ].  

 European data showed improved colorectal 
cancer care in the elderly, with increasing in the 
proportion of patients resected for cure, a 
decrease in post-operative mortality and improve-
ment in stage of diagnosis [ 30 ]. A Norwegian 
cancer registry-based study has also shown that 
the survival in rectal cancer patients older than 75 
years have improved signifi cantly from early 
(1994–1996) to late (2001–2003) time periods 

after implementing national management strate-
gies [ 31 ]. Knowing that the survival gap between 
young and elderly is closing, we are doing 
better. 

 To lower the risk of under treatment further all 
elderly patients have to be adequately staged. It 
starts with optimal workup prior to any treatment 
given in the case of non-obstructive rectal cancer 
[ 32 ]. For primary diagnosis and screening the 
endoscopy and full biopsy is the modality of 
choice. For further workup the diagnostic modal-
ity of choice is the Magnetic Resonance Imaging 
(MRI), given that it provides detailed images of 
the dissection planes, pelvic and mesorectal fascia 
[ 33 ]. The mercury study group reported a good 
correlation with extra-mural spread and the MRI 
has been shown to predict a positive circumferen-
tial margin (CRM) [ 34 ]. With the use of Computed 
Tomography (CT) liver or pulmonary metastasis 
and enlarged intra-abdominal lymph nodes can be 
identifi ed. The resolution of the CT is insuffi cient 
for accurate assessment of the dissection planes 
and CRM involvement. Endoscopic rectal ultra-
sound is sensitive enough to stage the depth of 
submucosal involvement, but cannot evaluate the 
mesorectal fascia as reliably as MRI [ 34 ,  35 ]. 

 In case of obstructive rectal cancer or emer-
gency surgery, surgeons have to be aware that it is 
better to place a deviating stoma and perform the 
resection in a more elective setting after adequate 
staging and neo-adjuvant treatment. 

 After accurate staging all elderly patients need 
to be discussed in a multi disciplinary team 
(MDT) meeting [ 36 ,  37 ]. Recent studies have 
demonstrated a signifi cant improvement in onco-
logical outcome due to MDT meetings, resulting 
in decreased recurrence rates and increased sur-
vival [ 38 ,  39 ]. The factors infl uenced by MDT 
meetings and contributing to this improved onco-
logical outcome include an increased number of 
patients undergoing an MRI in pre-operative 
staging, who received neo-adjuvant treatment, 
who underwent surgery for metastatic disease 
and who receive adjuvant therapy [ 38 – 41 ]. 

 Furthermore it can be advocated to involve a 
geriatrician in these MDT meetings because of 
the diffi culty to assess the physiological fi tness of 
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the older patient [ 37 ]. We believe that discussing 
such a patient in a MDT meeting will make it 
easier to assess whether the patient it fi t for sur-
gery and from which neo-adjuvant treatment the 
patient will benefi t the most. In case of irresect-
able or metastatic cancer or if the patient is con-
sidered too frail for surgery, the MDT can discuss 
which palliative treatment suits the patients most 
properly.  

    Neo-adjuvant Treatment 

 Elderly patients are underrepresented in clinical 
trials. Only 20–25 % of the patients enrolled in 
clinical trials are 70 years and older [ 42 ,  43 ]. 
Large observational studies have also shown that 
aggressive treatment and the use of (neo)adjuvant 
treatment largely depends on the chronological 
age of the patient [ 21 ,  44 – 47 ]. Remarkably, this 
was already reported in the early 90s [ 48 – 50 ] but 
it seems that there has not been many changes. 
Even though fi t older patients have been shown to 
tolerate cancer treatment and have additional sur-
vival benefi t from (neo-)adjuvant therapies [ 32 , 
 51 ,  52 ]. 

 Dutch population based data and data from the 
Dutch TME trial showed that elderly have better 
biological tumour response to neo-adjuvant 
radiotherapy than younger patients [ 53 ]. Not only 
did the local recurrence rate decrease with neoad-
juvant short course radiotherapy, but improve-
ment was also seen in the distant metastatic rate 
and the cancer specifi c survival rate. In contrast, 
radiotherapy in younger patients only improves 
local control. Although the oncological response 
is better due to neo-adjuvant treatment, the over-
all survival rate has not improved. Elderly suffer 
from more complications compared to younger 
patients and the impact of complications is more 
severe. The increased mortality rate was not asso-
ciated with neo-adjuvant treatment but directly 
attributable to surgery but this could also be due 
to power defect. Another population based study 
found a doubling of post-operative complications 
(especially deep infections and wound problems) 
in patients aged ≥75 years who were treated with 
pre-operative radiotherapy compared with elderly 
not treated with radiotherapy [ 54 ]. However, 

radiotherapy did not infl uence the 30-day mortal-
ity rate and decreased the local recurrence rate. 

 A review by Martijn et al. including 9 RCT’s 
and 10 population based samples, concluded that 
the best possible treatment should be given to all 
patients irrespective of age [ 55 ]. This means the 
use of short course radiotherapy in case of pri-
mary resectable cancer and the use of long course 
chemo radiotherapy in case of locally advanced 
rectal cancer. With regard to toxicity they found 
no differences between young and older rectal 
cancer patients when modern radiotherapy tech-
niques with small tissue volumes are used. 
Exceptions should only be if the patients’ condi-
tion makes the patient unable to fulfi l the combi-
nation of treatment. Another pooled analysis of 9 
randomised controlled trials also showed that 
acute and late side effects of radiation therapy 
had the same toxicity in the elderly as the young 
[ 56 ]. Other recent studies are less positive. A 
small study showed a high rate of treatment devi-
ation in patients aged ≥75 years. In their sample 
of 36 patients only 4 (17 %) did not deviate from 
the original treatment plan despite the ECOG 
performance scale of 0 or 1 [ 57 ]. 

 In the French ACCORD12/PRODIGE 2 trial 
patients were randomly assigned to 45 Gy/25 
fractions radiotherapy with concurrent 
Capecitabine or 50 Gy/25 fractions radiotherapy 
and Capecitabine and Oxaliplatin [ 58 ]. In a 
recent exploratory analysis the tolerance to 
treatment was investigated for elderly patients 
(aged ≥70 years) [ 59 ]. Less elderly patients 
completed the radiotherapy treatment compared 
to patients <70 years (4.2 % vs. 1.4 % p = 0.03). 
No differences were observed in the chemother-
apy administration. In elderly patients there was 
a higher incidence of grade 3–4 toxicity (25.6 % 
vs. 15.8 % p = 0.01), and fewer patients under-
went surgery (95.8 % vs. 99 % p = 0.008). 

 Recent results from the Swedish Rectal Cancer 
Registry showed promising results regarding 
short course radiotherapy without direct curative 
surgery, but surgery was planned more than 4 
weeks after completion of the radiotherapy [ 60 ]. 
Tumour stage, lymph node positivity and circum-
ferential involvement were signifi cantly down-
staged. Pathologic complete response occurred in 
8 % of the patients and 11 % had a higher TNM 
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stage at pathological classifi cation. Of all patients, 
38 % had post- operative complications, what is in 
line with larger samples. This study shows feasi-
bility of short-course radiotherapy with a longer 
waiting period, particularly for older patients and 
patients with comorbidity, although younger 
patients could also fare well with this treatment 
regimen. To further investigate the effect on sur-
vival the Stockholm III trial is conducted [ 61 ]. In 
this study patients are randomised in three groups; 
short-course radiotherapy with direct or delayed 
(4–8 weeks) surgery or long course radiotherapy 
with delayed surgery. This trial will give insight in 
the feasibility of this regimen and impact on local 
control and survival. Interim analyses showed that 
compliance was acceptable and severe acute tox-
icity was low. Immediate surgery after radiother-
apy had a tendency to more complications, but 
only if the surgery was delayed beyond 10 days 
after completion of the radiotherapy [ 61 ]. 

 The main factors associated with a higher tox-
icity of chemotherapy are functional status 
impairment, dependency in ADL, depressive 
symptoms and polypharmacy [ 62 ]. In elderly 
patients where there is doubt about the physio-
logical fi tness the administration of Capecitabine 
has been recommended [ 62 – 64 ]. However in the 
FOCUS 2 study where only frail patients were 
included, it was associated with higher rates of 
grade 3–4 toxicity compared to infusional 5-FU/
LV administration (37 % vs. 27 %) [ 65 ]. A review 
focussing on fi rst line treatment strategies in 
elderly with metastatic CRC concluded that a 
combination therapy consists of Capecitabine 
and Oxaliplatin or Irinotecan [ 64 ] should be con-
sidered in older patients with adequate perfor-
mance and functional status with reasonable life 
expectancy. The decision for Oxaliplatin or 
Irinotecan should be based on comorbidity, the 
drug specifi c toxicity and patients´ wishes. For 
frail elderly, single agent of Capecitabine could 
be considered.  

    Surgery and Its Morbidity 

 Surgery is considered reasonably safe, also for 
most elderly patients, and surgery should not be 
denied on the basis of age alone [ 66 ,  67 ]. Whereas 

after elective surgery mortality rates will increase 
only minimally with age, in emergency surgery 
cases the mortality rates are higher. Emergency 
surgery is too burdensome in elderly, probably 
due to the limited functional reserve of many 
elderly [ 1 ] and all efforts should be made to avoid 
emergency surgery [ 32 ,  36 ]. A study from the 
United Kingdom [ 68 ] analysed 36,767 non elec-
tive colorectal resections and divided patients in 
three age groups: 70–75 years, 76–80 years and 
>80 years. Almost half of the patients received 
surgery for a malignancy and 21 % for diverticu-
losis. The 30 day mortality rates were 17, 23 and 
31 %, respectively, for the three age groups. 
Furthermore, 1-year mortality was more than 
50 % in the oldest age group. In their population 
of non-elective cases, 1 in 4 cases aged 70 or 
older dies within 30-days of surgery indicating 
that non-elective surgery in elderly patients must 
be avoided. 

 A Dutch study with non-elective colon 
 resections found that in elderly patients with two 
or more additional risk factors, a non-elective 
resection should be considered a high-risk proce-
dure with a mortality risk of up to 41 % [ 69 ]. 
Another population based study [ 29 ] found that 
emergency surgery in rectal cancer patients was 
associated with a higher risk of post-operative 
complications and increased mortality rates. Pre- 
operative pulmonary, cardiovascular or neuro-
logical comorbidity was also associated with 
post-operative morbidity and mortality. 

 A review, which included 28 of the 60 eligible 
studies investigated differences between young 
and elderly CRC patients analysing a total 34,194 
patients [ 70 ]. Post-operative mortality in the 
65–74 year age group was about 1.8 times higher 
compared to patients aged <65 years. For patients 
75–84 this was 3.2 times higher and 6.2 times 
higher in patients aged 85+ years. These series 
include a mix of patients who underwent cura-
tive, palliative, emergency and elective surgery. 
Elderly patients were more often affected by 
respiratory complications when age increased. 
Patients aged 65–74 years were twice as likely to 
have respiratory complications compared to 
those <65 years, for older patients this rate rose 
up to 3 times as likely compared to those 
<65 years. No differences were seen according to 
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age and the prevalence of anastomotic leakage 
(overall incidence rate 4.4 %). This could be due 
to using different defi nitions of this complication 
or the different methods of follow-up to detect 
this complication. Older patients were more 
likely to receive emergency surgery or no sur-
gery. An increased frequency of comorbid condi-
tions in the elderly was seen, however in elderly 
patients undergoing surgery there was no evi-
dence for increased morbidity in patients aged 85 
and over, indicating the possibly careful selection 
of patients fi t enough for surgery. Survival rates 
were reduced in elderly patients but in cancer 
specifi c survival age-related differences were 
much less clear. Furthermore a large proportion 
of the elderly patients in this study survived for 2 
of more years from surgery, irrespective of their 
age. This indicates the role of selection bias in the 
elderly. 

 Devon et al. [ 71 ] investigated differences in 
CRC surgery outcomes between patients aged 
50–74 years and patients aged 75 years and older. 
There were no differences in emergency surgery 
or palliative surgery between both groups. Elderly 
had more post-operative complications, espe-
cially cardiopulmonary compared to the younger 
age group. In hospital mortality rates were also 
higher in the elderly population (4.2 % vs. 1.0 %). 
The 5-year overall survival rate was better in 
younger patients, but no differences were seen in 
the colorectal cancer specifi c survival rates at 5 
years. The adjusted colorectal cancer hazard ratio 
was also not signifi cant different for patients 
aged 75 years and older compared to younger 
patients. Noteworthy, elderly patients in this 
study had lower disease stage at presentation 
compared to younger patients, indicating that 
elderly are less likely offered surgery for 
advanced cases. 

 Advanced age is not a contra-indication for 
laparoscopic surgery in elderly patients and can 
be considered as safe [ 72 ]. In a study among 535 
patients with CRC, including 201 (37.6 %) 
patients aged 70 years or older patients were ran-
domly assigned to receive open surgery or lapa-
roscopic surgery [ 73 ]. The elderly had higher 
ASA score compared to younger patients. In the 
elderly the laparoscopic procedure had signifi -
cant lower morbidity rate (20.2 % vs. 37.5 %, 

p = 0.001) and decreased hospital stay (9.5 vs. 
13.1 p = 0.0001) compared to elderly receiving 
open surgery. Interestingly, in the younger age 
group these differences were less pronounced. 
Other studies supports these fi ndings where 
decreased morbidity, decreased hospital stay and 
earlier return of bowel function are seen after 
laparoscopic surgery compared to open surgery 
in elderly patients [ 74 – 76 ].  

    Surgery and Its Mortality 

 The 30-day mortality highly underestimates the 
risk of dying in the fi rst year [ 77 ,  78 ]. In a study 
among 2131 patients who were operated with 
curative intent for stage I-III CRC the 30-day 
mortality rate was 4.9 %, but rose to 12.4 % in the 
fi rst post-operative year [ 79 ]. For rectal cancer 
patients risk factors for excess mortality in the 
fi rst post-operative year were age ≥75 years (RR 
7.0 p = 0,009), Charlson score of >1 (RR 5.2 
p = 0.01) and post-operative surgical complica-
tions (RR 5.9 p = 0.02). Patients aged ≥75 years 
with rectal cancer had a 1-year mortality rate of 
15.6 % compared to 6.8 % for patients aged 
65–74 and 2.3 % for patients <65 years. Another 
study showed doubling of the 30-day mortality 
rate already within 90 days post-surgery [ 78 ]. 

 In Fig.  25.3 , unpublished data of the Dutch 
Surgical Colorectal Audit (DSCA) of 44,202 
patients demonstrate the relation between 
increasing age, comorbidity, emergency surgery 
and complications on 30 day mortality of colorec-
tal cancer patients.  

 Results from the Dutch TME study combined 
with population based data showed that the 
6-months post-operative mortality rate was sig-
nifi cantly increased in patients ≥75 years com-
pared with patients <75 years (Fig.  25.4 ) [ 80 ]. A 
large Danish population based study with CRC 
patients found also increased mortality rates in 
elderly patients [ 81 ]. Patients aged 76–80 years 
had survival rates of 91 and 75 %, patients aged 
81–85 years had rates of 86 and 70 % at 30-day 
and 6 months, respectively, compared to 94 and 
81 % in patients aged 61–75 years. Regarding 
5-year relative survival rates, only minor differ-
ences were seen between the three age groups.  
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 A French population based study showed 
that lowering the 30-day mortality rate from 18 
to 8 % led to a relative improvement of 27.5 % 
in 5-year survival [ 82 ]. Other Dutch and Danish 
data also showed that the main difference in sur-
vival between young and elderly is due to the 
fi rst post-operative year [ 77 ,  81 ]. Those elderly 
CRC patients who survive the fi rst post-opera-
tive year have the same cancer related survival 
as younger patients. These fi ndings emphasize 
the  importance of post-operative care and after 
correction for post-operative mortality, survival 

in the elderly is not worse than in younger 
patients.  

    Anastomosis or Permanent Stoma? 

 Data from the Dutch TME study have shown that 
elderly patients are liable to more complications 
compared to younger patients [ 80 ]. In addition 
the consequences these are more severe. In their 
study anastomotic leakage occurred at similar 
rate but the ensuing mortality rate in younger 
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patients was 8.2 % compared to 57 % in 
elderly patients. Other complications including 
abscesses, sepsis, pulmonary and cardiac com-
plications were associated with an increased risk 
of dying within 6 months post-surgery in elderly 
patients. 

 A recent study using data from the Dutch 
Colorectal Audit including only colon resections 
also found that increasing age and anastomotic 
leakage is associated with increased mortality 
[ 83 ]. Patients aged 65–80 had an OR of 3.15 and 
patients aged >80 years an OR 5.16 for mortality 
after anastomotic leakage compared to younger 
patients. 

 These studies highlight the necessity to pre-
vent major complications such as an anastomotic 
leakage in the elderly. To minimize the conse-
quences of an anastomotic leakage a diverting 
stoma is placed. Interestingly, in the TME study 
up to 20 % of the elderly patients did not have 
their stoma’s reversed and in another study only 
half of the elderly patients had their stoma 
reversed at 18 months [ 84 ]. 

 In order to minimize post-operative morbidity 
and mortality due to anastomotic leakage in those 
patients at risk for complications, a permanent 
end colostomy may be considered. In the deci-
sion making process the assumed benefi ts of 
avoidance of a stoma have to be weighted against 
the potential life threatening complications of 
anastomotic leakage and the morbidity of stoma 
reversal. When patients are confronted with the 
choice between a permanent colostomy and res-
toration of bowel continuity, most will choose 
bowel continuity. We believe that a permanent 
stoma is feasible for elderly patients with a low 
situated rectal carcinoma, also in relation with 
health related quality of life (HRQL). In a popu-
lation based sample with only low situated rectal 
cancer patients we found comparable HRQL 
between elderly patients with a permanent stoma 
and those with no stoma [ 85 ]. In addition, in 
comparison with a normative population, no 
large differences were seen. These fi ndings are 
supported by other studies where no relevant 
impact on HRQL of a permanent stoma was 
found [ 86 ,  87 ]. 

 The low anterior resection syndrome (LARS), 
a complex of functional symptoms occurring 
after a low anterior resection, is frequently seen 
after a low anterior resection. In a large Danish 
study [ 88 ], using the LARS score [ 89 ], severe 
LARS was observed in 41 % of all patients. The 
LARS increases morbidity, infl uences HRQL 
and results in poor functional outcome. 
Particularly in the elderly, the benefi ts of an anas-
tomosis over a permanent stoma have to be 
weighed against the risks of anastomotic leakage 
or the morbidity of LARS.  

    Post-operative Care 

 Surgery creates a similar stress response to a 
trauma including a hormonal, immunological, 
neurological and haematological response 
[ 90 ]. These responses are essential for recov-
ery [ 91 ]. If these responses are not managed 
correctly peri- operatively, it is associated with 
poor outcome. For example, abnormalities of 
fl uid and electrolyte balance may adversely 
affect organ function and surgical outcome and 
is associated with increased mortality and mor-
bidity including cardio- respiratory complica-
tions, increased infections and wound healing 
complications [ 92 – 95 ]. Furthermore, a positive 
fl uid balance in elective colonic resections 
results in a delay in return of gastro-intestinal 
function and a prolonged hospital stay [ 96 ]. 
Particularly elderly are pre- disposed to signifi -
cant fl uid and electrolyte abnormalities. Age-
related pathophysiological changes, poor 
physiological reserves and/or polypharmacy 
make it diffi cult to manage an optimal physio-
logical state and a zero fl uid balance. 
Particularly in the fi rst post-operative hours 
elderly and particularly frail patients should be 
monitored in the intensive care unit were vaso-
pressin and inotropic agent can be given in 
order to maintain adequately organ tissue per-
fusion. Furthermore, post-operative care has to 
focus on complications, and aggressive assess-
ment and treatment of these complications are 
needed. Particularly in the case of anastomotic 
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leakage early and aggressive management may 
result in lower overall mortality [ 97 ].  

    Elderly and the Role of Local 
Excision 

 Minimally invasive approaches such as the trans-
anal endoscopic microsurgery (TEM) has been 
shown to have lower morbidity and compared to 
anterior resection [ 98 ]. TEM is also considered as 
a safe technique in high risk patients and is well 
tolerated [ 99 ,  100 ]. For T1N0 tumours, TEM has 
almost equal local recurrence rates as TME sur-
gery [ 101 ]. However, multiple studies have shown 
that TEM carries a higher risk of local recurrence 
particularly in T2-T3 N0 tumours [ 102 ,  103 ]. 

 A more recent development in neoadjuvant 
treatment is chemoradiotherapy. Promising results 
were found when patients with cT2-T3 tumours 
were treated with neoadjuvant chemoradiother-
apy followed by TEM [ 104 ,  105 ]. In a study 70 
T2N0 patients were treated with long course neo-
adjuvant CRT followed by a TEM or a laparo-
scopic anterior resection 6–8 weeks after the end 
of the CRT. In this study, similar local recurrence, 
distant metastasis and survival rates were found 
[ 104 ]. In a study with cT2-cT3 patients after CRT 
downstaging was associated with low local recur-
rence rates and in patients with complete remis-
sion (ypT0) zero local recurrence was seen [ 105 ]. 
In patients with ypT1 local recurrence rates of 
0–6 % were seen and for ypT2 6–20 % local 
recurrence rates were observed. Another study 
containing 35 patients with pT2 tumours treated 
with TEM after long course radiotherapy found 
only one local recurrence in the follow-up period 
[ 106 ]. The probability of surviving 8 years after 
treatment in this study was 83 %. 

 However, in frail patients who are unfi t for 
surgery the addition of chemotherapy to radio-
therapy might be associated with increased mor-
bidity. As mentioned earlier, elderly respond well 
to neo-adjuvant radiotherapy, so maybe there is a 
role in frail elderly for neo-adjuvant radiotherapy 
followed by a longer waiting period and comple-
mentary TEM surgery.  

    The Wait and See Approach 

 In some patients, there is a role for the wait and 
see approach after clinical complete response 
(cCR) after initial neo-adjuvant treatment. Habr- 
Gama included 71 patients with mainly cT3 
tumours who had a cCR after chemoradiotherapy 
and found only two patients with local recurrence 
after a follow-up of 57 months [ 107 ]. Of these 
two patients, one underwent a successful salvage 
operation. Three other patients developed distant 
metastasis during follow-up. In another study by 
Habr-Gama a local failure rate of 4.2 %, a 5-year 
overall survival rate of 96 % and a disease free 
survival rate of 72 % were reported [ 108 ]. 

 In the most recent Habr-Gama study, patients 
with cT2-4 N0-2 M0 who had cCR 8 weeks after 
RCT (long course radiotherapy and 5-FU) were 
enrolled in a strict follow-up program with no 
immediate surgery [ 109 ]. In their population 
49 % had cCR at initial assessment. Local recur-
rence developed in total in 31 % of the patients in 
who salvage therapy was possible in ≥90 % of 
these patients in both early and late recurrences. 
Of these 28 local recurrences, 17 were found 
within 12 months and 11 after 12 months. In total 
17 patients (19 %) with cCR experienced unre-
sectable (local or systemic) disease during 
follow-up. 

 A Dutch study is the only other study who also 
reported low recurrence and disease free survival 
rates [ 110 ]. In total 21 patients were included in 
the wait and see policy group. The follow-up 
consisted of MRI, CT and colonoscopy. In this 
study only one patient had a local recurrence and 
received successful salvage surgery after a 
median follow-up of 25 months. The 2-year over-
all survival and 2-year disease free survival rates 
reported in this study were 100 and 89 %, respec-
tively. Other studies have reported less promising 
results with local recurrence rates ranging from 
23 to 83 % [ 111 ]. 

 The differences between reported local recur-
rence rates can be due to heterogeneity of the 
patient population, different interpretation of 
cCR on MRI or study design. Furthermore, most 
studies regarding this topic are Habr-Gama 
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series. Glynne-jones and Huges concluded that at 
present evidence for the wait and see approach is 
insuffi cient, but the data has to be translated to 
the individual patient in the context of overall life 
expectancy [ 111 ]. In addition, patients should be 
included in the decision making process in which 
evidence and tailored information is shared 
aimed to support those patients considering a 
wait and see approach. 

 In clinical trials, after pre-operative chemora-
diotherapy a pCR is achieved in up to 25 % of the 
patients [ 112 ]. Furthermore, results from studies 
mentioned earlier are promising, but only in a 
minority of the patients and after careful patient 
selection surgery can be avoided. Future chal-
lenges lies in ways to achieve more pCR without 
increasing toxicity. A future treatment modality 
could be a more intensifi ed radiotherapy treat-
ment. Normally external beam radiotherapy is 
delivered with a total of 45–50.4 Gy divided over 
multiple fractions. Delivery of doses higher than 
50 Gy is diffi cult without increasing morbidity due 
to the tolerance of normal tissue. The challenge is 
to increase the radiotherapy dose without increas-
ing without increasing the morbidity. A possible 
and future modality could be endocavitary radio-
therapy or a combination with external beam 
radiotherapy. Endocavitary or contact radiother-
apy for the treatment of rectal cancer was fi rst 
introduced in France by Lamarque and Gross in 
1946 and was later popularised by Papillon in the 
period 1950–1990 [ 113 ]. In this period Papillon 
reported a 5-year survival rate of 75 % after treat-
ing 300 patients with the “Papillon technique”. 
More recent studies from the UK and France have 
shown feasibility for contact radiotherapy in 
selected cases and frail elderly patients [ 114 ,  115 ]. 
Another endocavitary approach is brachytherapy 
and has also shown promising results combined 
with contact radiotherapy or external beam radio-
therapy with our without chemotherapy [ 116 ]. 
Gerard concluded that endocavitary irradiation 
can be safely combined with external beam radio-
therapy but radiotherapy without surgery should 
be restricted to highly selected patients such as 
frail patients or those refusing surgery [ 117 ]. 

 Surgery with neo-adjuvant treatment remains 
the standard of care for rectal cancer. In highly 
selected cases there is a role for a more conservative 

approach with radio- or chemo-radiotherapy with-
out surgery. More studies and technical develop-
ments in this fi eld are needed to guide the oncologists 
and surgeons in the selection of patients benefi ting 
from non-operative management.  

    Stenting 

 In selected cases with obstructive rectal cancer 
with poor prognosis a self-expending metal stent-
ing (SEMS) can be a good alternative to surgery 
but this should always be discussed in a MDT 
[ 118 ,  119 ]. In a non-randomised prospective 
study a SEMS was successfully placed in 38/40 
patients, with a re-intervention rate of 19 % 
[ 120 ]. Compared with the complication rate of 
32 % in those patients treated with surgery a 
SEMS can be considered as a good alternative to 
surgery. In a German study, 79 % of the patients 
found relief by a SEMS and 20 of the 37 patients 
died with a SEMS in place and required no surgi-
cal intervention [ 121 ]. SEMS are associated with 
less risk, shorter hospital stay and less morbidity 
and mortality than surgical resection [ 122 ]. The 
most devastating complication is a perforation 
that occurs in approximately 5 % of the patients 
and surgical treatment in those cases is a high risk 
intervention [ 123 ]. 

 The EURECCA experts concluded that in 
case of palliative treatment of rectal cancer with a 
very poor prognosis (expected less than 3 
months), due to pulmonary or liver metastases, 
self-expending metal stenting (SEMS) could be 
considered, as adjuvant to radiotherapy [ 124 ]. In 
the curative treatment of rectal cancer, stent 
placement is inferior to emergency surgery in 
case of an acute obstruction and is associated 
with increased morbidity [ 125 ,  126 ].  

    Tailored Approach, Quality of Life 
and Shared Decision 

 In the last decade, rectal cancer treatment has 
evolved from a surgery alone treatment to a multi-
modality and multidisciplinary treatment. Using 
international guidelines and guidelines from con-
sensus meetings, we now know which treatment 
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strategy is needed to achieve optimal oncological 
outcomes. In some cases, a very intensive treat-
ment and extended resections are necessary in 
order to achieve the best oncological outcome. We 
have unpublished data that elderly have compara-
ble HRQL after extended resections compared 
with elderly after non-extended resections in an 
series with particularly locally advanced cases. 
Other studies support the fi nding that elderly have 
comparable HRQL after treatment compared to 
younger patients [ 127 ,  128 ]. But it is known that 
some HRQL levels do not reach baseline levels 
even after 2-years post-surgery, which suggests 
that elderly will suffer a more permanent impaired 
physical function than younger counterparts [ 128 ]. 
In the end it seems that elderly and particularly fi t 
elderly have a good HRQL after treatment. 

 Different from treating young patients is the 
fact that elderly can have other expectations of 
life making oncological outcome less important. 
In the young this may also be the case, but prob-
ably less commonly. This highlights the impor-
tance of shared decisions with a tailored approach 
in order to serve the patient´ expectations of life 
and wishes. In shared decision-making, doctors 
and patients actively discuss and decide on thera-
peutic interventions, in order to reach a common 
goal instead of clinician driven goal based onco-
logical outcome [ 129 ]. This is extremely impor-
tant in elderly patients in whom expectations of 
HRQL and for example a stoma play a more 
important role in the decision process than onco-
logical outcome. Shared decision making is the 
cornerstone for adequate treatment in the elderly.  

    Centralization and Auditing 

 We have tried to give some guidance in the treat-
ment of rectal cancer. Nevertheless, rectal cancer 
treatment is complex and requires experiences in 
all fi elds of cancer care. In locally advanced cases 
multivisceral resections are often required and an 
experienced surgeon for these cases is necessary. 
Centralization of these advanced cases will likely 
lead to more experience among varying disciplines 
at expert centers, positively infl uencing oncologi-
cal outcomes due to improved rates of radical 
resections [ 130 ] and lowered morbidity and 

 mortality rates secondary to improved post- 
operative care [ 129 ,  131 ]. Also for elderly in 
whom there is doubt about the appropriate treat-
ment given or in elderly with advanced cases refer-
ral to an expert center can mean a difference in 
outcome. In expert centers there is normally a high 
awareness for treatment and post-operative com-
plications, therefore complications may be easier 
identifi ed with more experience in the “know-
how” to treat them. 

 We believe that centralization is mandatory in 
advanced rectal cancer cases, but this may also be 
the case in elderly rectal cancer patients. Why not 
centralise these patients? It can be advocated that 
the frail elderly do not benefi t from centralisation 
if the travel distance is too far and travelling is 
too burdensome. But in these cases a consult with 
an expert center may be suffi cient. 

 Because of the under representation of elderly 
patients in clinical trials it is diffi cult to extrapo-
late the results from trials to the older patients. It 
can be expected that randomised controlled trials 
involving elderly continue to be exceptional in 
future rectal cancer trials and studies. Why not 
use data from auditing and registries? The Dutch 
Colorectal audit is one of the most recent nation- 
wide audits on rectal cancer and has already 
shown an increased use of MRI, MDT meetings 
and pathologists reporting CRM involvement 
[ 132 ]. In addition, less post-operative complica-
tions were seen and more radical resections were 
performed. With the use of auditing and registries, 
it may be possible to identify elderly patients at 
risk for under- or overtreatment, and from which 
therapeutic approach they benefi t the most. This 
may lower the risk of doing more harm than good. 

 When using international or expert meeting 
guidelines, registries or auditing there is no need 
to create a scale between countries or clinicians 
but it should be used as sharing expertise in an 
effort to make sure that every patient, including 
elderly are treated with the best cancer care.  

    Conclusion 

 The incidence of older patients with rectal can-
cer is rising. Therefore, elderly and frail 
patients with rectal cancer will be more com-
monly part of the daily practice. The most 
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important aspect in treatment of elderly is the 
risk of under treatment. Clinicians have to be 
aware that older patients need proper staging 
with endoscopy, MRI and CT prior to any 
decision making or treatment given. When 
patients present with obstructive rectal cancer 
in an emergency setting, surgery has to focus 
on limiting complications, and therefore cre-
ation of a diverting stoma is the treatment of 
choice. After this procedure a full diagnostic 
work-up is still necessary followed by a MDT 
meeting. Prior to an MDT meeting it is useful 
to assess the physiological fi tness of the 
patients primarily to know if the patients it fi t 
enough for multi-modality treatment. 
Regardless of age, in the case of a fi t elderly, 
we believe that treatment should be given 
according to international set guidelines and is 
the same as for younger patients. In cases 
where the clinician is in doubt about the condi-
tion of the elderly patient, a CGA may be use-
ful and the geriatrician has to be involved in 
the treatment decision progress. Also in the 
elderly, the most important prognostic factor 
for survival is achieving a radical resection. In 
advanced cases, neo-adjuvant treatment is 
needed in order to achieve the best oncological 
outcome. Awareness of post-operative compli-
cations is especially important in elderly 
patients in whom complications results in 
higher post-operative mortality. We believe 
that it is mandatory to observe elderly patients 
an ICU post-operatively if their ASA score is 
>2. In these patients, early complications and 
disruption of the normal  physiology may be 
appropriately handled with the use of vaso-
pressin or inotropic agents in order to maintain 
a well-balanced fl uid balance. Furthermore in 
elderly patients it can be considered to create a 
permanent colostomy in order to lower the 
ensuing mortality rate after an anastomotic 
leakage. In selected cases there is a role for the 
“wait and see” approach. For frail patients and 
elderly patients with non-resectable rectal can-
cer, treatment should focus on improving and 
prolonging a good quality of life. In such cases, 
a single agent chemotherapy or stenting could 
be the treatment of choice. 

 In the end, the crux of rectal cancer treat-
ment in the elderly lies in shared decision 
making. Particularly the older patient knows 
clearly what he wants regarding HRQL and 
life expectancy.      

 Key Points 

     1.    Age is an independent prognostic factor. 
However, a certain chronological age 
for an individual patient is not necessar-
ily the most relevant factor. Instead the 
age-related physiologic changes in indi-
vidual patients should be known prior to 
decision making.   

   2.    Co-morbidity is a prognostic variable 
which should be analysed carefully and 
optimised before commencement of any 
treatment.   

   3.    Acute surgery should preferably be 
avoided or if necessary as minimised as 
possible   

   4.    Elderly colorectal cancer patients repre-
sents a very heterogeneous group rang-
ing from the very fi t who are untitled to 
full oncological treatment to the very 
frail who are at high risk of treatment 
complications. Elderly require individu-
alised treatment which can only be 
decided after a meticulous assessment 
of the functional status   

   5.    Existing guidelines may be evidence 
based, but cannot be validated for 
elderly in general and certainly not for 
the compromised elderly   

   6.    If an elderly is considered physiological 
fi t for treatment, neo-adjuvant treatment 
with radical resection is the treatment of 
choice.   

   7.    Counseling the elderly patient should be 
from the perspective of the patient, 
which may be quite different for expec-
tations from a younger patient.   

   8.    In elderly colorectal cancer patients 
shared decision making is the corner-
stone for adequate treatment.     

R.G. Orsini et al.



399

  Acknowledgments   Lieke Gieteling analysed the DSCA 
database en provided Fig.  25.3 .  

      References 

     1.    Balducci L. Geriatric oncology: challenges for the 
new century. Eur J Cancer. 2000;36(14):1741–54.  

    2.    Martin FC, Brighton P. Frailty: different tools for 
different purposes? Age Ageing. 2008;37(2):
129–31.  

    3.    Abellan van Kan G, Rolland Y, Bergman H, Morley 
JE, Kritchevsky SB, Vellas B. The I.A.N.A Task 
Force on frailty assessment of older people in clinical 
practice. J Nutr Health Aging. 2008;12(1):29–37.  

    4.    Fried LP, Tangen CM, Walston J, et al. Frailty in 
older adults: evidence for a phenotype. J Gerontol A 
Biol Sci Med Sci. 2001;56(3):M146–56.  

      5.    Kristjansson SR, Nesbakken A, Jordhoy MS, et al. 
Comprehensive geriatric assessment can predict 
complications in elderly patients after elective sur-
gery for colorectal cancer: a prospective observa-
tional cohort study. Crit Rev Oncol Hematol. 2010;
76(3):208–17.  

    6.    Clgg A, Young J, Iliffe S, Rikkert MO, Rockwood 
K. Frailty in elderly people. Lancet. 2013;381(9868):
752–62.  

    7.    Extermann M, Aapro M. Assessment of the older 
cancer patient. Hematol Oncol Clin North Am. 
2000;14(1):63–77, vii–ix.  

   8.    Repetto L, Comandini D. Cancer in the elderly: 
assessing patients for fi tness. Crit Rev Oncol 
Hematol. 2000;35(3):155–60.  

     9.    Repetto L, Fratino L, Audisio RA, et al. 
Comprehensive geriatric assessment adds informa-
tion to Eastern Cooperative Oncology Group perfor-
mance status in elderly cancer patients: an Italian 
Group for Geriatric Oncology Study. J Clin Oncol. 
2002;20(2):494–502.  

    10.    Kristjansson SR, Jordhoy MS, Nesbakken A, et al. 
Which elements of a comprehensive geriatric assess-
ment (CGA) predict post-operative complications 
and early mortality after colorectal cancer surgery? J 
Geriatr Oncol. 2010;1(2):57–65.  

    11.    Repetto L, Venturino A, Fratino L, et al. Geriatric 
oncology: a clinical approach to the older patient 
with cancer. Eur J Cancer. 2003;39(7):870–80.  

        12.    Gosney MA. Clinical assessment of elderly people 
with cancer. Lancet Oncol. 2005;6(10):790–7.  

     13.    Extermann M, Overcash J, Lyman GH, Parr J, 
Balducci L. Comorbidity and functional status are 
independent in older cancer patients. J Clin Oncol. 
1998;16(4):1582–7.  

    14.    Hurria A, Gupta S, Zauderer M, et al. Developing a 
cancer-specifi c geriatric assessment: a feasibility 
study. Cancer. 2005;104(9):1998–2005.  

      15.    Audisio RA, Pope D, Ramesh HS, et al. Shall we 
operate? Preoperative assessment in elderly cancer 
patients (PACE) can help. A SIOG surgical task 

force prospective study. Crit Rev Oncol Hematol. 
2008;65(2):156–63.  

    16.    Brouquet A, Cudennec T, Benoist S, et al. Impaired 
mobility, ASA status and administration of tramadol 
are risk factors for postoperative delirium in patients 
aged 75 years or more after major abdominal sur-
gery. Ann Surg. 2010;251(4):759–65.  

    17.    Huisman MG, van Leeuwen BL, Ugolini G, et al. 
“Timed Up & Go”: a screening tool for predicting 
30-day morbidity in onco-geriatric surgical patients? A 
multicenter cohort study. PLoS One. 2014;9(1):e86863.  

    18.    Knaus WA, Draper EA, Wagner DP, Zimmerman 
JE. APACHE II: a severity of disease classifi cation 
system. Crit Care Med. 1985;13(10):818–29.  

    19.    Copeland GP, Jones D, Walters M. POSSUM: a 
scoring system for surgical audit. Br J Surg. 1991;
78(3):355–60.  

    20.    Robinson TN, Wu DS, Pointer L, Dunn CL, 
Cleveland Jr JC, Moss M. Simple frailty score pre-
dicts postoperative complications across surgical 
specialties. Am J Surg. 2013;206(4):544–50.  

     21.    Chen RC, Royce TJ, Extermann M, Reeve 
BB. Impact of age and comorbidity on treatment and 
outcomes in elderly cancer patients. Semin Radiat 
Oncol. 2012;22(4):265–71.  

    22.    van Leeuwen BL, Huisman MG, Audisio 
RA. Surgery in older cancer patients - recent results 
and new techniques: worth the investment? 
Interdiscip Top Gerontol. 2013;38:124–31.  

    23.    Liu JJ, Extermann M. Comprehensive geriatric 
assessment and its clinical impact in oncology. Clin 
Geriatr Med. 2012;28(1):19–31.  

    24.    Walter LC, Covinsky KE. Cancer screening in 
elderly patients: a framework for individualized 
decision making. JAMA. 2001;285(21):2750–6.  

    25.    Dharma-Wardene MW, de Gara C, Au HJ, Hanson J, 
Hatcher J. Ageism in rectal carcinoma? Treatment 
and outcome variations. Int J Gastrointest Cancer. 
2002;32(2–3):129–38.  

    26.    Chang GJ, Skibber JM, Feig BW, Rodriguez-Bigas 
M. Are we undertreating rectal cancer in the elderly? 
An epidemiologic study. Ann Surg. 2007;246(2):
215–21.  

     27.    Van Leersum NJ, Janssen-Heijnen ML, Wouters 
MW, et al. Increasing prevalence of comorbidity in 
patients with colorectal cancer in the South of the 
Netherlands 1995–2010. Int J Cancer. 2013;132(9):
2157–63.  

    28.    Dekker JW, Gooiker GA, van der Geest LG, et al. 
Use of different comorbidity scores for risk- 
adjustment in the evaluation of quality of colorectal 
cancer surgery: does it matter? Eur J Surg Oncol. 
2012;38(11):1071–8.  

     29.    Janssen-Heijnen ML, Maas HA, Houterman S, 
Lemmens VE, Rutten HJ, Coebergh JW. Comorbidity 
in older surgical cancer patients: infl uence on patient 
care and outcome. Eur J Cancer. 2007;43(15):
2179–93.  

    30.    Faivre J, Lemmens VE, Quipourt V, Bouvier AM. 
Management and survival of colorectal cancer in the 

25 Rectal Cancer Treatment in the Elderly



400

elderly in population-based studies. Eur J Cancer. 
2007;43(15):2279–84.  

    31.    Nedrebo BS, Soreide K, Eriksen MT, et al. Survival 
effect of implementing national treatment strategies 
for curatively resected colonic and rectal cancer. Br J 
Surg. 2011;98(5):716–23.  

      32.    Papamichael D, Audisio R, Horiot JC, et al. 
Treatment of the elderly colorectal cancer patient: 
SIOG expert recommendations. Ann Oncol. 2009;
20(1):5–16.  

    33.    Tudyka V, Blomqvist L, Beets-Tan RG, et al. 
EURECCA consensus conference highlights about 
colon & rectal cancer multidisciplinary manage-
ment: the radiology experts review. Eur J Surg 
Oncol. 2013;40(4):469–75.  

     34.    MERCURY Study Group. Extramural depth of 
tumor invasion at thin-section MR in patients with 
rectal cancer: results of the MERCURY study. 
Radiology. 2007;243(1):132–9.  

    35.    Taylor FG, Quirke P, Heald RJ, et al. One millimetre 
is the safe cut-off for magnetic resonance imaging 
prediction of surgical margin status in rectal cancer. 
Br J Surg. 2011;98(6):872–9.  

     36.    Kristjansson SR, Farinella E, Gaskell S, Audisio 
RA. Surgical risk and post-operative complications 
in older unfi t cancer patients. Cancer Treat Rev. 
2009;35(6):499–502.  

     37.    Extermann M. Integrating a geriatric evaluation in 
the clinical setting. Semin Radiat Oncol. 2012;22(4):
272–6.  

     38.    Palmer G, Martling A, Cedermark B, Holm T. 
Preoperative tumour staging with multidisciplinary 
team assessment improves the outcome in locally 
advanced primary rectal cancer. Colorectal Dis. 
2011;13(12):1361–9.  

    39.    MacDermid E, Hooton G, MacDonald M, et al. 
Improving patient survival with the colorectal cancer 
multi-disciplinary team. Colorectal Dis. 2009;11(3):
291–5.  

   40.    Augestad KM, Lindsetmo RO, Stulberg J, et al. 
International preoperative rectal cancer manage-
ment: staging, neoadjuvant treatment, and impact of 
multidisciplinary teams. World J Surg. 2010;34(11):
2689–700.  

    41.    Segelman J, Singnomklao T, Hellborg H, Martling 
A. Differences in multidisciplinary team assessment 
and treatment between patients with stage IV colon 
and rectal cancer. Colorectal Dis. 2009;11(7):768–74.  

    42.    Kohne CH, Folprecht G, Goldberg RM, Mitry E, 
Rougier P. Chemotherapy in elderly patients with 
colorectal cancer. Oncologist. 2008;13(4):390–402.  

    43.    Talarico L, Chen G, Pazdur R. Enrollment of elderly 
patients in clinical trials for cancer drug registration: 
a 7-year experience by the US Food and Drug 
Administration. J Clin Oncol. 2004;22(22):4626–31.  

    44.    Ayanian JZ, Zaslavsky AM, Fuchs CS, et al. Use of 
adjuvant chemotherapy and radiation therapy for 
colorectal cancer in a population-based cohort. 
J Clin Oncol. 2003;21(7):1293–300.  

   45.    Schrag D, Gelfand SE, Bach PB, Guillem J, Minsky 
BD, Begg CB. Who gets adjuvant treatment for stage 
II and III rectal cancer? Insight from surveillance, 
epidemiology, and end results–Medicare. J Clin 
Oncol. 2001;19(17):3712–8.  

   46.    Potosky AL, Harlan LC, Kaplan RS, Johnson KA, 
Lynch CF. Age, sex, and racial differences in the use 
of standard adjuvant therapy for colorectal cancer. 
J Clin Oncol. 2002;20(5):1192–202.  

    47.    Lemmens VE, Janssen-Heijnen ML, Verheij CD, 
Houterman S, Repelaer van Driel OJ, Coebergh 
JW. Co-morbidity leads to altered treatment and 
worse survival of elderly patients with colorectal 
cancer. Br J Surg. 2005;92(5):615–23.  

    48.    Goodwin JS, Hunt WC, Samet JM. Determinants of 
cancer therapy in elderly patients. Cancer. 1993;
72(2):594–601.  

   49.    Newcomb PA, Carbone PP. Cancer treatment and 
age: patient perspectives. J Natl Cancer Inst. 1993;
85(19):1580–4.  

    50.    Coburn MC, Pricolo VE, Soderberg CH. Factors 
affecting prognosis and management of carcinoma 
of the colon and rectum in patients more than eighty 
years of age. J Am Coll Surg. 1994;179(1):65–9.  

    51.    Cohen SM, Neugut AI. Adjuvant therapy for rectal can-
cer in the elderly. Drugs Aging. 2004;21(7):437–51.  

    52.    Pallis AG, Papamichael D, Audisio R, et al. EORTC 
Elderly Task Force experts’ opinion for the treat-
ment of colon cancer in older patients. Cancer Treat 
Rev. 2010;36(1):83–90.  

    53.    Rutten H, den Dulk M, Lemmens V, et al. Survival of 
elderly rectal cancer patients not improved: analysis 
of population based data on the impact of TME sur-
gery. Eur J Cancer. 2007;43(15):2295–300.  

    54.    Maas HA, Lemmens VE, Nijhuis PH, de Hingh I, 
Koning CC, Janssen-Heijnen ML. Benefi ts and 
drawbacks of short-course preoperative radiotherapy 
in rectal cancer patients aged 75 years and older. Eur 
J Surg Oncol. 2013;39(10):1087–93.  

    55.    Martijn H, Vulto JC. Should radiotherapy be avoided 
or delivered differently in elderly patients with rectal 
cancer? Eur J Cancer. 2007;43(15):2301–6.  

    56.    Pignon T, Horiot JC, Bolla M, et al. Age is not a lim-
iting factor for radical radiotherapy in pelvic malig-
nancies. Radiother Oncol. 1997;42(2):107–20.  

    57.    Margalit DN, Mamon HJ, Ancukiewicz M, et al. 
Tolerability of combined modality therapy for rectal 
cancer in elderly patients aged 75 years and older. Int 
J Radiat Oncol Biol Phys. 2011;81(5):e735–41.  

    58.    Gerard JP, Azria D, Gourgou-Bourgade S, et al. 
Comparison of two neoadjuvant chemoradiotherapy 
regimens for locally advanced rectal cancer: results 
of the phase III trial ACCORD 12/0405-Prodige 2. 
J Clin Oncol. 2010;28(10):1638–44.  

    59.    Francois E, Azria D, Gourgou-Bourgade S, et al. 
Results in the elderly with locally advanced rectal 
cancer from the ACCOR12/PRODIGE 2 phase III 
trial: tolerance and effi cacy. Radiother Oncol. 2014;
110(1):144–9.  

R.G. Orsini et al.



401

    60.    Pettersson D, Holm T, Iversen H, Blomqvist L, 
Glimelius B, Martling A. Preoperative short-course 
radiotherapy with delayed surgery in primary rectal 
cancer. Br J Surg. 2012;99(4):577–83.  

     61.    Pettersson D, Cedermark B, Holm T, et al. Interim 
analysis of the Stockholm III trial of preoperative 
radiotherapy regimens for rectal cancer. Br J Surg. 
2010;97(4):580–7.  

     62.    Feliu J, Sereno M, Castro JD, Belda C, Casado E, 
Gonzalez-Baron M. Chemotherapy for colorectal 
cancer in the elderly: whom to treat and what to use. 
Cancer Treat Rev. 2009;35(3):246–54.  

   63.    Lichtman SM. Management of advanced colorectal 
cancer in older patients. Oncology (Williston Park). 
2005;19(5):597–602.  

     64.    Meulenbeld HJ, Creemers GJ. First-line treatment 
strategies for elderly patients with metastatic colorec-
tal cancer. Drugs Aging. 2007;24(3):223–38.  

    65.    Seymour MT, Thompson LC, Wasan HS, et al. 
Chemotherapy options in elderly and frail patients 
with metastatic colorectal cancer (MRC FOCUS2): 
an open-label, randomised factorial trial. Lancet. 
2011;377(9779):1749–59.  

    66.    Berger DH, Roslyn JJ. Cancer surgery in the elderly. 
Clin Geriatr Med. 1997;13(1):119–41.  

    67.    Kemeny MM, Busch-Devereaux E, Merriam LT, 
O'Hea BJ. Cancer surgery in the elderly. Hematol 
Oncol Clin North Am. 2000;14(1):169–92.  

    68.    Mamidanna R, Eid-Arimoku L, Almoudaris AM, 
et al. Poor 1-year survival in elderly patients under-
going nonelective colorectal resection. Dis Colon 
Rectum. 2012;55(7):788–96.  

    69.    Kolfschoten NE, Wouters MW, Gooiker GA, et al. 
Nonelective colon cancer resections in elderly 
patients: results from the Dutch surgical colorectal 
audit. Dig Surg. 2012;29(5):412–9.  

    70.   Surgery for colorectal cancer in elderly patients: a 
systematic review. Colorectal Cancer Collaborative 
Group. Lancet. 2000;356(9234):968–74.  

    71.    Devon KM, Vergara-Fernandez O, Victor JC, 
McLeod RS. Colorectal cancer surgery in elderly 
patients: presentation, treatment, and outcomes. Dis 
Colon Rectum. 2009;52(7):1272–7.  

    72.    Schwandner O, Schiedeck TH, Bruch HP. Advanced 
age–indication or contraindication for laparoscopic 
colorectal surgery? Dis Colon Rectum. 1999;42(3):
356–62.  

    73.    Frasson M, Braga M, Vignali A, Zuliani W, Di Carlo 
V. Benefi ts of laparoscopic colorectal resection are 
more pronounced in elderly patients. Dis Colon 
Rectum. 2008;51(3):296–300.  

    74.    Feng B, Zheng MH, Mao ZH, et al. Clinical advan-
tages of laparoscopic colorectal cancer surgery in the 
elderly. Aging Clin Exp Res. 2006;18(3):191–5.  

   75.    Law WL, Chu KW, Tung PH. Laparoscopic colorec-
tal resection: a safe option for elderly patients. J Am 
Coll Surg. 2002;195(6):768–73.  

    76.    Vignali A, Di PS, Tamburini A, Radaelli G, Orsenigo 
E, Staudacher C. Laparoscopic vs. open colectomies 

in octogenarians: a case-matched control study. Dis 
Colon Rectum. 2005;48(11):2070–5.  

     77.    Dekker JW, van den Broek CB, Bastiaannet E, van 
de Geest LG, Tollenaar RA, Liefers GJ. Importance 
of the fi rst postoperative year in the prognosis of 
elderly colorectal cancer patients. Ann Surg Oncol. 
2011;18(6):1533–9.  

     78.    Visser BC, Keegan H, Martin M, Wren SM. Death 
after colectomy: it’s later than we think. Arch Surg. 
2009;144(11):1021–7.  

    79.    Gooiker GA, Dekker JW, Bastiaannet E, et al. Risk 
factors for excess mortality in the fi rst year after 
curative surgery for colorectal cancer. Ann Surg 
Oncol. 2012;19(8):2428–34.  

      80.    Rutten HJ, den Dulk M, Lemmens VE, van de Velde 
CJ, Marijnen CA. Controversies of total mesorectal 
excision for rectal cancer in elderly patients. Lancet 
Oncol. 2008;9(5):494–501.  

     81.    Iversen LH, Pedersen L, Riis A, Friis S, Laurberg S, 
Sorensen HT. Age and colorectal cancer with focus 
on the elderly: trends in relative survival and initial 
treatment from a Danish population-based study. Dis 
Colon Rectum. 2005;48(9):1755–63.  

    82.    Mitry E, Bouvier AM, Esteve J, Faivre J. Benefi t of 
operative mortality reduction on colorectal cancer 
survival. Br J Surg. 2002;89(12):1557–62.  

    83.    Bakker IS, Grossmann I, Henneman D, Havenga K, 
Wiggers T. Risk factors for anastomotic leakage and 
leak-related mortality after colonic cancer surgery in 
a nationwide audit. Br J Surg. 2014;101(4):424–32.  

    84.    den Dulk M, Smit M, Peeters KC, et al. A multivari-
ate analysis of limiting factors for stoma reversal in 
patients with rectal cancer entered into the total 
mesorectal excision (TME) trial: a retrospective 
study. Lancet Oncol. 2007;8(4):297–303.  

    85.    Orsini RG, Thong MS, van de Poll-Franse LV, et al. 
Quality of life of older rectal cancer patients is not 
impaired by a permanent stoma. Eur J Surg Oncol. 
2013;39(2):164–70.  

    86.    Cornish JA, Tilney HS, Heriot AG, Lavery IC, Fazio 
VW, Tekkis PP. A meta-analysis of quality of life for 
abdominoperineal excision of rectum versus anterior 
resection for rectal cancer. Ann Surg Oncol. 
2007;14(7):2056–68.  

    87.   Pachler J, Wille-Jorgensen P. Quality of life after rectal 
resection for cancer, with or without  permanent colos-
tomy. Cochrane Database Syst Rev. 2012;12:CD004323.  

    88.    Bregendahl S, Emmertsen KJ, Lous J, Laurberg 
S. Bowel dysfunction after low anterior resection 
with and without neoadjuvant therapy for rectal can-
cer: a population-based cross-sectional study. 
Colorectal Dis. 2013;15(9):1130–9.  

    89.    Emmertsen KJ, Laurberg S. Low anterior resection 
syndrome score: development and validation of a 
symptom-based scoring system for bowel dysfunc-
tion after low anterior resection for rectal cancer. 
Ann Surg. 2012;255(5):922–8.  

    90.    Desborough JP. The stress response to trauma and 
surgery. Br J Anaesth. 2000;85(1):109–17.  

25 Rectal Cancer Treatment in the Elderly



402

    91.    El-Sharkawy AM, Sahota O, Maughan RJ, Lobo 
DN. The pathophysiology of fl uid and electrolyte 
balance in the older adult surgical patient. Clin Nutr. 
2014;33(1):6–13.  

    92.    Arieff AI. Fatal postoperative pulmonary edema: 
pathogenesis and literature review. Chest. 1999;
115(5):1371–7.  

   93.    Lobo DN, Macafee DA, Allison SP. How periopera-
tive fl uid balance infl uences postoperative outcomes. 
Best Pract Res Clin Anaesthesiol. 2006;20(3):
439–55.  

   94.    Holte K, Sharrock NE, Kehlet H. Pathophysiology 
and clinical implications of perioperative fl uid 
excess. Br J Anaesth. 2002;89(4):622–32.  

    95.    Payen D, de Pont AC, Sakr Y, Spies C, Reinhart K, 
Vincent JL. A positive fl uid balance is associated 
with a worse outcome in patients with acute renal 
failure. Crit Care. 2008;12(3):R74.  

    96.    Lobo DN, Bostock KA, Neal KR, Perkins AC, 
Rowlands BJ, Allison SP. Effect of salt and water 
balance on recovery of gastrointestinal function after 
elective colonic resection: a randomised controlled 
trial. Lancet. 2002;359(9320):1812–8.  

    97.    Khan AA, Wheeler JM, Cunningham C, George B, 
Kettlewell M, Mortensen NJ. The management and 
outcome of anastomotic leaks in colorectal surgery. 
Colorectal Dis. 2008;10(6):587–92.  

    98.    Winde G, Nottberg H, Keller R, Schmid KW, Bunte 
H. Surgical cure for early rectal carcinomas (T1). 
Transanal endoscopic microsurgery vs. anterior 
resection. Dis Colon Rectum. 1996;39(9):969–76.  

    99.    Dafnis G, Pahlman L, Raab Y, Gustafsson UM, Graf 
W. Transanal endoscopic microsurgery: clinical and 
functional results. Colorectal Dis. 2004;6(5):336–42.  

    100.    Endreseth BH, Wibe A, Svinsas M, Marvik R, 
Myrvold HE. Postoperative morbidity and recur-
rence after local excision of rectal adenomas and 
rectal cancer by transanal endoscopic microsurgery. 
Colorectal Dis. 2005;7(2):133–7.  

    101.    Lee W, Lee D, Choi S, Chun H. Transanal endo-
scopic microsurgery and radical surgery for T1 and 
T2 rectal cancer. Surg Endosc. 2003;17(8):1283–7.  

    102.    Paty PB, Nash GM, Baron P, et al. Long-term results 
of local excision for rectal cancer. Ann Surg. 
2002;236(4):522–9.  

    103.    Mellgren A, Sirivongs P, Rothenberger DA, Madoff 
RD, Garcia-Aguilar J. Is local excision adequate 
therapy for early rectal cancer? Dis Colon Rectum. 
2000;43(8):1064–71.  

     104.    Lezoche G, Baldarelli M, Guerrieri M, et al. A pro-
spective randomized study with a 5-year minimum 
follow-up evaluation of transanal endoscopic micro-
surgery versus laparoscopic total mesorectal exci-
sion after neoadjuvant therapy. Surg Endosc. 
2008;22(2):352–8.  

     105.    Borschitz T, Wachtlin D, Mohler M, Schmidberger 
H, Junginger T. Neoadjuvant chemoradiation and 
local excision for T2-3 rectal cancer. Ann Surg 
Oncol. 2008;15(3):712–20.  

    106.    Lezoche E, Guerrieri M, Paganini AM, Feliciotti 
F. Long-term results of patients with pT2 rectal can-
cer treated with radiotherapy and transanal endo-
scopic microsurgical excision. World J Surg. 2002;
26(9):1170–4.  

    107.    Habr-Gama A, Perez RO, Nadalin W, et al. Long- 
term results of preoperative chemoradiation for dis-
tal rectal cancer correlation between fi nal stage and 
survival. J Gastrointest Surg. 2005;9(1):90–9.  

    108.    Habr-Gama A, Perez RO, Sao Juliao GP, Proscurshim 
I, Gama-Rodrigues J. Nonoperative approaches to 
rectal cancer: a critical evaluation. Semin Radiat 
Oncol. 2011;21(3):234–9.  

    109.    Habr-Gama A, Gama-Rodrigues J, Sao Juliao GP, 
et al. Local recurrence after complete clinical 
response and watch and wait in rectal cancer after 
neoadjuvant chemoradiation: impact of salvage ther-
apy on local disease control. Int J Radiat Oncol Biol 
Phys. 2014;88(4):822–8.  

    110.    Maas M, Beets-Tan RG, Lambregts DM, et al. Wait-
and- see policy for clinical complete responders after 
chemoradiation for rectal cancer. J Clin Oncol. 
2011;29(35):4633–40.  

     111.    Glynne-Jones R, Hughes R. Critical appraisal of the 
‘wait and see’ approach in rectal cancer for clinical 
complete responders after chemoradiation. Br J 
Surg. 2012;99(7):897–909.  

    112.    O’Neill BD, Brown G, Heald RJ, Cunningham D, 
Tait DM. Non-operative treatment after neoadjuvant 
chemoradiotherapy for rectal cancer. Lancet Oncol. 
2007;8(7):625–33.  

    113.    Papillon J. Present status of radiation therapy in the 
conservative management of rectal cancer. Radiother 
Oncol. 1990;17(4):275–83.  

    114.    Gerard JP, Chapet O, Ortholan C, Benezery K, Barbet 
N, Romestaing P. French experience with contact 
X-ray endocavitary radiation for early rectal cancer. 
Clin Oncol (R Coll Radiol). 2007;19(9):661–73.  

    115.    Sun MA, Grieve RJ, McDonald AC, et al. Combined 
modality treatment of early rectal cancer: the UK 
experience. Clin Oncol (R Coll Radiol). 2007;
19(9):674–81.  

    116.    Sun MA, Lee CD, Snee AJ, Perkins K, Jelley FE, 
Wong H. High dose rate brachytherapy as a boost 
after preoperative chemoradiotherapy for more 
advanced rectal tumours: the Clatterbridge experi-
ence. Clin Oncol (R Coll Radiol). 2007;19(9):711–9.  

    117.    Gerard JP, Romestaing P, Chapet O. Radiotherapy 
alone in the curative treatment of rectal carcinoma. 
Lancet Oncol. 2003;4(3):158–66.  

    118.    Cirocchi R, Farinella E, Trastulli S, et al. Safety and 
effi cacy of endoscopic colonic stenting as a bridge to 
surgery in the management of intestinal obstruction 
due to left colon and rectal cancer: a systematic review 
and meta-analysis. Surg Oncol. 2013;22(1):14–21.  

    119.    Suarez J, Jimenez J, Vera R, et al. Stent or surgery 
for incurable obstructive colorectal cancer: an indi-
vidualized decision. Int J Colorectal Dis. 2010;25(1):
91–6.  

R.G. Orsini et al.



403

    120.    Baron TH. Indications and results of endoscopic rec-
tal stenting. J Gastrointest Surg. 2004;8(3):266–9.  

    121.    Hunerbein M, Krause M, Moesta KT, Rau B, Schlag 
PM. Palliation of malignant rectal obstruction with self-
expanding metal stents. Surgery. 2005;137(1):42–7.  

    122.    Ronnekleiv-Kelly SM, Kennedy GD. Management 
of stage IV rectal cancer: palliative options. World J 
Gastroenterol. 2011;17(7):835–47.  

    123.    Watt AM, Faragher IG, Griffi n TT, Rieger NA, 
Maddern GJ. Self-expanding metallic stents for 
relieving malignant colorectal obstruction: a system-
atic review. Ann Surg. 2007;246(1):24–30.  

    124.    van de Velde CJ, Aristei C, Boelens PG, et al. 
EURECCA colorectal: multidisciplinary mission 
statement on better care for patients with colon and 
rectal cancer in Europe. Eur J Cancer. 2013;49(13):
2784–90.  

    125.    Breitenstein S, Rickenbacher A, Berdajs D, Puhan 
M, Clavien PA, Demartines N. Systematic evalua-
tion of surgical strategies for acute malignant left- 
sided colonic obstruction. Br J Surg. 2007;94(12):
1451–60.  

    126.    van Hooft JE, Bemelman WA, Oldenburg B, et al. 
Colonic stenting versus emergency surgery for acute 

left-sided malignant colonic obstruction: a multicen-
tre randomised trial. Lancet Oncol. 2011;12(4):
344–52.  

    127.    Mastracci TM, Hendren S, O’Connor B, McLeod 
RS. The impact of surgery for colorectal cancer on 
quality of life and functional status in the elderly. Dis 
Colon Rectum. 2006;49(12):1878–84.  

     128.    Schmidt CE, Bestmann B, Kuchler T, Longo WE, 
Kremer B. Impact of age on quality of life in patients 
with rectal cancer. World J Surg. 2005;29(2):190–7.  

     129.    Vermeer TA, Orsini RG, Rutten HJ. Surgery for rec-
tal cancer-what is on the horizon? Curr Oncol Rep. 
2014;16(3):372.  

    130.    McArdle CS, Hole DJ. Infl uence of volume and spe-
cialization on survival following surgery for colorec-
tal cancer. Br J Surg. 2004;91(5):610–7.  

    131.    Borowski DW, Kelly SB, Bradburn DM, Wilson RG, 
Gunn A, Ratcliffe AA. Impact of surgeon volume 
and specialization on short-term outcomes in 
colorectal cancer surgery. Br J Surg. 2007;94(7):
880–9.  

    132.    Van Leersum NJ, Snijders HS, Henneman D, et al. 
The Dutch surgical colorectal audit. Eur J Surg 
Oncol. 2013;39(10):1063–70.      

25 Rectal Cancer Treatment in the Elderly



405W.E. Longo et al. (eds.), Modern Management of Cancer of the Rectum,
DOI 10.1007/978-1-4471-6609-2_26, © Springer-Verlag London 2015

        Introduction 

 Approximately 13.7 million Americans with a 
history of cancer were alive on January 1, 2012 
[ 1 ]. By 2020, it is estimated that this number 
will rise to 18.1 million cancer survivors. 
The associated national medical costs in 2010 
dollars are estimated at $157.77 billion [ 2 ]. These 
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fi gures do not include the psychosocial costs 
associated with living with cancer. Such patients 
may suffer prolonged and often intense pain, as 
well as living with the constant threat of disabil-
ity, recurrence, and death. Despite the substantial 
resources devoted to cancer care, there is still 
comparatively little patient level information 
available regarding the costs of care, though such 
analyses are much more common now than they 
were 15 years ago. Such information can provide 
valuable information on patterns and intensity of 
care as they change over time. These data are also 
crucial in comparisons of alternative therapies 
which are comparable in terms of patient out-
comes. Common cancers are generally the focus 
of most cost analyses due to constraints of avail-
able datasets. Though colorectal cancer is usually 
included in these cost analyses, rarely are rectal 
cancer patient management costs examined 
separately. 

 A substantial number of patients are diag-
nosed with rectal cancer each year. Approximately 
40,000 new cases of rectal cancer were predicted 
in the U.S. for 2014 [ 3 ]. The majority are treated 
with curative intent and enter follow-up pro-
grams. Although rectal cancer can occur early in 
life, rectal cancer disproportionately affects those 
65 and over. The age adjusted incidence rate is 
52.3 per 100,000 population compared to 6.8 per 
100,000 population for those under 65 years of 
age [ 4 ]. The number of persons dying of colorec-
tal cancer each year in the U.S. is 50,310 (Similar 
data no longer reported separately for rectal can-
cer) [ 3 ]. The 5-year relative survival rate for per-
sons diagnosed with rectal cancer is 66.5 % [ 4 ]. 
If rectal cancer is detected while still localized, 
the 5-year relative survival rate is 87.9 %. These 
rates fall dramatically if the tumor is more wide-
spread at diagnosis to 69.8 % if regional lymph 
nodes are involved and 13.4 % if distant metasta-
ses are present [ 4 ]. 

 The options available to rectal cancer patients 
for treatment of the initial primary lesion are 
essentially surgical and can impose great fi nan-
cial burden, particularly if the patient lacks suffi -
cient insurance coverage. Alternatively, palliative 
therapy is also costly. The primary treatment 

modality for most patients is radical surgical 
resection. Neoadjuvant and adjuvant radiation 
and chemotherapy are often used to improve the 
results attained with this surgical approach. 
Though a substantial portion of the direct medi-
cal costs to the patient for treatment of rectal can-
cer may be covered by insurance (private, 
Medicare, Medicaid), many of the hidden costs 
are often not covered and can be substantial, such 
as the costs of prescription and nonprescription 
medicines, transportation, child care, homemaker 
services, orphan drugs, and lost wages [ 5 ]. 
Data from the nationally representative 2011 
MEPS Experiences with Cancer Survivorship 
Supplement measuring the fi nancial impact of 
cancer show that 11.9 % of cancer survivors were 
unable to cover their share of the costs of medical 
care and 7.1 % had to borrow money or go into 
debt [ 6 ]. 

 This chapter analyzes the costs of rectal can-
cer patient management focusing primarily on 
initial treatment costs and costs incurred during 
the 5 year period after treatment. Few studies fol-
low patients beyond 5 years and even fewer sepa-
rately provide cost data for all three phases of 
disease progression, as defi ned by Baker (initial, 
continuing, and terminal) [ 7 ]. Screening costs 
and costs related to diagnosis of the initial pri-
mary are not analyzed here. Similarly only those 
studies which report rectal cancer costs sepa-
rately from colon cancer costs are included.  

    Methods 

    Literature Review 

 A PubMed search of the literature for the past 15 
years (1999–2014) was performed to identify 
citations measuring the cost of rectal cancer 
patient management. This chapter updates an ear-
lier work analyzing the period 1984–1998 [ 8 ]. 
Keywords used in the search included rectal neo-
plasms, costs, charges, fees, economics, resec-
tion, treatment, and therapy. Articles were 
eliminated if they examined costs for patients 
with non-invasive tumors only, if they examined 
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costs of procedures approved only for use in clini-
cal trials, if they lacked average (per-patient) cost 
or charge data, or if only nationwide or statewide 
totals were provided and insuffi cient data were 
available to calculate costs or charges on a per-
patient level. Also eliminated were many studies 
which were described as cost- effectiveness, cost-
benefi t, cost-utility, or cost- minimization analy-
ses, but were mere statements that patient care 
can be expensive and lacked objective data or for-
mal analyses to substantiate such statements. 
Studies pertaining to robotic surgery were 
excluded from the current analysis, as the topic 
was deemed deserving of a separate paper.  

    Cost Analyses 

 All data were identifi ed as either costs or charges. 
In those instances where it was unclear whether 
costs or charges were the basis of the analysis, 
charges were assumed since complete cost data 
are generally diffi cult to obtain. Costs are gener-
ally defi ned as resources expended by the manu-
facturer of the output to produce a given unit of 
output. These resources typically include such 
items as personnel, supplies, capital equipment, 
and overhead. Charges are defi ned as the price 
paid by the purchasers of the output to the pro-
ducer of the output. Charges are generally derived 
from a facility’s cost of producing the unit of out-
put plus some percentage profi t. In the case of 
health services, purchasers are patients or third 
party payers such as insurance companies. 

 An exception to the assumption of charges in 
the presence of ambiguity was made for studies 
conducted in countries with national health insur-
ance. One might presume that a national health 
insurance system would not bill itself for more 
than the cost of a given service and, therefore, it 
could be assumed that the data reported in such 
studies referred to costs. However, private 
 hospitals operate within many of these countries. 
Therefore, unless the article specifi cally stated 
that the data were derived from the national 
health insurance system, the data were inter-
preted as charges. 

 The year associated with the cost or charge 
data was then identifi ed for each article. For those 
articles which did not provide this information, 
the year preceding publication of the article was 
assumed if the publication date was in the fi rst 6 
months of the year. The current year was assumed 
if the publication data was in the last 6 months of 
the year. For example, if the publication date was 
March 2000, 1999 data were assumed; if the pub-
lication data was November 2000, 2000 data 
were assumed. The importance of identifying the 
year associated with the data was twofold. First, 
for articles authored by individuals from outside 
the U.S., such data are needed to permit selection 
of an appropriate exchange rate for conversion of 
the cost or charge data to a common currency 
(U.S. dollars). This is necessary to facilitate the 
use of all studies which meet the inclusion crite-
ria in the analyses. For the eight articles present-
ing cost or charge data in other than U.S. dollars, 
the exchange rate for the midpoint of the year 
was used for conversion [ 9 ]. The applicable U.S. 
dollar exchange rates for the British pound were 
0.62 for 2011, 0.54 for 2006, and 0.65 for 2002. 
The applicable U.S. dollar exchange rates for the 
remaining currencies were 1.78 for the 2002 
Australian dollar, 37.44 for the 1998 Belgian 
franc, 1.01 for the 2000 Euro, and 105.19 for the 
2008 Japanese yen. 

 The second reason for identifying the year 
associated with the data was to permit establish-
ment of a baseline from which cost or charge esti-
mates could be infl ated to a common year. All 
costs or charges were infl ated to 2014 U.S. dollars 
using the medical care component of the Consumer 
Price Index [ 10 ]. Since 1960 this component has 
never been negative. The medical care component 
increased 3.5 % in 1999, 4.1 % in 2000, 4.6 % in 
2001, 4.7 % in 2002, 4.0 % in 2003, 4.4 % in 
2004, 4.2 % in 2005, 4.0 % in 2006, 4.4 % for 
2007, 3.7 % for 2008, 3.2 % for 2009, 3.4 % for 
2010, 3.0 % for 2011, 3.6 % for 2012, and 2.5 % 
for 2013. A 10-year (2004–2013) average increase 
in the medical care component of 3.6 % was used 
as an estimated increase for 2014. 

 Discounting to factor in the time value of 
money was not conducted by this author for 
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 studies which did not report already doing so as it 
was not possible without data for each year of 
costs. Such data were generally not provided in 
the published articles. The time value of money is 
the principle that $1 today is worth more than 
$1 in the future because current dollars can be 
invested and, by earning interest, yield more dol-
lars in the future. Discounting is generally used 
in a cost- benefi t or a cost-effectiveness analysis 
to determine the present value of a stream of 
funds to be received in the future or costs to be 
incurred in the future [ 11 ]. 

 For studies measuring costs, it was generally 
assumed, unless otherwise stated, that all direct 
medical costs were included and all indirect 
costs were excluded. Direct medical costs are 
defi ned as expenses to a facility or health care 
system (rather than to the patient) related solely 
to the conduct of a specifi c activity. Direct costs 
represent resources expended to provide such 
services as inpatient services, outpatient ser-
vices, nursing home services, and hospice ser-
vices. Components of direct costs include the 
costs of medical personnel, supplies, and 
equipment. Indirect costs are defi ned as costs 
which cannot be identifi ed with a single activ-
ity, service, or product. Such costs are shared 
by all services based on some unit of service 
indicator (e.g., heating, light, air conditioning, 
security). 

 For studies measuring charges, it was gener-
ally assumed, unless otherwise stated, that total 
medical charges were included and all indirect 
and psychosocial costs were excluded. Total 
medical charges are defi ned for the purposes of 
this study as expenditures borne by the patient or 
third party payer for inpatient services, outpatient 
services, nursing home services, and hospice ser-
vices. Components of total medical charges 
include hospital charges, physician fees (inpa-
tient and outpatient), nursing home charges, hos-
pice charges, and prescription drug charges. 
Indirect costs refer to the costs associated with 
time lost from work and reduced productivity 
while on the job due to morbidity and mortality. 
Psychosocial costs refer to deteriorations in qual-
ity of life such as economic dependence and 
social isolation [ 11 ].   

    Results 

 Of the over 200 articles identifi ed by the Pub 
Med literature search and additional hand search-
ing of reference lists, 17 articles were identifi ed 
which analyzed rectal cancer patient manage-
ment costs or charges and were not focused solely 
on robotic surgery (Table  26.1 ). Only one article 
contained cost data for all three phases of disease 
progression [ 12 ]. Most of the remaining articles 
provided data for only the initial phase or the ini-
tial phase plus a portion of the continuing care 
phase of disease progression. The three other 
studies which did follow patients until death did 
not separately report costs by phase [ 13 – 15 ]. One 
study focused exclusively on advanced rectal 
cancer patients, though not nationwide in scope, 
did include data from fi ve countries [ 15 ]. The 17 
identifi ed articles measuring costs have been cat-
egorized and will be discussed under the follow-
ing six specifi c topic areas with the more general 
articles discussed fi rst followed by the procedure- 
specifi c articles: (1) lifetime and treatment-phase 
specifi c costs [ 12 ]; (2) advanced cancer care 
costs [ 15 ]; (3) surgery (total mesorectal excision 
(TME), anterior resection (AR), or abdomino-
perineal resection (APR)) with or without preop-
erative radiotherapy [ 13 ,  14 ,  16 ]; (4) transanal 
endoscopic microsurgery (TEM) [ 17 – 19 ]; (5) 
stomas and anastomotic leakage [ 20 ,  21 ]; and (6) 
open versus laparoscopic surgery [ 22 – 28 ].

      Lifetime and Treatment-Phase 
Specifi c Costs 

 The article by Lang et al. [ 12 ] is a particularly 
well written article that fi lls a void in the recent 
rectal cancer literature. While lifetime treatment 
costs for colorectal cancer patients were reported 
as early as 1989 by Baker et al. and more recently 
by Etzioni [ 29 ] among others, it was not until the 
early to mid-1990s [ 30 ,  31 ] that attempts were 
made to separately measure such costs for rectal 
cancer patients. Data from these pre-2000 arti-
cles, though still referenced, are severely out of 
date. It is important to separately report costs for 
patients diagnosed with rectal cancer as costs are 
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generally higher for these patients when 
 compared to patients diagnosed with colon 
 cancer as this chapter will demonstrate. 

 Using the linked Surveillance Epidemiology 
and End Results (SEER) Medicare database, 
Lang et al. [ 12 ] calculate excess lifetime health 
care costs separately for patients with colon 
(N = 41,256) and rectal cancer (N = 15,582) over-
all (and combined), by stage, age at diagnosis, 
and stage within age at diagnosis. As outlined in 
Table  26.1 , services included in these cost calcu-
lations are inpatient hospital (including prescrip-
tion drugs and chemotherapy) and skilled nursing 
facility stays, outpatient hospital services (includ-
ing chemotherapy), physician and laboratory ser-
vices, home health, and hospice care. Charges 
were used as a proxy for costs. Future costs over 
time were discounted at 3 %. Excess costs were 
defi ned as the difference in costs between rectal 
cancer patients and matched controls. Excess 
lifetime healthcare costs in 2006 U.S. dollars 
ranged from −$18,770 for patients with TNM 
stage IV disease to $49,020 for those with TNM 
stage II disease. The excess costs for stage IV 
were negative because the controls outlived those 
with rectal cancer. In comparison to patients 
diagnosed with colon cancer, patients with rectal 
cancer had higher excess costs for TNM stages I, 
II, and III, but signifi cantly lower excess costs for 
TNM stage 0 and IV. By age, excess costs were 
highest ($36,790) for patients ages 66–74 at diag-
nosis and were lowest for those 85 years of age 
and older ($12,960). In comparison to patients 
with colon cancer, patients with rectal cancer had 
similar excess costs at ages 66–74 and signifi -
cantly lower costs at both ages 75–84 and 85 and 
older. 

 Lang et al. [ 12 ] also report total costs (not 
excess costs) for patients with rectal cancer by 
phase of disease progression (initial $32,683, 
continuing care $5,254, and terminal $14,878) as 
well as by stage and age within phase. Initial care 
was defi ned as the period up to 1 year after diag-
nosis and before the last year of life. Patients 
were only included in the initial care period if 
they lived at least 13 months after diagnosis. 
Continuing care was defi ned as the period 
between the fi rst and last year of life if the patient 

lived at least 25 months. Terminal care was 
defi ned as the fi nal year of life or the period from 
diagnosis to death if the patient lived less than 13 
months. Similar cost data are provided for 
patients with colon cancer and all patients com-
bined. Differences between colon and rectal can-
cer costs appear to be highest in the continuing 
care phase overall and by both stage and age. I 
strongly urge readers of this chapter to seek out 
this article as a reference.  

    Advanced Cancer Care Costs 

 Neymark and Adriaenssen [ 15 ] measured varia-
tion in resource utilization and costs associated 
with ten hospitals across fi ve countries (Italy, 
England, France, Germany, and Belgium). Unit 
costs from Belgium for 1998 were applied to 
resource utilization for all countries in the study 
due to lack of unit cost data at a similar level of 
detail for countries other than Belgium. Costs to 
the national health care systems of the respective 
countries included those associated with hospital 
stays, outpatient visits, home health visits, physi-
cian and laboratory services, radiological exami-
nations, and chemotherapy. Twenty patients from 
each of the ten facilities with a new diagnosis of 
TNM stage III or IV colon or rectal cancer par-
ticipated in the study. Unfortunately, reported 
costs were unstable due to the small number of 
patients per facility. During a median follow-up 
of 530 days, total costs for patients diagnosed 
with TNM stages III and IV rectal cancer were 
$23,552 and $19,139 in 1998 U.S. dollars.  

    Surgery (TME, AP, APR) with or 
Without Preoperative Radiotherapy 

 Two studies evaluate the costs of surgery with 
and without preoperative radiotherapy. One is a 
cost-effectiveness study [ 14 ] and the other is a 
cost-utility study [ 13 ]. Dahlberg et al. [ 14 ] 
reported data on a sample of 98 cases from a sin-
gle Swedish health care region participating in 
the much larger Swedish Rectal Cancer Trial. 
Patients were followed from AP or APR with or 
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without 1 week of high-dose fractionated 
(5 × 5 Gy) preoperative radiotherapy for 8 years 
or until death. Costs to society, primarily the 
national health insurance system in Sweden, 
included those associated with inpatient and out-
patient services as well as care for complications 
and recurrence. Hotel and travel expenses for 
preoperative radiotherapy were also included. 
The additional cost for patients who underwent 
preoperative radiotherapy was $5,188 with a dis-
counted additional life years gained of 1.42 com-
pared to those not undergoing preoperative 
radiotherapy. The cost per life year gained was 
estimated at $3,654 (CI: $908–$7,292). No other 
study at this point in time had yet shown a signifi -
cant survival benefi t for preoperative  radiotherapy. 
Thus, the authors used sensitivity analysis to 
examine the effect of a much smaller survival 
benefi t of 10 months rather than the 21 month 
pre-discounting fi gure. Under this assumption, 
the cost per life year gained would vary from 
$1,897 to $15,238. Small sample size may 
account for the larger survival benefi t (21 months) 
identifi ed. The lack of adjustment for quality of 
life losses may also have an impact, as pointed 
out by van den Brink [ 13 ]. 

 Van den Brink [ 13 ] took a slightly different 
approach conducting a cost-utility analysis based 
on patient data, but using computer simulation 
with literature-based assumptions to predict out-
comes, such as recurrence, and associated costs. 
Specifi cally, transition state Markov modelling 
was conducted of TME with and without short- 
term (5 × 5 Gy) preoperative radiotherapy. Data 
on 1861 patients with resectable rectal cancer 
were obtained from 84 hospitals in the 
Netherlands, 23 hospitals in other European 
countries, and 1 Canadian hospital. Costs to soci-
ety included those associated with primary treat-
ment, continuing care, and treatment of 
recurrence including inpatient and outpatient 
services, nursing home care, diagnostic proce-
dures, chemotherapy, and radiotherapy. Travel 
and out-of- pocket costs were included as well as 
indirect costs associated with lost productivity, 
informal care and time. After a median follow-up 
of 38 months after random assignment to a treat-
ment group, the total costs in 2002 U.S. dollars 

for preoperative radiotherapy and TME were 
$115,000 ($66,300 in health care costs and 
$48,700 in non- health care costs) compared to 
$105,200 ($56,800 and $48,400, respectively) 
for TME alone. Clearly, the primary difference 
was in health care costs ($9,500) rather than non-
health care costs ($300). Based on the total dif-
ference in costs of $9,800 and the difference in 
lifelong QALYs of 0.39, the costs per QALY was 
$25,100 which is considered acceptable, as it is 
less than the $50,000 threshold commonly used. 
However, the cost per life year gained in this 
study was considerably higher than that identi-
fi ed by Dahlberg et al. [ 14 ]. This study [ 13 ] is 
notable as it is one of the few studies reviewed in 
this chapter that included indirect costs. These 
added costs clearly contributed to the difference 
in costs per year life gained compared to the 
Dahlberg et al. [ 14 ] study. 

 A third study assessed whether patients or 
providers were better sources of data on health 
care utilization and costs [ 16 ]. This study of 179 
patients across 49 hospitals combines data from 
the cost-utility analysis reported above with data 
collected from weekly patient cost and utilization 
diaries and health care utilization data collected 
from secretaries of surgical departments, phar-
macies, and suppliers of stoma care products for 
the 1 year period after the patient’s TME surgery. 
Costs to the Dutch National Health Authority and 
to the patient included those associated with 
inpatient and outpatient services, home health 
services, medications, and stoma care products. 
For the 12 month period after TME, divided into 
three intervals (discharge to 3 months, 3–6 
months, and 6–12 months) convergent validity 
was high between providers and patients for out-
patient visits and inpatient admissions. Though 
small sample size limits the generalizability of 
the results, a signifi cant difference was detected 
for medications (p < .001) and borderline signifi -
cance was detected for stoma care products 
(p < .01), with providers consistently reporting 
higher utilization and, therefore, costs. The 
authors recommended greater reliance on provid-
ers in future studies for medication and stoma 
care utilization reporting. The total costs in 2012 
U.S. dollars were $3,486 as reported by providers 
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and $3,084 as reported by patients. This study 
serves as a valuable resource to researchers 
designing studies where cost is of importance 
and limited funds are available for data 
gathering.  

    TEM 

 Two studies evaluated the costs of TEM versus 
AR as a method of treatment for select rectal can-
cers [ 17 ,  18 ]. The larger (N = 176) of the two 
studies [ 17 ] focused solely on costs from the date 
of the surgery to the date of hospital discharge. 
Though inpatient and intensive care unit bed day 
costs as well as costs of inpatient surgery and dis-
posable items were included, equipment costs 
were not directly factored in. Labor, diagnostic 
testing and medication costs were excluded as the 
authors assumed such costs would be equivalent 
between patients undergoing AR with or without 
ileostomy and those undergoing TEM. The com-
plication rate was 8 % for the TEM group and 
29.5 % in the AR group. It is unclear whether 
complications after discharge were included in 
these rates, as costs of complications after dis-
charge were not included. The majority of 
patients in this study had well- to moderately- 
differentiated pT1 disease or were elderly or at 
high risk with pT2 disease. No TEM procedures 
required conversion to open. Total costs to the 
national health insurance system in the UK asso-
ciated with TEM were $1,048 in 2006 U.S. dol-
lars. For AR with and without ileostomy, the 
costs were $11,688 and $7,643, respectively. The 
authors estimated that it would take 9–10 months, 
given current caseload (no number provided), to 
recoup the $73,937 TEM purchase price. The 
assumption by the authors that labor, diagnostic 
testing, and medication costs would be equivalent 
and, therefore, could be excluded from analysis 
seems an unfortunate decision given the differ-
ence in complication rates. Thus, the difference 
in costs between TEM and AR as calculated by 
the authors should be considered conservative 
and are likely higher in favor of TEM. 

 The Farmer et al. study [ 18 ] was a very small 
study primarily focused on patients with benign 

lesions and patients who had already had an open 
procedure but with positive margins, but did 
include 14 patients with malignant rectal lesions, 
12 of whom underwent TEM for cure. Patients 
were followed for a median of 33 months (range 
20–48 months). The perspective of the cost anal-
ysis was unclear, but appears to be cost to the 
national health insurance system in Australia. 
The analysis included only inpatient bed day 
costs, physician fees and the cost of disposables. 
Though equipment costs were neither provided 
nor included in the analysis, the statement is 
made that the savings per case easily covered the 
equipment cost. It is not clear at what point in 
time equipment costs were covered as the study 
reports on the fi rst 50 cases conducted at the 
facility. The cost in 2002 U.S. dollars of TEM 
compared with that for AR was $1,348 and 
$4,438, respectively. Infl ating the 2002 U.S. dol-
lar fi gures reported here to 2006 levels using the 
medical care component of the U.S. Consumer 
Price Index [ 10 ] as a proxy to permit comparison 
with Maskelar et al. [ 17 ], suggests higher total 
costs for TEM and lower costs for AR (either 
with or without ileostomy) than reported in the 
earlier study. 

 An even smaller (N = 14) study [ 19 ] evaluates 
the use of a glove port in TEM compared to tradi-
tional TEM. Only six patients had malignant rec-
tal cancer (3 pT1, 1 pT2, and 2 pT3), only four of 
whom were believed to have had malignant rectal 
cancer preoperatively. Median follow-up from 
date of hospital admission was 5.7 months (range 
2.7–9.4 months). Only the cost of the port itself 
was included. The costs of conversion to tradi-
tional TEM, which was necessary for two 
patients, were not addressed. There was no state-
ment that “intent to treat” was the method used to 
categorize patients. Thus, it is assumed that those 
who converted to traditional TEM were classifi ed 
as traditional TEM. The cost of treating the two 
patients with postoperative complications (fever 
treated with oral antibiotics and bleeding requir-
ing transfusion of 2 units) was also not factored 
in. Nevertheless, the cost to the national health 
insurance system in the UK in 2011 U.S. dollars 
for TEM with reusable trocars was $50 and for 
TEM with disposable ports was $132. The very 
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small sample size and exclusion of complication- 
related costs limits the generalizability of this 
study.  

    Stomas and Anastomotic Leakage 

 Two studies addressed the topic of anastomotic 
leakage, a complication occurring in 5–20 % of 
patients after rectal cancer surgery. A very large 
(N = 72,055) study [ 20 ] uses charge data from the 
Nationwide Inpatient Sample (NIS) for 2006–
2009 as a proxy to estimate the cost of anasto-
motic leakage after AR for rectal cancer. Charges 
included all those associated with the AR admis-
sion, which would include the treatment cost for 
complications arising from surgery. Anastomotic 
breakdown after discharge was excluded from 
analysis. Patients with infl ammatory bowel dis-
ease were excluded from the analysis as were 
emergency room admissions. Raw numbers were 
weighted to refl ect national averages. 
Approximately 94 % of patients underwent open 
procedures for which the incidence of anasto-
motic leak was higher (16.06 % versus 14.04 %). 
Overall, the leak rate was 13.68 %. Multivariate 
analysis revealed that weight loss and malnutri-
tion, fl uid and electrolyte disorders, male gender, 
and stoma placement were associated with a 
higher risk of anastomotic leak. Important vari-
ables, such as cancer stage, tumor location, his-
tory of abdominal surgery or radiotherapy, were 
not available in the NIS fi le and, therefore, not 
factored into the analysis. Smoking was also 
excluded from analysis as it was infrequently 
coded. Charges in 2009 dollars associated with 
AR without anastomotic leak were $51,413 (C.I. 
$28,430–$59,558), compared to $93,110 (C.I. 
$39,149–$109,701) when anastomotic leak was 
present. It is unclear what portion of the charges 
was borne by patients as opposed to third party 
payers. It is assumed that third party payor cov-
ered the majority of the costs. 

 The second study [ 21 ] was a very small study 
(N = 70) designed to assess the costs of stomas 
and anastomotic leak. Patients from a single 
facility were followed from the date of low ante-
rior resection (LAR) for less than 1 year (exact 

follow-up duration not reported). The location of 
the tumor among patients who had no stoma was 
primarily the proximal third (45.1 %) and middle 
third (35.3 %) of the rectum. For those patients 
with stomas, 73.7 % were for tumors located in 
the distal third of the rectum. Assessed costs per 
bed day of inpatient and ICU care included the 
costs of laboratory services, diagnostic imaging, 
endoscopy, supplies, medications, operating 
room costs, and the costs of devices used during 
surgery. The indirect costs of lost productivity 
were excluded. Total costs to the hospital pro-
vider in 2000 U.S. dollars for LAR with no stoma 
or anastomotic leak were $7,850. For LAR with 
stoma but without anastomotic leak, costs totaled 
$13,070. Costs were signifi cantly higher for LAR 
with anastomotic leak, $39,486. Though a small 
study, the intended purpose was to raise aware-
ness around the need to establish a benchmark for 
LAR with respect to stomas and anastomotic 
leak. The authors suggested that a benchmark of 
10 % or less would hold costs down to $11,215 
per patient treated.  

    Open Versus Laparoscopic Surgery 

 Five articles compared the costs of laparoscopic 
and open surgery for rectal cancer. All found lap-
aroscopic surgery to be more expensive than 
open surgery, primarily due to longer operation 
time and higher equipment costs, not factoring in 
the specialized surgical skills required. With the 
exception of Braga et al. [ 23 ], all calculated 
short-term costs, either during the surgical admis-
sion alone or within 3 months of surgery. Franks 
et al. [ 22 ] reported on the costs of a subset of 334 
patients diagnosed with rectal cancer and 348 
diagnosed with colon cancer who participated in 
the Conventional vs. Laparoscopic Surgery in 
Colorectal Cancer (CLASICC) trial. This is one 
of the few studies that provided separate data on 
the indirect costs of lost productivity. Included in 
the direct costs were inpatient and ICU bed day 
costs, operating room costs, including staff time 
and supplies, chemotherapy and radiotherapy 
costs, and complication costs including related 
readmission costs. Patients were randomized to 
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the two treatment arms and followed until 3 
months after surgery. Total costs to the national 
health insurance system in the UK in 2002 U.S. 
dollars for laparoscopic versus open surgery for 
rectal cancer were $12,669 and $11,994, respec-
tively. Direct costs alone for rectal cancer were 
$10,963 for laparoscopic surgery and $10,117 for 
open surgery. Indirect costs were $1,706 and 
$1,877, respectively. Rectal cancer costs were 
consistently higher than colon cancer costs in all 
three categories (total, direct, and indirect) for 
both procedures, Total costs for laparoscopic ver-
sus open surgery for colon cancer were $8,569 
and $8,441, respectively. 

 Two papers by Braga et al. [ 23 ,  24 ] were iden-
tifi ed in the literature search, but the 2007 version 
included all rectal cancer cases that were included 
in the 2005 version and had a longer median fol-
low- up period of 54.2 months after surgery. This 
study differs from the others on this topic in that 
only excess costs for laparoscopic surgery, in 
comparison to open surgery, were reported, rather 
than also reporting separately the costs for both 
laparoscopic and open surgery. As a result, it was 
somewhat diffi cult to compare the results of this 
study to those of others in the group. The sample 
size (N = 168) was about half that of the Franks 
et al. [ 22 ] study with respect to patients treated 
for rectal cancer. However, the study is similar to 
that of Franks et al. [ 22 ] in that patients were ran-
domized to the two treatment arms. Total costs to 
the hospital included those associated with sur-
gery (including per hour operating room costs 
and surgical instruments) and routine daily surgi-
cal care, as well as costs due to complications 
(including medical, laboratory, technical, and 
diagnostic services, surgical and therapeutic 
interventions, prolonged length of stay associ-
ated with complications, and related outpatient 
visits). The net excess costs to the hospital in 
2006 U.S. dollars for laparoscopic surgery as 
opposed to open surgery were $351. Excess costs 
for laparoscopic surgery by category were $1,748 
for operating room costs, −$648 for surgical care, 
and −$749 for complications. Negative values for 
a particular cost category indicated that laparo-
scopic surgery was less expensive then open 
surgery. 

 The analysis of Son et al. [ 27 ] takes a dif-
ferent perspective than the previous two, focus-
ing on costs to both the Korean national health 
insurance system and to the patient based on 
billed charges. The sample size (N = 255) was 
somewhat larger than Braga et al. [ 23 ] but 
smaller than Franks et al. [ 22 ] In addition, the 
study was more narrowly focused on surgery 
for cT3N0–2 mid or low rectal cancer after pre-
operative fl uoropyrimidine- based chemoradio-
therapy (50 × 4 Gy). Patients were a subsample 
from the Korean National Cancer Center, one of 
the facilities participating in the larger COREAN 
trial [ 32 ]. Patients were randomized after preop-
erative chemoradiotherapy to the two surgical 
treatment arms and followed for 3 months after 
surgery. Total charges included those associated 
with hospitalization for surgery (including inpa-
tient bed day costs) and readmission for compli-
cations (including operation, anesthesia, nursing, 
laboratory, medications, radiologic tests, and dis-
posables). Specialist fees and indirect costs were 
excluded. Total charges in 2009 U.S. dollars were 
$7,467 for laparoscopic surgery and $5,667 for 
open surgery. Patient co-payments were $1,602 
for laparoscopic and $899 for open surgery. It is 
assumed that patient co-payments were included 
in the total reported charges. Thus, costs to the 
Korean national health insurance system would 
be $5,865 and $4,767, respectively. Overall 
operation costs and, specifi cally consumables, 
were signifi cantly more costly for laparoscopic 
surgery, as was anesthesia, while medical ther-
apy and nursing were more expensive for open 
surgery. 

 The next two studies [ 25 ,  26 ] compared costs 
between laparoscopic and open surgery only for 
those patients diagnosed with rectosigmoid can-
cer (N = 403). Costs were not separately reported 
for cancers of the sigmoid colon versus rectum. 
Leung et al. [ 26 ] focused solely on costs associ-
ated with the surgery as accrued during the initial 
admission. Total costs to the hospital included 
those for hospital inpatient services and dispos-
ables as well as per hour operating room costs 
based on “market rates.” In 2003 U.S. dollars, the 
total costs of laparoscopic surgery were $9,297 
versus $7,148 for open surgery. Twenty patients 
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in the laparoscopic surgery group and 15 patients 
in the open surgery group were found to have 
local invasion intraoperatively. The total costs of 
the operation for this subgroup were $9,729 and 
$9,850, respectively. Total costs as identifi ed in 
this study are diffi cult to compare with those 
reported by the studies discussed thus far due to 
the limited defi nition of the patient population 
and time period for which costs were assessed. 

 Park et al. [ 25 ] reported on the results of one 
surgeon at one hospital in Korea who performed 
both laparoscopic and open surgery for rectal 
cancer. The intent was to examine the impact of 
the learning curve on costs for laparoscopic sur-
gery. As the surgeon was observed over time, 
once the operation time plateaued for laparo-
scopic surgery, all such surgeries performed 
thereafter were deemed post-learning curve 
phase. Over the same time interval, no change 
was observed in open surgery operation times. 
Total charges, as a proxy for costs, primarily to 
the national health insurance system for the 197 
patients in the study included costs associated 
with the operating room (equipment, labor, and 
disposable and reusable supplies) anesthesia, 
laboratory, radiology, nursing, medications, and 
admission services. Hospital profi t and specialist 
fees, for which the patient is billed, were also 
included. Chemotherapy and radiotherapy costs 
as well as indirect costs were excluded. The study 
spanned May 2003–January 2006 with the learn-
ing phase ending at July 31, 2004. During the 
learning phase, total costs in U.S. dollars were 
$8,088 for laparoscopic surgery and $6,192 for 
open surgery. In the post-learning phase, total 
costs in U.S. dollars were $7,983 and $7,045, 
respectively. The portion of these costs borne by 
the patient was $5,310 and $3,425 in the learning 
period and $4,899 and $3,781 in the post- learning 
period, respectively. It is unclear whether there 
was an increase in unit costs over time already 
factored into the total costs reported by the 
authors. It is also possible that costs for the 
 learning period truly refl ect costs for the 2003–
2004 period and those for the post-learning phase 
refl ect costs in the 2004–2006 period. Assuming 
the latter to be the case, the difference in costs 
reported by the study should be considered 

 conservative. It was assumed for purposes of the 
 current analysis, that costs were reported in at 
least 2005 U.S. dollars. It is unclear whether the 
data were collected prospectively or retrospec-
tively. This distinction is particularly important to 
interpreting the results of this study, because the 
surgeon who was observed is one of the authors 
of the study. 

 Fujii et al. [ 28 ], the fi nal study in this section 
on laparoscopic surgery, examined the use of 
clamp forceps and a Y-shaped vinyl hood for rec-
tal transection as a method of avoiding anasto-
motic leakage and potentially minimizing costs 
associated with multiple stapling. Total costs 
included those associated with the various auto-
matic stapling unit devices and the Y-hood. This 
was a small study of 135 patients; 28 underwent 
the Y-hood procedure, primarily using the 
Contour Curved Cutter device, and the remainder 
underwent the standard procedure involving mul-
tiple stapling, primarily using the EndoGIA97 
device. The rate of anastomotic leakage was 
higher (11.2 %) in the multiple-stapling group 
compared to the Y-hood group (7.1 %). Based on 
the limited components included in the cost com-
parison, total costs in 2008 U.S. dollars were 
$879 for the multiple-stapling method and $505 
for the Y-Hood group method. The generalizabil-
ity of the study is questionable given the very 
small sample size and limited scope of the cost 
analysis.   

    Conclusion 

 As demonstrated by the preceding discussion, 
the major diffi culty in understanding the cost 
literature in the rectal cancer fi eld is directly 
related to the varying inclusion and exclusion 
criteria as well as differences between health 
care systems with respect to how health care 
services are reimbursed. Another major 
 problem is the lack of information for many 
studies regarding the cost analysis methodol-
ogy. Greater detail is generally provided for 
the clinical details of these studies, but little to 
no detail is provided on whether cost or charge 
data were utilized, what year’s currency the 
results were presented in, whether discount-
ing was used and the reasoning, and the 
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 perspective of the analysis. Economists have 
often called for standardization in the details 
provided in cost studies [ 33 ,  34 ]. In reviews of 
the literature to identify whether any studies 
would meet various proposed criteria, few 
pass the test [ 35 ]. 

 Assumptions are a recurring problem in 
cost analyses in general. Researchers often 
“assume away” indirect costs or labor, for 
example, because of the assumed diffi culty in 
calculating associated costs. Often made in 
haste before consulting either the literature or 
an economist, such assumptions often negate 
the true value of the work. As is frequently 
said, “the devil is in the details.” The advan-
tage of tools such as Markov modelling, as 
used by van den Brink et al. [ 13 ], is the ability 
to test the impact of various  assumptions on 
outcomes and costs in sensitivity analysis. 

 As a result of the lack of standardization, 
cost and charge estimates vary widely. It is 
hoped that this review of the cost literature at 
least points out some of the shortcomings and 
allows the reader to examine such studies 
more carefully. Limitations of the various 
studies have been highlighted as have major 
contributions of selected studies. Future 
research on costs among patients diagnosed 
with rectal cancer should take a much broader 
approach and address costs, not only during 
the initial surgical admission, but throughout 
the survivorship continuum. Potential topics 
for study include examining the fi nancial bur-
den of rectal cancer and the potential for sig-
nifi cant medical debt and even bankruptcy 
among rectal cancer survivors, analyzing 
insurance trajectories over time and whether 
rectal cancer survivors are foregoing care due 
to cost, delving into employment patterns and 
whether rectal cancer survivors are locked 
into a particular job because of the insurance 
coverage associated with the job, and examin-
ing utilization and costs of prescription drugs 
throughout the lifespan of rectal cancer 
 survivors. Research is also need to further the 
work of Landrum et al. [ 36 ] which analyzed 
whether living in a  Dartmouth Atlas  identifi ed 
high health care spending area was associated 

with receiving recommended adjuvant chemo-
therapy and radiation therapy for stage II and 
III rectal cancer. This work could clearly be 
expanded to examine compliance with the 
current guidelines of the American Society of 
Colon and Rectal Surgeons or National 
Comprehensive Cancer Network.     
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        Introduction 

 Each year over 200,000 patients in Europe die of 
colorectal cancer [ 1 ]. It is one of the most com-
monly diagnosed cancers and its incidence is 
still increasing. About one third of all colorectal 
tumours develop in the rectum. Rectal cancer 
management signifi cantly evolved over the past 

decades. Major improvements in locoregional 
recurrence rates and survival were made by the 
introduction of total mesorectal excision (TME) 
[ 2 – 4 ]. Moreover, the possibility of accurate pre-
operative staging with MRI scanning [ 5 – 8 ], as 
well as the use of preoperative (chemo)radiation 
resulted in further improvements in rectal can-
cer management [ 9 ,  10 ]. Although preoperative 
(chemo)radiation demonstrated a reduction in 
5-year locoregional recurrence rates, no survival 
benefi t was shown [ 10 ]. Besides, there is currently 
no evidence to administer adjuvant  chemotherapy 
as standard treatment for rectal cancer patients. 
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 With the use of combined treatment modali-
ties, rectal cancer management has become 
increasingly complex. To further optimise and 
improve the quality of rectal cancer care, measur-
ing and monitoring rectal cancer treatment are of 
utmost importance.  

    What Is Quality Assurance? 

 Quality assurance can be defi ned as all those 
planned and systematic activities required realis-
ing minimal standards of high quality cancer 
care. Quality assurance programmes aim to opti-
mise quality of care by determining standards 
and assuring that these standards are met [ 11 ]. 
Quality assurance is important for adequate 
medical decision making and is not a new con-
cept in healthcare. During the Crimean war, 
Florence Nightingale (1820–1910) assessed and 
improved quality of nursing care by routinely 
measuring health outcomes with death as end-
point. About 50 years later, Ernest Amory 
Codman (1869–1940), a surgeon at Boston 
Massachusetts General Hospital, developed the 
‘End Result’ idea. He defi ned this as: ‘The com-
mon sense notion that every hospital should fol-
low every patient it treats, long enough to 
determine whether or not the treatment has been 
successful, and then to inquire, “If not, why not” 
with a view to preventing similar failures in the 
future’ [ 12 ]. Although it sounds very sensible to 
do so, Codman did not receive any support on 
his ‘End Result’ idea and fi nally, he was ostra-
cised. Quality assurance implementation has 
endeavoured many obstacles; medical profes-
sionals were concerned that their performance 
would be regarded as unsatisfactory or misinter-
preted by media as malpractice. Nowadays, the 
importance of structural quality assurance in 
cancer management is increasingly recognised. 
However, transparency about patient outcomes 
is still scarce in several disciplines involved with 
cancer care. 

 Current insights show that the combination of 
implementing surgical techniques, registering 
outcome and feedback on performance, all 
improve clinical outcome of rectal cancer surgery 

[ 13 – 16 ]. For example, in non-metastasised rectal 
cancer management, surgery is the main curative 
treatment modality. Before the introduction of 
TME surgery [ 2 ,  3 ], unacceptable high rates of 
pelvic recurrence and distant relapse resulted in 
poor survival. National rectal cancer audits were 
able to improve local recurrence rates and sur-
vival [ 13 – 15 ]. 

 However, in an evolving medical landscape 
of integrated multidisciplinary care, it can be 
quite diffi cult to assess the quality of ‘tailor-
made’ or ‘personalised’ cancer care. Next to 
this challenge, inevitably there will be an ongo-
ing debate on how to measure quality, what 
standards ensure good quality, and how this 
is infl uenced by case mix, doctors and patient 
preferences.  

    Tools for Quality Improvement 

 Quality improvement in rectal cancer care can be 
achieved by a number of methods; randomised 
trials, clinical evidence based guidelines, 
meetings and workshops, registry and audit-
ing outcome/performance, multidisciplinary 
teams (MDTs), integrated care pathways, and 
 performing patient satisfaction questionnaires 
(Table  27.1 ). This chapter will focus on most of 
these aspects.

       Cancer Registries 

 Since the mid-twentieth century, cancer  registries 
have supplied population-based, comparative 
survival statistics. The fi rst population-based 
registry in Denmark that started in 1943 was col-
lected data (1) as a basis for an individual follow-
up of patients, (2) for reliable morbidity statistics 
with a view to an accurate estimate of therapeutic 
results, and (3) for accurate evaluation of varia-
tions in incidence of malignant neoplasms. Other 
countries followed this initiative by setting up 
cancer registries. 

 In 1989, EUROCARE (EUROpean CAncer 
REgistry-based study on survival and CARE of 
cancer patients) was funded, based on collaboration 
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between the Istituto Nazionale Tumori (Milan, 
Italy), the Istituto Superiore di Sanità (Rome, Italy) 
and population-based cancer registries from 12 
European countries, with incidence and survival 
data available. EUROCARE is a cancer epidemiol-
ogy research project on survival of European can-
cer patients [ 17 ]. The aims of the EUROCARE 
project are (1) to describe cancer patient survival in 
Europe, (2) to disclose whether there are any differ-
ences between populations, and if so, how large 
they are, how they evolve and how reliable the sur-
vival estimates [ 18 ]. This project was the fi rst to 
compare cancer survival rates between popula-
tions. In the EUROCARE-4 study, colorectal can-
cer patients diagnosed between 2000 and 2002 
demonstrated a mean 5-year relative survival of 
56.2 %. However, there was large variation in sur-
vival among European countries. Especially North 
and Central Europe showed best survival rates, 
while survival rates in the Czech Republic and 
Poland were substantial lower (45.2 % and 46.0 % 
respectively) than average [ 19 ]. In the most recent 
EUROCARE-5 analysis, 5-year relative survival 
increased for rectal cancer with a similar variation 
between European regions [ 20 ]. 

 Comparing survival of patients diagnosed 
with cancer between different populations is dif-
fi cult to interpret, as more prolonged survival 
may depend on later death or earlier diagno-
sis (adding “lead time”). In order to be able to 

 compare survival rates between different regis-
tries, standardised information on disease stage 
at diagnosis, on diagnostic procedures used for 
staging, and on treatment decisions are neces-
sary. These items are usually not available from 
population-based cancer registries.  

    European Audits 

 Auditing is an effective instrument to monitor the 
quality of care and to improve outcome, and can 
be defi ned as systematic and independent check-
 up of outcome data of patients undergoing certain 
procedures followed by feedback on performance 
(Fig.  27.1 ). This way, health care professionals 
get continuous feedback, own practices will be 
compared with selected quality standards. The 
identifi ed gaps provide opportunity for continu-
ous quality improvement. To achieve this, health 
care providers need to specify clinical endpoints 
that defi ne high quality care most appropriate. 
Measuring these endpoints can be challenging in 
practice. For example, we do know that patients 
with less than ten nodes found have worse out-
comes in general, and we know that more lymph 
nodes are found if more are requested by (inter-)
national recommendations [ 21 ].  

 Since 1993, several European countries initi-
ated a surgical audit. Most audits were initiated 

   Table 27.1    Tools to improve cancer care   

 Tools to improve cancer care  Strengths  Weaknesses 

 Randomised trials  Proof of treatment effects  Selection bias, high costs, time- 
consuming, confounding factors 

 Evidence based guidelines/ 
consensus 

 Create awareness, focus on key 
treatments 

 Rapidly outdated 

 Meetings and workshops  Create awareness, focus on key 
treatments 

 Dependent on speakers/teachers for quality 
of information transfer 

 Registry and audit patient 
characteristics and treatment 
outcome 

 Refl ect performance and show 
where improvement can be made 

 Time-consuming, trouble specifying 
quality 

 MDT before and after treatment  Echo of guidelines, refl ect on 
decisions, multidisciplinary 
communication 

 Infl uence of workload/time pressure, 
dominant persons in a group, team morale 

 Integrated care pathways  Improve the speed of diagnosis 
and improve patient 
communication 

 Costs to realise the pathway, might not 
reach individual patient wishes 

 Patient satisfaction surveys  Refl ect on performance  Compliance 
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for rectal cancer, because of poor outcomes and 
variation in outcomes between hospitals and indi-
vidual surgeons. Later, most rectal cancer audits 
expanded with registry of colon cancer outcomes. 
Currently, there are eight surgical (colo)rectal 
audits in Europe (Table  27.2 ). The Norwegian 
Rectal Cancer Project started in 1993, and is the 
fi rst initiated audit. Outstanding results were 
achieved after 4 years: the share of applied TME 
surgery increased from 78 to 92 % and the local 
recurrence rate dropped from 28 to 7 % [ 13 ]. 
Moreover, auditing appeared to be cost effective. 
Currently, the audit is called the Norwegian 
Colorectal Cancer Project. The Swedish Rectal 
Cancer Registry (now: the Swedish Colorectal 
Cancer Registry), an audit for rectal cancer 
patients, also demonstrated remarkable results 
[ 22 ]. More than 97 % of the patients with inva-
sive rectal cancer were recorded. According to 
the Swedish healthcare system, pathologists and 
surgeons are obliged to report cancer diagnoses 
to the Swedish Cancer Registry. Between January 
1995 and December 2003, 13,343 patients treated 
for rectal cancer were registered. Postoperative 
mortality declined under 2.5 % and the 5-year 
local recurrence rate was 9.5 % [ 22 ].

   Furthermore, rectal cancer survival improved 
from 36.1 % in the period 1960–1964 to 57.6 % 

in the period 1995–1999 in Sweden [ 23 ]. It is 
noteworthy that survival of rectal cancer patients 
even exceeded colon cancer survival, whereas 
considerable improvements were made by imple-
mentation of adjuvant therapy for colon cancer 
patients during that period, while this did not 
have an effect on rectal cancer patients. This 
demonstrates the benefi ts of structural surgical 
training and feedback. After the excellent results 
of the Norwegian Rectal Cancer Project, several 
other countries have initiated audits on (colo)rec-
tal cancer (Table  27.2 ). 

 Although all national audits showed remark-
able results, variation in outcomes between and 
within European countries still exists. To reduce 
variation within Europe, the EURECCA project 
has been initiated. EURECCA is the acronym 
of European Registry of Cancer Care (or in short 
European Cancer Audit) and is initiated to form 
a European platform for sharing data of registries 
and audits to learn from each other, as well as 
to form a core dataset in Europe. EURECCA 
Colorectal aims to improve colorectal cancer 
care in Europe by harmonising and standardising 
cancer management. Furthermore, subgroups of 
patients, such as older patients are often excluded 
from trials. With large population-based stud-
ies, evidence can also be obtained for these 

1. Set quality standards 

3. Compare
with quality
standards 

4. Develop plan for
proposed changes 

2. Collect data

5. Implement changes 

Quality
improvement

  Fig. 27.1    Audit cycle (From Breugom et al. 
[ 11 ], by permission of Oxford University 
Press)       
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subgroups. Moreover, for certain topics, as for 
example omission of surgery in rectal cancer 
patients with a complete remission after neoad-
juvant chemoradiation, it is not possible to set up 
a trial. By developing a uniform worldwide data-
base of all these patients, we will get insight in 
the value of the ‘watch and wait’ approach after a 
complete remission.  

    Quality Indicators 

 Safety, effectiveness, patient-centeredness, time-
liness, effi ciency, and equity, are the six quality 
concepts that are nowadays implemented in 
health care organisations. To improve the quality 
of care, measurement plays an important role and 
can be done by using quality indicators. This 
way, potential problems that might need attention 
can be identifi ed. Quality indicators are defi ned 
as ‘measurable characteristics of care that refl ect 
the quality of care’ and serve as standards by 
which  structures ,  processes , or  outcomes  of care 
can be measured. Structural indicators include 
information on the hospital organisation, while 
process indicators describe medical care, and 
outcome indicators focus on outcomes as for 
example mortality and morbidity. Process indica-
tors have the advantage that data are mostly pres-
ent in existing databases and that the infl uence of 
case-mix is limited. However, outcome indicators 
are clearer in their relation with quality of care, 
but are affected by case-mix factors (for example 
gender, age, ASA classifi cation, Charlson comor-
bidity index, and previous operations) for which 
one needs to adjust. Without adjusting for case- 
mix, hospitals with the sickest patients can incor-
rectly be stated as the worst hospitals. 

 Quality indicators are preferably based on sci-
entifi c evidence, but when limited or weak 
 evidence exists, they need to be developed based 
on consensus within expert panels (for example 
by using the ‘Delphi’ method). Quality indicators 
that are based on scientifi c evidence have  content 
validity  and indicators that are based on consen-
sus have  face validity . Defi ning measurable char-
acteristics can be a challenge, just as developing 
a ‘perfect’ quality indicator. However, a good 

quality indicator must at least have been tested 
for feasibility, reliability, acceptability, validity, 
and sensitivity to detect changes. 

 More specifi c for rectal cancer, examples for 
process indicators could be:
 –    The amount of patients discussed within mul-

tidisciplinary team meetings  
 –   The amount of patients with adequate tumour 

staging by MRI of the pelvis before resection  
 –   The amount of patients of which the circum-

ferential resection margin (CRM) of the resec-
tion specimen was described in the pathology 
report [ 24 ].    
 Traditional outcome quality indicators for rec-

tal cancer care were for example survival and 
recurrences. Nowadays, endpoints as quality of 
life or functional outcome might be more impor-
tant for patients than surviving rectal cancer with 
many invalidating complaints, such as diarrhoea, 
urinary incontinence, and sexual dysfunction. 
This shows the importance of assessing and reas-
sessing every quality indicator at a regular basis 
to evaluate if it still is the most appropriate indi-
cator to represent quality.  

    Guideline Formation 

 Another essential component in order to improve 
the quality of cancer care is guideline formation. 
Guidelines are needed as a basis for health-care 
professionals in treating rectal cancer patients. 
However, since science rapidly evolves, it must 
be taken into account that guidelines are not 
always completely up-to-date. 

 Recommendations in guidelines must be 
based on highest available evidence. Randomised 
trials are needed to test hypotheses under experi-
mental conditions, while large cohort studies are 
necessary to translate the use of a certain treat-
ment on population level. If no evidence is avail-
able, agreement on recommendations can be 
based on expert opinion. An expert panel needs 
to consist of representatives of all disciplines 
involved in rectal cancer care. Moreover, espe-
cially in international guidelines, the representa-
tives within the expert panel must be equally 
distributed between the different countries. 

A.J. Breugom et al.



429

 To avoid potential bias, the methodology to 
achieve consensus by voting on statements is of 
utmost importance. One of the methods that can 
be used is the ‘Delphi’ method, followed by dis-
cussion within the consensus group and further 
voting rounds. After a consensus meeting, the 
level of evidence (I-IV) on which the fi nal state-
ment is based must be provided, as well as the 
level of recommendation (A-D), the level of 
agreement, and the percentage of disagreement. 

 In December 2012, the latest multidisciplinary 
consensus meeting for colorectal cancer, using 
the ‘Delphi’ method, was held [ 25 ]. Besides the 
actual listing of topics and their rating, experts 
who attended the consensus meeting wrote 
reviews to discuss the main points of recommen-
dations [ 21 ,  25 – 28 ].  

    Multidisciplinary Team 

 Multidisciplinary team management will enhance 
cancer care in many ways. It is the refl ection of 
adherence to guidelines and the rebuttal of non- 
adherence to guidelines. Moreover, it gives inter-
action between the disciplines with fi eld specifi c 
expertise. The increasing complexity of cancer 
management and the many specialties involved in 
the treatment encompass the danger that poten-
tially sub-optimal care could be given. In an ideal 
situation all patients would receive optimal treat-
ment from an expert specialist team, coordinated 
by one case offi cer. 

  Multidisciplinary Team 
•     Radiation oncologist  
•   Medical oncologist  
•   Gastroenterologist  
•   Surgeon  
•   Pathologist  
•   Radiologist  
•   Nurse specialist     

 Multidisciplinary care has become an inte-
gral part of cancer care in many western coun-
tries. Multidisciplinary team (MDT) meetings 
were organised to warrant that care delivery 
is consistent with the best available evidence 
from all different disciplines. The presence of 

 different specialists means a consideration of 
the full range of therapeutic modalities available 
for each patient. All new patients with cancer 
should be presented in a MDT meeting. Patient 
characteristics, staging and proposed treatment 
need to be discussed. All restaged patients 
should be discussed again, as well as all oper-
ated patients. 

  Ideal MDT Moments 
•     Preoperative  
•   Postoperative  
•   After neoadjuvant or upfront treatment: effect 

of treatment; clinical restaging  
•   After adjuvant treatment  
•   After 6 months of palliative treatment     

 There is clear evidence that MDT meetings 
result in a change in patient management. In 
Denmark, an improved postoperative mortality 
was found after implementation of colorectal 
MDT’s [ 21 ]. However, evidence on improved 
patient outcomes after MDT meetings is still lim-
ited [ 29 – 32 ]. This could be caused by poor study 
designs that have been used and the fact that the 
fi ndings are often confounded by changes over 
time, including improved treatments, and tech-
nology and service changes. 

 Although multidisciplinary care is incor-
porated as standard care in many countries, 
access to such care still varies among coun-
tries and hospitals. The signifi cance of good 
communication is evident, and is expected to 
become even more vital as cancer is resolved 
into a greater number of biomarker-determined 
disease subtypes. As an example, both the 
European CanCer Organisation (ECCO) and 
the European Society of Surgical Oncology 
(ESSO) have incorporated multidisciplinary 
cancer care in their mission. 

 It is recommended that every patient should be 
discussed in several MDT sessions. MDTs should 
adhere to the latest guidelines and consensus 
documents. The use of decision trees can be help-
ful in the treatment process (Fig.  27.2 ). Decisions 
outside guidelines and consensus papers should 
be carefully discussed within MDT meetings as 
well as with the patient and has to be described in 
the patient fi le or dossier.   
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    Care Pathways 

 Care pathways (CPs) are structured multidisci-
plinary management plans that aim to promote 
organised and effi cient care of patients with a 
specifi c clinical diagnosis based on best available 
evidence and guidelines. The most described 
pathway of the past decade is the ERAS, 
Enhanced Recovery After Surgery [ 33 ,  34 ]. Care 
pathways aim to translate national guidelines into 
local protocols and their use into daily practice. 
Besides, CPs are a tool to improve systematic 
collection of clinical data for audit. However, the 
exact value of CPs to realise an improvement for 
the patient is still not fully discovered. 

 There are several suggested advantages and 
disadvantages of care pathways. The fi rst advan-
tage is the speed up of the diagnostic process. 
Faster diagnosing allows a quick start of treat-
ment, as well as a reduced period of uncer-
tainty. Moreover, increased coherence is also 
an advantage. Improved consistency of care 
between physicians provides a better overview 
for the patient, lowers the risk of contradictory 
opinions, increases the opportunity for patient 
 empowerment, and reduces the risk of mistakes. 
The last advantage is cost reduction. Avoiding 
overlap of work (e.g. re-obtaining information 
from the patient, repetition of the same blood 
tests and re- entering personal information) 

is in favour of physicians, patients, and others 
involved in healthcare. Moreover, reducing hos-
pital stay and the amount of outpatient visits lead 
to reduction of costs. In summary, with the use 
of CPs,  professionals are likely to provide better 
care for the patient. 

 Disadvantages are that protocols might leave 
less room for personal preferences of both the 
physicians and the patient. If comorbidity is an 
issue, the pathways might not be appropriate. 
Professionals become specialists in one direc-
tion and a reduction of diversity might encour-
age routine approaches without a more personal 
approach.  

    Volume-Outcome Measures 

 Avoidable surgical deaths were suggested to be 
related to poor experience with surgical proce-
dures involved [ 35 ]. In the absence of better 
information or criteria that describe surgical 
quality, task forces aiming to increase surgical 
safety and surgical quality have incorporated the 
‘volume norm’. High risk elective procedures in 
high volume centres would reduce the risk of 
operative avoidable death [ 36 ]. 

 Inverse relationship between volumes of 
 surgical procedures per hospital with surgical 
outcome is at present available of many surgical 
cancer treatments. Hospitals are divided in high 

TREATMENT STRATEGY: cT2 N0 M0
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and low volume depending on the procedure. 
There is an effect of the surgeon and procedural 
volume on postoperative mortality and long-term 
survival. 

 Ever since the manuscript of Birkmeyer et al. 
has been published [ 35 ], a large number of stud-
ies on the effect of hospital volume on outcomes 
after gastrectomy have been published. Many 
other cancer surgery types are being centralised 
at this moment, such as pancreatic cancer sur-
gery, hepatic surgery, breast cancer surgery, and 
colon and rectal cancer surgery. 

 Meanwhile, using hospital volume as the sole 
basis for referral to improve outcome is criti-
cised. Low volume hospitals can have excellent 
outcomes, and vice versa. There have been stud-
ies performed on the surgeon’s volume, but these 
studies have found contradictory results. It has 
been suggested that centralisation in combination 
with auditing is more effective compared with 
centralisation alone. A Cochrane review by 
Archampong et al. 2012 demonstrated a volume- 
outcome relationship in colorectal cancer surgery 
[ 37 ] with a stronger relationship on surgeon level 
than on hospital level. This review shows country 
differences in outcomes. Therefore, on a national 
level, registration systems should be established 
and centralisation of services is required. All 
included studies in this review were  observational 
by design and thus overall quality of the evidence 
was low. Moreover, defi nitions of caseload and 
colorectal specialists differed between the stud-
ies. Still, this is the best available method to 
investigate volume-outcome relationships given 
ethical considerations [ 37 ].  

    Checklists 

 In aviation and other high risk industries, it is 
common practice to use checklists. Nowadays, 
checklists are endorsed in medical practice as 
well. Many countries mandate preoperative 
“time-outs” to minimise the risk of accidental 
mistakes, such as operating on the mistaken site 
or the wrong patient and “sign-outs” to realise a 
debriefi ng of the procedure and postoperative 
strategies still to be performed. Among quality 

measures for patients undergoing surgery, surgi-
cal checklists have been proven effective and 
highly suggestive to reduce complications [ 38 ]. 
Implementing surgical checklists have shown to 
reduce postoperative complications in several 
randomised trials [ 39 ,  40 ] and are therefore ren-
dered obligated routine practice in the Netherlands 
for example.  

    Patient Involvement in Decision 
Making 

 Traditional outcome measures such as cancer- 
specifi c survival, overall survival and disease- 
free survival are still of great value, but might fail 
to explain more patient-centred endpoints such as 
quality of life and functional outcomes after can-
cer treatment. Diarrhoea after formation of a low 
rectal anastomosis or a perineal hernia after 
abdomino-perineal resection can fully obscure 
the quality of life with invalidating complaints. 

 We need to focus more on involving patients 
in the discussion about their treatment. With 
‘shared decision making’ (SDM), clinicians and 
patients decide together on treatment strategies 
while using the best available evidence. This 
sounds sensible but not all physicians are/were 
trained to unravel or explicate patient’s prefer-
ences in the same session that diagnosis and 
treatment are discussed or even the operation is 
already scheduled [ 41 ]. It was assumed that phy-
sicians do not always choose according to the 
patient’s preferences but according to ‘substitute 
preferences’ [ 42 ]. In a study of 150 patients with 
prostate cancer facing radiation therapy, physi-
cians were asked to judge which patient would 
choose which dosage when given the possibility 
of choosing between two radiation dosages. 
Patients were provided with a decision aid (DA), 
clearly showing all profi ts and risks of each dos-
age scheme. Physicians proposed the preference 
that the patient would choose and patient prefer-
ences were compared. Physicians undervalued 
patient’s decision making preferences and that 
patients would choose the less harmful treatment 
[ 42 ]. Therefore, it might not just be the patient 
that needs advising but the physician that needs 
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to be updated in ‘information fl ow’ to and from 
the patient. 

 To illustrate the following situation, in rectal 
cancer management neoadjuvant chemoradiation 
can result in a complete remission, and the logi-
cal question is whether it is safe to avoid exten-
sive rectal resection for the benefi t of organ 
sparing. Evidently, the oncological safety and 
proof of this approach is not yet there to fully fol-
low the retrospective observations of single series 
[ 43 ,  44 ]. Adopting a non-operative strategy in 
patients who achieve complete tumour regression 
avoids the risks of surgical morbidity and mortal-
ity. The complete response rate is about 11–38 %. 
However, it remains unclear how a safe follow-up 
is established and how a complete response is 
specifi ed. In a UK questionnaire, 69 % of sur-
geons declared that they would never discuss 
non-operative treatment in patients with rectal 
cancer who were fi t for curative surgery, but 30 % 
was open minded to consider omitting surgery 
for those who responded in a cCR after CRT [ 45 ]. 

 A recent Cochrane meta-analysis concluded 
that using decision aids including all treatment 
options with the percentage of success and failure 
of the treatment, improve the knowledge of the 
patients about the intervention options of his/her 
disease and reduce decisional confl ict [ 46 ].     
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        Introduction 

 Low colorectal (CRA) and coloanal (CAA) 
anastomosis can be considered as high risk sur-
gical procedures with a signifi cant percentage of 
anastomotic- related complications. In the early 
postoperative period, the most feared of them is 
anastomotic dehiscence, which occurs in 
10–15 % of patients despite fecal diversion with 
a loop ileostomy or colostomy [ 1 ]. Breakdown 
of the suture line can manifest itself in many 
ways, from no symptom thus detected inciden-
tally on a routine computed tomography scan or 
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situations, redo surgery with the aim to perform a new CRA or CAA may 
represent the last surgical option to avoid a permanent stoma. However, 
these procedures are challenging and technical with potentially high intra-
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water- soluble contrast enema, to abdominal 
catastrophe with generalized peritonitis requir-
ing urgent reintervention, dismantling of the 
anastomosis, low Hartmann’s procedure and end 
colostomy [ 2 ]. 

 CRA and CAA are also associated with late 
anastomotic complications including chronic 
anastomotic stricture observed in up to 30 % of 
patients [ 3 ], chronic leakage with pelvic abscess 
(1–5 %) [ 4 ,  5 ] and recto-vaginal or recto-urethral 
fi stulae. These complications lead to abdominal 
pain, recurrent abscesses, fecal incontinence, dis-
abling constipation and negatively impact on the 
patient’s quality of life. Late complications are 
all the more serious that they are very diffi cult to 
treat and result in nearly 20 % of patients to a 
permanent stoma (non-reversal of diverting 
stoma or secondary stoma formation that will be 
left in place) [ 6 – 8 ]. 

 When surgeons have to deal with a patient 
with a chronic CRA or CAA related complica-
tion, management needs to be progressive and 
the fi rst step should be as conservative as possi-
ble including: transanal dilatation, various 
endoscopic maneuvers (hydrostatic balloon dil-
atation, microwave coagulation, electrocauteri-
zation, argon plasma coagulation), use of a 
circular stapler and repair by sphincteroplasty 
[ 9 ,  10 ] in case of chronic anastomotic stricture; 
fi brin glue injection, mucosal advancement fl ap, 
use of a transrectal endo-vacuum and sinus 
unroofi ng with marsupialization [ 11 – 13 ] for 
patients with anastomotic leakage and chronic 
related pelvic sepsis; and transanal approach 
with fl ap formation (rectal or vaginal), Martius’ 
bulbocavernosus-fat fl ap, gracilis interposition 
[ 14 ,  15 ] in case of low recto-vaginal or recto-
urethral fi stula. 

 At the end, after failure of one or several of 
these treatments, redo surgery with the aim of 
create a new CRA or CAA may represent the 
solution of last resort. However, these proce-
dures are highly challenging with many techni-
cal diffi culties. The aim of the chapter is to give 
abdominal surgeons a general overview of the 
means to overcome these intraoperative prob-
lems and to review the literature on this particu-
lar subject.  

    Technical Issues When Considering 
Redo Surgery for Failed CRA or CAA 

 After an extended left colectomy, the remaining 
colon can be unable to reach the rectal stump 
without undue tension. Before considering com-
pletion of colectomy, one should ensure that the 
whole of the left colon including the splenic fl ex-
ure has been fully mobilized, with division of the 
root of the left transverse mesocolon, section of 
the inferior mesenteric vein at the inferior border 
of the pancreas, division of the left colic pedicle 
and division of the coloepiploic attachments. 
Despite these usual surgical manoeuvres, if the 
residual transverse colon is of inadequate length 
to reach the rectum or anus in a tension-free fash-
ion with colonic lowering posterior to the mesen-
tery, three additional procedures have been 
described to allow restoration of large bowel con-
tinuity. The objective of these procedures is to 
avoid unnecessary total colectomy with ileorectal 
anastomosis which has been reported to be asso-
ciated with poor functional results [ 16 ]. 

    Procedure 1: The Retroileal 
Transmesenteric Colorectal 
Anastomosis 

 The fi rst technique to take down a well- 
vascularized colon into the pelvis is the transmes-
enteric lowering of the colon (Fig.  28.1 ). 
Typically, it requires a complete division of the 
root of the transverse mesocolon along the pan-
creas up to the hepatic fl exure with division, if 
present, of the main trunk of the middle colic 
artery. The remnant colon is also free from its 
omental attachments and then brought through an 
avascular window of the mesentery, usually in 
the terminal part of the ileum, on the right of the 
superior mesenteric artery. This operative tech-
nique requires keeping a certain length of trans-
verse colon to perform the pelvic anastomosis. 
Thus, the right colic artery needs to be preserved 
for adequate blood supply.  

 This procedure was fi rst described in 1961 by 
André Toupet [ 17 ,  18 ]. At the beginning, the aim 
of this transmesenteric passage was to perform a 
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tension-free anastomosis between the transverse 
colon and the sigmoid colon following a left seg-
mental colectomy, with passing the colon on the 
left of the superior mesenteric artery. The trans-
mesenteric route of the transverse colon was then 
taken up in 1976, with an opening of the meso 
created in the right mesocolon, between the right 
colic artery and the ileocolic artery [ 19 ]. 

 In the literature, studies reporting this retro- 
ileal tunnel are few. In 1978, Turnbull gave the 
results of 11 patients [ 20 ]. There were six patients 
with complicated, extensive diverticulitis, four 
patients with colon cancer located to the splenic 
fl exure and one patient with radiation stricture of 
the descending colon. They all had a resection of 
the left colon and the distal part of the transverse 
colon. Postoperative mortality was nil. Early 
postoperative morbidity was 18 %, with one 
postoperative ileus  managed  nonoperatively and 

one wound infection. Functional outcome was 
considered good by the authors but not detailed. 
Hogan and Joyce described a case report of 
redo surgery using this retro-ileal anastomosis 
for chronic anastomotic leakage after previous 
segmental left colectomy [ 21 ]. Recently, Sileri 
and colleagues reported their experience of 10 
patients, with two of them operated on by lapa-
roscopy [ 22 ]. Indications were the following: 
two left colon cancers, two left colon cancers 
with associated diverticular disease, two itera-
tive resections for metachronous left colorec-
tal cancer, two synchronous colon cancers and 
two patients with extensive diverticular disease. 
Functional outcome assessment revealed that 
only two patients routinely used loperamide- 
based medication. There was no complication 
related to the surgical procedure, especially the 
occurrence of small bowel obstruction. Indeed, 
this point is of importance, as this technique 
is associated with a theoretical risk of internal 
hernia through the mesenteric window, and the 
lowered transverse colon needs to be fi xed all 
around the ileal mesenteric defect with inter-
rupted sutures. Conversely, a too narrow perito-
neal opening could lead to colonic obstruction or 
create an obstacle to venous return.  

    Procedure 2: The Deloyers Procedure 

 Another technique is Deloyers procedure. It com-
prises an isoperistaltic anastomosis between the 
transverse or right colon and the rectum or anus, 
after full mobilization and reversal of the resid-
ual colon around the axis formed by the ileoco-
lic pedicle (Fig.  28.2 ). This technique requires 
also a section of the mesenteric root up to the 
duodenojejunal fl exure. Once the origin of the 
right colic artery and the middle colic artery are 
identifi ed, both pedicles are transected and the 
devascularized colon is resected. The remaining 
colon (usually including the cecum, the ascending 
colon up to the hepatic fl exure) is then returned 
in a counterclockwise direction. This craniocau-
dal trigonometric rotation maintains the cecum in 
the right iliac fossa, with its anterior surface fac-
ing the retroperitoneum, or places it in the right 

  Fig. 28.1    Colorectal anastomosis with transmesenteric 
passage of the transverse colon and closure of the perito-
neal defect       
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 hypochondrium, depending on the length of the 
remaining colon and the level of the anastomosis.  

 This procedure was fi rst presented by Lucien 
Deloyers in November 1963 at the meeting of the 
Surgical Society of Lyon [ 23 ]. This Belgian sur-
geon (1901–1982) detailed this transposition of a 
colonic segment on a series of 11 patients, aged 
17–44 years and operated on between 1956 and 
1962. The indications were four ulcerative coli-
tis, three megacolons, three dolichocolons with 
chronic constipation and one colonic polyposis 
sparing the right colon. An associated proctec-
tomy was necessary in four of them. There was 
no postoperative death and according to the 
author, the postoperative course was uneventful 
with no need for reintervention. During follow-
 up, the number of stools per day ranged from one 
to three. 

 In the initial description of the technique, the 
cecum was placed under the liver, in place of the 

hepatic fl exure, with ascending colon occupying 
the right paracolic gutter and fi xed to the parietal 
peritoneum with interrupted sutures. At control 
barium enema, the cecum came back most of the 
time in the right iliac fossa, without this change 
of position has modifi ed functional outcome. 

 Since this fi rst publication and during 50 
years, only four studies, involving a total of 32 
patients, have been published on this procedure 
[ 24 – 27 ]. All these reports were focused on spe-
cifi c indications such as Hirschsprung’s disease 
and severe chronic constipation. Prevot reported 
a series of 7 patients with one postoperative death 
and good functional outcome in 83 % of cases 
[ 24 ]. The study of Costalat and colleagues 
included 18 consecutive patients with colonic 
inertia [ 25 ]. In their series of fi ve Duhamel proce-
dures for Hirschsprung's disease operated on by 
laparoscopy, Bonnard and colleagues used this 
surgical maneuver for an infant of 5 months 
whose disease reached the left half of the trans-
verse colon [ 26 ]. Tang and colleagues analyzed 
the postoperative course of 12 children with a 
diagnosis of intestinal neuronal dysplasia who 
underwent extended laparoscopic colectomy 
with Deloyers procedure and transanal endorec-
tal pull-trough procedure, with two anastomotic 
leakage (17 %) [ 27 ]. Finally, a small retrospec-
tive study including three patients gave results of 
this right colonic transposition technique, with 
two synchronous colorectal tumors and one uni-
focal stricturing Crohn’s disease affecting the 
entire left colon and distal transverse colon [ 28 ]. 

 We reported a series of 48 consecutive patients 
operated on over a period of 12 years [ 29 ]. The 
Deloyers procedure was used as a salvage tech-
nique for low CRA or CAA. The main indica-
tions were Hartmann reversal, failed previous 
colorectal anastomosis with anastomotic leakage 
and chronic pelvic sepsis or chronic stenosis, 
extensive diverticular disease, left colon cancer, 
ischemic colitis requiring extended left hemico-
lectomy and iterative colectomy for colon can-
cer. In total, 32 patients (66 %) had a previous 
left colectomy or rectal resection. There was 
one postoperative death from nonsurgical cause. 
Thirty-seven patients (77 %) had uneventful 
postoperative course and no anastomotic leakage 

  Fig. 28.2    Isoperistaltic colorectal anastomosis after 
Deloyers procedure with reversal of the colon. The small 
intestine is repositioned and should not come under the 
right mesocolon with incarceration       
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occurred. Only one patient required a new divert-
ing stoma because of poor functional results at 
the end of follow-up. For those whose functional 
outcome could be evaluated, the median number 
of bowel movements per 24 h was 3 (range, 1–7) 
and 82 % had fewer than 4 bowel movements. 

 All patients were operated on by laparotomy. 
Although laparoscopic approach is theoretically 
feasible, it should be noted that this surgery is 
demanding, as evidence by the median operative 
time of 415 min in our series. This technique of 
reconstruction is rarely indicated (3.7 % of all 
CRA and CAA performed in our institution). 
However, it always allowed to take down a 
colonic segment with good blood supply and of 
suffi cient length to perform a tension-free anasto-
mosis in the pelvis or even at the level of the anal 
margin for 10 patients (21 %). By analogy, in the 
study of Rombeau and colleagues [ 20 ], the trans-
mesenteric lowering of the colon was necessary 
in 11 of 302 patients operated on for resection of 
the descending colon at the Cleveland Clinic 
from 1966 to 1976, which represents 4 % of all 
CRA in 10 years. Based on these fi gures, it can be 
estimated that digestive surgeons need additional 
tricks to further lengthen the colon in about 5 % 
of cases. 

 Before division of the right colic vessels, we 
recommend to perform a clamping test with a 
vascular clamp for a few minutes to determine 
adequacy of blood supply with the ileocolic 
artery and the marginal artery of Drummond. In 
our series, an additional colonic resection was 
necessary for seven patients (15 %) due to the 
occurrence of ischemia in the terminal part of the 
remaining colon. Similarly, because appendicec-
tomy would be technically diffi cult after this pro-
cedure, we systematically remove the appendix 
at the time of surgery. 

 In 2013, Dumont and colleagues reported a ret-
rospective study of 39 patients operated on for an 
extended left colectomy with restoration of bowel 
continuity after either right colonic transposition 
or complete intestinal  derotation with creation 
of a complete mesenterium [ 30 ]. However, the 
right colonic transposition described in this study 
was not a typical Deloyers procedure, as the rem-
nant colon was rotated  anteriorly at 180° in the 

 sagittal plane, placing the mesocolon of the low-
ered colon in front of the terminal ileal loop. This 
could cause small bowel obstruction by com-
pression or, in the event of a postoperative ileus, 
could place the CRA or CAA under tension [ 31 ]. 
The main surgical indication for an extended left 
colectomy was intraperitoneal disease (82 % 
of patients). There was no postoperative death. 
Postoperative morbidity was 28 %, including 
three anastomotic leakages requiring reinterven-
tion (7.7 %), with no difference between the two 
groups. 

 One of the criticisms to this procedure is the 
risk of vascular kinking of the ileocolic pedicle 
due to the 180° rotation of the colon. However, 
we systematically divide the entire mesenteric 
root, so that the torsion of the pedicle is distrib-
uted over a large length. In the study by Dumont 
and colleagues, this maneuver was not performed 
and one patient required a total colectomy with 
an ileorectal anastomosis due to intraoperative 
ischemia [ 31 ].  

    Procedure 3: Subtotal Colectomy 
with Cecorectal End-to-End 
Anastomosis 

 When the right colon cannot be preserved, the 
last alternative is subtotal colectomy with anti-
peristaltic end-to-end cecorectal anastomosis. It 
allows preservation of the terminal part of the 
ileum, the ileocecal valve and the cecum, with no 
visceral rotation or vascular torsion. The entire 
remaining colon should be completely mobilized. 
Colonic resection leaves in place only the cecum 
and the proximal part of the ascending colon vas-
cularized by the terminal branch of the superior 
mesenteric artery with the ileocolic artery. After 
systematic appendectomy, the cecum is brought 
into the pelvis and a cecoproctostomy is then 
fashioned by anastomosing the base of the cecum 
to the rectum [ 32 ]. In case of mechanical anasto-
mosis, the colonic section line can be used as the 
entrance for the circular stapler, after introducing 
the anvil in the rectal stump [ 33 ]. 

 Studies that reported results of this technique 
are few and focused mainly on the surgical 
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treatment of chronic constipation with colonic 
inertia resistant to medical treatment (after fail-
ure of dietary measures and long-term laxative 
treatment) and confi rmed objectively with a 
colonic transit time study [ 34 – 39 ]. There should 
not be any sign of terminal constipation on defe-
cography and manometry, and no cause of 
colorectal obstruction on colonoscopy. Four of 
these studies were retrospective non-comparative 
monocentric studies of small effective, with a 
total of 74 patients [ 32 ,  34 – 36 ]. The short-term 
results were judged to be good in all the studies, 
with no postoperative morbidity or mortality. 
Three publications came from the same surgical 
team, with probable duplicate results from the 
same cohort [ 32 ,  34 ,  35 ]. A comparative retro-
spective study of 37 patients evaluated subtotal 
colectomy with restoration of intestinal continu-
ity using this technique or by ileorectal anasto-
mosis [ 37 ]. Overall rate of postoperative 
morbidity was similar between both procedures 
(11.8 % after cecorectal anastomosis vs. 10 % 
after ileorectal anastomosis). However, after a 
median follow-up of 4 years, functional results 
were signifi cantly improved for patients with 
cecorectal anastomosis in terms of mean number 
of bowel movements per day (2.4 ± 0.9 vs. 
3.4 ± 0.8; p = 0.0014), anal incontinence evalu-
ated with the Wexner score (4.3 ± 1.8 vs. 5.8 ± 1.9; 
p = 0.0223) and quality of life evaluated with the 
gastrointestinal quality of life index (GIQLI) 
(119.8 ± 7.5 vs. 111.1 ± 12.0; p = 0.0455). Finally, 
a retrospective study of 79 patients compared 
subtotal colectomy with cecorectal anastomosis 
or ileosigmoid anastomosis [ 38 ]. At 12 months 
postoperatively, the number of bowel movements 
per week was in favor cecorectal anastomosis 
(10.2 ± 5.4 vs. 15.5 ± 3.8; p < 0.05). However 
26.8 % of patients after cecorectal anastomosis 
had persistent constipation and routinely used 
laxatives, versus 6.7 % after ileosigmoid anasto-
mosis (p < 0.05). Similarly, the use of enemas was 
signifi cantly higher after  cecorectal anastomosis 
(11.8 % vs. 2.2 %; p < 0.05). Overall, the percent-
age of patient satisfaction was signifi cantly 
higher after subtotal colectomy with ileosigmoid 
anastomosis (93.3 % vs. 73.5 %; p < 0.05).  

    Descent of the Colon Through 
the Pelvis: The Soave Procedure 

 Pelvic dissection during salvage surgery for 
anastomotic complication, and particularly in 
septic ones, can be of great diffi culty and 
hazardous due to infl ammatory phenomenon 
and fi brous tissues. It can be particularly dan-
gerous for all neighboring structures (pelvic 
nerves, presacral veins, ureters, vagina). One 
possible solution to allow the colon to reach 
the anal canal in a scarred pelvis is Soave pro-
cedure. This transrectal coloanal sleeve anasto-
mosis has been originally described by Soave 
in 1964 for the treatment of Hirschprung’s dis-
ease [ 40 ]. As reported by Parks, this procedure 
can be used in case of rectovaginal fi stula [ 41 ], 
and also in case of rectourinary fi stula [ 42 ] or 
when the pelvis seems completely “frozen” 
and a perirectal plan of cleavage is not 
visualized [ 43 ]. 

 The pelvic dissection is performed down to 
the fi stula or stenosis located at mid or low rec-
tum. After transection of the rectum and submu-
cosal infi ltration with saline-adrenaline solution, 
the mucosa is excised from the residual rectal 
stump along the plane of the submucosa and the 
dissection is continued downwards as far as pos-
sible. The patient placed is then placed in the 
lithotomy and Trendelenburg position to com-
plete the mucosectomy from the dentate line  via  
a perineal approach. After excision of the 
mucous coat, the colon is then delivered through 
this rectal muscle tube and a handsewn straight 
CAA is performed (Fig.  28.3 ). In case of fi stula, 
the site of the fi stula is thus covered by healthy 
tissues with the colon lowered to the perineum. 
To facilitate the delivery in case of narrow and 
fi brotic pelvis, a laparoscopic wound retractor 
can be placed through the pelvic hole. It allows 
the colon to slide more easily without excess 
traction and helps prevent injury of the mesoco-
lon [ 44 ]. The residual rectal muscular sleeve 
must allow the passage of at least three fi ngers. 
If this is not the case, the denuded rectum is 
transected vertically on the posterior wall to 
increase its diameter.    
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    Literature Review of Studies 
Dealing with Redo Surgery 
for Failed Colorectal or Coloanal 
Anastomosis 

 To date, only three surgical teams have reported 
their experience of redo surgery for failed CRA 
or CAA, with four retrospective studies and a 
total of 176 patients (Table  28.1 ) [ 3 ,  45 – 47 ]. The 
fi rst study of Saint-Antoine hospital specially 
focused on intractable anastomotic stricture [ 3 ]. 
This anastomotic-related complication was also 
the main indication for redo surgery in the other 
studies [ 45 ,  47 ].

   Although demanding with prolonged opera-
tive time, redo CRA or CAA was technically 
 feasible in almost all cases. However, it should 
be emphasized that these procedures were per-
formed by highly experienced surgeons in 
colorectal surgery, as refl ected by the large 

 number of patients referred to these centers after 
the initial surgery. Redo surgery must be per-
formed by means of a midline laparotomy with 
the patients placed in the Lloyd-Davis position 
to facilitate exposure and access to the pelvis and 
perineum. In the series of Lefevre and colleagues, 
six patients (18 %) were operated on by laparos-
copy, with a conversion rate of 50 %. The main 
intraoperative complication was bladder injury, 
especially in case of low Hartmann’s procedure, 
when the bladder falls back against the sacrum 
and strongly adheres to it. Intraoperatively, the 
percentage of failure with inability to dissect the 
pelvis and to perform a redo anastomosis was 
6 % in the study by Lefevre and colleagues and 
4.5 % in the study by Pitel and colleagues [ 46 ]. 
It was nil in our experience [ 47 ]. Additionally, 
by including long-term postoperative morbidity, 
the rate of success of redo surgery with a func-
tionnal anastomosis and no stoma reached more 
than 70 %. Lefevre and colleagues performed an 
univariate analysis to identify risk factors that 
may predict failure of redo surgery: male gen-
der (p = 0.0351), CAA during the fi rst procedure 
(p = 0.0031) and creation of a hand-sewn CAA 
during redo surgery (p = 0.0385) are the three 
identifi ed factors. This emphasizes the diffi cul-
ties of performing a deep dissection in a narrow 
and fi brotic pelvis. 

 The number of patients requiring an associ-
ated procedure to obtain a tension-free anastomo-
sis with a shorter route for the colon to reach the 
pelvis was high including 31 Deloyers proce-
dures and 21 Toupet procedures (30 % of all 
patients). This underlines that surgeons who take 
care of patients with such anastomotic complica-
tions should not ignore these surgical maneuvers. 
Similarly, the use of the Soave procedure was 
judged preferable and safer in 53 patients (30 %) 
for the dissection of the rectal stump to spare 
neighbouring structures. 

 Redo surgery needs to be considered after a 
signifi cant lapse of time and in selected patients, 
after ensuring that less invasive techniques have 
failed. In case of previous surgery for rectal can-
cer, care must be taken to exclude local pelvic 
recurrence, especially as it has been reported that 

  Fig. 28.3    Soave or Parks procedure. A Babcock clamp is 
introduced through the anal canal to grasp the colon and to 
gently pull it down in this muscular tunnel. In case of rec-
tovaginal or rectourethral fi stula, the lowered colon can be 
rotated so the mesocolon is placed in front of the defect       
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   Table 28.1    Literature review of published series on redo surgery for failed colorectal or coloanal anastomosis   

 Schlegel and 
colleagues [ 3 ] 

 Lefevre and 
colleagues [ 45 ] 

 Pitel and 
colleagues [ 46 ] 

 Genser and 
colleagues [ 47 ] 

  Study period   1992–1996  1999–2008  2000–2010  1998–2011 
  Total number of patients   27  33  66  50 
  Initial disease ,  n  (%) 
 Colorectal cancer  13 (48)  19 (58)  52 (79)  29 (58) 
 Diverticular disease  7 (26)  11 (33)  3 (5)  19 (38) 
 Infl ammatory bowel disease  0  2 (6)  0  0 
 Others  7 (26)  1 (3)  11 (17)  2 (4) 
  Indications for Redo Surgery ,  n  (%) 
 Chronic pelvic sepsis  0  5 (15)  21 (32)  14 (28) 
 Anastomotic stricture intractable by endoscopy  27  17 (52)  10 (15)  20 (40) 
 Hartmann’s reversal  0  6 (18)  13 (20)  8 (16) 
 Rectovaginal fi stula  0  0  22 (33)  3 (6) 
 Anastomotic cancer recurrence  0  5 (15)  0  5 (10) 
  Procedures before Redo Surgery ,  n  (%) 
 New anastomosis attempted before RS  NM  6 (18)  6 (9)  2 (5) 
 At least more than one laparotomy after the fi rst 
surgery 

 NM  18 (54)  59 (90)  25 (50) 

  Redo surgery  (%) 
 Number of patients with a stoma at the time of RS  15 (59)  13 (39.4)  NM  21 (42) 
 Age at RS (years)  51 a   56.8 a   59.8 b   61.9 a  
 Delay initial surgery – RS (months)  15.1 b   41 a   9.9 a /8.4 b,c   14 b  
 Operative time (min)  NM  279 a   NM  422 a /435 b  
 Immediate failure of RS, n  0  2(6)  3 (4.5)  0 
 New CRA, n  7 (26)  19 (58)  0  26 (52) 
 New CAA, n  20 (74)  12 (36)  66 (100)  24 (48) 
 Associated techniques to perform anastomosis : 
 Deloyers procedure  0  4  5  22 
 Delayed CAA  0  2  2  2 
 Soave procedure  19  2  27  5 
 Transmesenteric passage of the colon  0  1  20  0 
 Defunctioning stoma  24 (89)  29 (93)  66 (100)  37 (74) 
  Immediate postoperative outcome  (%) 
 Mortality  0  0  0  0 
 Morbidity:  5 (18.5)  18 (55)  21 (32)  13 (26) 
 Anastomotic leakage or isolated pelvic abscess  1  10 (30)  5 (8)  0 
 Ileus  0  4 (12)  0  2 (4) 
 Length of hospital stay (days)  NM  16.5 a   14.1 a /13 b   15 a /13 b  
 Rehospitalization, n  NM  5 (15)  6 (9)  1 (2) 
 Reintervention, n  NM  7 (21)  10 (15)  1 (2) 
  Long - term outcome  (%) 
 Follow-up (months)  28.7 a   28.7 a   47.9 a /35.7 b   60 a /36 b  
 Morbidity: 
 Stenosis  0  1(3)  0  2 (4) 
 Chronic fi stula  0  1(3)  3 (5)  0 
 Functional anastomosis at end of follow-up, n  27 (100)  23 (70)  52 (80)  44 (88) 
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anastomotic leakage after rectal cancer surgery 
signifi cantly increases the risk of local relapse 
[ 48 ]. In the series reported by Pitel and col-
leagues in which the mean delay was less than 10 
months, two patients subsequently developed 
local recurrence. Thus, it seems that an interval 
of nearly 1 year between the initial procedure and 
redo surgery should be respected, after control of 
local sepsis, correction of any malnutrition and 
careful imaging evaluation. This waiting period 
also allows the reduction of intra-abdominal 
adhesions from previous surgeries. 

 Pelvic anatomy in the reoperative surgery set-
ting can be substantially modifi ed. Apart from 
certain structures that can serve as landmarks to 
reach the perineum (i.e. aortic bifurcation and 
common iliac arteries, sacrum, vagina and pros-
tate), others may be widely displaced. This is par-
ticularly the case of the ureters, which are 
sagittalized compared with their normal path. In 
the series by Pitel and colleagues [ 46 ], nearly 
30 % of the patients had preoperative ureteric 
stenting to help identifying their abdominal and 
pelvic course during dissection, to prevent injury 
and to facilitate repair in case of injury. 
Abdominal surgeons should not hesitate to call 
on other specialist surgeons like urologists to 
optimize the course of surgery. 

 Although for functional reasons the use of a 
colonic J-pouch is the standard for low CRA or 
CAA, 28 patients (56 %) in our experience [ 47 ] 
and 52 patients (79 %) in the series of Pitel and 
colleagues [ 46 ] had restoration of bowel continu-
ity with a straight end-to-end anastomosis. The 
choice of a direct CAA can be explained by the 
narrow passage for the lowered colon that does 

not ensure enough space for the pouch, the length 
of the remaining colon and the fear of staple-line 
disruption, especially in case of urinary or vaginal 
fi stula with apposition of suture lines. In these 
situations, an interposition omental fl ap should be 
associated, pediculized on the left or right gastro-
epiploic artery. Moreover, among all patients with 
a straight end-to-end anastomosis, four of them 
had a delayed CAA, also known as the Turnbull–
Cutait abdominoperineal pull-through procedure 
[ 49 ,  50 ]. In this situation, a direct CAA is usually 
fashioned on the fi fth postoperative day. The 
major benefi t of this procedure is that it theori-
cally avoids the need for a prophylactic covering 
stoma because of the adhesions occurring in the 
interval between the colon and the anal canal. 
However, in case of redo CRA or CAA, nearly all 
patients already have a diverting stoma at the time 
of surgery. A delayed CAA can be used in selected 
patients with chronic pelvic infl ammation or sep-
sis due to ongoing sepsis [ 49 ].  

    Conclusion 

 For patients with anastomotic failure after 
colorectal resection, permanent stoma is not a 
fatality. Except in cases of rectal cancer recur-
rence, management of patients must be gradual. 
Redo CRA or CAA is a demanding procedure 
with potentially high intraoperative and postop-
erative morbidity. It must be performed by sur-
gical teams with high expertise in colorectal 
surgery as it often requires particular proce-
dures to ensure suffi cient length of vascularized 
bowel to be pooled down into the pelvis. 

 As redo CRA or CAA is fi rst and foremost 
a functional procedure to avoid a permanent 

Table 28.1 (continued)

 Schlegel and 
colleagues [ 3 ] 

 Lefevre and 
colleagues [ 45 ] 

 Pitel and 
colleagues [ 46 ] 

 Genser and 
colleagues [ 47 ] 

 Functionnal results: 
 Constipation rate  8 (30)  2 (9)  NM  2 (5) 
 Incontinence rate  3 (11)  4 (17)  NM  7 (16) 
 Number of bowel movements per day  NM  3.2 a   NM  2.9 a /2 b  

   NM  not mentioned,  RS  redo surgery,  CRA  colorectal anastomosis,  CAA  coloanal anastomosis 
  a Mean 
  b Median 
  c Time between diagnosis of the anastomotic pathology and redo surgery  
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stoma, the patient’s wishes and desire should 
be the main elements to take into account for 
the fi nal decision.     
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        Introduction 

 Complications are inherent to rectal cancer 
 surgery. Anatomic challenges of the pelvis, pre-
operative radiation therapy, and advanced disease 
contribute to the increased incidence of postop-
erative complications. Prolonged hospitalization 
and/or readmission are commonly required and 
adversely contribute to the overall cost of surgi-
cal care [ 1 ]. In addition, health-related quality of 

life has been shown to be signifi cantly impacted 
by major complications and prolonged hospital-
ization [ 2 ]. Postoperative complications can lead 
to a delay in adjuvant chemotherapy administra-
tion and have been associated with decreased 
disease-free and overall survival [ 3 ].  

    Small Bowel Obstruction 

 Small bowel obstruction (SBO) is one of the 
most common postoperative complications after 
proctectomy with an incidence ranging from 2 to 
12 % [ 4 – 8 ]. Symptoms include nausea, vomiting, 
abdominal pain, and distention. Postoperative 
adhesions, abdominal wall hernias, and defects in 
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the pelvic fl oor serve as the largest contributors to 
SBO [ 4 ,  9 ,  10 ]. While SBO occurs in about 10 % 
of patients who undergo curative resection for 
rectal cancer, abdominoperineal resection is 
associated with a higher incidence of SBO com-
pared to sphincter-preserving surgery [ 9 ,  11 ]. 
A protective loop ileostomy has also been 
 associated with an increased risk of SBO as a 
result of twisting of the loop, adhesive kinking, 
and edema at the level of the fascia [ 11 ,  12 ]. 

 Typically, SBO can be differentiated from 
ileus with radiologic studies (e.g. CT scan or 
small bowel follow through) by demonstrating 
proximal distended small bowel with distal 
decompressed bowel. The vast majority of early 
SBO can be treated expectantly with nasogastric 
tube decompression, bowel rest and fl uid resusci-
tation without subsequent risk of bowel ischemia 
[ 10 ]. Operative indications in the early postoper-
ative period include evidence of laparoscopic 
port site herniation, internal hernia, radiologic 
evidence of compromised bowel, and prolonged 
obstruction. Although late SBO is most fre-
quently caused by adhesions, recurrent pelvic 
disease should be ruled out.  

    Ureteral Injury 

 Iatrogenic ureteral injuries are reported in 
0.2–7 % of rectal cancer resections [ 13 ]. 

 The proximity of the ureters to the plane of 
dissection can pose a technical challenge, espe-
cially in the narrow male pelvis and in a previ-
ously irradiated fi eld. Bulky and locally invasive 
tumors can distort the normal path of the ureter 
and the surrounding anatomy. 

 Injuries to the ureter typically occur in three 
specifi c locations: at the takeoff of the inferior 
mesenteric artery, at the pelvic brim, and at the 
level of the lateral rectal attachments. 

 Distal third ureteral injuries occur most com-
monly (91 %), followed by the middle third 
(7 %), and the proximal third (2 %) [ 14 ]. 

 Confl icting data exist regarding the protective 
effect of prophylactic ureteral stent placement. 
While they can provide tactile identifi cation of 
the ureters and assist in recognition of ureteral 

injuries, ureteral stents do not prevent iatrogenic 
injury. Ureteral trauma resulting in transient 
hematuria and anuria due to luminal edema has 
been reported with stent placement [ 15 ,  16 ]. 

 Lighted stents have been used successfully 
without signifi cant morbidity in laparoscopic 
colorectal resections [ 15 ]. Prophylactic ureteral 
stent placement should be considered in the 
patient with extensive disease, an irradiated pel-
vis, and a previously operated pelvis. 

 Early recognition of a ureteral injury is critical 
to salvaging urinary and renal function and mini-
mizing morbidity. The diagnosis of iatrogenic 
ureteral injury can be made with the injection of 
methylene blue intravenously or retrograde 
through ureteral stents. An on-table intravenous 
pyelogram may also be performed.  

    Bladder Injury 

 Bladder dysfunction is a well-recognized compli-
cation of pelvic surgery. Reports range from 2 to 
50 % of rectal cancer resections [ 17 ]. 
Postoperative urinary retention (PUR) is defi ned 
as the inability to effectively void with a full 
bladder. 

 Changchien and colleagues looked at the inci-
dence of PUR in 2,355 colorectal cancer resec-
tions and found PUR to be 1.7 % for colon cancer 
and 9.1 % in patients with rectal cancer 
(p < 0.0001) [ 18 ]. Several studies have suggested 
a correlation between tumor height from the anal 
verge and the risk of injury to the bladder’s inner-
vation, with the highest risk of PUR occurring 
after abdominoperineal resection [ 19 ]. Transient 
or permanent injury to the superior hypogastric 
plexus at the sacral promontory level or of the 
nervi erigentes at the pelvic side wall level can 
occur during the pelvic dissection [ 19 ,  20 ]. Many 
authors have reported male sex as a risk factor for 
postoperative urinary retention after rectal resec-
tion, while others have found no difference 
between the sexes. 

 Iatrogenic injury of the bladder has been 
reported in approximately 4.5 % of colorectal 
procedures [ 14 ]. Urinary catheter decompression 
is recommended at the outset of all operations as 
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traumatic lacerations and punctures have been 
reported with routine intraabdominal entry and 
laparoscopic trocar placement. Risk factors for 
traumatic bladder injury include prior radiation, 
previous pelvic procedures, and chronic pelvic 
infl ammation and infection. 

 Early recognition and repair of injuries are 
paramount to proper restitution of bladder func-
tion and avoidance of such complications as 
colovesical, enterovesical, and vesicocutaneous 
fi stula. 

 Unrecognized bladder injuries typically pres-
ent in the early postoperative period. Symptoms 
and fi ndings may include incisional drainage, oli-
guria, increased surgical drain volume, and vagi-
nal drainage. Proximal diversion with 
percutaneous nephrostomy tubes may be needed 
if the bladder defect is large or fails to heal with 
bladder decompression.  

    Urethral Injury 

 Urethral injuries are relatively rare during rectal 
resection. The most common urethral injury 
occurs during traumatic bladder catheter place-
ment. Direct urethral injury can also occur during 
the distal rectal dissection or perineal portion of 
an abdominoperineal resection, especially in the 
setting of prior irradiation. All recognized ure-
thral injuries should be repaired at the time of 
surgery. Absorbable suture such as 5–0 chromic 
or Vicryl should be used. A catheter should be 
left in place for at least 2 weeks before perform-
ing a retrograde urethrogram. 

 Signifi cant urethral injuries (greater than 25 % 
circumference) may require a more complex 
repair (i.e. dartos interposition muscle fl ap or 
gracilis fl ap) by a urologist to ensure adequate 
coverage and blood supply. Rectourethral and 
urethroperineal fi stulae have been reported after 
inadequately repaired or unrecognized urethral 
injuries. Symptoms may include pneumaturia, 
fecaluria, pelvic sepsis, or urine draining through 
the rectum or from the perineal wound. A cysto-
urethrogram can be done to demonstrate a fi stula. 
Most small (<2 cm) fi stulae in a non-radiated pel-
vis will heal with fecal diversion. If a persistent 

fi stula is noted after 3–6 months, operative man-
agement is warranted. Transanal, transsphinc-
teric (York-Mason), transabdominal, and 
transperineal approaches have been described. 
Vanni et al. reported on 74 patients (35 non- 
radiated, 39 irradiated) who underwent an ante-
rior perineal repair with muscle interposition fl ap 
[ 21 ]. After a mean follow up of 20 months, 100 % 
closure was demonstrated with the non-radiated 
group and 84 % closure with the irradiated group. 
Fecal diversion was only performed in the irradi-
ated group (31 %). The highest rates of healing 
and bowel restitution after the transperineal 
approach including gracilis fl ap interposition.  

    Urinary and Sexual Dysfunction 

 Historically, urinary and sexual dysfunction were 
commonly accepted complications of rectal can-
cer surgery. Reports of up to 35 and 60 % of 
patients experienced postoperative bladder and 
sexual dysfunction, respectively, prior to the 
introduction of the total mesorectal excision 
(TME) technique in 1982 [ 22 ]. TME dramati-
cally decreased the frequency of urogenital dys-
function by advocating circumferential 
mobilization and dissection of the rectum along 
the parietal pelvic fascia, with careful identifi ca-
tion and avoidance of the pelvic autonomic nerve 
pathways [ 23 ]. While infl uenced by patient age, 
preoperative function, stage of disease, and prior 
radiation therapy, postoperative urogenital dys-
function is precipitated by intraoperative nerve 
injury. Health-related quality of life is adversely 
affected by pelvic nerve injury with patients 
experiencing decreased physical and social func-
tion, sexual activity, and body image [ 24 ]. 

 Normal bladder and sexual function are coor-
dinated by the sympathetic input from the supe-
rior hypogastric plexus and hypogastric nerves 
and parasympathetic input from the pelvic 
splanchnic nerves and nervi erigentes. The supe-
rior hypogastric plexus and the origin of the 
hypogastric nerves reside just inferior to the ori-
gin of the inferior mesenteric artery (IMA) and 
are vulnerable to injury during a high ligation of 
the IMA. The hypogastric nerves can also be 
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injured during the dissection of the upper rectum 
from the sacral promontory. Damage to these 
fi bers may result in decreased bladder compli-
ance and bladder neck incompetence. Ejaculatory 
diffi culties, such as retrograde ejaculation, and 
impaired vaginal lubrication may be experienced 
by men and women, respectively. 

 The proximal pelvic splanchnic nerves are at 
risk for injury during the lateral dissection of the 
rectum. The more distal nervi erigentes are par-
ticularly vulnerable during the anterior dissection 
if Denonvillier’s fascia is separated from either 
the prostate and seminal vesicles or the posterior 

aspect of the vagina. The nervi erigentes travel in 
an anterolateral fashion, residing just anterior to 
Denonvillier’s fascia at the lateral border of the 
seminal vesicles in a man and the cardinal liga-
ments in a woman (Fig.  29.1 ). Injury to the para-
sympathetic nerves may manifest as erectile 
dysfunction in men while women may experi-
ence the inability to achieve arousal and/or 
orgasm. Hypocontractility or acontractility of the 
bladder may be experienced by both sexes, result-
ing in postoperative urinary retention (PUR). 
Opinions are divided regarding whether 
Denonvilliers’ fascia lies anterior or posterior to 
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the anatomic fascia propria plane [ 23 ,  25 ]. 
Lindsey et al. argue that a radical “extra-anatomic 
anterior dissection in the extramesorectal dissec-
tion plane” is warranted to address anterior 
tumors, despite the potential risks for nerve injury 
[ 23 ,  25 ].   

    Bleeding 

 Hemorrhage can occur suddenly when the presa-
cral fascia is breached and pelvic veins are 
injured. Manual pressure or suture ligation can 
curtail most presacral venous bleeding. 
Hemoclips, packing, electrocautery, and topical 
agents such as absorbable gelatin sponges 
(Gelfoam), microfi brillar collagen (Avitene), 
and oxidized regenerated cellulose (Surgicel) 
can be used for hemostatic purposes for mild 
presacral bleeding. Conversely, injury to the 
basivertebral veins can cause massive, life-
threatening bleeding if not recognized early and 
appropriately managed. Hemorrhage from these 
veins cannot be controlled with suture ligature, 
cautery, or topical hemostatic agents. The basi-
vertebral veins are bridging veins between the 
internal vertebral venous system which lies deep 
to the sacrum and the anterior external venous 
plexus which resides on the anterior surface of 
the sacrum between S3 and S5. These veins are 
most commonly injured when blunt dissection is 
used for the posterior dissection. If the site of 
bleeding can be identifi ed, pressure from a single 
fi nger should be able to adequately temporize 
the bleeding while resources are mobilized. 
A titanium thumbtack advanced through the 
bleeding point into the sacrum can be effective in 
controlling massive bleeding. Other authors have 
advocated “welding” a strip of skeletal muscle 
into the sacral venous orifi ce using high current 
electrocautery. Any attempts at defi nitively stop-
ping this type of bleeding should be done when 
the patient is adequately stabilized and appropri-
ate blood products are available for resuscita-
tion. When bleeding is uncontrollable, the pelvis 
should be packed for 24–48 h with subsequent 
return to the operating room to complete the 
procedure.  

    Surgical Site Infection 

 Estimated to occur in up to 30 % of resections. 
surgical site infection (SSI) is the greatest con-
tributor to surgical morbidity after rectal cancer 
surgery. Risk factors for SSI include immunosup-
pression, malnutrition, diabetes mellitus, prior 
irradiation, fecal contamination during surgery, 
extensive surgery, length of hospitalization prior 
to surgery, age >60, and ASA class >2 [ 1 ,  26 –
 29 ]. SSI is divided into superfi cial incisional, 
deep incisional, and organ/space infections. 

 Superfi cial incisional infection is  characterized 
by localized swelling, erythema, warmth and 
purulent drainage and is initially treated by open-
ing the wound, followed by routine dressing 
changes. Antibiotics should be initiated if celluli-
tis persists despite wound decompression. Deep 
incisional infection involves the rectus muscle 
and/or the fascia and may result in fascial dehis-
cence. Treatment includes IV antibiotics, wound 
exploration with debridement of infected tissues, 
and repair of fascial dehiscence. 

 Necrotizing fasciitis (NF) is a rare, but poten-
tially fatal deep incisional infection caused by 
toxin-producing, virulent bacteria such as group A 
hemolytic Streptococcus and Staphylococcus 
aureus [ 30 ]. Characterized by rapid and extensive 
soft tissue and fascial necrosis, unrecognized NF 
can swiftly lead to widespread organ failure and 
death. After the initial innoculation, an opportu-
nistic polymicrobial infection of aerobic Gram 
negative and anaerobic organisms ensues in this 
hypoxic environment. Early diagnosis accompa-
nied by aggressive multi-disciplinary intervention 
is essential. Presenting symptoms of NF include a 
disproportionate amount of pain and tenderness 
around a wound with minimal skin changes, 
quickly followed by fever, erythema, crepitus, skin 
mottling, blistering and sloughing. Resuscitation 
including broad-spectrum antibiotics (e.g. 
Penicillin G, Clindamycin, and Gentamicin), fol-
lowed by aggressive operative debridement of all 
necrotic and infected tissues is mandatory for pre-
venting death from septic shock. 

 Typically presenting within the fi rst postoper-
ative week, most organ/space infections are pre-
cipitated by intraoperative fecal contamination, 
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unrecognized enterotomies, or anastomotic leaks. 
Clinical symptoms such as fever, leukocytosis, 
abdominal and/or pelvic pain should prompt the 
ordering of a CT scan of the abdomen and pelvis 
to investigate for intraabdominal or intrapelvic 
abscess. Rectal contrast can help identify a poten-
tial fi stulous connection from the anastomosis to 
a nearby collection. First-line treatment should 
consist of broad spectrum antibiotics and percu-
taneous drainage of abscesses greater than 2 cm. 
Reimaging, including administration of contrast 
through the drain, should be performed after sev-
eral days of bulb suction drainage to check for 
persistence of fl uid. Recalcitrant pelvic sepsis 
may warranted operative management, including 
proximal fecal diversion. 

 Perineal wound infection, a form of deep inci-
sional infection, occurs in up to 50 % of abdomi-
noperineal resections. The circumferential 
excision of the distal rectum and anal canal 
through the pelvic fl oor results in a poorly per-
fused dead space that is susceptible to bacterial 
overgrowth. When a wide resection through the 
pelvic fl oor is performed (either due to a bulky or 
locally invasive tumor or to surgeon preference 
for an extralevator perineal resection (ELAPE)), 
there may be very little levator muscle available to 
close the perineal defect. Ischiorectal fat is left for 
reapproximation, creating a closure with a notori-
ously poor blood supply. A closed space infection 
may ensue that can present with perineal pain, 
foul-smelling drainage, and wound dehiscence. 
The incision should be opened and locally 
explored for fl uid collections. Broad- spectrum 
antibiotics with gram negative and anaerobic cov-
erage should be instituted. Wound care consisting 
of either gauze packing or negative pressure ther-
apy (VAC) can help expedite healing by second-
ary intention. Interestingly, wound dehiscence, 
after APR, regardless of infection, has been asso-
ciated with decreased survival [ 31 ].  

    Clostridium Diffi cile 

  Clostridium diffi cile -associated colitis is caused 
by toxins secreted by the eponymous Gram posi-
tive anaerobe and is associated with symptoms 

ranging from mild, watery diarrhea to fulminant 
colitis. Reports of  C. diffi cile  colitis after colorec-
tal resection range from 1.3 to 21 % with a greater 
predilection in the patient with immune system 
dysfunction, fecal stasis, long-term antibiotic 
use, and chemotherapy administration [ 32 – 34 ]. 
First-line treatment includes stopping antibiotics 
and initiating either metronidazole or vancomy-
cin. Surgical intervention may be necessary if the 
patient does not respond to treatment or clinical 
course worsens. The mortality rate for patients 
who progress to fulminant colitis or toxic mega-
colon is 35–80 % [ 32 ].  

    Thromboembolism 

 Venous thromboembolism (VTE) frequently 
occurs in the setting of malignancy and repre-
sents a spectrum of diseases including deep vein 
thrombosis (DVT) and pulmonary embolus (PE). 
Specifi c to rectal cancer treatment, risk factors 
for VTE include tumor factor activation, intra-
vascular infl ammation resulting from chemother-
apy and radiation therapy, extensive abdominal 
and pelvic surgery, and prolonged immobiliza-
tion. Prophylactic anticoagulation should be ini-
tiated prior to surgery and continued for at least 
7–10 days. High-risk patients should extend the 
prophylaxis for a total of 4 weeks. Weight-based 
low-weight molecular heparin (LWMH) is rec-
ommended for extended prophylaxis. 

 Deep vein thrombosis is typically heralded by 
unilateral extremity swelling, warmth, and ery-
thema. A palpable cord may be appreciated. 
Although lower extremity DVTs occur more fre-
quently, upper extremity DVTs may also be seen, 
especially in the setting of an indwelling central 
venous catheter. Duplex venous ultrasonography 
is the recommended diagnostic modality. Initial 
treatment includes subcutaneous LMWH, IV 
unfractionated heparin (UFH), monitored subcu-
taneous UFH, or subcutaneous fondaparinux. 
Acute DVT should be treated for at least 5 days 
and until the INR is ≥2.0 for 24 h. A vitamin K 
antagonist (VKA) (e.g. warfarin) should be initi-
ated with LMWH, UFH, or fondaparinux on the 
fi rst treatment day. VKA should be adjusted to 
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maintain a target INR of 2.5 for 3–6 months. An 
inferior vena cava (IVC) fi lter can be placed in 
patients who are high-risk for bleeding, but anti-
coagulation should subsequently be initiated if 
the bleeding risk resolves. 

 Pulmonary embolus is a dreaded complication 
that occurs when a DVT propagates through the 
venous system into the pulmonary vessels. 
Symptoms may include dyspnea, tachnypnea and 
pleuritic chest pain. Acute cardiopulmonary col-
lapse may ensue. Treatment includes hemodynamic 
stabilizatiion, systemic thrombolytic therapy, and 
subsequent anticoagulation for 3–6 months. Routine 
IVC fi lter placement is not recommended. 

 Indefi nite anticoagulation is advised for both 
DVT and PE in patients with a thrombotic diathe-
sis and with metastatic malignancy.  

    Anastomotic Issues 

 Anastomotic complications can be devastating 
after restorative rectal cancer surgery. Bleeding, 
leak, and stricture are the most commonly 
encountered complications after low anterior 
resection.  

    Anastomotic Bleeding 

 Minor bleeding or oozing from the anastomotic 
staple line is common and can be easily managed 
with manual pressure, interrupted suture ligation 
of a discrete portion of the anastomosis, or cir-
cumferential suture reinforcement of the entire 
staple line. Cautery can be used sparingly for 
hemostasis, but caution should be exercised to 
prevent a thermal burn that could then lead to a 
delayed anastomotic disruption. 

 Postoperative bleeding typically presents as 
the passage of bloody stools or clots after restitu-
tion of bowel function. Conservative manage-
ment, including assessment of vital signs, serial 
hemoglobins, and fl uid resuscitation, should be 
initially employed. Transfusion of packed red 
cells may be needed if the blood loss is substan-
tial. Coagulopathies should be corrected with 
blood products, factors, and/or vitamin K. 

 Persistent bleeding and massive hematoche-
zia, despite conservative efforts, are rare, but 
warrant more aggressive management. After 
proper resuscitation, proctoscopy should be 
 performed. Care must be taken not to disrupt the 
fresh anastomosis while adequately investigat-
ing the nature of the bleed and suctioning out 
intraluminal contents. Proctoscopy with lavage 
and evacuation of the clot may suffi ce to curtail 
the persistent oozing. A 1:100,000 saline solu-
tion with epinephrine can be instilled into the 
rectum and left for 5–10 min prior to reevalu-
ation. Oversewing of the low colorectal anas-
tomosis can also be performed. For the more 
proximal anastomosis, fl exible endoscopic eval-
uation may be warranted in which hemoclips can 
be deployed and epinephrine can be injected into 
the bleeding site.  

    Anastomotic Leak 

 Anastomotic leak (AL) is one of the most 
dreaded complications of rectal cancer surgery. 
Subdivided into clinically recognized (clinical 
leak) and unrecognized (subclinical leak) anasto-
motic disruptions, AL can present either early in 
the postoperative period or in a delayed fashion 
(>30 days after surgery). The incidence of clini-
cal leak ranges from 2 to 36 % with an associ-
ated mortality rate between 6 and 22 % [ 27 , 
 35 – 37 ] AL is associated with decreased health-
related quality of life (HRQL), especially when 
poor functional results, anastomotic stricture, 
or diverting ostomy are involved [ 35 ,  37 ] Signs 
and symptoms of AL include fever, sepsis, and 
peritonitis in a patient with radiologic evidence 
of free extravasation of intraluminal contrast, a 
contained perianastomotic fl uid collection, or a 
presacral fl uid collection. Succus draining to the 
skin, vagina, or urethra may also be a harbinger 
of an AL complicated by fi stula. 

 Patient factors, such as male sex, poor nutri-
tional status, compromised immune system, his-
tory of prior pelvic radiation, and comorbidities 
such as morbid obesity and diabetes mellitus, 
have been associated with an increased risk for 
AL [ 35 ,  37 ,  38 ]. 
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 There appears to be inverse relationship 
between AL and the location of the tumor, as dis-
tal lesions notoriously present greater surgical 
diffi culty. Vignali et al. reported a 7.7 % AL rate 
with low anastomoses (<7 cm from the anal 
verge), while only a 1 % AL rate with high anas-
tomoses (>7 cm from the anal verge) [ 39 ]. 
Resection of distal tumors may also lead to the 
truncation of oncologically safe distal margins 
when sphincter preservation is attempted. Cong 
and colleagues found in a multivariate analysis 
that AL was 6.18 times greater in patients with 
distal margins <1 cm compared to those with dis-
tal margins ≥1 cm (p = 0.009) [ 40 ]. 

 Interestingly, AL rates surged after the intro-
duction of the TME technique. These early studies 
reported clinical leak rates ranging from 16 to 
23 % [ 27 ,  41 – 43 ]. It had been suggested that TME 
endangered the blood supply of the rectal stump, 
however increased experience with TME, includ-
ing laparoscopic TME, has resulted in comparable 
AL rates to non-TME procedures [ 38 ,  44 – 51 ]. 

 While AL is not prevented by fecal diversion, 
the severity of the clinical presentation of AL has 
been lessened by the presence of a proximal loop 
ileostomy [ 11 ,  52 ]. 

 While a CT scan of the abdomen and pelvis 
may demonstrate free intraabdominal air and 
fl uid, a gastrografi n enema can be more useful 
in delineating the location and magnitude of a 
suspected AL. Luckily, the large majority of con-
tained AL will heal with conservative manage-
ment including systemic antibiotics and bowel 
rest. Ultrasound or CT-guided drain placement 
is recommended for walled-off fl uid collections 
≥2 cm. 

 Clearly, surgical intervention is warranted for 
the patient with free extravasation of contrast on 
CT scan, as well as, the unstable patient with 
clinical symptoms of intraabdominal sepsis. 
Fluid resuscitation and broad-spectrum antibiotic 
administration should be initiated early, followed 
by surgical exploration with liberal irrigation of 
any purulent and/or feculent ascites. Anastomotic 
integrity determines whether a primary repair can 
be attempted with or without proximal diversion. 
A takedown of the colorectal anastomosis with 
diverting end colostomy and closure of the rectal 

stump is recommended with a signifi cant dehis-
cence, in the setting of substantial pelvic contam-
ination, or in the unstable, septic patient. Pelvic 
drainage can be considered after primary repair 
of an anastomotic defect or when the rectal stump 
cannot be adequately closed. 

 Several technical principles should be adhered 
to in order to minimize AL. First, adequate blood 
supply to the two anastomotic stumps should be 
verifi ed. Second, suturing or stapling of the anasto-
mosis should be meticulously performed. This 
should be followed by a “leak test” in the operating 
room which involves insuffl ating the rectum with 
occlusion of the proximal bowel lumen, while sub-
merging the anastomosis under saline or water. In 
addition, the integrity of the anastomotic rings 
should be carefully inspected. Lastly, a tension-free 
anastomosis should be created, which may warrant 
the release of the splenic fl exure. High ligation of 
the inferior mesenteric artery and vein can provide 
additional laxity of the proximal bowel.  

    Anastomotic Stricture 

 Stricture is typically the long-term result of anas-
tomotic ischemia, dehiscence, or leak. Disruption 
of more than 25 % of the luminal circumfer-
ence will often result in excessive fi brosis of the 
anastomotic line. Stenosis can also be seen in 
the diverted patient as the anastomosis does not 
experience auto-dilatation from the passage of 
stool. Symptoms of stricture depend on the loca-
tion of the anastomosis, the degree of stricture, 
and the consistency of stool. Patients may experi-
ence diarrhea, constipation, urgency, soiling, and 
tenesmus. As tumor recurrence can be heralded 
by such pronounced changes in bowel habits, 
endoscopic evaluation is important to differen-
tiate between benign and malignant stricture. 
Benign strictures can be initially treated with 
stool softeners and enemas. Digital dilatation can 
be performed for low anastomoses while higher 
anastomoses (>7 cm) may require dilatation with 
Hegar’s dilators or balloon dilatation with a fl ex-
ible endoscope. Refractory strictures may require 
either transanal incision of fi brotic scar or revi-
sional surgery.  
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    Incisional and Parastomal Hernia 

 The incidence of incisional and parastomal hernia 
after colorectal surgery is estimated to be up to 30 
and 60 %, respectively [ 53 – 55 ]. Surgical site 
infection and morbid obesity are the two largest 
contributors to hernia formation [ 29 ,  54 ,  55 ]. 
Murray found patients who developed a SSI were 
more than 1.9 times as likely to develop an inci-
sional hernia compared to those who did not have 
a SSI [ 29 ]. Schreinemacher [ 54 ] and DeRaet [ 56 ] 
reported signifi cantly higher rates of incisional 
and parastomal hernias in patients with BMIs ≥30 
and with waist circumferences in excess of 100 cm 
(Fig.  29.2 ). Other risk factors include low albumin 
levels, diabetes mellitus, chronic immunosuppres-
sion, male gender, anemia, and old age [ 55 ,  56 ]. 
Persistent coughing, abdominal distention, retch-
ing/vomiting, and development of excessive 
intraabdominal ascites in the postoperative period 
can contribute to tension on the fascial closure and 
should be minimized, if possible.  

 While multiple sources have reported 
decreased incisional hernia rates with laparo-
scopic resection for colorectal cancer compared 
to open surgery [ 57 ], increased hernia rates have 
been reported with laparoscopy at the specimen 
extraction site (especially with midline extrac-
tion) [ 58 – 61 ]. The data remain inconclusive 
regarding the potential protective effect of lapa-
roscopy in regards to hernia formation [ 57 ,  62 ].  

    Perineal Hernia 

 Perineal hernia is a rare complication that can 
result after infection or poor healing of the peri-
neal wound. Small bowel can bulge inferiorly, 
leading to skin breakdown and even eviscera-
tion. Symptoms range from pressure, pain, or 
fullness in the perineum to obstructive symp-
toms. Intraoperative attempts to prevent this 
complication include pelvic drain placement, 
closure of the pelvic parietal peritoneum, myo-
cutaneous fl ap construction (gracilis, rectus 
abdominus, inferior gluteal), posterior rota-
tion of the uterus, and placement of biologic 
mesh to bridge the pelvic hollow. Repair may 
also include fl ap construction or biologic mesh 
placement, necessitating both an anterior and 
posterior approach.  

    Ostomy Issues 

 Ostomy creation is fraught with potential compli-
cations including ischemia, stenosis, retraction, 
prolapse, parastomal hernia, peristomal skin ero-
sion, and pouching diffi culties. 

 Ischemia arises when the arterial blood sup-
ply is compromised by aggressive ligation of the 
adjacent mesentery, inappropriate division of 
vascular arcades, or by excessive tension on the 
mesentery. Superfi cial ischemia results in con-
gestion and sloughing of the mucosa, but rarely 
requires surgical intervention. Full-thickness 
necrosis above the fascia may lead to stenosis 
and retraction of the stoma below the skin. 
Dilatation or local revisional surgery should be 
performed if evacuation diffi culties arise. 
Recalcitrant stenosis or deep stomal retraction 
may necessitate a laparotomy to adequately 
mobilize the preceding bowel and revise the 
stoma. Urgent reoperation is warranted for 
necrosis that extends below the fascia, in order to 
stanch perforation. 

 Retraction may also occur with inadequate 
mobilization of the bowel limbs, resulting in 
excessive tension on the stoma (Fig.  29.3 ). 
Revision may be needed if pouching diffi culties 
or peristomal skin breakdown ensues.    Fig. 29.2    Parastomal hernia (colostomy)       
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 Prolapse occurs when redundant proximal 
bowel invaginates through the distal portion of the 
stoma (Fig.  29.4 ). Rates ranging from 2 to 42 % 
have been reported, with the greatest incidence 
occurring in loop ostomies [ 63 ,  64 ]. Conservative 
measures such as manual reduction should be ini-
tially exercised to prevent incarceration, obstruc-
tion, and possible strangulation. Treatment may 
include local revision, conversion from a loop to 
an end ostomy, or stoma reversal, if possible.   

    Bowel Dysfunction 

 Bowel dysfunction is frequently encountered after 
sphincter-preserving surgery. Anterior resection 
syndrome (ARS), a constellation of symptoms 
including fecal urgency, incontinence, clustering, 

increased bowel movements, and emptying diffi -
culties, has been reported in up to 60–90 % of 
patients who undergo low and ultralow anterior 
resection [ 65 – 67 ]. Loss of reservoir function, 
decreased rectal compliance as a result of neoadju-
vant radiation, and injury to the anal sphincter 
complex and/or pelvic nerves contribute to 
ARS. Patients should be carefully counseled prior 
to surgery about the likelihood of experiencing 
one or more of these symptoms, as quality of life 
has been shown to be signifi cantly impacted by 
ARS. Treatment initially includes modifi cation of 
bowel movements with either bulking agents or 
antidiarrheal medications. Patients with signifi cant 
fecal retention or emptying diffi culties may benefi t 
from enemas. Anastomotic stricture should be 
considered in patients with refractory obstipation. 
In addition to medications, biofeedback can be an 
adjunct to improving fecal frequency, urgency, 
constipation, and incontinence [ 67 ].  

    Conclusion 

 Intraoperative, early postoperative, and late 
postoperative complications are well-recog-
nized in rectal cancer surgery. The anatomic 
challenges of the pelvis coupled with advanced 
tumors and neoadjuvant therapy pose an ele-
vated risk of iatrogenic injury. Diffi cult pelvic 
dissection is associated with pelvic nerve injury 
which may manifest as urinary, sexual, and/or 
defecatory dysfunction. Sequelae of anasto-
motic complications might warrant further sur-
gical intervention such as revisional surgery or 
diversion. Prophylactic therapies such as pre-
operative antibiotics and anticoagulation are 
encouraged to minimize such complications as 
surgical site infection and thromboembolism. 
A frank discussion with the rectal cancer patient 
regarding surgical risks and potential complica-
tions is highly advised.     
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