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INTRODUCTION 
 

There have been several key advances in the optimal manage-

ment of rectal cancer during the past decades, primarily by stan-

dardisation and improvement of the surgical procedure.  

There is now general agreement that the optimal surgical treat-

ment involves the concept of total mesorectal excision (TME)
1, 2

 

and that a resection with tumour-free margins is crucial
3, 4

. In 

addition to the surgical advances, neoadjuvant radiotherapy or 

chemoradiotherapy, preoperative staging by magnetic resonance 

imaging (MRI) to assess tumour stage and local tumour extent, 

and quality assurance by pathological assessment have all con-

tributed to better outcomes in this complex but curable disease
5-

12
. These advances are best delivered by multidisciplinary team 

(MDT)-directed treatment planning involving surgeons, oncolo-

gists, radiologists, pathologists, and specialised nurses
13-15

. As a 

consequence, the survival rate of patients with rectal cancer now 

surpasses that of colon cancer patients
16

. 

 

The characterisation of rectal cancer into high, mid and low is 

traditionally measured from the anal verge using a rigid procto-

scope. Whereas TME or APE is optimal for mid and low rectal 

cancer, there has been very little focus on the optimal surgical 

management of upper rectal cancer. Tumours of the upper rec-

tum (>10-15 cm) may not require TME and may be optimally 

managed by perpendicular transection of the mesorectum at 

least 5 cm below the lower edge of the tumour. Partial mesorec-

tal excision (PME) is currently advocated for the majority of tu-

mours in the upper rectum, based on the rationale that the less 

extensive PME, with preservation of a distal part of the rectum 

and mesorectum, results in better long-term functional outcome 

and fewer postoperative complications, while being as oncologi-

cally safe as TME
17-19

.  

 

Indeed, dedicated centres have reported local recurrence rates 

between 4% and 8% with PME for upper rectal cancer without the 

use of neoadjuvant treatment, equal or better to the local recur-

rence rates of TME
18-21

. Based on data from the Stockholm Colo-

rectal Cancer Study Group, Syk et al. reported a crude local recur-

rence rate of 9% in patients who underwent PME for upper rectal 

cancer, despite the wide use of preoperative short-course radio-

therapy. In these patients with local recurrence, residual 

mesorectum was observed in 86% on postoperative MRI
22, 23

. 

They suggested that an intentional or inadvertent PME, combined 

with the omission of radiotherapy, was the cause of recurrence in 

these patients. Other authors have reported less than favourable 

outcomes after treatment for cancer of the upper rectum
24, 25

. 

The benefit of additional neoadjuvant therapy for resectable 

tumours of the upper rectum is controversial, and preoperative 

radio(chemo)therapy is not recommended according to Danish 

guidelines
26

. 

Differences in local recurrence rates most likely reflect variation 

in the surgical technique and use of adjuvant therapy in routine 

daily care. 

 

This thesis aims to discuss aspects of the treatment of rectal 

cancer with regard to the adequacy of mesorectal excision and 

oncological outcome with a particular focus on cancer of the 

upper rectum.

Cancer of the Upper Rectum 

 

Peter Bondeven 
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BACKGROUND 

 

Rectal cancer 

“Case 45: One having tumours. An ailment with which I will con-

tend”, - from the Edwin Smith Papyrus translated by James Henry 

Breasted, 1930. 

 

Colorectal cancer is one of the most challenging problems en-

countered by colorectal surgeons and is currently the second 

leading cause of cancer deaths in Western countries. According to 

data collected from Europe, colorectal malignancies are third in 

overall frequency of cancers, with around 150,000 cancer-related 

mortalities recorded in 2012
27, 28

. Rectal cancer constitutes one-

third of all colorectal cancers, with an estimated incidence in 

Europe of 20 new cases per 100,000 inhabitants. In Denmark, the 

incidence of rectal cancer is increasing; in 2012, 1,398 cases were 

registered. Of these, 38% were located in the upper rectum
29

. 

 

Although mortality is generally highly associated with the sys-

temic spread of disease, local recurrence of tumour has mostly 

been coupled to failure in surgical technique and is responsible 

for immense morbidity. This problem has been the focus of much 

attention over the past decades. Local recurrence rates of more 

than 30% have been seen in some older series
30-33

; however, 

recent improvements in the management of rectal cancer have 

resulted in rates of less than 10% being commonly reported to-

gether with improved survival
20, 34-39

. Clearly, the advances in 

surgical technique created by a clearer understanding of the local 

spread of tumour, the widespread adoption of neoadjuvant ther-

apy and better preoperative staging by magnetic resonance imag-

ing (MRI) have been pivotal in improving local recurrence rates.  

 

The definition of rectal cancer varies, but the most accepted 

definition in Europe is that of adeno-carcinoma arising within 15 

cm of the anal verge as measured by rigid proctoscopy
40

. The 

rectum is commonly subdivided into thirds: upper (>10-15 cm), 

mid (>5-10 cm), and low (0-5 cm), since prognosis and surgical 

management are affected by the location of the tumour. 

Although the rectum is predominantly a retroperitoneal organ, an 

appreciable part of the upper rectum anteriorly and laterally is 

enveloped by peritoneum, and not by mesorectum. The signifi-

cance of this difference may translate into a different impact of T-

stage for upper rectal cancer, because of the likelihood of ante-

rior peritoneal involvement (in up to 27% of patients), which is 

associated with local recurrence
41-43

. Due to such anatomical 

considerations, upper rectal cancer may also have disparate 

characteristics than that of mid or low rectal cancer with regard 

to the benefit of neoadjuvant therapy
44

.  

 

The following sections will review some of the literature with 

regard to the treatment of rectal cancer and focus on cancer of 

the upper rectum. 

 

 

 

 

 

 

 

 

Anatomy 

“No man should marry until he has studied anatomy and dissected 

at least one woman”, - Honore de Balzac (1799-1850) 

 

A comprehensive understanding of the topographical anatomy of 

fasciae and spaces that surround the rectum is of utmost impor-

tance and an essential prerequisite for rectal cancer surgery, 

preoperative staging and pathological evaluation of the specimen. 

 

The rectum is generally considered to begin at level of the sacral 

promontory. It descends along the curvature of the sacrum and 

coccyx and ends by passing through the levator ani muscles, at 

which level it abruptly turns downward and backward due to the 

contraction of the puborectalis sling to become the anal canal. 

The anal sphincter complex is composed of the internal anal 

sphincter, which consists of smooth muscle derived from the 

rectal wall, and the external anal sphincter composed of striated 

muscle, which closely fuses with the puborectal muscle. A small 

inter-sphincteric space separates the external from the internal 

sphincter. 

 

The enclosures of the rectum are commonly divided into three 

parts: the upper (10.1-15 cm), middle (>5-10 cm) and lower rec-

tum (0-5 cm). Most of the rectum is extraperitoneal, although the 

upper third is partly intraperitoneal and covered by peritoneum 

anteriorly and laterally. The extraperitoneal part of the rectum is 

covered by the fascia propria recti, a sheath of thin areolar tissue, 

or in the world of surgical pathology also called the mesorectal 

fascia. The mesorectal fascia encompasses a separate compart-

ment consisting of perirectal fat and containing vessels and lym-

phatic tissue, i.e. the mesorectum.  

Posterior to the mesorectal fascia is the presacral fascia, which is 

a part of the parietal pelvic fascia that covers the internal obtura-

tor, levator ani, coccygeal, and piriformis muscles together with 

the periosteal surface of the sacrum and coccyx. The virtual ret-

rorectal space between the mesorectal fascia and presacral fascia 

constitutes the proper plane for mobilisation of the mesorectum, 

that when opened has been described to resemble ‘angel’s hair’ 

due the loose areolar tissue within; the so-called “holy plane”
45

. 

 

In its course the rectum is related posteriorly to the sacrum, 

coccyx, levator ani muscles, median sacral vessels, and roots of 

the sacral nerve plexus. Anteriorly, in males, the extraperitoneal 

rectum is related to the prostate, seminal vesicles, vasa deferen-

tia, ureters, and urinary bladder, and the intraperitoneal rectum 

may be in contact with loops of the small bowel and sigmoid 

colon. In females, the extraperitoneal rectum lies behind the 

posterior vaginal wall, and the intraperitoneal rectum may be 

related to the upper part of vagina, uterus, fallopian tubes, ova-

ries, small bowel, and sigmoid colon.  
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Surgical technique 

“May I ask you to move a little? You’ve been standing on my foot 

for half an hour”, - Dr. William S. Halsted (1852-1922) during one 

of his lengthy breast resections, sacrificing speed and style for 

scrupulous care and anatomical integrity. 

 

While a door may be opening to the non-surgical management of 

a selected group of rectal tumours, surgical resection is still re-

garded as the cornerstone of curative treatment for rectal cancer. 

At the beginning of the 20th century, rectal cancer surgery carried 

both a high mortality and a near 100% recurrence rate, and was 

largely considered a non-curable disease.  

 

In 1908, Miles published a thorough description of the radical 

abdominoperineal procedure; introducing the basis for modern 

rectal cancer surgery
46

. Miles, like Halsted with breast cancer, 

studied the lymphatic spread of rectal cancer in planning his 

operation. Abdominoperineal excision, which entails the removal 

of the pelvic mesocolon compromising “the zone of upward 

spread”, in a combined abdominal and perineal approach with 

anatomical correct dissection of the rectum and anal canal and 

the creation of a permanent colostomy, remained the standard of 

care in rectal cancer throughout the following decades, irrespec-

tive of tumour height. 

 

 

 

Figure 1  
Specimen after Miles’ abdominoperineal excision. It is notable that this procedure 

was also performed for a tumour well above the pelvic floor, as in this example. 

 

A report in 1942 on the outcome for patients with rectal cancer in 

Denmark in the time period from 1931 to 1935 showed that the 

prognosis was far from favourable. In that time period 1,444 

patients were admitted in 121 hospitals. Only 27% of patients had 

radical surgery, and perioperative mortality was as high as 60% to 

70%
47

. 

 

 
Figure 2  
Extract from the Danish report anno 1942 on cancer recti.  

“To the boards of the Radiation departments of Aarhus and Odense. Abdominoper-

ineal resection in 1 tempi – 70.6% mortality, -do- in 2 tempi – 60.6% mortality, 

Perineo-sacral – 26.3%. There was no observable improvement during the study 

period. 

Radical surgery for cancer recti is due to its indication and technical difficulty is ever 

more so an operation, which should be managed at only some few departments, so 

that each department may achieve and sustain the necessary experience and 

training. 

 

Sphincter preservation with re-establishment of intestinal conti-

nuity in rectal cancer surgery became a controversial issue in the 

early 1940s and 50s
48

. It was supposed not to be sufficiently 

radical and to increase mortality due to anastomotic leakage, and 

was therefore rejected by many. However, the safety of a restora-

tive procedure for rectal cancer was established by Claude F. 

Dixon in 1948, when he reported on his series using anterior 

resection of the rectum for tumours in the mid and upper third of 

the rectum
49

. Anterior resection became the standard in surgical 

cure of mid and upper rectal tumours, and new technical devel-

opments, such as staplers, made sphincter-preserving surgery 

possible even in mid or low-lying tumours without compromising 

oncological outcomes
50-52

.  

 

Total mesorectal excision 

Good surgical technique is integral to optimising oncological 

outcome and minimising morbidity in rectal cancer surgery. Be-

fore the standardisation of surgery with TME, the reported rate of 

local recurrence after curative resection varied between 4% and 

55% with significant differences reported among surgeons with 

an otherwise similar case mix
31, 53

. Total mesorectal excision was 

first described by Heald
1, 2

 in 1979, suggesting that mesorectal 

residues of tumour might be the primary cause of local recur-

rence. The main principle of the procedure was to maintain the 

integrity of the mesorectal envelope by sharp dissection in the 

“holy plane” between the fascia propria of the rectum and the 

presacral fascia with the complete removal of the mesorectum 

and an intact enveloping fascia
45

. Since the plane which surrounds 

the mesorectum is created by a separate embryological origin, 

Heald reasoned that the tumour may initially tend to be confined 

within the mesorectal fascia; “an almost impenetrable barrier to 

the spread of carcinoma”
45

. Heald’s technique resulted in an 

unseen at the time local recurrence rate of 4% and improved 

survival when compared to conventional, non-standardised blunt 

rectal cancer surgery
20, 30, 33, 36-38, 54-58

. Macfarlane et al. concluded 

that most carcinomas that recur initially within the pelvis could 

probably have been cured by better surgery
37

. 

The technique of TME also proved to be highly teachable despite 

the initial doubts about whether the excellent results of special-

ised surgeons could be repeated on a national level
54, 58

. During 
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the last decades, Heald and colleagues have championed the 

concept of TME with collaborative surgical workshops worldwide, 

and TME has been successfully implemented in many countries, 

with a subsequent dramatic improvement in local recurrence and 

survival rates
34, 35, 39, 56

. The basic principles of TME surgery re-

main the same in modern surgical management of rectal cancer, 

whether the technique is performed as an open, laparoscopic, or 

robotic procedure. 

 

Partial mesorectal excision 

A smaller and less extensive variation of TME is partial mesorectal 

excision (PME), also called tumour-specific mesorectal excision, 

which is suggested for upper rectal cancer. The idea involves 

resecting an ample distal margin of mesorectum particular to the 

location of the tumour. Discontinuous mesorectal deposits from 

the primary tumour have been investigated by pathological as-

sessment of resected specimens, and estimated to be present in 

up to 24% of specimens, for which 5 cm in a fixed specimen is the 

furthest extent reported to date; usually exceeding distal intra-

mural spread
2, 59-65

. Hence, tumours of the upper rectum may not 

require TME and may be optimally managed by mesorectal tran-

section 5 cm below the lower edge of the tumour as a PME. In 

contrast, with complete removal of the mesorectum, a distal 

margin of 1 cm or even less is considered sufficient, as intramural 

spread seldom exceeds 1 cm. 

Based on the literature on the extent of distal spread of tumour in 

the mesorectum, PME appears to be a valid technique if per-

formed according to the same high standards of TME, i.e. per-

pendicular transection of the mesorectum to avoid coning and 

avoidance of defects in the enveloping mesorectal fascia. The 

presence of defects in the mesorectal tissue or coning indicates 

mesorectal tissue left behind, which may include residual tumour 

satelittes
66

. However, the rationale for preserving a distal part of 

remnant rectum is that it offers a better long-term functional 

outcome and fewer postoperative complications, while being as 

oncological safe as TME
17-19

. By not making total mesorectal 

excision obligatory for upper rectal cancer, Law et al. reported 

lower anastomotic leak rates and fewer postoperative complica-

tions in patients who underwent PME for upper rectal cancer
18

. 

Furthermore, recent studies suggest that PME, compared to TME, 

results in significantly less long-term bowel, urinary, and sexual 

dysfunction
17, 67-69

. 

 

Abdominoperineal excision 

Following the acceptance of TME as the gold standard for rectal 

cancer surgery, the oncological outcome of abdominoperineal 

excision (APE) has not improved to the same degree and remains 

inferior to that of anterior resection
5, 12, 70, 71

. This difference has 

been attributed to the creation of a waist at the level of the tu-

mour-bearing segment when performing conventional synchro-

nous combined APE. Recent focus on low rectal cancer has sug-

gested that an extralevator approach in the perineal part of APE, 

which aims at a wider circumferential resection margin (CRM), 

improves the rates of inadvertent bowel perforation and involved 

CRM, and, subsequently, reduces the risk of local recurrence in 

patients with low rectal cancer
72-75

. There is currently enormous 

debate internationally on whether this is the optimal approach or 

not. 

Based on well-defined anatomic structures identifiable on MRI, 

the procedure can be performed either as an intersphincteric, 

extralevator, or ischioanal APE depending on the tumour stage 

and clinical assessment of the patients. 

 

Figure 3 
Schematic representation of partial and total mesorectal excision for rectal cancer. 

(Left) Partial mesorectal excision with perpendicular transection of the bowel and 

mesorectum a minimum of 5 cm below the level of the primary tumour. (Right) Total 

mesorectal excision with complete removal of the mesorectum. 

 

Beyond TME 

The management of primary locally advanced rectal cancer grow-

ing outside the mesorectal fascia and into adjacent organs in the 

pelvis is challenging
76-81

. To achieve cure in these patients, mul-

tivisceral, exenterative surgery beyond conventional planes is 

required. A consensus statement on the management of these 

patients was published recently
82

. 

 

 
 

Figure 3  
Schematic representation of extralevator and conventional abdominoperineal 

excision. (Left) Extralevator abdominoperineal excision with mobilisation of the 

rectum and mesorectum down to the top of the levator muscle (green). The perineal 

dissection proceeds just outside the external sphincter and along the levator up to 

its origin at the obturator internus muscle (blue). (Right) When performing the 

conventional abdominoperineal excision, the abdominal dissection is done as in TME 

down to the top of the anal canal (green), and the perineal part along the external 

sphincter. The two planes meet at the level of the puborectalis muscle, which 

creates a waist on the specimen. 

 

Multidisciplinary team-directed treatment planning 

“None of us is as smart as all of us” - Japanese proverb 

 

The multidisciplinary team (MDT) conference is an important step 

towards achieving an optimal treatment strategy for cancer and is 

recommended in many countries and across specialities
83-85

. The 

results of the preoperative investigations and the clinical informa-

tion about the patient are reviewed in the presence of dedicated 

specialists in surgery, oncology, radiology, pathology, and patient 

care. The structured discussion of each patient aims at individual-

ising and hence optimising the treatment and improving progno-

sis
13-15, 86

. 
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Based on the pathology report postoperatively, a MDT confer-

ence offers the opportunity to assess tumour characteristics, 

effect of neoadjuvant therapy and quality of the radiological 

staging and the surgery to decide whether any adjuvant therapy is 

required or whether close follow-up is advisable. Follow-up con-

ferences are also valuable for teaching and multidisciplinary team 

development. 

 

Tumour location 

The characterisation of rectal cancer into upper, mid, and lower 

has traditionally been measured by using a combination of digital 

rectal examination and rigid proctoscopy, and is recommended in 

the Danish guidelines. The distance from the anal verge to the 

location of the tumour is used to decide on the appropriate type 

of surgery, and whether restorative surgery is feasible.  

 

Staging 

Preoperative staging is an essential part of modern rectal cancer 

management, and radiological assessment is central to this proc-

ess. Ideally, imaging modalities should be combined to enable 

detailed information on both the specific tumour characteristics 

and the extent of disease spread to reliably guide decision-making 

and individualise treatment. In the last decade, enormous pro-

gress in preoperative staging has been made. The two common 

modalities used for local staging of rectal cancer are magnetic 

resonance imaging (MRI) and endoluminal ultrasound. Although 

both are considered to have specific advantages, MRI provides 

more detailed information about the locoregional anatomy of the 

pelvis and can accurately identify the specific features that are 

considered important determinants in treatment planning. Local 

tumour extension, location with respect to the sphincter, levator 

ani and the peritoneal reflection, N-stage, potential 

CRM/mesorectal fascia involvement, and extramural venous 

invasion need to be addressed. Endoluminal ultrasound is rec-

ommended for assessing early rectal tumours, and has been 

shown to be of high accuracy in selecting early-stage T1 tumours 

suitable for local excision
87

. For the assessment of distant metas-

tases, computed tomography (CT) of the liver and thorax is gen-

erally used. 

In the future, functional imaging may further help in selection of 

patients most likely to benefit from neoadjuvant therapy and in 

determining a complete pathological response to this treatment, 

thus selecting patients in whom surgery may be avoided. 

 

Magnetic resonance imaging  

Magnetic resonance imaging has emerged as the preferred imag-

ing tool for the pre-treatment assessment of rectal cancer, and 

pioneered by a few dedicated radiologists. 

Routine use of MRI in the context of a multidisciplinary assess-

ment of rectal cancer assists in staging of the tumour, in identify-

ing patients who may benefit from stage-appropriate neoadju-

vant therapy, and in planning of optimal surgery. Preoperative 

staging by MRI has been mandatory for patients with newly diag-

nosed rectal cancer in Denmark since 2002. 

The success of the technique depends on obtaining good-quality, 

high-resolution T2-weighted images of the primary tumour, the 

mesorectal fascia, peritoneal reflection, and the pelvic organs in 

relation to the rectum. Although axial T2-weigthed images are the 

cornerstone for the staging of primary rectal cancer, sagittal and 

coronal images provide additional value, i.e. with regard to tu-

mour height in the rectum and in assessing the relationship be-

tween advanced stage tumours and adjacent pelvic structures.  

 

Preoperative MRI of primary rectal tumours can be used to iden-

tify prognostic factors in terms of tumour stage, relationship to 

the mesorectal fascia and pelvic floor, extramural depth of inva-

sion, lymph node involvement, and presence of extramural vascu-

lar invasion (EMVI). MRI is also considered useful in re-assessing 

rectal cancer with regard to tumour response and planning inter-

vention after long course chemoradiotherapy
88, 89

. 

 

Tumour staging of rectal cancer with MRI is largely based on an 

observable difference in T2 signal intensity between the tumour, 

submucosa, muscular layer, and the mesorectum. While T1 tu-

mours are confined to the mucosa and submucosa, T2 tumours 

invade the muscularis propria and T3 lesions extend beyond the 

muscularis propria. One limitation in T-staging on MRI includes 

difficulty in differentiating fibrosis from tumour infiltration, typi-

cally leading to an incorrect differentiation between T2 and early 

T3 tumours
10

. However, subdivision of T3 tumours based on the 

depth of tumour invasion outside the muscularis propria showed 

that an extramural depth exceeding 5 mm resulted in significantly 

poorer survival
90, 91

. This suggests that T2 tumours and early stage 

T3 tumours (<5 mm invasion) may be grouped together, separate 

from advanced T3 tumours based on prognosis. In light of this, it 

has been shown that MRI can accurately measure the depth of 

extramural tumour spread, and results from the MERCURY study 

show that MRI correlated within 0.5 mm of that measured at 

histopathological examination
92

. This prediction can be reliably 

reproduced among radiologists
93, 94

. 

 

The mesorectal fascia is easily identifiable on axial T2-weigthed 

images as a thin hypointense line. The relationship of the tumour 

to the mesorectal fascia can be reliably assessed at MRI with high 

specificity and is critical for surgical planning by predicting an 

involved CRM
9, 10, 95-97

. There is some disagreement among histo-

pathologists as to when the CRM should be considered involved. 

In most cases, the CRM is considered to be involved when the 

distance from the tumour to the margin is less than 1 mm; how-

ever a 2-mm or 3-mm cut-off point has also been considered 

based on the risk of local recurrence
3, 4, 98-102

. In 2001, Beets-Tan 

et al. found that a tumour-free margin of at least 1 mm can be 

predicted with a high degree of certainty when the measured 

distance on MRI is at least 5 mm
10

. The Danish guidelines for 

allocation to neoadjuvant therapy are to some extent based on 

the study by Beets-Tan, and a study on survival and CRM by Wibe 

et al.
99

. Nonetheless, the optimal distance between the tumour 

and the mesorectal fascia for the prediction of an involved margin 

on MRI seems to be 1 mm. A 5-mm cut-off on MRI does not in-

crease the accuracy of MRI with regard to prediction of CRM 

involvement or poor outcome
96, 103

. Furthermore, the measure-

ment of a 5-mm distance, compared to 1-mm distance, may be 

difficult to interpret and reproduce among radiologists, and this 

may lead to the risk of overtreatment
93

. 

 

Careful assessment of the peritoneal reflection must be per-

formed in upper rectal tumours. The peritoneal reflection can be 

seen on sagittal T2-weighted images as a hypointense linear 

structure, and on axial images, it has a V shape and attaches onto 

the anterior aspect of the rectum
104

. The relationship to the peri-

toneal reflection is important in staging, since rectal tumours with 

invasion through the peritoneal reflection are categorised as 

stage T4a lesions, which has a significant impact on prognosis
41, 43

.  

Burton et al. showed that these tumours may readily be identified 

using preoperative MRI and may benefit from preoperative 

chemoradiotherapy
105, 106

. 
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In cases of low-lying rectal tumours, preoperative MRI must de-

fine the location of the tumour relative to the sphincter complex 

and levator ani to determine whether sphincter-preserving sur-

gery is feasible, or if APE is needed to secure oncological safety
107

. 

The prospect of clear resection margins can be significantly im-

proved by using MRI for surgical road mapping, enabling precise 

preoperative planning and adjustment of the conventional surgi-

cal approach of low rectal tumours
74, 107

. 
 

Assessment of lymph node involvement by MRI, for the most 

part, involves the evaluation of nodes in the mesorectum as the 

predominant field of spread with regard to signs of malignancy 

(size, irregularity, spiculation, and heterogeneous signal intensity) 

and the relationship of clearly malignant nodes to the mesorectal 

fascia. However, despite promising initial results, studies have not 

been able to reproduce the very high accuracy rates for the diag-

nosis of malignant lymph nodes
103

. Information of a suspected 

malignant node or tumour deposit less than 1 mm from the 

mesorectal fascia is important to the surgeon, who must stay well 

clear of the tumour at that margin. Malignant nodes within the 

confines of the mesorectal fascia will be resected as part of a 

good-quality TME
108

. Potentially involved extra-mesorectal lymph 

nodes can be targeted with a widened field of preoperative radio-

therapy and extended surgical resection. 

 

Extramural vascular invasion is defined histologically as the pres-

ence of tumour cells within a vascular structure that has smooth 

muscle in the wall beyond the muscularis propria. Although vas-

cular invasion does not affect pre-treatment decision-making and 

is assessed at pathological examination, it has prognostic signifi-

cance and should, if possible, be evaluated at imaging
109, 110

. 

 

Magnetic resonance imaging is the preferred primary imaging 

method for evaluation of local recurrence from rectal cancer
111

, 

although the diagnosis of local recurrence should be confirmed by 

biopsy or supplemented by PET-CT. Interestingly, although MRI is 

the first-choice staging modality for primary rectal cancer, there is 

little in the literature on the use of MRI for predicting local recur-

rence and the extent of recurrent tumour invasion
112, 113

. An early 

local recurrence may be difficult to distinguish from postoperative 

fibrosis. In these cases, repeated evaluations with MRI may be 

necessary to establish recurrence
114

. 

 

Adjuvant therapy 

“In God we trust. All others must have data.” - Dr. Bernard Fisher 

(1918– ) 

 

In rectal cancer treatment, the use of long-course neoadjuvant 

chemoradiotherapy for potentially resectable but locally ad-

vanced cancers has been thoroughly established and is now 

common practice
7, 28, 115

. In contrast, the use of neoadjuvant 

radio- and/or chemotherapy, short course (5 x 5 Gy), or long 

course (~52 Gy) for primarily resectable cancer is controversial 

and still a subject of discussion in many countries. 

 

Several large randomised trials have shown that combinations of 

radiotherapy and chemotherapy markedly reduced the risk of 

local recurrence for resectable rectal cancer, although not having 

any major influence on survival
5, 6, 8, 116-119

. To date, only the 

Swedish Rectal Cancer Trial published in 1997 has reported a 

pronounced effect of preoperative radiotherapy on survival, but 

this was in the pre-TME era with conventional blunt surgery and 

an unacceptably high risk of local recurrence in the group of 

patients treated with surgery alone
120

. When proper surgical 

technique with TME is used, the significance of adding preopera-

tive radiotherapy on survival becomes considerably less. There is 

very strong data based upon randomised trials that suggest that 

radiotherapy is best given preoperatively
6, 117, 118, 121

, and that 

preoperative radio(chemo)therapy produces the same propor-

tional reduction in the rate of local recurrence following the 

widespread application of TME-based surgery as that seen in 

previous studies undertaken before such excision
5, 6, 8, 116-119

. 

Furthermore, there seems to be no significant difference in the 

effect on local control between short-course radiotherapy and 

long-course chemoirradiation for resectable rectal cancer, al-

though more tumour downstaging is achieved with chemoirradia-

tion
122, 123

. Still, many details regarding how neoadjuvant therapy 

should be administered are open to discussion, and practice 

varies between countries
40, 124-127

. 

 

 

 

 
Figure 4  
Sagittal and axial T2-weighted MRI of a T3 tumour of the mid-rectum and the corre-

sponding pathology specimen. Green line marks the angulation of the axial MRI 

below. 

 

Danish guidelines
26

 recommend a selective approach in applica-

tion of long-course chemo-radiotherapy for rectal cancer accord-

ing to the stage and location of the tumour discussed at an MDT 

conference (table 1). All patients with resectable cancer of the 

upper rectum and patients with cancer in the mid or low rectum 

considered to be cT1-T2 at preoperative evaluation undergo 

surgery directly, without neoadjuvant treatment. Patients with a 

cT3 tumour of the mid-rectum are allocated to long-course pre-

operative radiochemotherapy (LCPRCT) if the distance from the 
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tumour to the mesorectal fascia is less than 5 mm on preopera-

tive MRI. cT3-T4 tumours of the low rectum are all considered 

candidates for LCPRCT. In 2012, 28% of all rectal cancer patients 

in Denmark received neoadjuvant therapy prior to surgery
29

. 

 

The role of neoadjuvant therapy in the treatment of upper rectal 

cancer remains controversial. None of the major randomised 

trials that have evaluated neoadjuvant radiotherapy with regard 

to tumour location has observed any significant benefit for upper 

rectal cancer regarding local control or survival (table 2)
5, 6, 116, 118-

120, 128
. In the Swedish Rectal Cancer Trial, 27% of the patients had 

a tumour of the upper rectum (>11 cm). A significant improve-

ment in local control and overall survival for patients with mid 

and low rectal tumours receiving short-course radiotherapy and 

surgery was demonstrated, but no significant difference for tu-

mours of the upper rectum was observed
128

. In the Dutch TME 

Trial, a significant association between local recurrence rates and 

the use of short-course radiotherapy was also found. However, in 

subgroup analysis, the 30% of patients with upper rectal cancer 

(10.1-15 cm) had no improvement in local recurrence rates com-

pared to the surgery-alone cohort
5, 116, 119

.  A few years later, the 

MRC CR07 study once again confirmed the efficacy in reducing 

the risk of local recurrence with the use of preoperative short-

course radiotherapy, as compared to surgery-alone (selective 

postoperative radiotherapy in cases of close CRM; 11%)
6
. Only 

15% of the patients in this study had a tumour of the upper rec-

tum (>10-15 cm), and this may suggest some selection of patients 

randomised in the trial. Although the risk of local recurrence was 

1.2% at 3 years in patients with preoperative radiotherapy and 

surgery compared to 6.2% in the surgery-alone group, this reduc-

tion was not significant (P=0.07). 

 

The prevention of local recurrence, with the severe morbidity this 

may have, must ultimately be weighed against the morbidity 

caused by neoadjuvant radio(chemo)therapy that all treated 

patients are at risk of developing. Radiotherapy is associated with 

serious side effects such as impaired healing, anorectal and geni-

tourinary dysfunction, and secondary malignancies
129

. Further-

more, because radio- and chemotherapy are cost and resource 

demanding it is of vital importance to identify patients in whom 

the benefits of neoadjuvant treatment exceed the risks. Preop-

erative MRI was not used in the standard preoperative evaluation 

for rectal cancer in any of the major randomised trials, which 

would have enabled a better selection of patients most likely to 

benefit from neoadjuvant therapy. 

 

Another idea might be to use preoperative chemotherapy alone 

for the downsizing of tumours and to avoid radiotherapy. This is 

currently being tested in the ongoing randomised trial FOxTROT 

for colon cancer (including upper rectum), but long-term data are 

not yet available
130

. 

 

For several years, adjuvant 5-fluorouracil (5-FU) has been stan-

dard in the management of high-risk colon cancer. By contrast, no 

randomised trials have shown a benefit of adding adjuvant che-

motherapy following surgery for rectal cancer, and debate con-

tinues as to whether adjuvant chemotherapy should be used for 

rectal cancer or not. Still, the majority of countries include che-

motherapy regimens in their guidelines similar to what is recom-

mended for patients with colon cancer. A population-based study 

from Sweden found that overall survival improved significantly in 

stage III rectal cancer patients who received adjuvant chemother-

apy
131

. In Denmark, selected high-risk patients have been offered 

postoperative chemotherapy with 5-FU +/- oxaliplatin since 

2009
26

. 

 

Audit and quality of surgery 

"Beauty is only skin deep, but ugly goes clean to the bone.” –

 Dorothy Parker (1893-1967) 

 

Paralleling the standardisation of rectal cancer surgery with TME 

was the evolution of quality assurance in the discipline of surgical 

pathology with major support of the precise excision of the 

mesorectum. In 1986, Quirke et al. reported tumour involvement 

of the lateral margin (circumferential resection margin) in 27% of 

rectal specimens resected by conventional blunt techniques 

performed by most surgeons at the time
3
. Eighty-six per cent of 

the patients with an involved margin developed local recurrence, 

suggesting that the CRM was a major predictor of local recur-

rence
3, 4

. Quirke et al. explained that the origin of most pelvic 

recurrences occurring was due to inadequate resection of the 

mesorectum with conventional surgery, characterised mainly by a 

violated CRM
132

. By adopting a standardised approach to the 

rectal cancer specimen, with thin serial transverse sections, the 

possibility of real quality assurance in rectal cancer surgery was 

overt. This became even more practical with the introduction of 

TME, as it produces an intact, anatomically reproducible speci-

men containing rectal cancer surrounded by an un-violated 

mesorectum, with identifiable landmarks and ample lateral and 

distal margins. In the case of best-quality TME, the surface of the 

resection is smooth and does not show incisions or tearing into 

the mesorectum
11, 12

. Defects on the surface may suggest 

mesorectal tissue left behind which may include tumour satellites 

that would give rise to local recurrence
66

. 

With supporting photo-documentation of specimens, it is rec-

ommended that all rectal cancer specimens be graded by specifi-

cally trained pathologists for macroscopic quality of the mesorec-

tal excision according to the plane of surgery achieved, as initially 

demonstrated by Nagtegaal and Quirke (table 3)
11, 12

.  

 

Slicing of the specimen allows for a good assessment of the ade-

quacy of excision and the regularity of the CRM. The achieved 

plane of surgery and an involved circumferential resection margin 

have been shown to be strongly associated with the risk of local 

recurrence and disease-free surgival
4, 11, 12, 133, 134

. Hence, high-

quality surgery indicated by a complete TME in the mesorectal 

plane results in a large reduction of local recurrence and increase 

in survival
12, 135

. 

 

Apart from margin involvement and plane of surgery, pathological 

stage is the most important prognostic factor in rectal cancer. The 

TNM (currently 7
th

 edition) is the most commonly used system 

and is based on the depth of local tumour invasion (T-stage), 

extent of regional lymph node involvement (N-stage), and pres-

ence of distant metastases (M-stage)
136

.  
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Table 1  

 

 

Table 1: Danish guidelines for allocation to neoadjuvant therapy. 

Tumour height measured by 

rigid proctoscopy 
Surgery alone Combined CRT and surgery 

Low (<5 cm) T1, T2 T3, T4 

Mid (5.1-10 cm) 
T1, T2 

T3; ≥ 5mm to MRF 

T3; <5 mm to MRF 

T4 

High (10.1-15 cm) Resectable T1-T4 Non-resectable T4 

Table 2  

 

Table 2: Local recurrence in randomised trials of neoadjuvant therapy  

according to tumour location in the upper rectum 

RCT Trial 
Inclusion 

time 

Number of patients with upper 

rectal tumour (%) 
Treatment 

Local recurrence 

outcome 

Swedish Rectal Cancer Trial 

(1997) 
1987-90 

>11 cm: 

n=243 (27) 

Preoperative short-course RT vs. 

surgery alone 

8% vs. 12% 

(P=0.3) 

Dutch TME Trial (2007) 1996-99 
10.1-15 cm: 

n= 551 (31) 

Preoperative short-course RT vs. 

surgery alone 

4% vs. 6% 

(P=0.122) 

MRC-CR07 (2009) 1998-05 
>10-15 cm: 

n= 207 (15) 

Preoperative short course RT vs. 

selective postop CRT. 

1.2% vs. 6% 

(P=0.07) 

 

 

Table 3  

 

 

 

Table 3: Macroscopic grading of the resection specimen
11, 12

. 

Grade Plane Criteria 

Complete Mesorectal 
Intact mesorectum with only minor irregularities of a smooth, mesorectal surface; no defect deeper 

than 5 mm; no coning; and smooth circumferential margin on slicing. 

Nearly comp-

lete 

Intra-

mesorectal 

Moderate bulk to mesorectum, with irregularities of the mesorectal surface; moderate distal con-

ing; muscularis propria not visible with the exception of levator insertion; and moderate irregulari-

ties of circumferential resection margin. 

Incomplete 
Muscularis 

propria 

Little bulk to mesorectum with defects down onto muscularis propria; very irregular circumferential 

resection margin; or both. 
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Table 4: Review of processing variability of the resected specimen 

Authors Year Cases (n) Processing of the specimen Tissue variability mean (range) 

Williams et al.
138

 1983 10 Pinned, fixed 99% (88-106) 

Ono et al.
144

  2002 40 Pinned, fixed 60% (15-133) 

Zhao et al.
147

  2005 45 Pinned, fixed 85% (72-98) 

Weese et al.
139

  1986 10 Unpinned, fixed 80% (59-100) 

- Pinned, fixed 150% (85-210) 

Søndenaa et al.
140

 1990 20 Unpinned, fixed 79% (58-93) 

- Pinned, fixed 120% (60-270) 

Kwok et al.
141

 1996 55 Unpinned, fixed 79% (NA) 

Goldstein et al.
142

  1999 26 Unpinned, fixed 72% (NA) 

Table 5: Review of length of distal spread in the mesorectum in patients with rectal cancer. 

Authors Year Cases 
Processing of 

the specimen 

Prevalence of 

distal spread (n) 

Maximum length 

of distal spread 

Recommended distal 

margin in mesorectum 

Heald et al.
2
 1982 100 Pinned, fixed 5% (5) 4 cm 5 cm, or TME 

Morikawa et al.
65

 1994 133 Pinned, fixed 24% (32) 4 cm . 

Scott et al.
59

 1995 20 Pinned, fixed 25% (5) 3 cm 4-5 cm, or TME 

Shirouzu et al.
61

 1995 610 Pinned, fixed 10% (61) >2 cm 1 cm 

Reynolds et al.
60

 1996 44 Pinned, fixed 27% (12) 5 cm TME 

Hida et al.
62

 1997 158 
Unpinned, 

fixed 
23% (36) 4 cm 

5 cm or TME if T3/T4 

tumour 

Tocchi et al.
143

 2001 53 Pinned, fixed 17% (9) NA TME 

Ono et al.
144

 2002 40 Pinned, fixed 15% (6) 2 cm 3 cm 

Zhao et al.
147

 2005 45 Pinned, fixed 22% (10) 3.6 cm 4 cm 

Wang et al.
145

  2005 31 Pinned, fixed 13% (4) 3.5 cm 4 cm 

Shimada et al.
146

 2011 381 Pinned, fixed 15% (56) 3.8 cm 4-5 cm 

Komori et al.
64

 2012 629 Fixed 12% (73) 3.6 cm 4 cm 

Hayden et al.
63

 2012 75 Fixed 16% (12)* 3 cm . 

Please notice the substantial variation in prevalence of spread, length of spread and recommended margin among the studies. 

*All patients received preoperative radiotherapy. 
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One technical aspect that is not mentioned in some of the studies 

describing macroscopic assessment of the specimen is the impor-

tant differentiation between a TME and PME. By TME the 

mesorectum is completely excised downwards to the pelvic floor. 

In contrast, when performing PME the mesorectum should be 

transected perpendicular to the rectal wall with a healthy length 

of mesorectum beyond the gross distal margin of the tumour; 

circumferentially the excision is performed in the same way as in 

TME, i.e., it includes the mesorectal fascia
66

. If the surgeon 

“cones” down the dissection distally, then too much of a distal 

mesorectal tail will be left, which may compromise local control 

of the cancer
137

. Similarly, the extent of the distal resection of 

mesorectum is of interest when transecting the mesorectum 

during PME, as an insufficient dissection of the mesorectum in 

close proximity to the tumour may leave mesorectal tumour 

deposits behind. The histological rationale shows us that the 

adequate margin when performing PME is at least 5 cm in the 

mesorectum (table 5), as we have discussed earlier. For distal 

margin examination, it is important to recognise fixation-induced 

shrinkage of the specimen (table 4). Most studies have directly 

established the in vivo optimal clearance margin from the his-

tologically observed extent of distal spread, neglecting the tissue 

variability that occurs after resection and during fixation of the 

rectal specimen, and methods of examination vary considerably
59-

62, 64, 138-147
. 

 

Local recurrence 

“The emperor of all maladies – the king of terrors”, - quote by a 

19
th

-century surgeon 

 

A major problem after surgery for rectal cancer is the advent of 

local recurrence of tumour in the pelvis. The clinical manifestation 

of a local recurrence depends on its site and involvement of adja-

cent organs. Less than 35% of patients with local recurrence are 

diagnosed at routine follow-up
32, 78, 148

. In the remaining, symp-

toms (pain, rectal bleeding, discharge, and/or change in bowel 

habit) often precede the diagnosis of local recurrence and are the 

cause of major morbidity with poor quality of life
149, 150

. In 40-60% 

of the patients, local recurrence is the only manifestation of 

recurrent disease. 

 

Treatment of local recurrences shares similarities with the treat-

ment of primary advanced rectal cancer. Most careful mapping of 

the tumour by MRI is necessary. Long-term chemoradiotherapy 

before surgery for local recurrence is recommended if not been 

given previously. The surgical approach depends on the location, 

but often a wide resection of the tumour with APE or pelvic exen-

teration, including adjacent organ in the pelvis, is performed. 

Radical, curative resection of local recurrence is the only treat-

ment that offers any significant improvement in prognosis
78, 79, 151

.  

 

Time to the diagnosis of local recurrence is variable; however, 

most local recurrences will occur within 2-3 years, and only rarely 

after 5 years
70, 76, 78, 116, 152, 153

.  

AIMS OF THE THESIS  

     

This dissertation aims to discuss aspects of the treatment of rectal 

cancer with regard to the adequacy of mesorectal excision and 

oncological outcome, with a particular focus on cancer of the 

upper rectum. 

 

The specific aims were: 

 

I. To determine the prevalence and localisation of inad-

vertent residual mesorectum detected on postoperative 

MRI after mesorectal excision surgery. 

 

II. To estimate the risk of local recurrence in an audited 

cohort of patients, with a particular focus on patients 

with upper rectal cancer who underwent PME without 

neoadjuvant therapy. 

 

III. To objectively measure the length of the distal resection 

margin in the fresh and fixed specimen after PME using 

MRI to document the amount of tissue shrinkage that 

occurs after surgical removal and fixation. The tissue 

shrinkage ratio was used to calculate an equivalent 5-

cm distal resection margin in the fixed specimen at 

histopathological examination. 

 

 
 

Figure 5  

[Figure Text] 

 

 

 

 

 

 

 

 

 

 

Figure 6 
Local recurrence after surgery for rectal cancer. (Left) Preoperative MRI of a 52-year-

old man with an mrT4a tumour of the upper rectum (orange). The patient under-

went partial mesorectal excision without neoadjuvant therapy; pT4N1M0V2, R1. 

(Right) Postoperative MRI: Seven months later he was diagnosed with a local recur-

rence. The white line marks the level of the anastomosis. 

 

METHODOLOGICAL CONSIDERATIONS 
The following is a supplement and a discussion of some of the 

applied methods in Papers I to III. The studies were all performed 

in accordance with the regulations of the Local Danish Ethics 

Committee and approved by the Danish Data Protection Agency 

pursuant to the Danish act on storage and processing of personal 

data. 

 

Study populations   

During the study period the Department of Surgery P at Aarhus 

University Hospital had a primary catchment population of 

400,000 inhabitants, and approximately 120 patients with rectal 

cancer were surgically treated each year. The department serves 

as a secondary referral centre for low rectal cancers in the region 

and is a tertiary referral centre in Denmark for very advanced and 

locally recurrent rectal cancers that often necessitate extensive 

resection beyond regular TME planes (population of 1.25 million 

and 5.5 million, respectively). 

All patients with adenocarcinoma of the rectum were assessed at 

a multidisciplinary team conference based on preoperative MRI of 

the pelvis, computed tomography (CT) of the thorax and abdo-

men, and clinical examination with rigid proctoscopy. Rectal 

resection in patients without signs of distant metastasis and with 
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tumours considered to be resectable with a clear margin at pre-

operative evaluation and after neoadjuvant therapy was classified 

as treatment with curative intent, irrespective of pCRM involve-

ment at definitive pathological examination. 

Patients with primary rectal adenocarcinoma (15 cm or less from 

the anal verge) who underwent PME, TME, or APE from mid 2007 

to 2010 were included in Papers I and II. All patients with surgery 

for rectal cancer were registered in a prospective database at the 

Department of Pathology.  Patients from tertiary referral with 

locally advanced cancer often needing extensive surgery, or had a 

surgical procedure other than TME, PME, or APE (i.e., local exci-

sion of tumour or pelvic exenteration) were excluded from analy-

sis, as were patients who underwent planned palliative surgery. 

Furthermore, patients with disseminated disease, previous diag-

nosis of local recurrence or macroscopic non-radical resection 

(R2), contraindication to having MRI, or who were deceased at 

inclusion were exempt from invitation to postoperative MRI in 

paper I. Additionally, we excluded patients without follow-up, 

unable to give informed consent, or with insufficient histopa-

thological data. A flow chart of the study populations in Papers I 

and II is shown in figure 8.  

In Paper III, we prospectively included 10 patients with upper 

rectal cancer in whom a PME was planned at preoperative MDT 

conference between January 2012 and August 2013. In the time 

period, a total of 41 resections with PME was performed. 

Undoubtedly, we would have preferred to include more of these 

patients to strengthen the study; however, in most cases it was 

not possible to time completion of surgery with the availability of 

the MRI scanner, which was in clinical use during the daytime.  

All data on patient demographics, tumour characteristics, type of 

operation and treatment, and follow-up were obtained from 

clinical records that included imaging data and surgical and pa-

thology reports.  

 

 

 
 

Figure 6  
Study populations in Paper I and II. *i.e. pelvic exenteration ± brachy-therapy 

primarily from tertiary referral. 
#
Further exclusion criteria described in the text and 

Paper I. 

 

 

Postoperative magnetic resonance imaging 

Postoperative pelvic MRI was performed using a Magnetom 

Avanto 1.5 Tesla MRI-scanner (Siemens AG, Erlangen, Germany) a 

minimum of 6 months following surgery to avoid confusion with 

postoperative changes. Sagittal, axial, and coronal T2-weighted 

turbo spin echo images were obtained in addition to a sagittal 

short T1 inversion recovery (STIR) image of the bony pelvis and a 

sagittal T2 3D sequence of the smaller pelvis. 

The parameters were as follows: sagittal T2 BLADE: slice thickness 

5 mm, spacing 0.5 mm, 27 slices, field of view (FOV) 240 x 240 

mm, matrix 320 x 320, BLADE coverage 125.9%, TR 5830 ms, TE 

104 ms. Axial T2 BLADE: no angulation, slice thickness 4 mm, 

spacing 0.4 mm, 25 slices, FOV 240 x 240, matrix 320 x 320, 

BLADE coverage 126.1%, TR 2930 ms, TE 109 ms. Coronal T2 

BLADE: no angulation, slice thickness 4 mm, spacing 0.4 mm, 20 

slices, FOV 240 x 240, matrix 320 x 320, BLADE coverage 125.0%, 

TR 3520 ms, TE 70 ms. Sagittal T2 3D space: slice thickness 1 mm, 

1 slab, 88 slices per slab, FOV 256 x 256 mm, phase resolution 

100%, slice resolution 79%, TR 2000 ms, TE 123 ms. Sagittal STIR: 

slice thickness 5 mm, spacing 0.5 mm, 25 slices, FOV 300 x 300 

mm, matrix 320 x 256, TR 3500 ms, TE 22 ms, TI 160 ms. Image 

analysis was performed at a dedicated PACS-workstation (HP 

xw6000 workstation, Hewlett Packard, North America) with IM-

PAX-software (IMPAX 6, Agfa Healthcare N.V., Mortsel, Belgium) 

using computed calliper measurements. 

Radiological assessment was blinded to the pathological evalua-

tion and all clinical data, with the exception of preoperative MRI 

findings and type of surgery.  

The evaluation of the postoperative MRI included assessment for 

the presence and localisation of residual mesorectum, level of the 

anastomosis, and detection of local recurrence. All radiological 

examinations were evaluated by the same radiologist (BGP) to-

gether with PB for consensus. 

 

Inadvertent residual mesorectum 

On postoperative MRI, mesorectal fatty tissue with a discernible 

tissue interface of fibrosis, which separates the mesorectum from 

the mesocolon, was considered a sign of residual mesorectum. 

Tissue fibrosis was differentiated from the mesorectal fascia as 

fibrosis typically has a lower signal on T2-weighted images, often 

seems more continuous, and may appear thicker than the 

mesorectal fascia. 

Inadvertent residual mesorectum was defined as any residual 

mesorectum detectable after TME or APE. Only mesorectum 

above the level of the anastomosis perpendicular to the bowel 

was regarded as inadvertent residual mesorectum following PME. 

The localisation of residual mesorectum was categorised in rela-

tion to height in the pelvis and position to the level of resection in 

a standardised manner and dependent on the type of surgery, as:  

 

(1) Cranially located mesorectum independent of the distal level 

of resection.  

(2) Perianastomotic residual mesorectum was defined as residual 

mesorectum located directly above the level of the anastomosis. 

This applies in patients with TME or PME.  

(3) Distal residual mesorectum below the level of resection after 

TME. 

 

In patients who underwent APE, the extent of the resection of the 

levator ani and sphincters was noted as well, and will be ad-

dressed in future studies. 

 

 



 DANISH MEDICAL JOURNAL   12 

 

Figure 7  
Schematic representation of inadvertent residual mesorectum according to localisa-

tion and type of surgery. (Left) Inadvertent residual mesorectum according to 

localisation following partial mesorectal excision. Green dashed line indicates 

optimal dissection and perpendicular transection. Red area shows perianastomotic 

residual mesorectum directly above the level of the anastomosis. The distal resec-

tion margin (DRM) is marked from the distal border of the luminal tumour to the 

level of resection.  

(Right) Residual mesorectum according to localisation following total mesorectal 

excision. Green dashed line indicates complete removal of the mesorectum. Red 

area (top) shows cranially located mesorectum independent of the distal level of 

resection. Red area (left) shows perianastomotic residual mesorectum in direct 

relation to the anastomosis. Red area (bottom right) shows residual mesorectal 

tissue below the distal level of resection (red dashed line). 

 

Histopathological assessment 

The quality of the excised specimen was determined prospec-

tively by the pathologist according to the grading system classi-

fied by Quirke and colleagues
11, 12

 (mesorectal, intramesorectal 

and muscularis propria plane). Pathology reports were analysed 

with regard to the plane of surgery achieved, the CRM (positive 

CRM was defined as any tumour or involved lymph node 1 mm or 

less from the lateral margin), distal resection margin (DRM), and 

tumour characteristics according to the tumour node metastasis 

(TNM) classification
154

. During the study period, all rectal cancer 

specimens were primarily evaluated by one pathologist who had 

been personally trained by P. Quirke. 

Based on standardised photographic documentation, a trained 

multidisciplinary pathologist, blinded to the clinical data and MRI 

findings, evaluated the specimens retrospectively for possible 

volume defects in the mesorectum according to the adequacy of 

the excision, smoothness of the specimen, and infiltration of ink 

beneath the mesorectal fascia (figure 10). 

 

During the study period, some shortcomings in the grading of 

specimens according the plane of surgery achieved were identi-

fied. A misconception when grading PME specimens has been 

that the distal 1 to 2 cm of the specimen was typically left out of 

the evaluation of the plane of surgery achieved because the 

mesorectum is intentionally violated at transection. A non-

perpendicular transection with coning of the distal part of the 

mesorectum in PME would in this way not necessarily result in a 

poor grading. Further, grading of APE specimens was somewhat 

ill-defined during the study period, and confusion in the grading 

of the mesorectal and perineal portions of the specimen could 

have resulted in substantially more being reported to be in the 

muscularis propria plane. Currently, more requisite and precise 

guidelines for grading of specimens are being used together with 

a greater understanding of the procedures. 

 

Correlation between MRI and pathology 

The direct correlation of MRI and histopathological assessment 

can be difficult, as these observational methods grade according 

to the tissue left behind and the tissue removed at surgery, re-

spectively. For example, in patients in whom we observe distal 

residual mesorectum after TME, the pathologist can only grade 

according to the specimen removed at surgery and not on the 

basis of any residual mesorectum.  

 

 

 

 

 

Figure 8  
Evaluation of mesorectal volume defects at retrospective review of specimens based 

on standardised photo-documentation. On the right, the preoperative MRI corre-

sponding to the height of the slice is shown  

A) Complete mesorectal plane and no volume defect in the mesorectum. B) Volume 

defect in the mesorectum (3 to 5 o’clock; red line) and infiltration of ink beneath a 

defect in the mesorectal fascia (7 to 9 o’clock; orange line). 

 

An intramesorectal or muscularis propria plane of surgery may be 

determined due to even relatively small defects/cuts into the 

muscular part of the bowel but may not highlight larger volume 

defects in the mesorectum and may not be visible on MRI. These 

differences may in part explain discrepancies between MRI and 

pathological assessments, and will be addressed in the following. 

A correlation between the area of volume defect in the mesorec-

tum at pathological examination and inadvertent residual 

mesorectum on MRI would, however, strengthen the validity of 

residual mesorectum observed on MRI. But it may be difficult to 

compare these areas with accuracy, as the specimen may rotate 

during fixation and slicing, resulting in a difference between the 

evaluation performed by the pathologist and on MRI. The points 

of reference are more easily recognised by virtual rotation on 

MRI. Without adjusting for rotation inaccuracies, overlap of the 

areas was present in 70% of the excisions in which MRI and pa-

thology agreed upon a defect and either perianastomotic residual 

mesorectum or cranially located residual mesorectum. 
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Tumour height 

Tumour height was prospectively measured by both rigid procto-

scopy at preoperative evaluation and on preoperative MRI. The 

height measured by rigid proctoscopy was set as the method of 

reference, as this is currently recommended by Danish guidelines. 

On MRI, tumour height was measured as the distance between 

the lower border of the subcutaneous part of the external sphinc-

ter, reflecting the anal verge, and the most distal part of the 

luminal tumour.  

A subset of the patients with postoperative MRI was investigated 

in another study focusing on the length of remnant rectum and 

risk of having low anterior resection syndrome. In this study, the 

measurement of tumour height and level of anastomosis on MRI 

were validated, and the correlation between the two observers 

was found to be good (κ >0.75). 

 

Distal resection margin 

The length of the distal resection margin (DRM) was prospectively 

measured in all rectal cancer specimens at histopathological 

examination. The length of the DRM was measured on the fixed 

specimen after being sectioned in 5-mm slices, as the distance 

between the luminal lower border of the tumour and the distal 

cut edge (figure 12).  

The DRM on MRI was calculated as the difference between the 

height of the lower luminal border of tumour on preoperative 

MRI and the height of the anastomosis on postoperative MRI in 

patients with restorative surgery. We acknowledge that this may 

be an approximation of the actual distal clearance, but argue that 

it reflects the extent of the mesorectal excision performed. 

 

In Paper III, we assessed the length of the DRM in the fresh and 

fixed specimen to calculate the degree of tissue shrinkage that 

occurs after surgical removal and fixation of a rectal cancer 

specimen. To assess this, we also measured the total length of 

both the fresh and fixed specimen as the distance between the 

proximal and distal cut edges. Similarly, the shortest distance 

from the peritoneal reflection to the distal cut edge was noted 

anteriorly on the fresh and fixed specimens. The specimen was 

not opened, stretched nor pinned prior to fixation. 

Unfortunately, we did not have a measure of the length of the 

DRM in situ before extraction of the specimen, and as the speci-

men was not opened, a DRM on the fresh specimen was not 

obtainable. However, the fresh specimen was measured and 

photographed immediately after extraction (<5 min) to ensure 

minimal tissue shrinkage between surgical removal and examina-

tion of the fresh specimen. 

 
Magnetic resonance imaging of the resected specimen 

All MRI examinations were performed on a 1 Tesla extremity 

scanner using a 10-cm coil. The fresh and fixed specimens were 

examined without further preparation and placed in an MRI-

compatible wooden berth. After an initial localisation scan, T2-

weighted imaging was performed parallel to the long axis of the 

specimen (sagittal) and perpendicular to the long axis of the 

specimen (axial). 

The length of the distal resection margin was measured as the 

distance between the lower border of the primary tumour and 

the distal part of the specimen. If the distal cut edge was oblique 

or if either intramural or mesorectal margins differed, the 

shortest and longest margins were noted as well (figure 13). All 

measurements were made by one radiologist (BGP) without 

knowledge of histo-pathological findings.  

 

Figure 9  
The distal resection margin on MRI was calculated as the difference between the 

height of the lower border of tumour on preoperative MRI and the height of the 

anastomosis on postoperative MRI.  

(Left) Preoperative sagittal T2-weighted MRI shows a tumour located 9.8 cm from 

the anal verge. The distal luminal border of the tumour is marked by the orange line. 

(Right) Postoperative MRI shows the anastomosis located 8.5 cm from the anal 

verge. The white line marks the level of the anastomosis. The grey line marks the 

level of the lower border of the subcutaneous part of the external sphincter reflect-

ing the anal verge. 

Figure 11 
The length of the distal resection margin was measured on the fixed specimen after 

being sectioned in 5 mm slices, as the distance between the luminal border of the 

tumour and the distal cut edge. 

 

In short, the parameters were as follows: slice thickness 3 mm, 

spacing 0.3 mm. TR 3000 ms, TE 85 ms, FOV 16, matrix 512x512. 

Image analysis was performed at a dedicated PACS-workstation 

(HP xw6000 workstation, Hewlett Packard, North America) with 

IMPAX-software (IMPAX 6, Agfa Healthcare N.V., Mortsel, Bel-

gium) using computed calliper measurements. 

 

Assessment for local recurrence and follow-up 

Local recurrence is a commonly used parameter for assessing the 

effectiveness and quality of treatment for rectal cancer. In this 

regard, it is important to consider that the local recurrence rate 

will depend on a number of factors, such as patient case-mix, 

inclusion and exclusion criteria (i.e. exclusion of R1-R2 resections 

in some studies), use of preoperative (chemo)radiotherapy and 

intensity of follow-up. In study II, we studied a population-based 

cohort of patients with primary rectal cancer, and only excluded 

non-curative cases based on the preoperative assessment and 

had a robust follow-up with more than half of the patients also 

receiving postoperative MRI of the pelvis. 
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Figure 10  
Methods of measurement in paper III. (Left) Histopathological specimen fresh and 

after fixation. Green line measures the total specimen length, while the black line 

measures the distance between the level of the anterior peritoneal reflection and 

distal cut edge of the mesorectum. (Right) Magnetic resonance imaging of the fresh 

and fixed specimen with markings of the shortest (yellow) and longest (white) distal 

margin. 

 

Local recurrence was defined as a clinical, symptomatic, ra-

diologically evident tumour or biopsy-proven adenocarcinoma 

located in the pelvis, regardless of the presence of simultaneous 

distant metastases. Histological verification was not achieved in 

all patients and was not a prerequisite for final diagnosis of local 

recurrence. 

 

In study II, the clinical records of all patients were reviewed for 

development of local recurrence, distant metastasis and death 

status a minimum of 3 years following primary surgery in Decem-

ber 2013. Potential bias might exist regarding what was recorded 

in the medical records and how these were interpreted by the 

study examiner. 

 

There is no general agreement on a follow-up programme for 

rectal cancer patients. At the Department of Surgery in Aarhus 

patients were generally included in a follow-up regimen with 

outpatient visits at 3, 6, 12, 18, 24, and 36 months after surgery. 

At each visit, a clinical examination and rigid proctoscopy (if appli-

cable) or palpation of the perineum were performed. CT of the 

thorax and abdomen was performed according to the protocol for 

the COLOFOL trial, with frequent and nonfrequent arms.  

Hence, the standard range of follow up in Aarhus was 3 years, 

albeit a full colonoscopy is offered 5 years following primary 

surgery for metachroneous cancer, often at another hospital. 

It is generally considered that local recurrence rates should be 

reported as 5-year rates; however, most local recurrences will 

occur within 2-3 years
70, 76, 78, 116, 152, 153

. If the patients are not 

followed up at a surgical or oncological clinic, recurrences may be 

missed and unreported. It may not be that uncommon to omit 

follow-up for local failure if a patient is found to have dissemi-

nated disease. This may result in underestimation of the inci-

dence of local recurrence. 

 

Radiological images from each patient were examined to assess 

the localisation of local tumour recurrence. The most accurate 

radiological examination for the diagnosis is MRI, but an early and 

very tiny local recurrence may be difficult to distinguish from 

postoperative fibrosis. Repeated evaluations with MRI may be 

necessary to establish the recurrence. PET-CT can give additional 

valuable information. If possible, a biopsy will confirm the diagno-

sis. Before extensive surgery, it is of the utmost importance also 

to rule out disseminated disease with lymph node involvement 

above the pelvic region or distant metastases. PET-CT has a high 

sensitivity for this.  

Regarding MRI examinations, the following parameters were 

recorded: the localisation of local recurrence and its height in the 

pelvis, evidence of residual mesorectum, the height of the pri-

mary tumour, and the height of the anastomosis (if applicable). 

 

The classification system described by the Memorial Sloan-

Kettering Cancer Centre was used to categorise local 

recurrence
155

. If the tumour recurrence extended to more than 

one compartment, the compartment with the greatest tumour 

load was noted. Distant recurrence was defined as radiological, 

clinical, or histological evidence of a recurrent tumour in any 

other region. 

 

Statistical analyses 

All statistical analyses were performed using the statistical soft-

ware package Stata® version 11 (StataCorp LP, College Station, 

Texas, USA). χ
2 

test or Fisher’s exact test was used for comparison 

of proportions. P values of <0.05 were considered significant.  

In paper I, inter-method agreement with regard to findings of 

residual mesorectum and measurement of the length of distal 

resection margin was calculated. Percentage of agreement was 

calculated as the exact agreement between the observations. 

Correlation was calculated with κ statistics and interpreted as 

follows: <0.2 = poor, 0.21 to 0.4 = fair, 0.41-0.6 = moderate, 0.61-

0.8 = good, and 0.81-1.00 = very good
156

.  

In paper II, local recurrence and overall survival rates were esti-

mated using Kaplan-Meier actuarial methods. Comparison be-

tween groups was performed using the log rank test. The time to 

local recurrence was measured from the date of primary surgery 

to the date of diagnosis of local recurrence. Patients without local 

recurrence were censored on the date of their last outpatient visit 

or upon death. Patients who died within 1 month of surgery were 

excluded from the analysis of local recurrence. 

In paper III, tissue shrinkage ratios were calculated based on the 

method of measurement as the measurement in the fixed speci-

men divided by the measurement in the fresh specimen. 

 

RESULTS   

    

The following section intends to give a short summary and discus-

sion of the most important findings in Papers I to III and to pre-

sent any supplementary results not included in the published 

papers. 

 

I: Extent and completeness of mesorectal excision evaluated by 

postoperative magnetic resonance imaging.  

Bondeven P, Hagemann-Madsen RH, Laurberg S, Pedersen BG. Br 

J Surg. 2013; 100: 1357-1367 

    

 

In study I, the extent and completeness of mesorectal excision 

was evaluated by postoperative MRI as a quality assessment of 

the surgery performed. 

 

Inadvertent residual mesorectum 

Inadvertent residual mesorectum was identified in 54 (39.7%) of 

the 136 patients with postoperative MRI. The plane of surgery 

achieved, tumour stage, involved CRM, adjuvant treatment, and 

gender did not correlate with evidence of inadvertent residual 
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mesorectum (table 6). Patients with macroscopic non-radical (R2) 

and those disseminated disease or local recurrence at time of 

inclusion were excluded from invitation to have a postoperative 

MRI. Because of this, we may have excluded the patients more 

likely to have inadvertent residual mesorectum. Thus, the data in 

Paper I may have underestimated the prevalence on inadvertent 

residual mesorectum in the entire cohort. 

 

In patients who underwent PME, inadvertent residual mesorec-

tum was detected in 63%; all of these were categorised as peri-

anastomotic residual mesorectum above the level of the anasto-

mosis. Perianastomotic residual mesorectum may indicate coning 

of the mesorectum down to the level of the anastomosis, which 

may suggest that there is some difficulty in performing a perpen-

dicular transection of the bowel and mesorectum. 

 

Following TME, 36% of the patients demonstrated residual 

mesorectum in 30 different locations; 8 cranial, 10 perianastomo-

tic, and 12 distal. By definition, TME involves the complete re-

moval of the mesorectum down to the pelvic floor. However, in 

the compromise between oncological and functional outcome, a 

distal part of the mesorectum may have been left behind. The 

primary tumour height was median 9 cm (range, 6 to 11 cm) in 

the 20% of patients who underwent TME and had evidence of 

residual mesorectum distal to the level of the anastomosis on 

MRI. 

In patients who underwent APE, cranially located residual 

mesorectum was observed in 13% of the patients. Cranially lo-

cated residual mesorectum most likely results from “losing the 

plane” during mesorectal dissection. When performing ELAPE, the 

mobilisation of the rectum and mesorectum is not undertaken all 

the way down to the puborectalis as in the regular TME, but 

rather stopped at the top of the levators. In this way, the levator 

muscles are excised en bloc with the mesorectum to protect the 

most distal part of the rectum. None of the patients with ELAPE 

(20 of 32) had evidence of residual mesorectum. 

 

Distal resection margin 

As described earlier, the DRM was estimated by MRI in patients 

with restorative surgery and measured at prospective histopa-

thological examination of the fixed specimen. A Bland-Altman 

plot of the differences between the DRM measured by MRI and 

on the pathological specimen plotted against the mean, dem-

onstrated that the individual difference was a mean of -0.25 mm 

(IQR: -8 to +9 mm), with good correlation between MRI and pa-

thology (κ=0.62). The findings that the DRM measured by MRI 

correlates well with that measured on the fixed histo-pathological 

specimen indicate that some stretch or alignment of the pre-

served rectal stump may occur when anastomosed to the proxi-

mal part of the colon.  

Based on the results from Paper III, we propose that a sufficient 

cut-off value for DRM should be 3.5 cm in the mesorectum when 

PME has been performed measured by either MRI or at histopa-

thological examination. Accordingly, 65% (30 of 46) had a DRM of 

less than 3.5 on MRI, and 56% (26 of 46) on histopathological 

specimen. 

The length of the DRM was also registered in patients who un-

derwent TME, and was reported to be less than 1 cm in 10% and 

less than 2 cm in 46%, as measured by either MRI or pathology. 

 

 

 

Primary tumour height in patients with partial mesorectal exci-

sion 

Danish guidelines recommend rigid proctoscopy to establish the 

location and height of the tumour. Accordingly, all patients who 

underwent PME had a tumour located more than 10 cm from the 

anal verge as measured by rigid proctoscopy. However, when 

measured by MRI, 26% of the patients underwent PME for tu-

mours located in the mid-rectum (5.1-10 cm). In relation to these 

findings, the 2012 annual report from the Danish Colorectal 

Cancer Group (DCCG) showed large a discrepancy in subdivision 

of tumour height between measurements by rigid proctoscopy 

and MRI. Data from our unit suggest that the difference between 

the two measurement methods increases with higher tumour 

height (n= 357; correlation coefficient: 0-5 cm, κ= 0.6; 5-10 cm, κ 

=0.6; 10-15 cm, κ =0.4). Differences in measurements on MRI and 

by rigid proctoscopy may have clinical implications with regard to 

type of surgery and allocation to neoadjuvant therapy depending 

on tumour stage. 

 

Macroscopic assessment of histopathology 

Discernible volume defects in the mesorectum, when re-

evaluated by the pathologist on standardised photographic 

documentation, were present in 54% of the 136 specimens. When 

these observations were correlated with the prospective macro-

scopic assessment of the specimen with regard to the plane of 

surgery achieved, 42% had observable volume defects in the 

mesorectum despite being initially graded to be in the complete 

mesorectal plane.  

Correlation between the findings of inadvertent residual 

mesorectum on MRI and mesorectal volume defect of the speci-

mens was only fair (κ =0.32). However, overlap of the areas was 

present in 70% of the excisions in which MRI and pathology 

agreed upon a defect in the mesorectum. 

The findings of inadvertent residual mesorectum on MRI did not 

correlate with an inferior plane of surgery reported, and the 

correlation was especially poor in patients who underwent PME 

and APE. The possible reasons for this have been discussed in the 

methodology section. 

 

Local recurrence 

Postoperative MRI was performed a median of 17 months after 

surgery. A previously un-diagnosed local recurrence was sus-

pected in seven of the patients with postoperative MRI. An early 

local recurrence may be difficult to distinguish from postoperative 

fibrosis, and in two of these patients further examinations dis-

missed local recurrence. In the remaining five, local recurrence 

was confirmed by PET-CT and biopsy. More details on the individ-

ual patients with local recurrence are presented in Paper II. 
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Figure 13: Partial mesorectal excision with perpendicular transection of 

the mesorectum and sufficient distal margin (>3.5 cm). (A) Preoperative 

sagittal MRI shows a T3 tumour of the upper rectum (orange). (B) Postop-

erative sagittal MRI shows the plane of dissection and level of anastomo-

sis (white line). Only mesorectum below the level of the anastomosis can 

be observed. (Bottom) Macroscopic assessment of the specimen shows  

 

 

 

no coning of the distal mesorectum and sharp perpendicular transection 

of the mesorectum. (left: posterior view, right: anterior view 

 

Figure 14: Total mesorectal excision with complete removal of the 

mesorectum. (A) Preoperative sagittal MRI shows a T2 tumour located in 

the mid-rectum (orange). The white line suggests the optimal dissection 

plane if total mesorectal excision. (B) Postoperative sagittal MRI following 

total mesorectal excision with complete removal of the mesorectum. 

Plane of dissection and level of the anastomosis is represented by the 

white line

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Magnetic resonance imaging-detected inadvertent residual mesorectum 

    
No. of patients  

(% of total) 

Residual meso-rectum 

(% rate)  
P-value 

PME 46 (34%) 29 (63%) <0.001 

TME 58 (43%) 21 (36%)  Operation 

APE 32 (23%) 4 (13%)  

Low (0-5 cm) 36 (26%) 7 (19%) 

Mid (>5-10 cm) 51 (38%) 17 (33%) 

Tumour height measured by rigid 

proctoscopy 

  
High (>10-15 cm) 49 (36%) 30 (61%) 

<0.001 

pT0-T2 54 (39%) 22 (16%) 

pT3 65 (48%) 26 (40%) Pathological tumour stage 

pT4 17 (13%) 6 (35%) 

0.795 

No 124 (91%) 50 (40%) Involved CRM  

(<1 mm) Yes 12 (9%) 4 (33%) 
0.763 

Mesorectal 55 (40%) 24 (44%) 

Intramesorectal 48 (35%) 15 (31%) Plane of surgery achieved 

Musc. propria 33 (24%) 15 (45%) 

0.328 
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Figure 15: Perianastomotic residual mesorectum after partial mesorectal 

excision. (A) Preoperative sagittal MRI shows a T3 tumour of the upper 

rectum (orange). The white lines suggests optimal dissection if partial 

mesorectal excision with preservation of distal remnant mesorectum 

(green). (B) Postoperative sagittal MRI after partial mesorectal excision 

shows perianastomotic residual mesorectum (red) above the level of the 

anastomosis (white line). The orange marks the area of mesorectum 

within 5 cm below the primary tumour, as the anastomosis was 2 cm 

below the level of the primary tumour. (C) Axial images showing the 

localisation of the inadvertent residual mesorectum from 5 to 9 o’clock. 

 

 

Figure 16: Residual mesorectum after total mesorectal excision. (A) 

Preoperative sagittal MRI shows a T3 tumour located in the mid-rectum 

(orange). The white line suggests the optimal dissection plane if total 

mesorectal excision. (B) Postoperative sagittal MRI after total mesorectal 

excision shows residual mesorectum within 1 cm of the primary tumour in 

relation to the anastomosis and distal to it (red). Plane of dissection and 

level of the anastomosis is represented by the white line. 

 

 

 

II: Suboptimal surgery and omission of neoadjuvant therapy for 

upper rectal cancer  

is associated with a high risk of local recurrence. 

Bondeven P, Laurberg S, Hagemann-Madsen RH, Pedersen BG. 

Colorectal Disease, 17: 216-224. 

    

 

A total of 247 patients underwent surgery with curative intent for 

primary rectal adenocarcinoma during the study period. After a 

median follow-up of 36 months (range 0-74 mo.), 17 patients 

developed local recurrence. The actuarial local recurrence rate 

was 3.0% (95% CI: 1.5-6.3) and 7.0% (95% CI: 4.0-11.8) after 1 and 

3 years, respectively. For comparison, the local recurrence rate in 

the 34 patients who underwent palliative surgery was 33% at 3 

years (figure 18). 

In our study, the most important predictors of local recurrence 

were advanced tumours stage (P=0.015) and an involved CRM 

(P=0.007).  

 

Risk of local recurrence according to type of surgery 

The 3-year actuarial local recurrence rate was significantly higher 

in patients who underwent PME (13.5%) compared to TME (2.9%) 

or APE (5.7%) (P=0.032). In table 8, tumour and treatment charac-

teristics are shown according to the type of surgery performed. 

Long-course preoperative chemoradiotherapy was administered 

in 33% of patients with TME and in 81% of patients with APE. 

Neoadjuvant therapy was not applied for cancers of the upper 

rectum, as recommended by Danish guidelines. 

 

 

Figure 17 
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Actuarial local recurrence rates for patients treated with curative intent and pallia-

tive surgery, and according to type of surgery. 

 

 

 

A subanalysis of prognostic factors for local recurrence in the 

patients who underwent PME is shown in table 7. Following PME, 

local recurrence was predominantly found in relation to the anas-

tomosis (8 of 9). Inadvertent residual mesorectum was identified 

in five of these patients. Total mesorectal excision was performed 

in 15% of tumours of the upper rectum. None of these developed 

local recurrence. 

 

Distal resection margin after partial mesorectal excision  

The DRM was reported in the pathology report to be less than 3 

cm in 54% (44 of 82) of the patients who underwent PME. In 

these, the risk of local recurrence was 20.1% as compared to 6.8% 

in patients with PME who had a DRM of more than 3 cm 

(P=0.173). If we adjust the cut-off DRM to 3.5 cm based on our 

results from Paper III, 66% (54 of 82) of the patients had a DRM of 

less than 3.5 cm measured by the pathologist on the fixed speci-

men. None of the patients with more than 3.5 cm of DRM devel-

oped local recurrence, as compared to 20.3% with a DRM of less 

than 3.5 cm (P=0.043). 

 

Tumour stage (mrT and pT) 

Based on the preoperative tumour stage (mrT), T4 disease was 

overrepresented in both the PME and APE groups. All pT4 tu-

mours of the upper rectum were due to local peritoneal involve-

ment (pT4a). According to Danish guidelines, this had no impact 

on treatment allocation to patients with tumours of the upper 

rectum. However, substantial down-staging was achieved in the 

APE group, with 81% of the patients receiving neoadjuvant ther-

apy. If this had not been the case, the patients in the APE group 

would presumably have received more extensive surgery, and 

therefore have been excluded from this analysis.  

 

Involved circumferential resection margin 

An involved CRM occurred in 13% of the patients treated with 

curative intent, and in 8%, 9%, and 24% after PME, TME, and APE, 

respectively (P=0.014). An involved CRM was particularly frequent 

for advanced pT4 tumours (P<0.001) and in resections in the 

muscularis propria plane (P=0.012).  

 

A total of five patients (7.4% crude) developed local recurrence 

following APE and long-course chemoradiotherapy for low mrT3-4 

rectal tumours, despite an involved CRM being present in 24% of 

the patients. Comparably, a prospective study on the use of 

ELAPE for advanced tumours of the lower rectum (pT4 in 20%) 

from Karolinska University Hospital in Sweden, found a crude 

local recurrence rate of 6%, despite reporting an involved margin 

in 20% of the patients
75

. These figures are also in accordance with 

the findings of the multicentre study by West et al., in which an 

involved CRM was reported in 20.3% of ELAPE, even with only 6% 

having pT4 tumours
72

. Previous reports have suggested that the 

risk of local recurrence following resection with an involved mar-

gin is 14-30%
5, 23, 157, 158

. 

 

The CRM positivity rate is dependent on several factors, including 

the quality of surgery, presence of advanced disease, location of 

the tumour, and involvement of dedicated pathologists. All rectal 

cancer specimens at our unit were primarily evaluated by one 

pathologist, who had a dedicated focus on involvement of the 

CRM. A root-cause analysis of the patients with an involved CRM 

after APE is currently being performed to elucidate whether an 

involved margin was seen more frequently in particular groups of 

patients (e.g. with anterior location of tumour). 

 

Plane of surgery achieved 

A mesorectal plane of surgery was reported in 33%, in-

tramesorectal in 33%, and musc. propria in 31%. The plane of 

surgery achieved according to type of surgery is shown in table 8. 

The plane of surgery achieved was not associated with the risk of 

local recurrence (P=0.44). 

 

Diagnosis of local recurrence 

Time from date of surgery to development of local recurrence 

ranged between 7 and 56 months (median 24 months), and was 

more than 3 years in three patients (1 TME, 2 APE). Time to local 

recurrence was significantly shorter for patients without neoadju-

vant therapy (median 19 mo.) compared to patients with neoad-

juvant therapy (median 42 mo.) (P=0.025), and in patients who 

underwent PME (median 11 mo.) as compared to TME (median 

27 mo.) or APE (median 28 mo.). 

Symptomatic disease was present in 47% (8 of 17) of patients at 

the time of diagnosis. Seventy-six per cent of the patients had an 

abnormal finding on clinical examination, including palpable mass 

or visible tumour. Histological confirmation was achieved in 65% 

(11 of 17) of patients. In the majority of patients, several diagnos-

tic modalities were used to diagnose local recurrence of tumour. 

Imaging, in the form of MRI, CT or PET-CT, was available in all 

patients. 

 

Treatment of local recurrence 

Six patients had evidence of synchronous local and distant recur-

rence when local recurrence was detected and were referred for 

oncological adjuvant treatment. In five patients, a re-resection of 

tumour with curative intent was performed. Three of these had 

prior surgery with PME and two had TME. All patients with local 

recurrence for curative re-resection received preoperative 

chemoradiotherapy. A negative margin (R0) at re-resection was 

achieved in four.  

 

 



 DANISH MEDICAL JOURNAL   19 

Table 7 

 

 

 

Table 7: Subanalysis of risk factors for local recurrence in patients treated with PME for upper rectal cancer. 

Characteristic  Number (%) 
Actuarial 3-year local recurrence 

rate 

mrT0-T2 21 (26) 0% 

mrT3 38 (46) 20.2% 

Preoperative  

tumour stage 

  mrT4 14 (17) 23.1% 

< 3.5 cm 54 (66) 20.3% 

> 3.5 cm 22 (27) 0% Distal resection margin* 

Missing 6 (7) . 

pT0-T2 18 (22) 0% 

pT3 47 (57) 15.6% 

Pathological  

tumour stage 

  pT4 16 (20) 21.1% 

No 74 (90) 12.0% Involved CRM  

(<1 mm) 

  
Yes 7 (9) 30.8% 

TME 15 (15) 0% Type of surgery for tumours of 

the upper rectum  

(>10-15 cm) 
PME 82 (85) 13.6% 

Table 8: Tumour and treatment characteristics according to type of surgery  

in the 247 patients treated with curative intent. 

    TME PME APE* Total 

mrT0-T2 23 (24%) 21 (26%) 7 (10%) 51 (21%) 

mrT3 66 (68%) 38 (46%) 38 (56%) 142 (57%) 

Preoperative tumour 

stage 

  
mrT4 7 (7%) 14 (17%) 22 (32%) 43 (17%) 

 Missing 1 (1%) 9 (11%) . . 10 (4%) 

Radiotherapy No 65 (67%) 82 (100%) 13 (19%) 160 (65%) 

  Yes 32 (33%) . . 55 (81%) 87 (35%) 

Low (<5 cm) 5 (5%) . . 60 (88%) 65 (26%) Tumour height meas-

ured by rigid procto-

scopy Mid (5-10 cm) 77 (79%) . . 8 (12%) 85 (34%) 

  High (10-15 cm) 15 (15%) 82 (100%) . . 97 (39%) 

pT0-T2 40 (41%) 18 (22%) 31 (46%) 89 (36%) 

pT3 46 (47%) 47 (57%) 29 (43%) 122 (49%) 

Pathological tumour 

stage 

  
pT4 9 (9%) 16 (20%) 8 (12%) 33 (13%) 

  Missing 2 (2%) 1 (1%) . . 3 (1%) 

No 86 (89%) 74 (90%) 51 (75%) 211 (85%) 

Yes 9 (9%) 7 (9%) 16 (24%) 32 (13%) 

Involved CRM  

(<1 mm) 

 

  Missing 2 (2%) 1 (1%) 1 (1%) 4 (2%) 

Mesorectal 31 (32%) 40 (49%) 10 (15%) 81 (33%) 

Intramesorectal 36 (37%) 17 (21%) 28 (41%) 81 (33%) 

Plane of surgery achie-

ved 

  
Musc. propria 27 (28%) 20 (24%) 29 (43%) 76 (31%) 

  Missing 3 (3%) 5 (6%) 1 (1%) 9 (3%) 

Actuarial 3-year local recurrence rate 2.9% 13.5% 5.7% 7.0% 

Distant metastasis 13% 16% 19% 16% 

Overall 3-year survival 88% 84% 79% 85% 
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III: Objective measurement of the distal resection margin by MRI 

of the fresh and fixed specimen after partial mesorectal excision 

for rectal cancer: 5 cm is not just 5 cm and depends on when 

measured. 

Bondeven P, Hagemann-Madsen RH, Bro L, Moran BJ, Laurberg S, 

Pedersen BG. 

Acta Radiol 2015 Sep 15 [Epub ahead of print]. 

    

 

Ten patients with upper rectal cancer who underwent curative 

resection were prospectively included. Partial mesorectal excision 

was planned in all patients at preoperative MDT conference. 

However, in one patient the procedure was performed as a TME. 

 

Immediately following surgical resection and specimen removal, 

the fresh specimen was measured and photographed by a special-

ist nurse and PB before being positioned in the MRI scanner. After 

completion of MRI, the fresh specimen was placed directly in 

formaldehyde, followed by a GEWF solution, and fixed for ap-

proximately 48 hours. The fixed specimen underwent MRI on the 

day of histopathological examination before pathological section-

ing. 

 

Measured by MRI, the mean length of the DRM in the fresh 

specimens was 4.6 cm (range; 0.6 to 10.2 cm) and 3.2 cm (range; 

0.5 to 6.2 cm) in the fixed specimen. Comparably, the mean 

length of DRM measured at histopathological examination of the 

fixed specimen was 3.3 cm (range: 1 to 6 cm). Five of the ten 

patients had a DRM of less than 5 cm on the fresh specimen 

measured by MRI. After fixation of the specimen, 9 of 10 patients 

had a DRM of less than 5 cm, and four less than 3 cm measured 

both on MRI and at histopathological examination. 

 

The mean difference between the length of the DRM measured 

by MRI (fresh and fixed) and histopathological examination is 

shown in figure 19. A collective tissue shrinkage ratio of 70% (95% 

CI: 67-73%) was calculated based on the different histopathologi-

cal and MRI measurements of the fresh and fixed specimens 

(table 9). All measurements significantly decreased in length after 

fixation. 

 

A 5-cm distal margin is generally advocated when performing 

PME surgery for upper rectal cancer. If a 5-cm DRM of mesorec-

tum below the luminal level of the primary tumour on the fresh 

specimen is the standard for advanced cancer of the upper rec-

tum treated with PME, an acceptable DRM should be at least 3.5 

cm at histopathological examination of the fixed specimen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*PR; distance from the level of the peritoneal reflection to the distal cut edge of the  

specimen. IQR; interquartile range. Tissue shrinkage ratio was calculated as the fixed  

measurement divided by the fresh. 

 

 

 

Figure 18 
Difference in measurements of the distal resection margin between MRI of the fresh 

(red) and fixed (yellow) specimen and histopathological examination of the fixed 

specimen. DRM, distal resection margin. *DRM on MRI fresh 10.2 cm; MRI fixed 6.2 

cm; DRM pathology 6.0 cm; TSR 61%. 

 

Table 9:  Tissue shrinkage based on specimen MRI and measure-

ments by pathology. 

 
Mean 

(cm) 
Range (cm) 

Tissue shrinkage 

ratio (IQR) 

Specimen MRI 

Fresh DRM long 5.7 2.3 – 11.4 

Fix DRM long 4.1  1.4 – 6.2 
71% (62-79) 

Fresh DRM short 4.6 0.7 – 10.2 

Fix DRM short 3.1  0.5 – 6.2 
69% (61-77) 

Histopathological examination 

Fresh specimen length 21.9 15 - 29 

Fixed specimen length 15.3 9.5 - 24 
69% (61-78) 

Fresh PR distance* 2.4  0 – 5.7 

Fixed PR distance* 1.5  0 – 3.5 
69% (64-71) 
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GENERAL DISCUSSION  

     

This thesis presents some disappointing findings with regard to 

the large group (>30%) of patients with cancer of the upper rec-

tum having PME surgery and in whom evidence of suboptimal 

surgery was advent. Partial mesorectal excision for tumours of 

the upper rectum may have been regarded as an easy case, while 

focus has – reasonably – been on improving the outcome for 

mid/low rectal cancer with TME, and more recently in the current 

debate with regard to the establishing the optimal treatment of 

low rectal cancer using an extralevator approach in APE. 

Local recurrence is a particular problem after rectal cancer sur-

gery, although generally now only seen in a minority of cases. It 

results in severe morbidity, and markedly impairs quality of life. 

Palliative treatment has limited success and leads to death in 

most cases, although a percentage of cases are cured with locally 

aggressive surgery
79, 153, 159

.  

Standardisation and quality assurance of mesorectal excision by 

training and pathological audit were implemented in the major 

trials to ensure that optimal surgery was performed
11, 12, 39

. How-

ever, it is important that, outside the setting of clinical trials, 

standardisation and assurance of best-quality surgery are also 

sustained in routine clinical practice. By using postoperative MRI, 

we were able to assess the extent and completeness of mesorec-

tal excision after surgery for rectal cancer by indicating inadver-

tent residual mesorectum, and established that postoperative 

MRI may serve as a method for quality assessment of both sur-

gery and the pathological assessment of the specimen.  

With careful planning and a multidisciplinary approach in the 

modern treatment of rectal cancer, equivalent oncological out-

comes should be achievable for patients with rectal cancer who 

undergo curative surgery regardless of differences in tumour 

characteristics and location. We believe that one of the great 

hallmarks of multidisciplinary team collaboration is assurance and 

internal audit of the quality of the treatment offered. 

 

Cancer of the upper rectum has historically been associated with 

a significantly better oncological outcome than that of cancer of 

the lower or mid rectum – in some series comparable to sigmoid 

colon cancer, which is considered less perilous
31, 128, 160

. The major 

problem for patients with rectal cancer was traditionally the high 

rate of local recurrence, whereas for patients with a primary 

tumour of the colon, it was the high incidence of distant metasta-

sis. With the introduction of TME-based surgery with meticulous 

dissection of the avascular “holy plane” between the mesorectum 

and parieties completed under direct vision, the local recurrence 

rates for tumours of the upper rectum also improved proportion-

ally. Thus, local recurrence rates have been reported in the major 

trials to be between only 1 and 6% after surgery for upper rectal 

cancer with or without neoadjuvant therapy, respectively
5, 6

. 

In our audited cohort of patients, the risk of local recurrence was 

11.3% for tumours of the upper rectum. Similarly, studies from 

Germany and Sweden have reported local recurrence rates in 

patients with tumours of the upper rectum to be as high as 10 to 

16%
24, 25, 118, 161

. These do not fulfil the present day accepted 

requirement of local recurrence rates less than 10%, when stan-

dardised optimal TME-based surgery is performed, especially for 

tumours of the upper rectum. These differences most likely re-

flect variations in the preoperative assessment, surgical tech-

nique, or the use of neoadjuvant therapy. 

 

 

Preoperative assessment of upper rectal cancer 

The definition of and differentiations between the colon and the 

rectum vary widely in the literature. According to guidelines in 

Scandinavia and the UK, a tumour is generally considered rectal if 

the lower margin lies within 15 cm of the anal verge
40

. 

Although measurement of tumour height by rigid proctoscopy is 

mandatory, it may vary depending on the surgeon performing the 

examination, the patient, and the method
162

. Care is necessary: 

any instrument can push a mobile tumour upwards, and flexible 

instruments often give falsely high measurements. Whereas, it 

may be easy to define the location of very low tumours, because 

of their accessibility to the examining finger and easier measure-

ment of distance from the anal verge on imaging, it becomes 

increasingly difficult to determine the position of tumours higher 

in the rectum. Indeed, the assumption behind asking the question 

of which type of surgery that should be performed or whether 

neoadjuvant therapy is beneficial is that these patients can be 

accurately identified preoperatively. 

It may be worth documenting the height at MRI; indeed, after 

much debate, the English National Low Rectal Cancer Develop-

ment Programme (LOREC) suggest a new definition of low rectal 

cancer as a tumour with its distal margin at or below the level of 

origin of the levators on the pelvic side-wall
107

. In the same way, 

tumours of the upper rectum may in the future be defined by 

anatomical landmarks appreciable on the preoperative MRI such 

as the level of the peritoneal reflection or distance in mesorectum 

to the levator, because the division of the rectum by strict centi-

metre criteria seems unrealistic on an individual basis
104, 163-165

. As 

measured by MRI, 26% of the patients had PME for tumours of 

the mid rectum in paper I. Similar findings were reported by 

Chang et al. in a study using MRI to identify high-risk patients with 

upper rectal cancer
166

. 

Confident localisation of a rectal tumour is tremendously impor-

tant, especially in relation to the Danish guidelines, as the differ-

entiation between mid or upper rectum has a significant impact 

on the decision to allocate for neoadjuvant therapy or not. In our 

opinion, the level of the tumour is reliably assessable on preop-

erative MRI and can be used to determine whether PME or TME is 

preferable. By Delphi method, the European Registration of Can-

cer Care (EURECCA) recently recommended MRI as the method of 

choice for assessing tumour height and location in the rectum
28

. 

 

Surgical technique 

For cancer of the upper rectum it remains unsettled as to 

whether TME is necessary for upper rectal cancer or whether a 

PME is adequate. Unfortunately, the major studies have not 

specifically distinguished between whether TME or PME was 

performed for upper rectal cancer, and this hinders comparison. 

However, it is clear that the less extensive PME with preservation 

of a distal part of remnant rectum offers a better functional out-

come and lower risk of anastomotic leakage
17, 18, 167

.  

Dedicated single-centre trials have shown that it is possible to 

achieve low rates of local recurrence with PME by skilful surgery, 

equal to or better than the local recurrence rates achieved with 

TME, also without the use of neoadjuvant therapy
18-21, 168

. 

In the results presented here, a high rate of local recurrence was 

observed following surgery in which a PME was performed for 

tumours of the upper rectum. Based on data from the Stockholm 

Colorectal Cancer Study Group, Syk et al. reported a relatively 

high rate of local recurrence of 9% following PME for upper rectal 

cancer compared to 5% in patients who underwent TME, despite 

the wide use of short-course preoperative radiotherapy
23

. 
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Rosenberg et al. performed PME for all tumours of the upper 

rectum and observed a 5-year local recurrence rate of 15.5%, not 

significantly different from that for mid rectal tumours, but worse 

than for cancer of the sigmoid
24

. Similarly, Kodeda et al. reported 

a crude 5-year local recurrence rate of 14.4% for tumours of the 

upper rectum without routine preoperative radiotherapy in their 

regional cohort of tumours of the upper rectum, compared to 

5.5% based on national data from the Swedish Rectal Cancer 

Registry
25

. 

 

Another important message is that upper rectal cancer, like mid 

and low rectal cancer, needs best-quality surgery. The studies in 

this thesis clearly show that surgery was not optimal with evi-

dence of inadvertent residual mesorectum in 63% of patients with 

postoperative MRI, and a distal margin of less than 3 cm in more 

than two-thirds of patients who underwent PME. Furthermore, 

inadvertent residual mesorectum and/or an insufficient distal 

margin of less than 3 cm was evident in all cases of upper rectal 

cancers having a local recurrence. 

Our findings correspond to the results by Syk et al., in which CT 

and MRI from 99 patients with local recurrence were analysed
23

. 

In the study by Syk et al., residual mesorectum was observed in 

86% of the patients with local recurrence following PME for upper 

rectal cancer. The exact definition of residual mesorectal tissue 

used by Syk et al. was not completely instructive in our opinion, 

particularly regarding the evaluation of PME, and may differ from 

the definition in the present study. Still, Syk et al. concluded that 

an intentional or inadvertent partial mesorectal excision, com-

bined with the absence of radiotherapy, may play a role in the 

recurrence of these tumours
22

. 

An effort to detect suboptimal surgery with postoperative imag-

ing was even attempted in 1991 before the advent of modern MR 

imaging. By using postoperative angiography of the mesenteric 

artery, Hohenberger et al. observed that the inferior mesenteric 

artery and superior rectal artery, together with the attached fatty 

mesorectal tissue, remained after coning of the mesorectum, 

which since proved to the source of local recurrence
137, 169

. 

Kusters et al. analysed the patients in the Dutch TME Trial with 

local recurrence and noted that the analysis of patients with 

sphincter-preserving surgery was complicated, as it was unclear 

what proportion of the patients that had received a PME instead 

of a TME
170

. Most of the local recurrences were located in rela-

tion to the anastomosis, especially in the group without the oth-

erwise largest risk factors (T4 tumour, N2 disease, involved CRM). 

Local recurrence localised in relation to the anastomosis is gener-

ally considered to be caused by inadequate or suboptimal sur-

gery, with failure of complete surgical removal of the primary 

tumour or its initial field of spread in the mesorectum
153, 155, 170-

172
. The fact that the most prevalent location of local recurrence 

in our cohort, in the previous studies described
22, 23, 25, 152

 and in 

the report by Kusters et al. from the Dutch TME trial
170

 (which 

was further scrutinised by Heald and Hermanek
127

) suggests that 

surgery was not optimal.  

An association between the finding of inadvertent residual 

mesorectum on postoperative MRI and risk of local recurrence 

will likely require a larger prospective study than the present, and 

also including the patients most likely to have residual mesorec-

tum (R2, disseminated disease etc.). We included all rectal cancer 

patients treated with surgery, hereby also auditing a group of 

patients with T0-T2 tumours where spread to the mesorectum is 

infrequent and with a low risk of local recurrence, even despite 

possibly having inadvertent residual mesorectum. The key mes-

sage from our findings indicating suboptimal surgery in the group 

of patients with upper rectal cancer should thus rather be, as one 

of the reviewers of Paper II wrote, “to think long and hard about 

my own practice” to achieve the best results possible. 

 

The plane of surgery achieved by the surgeon has been reported 

by pathologists for a little more than a decade now and used to 

assess the quality of surgery. Numerous studies have shown that 

the integrity of the mesorectum correlates with the rate of local 

recurrence
11, 12, 133, 134

. 

Nevertheless, grading of the plane of surgery is still inconsistent, 

and in a recent national improvement project from Belgium, more 

than 57% were not graded according to the plane of surgery 

achieved, and agreement between the local pathologists and a 

central review committee on the plane of surgery achieved was 

relatively poor
173, 174

. 

In paper I, we demonstrated a discrepancy in the assessments 

made by pathological examination and MRI. Furthermore, based 

on the retrospective evaluation of the standardised photographic 

documentation, volume defects were described in 42% of the 

specimens initially judged by the pathologist to have been per-

formed in the mesorectal plane of surgery. Overestimation of 

volume defects due to anatomical variations may be a problem 

for pathologists, as the morphology of the mesorectum differs 

between patients
175

. Moreover, the value of pathological grading 

of residual mesorectal tissue is limited by the fact that the pa-

thologist can grade the specimen only according to the tissue 

removed at surgery. This is particularly obvious with regard to 

PME. In paper II, plane of surgery did not correlate with the risk of 

local recurrence, probably as most of the PME resections were 

graded to have a complete plane of surgery, and developed local 

recurrence despite this. 

 

We argue that pathology should not blindly be considered the 

gold standard in the quality assessment of rectal cancer surgery 

as pathologists fail to report reliably on key diagnostic features 

and may have significant interobserver variation. Postoperative 

MRI of the pelvis may provide a useful method for auditing of 

both pathology and mesorectal excision surgery for rectal cancer. 

 

It has generally been proposed that a minimum of 5 cm of distal 

mesorectum should always be excised in rectal cancer and thus 

that the height of the tumour will determine whether a TME is 

needed or if a PME is adequate. Nonetheless, we observed that 

the DRM was less than 3 cm in around 50% of PME resections, 

suggesting a discrepancy between guidelines and the surgery 

performed. 

The length of the distal margin depends on when it is measured, 

with major variation in the length when measured in situ before 

surgical removal compared with the measurement obtained on 

the fresh specimen or after fixation. Moreover, the in situ margin 

is variable and dependent on tissue stretching under tension and 

contraction after division of the rectum
140

. National guidelines 

have not defined when the distal resection margin is best meas-

ured.  

Direct extrapolation of the length of distal spread in a histopa-

thologically examined specimen to an in situ margin measured at 

operation is difficult, and although the length of the distal margin 

is widely cited as important, it is usually not specified how this 

was measured. Previous studies have tried to identify how to 

determine the optimal in situ distal margin in rectal cancer based 

on histopathological examination of the specimen. However, 

depending on the method used, the length may vary from 15% to 

150% compared between the in situ or fresh specimen measure-
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ment and after fixation. An early studious description of this 

phenomenon was made by Ewing in 1952: ”The height of the 

tumour is measured, now in centimetres and now in inches; now 

in the living subject and now in the resected specimen, where it 

may be either shrunken and twisted into a miserable shadow of 

its former self or grown big as it lies”
176

. 

By correcting for tissue shrinkage, Ono et al. concluded that the 

adjusted maximum extent of distal spread in situ was 24 mm, 

hereby endorsing a distal margin in the mesorectum of 3 cm as 

sufficient
144

.This adjusted estimate of distal spread was based on 

the measurement of a mean tissue shrinkage ratio of 60% after 

fixation. This ratio however varied between 15% and 133% in 

their study of 40 patients – indicating substantial variation in 

either measurements in situ and after fixation, or in the process-

ing of the specimen. 

In a recent educational tutorial by Heald et al., it is stated that 

when mobilising the rectum during partial mesorectal excision 

surgery, the rectum and mesorectum should be mobilised at least 

8 cm below the level of the tumour to achieve an adequate mar-

gin in the fresh specimen of at least 5 cm
177

. Based on our results, 

this margin may further shrink approximately 30% in an un-

pinned, fixed specimen. We therefore conclude that if a 5-cm 

distal margin below the luminal level of the primary tumour on 

the fresh specimen is the objective for advanced cancer of the 

upper rectum treated with PME surgery, a margin of at least 3.5 

cm of mesorectum on the fixed specimen should be attained for 

the pathologist to accurately establish distal radicality. 

The fact that none of the patients who underwent PME with 

more than 3.5 cm of distal margin developed local recurrence, as 

compared to 20% with less than 3.5 cm, further supports this 

conclusion. In 2012, Jullumstrø et al. analysed 394 patients in a 

Norwegian cohort with regard to violation of treatment guide-

lines
178

. The risk of local recurrence was 11% after curative resec-

tion with a distal clearance of less than 2 cm compared to only 3% 

when the distal clearance was more than 2 cm. 

 

Thirty years ago, Bill Heald reminded surgeons of the importance 

of best-quality surgery with complete excision of the primary 

tumour and adequate tumour-free margins. It is evident that this 

rationale of best-quality surgery remains true also for surgery in 

the upper rectum with PME performed without, as it has been 

proved for TME and APE in mid and low rectal cancer. 

 

Omission of neoadjuvant therapy for upper rectal cancer 

There is ongoing controversy as to whether all, or selected, pa-

tients with rectal cancer will benefit from neoadjuvant therapy. In 

Denmark, only un-resectable cancer of the upper rectum is con-

sidered for neoadjuvant therapy. Large population-based studies 

from Sweden have reported that more than 60% of patients with 

rectal cancer received neoadjuvant therapy, including 43-58% of 

tumours of the upper rectum, and more than 40% of patients 

with T1-T2 tumours
125, 161

. 

As mentioned previously, none of the largest randomised trials 

found any significant effect of systematic preoperative radiother-

apy for upper rectal cancer. Based on the Stockholm II Trial, Holm 

et al. showed that preoperative radiotherapy decreased the risk 

of local recurrence, irrespective of tumour height, when conven-

tional blunt surgery was used
179

. In 2011, Tiefenthal et al. showed 

an effect of preoperative short-course radiotherapy for tumours 

of the upper rectum in a national population-based study
161

. In 

total, 43% of patients with upper rectal tumours received short-

course radiotherapy, which reduced the local recurrence rate 

from 10% in patients with surgery alone to 4% (P < 0.001). 

National guidelines on the application of neoadjuvant therapy are 

very different, despite the fact that they all have access to the 

same literature
40, 124

. There is a difference with regard to the 

approach depending on stage of disease and with regard the use 

of neoadjuvant therapy for cancer of the upper rectum. Further-

more, adherence to international guidelines may not be consis-

tent and lead to treatment failure
25, 125, 178, 180

.  

 

We observed an overrepresentation of T4 disease in tumours of 

the upper rectum compared to mid rectal tumours treated with 

curative intent. All of these were due to involvement of the peri-

toneal reflection (pT4a), and would thus not have influenced 

treatment decision based on the current Danish guidelines. A 

major difference between upper rectal cancer and mid/low tu-

mours located below the level of the peritoneal reflection is that 

advanced cancers of the upper rectum are prone to involve the 

peritoneal surface, resulting in an increased risk of local recur-

rence
41, 43

. In comparison, T4 tumours of the mid or lower rectum 

will have direct invasion into other structures, such as the pros-

tate or vagina (T4b), and therefore probably have received more 

extensive surgery and therefore been excluded from our study 

cohort.  

It is reasonable to think that these advanced tumours of the 

upper rectum may also benefit from neoadjuvant therapy, which 

is also currently recommended by the European Society of Medi-

cal Oncology (ESMO)
115

. In the ESMO guidelines, height is by itself 

not a contraindication for preoperative neoadjuvant therapy. 

Furthermore, it has been shown that advanced tumours of the 

upper rectum can be accurately staged using MRI and could be 

successfully downstaged by neoadjuvant radiochemotherapy
105, 

106
.  

 

Some authors have suggested that neoadjuvant therapy should 

not be used to compensate for poor quality surgery; rather in-

tense efforts should be made to improve the quality of surgery so 

that fewer patients will need radio(chemo)therapy. It seems clear 

that if the surgeon expects to be able to perform a curative resec-

tion, i.e. to achieve a surgical specimen with intact and adequate 

mesorectum and clear margins, neoadjuvant may be omitted
181-

186
. The accuracy of modern MRI-based local staging permits 

precise selection for appropriate neoadjuvant treatment
185.

 

 

 

CONCLUSIONS   

   

In summary, this thesis presents a disconcertingly high local re-

currence rate in the large group (>30%) of patients with cancer of 

the upper rectum. In these, suboptimal surgery was evident in the 

form of coning of the mesorectum and an insufficient distal resec-

tion margin. Thirty years ago, Bill Heald reminded surgeons of the 

importance of best-quality surgery with complete excision of the 

primary tumour and adequate tumour-free margins. It is evident 

that this rationale of best-quality surgery remains true also for 

surgery in the upper rectum with PME, as it has been proved for 

TME and APE in mid and low rectal cancer. 

 

Specific conclusions: 

 

• The extent and completeness of mesorectal excision 

can be evaluated by postoperative MRI as a quality as-

sessment measure of the surgery performed and of the 

pathological evaluation based on inadvertent residual 

mesorectum. 
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• For tumours of the upper rectum, PME was associated 

with an unacceptably high risk of local recurrence. This 

may be attributed to specific problems with the surgical 

technique or the omission of neoadjuvant therapy for 

advanced tumours of the upper rectum.  

 

• The length of the distal resection margin is reduced by 

30% after surgical removal and fixation of the specimen. 

If a 5-cm distal margin below the luminal level of the 

primary tumour on the fresh specimen is the objective 

for advanced cancer of the upper rectum treated with 

PME surgery, a margin of at least 3.5 cm of mesorectum 

on the fixed specimen should be attained for the pa-

thologist to accurately establish distal radicality.  

FUTURE PERSPECTIVES  

    

The treatment of rectal cancer is rapidly changing with advances 

in surgical technique, radiotherapy, imaging and pathology to-

gether with the implementation of bowel cancer screening in the 

general population, focus on non-surgical management of rectal 

cancer after complete response following neoadjuvant therapy 

and increasing use of minimally invasive surgical techniques. A 

‘one size-fits-all’ approach in the treatment of rectal cancer is 

clearly outdated. 

The treatment for tumours of the upper rectum needs to be 

improved. Based on our findings, a more selective use of PME for 

advanced cancer is being advocated. A local workshop on the 

current difficulties in treating cancer of the upper rectum was 

held in the spring of 2011. The workshop involved presentation of 

cases with TME and PME with corresponding postoperative MRI 

and pathological photo-documentation. Possible measures to 

improve the quality of the treatment were discussed in plenum, 

and attention has especially been directed towards a more stan-

dardised approach for tumours of the upper rectum with more 

weight on the tumour relations available on MRI and on surgical 

technique. 

We have continued with prospective quality assessment of sur-

gery and pathology with postoperative MRI, and a national audit 

of the quality of surgery and rate of local recurrence is currently 

being conducted. Furthermore, a training programme with a 

specific focus on surgery for upper rectal and sigmoid cancer is 

being planned. 

 

In light of the current debate regarding the optimal approach 

when performing APE for low rectal cancer, we are currently 

looking into the possibility of assessing the extent of dissection of 

the levators on postoperative MRI in patients with an involved 

CRM. 

 

SUMMARY 

 

Rectal cancer constitutes one-third of all colorectal cancers, and 

the incidence in Denmark increasing. In 2012, 1.400 cases were 

registered, and of these 38% were located in the upper rectum. 

There have been several key advances in the optimal manage-

ment of rectal cancer during the past decades, primarily by stan-

dardisation and improvement of the surgical procedure. There is 

now general agreement that the optimal surgical treatment in-

volves the concept of total mesorectal excision and that a resec-

tion with tumour-free margins is crucial. 

Controversy exists as to whether total mesorectal excision (TME) 

is necessary for upper rectal cancers or if a partial mesorectal 

excision (PME) with mesorectal transection 5 cm below the tu-

mour is adequate. Furthermore, there is no agreement as to 

whether surgery alone is sufficient or whether neoadjuvant radio- 

and/or chemotherapy should be administered for tumours of the 

upper rectum. This thesis aims to discuss aspects of the treatment 

of rectal cancer with regard to the adequacy of mesorectal exci-

sion and oncological outcome with a particular focus on cancer of 

the upper rectum. 

 

In study I, the extent and completeness of mesorectal excision 

was estimated by postoperative magnetic resonance imaging of 

the pelvis in patients with primary surgery for rectal cancer. In the 

136 patients with postoperative MRI, inadvertent residual 

mesorectal tissue was evident in 40%, especially following PME, 

suggesting suboptimal surgery performed. Additionally in patients 

who had PME, the distal margin was found to be less than 3 cm in 

more than 50% of patients, suggesting a discrepancy between 

guidelines and the actual surgery performed. 

 

In study II, we estimated the risk of local recurrence in the previ-

ously audited cohort of patients, with a particular focus on pa-

tients with upper rectal cancer treated by PME and without 

neoadjuvant therapy as standard. Using Kaplan-Meier analysis, 

the total three-year local recurrence rate was 7% with tumour 

stage and an involved circumferential margin as the most impor-

tant predictors of local recurrence. The local recurrence rate after 

PME was significantly higher than for TME (14% vs. 3%; p=0.032), 

and were diagnosed earlier (p=0.001). In all cases with local re-

currence following PME there was evidence of either inadvertent 

residual mesorectum and/or an insufficient distal resection mar-

gin. 

 

In study III, we investigated the length of the distal resection 

margin and degree of tissue shrinkage after surgical removal and 

fixation by using MRI of the fresh and fixed specimen. We found 

that the length of the specimen and the distal margin was re-

duced by 30% after surgical removal and fixation. If a 5-cm distal 

margin below the luminal level of the primary tumour on the 

fresh specimen is the objective for advanced cancer of the upper 

rectum treated with PME surgery, a margin of at least 3.5 cm of 

mesorectum on the fixed specimen should be attained for the 

pathologist to accurately establish distal radicality. 
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