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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
refined 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 filled 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 identification of risk factors which
determine the cancer-specific 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 influencing 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 field. 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
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viii Foreword

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.



The premise of the second edition of Modern Management of Cancer of the
Rectum is a revision and update of a gradually changing field, 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 reflects 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
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Jorge L. Reguero and Walter E. Longo

J.L. Reguero, MD

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 briefly outlines and reviews the
historical evolution of the treatment of adenocarcinoma of the rectum.
The earliest procedures were mostly palliative with the first 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 significantly reduc-
ing local recurrence rates. Over recent years, combined multimodality
therapy and the development of laparoscopic surgery have brought major
advancements to the field. In the twenty-first 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
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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 difficult 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 briefly 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 specific chap-
ters contained within this textbook and from the
original articles quoted.

Origins of Rectal Cancer Treatment

John of Arderne is credited with first 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 first proposed resection
of the rectum in the eighteenth century [2].

J.L. Reguero and W.E. Longo

Treating rectal cancers by some form of
extirpative procedure had not been considered
until then. In 1739, Jean Faget of France made
history by first 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 first 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
first successful excision of a rectal tumor in 1826
[1]. Within 7 years, he performed nine additional
perineal or posterior resections, of which five
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
significant development of new techniques in the
following decades. In 1873, Aristide Verneuil
modified 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 first 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 modification 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 first
abdominal resection of a rectal tumor with intra-
peritoneal closure of the distal rectum [11]. The
first 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] first
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



better and new understanding of the perirectal
lymphatic spread.

In 1908, Miles described a modification 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 five 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 significant 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 finding val-
idated Miles pathologic premises [12, 15].

Several modifications 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
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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 modification 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-
nificant improvement in 5-year survival figures,
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 first to perform a
synchronous combined radical abdominoperineal
resection in the lithotomy-Trendelenburg posi-
tion with two teams working simultaneously
[1, 2]. The speed and efficiency 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 first 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 modified 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 specific 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 finally 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 flexed, 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.



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 confirmed 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
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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 modification 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 first 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 finding 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 field, 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 fit into a narrow pelvis. Pouch surgery
has continued to evolve to present times with
standardization of technical aspects and refine-
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 undefined 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 identified 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 field of lym-
phatic spread is contained within the mesorectum
[31]. He confirmed 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 identification 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



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 first 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 first Chief of the Rectal
Service at Memorial Sloan-Kettering Cancer
Center, introduced multimodality RT in the
1920s. Originally intended for non-surgical can-
didates, significant 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
confirmed that preoperative RT should be the
standard in rectal cancer, based on several large
trials. In 2001, the Dutch Colorectal Cancer
Group showed significantly 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
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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 first
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 first 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 first reported in 1991

[38]. At present, its benefit 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 1I, is con-
ducted in Europe [40]. Current evidence suggests
that laparoscopic rectal cancer resection benefits
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 significant. 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 significant 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, first 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-first 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,
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refinement 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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Abstract

Rectal cancer is common and is associated with a significant economic
burden. The incidence of rectal cancer has geographical variation based on
access to care and risk factors. Causal factors such as the patient’s age,
personal history of inflammatory bowel disease, cancer or polyps and fam-
ily history of cancer are not modifiable. However, the Western style of
diet, limited physical activity and the use of alcohol and tobacco have been
causally associated with the development of colorectal cancer and can be
altered. Fortunately, the vast majority of cases and deaths from colorectal
cancer can be prevented by applying existing knowledge about cancer pre-
vention. Appropriate dietary changes, regular physical activity and main-
tenance of healthy weight, together with targeted screening programs and
early therapeutic intervention could, in time, substantially reduce the mor-
bidity and mortality associated with colorectal cancer.
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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
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on rectal cancer is often combined with colon
cancer making accurate numbers difficult 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
significant 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].
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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-
nificantly [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 influenced 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
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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-modifiable 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 6079 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
2049 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
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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 Inflammatory
Bowel Disease

Inflammatory 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 first-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 first-degree relative
younger than age 60; or a history of colorectal
cancer or adenomatous polyps in two or more
first-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 MLHI 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]. MLHI 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”
defined broadly to include a wide range of often
ill-defined 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
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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 influences 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 flora 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 fiber may be also
responsible for the geographical differences in
the colorectal incidence rates [7]. Increased
intake of dietary fiber 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 modifiable 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 efficiency 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
influence 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 reflect differ-
ences in metabolic efficiency [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
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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 specific mutations in DNA that are less
efficiently 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 financial 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 difficult. In the United
States charge data is available but cost data is sig-
nificantly more difficult 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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Table 2.1 Burden

Activity Time Cost/charges
of rectal cancer Diagnosis 1-2 weeks $500
Staging 2 weeks $3,000
CT scan, MRI, U/S
Consults/MDT 1 week $500
Radiotherapy Short course : 5 days $2,000
Long course : 5 weeks of therapy $5,000

and 6-10 weeks for tumor resolution

Surgeon’s fee $1,800
Hospital charge : $25,000
Surgeon’s fee $500
Hospital charge : $8,000

Initial surgery Hospital 6 days
Recovery 2 weeks
6-8 weeks
Hospital : 2-3 days

Recovery : 2 weeks

Stomal closure

Chemotherapy, 6 months $40,000
adjuvant
Total 39-60 weeks $72,800-$75,800

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 identified.
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 specific 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.

Keywords
Anatomy ¢ Rectum ¢ Mesorectal * Fascia * Pelvic * Cancer

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
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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 fibres 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, first 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
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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 chiefly 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 Wolffian/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 proctodacum, 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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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)

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 proctodacum, 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 Kkeratinised 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
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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 beneficial 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 orifice, its mesentery wrapped in mesorec-
tal fascia, lying anterior to the sacral concavity,
superior to the anal hiatus of the pelvic floor
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 floor. 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.
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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 reflects 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 floor. 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 floor 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.
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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 flexure. 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 Significance

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
floor can therefore be considered a pedicled
flap, whose sole blood supply is then the mar-
ginal artery.

The IMV can cause significant 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 chiefly 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
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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 floor 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 significant 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 reflection 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 floor 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 leaflets 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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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)

Rectoprostatic septum
(Denonvillier’s fascia)

of fascia is of considerable density in its upper
portions and can clearly be seen in two layers
(Fig. 3.3) with the magnified 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 flimsy fascial

Hypogastric
nerve

Pelvic splanchnic
nerves

" Inferior hypogastric
plexus

Middle rectal
artery

Presacral
fascia

Rectal
fascia

Mesorectum Superior rectal

artery

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 floor.

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 flimsy. They include ureteric
sheaths and gonadal vessel sheaths, perivesical
fascia, and fascia overlying the prostate and
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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)

peritoneum

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
Significance 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

b-middla rectal

infarior hyghgastric
= pleyfls
presacral ™

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
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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 floor at the anorectal junction and becomes
the upper anal canal which extends caudally and
posteriorly towards the anal orifice. The anal
canal is on average 3.5-5 cm long.

Anal Mucosa

The columnar mucosa of the rectum becomes
stratified 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.
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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 flatus 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 flatal/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 fibres of
the lowermost rectal wall also descend between
the internal and external sphincters and fuse with
fibres of the puborectalis muscle to form conjoint
longitudinal muscle fibres which, after diverging,
insert centrally into the perianal skin (the
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corrugator ani muscle), and peripherally into
superficial perineal fascia — the floor 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 fibres within the
interpshincteric plane. It forms an elliptical cylin-
der up to 15 mm thick composed of mainly slow-
twitch type 1, striated muscle fibres 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 fibres 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 finding on endoanal ultrasound. The
appearance of this segment should not be con-
fused with scarring as evidence of previous
obstetric injury.

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

Fig.3.4 Rectum, anal canal and pelvic
floor, 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 superficial
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)

pudendal vessels & nerve

The Pelvic Floor

The pelvic floor comprises a musculofibrous 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-flattened funnel the muscles
descend and fuse with the external anal sphincter.
Pubococcygeus acts like a hammock. Some of
the fibres of each pubococcygeus decussate to
blend with longitudinal rectal wall fibres as they
pass through the pelvic floor 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
musculofibrous plate extending from the inferior
aspect of the pubis bilaterally to the perineal body
and consists of the deep and superficial transver-
sus perinei muscles and smooth muscle fibres bor-
dering the anal and urogenital hiatus, created by a

-

 superficial perineal/
perianal space

external ahal

sphincter internal anal

sphincter
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Fig.3.5 Pelvic floor, 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-

Fig.3.6 Female pelvic floor and urogenital
diaphragm, caudal view. The urogenital
hiatus of the pelvic diaphragm is covered
caudally by the urogenital diaphragm
composed of the deep and superficial
transverse perinei muscles (Reproduced
from Schunke M, et al. Promethius
LernAtlas der Anatomie, vol. 1. 3rd ed.
Stuttgart: Thieme Publ.; 2012, with
permission)

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 fibres of the “rectourethra-
lis”; in females, posterior to the urethral hiatus, a
vaginal hiatus also is present bounded laterally by
smooth muscle fibres of “rectovaginalis”.

Nerve Supply

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

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)

pubgrecta

- muscle

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 fibres 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 floor 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
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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 fibres 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 finally 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, superficial 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
superficial perineal fascia which forms a septum
linking the ischial tuberosities with the longitudi-
nal muscle fibres 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 filled 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.
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The subcutaneous perineal space comprises
the fatty tissue and fibrous septae between the
superficial 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, superficial transversus perinei, the
external anal sphincter, anorectal ring and central
fibres of the puborectalis along with smooth mus-
cle fibres 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 reflection (Pouch of Douglas
in the Female). The rectourethralis is said to mark
the level of the lowermost border of the recto-
genital septum.

Operative Significance

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 fibres (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 floor are under neural
influence 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
floor, as described above.

Muscular Function

The pelvic floor muscles display tonic activity on
electromyographic testing in the resting state.
Muscle fibre recruitment is increased as abdomi-
nal pressure increases either voluntarily or with
sneezing/coughing. However with straining the
pelvic floor 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
influence of the parasympathetic splanchnic
nerves. Defaecation is normally preceded by
colonic mass movement under the influence 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 influence 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 reflex).

In the normal faecally continent state, the
internal anal sphincter contributes to the major-
ity (70 %) of the resting tone of the anus. The
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external sphincter contributes a smaller propor-
tion of resting tone but is most active in reflex
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 floor. 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 fibres, 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 Reflex (RAIR)

The EAS is forced to relax during defaecation
and straining but also due to the recto-anal inhibi-
tory reflex (RAIR). Rectal distension beyond a
certain threshold causes a reflex 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
reflex can be measured by manometry of the anal
sphincter in response to a rapidly inflated rectal
balloon. Normal response is defined as a transient
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Table 3.1 Normative values for rectal balloon sensation testing

First constant Desire to Maximum tolerated

Sensitivity Sex sensation (ml) defaecate (ml) 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

25 % drop in resting anal tone. This reflex 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 define normal, hyposensitive and
hypersensitivity in the rectum. With incremen-
tal rises in volume of an inflating balloon within
the rectal ampulla different measurements can
be taken e.g. first 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 floor 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 modifica-
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 benefit 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
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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 specific 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
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ultrasound and MRI, however, staging after neo-
adjuvant therapy becomes less reliable by imag-
ing studies because of post-therapeutic changes,
such as fibrosis, edema, inflammation, 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 confirm 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 significance. 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 (T1NO).
Localized tumors that extend into the muscularis
propria (T2NO), 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 fixative. The base of the excision (deep
margin) should be inked and pathologists should
assess the adequacy of local excision, which is
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difficult 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 fixation.
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 reflection.
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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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

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 reflection 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 reflection,
completeness of mesorectal excision, any signifi-
cant peritoneal pathology (e.g., tumor perfora-
tion), tumor configuration, 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

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

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 defined 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 defined 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 defined as little mesorectal



38

X.Zhang and D. Jain

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-fixed
specimen showing the rectal cancer and the mesorectum.
(a) Complete mesorectal excision showing smooth meso-

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

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

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 sufficient. Anastomotic
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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
fixing the specimen by inflation 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 fixation
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 fixation, 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 fixation. Subsequently the
tumor-containing segment can be serially sec-
tioned to yield complete transverse slices. When
there is no identifiable tumor especially after
neoadjuvant therapy, review of any prior images
and palpation the mucosa by inserting a finger
into the lumen is helpful. One should carefully
open the specimen looking for a scar or shallow
ulcer indicating the likely tumor site. For fixa-
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
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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 fibrosis and inflammation can often sim-
ulate peritoneal invasion, and microscopic
confirmation 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., inflammatory
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 confirmation 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 identified. 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 insufficient 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 significantly less than that from
those treated by surgery alone [24]. When 12
LNs were considered sufficient for staging, only
20 % of rectal cancers treated with neoadjuvant
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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 Significance

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); (¢) 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 infiltrating 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 filling 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 infiltration 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 classification [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 significant, recognition of any micropapil-
lary component, should be reported, as it imparts a
significantly 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
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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 significant degree of interobserver vari-
ability, histologic grade has repeatedly been shown
to be an important stage-independent prognostic
parameter. Specifically, 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 classification 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 stratification system sug-
gest it is relatively simple, and more reproducibile,
while maintaining its prognostic significance.
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 significant interobserver variability, and ulti-
mately limits the prognostic significance 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-
fied in any of the systems used in current prac-
tice. A proposal that takes into account the extent
of poorly differentiated component, defined 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 field 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 field of an X4 objective lens
where the clusters were the most common.
Tumors with less than 10 clusters were classified
as grade 1 and those with more than 10 clusters
were classified 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 significant prognostic information
with regards to progression-free survival and was
more reproducible than the conventional grading
system [36].

Invasive Growth Pattern
and Lymphocytic Infiltration

Despite interobserver variability and absence of
specific definition and diagnostic criteria, the nature
of the advancing tumor margin and degree of lym-
phocytic infiltrate 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
infiltrative 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 infiltration including tumor-
infiltrating 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 infiltration, espe-
cially CD3+ T cells or FOXP3+ regulatory T
cells along the tumor invasive border or within
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the tumor stroma, and tumor-infiltrating 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 inflammatory
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

Identification of microsatellite instability-high
(MSI-H) colorectal tumors is important, as DNA
mismatch repair deficiency 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-
nificant 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 configuration
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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
infiltration (Hematoxylin and eosin stain)

Fig. 4.5 Tumor budding. (a) Infiltrating 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

(infiltrative or pushing pattern), tumor budding is
best identified at high magnification, although
one can suspect its presence by the typical cellu-
lar myofibroblastic response around the advanc-
ing edge of the tumor at low magnification 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 field evaluation show
excellent inter-observer agreement and high-
grade budding (>10 buds across 10 high-power

(Hematoxylin and eosin stain); (b) Tumor budding high-
lighted by cytokeratin immunostain which shows many
more tumor cells that are difficult to appreciated on hema-
toxylin and eosin stain

fields) has been shown to be associated with a
higher tumor grade, higher TNM stage, LVI,
infiltrating 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 influencing disease
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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 significant 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].
Ithas a similar impact as LVI and should be reported
as a prognostic (site-specific) factor, although it
does not affect the tumor staging [5, 19]. A 3-tiered
grading system (Pn0, no perineural invasion; Pnla,
intramural perineural invasion; Pnlb, 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.
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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 fixated
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 first 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 classified as pNlc in the
absence of unequivocal LN metastases, regardless
of the pT category; however, once nodal metasta-
sis are identified, the final 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
difficult 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 inflammatory reaction, mesothelial hyperpla-
sia, and/or serosal erosion/ulceration when the
tumor is present very close to the serosal surface
(<1 mm) is sufficient 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-specific 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

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

[19]. A positive CRM is defined as tumor <1 mm
from the margin, because local recurrence rates
are similar from O 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 classification
[19]: RO 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.
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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; (¢) Stromal fibrosis with residual tumors

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: O (complete response) — no
viable cancer cells; 1 (moderate response) —
single cells or small groups of cancer cells;
2 (minimal response) — residual cancer outgrown
by fibrosis and finally 3 (poor response) — exten-
sive residual cancer or minimal or no tumor kill.
Of note, tumor regression should be assessed

cells showing coarse cytoplasmic vacuoles and hypercho-
matic nuclei; (d) Tumor necrosis and stromal fibrosis
(Hematoxylin and eosin stain)

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. Significance 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



48

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 identified [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
fibrosis, inflammatory cell infiltration, calcifica-
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. Significant
improvements have been made in the staging sys-
tem since the classical proposal introduced by
Dukes in 1932 [72]. The original 1932 Dukes
classification was based on the extent of disease,
as evaluated by the degree of tumor infiltration
through the bowel wall, and the presence or
absence of LN involvement [72]. Dukes’ A, B, C
staging system underwent several subsequent
revisions and modifications 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

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

Cl1 Lymph node metastases present but apical
node(s) free of tumour

c2 Metastases within apical lymoh node(s)
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clinical information as well as difficulty in com-
paring one clinical trial to another due to various
versions of Dukes’ classification. 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 identified at
autopsy. Prefixes such as “c”, “p”, “y”, “r” and
“a” are used to denote the nature of staging. The
“c” prefix indicates clinical (pretreatment) stage
which is usually determined by imaging tech-
niques carried out at diagnosis before treatment
or when pathologic classification is not possible.
The “p” refers to the pathologic determination of
the TNM as opposed to the clinical one.
Pathologic classification is based on gross and
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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” prefix 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.,
pT1cNOcMO), when pathologic data are not read-
ily available.

T Category Considerations

Tumor extent is classified 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 defined as
“cancer cells confined 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
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Table 4.2 AJCC cancer staging for colon and rectal
carcinomas

Primary tumor (T)

Tx Primary tumor cannot be assessed

TO 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
NO No regional lymph node metastasis
N1 Metastasis in 1-3 regional lymph nodes
Nla
Nl1b
Nlc

Metastasis in one regional lymph node
Metastasis in 2-3 regional lymph nodes
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)

MO No distant metastasis

M1 Distant metastasis

Mla Metastasis confined to one organ or site (e.g.,
liver, lung, ovary, nonregional node)

MIb 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

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 classified 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-
sification according to vertical invasive level
between muscularis mucosae and muscularis
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propria into three categories (sml, 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 pm 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 pm [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 significantly 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 classified as pT2. The incidence of regional LN
metastases ranges from 24.3 to 29.7 % in pT2
rectal cancer [83]. Sub-classification of pT2
tumors by depth of invasion into pT2a (infiltra-
tion of the inner circumferential layer) and pT2b
(infiltration 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 significance
of sub-classification of pT2 rectal cancers is
unclear.

Tumor extension through the muscularis pro-
pria into pericolorectal tissues is classified as
pT3. Of note, invasion of the external sphincter is
classified as pT3, whereas invasion of the levator
ani muscle is classified as pT4. Some have
advocated that the depth of soft tissue invasion in
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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-classification 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) stratifications [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-
classification 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 classified 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 definitions 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 LN is classified as NO, 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 classified as distant metastasis
and designated as M1. In the 7th edition AJCC
staging manual, pNlc refers to TDs without
regional nodal metastasis [19]. However, the
significance 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 sufficiently “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 significance
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 significance of micrometasta-
sis and isolated tumor cells (ITC) has been stud-
ied in a variety of cancers including CRC [98].
Micrometastasis is defined 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 defined 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 pNO (i+). It should be
noted that ITC identified on H&E stain are
annotated similar to ITC seen on immunohisto-
chemical stains. In contrast to micrometastasis,
ITC are currently considered as pNO, 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-
fied, these should be clearly mentioned in the
pathologic report.

51

M Category Considerations

Metastasis to any nonregional LN or metastasis
to any distant organ or tissue is categorized as M 1
disease (Table 4.2). Metastasis confined to one
organ or site (e.g., liver, lung, ovary, nonregional
node) is classified as pM1la, whereas metastases
in more than one organ/site or the peritoneum is
classified 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
classified as ¢cMO (i+) to denote the uncertain
prognostic significance of these findings and to
classify the stage group according to the T and N
and MO.

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, IIT and I'V. Different groups have been
expanded into subsets (e.g., stage II into stage
ITA, IIB and IIC) for more refined prognostic
information (Table 4.3).

Site-Specific Prognostic Factors
and Molecular Markers

Seven new prognostic factors that are clinically
significant have been included in the 7th edition
AJCC staging manual, in addition to the prior
notation of serum CEA levels [19]. The new site-
specific 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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Table 4.3 Anatomic stage/prognostic groups

Stage T N M
0 Tis NO MO
1 T1 NO MO
T2 NO MO
IIA T3 NO MO
1IB T4a NO MO
IIC T4b NO MO
IIA T1-T2 N1/Nlc MO
T1 N2a MO
1B T3-T4a N1/Nlc MO
T2-T3 N2a MO
T1-T2 N2b MO
Ic T4a N2a MO
T3-T4a N2b MO
T4b N1-N2 MO
IVA Any T Any N Mla
IVB Any T Any N Milb

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

In addition to the above mentioned prognostic
(site-specific) factors, molecular profiling, 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 benefit 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 AICC 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 findings 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.
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Abstract

The last few decades have seen tremendous advances in the understanding
of human genetics, especially since the sequencing of the human genome
in 2003. With rectal cancer, as with all cancers, genetics is at the center of
its etiology, whether it is associated with an inherited syndrome or a somatic
mutation from environmental or other oncogenic factors. Understanding
the genetics of cancer has improved the understanding of all aspects of
oncology and cancer biology, such as cancer progression and spread, can-
cer prevention, and cancer treatment, especially considering “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 cancer
when discussing cancer genetics and cancer biology. Instead, most of the
research and advances in this field have focused on both colon and rectal
cancer (CRC) based on their indistinguishable genetic signature [1], 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 specific to rectal cancer, will be addressed.
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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 field 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 specific 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
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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-
tified 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 identified 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
first 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 BMPRIA [5].
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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

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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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., MLHI, 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
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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.
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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 amplification
(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 sufficient 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 significantly associated with metastatic
tumors [8].
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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 confirmed 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-
nificantly associated with KRAS mutation status
(P=0.01). Patients with wild-type KRAS tumors
showed significantly 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 finding has been
confirmed 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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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)

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
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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
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related to epigenetic silencing of MLHI 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 defined
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
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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 arole
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 f-catenin, Y-catenin,
glycogen synthase kinase (GSK)-3f, Axin, tubu-
lin, EB1 and hDLG [25]. Mutant, truncated APC
proteins lack at least one type of p-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
B-catenin. Two important functions of p-catenin
include cellular adhesion and cell signaling.
Therefore, with a dysfunctional truncated protein
related to the APC gene mutation, whether spo-
radic or germline, f-catenin accumulates in the
nucleus and induces gene overexpression through
aberrant cell signalling (via the Wingless [Wg]
and Wnt signaling pathways first described in
Drosphilia and mice) and increased cell prolifera-
tion. Additionally, since binding of p-catenin to
cadherins (important for cell-to-cell adhesion)
and to the APC protein is mutually exclusive [25],
the cytoplasmic accumulation of pf-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/
B-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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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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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 defined 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 first 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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for mutation-specific 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 flexible 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

S.J. Quade and P.E. Wise

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
benefit 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 find 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 identified in CRC it
has potentially both prognostic and therapeutic
significance. Most studies show a significantly
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 significance and DCC-positive Stage
IT and IIT CRC were found to have statistically
significant overall survival when compared with
those with DCC negative cancers [48]. Studies
are still ongoing as to the prognostic significance
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), MLHI(mutL homolog 1), and
PMS?2 (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
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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
infiltrating 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 first-degree
relative of the other two

>2 successive generations affected
>1 relative diagnosed before age 50 years
FAP has been ruled out

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 infiltration, 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 fit 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
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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 MLH]I are implicated in 32 % of
Lynch syndrome cases, MSH2 mutations in
39 % of cases, MSH6 in 15 % of cases and
PMS?2 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 MLHI mutations had a higher inci-
dence of rectal cancer and fewer extracolonic
manifestations when compared with those with
MSH?2 mutations [54].

Individuals with a germline MMR gene
mutation or family history fulfilling 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 significant 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 PSM?2 mutation patients
developing CRC later in life on average versus
MLH]I and MSH?2 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
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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-
nificantly 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 specificity of universal screen-
ing (sensitivity, 100 %; specificity, 93.0 %) versus
Bethesda guidelines (sensitivity, 87.8 %; specific-
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 specificity of 96.7 % while a strategy
based on Jerusalem criteria as well as screening
those over 70 years fulfilling the Bethesda guide-
lines showed sensitivity of 95.1 % and specificity
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
CRC:s 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 specific antigen
screening for prostate cancer, etc.), screening for
CRC can both find early, treatable CRCs as well
as prevent these cancers from developing in the
first 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
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screening modalities are recommended based on
their efficacy 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 first degree relatives (parent,
sibling or child) or two first 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 inflammatory 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 flexible
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 be 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 Every 5 years
in 40 cm or to
splenic flexure

Colonoscopy Every 10 years
DCBE Every 5 years
CTC Every 5 years

Tests that primarily detect cancer
gFOBT with high
sensitively for
cancer

Annual

FIT with high
sensitivity for
cancer

Annual

sDNA with high
sensitivity for
cancer

Interval
uncertain

From Levin et al. [114]

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 findings on sigmoidoscopy usually
result in a referral for colonoscopy

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

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
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 identified on CTC that could require
further evaluation

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

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

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 significantly 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

Abbreviations: FSIG flexible 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



5 Genetics, Screening, and Chemoprevention

69

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

Increased risk—patients with history of polyps at prior colonoscopy

Patients with small
rectal hyperplastic
polyps [1]

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

Patients with 3—10
adenomas or 1
adenoma >1 cm or
any adenoma with
villious features or
high-grade
dysplasisa [19]
Patients with >10
adenomas on as single
examination [1]
Patients with sessile
adenomas that are
removed piecemeal
[22]

Age to begin

5 years 10 years
after the initial
polypectomy

3 years after the
initial polypectomy

<3 years after the
initial polypectomy

2—6 months to
verify complete
removal

Recommendation

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

Colonoscopy

Colonoscopy

Colonoscopy

Colonoscopy

Increased risk—patients with colorectal cancer

Patients with colon
and rectal cancer
should undergo
high-quality
perioperative
clearing [19]

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

3-6 months after
cancer resection, if
no unreasectable

metastases are found

during surgery;
alternatively,

colonoscopy can be

performed
intra-operatively

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

Colonoscopy

Comment

An exception is patients with a hyperplastic
polyposis syndrome. They are at increased risk
for adenomas and colorectal cancer and need
to be identified for more intensive follow up
The precise timing within this interval
should be based on other clinical factors
(such as prior colonoscopy findings, family
history, and the preferences of the patient
and judgment of the physician)

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

Consider the possibility of an underlying
familial syndrome

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

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

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
findings 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 first 2 or 3 years, may be considered
after low-anterior resection of rectal cancer

(continued)
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Table 5.4 (continued)

Risk category Age to begin

Increased risk—patients with a family history

Either colorectal Age 40 years or 10 Colonoscopy
cancer or years before the

adenomatous polyps youngest case in

in a first-degree the immediate

relative before age ~ family

60 years or in 2 or

more first-degree

relatives at any age

(18]

Either colorectal Age 40 years Screening options at

cancer or
adenomatous polyps
in a first-degree
relative >60 year or
in 2 second-degree
relatives with
colorectal cancer
(18]

High risk
Genetic diagnosis Aged 10-12 years  Annual FSIG to determine
of FAP or suspected if the individual is

FAP without genetic
testing evidence
(18]

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

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

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

for dysplasia

From Levin et al. [114]

Recommendation

intervals recommended for
average-risk individuals

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

Colonoscopy with biopsies
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Comment

Every 5 years

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

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

expressing the genetic
abnormality and
counseling to consider
genetic testing.

Genetic testing for HNPCC should be
offered to first-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 first 3 of the modified Bethesda
Criteria is present

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

Abbreviations: FSIG flexible 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 significant 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 flexible 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 flexible 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
5679 % of polyps >10 mm compared to 39-56 %
for DCBE with relative specificity 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 efficacious.

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

Newer screening modalities such as chromo-
endoscopy or dye-spray endoscopy, narrow band
imaging, magnification 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 first degree
relatives or adenomas diagnosed at age < 60 years,
or two first 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



72

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 benefits 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 first 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
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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 first colonos-
copy at age 25-30 (or 2-5 years younger than the
first 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 confirming the efficacy 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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conflicting [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 flat and may be difficult to discern
visually.

Chemoprevention

While CRC screening modalities, especially
colonoscopy, have shown efficacy 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).
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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 significant 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 confirmed [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 fortified 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 significant 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 confirm 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
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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 significantly
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 efficacy 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
inflammatory 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-
efit was unrelated to the aspirin dose (75 mg and
upward). The benefit 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 CAPPI trial assessed 133 patients with
genotypically confirmed 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-
nificant 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 significant 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
significantly, 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

Difluoromethylornithine (DFMO) and the non-
steroidal anti-inflammatory 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
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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
confirmed 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 significant
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
significantly 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 efficacy
after CRC resections.

Antioxidants

Dietary antioxidants such as f-carotene, vitamin
A, vitamin C, vitamin E and selenium have been
touted as possible cancer preventative supple-
ments because they may fight 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
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trials with 17,620 participants were included in
the analysis. Neither fixed effect nor randomized
effect model analysis showed statistically signifi-
cant effects of supplementation with -carotene,
vitamins A, C, E or selenium alone or in combi-
nation. There was no significant difference
between the intervention groups regarding
adverse events including mortality [109].
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Introduction

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 identification of specific
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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fication of specific tumour-related features is
essential to be able to offer patients optimal treat-

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-
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ment. Although histopathology remains the so-
called ‘Gold Standard’ for final 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 influ-
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 stratification 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 final 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
first 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.

M. Chand et al.

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-stratified depending
on the presence of specific 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 benefits with
that of the not insignificant 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 identification of those tumour characteristics
which directly influence disease recurrence as they
will base their adjuvant treatment decisions on the
final 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 benefit 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 benefits 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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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 defines the meso-

also use MRI to assess treatment response fol-
lowing CRT, which is another benefit. It can help
predict prognosis through degrees of down-
staging of the individual adverse features — a re-
staging and thus risk-stratification of disease
after neoadjuvant therapy [24-26].

The staging of recurrent disease is more com-
plex. The prognostic factors which influence 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-Stratification

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

rectum) is involved by direct spread of tumour (distance
from the tumuor tomesorectal fascia is less than 1 mm —
CRM +)

basis — tumour depth (T-stage), nodal disease
(N-stage), extramural venous invasion (EMVI).
Further stratification can be performed following
CRT however the influence 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 identified 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 specific technical criteria [34, 35]. This
includes correct field of view (FOV), field 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 difficult.
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Fig. 6.2 Differences in FOV for imaging nodal disease.
(a) Shows 22 cm x 22 cm FOV and consequent poor qual-
ity of image (lymph nodes are difficult to assess — yellow
arrow). This is much improved in (b) where the FOV is

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
difficult to adequately visualise the nodal archi-
tecture — FOV is 22 cm x22 cm. In Fig. 6.2b, the
correct FOV is used (16 x 16 cm) and it is much
more straightforward to delineate the nodal
anatomy.

Another common mistake which results in
inaccurate staging is incorrect field 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 field alignment
based on the MERCURY protocol [20, 36]. If the
field is incorrect, the tumour edge is inaccurately
identified.

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

16 cm x 16 cm. The nodal anatomy is clearly visible with
particular respect to the nodal border and signal character-
istic (yellow arrow)

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 identification 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 identified on MRI which fits 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
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Fig.6.3 Correct alignment of MRI field. 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

penetration. Tumours which only minimally
extend into the mesorectum and those which are
confined 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-
tification 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 identification of the
mesorectal fascia has less importance. EAUS has
increased accuracy for defining the detail of the
bowel wall structure which is particularly useful
when planning mucosal resection or transanal
excision. Sensitivity and specificity 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 fine
line of low signal intensity overlying the much
thicker and higher signal of the submucosa.

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)

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
identified as a high signal with signal void areas
surrounding the relatively low signal intensity of
the muscularis. This is all enveloped by the fine
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 identifiable in the cadaver. The outer-
most boundary is defined 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 first to
report on this heterogeneity within T3 tumours.
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Fig. 6.4 T3 sub-classification 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

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 benefit
from CRT. This has led to the sub-staging of T3
tumours which has been adopted by the UICC
TNM classification 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 subclassification was an independent prog-
nostic factor for disease-free, observed and
cancer-related survival [48]. ymrT3 sub-
classification 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

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

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 specificity 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
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mesorectal lymph nodes are associated with local
recurrence thus patients should be offered radia-
tion therapy. The results of MRC CRO7 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 CR0O7 are taken with respect to which
plane of resection was used, the story is rather
different. The actual benefit 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 benefit. 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 first 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 infiltration into lymph nodes
leads to characteristics radiological features
which can be readily identified 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 specificity increases to 85 and 97 %,
respectively. Endoanal ultrasound (EAUS) does
not predict lymph node involvement any better.
Indeed sensitivity and specificity 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 identified 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 significant
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 refinement in the definition of vascular
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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-

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 defined
by evidence of tumour cells or, in the case of the
radiological definition, 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 definitions 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 specifically
sought [35, 63, 64].

The use of radiological detection of EM VI 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)

tive images. The operator must scroll through images so
not to confuse them with vessels (red arrows)

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 difficult 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 confident
identification. Ideal assessment of mrEM VI 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.
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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

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 EM VI in patients following pre-oper-
ativetreatment withlong-course chemoradiotherapy
[yu/chand/patel]. There has been concern by

characteristic of venous invasion. However, the operator
must follow the signal through several images to ensure
venous disease rather than nodal spread (yellow arrows)

pathologists that the fibrosis which occurs follow-
ing radiotherapy makes detection more difficult
[67, 68]. This issue has been cited by some with
respect to MRI identification of prognostic factors
following CRT, however there reproducibility and
accuracy of detection once appropriate training has
been undertaken as reflected 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 final pathology staging, only 36
patients were identified 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 EM VI fol-
lowing CRT.

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

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 % fibrosis 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

present (yellow arrows), post CRT (b) — vein have the nor-
mal diameter with low signal intensity within them (yel-
low arrows), suggestive of fibrosis

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 suchas 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 EMVL

Height of Tumour

The position of height of a rectal cancer is mea-
sured from the anal verge. Although there are
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Fig. 6.8 Height of tumour on MRI. The length must be
measured using straight lines from the anal verge and
using the correct field 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)

differing definitions 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 classified 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 finger’, 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
field 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.

Specific Challenges Associated
with Recurrent Rectal Cancer

Recurrent disease has its own specific 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 defini-
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, identification 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 stratification. Local
recurrences are defined 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-
nificant 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 define the extent of disease
relating it to compartments of the pelvis. Such
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Fig. 6.9 The pelvis can be divided into seven compartments: (a) — peritoneal reflection (PR); (b) — above PR (aPR),
below PR (bPR); (¢, d) — central (C), posterior (P), lateral (L), inferior (/)

pre-operative staging is essential to plan the most
appropriate surgical procedure to ensure onco-
logically successful surgery. The prognosis of
patients with RO 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 classifications systems when
planning treatment. The Memorial Sloan
Kettering classification involves defining 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 classification 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 classification 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
specificity 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 influence



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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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.
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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 RO 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
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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
significantly 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) identified 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

evolved

W.E. Longo et al. (eds.), Modern Management of Cancer of the Rectum, 97
DOI 10.1007/978-1-4471-6609-2_7, © Springer-Verlag London 2015


mailto: petersagar@aol.com

98

significant reduction in lateral margin positivity
and very low local recurrence rates and was also
associated with a significant 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 wuse 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 insufficient 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
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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 RO 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 benefit 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 findings 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
significantly 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 defines 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 influence 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

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

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
ypTINOVO RO Mandard tumour regression grade 2

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 identified in a timely manner, as earlier
surgery will be beneficial.

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
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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 difficult to differentiate post-
radiotherapy fibrosis from residual disease on
MRI. In which case we would prefer to confirm
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 specific 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 define 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-
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rate tools for monitoring response is the MRI
defined tumor regression grade, which appears to
be able to predict long-term outcomes in terms of
local recurrence and S5-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 significantly more clinical
tumor response and tumor downstaging when
compared with those who received surgery within
2 weeks of radiotherapy. These findings have
influenced 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-
fied a significantly 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 findings
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 find-
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
difficulty 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

Significant 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 defined as the complete absence
of adenocarcinoma cells within the surgical spec-
imen when examined by a histopathologist (i.e.
stage: ypTO NO).

A pooled analysis of individual patient data
from 27 existing articles suggested that those
patients who achieve a pCR had significantly 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
IIT rectal cancer and with a mean follow up of
55.5 months identified significantly 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 findings 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 RO 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
findings. 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, defined 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 significant 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 significant 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
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her colleagues, reflected in the fact that this
strategy has not been adopted more widely in the
field 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 difficulty related to defin-
ing what constitutes a cCR and the imprecision
and variation of this definition between different
authors [42]. Currently, there is no standardized
definition of what constitutes a cCR.

In a paper from 2010, Habr-Gama and col-
leagues have listed a number of observed clinical
and endoscopic findings 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 definitive 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 defined 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 definition 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 define a cCR [46]. At present there
is a need for greater clarity and standardization of
the definition 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 (ypTO)
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 insufficiently 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 first year and will require salvage sur-
gery [1]. There is a lack of data specifically 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
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treatment. The primary outcome measures are to
estimate the percentage of patients who can
safely omit surgery, (defined 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 defined as positive margin status of resected
tumor or surgically unsalvageable disease.
Unfortunately, definitive 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 findings
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, unfit patient
who has achieved a cCR and in whom the risks of
surgery outweigh the potential benefits. 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 justified.

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 CRO7 trial which
compared preoperative radiotherapy with selec-
tive postoperative chemo-radiotherapy identi-
fied 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 identified
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
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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 find-
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 significantly 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 significant
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-
nificantly 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, identified a significantly 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 significantly
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-
five 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 significant 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 significantly 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 significantly worse in this group
of patients. There were no significant 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 benefits in appropri-
ately staged patients, with a reduction in local
recurrence rates, even in those who receive
optimal surgery [57]. However, this benefit
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 benefits
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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Fig. 7.3 A strategy for the use of
neo-adjuvant therapy for rectal cancer
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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.
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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
confined to the bowel wall (cT1 or cT2).

2. Well to moderately differentiated adeno
carcinoma.

3. No evidence of suspicious lymph node
involvement.
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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 fixed 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 (ypTO-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 superficial
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 findings can be difficult to interpret
even by an experience pathologist. If there is a
small residual tumour it can continue to regress
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Fig.8.1 (a) Pretreatment (day 0) T2NOMO; (b) Post treatment (day 14); (c) Post treatment (day 28) after 2 fractions,
showing good response (good responder)

and eventually become a small superficial
fibrotic 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
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Fig.8.2 (a) Malignant rectal cancer T3N1MO; (b) Post treatment ulcer; (c¢) Post treatment healed scar (10 years)

the specialist early rectal cancer MDT, because
the issues involved can be difficult. Patients
should be inform about the consensus of opinion
from the experts. However, the final 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 confirm 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.
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contact

Fig. 8.3 Treatment
brachytherapy

position  for X-ray

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 inflate 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? is used

initially to downsize the tumour. In elderly
patients with compromise renal function the dose
can be modified. For those who are not fit 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 (Organ Preservation for opErable Rectal
Adenocarcinoma) 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
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males. The median age of patients was 72 years
(range 33-99). Elderly and unfit 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 five 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 fistulas 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 first 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 first 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 difficult 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
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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 difficult 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 fit 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 first 2 years and 6-monthly
in the third year. CT scanning should be carried
out at 6-monthly intervals in the first 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 Efficacy 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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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

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,

TEMS (14/11/13) Histology —TVA with low grade dys-
plasia, no invasive malignancy

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
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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
configuration of the tumour seems to have less
prognostic significance 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 identified. 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-
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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 significant (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 fit 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 figures 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 significant 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 first 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
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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 final group consisted of
patients not fit 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 first 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 five patients (17 %) had
T2 tumors. Six patients had salvage surgery
(60 %) and one refused surgery although the
recurrence was operable. Cancer-specific sur-
vival was 96 % after salvage surgery and overall
survival was 77 %, reflecting the fact that the
majority of patients were elderly with co-exist-
ing medical problems from which they finally
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 fit 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.



118

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 first 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 unfit for salvage surgery [7].
Reports from the Sdo 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 Sdo Paulo group compared to the
cohort treated at Clatterbridge. It is likely that
contact X-ray boost given following EBCRT
played a significant 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].

A. Sun Myint et al.

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 field 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 field 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 sufficient
dose to sterilize the residual cancer in the major-
ity of cases. Only in 20-30 % of cases there is no
residual disease (ypTO0). 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
RO resection rate was 99 % vs. 90 (p=0.03).
However, there was no significant 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
significant dose response relationship (P=0.002).
For complete response (TRG1), the dose response
parameter was Dsorpgi =92 Gy (95 % CI 79.3—
1449 Gy) and for major response (TRG1-2)
Dsorrgi2=72 Gy (CI 65.3-94 Gy). Tumour size
and N category both had a significant 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-infiltrating
exophytic small (<3 cm) rectal cancer confined 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'3? or cobalt®
and because the energy of the source is high
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there are problems with radiation protection.
This is suitable for more infiltrative /ulcerative
rectal cancers that have penetrated well beyond
the confines 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, configuration (ulcerative/
infiltrative) and sizes of rectal cancer.

Interstitial Implants

These are used for more infiltrative 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 fit 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 (ypTO) 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
Sao 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 unfit 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 Thirdly, technological
advances led to the development of other endo-

scans.
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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 (Organ Preservation in
opErable Rectal Adenocarcinoma). 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 financial 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-
nificant rates of tumor regression allowing the procedure to be offered to
a significant 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 influenced
by baseline staging, post-treatment staging and final pathology informa-
tion. Ultimately, selection of patients for this treatment modality remains
a significant 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 confines 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 classification. The risk of nodal
metastases progressively increases with more
advanced pT stage classification. Even for the
earliest tumors invading the submucosa (pT1),
overall risk of lymph node metastases is around
12-13  %. Subclassification 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
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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 classification, 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
significantly 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 sml 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 Classification

Considering specific 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 classification (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 classification (>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 first filter 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 specificity was nearly
identical. In other words, MR may result in sig-
nificantly 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 specificity 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 sml.
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 p is associated with no
risk of lymph node metastases even in the pres-
ence of lymphovascular invasion. In addition,
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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 pTO and pT1 sml were correctly
distinguished from pT1 with massive invasion or
pT2 with excellent accuracy rates [10].

N Stage Classification

Another very important issue in local staging
during preoperative assessment of these patients
is accurate lymph node classification.
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
specificity rates were nearly identical between
ERUS and MR [9]. Still, nodal assessment may
be influenced by the depth of primary tumor inva-
sion. In one retrospective study, the accuracy of
nodal staging was significantly 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].

Defining 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 define 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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Table 9.1 Criteria for definition of high risk and low risk
tumors

High risk
Poor differentiation

Low risk
Well and moderate

differentiation
Size >3 cm Size <3 cm
Circumferential involvement Circumferential
>30 % of lumen involvement <30 %
of lumen

Presence of lymphovascular
invasion

Presence of perineural invasion
Margins <2 mm
pT2

found in the preoperative assessment, local
excision should be considered with caution and
perhaps as indication of palliative management
(due to oncological reasons or significant medi-
cal comorbidities).

However, sometimes these features are only
confirmed 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

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

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 fixed 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
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Fig.9.2 After fixation, a significative amount of the peri-
rectal fat can be seen providing an appropriate radial
margin

Fig. 9.3 The surgical specimen should be fixed to a sur-
face in order to provide orientation for the pathologist

field view and access to lesions in the middle and
upper rectum. Implementation of these endo-
scopic microsurgical approaches has resulted in
significant 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-
flated with carbon dioxide at 10—15 mmHg. This
can be achieved with the use of specific or usual
laparoscopic CO2 insufflators. 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, final 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 specific TEM equipments requires
a significant 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
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Fig.9.4 (a) TEO/TEM
equipment, with camera
and insufflation in place.
(b) The position of TEO/
TEM equipment fixed to
the surgical table and with
instruments inserted
(From Kosinski et al. [76])

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 efficacy with considerably lower associ-
ated costs. Also, learning curve of the procedure
could be minimized by the use of routinely used
as opposed to specific 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 insufflator, 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,
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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
difficult due to significant 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 fis-
tulae ranges from 15 to 25 %, and sometimes a
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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 difficulty,
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 fixed and with little mobil-
ity. If the resection is wide enough to result in
significant separation of the proximal and distal
borders, significant 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 field and therefore a
NORMAL colon is sutured to an abnormal anal
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canal previously treated with a significant amount
of RT [27]. In fact, even after a coloanal
anastomosis is constructed, the risk of dehiscence
is so significant 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 significant 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 significantly 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 significant requiring readmission for anal-
gesia in a significant proportion of patients [30].

Ultimately, these findings 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 significant 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,
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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 significant improvements
in local pretreatment staging accuracy and refine-
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 RO 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 significantly compromised in a significant
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 final 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 5SFU-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,
significantly shorter than for pT1 cancers (nearly
4 years) in the same study (treated by local exci-
sion alone).
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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
SFU did not significantly 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 benefit of offering patients treat-
ment after confirmation of “unfavorable” patho-
logical findings, 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 fibrotic tis-
sue, to radiation would theoretically improve its
anti-neoplastic effects. Finally, perhaps one of
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the most beneficial 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-
nificantly 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 benefits of this strategy
came at a significant 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
ypTO, 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
significantly over the years and nodal staging has
improved. Even though accuracy is still far from
100 %, magnetic resonance (MR) and endorectal

A.Habr-Gama et al.

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
ycT0-2NO (accuracy >90 %) [54]. This suggests
that ypTO, 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 NO following long-course
CRT and TEM, local recurrence rates were nearly
15 % [55]. In this study, most patients had ypT1/
ypT2 whereas ypTO were very few. In a recent
report from a multicenter study in Italy (Phase
II), 63 patients underwent CRT for c¢T2-3NO-1
disease at baseline [56]. Of these, 42 had ypTO
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 ¢cT2NO fol-
lowed by neoadjuvant CRT would be appropriate
candidates for FTLE or TEM [59, 60]. In fact, the
single randomized study that compared cT2NO
followed by neoadjuvant CRT and TEM or TME
found in its first 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 specifically dealing with cT2NO 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 ypTO, 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 NO 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
identified invisible nests of tumor cells away
from the residual mucosal abnormality in up to
3 cm (Fig. 9.5) [65]. This intriguing finding 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
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Fig.9.5 Fragmented pattern of tumor regression showing
discontinued foci of cancer cells >1 mm away from each
other

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

ypTO - TEM or Watch and Wait?

Ultimately, the conclusion of this review could be
that TEM would perfectly fit 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 confirmation 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
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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 findings 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-
ficulties 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 fibrotic 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 significant 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)
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optic, illumination is switched to fluorescence-
guided imaging allowing for the identification
and resection of previously injected ICG within
local perirectal nodes. In a preliminary experi-
ence with this technique, one study has reported
successful identification and resection of 1-3
nodes/patient. The idea is to allow identification
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 specificity rates of this
procedure before it can be definitively imple-
mented into clinical practice. Also, identification
of lymph nodes may be particularly more diffi-
cult in setting of neaodjuvant CRT due to their
significant 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 benefit 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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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 significant 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 significant 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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Abdominosacral resection ¢ Recurrent * Locally advanced primary rectal
cancer
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Fig. 10.1 T2 weighted MRI showing invasion of tumor
posteriorly into the sacrum. The arrow shows tumor inva-
sion within the posterior compartment

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 first 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 first two
reported resections resulting in the patients dying
[8]. LisFranc was the first to perform a “success-
ful” oncological resection of the rectum [9].
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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 first 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
benefit from an extended lymphadenectomy did
not seem to offer a significant 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 signified the
reach for another important milestone. Its role
was established late in the twentieth century
when studies demonstrated significant reduction
of recurrence rates but without any significant
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
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Table 10.1 Recent Studies reporting on abdominosacral resection for locally advanced primary and recurrent rectal cancer

5 years

Curative RO R1 R2 Mortality Morbidity Survivawl
Author Year intent (m) RO(%) (n) R1(%) (n) R2(%) (%) (%) (%)
Bosman [16] 2014 86 48 5581 30 3488 8 930 35 - 28
Bhangu [17] 2012 30 23 76,67 7 2333 0 O 0 50
Sagar [18] 2009 40 20 50 19 475 1 25 25 60 -
Ferenschild [19] 2009 25 19 76 4 16 2 8 0 68 30
Williams [20]* 2008 3 3 100 0 O 0 0 0 100 -
Akasu [21] 2007 44 24 5454 13 2955 7 1590 2 61 34
Melton [22] 2006 29 18 62.07 10 3448 1 344 3.4 59 43
Moriya [23] 2004 57 48 8421 9 1579 0 O 35 58 42
Gonzalez [24] 2003 45 33 7333 12 2667 0 O 4 56 32
Yamada [25] 2002 64 51 79.69 13 2031 O O 1.6 56 -
Mannaerts [26] 2001 50 26 52 18 36 6 12 0 82 -
Weber [27] 2000 23 21 9130 2 8.70 0 0 0 43 -
Zacherl [28] 1999 12 12 100 0 0 0 0 0 42 -
Wanebo [29] 1999 53 45 8491 8 1509 0 0 8 - 31
Magrini [30] 1996 16 14 875 2 125 0 O 0 50 -
Wanebo [31] 1994 47 40 8511 7° 1489 0 0 8.5 - 33

#This is a study reporting the feasibility of laparoscopic abdominosacral resection for locally advanced primary rectal

cancer
"These studies did not clarify between R1 and R2

are still considered high, necessitating radical
surgery to completely remove the cancer.

There is a significant 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 significantly
improved in the recent years allowing better
detection rates and identification 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 first 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 significant 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 first 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
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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 reflection
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 %
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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
significantly improved the local recurrence rates
and patients survival. However, local recurrence
rates are still considered to be relatively high with
significant 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 first to perform abdominosacral resection
for patients with locally advanced primary and
recurrence colorectal pelvic cancers. The results
of operating on the first 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 (RO=87 %) associated with morbidity
(50 %) and poor survival. The results of another
published series of 12 patients (all with complete
tumor clearance (RO0)) [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 significant 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)
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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 specificity [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 % specificity [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 field of view and
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cannot be performed when there is significant
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 difficulties differentiating
between tissue fibrosis 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
confined 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
significant 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
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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 (specific-
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 specificity
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 fibrosis 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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Fig. 10.2 Diffusion weighted MRI showing a cancer
recurrence with mucinous component

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 benefit-
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 efficacy 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 five 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 benefit 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 identification 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.
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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 fibrosis
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 specificity 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 confidence 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, MRl 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 difficulties determining if a suspected
pelvic mass represents disease recurrence or tis-
sue fibrosis. This becomes even more difficult 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
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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 identification 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 MRTI’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 specificities of more
than 93.8 %, with MRI being significantly more
sensitive than CT (p=0.05) and equally sensitive
to PET (p=0.02) [99]. There were no significant
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 significant impact on the management of
patients with suspected recurrent colorectal can-
cer [104, 105]. A meta-analysis reported a PET
sensitivity of 91 % and specificity of 83 % for the
diagnosis of distant metastases [90]. However the
authors admitted that only 8/27 (29.6 %) studies
were of high quality fulfilling 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
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recurrent colorectal cancer is 8 % and suggested
that PET should be used when findings 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 findings of
the available diagnostic modalities. Based on the
radiological findings 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 influence 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-
nificant 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 specific 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 (RO
resection). The presence of microscopic or mac-
roscopic residual disease at the resection margins
is defined 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, identification of patients that an
RO resection can be potentially achieved is cru-
cial and extremely difficult. 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 fitness for surgery. It is
essential to assess it prior to any discussion for
surgical options since the lack of fitness is often
considered a contraindication when undergoing
such a major procedure, due to the significant
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
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Fig. 10.3 TIrresectable recurrent rectal cancer. This is
mucinous adenocarcinoma invading the posterior com-
partment up to the level of S1

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 benefits 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].
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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 fit 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
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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 benefit.

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 significant 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 fixation 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 significant bleeding. When the abdominal
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partis 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
aurologist, myocutaneous tissue flaps 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
confirmed with the use of fluoroscopic 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 identified 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.
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Fig. 10.4 Patient in prone during perineal dissection.
Dissection of the sacrum during abdominosacral resec-
tion. Forceps point at the level of sacrectomy

Thorough haemostasis of the pelvis and perineum
canbe 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 flap,
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 define the size of the myocuta-
neous flap. In order to prevent malrotation, the
inferior insertion of the rectus abdominis muscle
is preserved and the flap 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.
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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

Results

Abdominosacral resection surgery for locally
advanced primary and recurrent rectal cancer car-
ries significant 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 significant 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 flap failure may occur. These can be managed
using vacuum-assisted closure of the defect or by
refashioning the flap. 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 significant variation
though with the majority of the studies reporting
rates at the range of 55 to 70 %. This is likely to
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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 significantly increased for
RO 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 benefit
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 significantly altered.
The majority of the recurrences are expected to
be diagnosed within the first 3 years from sur-
gery. Therefore the follow up during this period
is more intense.
The follow up aims to:
* manage post operative complications
o 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
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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 first 2 years following surgery.
This takes place usually at tertiary centers.
Several randomized studies have been performed
to assess the benefits of intense follow up for pri-
mary rectal cancer, without demonstrating any
statistical significance. 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 findings may be applicable
to this group of patients as well.

Systemic and abdominal clinical examination
takes place along with examination of the
perineum and flap 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
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monthly basis for the first 2 years. This may vary
among centers.

Other markers have been studied e.g. Cal9-9
(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 specificity. In addition the com-
bined use of CT and CEA does not seem to confer
a significant 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 fixation 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
findings 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 difficulties 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 significant 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
benefit for these patient and should be avoided
when possible.

P.A. Georgiou and P.P. Tekkis

References

1. Abir F, Alva S, Longo WE, Audiso R, Virgo KS,
Johnson FE. The postoperative surveillance of
patients with colon cancer and rectal cancer. Am J
Surg. 2006;192(1):100-8. PubMed PMID: 16769285.
Epub 2006/06/14.eng.

2. Arriola E, Navarro M, Pares D, Munoz M, Pareja L,
Figueras J, et al. Imaging techniques contribute to
increased surgical rescue of relapse in the follow-up of
colorectal cancer. Dis Colon Rectum. 2006;49(4):478—
84. PubMed PMID: 16450212. Epub 2006/02/02.eng.

3. Desch CE, Benson 3rd AB, Somerfield MR, Flynn PJ,
Krause C, Loprinzi CL, et al. Colorectal cancer sur-
veillance: 2005 update of an American Society of
Clinical Oncology practice guideline. J Clin Oncol.
2005;23(33):8512-9. PubMed PMID: 16260687.
Epub 2005/11/02.eng.

4. Kievit J. Follow-up of patients with colorectal cancer:
numbers needed to test and treat. Eur J Cancer.
2002;38(7):986-99. PubMed PMID: 11978524. Epub
2002/04/30.eng.

5. Yamada K, Ogata S, Saiki Y, Fukunaga M, Tsuji Y,
Takano M. Long-term results of intersphincteric
resection for low rectal cancer. Dis Colon Rectum.
2009;52(6):1065-71. PubMed PMID: 19581848.
Epub 2009/07/08.eng.

6. Sargent DJ, Wieand HS, Haller DG, Gray R, Benedetti
JK, Buyse M, et al. Disease-free survival versus over-
all survival as a primary end point for adjuvant colon
cancer studies: individual patient data from 20,898
patients on 18 randomized trials. J Clin Oncol.
2005;23(34):8664-70. PubMed PMID: 16260700.
Epub 2005/11/02.eng.

7. Sagar PM, Pemberton JH. Surgical management of
locally recurrentrectal cancer. BrJ Surg. 1996;83(3):293—
304. PubMed PMID: 8665179. Epub 1996/03/01.eng.

8. FajetJ. Remarques sur les abces qui arrivent au fonda-
mont. Mem Acad R Chir. 1743;11:257-67.

9. Lisfranc J. Mémoire sur 1’éxcision de la partie inféri-
eure du rectum devenue carcinomateuse. Mém Acad
R Chir. 1833;3:291-302.

10. Miles W. A method of performing abdominoperineal
excision for carcinoma of the rectum and of the terminal
portion of the pelvic colon. Lancet. 1908;2:1812-3.

11. Miles W, editor. Cancer of the rectum. Lettsomian lec-
tures. London; 1923.

12. Heald RJ, Husband EM, Ryall RD. The mesorectum
in rectal cancer surgery—the clue to pelvic recurrence?
Br J Surg. 1982;69(10):613—-6. PubMed PMID:
6751457. Epub 1982/10/01.eng.

13. Heald RJ. The ‘Holy Plane’ of rectal surgery. J R Soc
Med. 1988;81(9):503-8. PubMed PMID: 3184105.
Epub 1988/09/01.eng.

14. Georgiou P, Tan E, Gouvas N, Antoniou A, Brown G,
Nicholls RJ, et al. Extended lymphadenectomy versus
conventional surgery for rectal cancer: a meta-analysis.
Lancet Oncol. 2009;10(11):1053—-62. PubMed PMID:
19767239. Epub 2009/09/22.eng.



15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

Abdominosacral Resection for Rectal Cancer

Brunschwig A. Complete excision of pelvic viscera
for advanced carcinoma; a one-stage abdominoperi-
neal operation with end colostomy and bilateral ure-
teral implantation into the colon above the colostomy.
Cancer. 1948;1(2):177-83. PubMed PMID:
18875031. Epub 1948/07/01.eng.

Bosman SJ, Vermeer TA, Dudink RL, de Hingh IH,
Nieuwenhuijzen GA, Rutten HJ. Abdominosacral
resection: Long-term outcome in 86 patients with
locally advanced or locally recurrent rectal cancer.
Eur J Surg Oncol. 2014;40(6):699-705. PubMed
PMID: 24679359. Epub 2014/04/01.eng.

. Bhangu A, Brown G, Akmal M, Tekkis P. Outcome of

abdominosacral resection for locally advanced pri-
mary and recurrent rectal cancer. Br J Surg.
2012;99(10):1453-61. PubMed PMID: 22961529.
Epub 2012/09/11.eng.

Sagar PM, Gonsalves S, Heath RM, Phillips N,
Chalmers AG. Composite abdominosacral resection
for recurrent rectal cancer. Br J Surg. 2009;96(2):191-
6. PubMed PMID: 19160364. Epub 2009/01/23.eng.
Ferenschild FT, Vermaas M, Verhoef C, Dwarkasing
RS, Eggermont AM, de Wilt JH. Abdominosacral
resection for locally advanced and recurrent rectal
cancer. Br J Surg. 2009;96(11):1341-7. PubMed
PMID: 19847877. Epub 2009/10/23.eng.

Williams GL, Gonsalves S, Bandyopadhyay D, Sagar
PM. Laparoscopic abdominosacral composite resec-
tion for locally advanced primary rectal cancer. Tech
Coloproctol. 2008;12(4):299-302. PubMed PMID:
19018471. Epub 2008/11/20.eng.

Akasu T, Yamaguchi T, Fujimoto Y, Ishiguro S,
Yamamoto S, Fujita S, et al. Abdominal sacral resec-
tion for posterior pelvic recurrence of rectal carci-
noma: analyses of prognostic factors and recurrence
patterns. Ann Surg Oncol. 2007;14(1):74-83. PubMed
PMID: 17061173. Epub 2006/10/25.eng.

Melton GB, Paty PB, Boland PJ, Healey JH, Savatta
SG, Casas-Ganem JE, et al. Sacral resection for recur-
rent rectal cancer: analysis of morbidity and treatment
results. Dis Colon Rectum. 2006;49(8):1099-107.
PubMed PMID: 16779712. Epub 2006/06/17.eng.
Moriya Y, Akasu T, Fujita S, Yamamoto S. Total pel-
vic exenteration with distal sacrectomy for fixed
recurrent rectal cancer in the pelvis. Dis Colon
Rectum. 2004;47(12):2047-53; discussion 53-4.
PubMed PMID: 15657653. Epub 2005/01/20.eng.
Gonzalez RJ, McCarter MD, McDermott T, Pearlman
NW. Transsacral exenteration of fixed primary and
recurrent  anorectal cancer. Am J  Surg.
2003;186(6):670—4. PubMed PMID: 14672777. Epub
2003/12/16.eng.

Yamada K, Ishizawa T, Niwa K, Chuman Y, Aikou
T. Pelvic exenteration and sacral resection for locally
advanced primary and recurrent rectal cancer. Dis
Colon Rectum. 2002;45(8):1078—-84. PubMed PMID:
12195193. Epub 2002/08/27.eng.

Mannaerts GH, Rutten HJ, Martijn H, Groen GJ,
Hanssens PE, Wiggers T. Abdominosacral resection
for primary irresectable and locally recurrent rectal

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

153

cancer. Dis Colon Rectum. 2001;44(6):806—-14.
PubMed PMID: 11391140. Epub 2001/06/08.eng.
Weber KL, Nelson H, Gunderson LL, Sim FH.
Sacropelvic resection for recurrent anorectal cancer.
A multidisciplinary approach. Clin Orthop Relat Res.
2000;372:231-40. PubMed PMID: 10738432. Epub
2000/03/30.eng.

Zacherl J, Schiessel R, Windhager R, Herbst F,
Karner-Hanusch J, Kotz R, et al. Abdominosacral
resection of recurrent rectal cancer in the sacrum. Dis
Colon Rectum. 1999;42(8):1035-9; discussion 9-40.
PubMed PMID: 10458127. Epub 1999/08/24.eng.
‘Wanebo HJ, Antoniuk P, Koness RJ, Levy A, Vezeridis
M, Cohen SI, et al. Pelvic resection of recurrent rectal
cancer: technical considerations and outcomes. Dis
Colon Rectum. 1999;42(11):1438-48. PubMed
PMID: 10566532. Epub 1999/11/24.eng.

Magrini S, Nelson H, Gunderson LL, Sim FH.
Sacropelvic resection and intraoperative electron irra-
diation in the management of recurrent anorectal can-
cer. Dis Colon Rectum. 1996;39(1):1-9. PubMed
PMID: 8601342. Epub 1996/01/01.eng.

Wanebo HJ, Koness RJ, Vezeridis MP, Cohen SI,
Wrobleski DE. Pelvic resection of recurrent rectal
cancer. Ann Surg. 1994;220(4):586-95; discussion
95-7. PubMed PMID: 7524455. Pubmed Central
PMCID: 1234440. Epub 1994/10/01.eng.

Wanebo HJ, Marcove RC. Abdominal sacral resection
of locally recurrent rectal cancer. Ann Surg.
1981;194(4):458-71. PubMed PMID: 7283507.
Pubmed Central PMCID: 1345323. Epub 1981/10/01.
eng.

Lygidakis NJ, Patil A, Giannoulis K, Fukuda T, Kumar
R. Laparoscopic hyperthermic intraperitoneal chemo-
therapy as adjuvant modality following radical surgery
for advanced rectal cancer a new look to an old prob-
lem. Hepatogastroenterology.  2010;57(97):73-5.
PubMed PMID: 20422875. Epub 2010/04/29.eng.
Kabashima A, Sakaguchi Y, Okita K, Yamamura S,
Ojima Y, Nishizaki T, et al. Efficacy of tegafur/uracil
plus oral leucovorin therapy for advanced or recurrent
colorectal cancer. Gan To Kagaku Ryoho.
2005;32(12):1935-8. PubMed PMID: 16282730.
Epub 2005/11/12. jpn.

Roeder F, Treiber M, Oertel S, Dinkel J, Timke C,
Funk A, et al. Patterns of failure and local control after
intraoperative electron boost radiotherapy to the pre-
sacral space in combination with total mesorectal
excision in patients with locally advanced rectal can-
cer. Int J Radiat Oncol Biol Phys. 2007;67(5):1381-8.
PubMed PMID: 17275208. Epub 2007/02/06.eng.
Kane SV. Systematic review: adherence issues in the
treatment of ulcerative colitis. Aliment Pharmacol
Ther. 2006;23(5):577-85. PubMed PMID: 16480396.
Epub 2006/02/17.eng.

Grossmann EM, Johnson FE, Virgo KS, Longo WE,
Fossati R. Follow-up of colorectal cancer patients
after resection with curative intent-the GILDA trial.
Surg Oncol. 2004;13(2-3):119-24. PubMed PMID:
15572094. Epub 2004/12/02.eng.



154

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Kim JH. Clinical significance of preoperative mag-
netic resonance imaging in staging of rectal cancer.
Korean J Gastroenterol. 2006;47(4):248-53. PubMed
PMID: 16632974. Epub 2006/04/25. kor.

Pan ZZ, Wan DS, Ding PR, Li LR, Chen G, Wu XIJ,
et al. Long-term result of low anterior resection with
stapling devices for rectal cancer. Ai Zheng. 2004;23(11
Suppl):1508-11. PubMed PMID: 15566668. Epub
2004/11/30. chi.

Brown G, Daniels IR, Richardson C, Revell P,
Peppercorn D, Bourne M. Techniques and trouble-
shooting in high spatial resolution thin slice MRI for
rectal cancer. Br J Radiol. 2005;78(927):245-51.
PubMed PMID: 15730990. Epub 2005/02/26.eng.
Fujita S, Yamamoto S, Akasu T, Moriya Y. Outcome
of patients with clinical stage II or III rectal cancer
treated without adjuvant radiotherapy. Int J Colorectal
Dis. 2008;23(11):1073-9. PubMed PMID: 18594841.
Epub 2008/07/03.eng.

Carlomagno C, Farella A, Bucci L, D’ Armiento FP,
Pesce G, Pepe S, et al. Neo-adjuvant treatment of rec-
tal cancer with capecitabine and oxaliplatin in combi-
nation with radiotherapy: a phase II study. Ann Oncol.
2009;20(5):906—12. PubMed PMID: 19155242. Epub
2009/01/22.eng.

Kornmann M, Staib L, Wiegel T, Kreuser ED, Kron
M, Baumann W, et al. Adjuvant chemoradiotherapy of
advanced resectable rectal cancer: results of a ran-
domised trial comparing modulation of 5-fluorouracil
with folinic acid or with interferon-alpha. Br J Cancer.
2010;103:1163-72. PubMed PMID: 20877353. Epub
2010/09/30.eng.

Silberfein EJ, Kattepogu KM, Hu CY, Skibber JM,
Rodriguez-Bigas MA, Feig B, et al. Long-term
survival and recurrence outcomes following surgery
for distal rectal cancer. Ann Surg Oncol. 2010;17:
2863-9. PubMed PMID: 20552409. Epub 2010/06/17.
eng.

eng K, Localio SA. Abdominosacral resection for
midrectal cancer. Hepatogastroenterology. 1992;
39(3):207-11. PubMed PMID: 1505890. Epub
1992/06/01.eng.

eng K, Localio SA. Abdominosacral resection of the
rectum. Ann Chir Gynaecol. 1986;75(2):100-5.
PubMed PMID: 2942094. Epub 1986/01/01.eng.
Localio SA, Eng K, Coppa GF. Abdominosacral
resection for midrectal cancer. A fifteen-year experi-
ence. Ann Surg. 1983;198(3):320—4. PubMed PMID:
6615054. Pubmed Central PMCID: 1353300. Epub
1983/09/01.eng.

Localio SA, Eng K, Ranson JH. Abdominosacral
approach for retrorectal tumors. Ann Surg. 1980;
191(5):555-60. PubMed PMID: 6929181. Pubmed
Central PMCID: 1344734. Epub 1980/05/01.eng.
Localio SA, Eng K, Gouge TH, Ranson JH.
Abdominosacral resection for carcinoma of the midrec-
tum: ten years experience. Ann Surg. 1978;188(4):475—
80. PubMed PMID: 697432. Pubmed Central PMCID:
1396833. Epub 1978/10/01.eng.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

P.A. Georgiou and P.P. Tekkis

Bebenek M. Abdominosacral resection is not related
to the risk of neurological complications in patients
with low-rectal cancer. Colorectal Dis. 2009;11(4):
373-6. PubMed PMID: 18637919. Epub 2008/07/22.
eng.

Bebenek M. Abdominosacral amputation of the rec-
tum for low rectal cancers: ten years of experience.
Ann Surg Oncol. 2009;16(8):2211-7. PubMed PMID:
19452225. Epub 2009/05/20.eng.

Bebenek M, Pudelko M, Cisarz K, Balcerzak A,
Tupikowski W, Wojciechowski L, et al. Therapeutic
results in low-rectal cancer patients treated with
abdominosacral resection are similar to those obtained
by means of anterior resection in mid- and upper-rec-
tal cancer cases. Eur J Surg Oncol. 2007;33(3):320-3.
PubMed PMID: 17046192. Epub 2006/10/19.eng.
Rifkin MD, Ehrlich SM, Marks G. Staging of rectal
carcinoma: prospective comparison of endorectal US
and CT. Radiology. 1989;170(2):319-22. PubMed
PMID: 2643135. Epub 1989/02/01.eng.

Beynon J, Mortensen NJ, Foy DM, Channer JL,
Rigby H, Virjee J. The detection and evaluation of
locally recurrent rectal cancer with rectal endosonog-
raphy. Dis Colon Rectum. 1989;32(6):509-17.
PubMed PMID: 2676426. Epub 1989/06/01.eng.

Puli SR, Bechtold ML, Reddy JB, Choudhary A,
Antillon MR, Brugge WR. How good is endoscopic
ultrasound in differentiating various T stages of rectal
cancer? Meta-analysis and systematic review. Ann
Surg Oncol. 2009;16(2):254-65. PubMed PMID:
19018597. Epub 2008/11/20.eng.

Kruskal JB, Kane RA, Sentovich SM, Longmaid HE.
Pitfalls and sources of error in staging rectal cancer
with endorectal us. Radiographics. 1997;17(3):609—
26. PubMed PMID: 9153700. Epub 1997/05/01.eng.
Moss AA, Thoeni RF, Schnyder P, Margulis AR. Value
of computed tomography in the detection and staging
of recurrent rectal carcinomas. J Comput Assist
Tomogr. 1981;5(6):870—4. PubMed PMID: 7320294.
Epub 1981/12/01.eng.

Adalsteinsson B, Glimelius B, Graffman S,
Hemmingsson A, Pahlman L, Rimsten A. Computed
tomography of recurrent rectal carcinoma. Acta
Radiol Diagn (Stockh). 1981;22(6):669—72. PubMed
PMID: 7347117. Epub 1981/01/01.eng.

Grabbe E, Winkler R. Local recurrence after sphincter-
saving resection for rectal and rectosigmoid carci-
noma. Value of various diagnostic methods.
Radiology. 1985;155(2):305-10. PubMed PMID:
3983380. Epub 1985/05/01.eng.

Thompson WM, Halvorsen RA, Foster Jr WL,
Roberts L, Gibbons R. Preoperative and postoperative
CT staging of rectosigmoid carcinoma. AJR Am
J Roentgenol. 1986;146(4):703—10. PubMed PMID:
3485343. Epub 1986/04/01.eng.

Farouk R, Nelson H, Radice E, Mercill S,
Gunderson L. Accuracy of computed tomography in
determining resectability for locally advanced pri-
mary or recurrent colorectal cancers. Am J Surg.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Abdominosacral Resection for Rectal Cancer

1998;175(4):283-7. PubMed PMID: 9568652. Epub
1998/05/06.eng.

Heriot AG, Tekkis PP, Darzi A, Mackay J. Surgery for
local recurrence of rectal cancer. Colorectal Dis.
2006;8(9):733—-47. PubMed PMID: 17032318. Epub
2006/10/13.eng.

Blomgqvist L, Holm T, Goranson H, Jacobsson H,
Ohlsen H, Larsson SA. MR imaging, CT and CEA
scintigraphy in the diagnosis of local recurrence of
rectal carcinoma. Acta Radiol. 1996;37(5):779-84.
PubMed PMID: 8915293. Epub 1996/09/01.eng.
Balzarini L, Ceglia E, D’Ippolito G, Petrillo R,
Tess JD, Musumeci R. Local recurrence of rectosig-
moid cancer: what about the choice of MRI for diag-
nosis? Gastrointest Radiol. 1990;15(4):338-42.
PubMed PMID: 2210210. Epub 1990/01/01.eng.
Pema PJ, Bennett WF, Bova JG, Warman P. CT vs
MRI in diagnosis of recurrent rectosigmoid carci-
noma. J Comput Assist Tomogr. 1994;18(2):256-61.
PubMed PMID: 8126277. Epub 1994/03/01.eng.
Messiou C, Chalmers AG, Boyle K, Wilson D,
Sagar P. Pre-operative MR assessment of recurrent
rectal cancer. Br J Radiol. 2008;81(966):468-73.
PubMed PMID: 18347028. Epub 2008/03/19.eng.
Robinson P, Carrington BM, Swindell R, Shanks JH,
O’Dwyer ST. Recurrent or residual pelvic bowel can-
cer: accuracy of MRI local extent before salvage sur-
gery. Clin Radiol. 2002;57(6):514-22. PubMed
PMID: 12069470. Epub 2002/06/19.eng.

Dresen RC, Kusters M, Daniels-Gooszen AW,
Cappendijk VC, Nieuwenhuijzen GA, Kessels AG,
et al. Absence of tumor invasion into pelvic structures
in locally recurrent rectal cancer: prediction with
preoperative MR imaging. Radiology.2010;256(1):143—
50. PubMed PMID: 20574091. Epub 2010/06/25.eng.
Georgiou PA, Tekkis PP, Constantinides VA, Patel U,
Goldin RD, Darzi AW, et al. Diagnostic accuracy and
value of magnetic resonance imaging (MRI) in plan-
ning exenterative pelvic surgery for advanced colorec-
tal cancer. Eur J Cancer. 2013;49(1):72-81. PubMed
PMID: 23036847. Epub 2012/10/06.eng.

Dicle O, Obuz F, Cakmakci H. Differentiation of
recurrent rectal cancer and scarring with dynamic MR
imaging. Br J Radiol. 1999;72(864):1155-9. PubMed
PMID: 10703471. Epub 2000/03/07.eng.

Lyng H, Haraldseth O, Rofstad EK. Measurement of
cell density and necrotic fraction in human melanoma
xenografts by diffusion weighted magnetic resonance
imaging. Magn Reson Med. 2000;43(6):828-36.
PubMed PMID: 10861877. Epub 2000/06/22.eng.
Herneth AM, Guccione S, Bednarski M. Apparent
diffusion coefficient: a quantitative parameter for
in vivo tumor -characterization. Eur J Radiol.
2003;45(3):208-13. PubMed PMID: 12595105. Epub
2003/02/22.eng.

Turner R, Le Bihan D, Maier J, Vavrek R, Hedges LK,
Pekar J. Echo-planar imaging of intravoxel incoherent
motion. Radiology. 1990;177(2):407-14. PubMed
PMID: 2217777. Epub 1990/11/01.eng.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

155

Le Bihan D, Breton E, Lallemand D, Aubin ML,
Vignaud J, Laval-Jeantet M. Separation of diffusion
and perfusion in intravoxel incoherent motion MR
imaging. Radiology. 1988;168(2):497-505. PubMed
PMID: 3393671. Epub 1988/08/01.eng.

Thoeny HC, De Keyzer F. Extracranial applications of
diffusion-weighted magnetic resonance imaging. Eur
Radiol. 2007;17(6):1385-93. PubMed PMID:
17206421. Epub 2007/01/09.eng.

Bammer R, Keeling SL, Augustin M, Pruessmann KP,
Wolf R, Stollberger R, et al. Improved diffusion-
weighted single-shot echo-planar imaging (EPI) in
stroke using sensitivity encoding (SENSE). Magn
Reson Med. 2001;46(3):548-54. PubMed PMID:
11550248. Epub 2001/09/11.eng.

Basser PJ, Pajevic S, Pierpaoli C, Duda J, Aldroubi A.
In vivo fiber tractography using DT-MRI data. Magn
Reson Med. 2000;44(4):625-32. PubMed PMID:
11025519. Epub 2000/10/12.eng.

Rovira A, Rovira-Gols A, Pedraza S, Grive E, Molina C,
Alvarez-Sabin J. Diffusion-weighted MR imaging in
the acute phase of transient ischemic attacks. AINR
Am J Neuroradiol. 2002;23(1):77-83. PubMed PMID:
11827878. Epub 2002/02/06.eng.

Sharma U, Danishad KK, Seenu V, Jagannathan NR.
Longitudinal study of the assessment by MRI and
diffusion-weighted imaging of tumor response in
patients with locally advanced breast cancer undergo-
ing neoadjuvant chemotherapy. NMR Biomed.
2009;22(1):104-13. PubMed PMID: 18384182. Epub
2008/04/04.eng.

Chenevert TL, McKeever PE, Ross BD. Monitoring
early response of experimental brain tumors to ther-
apy using diffusion magnetic resonance imaging. Clin
Cancer Res. 1997;3(9):1457-66. PubMed PMID:
9815831. Epub 1998/11/17.eng.

Watanabe H, Kanematsu M, Kondo H, Goshima S,
Tsuge Y, Onozuka M, et al. Preoperative T staging of
urinary bladder cancer: does diffusion-weighted MRI
have supplementary value? AJR Am J Roentgenol.
2009;192(5):1361-6. PubMed PMID: 19380561.
Epub 2009/04/22.eng.

Miao H, Fukatsu H, Ishigaki T. Prostate cancer detec-
tion with 3-T MRI: comparison of diffusion-weighted
and T2-weighted imaging. Eur J Radiol. 2007;61(2):
297-302. PubMed PMID: 17085002. Epub
2006/11/07.eng.

Cui Y, Zhang XP, Sun YS, Tang L, Shen L. Apparent
diffusion coefficient: potential imaging biomarker for
prediction and early detection of response to chemo-
therapy in hepatic metastases. Radiology. 2008;
248(3):894-900. PubMed PMID: 18710982. Epub
2008/08/20.eng.

Hosonuma T, Tozaki M, Ichiba N, Sakuma T,
Hayashi D, Yanaga K, et al. Clinical usefulness
of diffusion-weighted imaging using low and high
b-values to detect rectal cancer. Magn Reson Med Sci.
2006;5(4):173-7. PubMed PMID: 17332707. Epub
2007/03/03.eng.



156

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

Ichikawa T, Erturk SM, Motosugi U, Sou H, Iino H,
Araki T, et al. High-B-value diffusion-weighted MRI
in colorectal cancer. AJR Am J Roentgenol.
2006;187(1):181-4. PubMed PMID: 16794174. Epub
2006/06/24.eng.

Sun YS, Zhang XP, Tang L, Ji JF, Gu J, Cai Y, et al.
Locally advanced rectal carcinoma treated with
preoperative chemotherapy and radiation therapy:
preliminary analysis of diffusion-weighted MR imag-
ing for early detection of tumor histopathologic
downstaging. Radiology. 2010;254(1):170-8.
PubMed PMID: 20019139. Epub 2009/12/19.eng.
Lambregts DM, Maas M, Riedl RG, Bakers FC,
Verwoerd JL, Kessels AG, et al. Value of ADC mea-
surements for nodal staging after chemoradiation
in locally advanced rectal cancer-a per lesion valida-
tion study. Eur Radiol. 2011;21:265-73. PubMed
PMID: 20730540. Epub 2010/08/24.eng.

Kim SH, Lee JM, Hong SH, Kim GH, Lee JY,
Han JK, et al. Locally advanced rectal cancer: added
value of diffusion-weighted MR imaging in the evalu-
ation of tumor response to neoadjuvant chemo- and
radiation therapy. Radiology. 2009;253(1):116-25.
PubMed PMID: 19789256. Epub 2009/10/01.eng.
Huebner RH, Park KC, Shepherd JE, Schwimmer J,
Czernin J, Phelps ME, et al. A meta-analysis of the
literature for whole-body FDG PET detection of recur-
rent colorectal cancer. J Nucl Med. 2000;41(7):1177-
89. PubMed PMID: 10914907. Epub 2000/07/29.eng.
Zhang C, Chen Y, Xue H, Zheng P, Tong J, Liu J, et al.
Diagnostic value of FDG-PET in recurrent colorectal car-
cinoma: a meta-analysis. Int J Cancer. 2009;124(1):167—
73. PubMed PMID: 18844237. Epub 2008/10/11.eng.
Moore HG, Akhurst T, Larson SM, Minsky BD,
Mazumdar M, Guillem JG. A case-controlled study of
18-fluorodeoxyglucose positron emission tomogra-
phy in the detection of pelvic recurrence in previously
irradiated rectal cancer patients. J Am Coll Surg.
2003;197(1):22-8. PubMed PMID: 12831920. Epub
2003/07/02.eng.

von Schulthess GK, Steinert HC, Hany TF. Integrated
PET/CT: current applications and future directions.
Radiology. 2006;238(2):405-22. PubMed PMID:
16436809. Epub 2006/01/27.eng.

Kamel IR, Cohade C, Neyman E, Fishman EK,
Wahl RL. Incremental value of CT in PET/CT of
patients with colorectal carcinoma. Abdom Imaging.
2004;29(6):663-8. PubMed PMID: 15162236. Epub
2004/05/27 .eng.

Even-Sapir E, Parag Y, Lerman H, Gutman M,
Levine C, Rabau M, et al. Detection of recurrence in
patients with rectal cancer: PET/CT after abdomino-
perineal or anterior resection. Radiology. 2004;
232(3):815-22. PubMed PMID: 15273334. Epub
2004/07/27.eng.

Vliegen RF, Beets-Tan RG, Vanhauten B, Driessen A,
Oellers M, Kessels AG, et al. Can an FDG-PET/CT
predict tumor clearance of the mesorectal fascia after
preoperative chemoradiation of locally advanced rec-
tal cancer? Strahlenther Onkol. 2008;184(9):457-64.
PubMed PMID: 19016024. Epub 2008/11/19.eng.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

P.A. Georgiou and P.P. Tekkis

Kristiansen C, Loft A, Berthelsen AK, Graff J,
Lindebjerg J, Bisgaard C, et al. PET/CT and histo-
pathologic response to preoperative chemoradiation
therapy in locally advanced rectal cancer. Dis Colon
Rectum. 2008;51(1):21-5. PubMed PMID: 17975715.
Epub 2007/11/03.eng.

Capirci C, Rampin L, Erba PA, Galeotti F, Crepaldi
G, Banti E, et al. Sequential FDG-PET/CT reliably
predicts response of locally advanced rectal cancer
to neo-adjuvant chemo-radiation therapy. Eur J Nucl
Med Mol Imaging. 2007;34(10):1583-93. PubMed
PMID: 17503039. Epub 2007/05/16.eng.

Ward BA, Miller DL, Frank JA, Dwyer Al,
Simmons JT, Chang R, et al. Prospective evaluation
of hepatic imaging studies in the detection of
colorectal metastases: correlation with surgical find-
ings. Surgery. 1989;105(2 Pt 1):180-7. PubMed
PMID: 2536965. Epub 1989/02/01.eng.

Floriani I, Torri V, Rulli E, Garavaglia D, Compagnoni
A, Salvolini L, et al. Performance of imaging
modalities in diagnosis of liver metastases from
colorectal cancer: a systematic review and meta-
analysis. ] Magn Reson Imaging. 2010;31(1):19-31.
PubMed PMID: 20027569. Epub 2009/12/23.eng.
Falk PM, Gupta NC, Thorson AG, Frick MP,
Boman BM, Christensen MA, et al. Positron emis-
sion tomography for preoperative staging of colorec-
tal carcinoma. Dis Colon Rectum. 1994;37(2):153-6.
PubMed PMID: 8306836. Epub 1994/02/01.eng.
Abdel-Nabi H, Doerr RJ, Lamonica DM, Cronin VR,
Galantowicz PJ, Carbone GM, et al. Staging of pri-
mary colorectal carcinomas with fluorine-18 fluoro-
deoxyglucose whole-body PET: correlation with
histopathologic and CT findings. Radiology. 1998;
206(3):755-60. PubMed PMID: 9494497. Epub
1998/03/12.eng.

Ogunbiyi OA, Flanagan FL, Dehdashti F, Siegel BA,
Trask DD, Birnbaum EH, et al. Detection of recurrent
and metastatic colorectal cancer: comparison of pos-
itron emission tomography and computed tomogra-
phy. Ann Surg Oncol. 1997;4(8):613-20. PubMed
PMID: 9416407. Epub 1998/01/07.eng.

Mukai M, Sadahiro S, Yasuda S, Ishida H,
Tokunaga N, Tajima T, et al. Preoperative evaluation
by whole-body 18F-fluorodeoxyglucose positron
emission tomography in patients with primary
colorectal cancer. Oncol Rep. 2000;7(1):85-7.
PubMed PMID: 10601597. Epub 1999/12/22.eng.
Meta J, Seltzer M, Schiepers C, Silverman DH,
Ariannejad M, Gambhir SS, et al. Impact of
18F-FDG PET on managing patients with colorectal
cancer: the referring physician’s perspective. J Nucl
Med. 2001;42(4):586-90. PubMed PMID:
11337546. Epub 2001/05/05.eng.

Kalff V, Hicks RJ, Ware RE, Hogg A, Binns D,
McKenzie AF. The clinical impact of (18)F-FDG
PET in patients with suspected or confirmed recur-
rence of colorectal cancer: a prospective study. J
Nucl Med. 2002;43(4):492-9. PubMed PMID:
11937593. Epub 2002/04/09.eng.



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Abdominosacral Resection for Rectal Cancer

Potter KC, Husband JE, Houghton SL, Thomas K,
Brown G. Diagnostic accuracy of serial CT/mag-
netic resonance imaging review vs. positron emis-
sion tomography/CT in colorectal cancer patients
with suspected and known recurrence. Dis Colon
Rectum. 2009;52(2):253-9. PubMed PMID:
19279420. Epub 2009/03/13.eng.

Paterson C, Nelson H. Surgical approach to locally
recurrent disease. In: Audisio R, Geraghty J,
Longo W, editors. Modern management of cancer of
the rectum. Ist ed. London: Springer; 1998.
p. 147-56.

Huguier M, Houry S. Treatment of local recur-
rence of rectal cancer. Am J Surg. 1998;175(4):288-
92. PubMed PMID: 9568653. Epub 1998/05/06.eng.
Maetani S, Onodera H, Nishikawa T, Morimoto H,
Ida K, Kitamura O, et al. Significance of local recur-
rence of rectal cancer as a local or disseminated dis-
ease. Br J Surg. 1998;85(4):521-5. PubMed PMID:
9607539. Epub 1998/06/02.eng.

Hartley JE, Lopez RA, Paty PB, Wong WD,
Cohen AM, Guillem JG. Resection of locally recur-
rent colorectal cancer in the presence of distant
metastases: can it be justified? Ann Surg Oncol.
2003;10(3):227-33. PubMed PMID: 12679306.
Epub 2003/04/08.eng.

Yamada K, Ishizawa T, Niwa K, Chuman Y, Akiba S,
Aikou T. Patterns of pelvic invasion are prognostic
in the treatment of locally recurrent rectal cancer. Br
J Surg. 2001;88(7):988-93. PubMed PMID:
11442533. Epub 2001/07/10.eng.

Hahnloser D, Nelson H, Gunderson LL, Hassan I,
Haddock MG, O’Connell MJ, et al. Curative poten-
tial of multimodality therapy for locally recurrent
rectal cancer. Ann Surg. 2003;237(4):502-8.
PubMed PMID: 12677146. Pubmed Central
PMCID: 1514480. Epub 2003/04/05.eng.
Garcia-Aguilar J, Cromwell JW, Marra C, Lee SH,
Madoff RD, Rothenberger DA. Treatment of locally

recurrent rectal cancer. Dis Colon Rectum.
2001;44(12):1743-8. PubMed PMID: 11742153.
Epub 2001/12/14.eng.

Heriot AG, Byrne CM, Lee P, Dobbs B, Tilney H,
Solomon MJ, et al. Extended radical resection: the
choice for locally recurrent rectal cancer. Dis Colon
Rectum. 2008;51(3):284-91. PubMed PMID:
18204879. Epub 2008/01/22.eng.

Suzuki K, Dozois RR, Devine RM, Nelson H,
Weaver AL, Gunderson LL, et al. Curative reopera-
tions for locally recurrent rectal cancer. Dis Colon
Rectum. 1996;39(7):730-6. PubMed PMID:
8674362. Epub 1996/07/01.eng.

Shoup M, Guillem JG, Alektiar KM, Liau K,
Paty PB, Cohen AM, et al. Predictors of survival in
recurrent rectal cancer after resection and intraoper-
ative radiotherapy. Dis Colon Rectum. 2002;45(5):
585-92. PubMed PMID: 12004205. Epub
2002/05/11.eng.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

157

Bhangu Al, Ali SM, Darzi A, Brown G, Tekkis P.
Meta-analysis of survival based on resection mar-
gin status following surgery for recurrent rectal
cancer. Colorectal Dis. 2012;14(12):1457-66.
doi:10.1111/j.1463-1318.2012.03005.x.

Yeung RS, Moffat FL, Falk RE. Pelvic exenteration
for recurrent colorectal carcinoma: a review. Cancer
Invest. 1994;12(2):176-88. PubMed PMID:
8131093. Epub 1994/01/01.eng.

Cheng C, Rodriguez-Bigas MA, Petrelli N. Is there a
role for curative surgery for pelvic recurrence from
rectal carcinoma in the presence of hydronephrosis?
Am J Surg. 2001;182(3):274-7. PubMed PMID:
11587692. Epub 2001/10/06.eng.

Suzuki K, Gunderson LL, Devine RM, Weaver AL,
Dozois RR, Ilstrup DM, et al. Intraoperative
irradiation after palliative surgery for locally

recurrent rectal cancer. Cancer. 1995;75(4):
939-52. PubMed PMID: 7531113. Epub 1995/02/15.
eng.

Yeung RS, Moftat FL, Falk RE. Pelvic exenteration
for recurrent and extensive primary colorectal ade-
nocarcinoma. Cancer. 1993;72(6):1853-8. PubMed
PMID: 7689919. Epub 1993/09/15.eng.

Brophy PF, Hoffman JP, Eisenberg BL. The role of
palliative pelvic exenteration. Am J Surg. 1994;
167(4):386-90. PubMed PMID: 7513967. Epub
1994/04/01.eng.

Belluco C, Melega E, Mammano E, Pucciarelli S,
Nitti D, Lise M. Multimodality management of
recurrent rectal cancer. Clinics in Colon and Rectal
Surg. 2002;15:63.

Miner TJ, Jaques DP, Paty PB, Guillem JG,
Wong WD. Symptom control in patients with locally
recurrent rectal cancer. Ann Surg Oncol. 2003;10(1):
72-9. PubMed PMID: 12513964. Epub 2003/01/07.
eng.

Tjandra JJ, Chan MK. Follow-up after curative
resection of colorectal cancer: a meta-analysis. Dis
Colon Rectum. 2007;50(11):1783-99. PubMed
PMID: 17874269. Epub 2007/09/18.eng.

Martin Jr EW, Cooperman M, King G, Rinker L,
Carey LC, Minton JP. A retrospective and prospec-
tive study of serial CEA determinations in the early
detection of recurrent colon cancer. Am J Surg.
1979;137(2):167-9. PubMed PMID: 426170. Epub
1979/02/01.eng.

Martin Jr EW, Minton JP, Carey LC. CEA-directed
second-look surgery in the asymptomatic patient
after primary resection of colorectal carcinoma.
Ann Surg. 1985;202(3):310-7. PubMed PMID:
4037904. Pubmed Central PMCID: 1250903. Epub
1985/09/01.eng.

Primrose JN, Perera R, Gray A, Rose P, Fuller A,
Corkhill A, et al. Effect of 3 to 5 years of scheduled
CEA and CT follow-up to detect recurrence of
colorectal cancer: the FACS randomized clinical
trial. JAMA. 2014;311(3):263-70.


http://dx.doi.org/10.1111/j.1463-1318.2012.03005.x

Shane Killeen, Jurgen Munslow,

and Desmond Winter

Abstract

Contemporary treatment of rectal cancer incorporates multiple modalities
but surgery remains the cornerstone of any strategy. Careful operative
technique is vital in achieving optimal outcomes particularly with respect
to local recurrence. Following the adoption of total mesorectal excision for
rectal cancer, it was noted that patients with rectal cancers undergoing
abdominoperineal resection (APR) faired worse compared to those under-
going anterior resection when matched for stage. Subsequent develop-
ments in surgical technique sought to address this dilemma. This chapter
describes the historical context of APR, contemporary APR and its ratio-
nale, open, laparoscopic and robotic resection techniques, documents out-
comes and strategies for dealing wound closure following APR.
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Historical Context

The earliest attempts at rectal cancer surgery were
confined to palliative colostomy as described by
Amussat [1]. Lisfranc published the first success-
ful rectal tumor resection via a perineal approach
in 1833 [2]. Surgery was restricted to low lying
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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 first to
describe a radical combined abdominal and peri-
neal approach to rectal cancers, it was the treatise
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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 floor) 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 benefits, 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
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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 five separate
European trials reported that the APR procedure
was associated with an increased local recurrence
rate and a decreased cancer-specific 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 influential. 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-
ficulties (surgeons following the mesorectal
plane until it peters out 2 cm above the anal canal
with specimen “waisting” at the pelvic floor and
increased perforation rates) have been implicated
in the outcome discrepancy between APR and
AR [14-16].
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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 floor
and the levators divided at
the linea terminalis

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 reflecting the skin on either side
to the requisite extent. the interval between the
levatores ani (is) defined. 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]. Specifically, the steps involved
in the abdominal and perineal phases have

again been standardized to avoid the anatomical
deficiencies 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 floor due to
erroneously following the TME plane caudally
was first 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 floor 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
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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 floor avoids
waisting of the specimen but does commonly
result in perineal wound complications, even with
xeno- or local tissue grafts/flaps [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 significant 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 significantly different from that
after AR. Furthermore, disease-free survival was
the same after APE and AR. A recent systematic
review demonstrated no significant difference
between ELAPE and standard resections. There
was no evidence that extralevator abdominoperi-
neal excision yielded significantly 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 defini-
tions and terminology, or rather a disabling lack
of defined, standardized, internationally, and tem-
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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
difficulties 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
confirmed 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 % confidence 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 benefits 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 confined 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 benefits 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].
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Fig. 11.2 Four articulated instruments easily accommo-
dated in narrow pelvis of patient undergoing RALR for a
large low rectal tumor (ypT3N1)

At present, the financial 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 flow 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
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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 efficient.
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 flow 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 reflection is then identified
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 identified
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-

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

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-
roflexed to facilitate pelvic closure. The authors
routinely use omental pedicled flap to fill the
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Fig. 11.6 Three-port (a) and four-port (b) configuration for LAPR

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) flap, 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 inflatable bean bag, gel mat or “mummy
wrap” used to ensure the patient remains securely
fixed 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 identified and pre-
served. The IMA is safely sealed with an energy
device unless the vessel is heavily calcified when
clips or locking grips may be utilized as adjuncts
or the primary tools. The lateral colonic attach-
ments are now divided. The splenic flexure may
be mobilized if there is insufficient 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
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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 modified 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 profile, 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
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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 floor 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 fixed dead-space cavity which
accumulates fluid 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
financial 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 fluid 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 beneficial 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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Fig. 11.7 Omentoplasty after LAPR to fill dead space in
the true pelvis and aide perineal wound closure

time-consuming wound management techniques
incorporating tissue transfer, such as vertical
rectus abdominis (VRAM) and gracilis flap 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 difficulties [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 flap has sufficient length to reach the
pelvic floor and adequate mass to fill any dead
space (Fig. 11.7). A recent systematic review has
shown that omental flap transfer and buttressing
of the primary perineal repair following APR
reduces wound infections, reoperation rates and
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hospital length of stay with minimal additional
operative time or flap-associated morbidity [58].

For large defects or synchronous pelvic organ
resection the inferiorly based rectus abdominis
myocutaneous (VRAM) flap first described in 1984
provides well-vascularized tissue that can be trans-
ferred to cover significant perineal skin defects,
vaginal defects, and fill the pelvic dead space cre-
ated by APR. Recent studies of VRAM flap 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 flap (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 flap is uti-
lized), pelvic cramps due to muscle activity, and
abdominal deformation. Alternatives to VRAM
include the gracilis flap (based on the major pedicle
of the medial circumflex femoral artery) and glutius
maximus flaps (unilateral or bilateral). Both have
much to recommend them including ease of access
and less deformity. The gracilis flap also has the
advantage of being outside the radiation field. For
recurrent rectal cancer resections a retrospective
review showed that use of a gracilis flap decreased
the incidence of major pelvic abscess from 46 to
12 % and significantly 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 defined
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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 efficacy and cost effectiveness of this
approach [69].
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Abstract

Introduction

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 significantly reduces the incidence local recurrence.
Autonomic nerve preservation during pelvic sidewall dissections is
discussed in this chapter. Role of tumor specific TME, intraoperative nerve
monitoring and importance of obtaining negative circumferential resec-
tion margin is discussed as well.

Keywords

Rectal cancer  Total mesorectal excision (TME) ¢ Nerve sparing °
Autonomic nerve preservation ¢ Circumferential resection margin (CRM)

disease-free survival. Importantly, however,

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
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surgery remains the cornerstone of curative
therapy. Accurate and specific pre-operative
staging is of crucial importance when planning
the operative portion of definitive 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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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 affiliated 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.

Bladder

Fig.12.1 The correct plane
in total mesorectal excision

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

Excision
line

Mesorectum
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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].

e Urinary dysfunction:

— Urinary dysfunction after proctocolectomy,
primarily manifested as difficulty 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 significant
postoperative decrease in effective bladder
capacity and increases in first 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 significant difference between preopera-
tive and postoperative mean residual vol-
ume after micturition [18].

H. Hakiman et al.

» Sexual dysfunction:

— Sexual dysfunction following proctocolec-
to