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Introduction

Rectal cancer is one of the major causes of cancer-related 
mortality worldwide. Magnetic resonance imaging 
(MRI) plays an essential role in the local staging of rectal 
cancer and should routinely be performed for primary 
staging as well as for post-treatment assessment (1). The 
primary goal of MRI staging of rectal tumours prior to 
treatment is to identify prognostic factors which enable the 
multidisciplinary team (MDT) to tailor treatments based on 

individual risks (2). 
The initial MRI staging should be documented with 

a prefix “mr”, not to be conflated with the pathological 
staging denoted with a prefix “p” (3). MRI of the rectum 
identifies patients who will benefit from neoadjuvant therapy 
prior to surgery to minimise postoperative recurrence 
and assists in planning the optimal surgical approach (4). 
Standardised synoptic MRI reports, incorporating evidence-
based key prognostic information, ensure that all of the 
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relevant information is included to allow correct treatment 
selection and facilitate discussion with patients to better 
understand how these factors impact their prognosis and 
management.

In primary staging, rectal MRI provides information 
about the tumour location and morphology. The radiologist 
is able to accurately assess MRI T staging (mrT) (3), 
ascertain whether there is extramural vascular invasion 
(mrEMVI) and describe the relationship of the tumour 
with surrounding structures, such as the sphincter complex 
and the potential surgical circumferential resection margin 
(CRM) (5) (Figure 1). These features help diagnose 
locally advanced rectal tumours for which neoadjuvant 
chemoradiotherapy is indicated (6). The adoption of total 
mesorectal excision (TME) as the standard treatment of 
rectal cancer and the use of neoadjuvant chemoradiotherapy 
(CRT) for patients with locally advanced rectal cancer has 
led to significant gains in local disease control (6). 

In this review, the role and accuracy of MRI in the 
local staging of rectal cancer both at baseline and after 
neoadjuvant treatment, the ideal MR imaging protocol 
and the benefits of proforma reporting will be discussed. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/dmr-20-147). 

Protocol

Good quality MRI images maximise the benefits achieved 
with rectal MRI allowing the radiologist to accurately 

characterise anatomic structures and their relationship with 
the tumour (6). High-resolution T2-weighted sequences are 
crucial for evaluating rectal tumours (2). 

The standard rectal MRI protocol for evaluating rectal 
cancer includes acquiring high spatial resolution two-
dimensional (2D) fast spin echo (FSE) T2-weighted 
sequences without fat suppression, with a small field of view 
and a slice thickness of 3 mm in the oblique axial plane, 
sagittal plane and oblique coronal plane. 

FSE T2-weighted MRI without fat suppression and 
with a large field of view performed in the axial plane of the 
entire pelvis, from the aortic bifurcation to the sphincter, 
permits evaluation of distant lymph nodes. In the sagittal 
plane, FSE T2-weighted MRI localises the primary tumour, 
which enables the measurement of its craniocaudal length 
and its height above the anal verge (6). Intravenous contrast 
is not required as enhanced T1-weighted imaging does not 
improve the diagnostic accuracy of local staging of rectal 
cancer (7).

Currently, functional and molecular MR imaging 
techniques are not, as yet, routinely used in the detection 
of rectal cancer. They may play a role in the near future for 
the assessment of tumour characteristics, such as tumour 
heterogeneity, and may provide prognostic information to 
guide treatment decisions. The literature regarding the role 
of other techniques such as MR Spectroscopy and blood 
oxygenation level-dependent-MRI is sparse (8).

Although computed tomography (CT) has  the 
advantages of fast scan times and being widely accessible, 
a meta-analysis by Bipat et al. exploring the accuracy of 

Figure 1 (A) MR axial image demonstrating a semi-annular, (B) mid rectal tumour 9 cm above the anal verge, measured on the sagittal 
plane. (C) Axial image of a tumour deposit abutting and extending beyond the mrCRM. This patient has a locally advanced rectal tumour 
and neoadjuvant chemoradiotherapy is indicated. 
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different imaging modalities for local staging of rectal 
cancer found that CT was of limited use. The different 
layers of the rectal wall are less well differentiated on CT (9).  
In addition, CT cannot distinguish between tumour and 
peritumoral desmoplastic reaction, which could potentially 
lead to over-staging (10). 

The role of synoptic reporting in determining 
optimal management paradigm for rectal cancer

The systematic assessment and reporting of the initial 
staging MRI guides MDT discussion and helps stratify 
patients for neoadjuvant chemoradiotherapy or surgery, 
avoiding over-treatment and reducing CRM positive 
resections (6,7,11-15).

Synoptic radiology reporting for MRI rectal cancer 
provides a complete and accurate assessment of the relevant 
prognostic factors (1,11,16). There is evidence that MRI 
reports using free text do not always capture the essential 
data required to tailor treatment options based on imaging 
findings (16-19).

In an audit comparing the reporting of initial staging 
MRI scans for rectal cancer, Siddiqui et al. reported that the 
proportion of essential prognostic items reported in free 
text reports was 69% compared to 97% when a synoptic 
report was utilised (17). In the setting of evaluation of 
locally advanced tumour for beyond TME disease, the 
proportion of reports containing the required data was 10% 
in free text reports compared to 30% when proformas were 
used. The audit found that the participating radiologists 
were more likely to use the provided synoptic report when 
it was incorporated into the official guidelines. 

In a prospective multicentre non-blinded interventional 
study across 21 centres in the UK, Patel et al. studied the 
completeness of radiological cancer staging reports using 
synoptic reporting (16). They found that free text reports 
contained 48.7% of the essential staging items compared to 
87.3% in the synoptic report. This finding was consistent 
across all cancer types. 

Synoptic reports are accurate (7) and contain more of the 
relevant items that are considered important to clinicians 
for planning management and outcomes (16-19), both for 
rectal cancer and other malignancies (16). Every item in the 
synoptic report provides valuable information to different 
specialists in the multidisciplinary team. For instance, the 
height of the tumour above the anal verge is of particular 
importance to the radiotherapist for radiotherapy planning. 
Likewise, knowledge of mrCRM involvement is crucial 

to the colorectal surgeon and will impact on operative 
management. Report accuracy is further increased with 
radiologist participation in MDTs, consensus reading, 
webinars and workshops (16-18,20).

Another advantage of the synoptic reports is that it 
provides a comprehensive checklist for trainees, where 
they can identify their own strengths and weaknesses in 
reporting each of the key items. 

Mandating the use of synoptic reporting can be 
challenging. Synoptic reporting may be more time 
consuming than free text reports as the former requires 
documentation of negative findings, which would simply be 
omitted in free text reports. There is limited mechanism for 
documenting equivocal findings, such as when prominent 
desmoplastic reaction may mimic extramural tumour 
extension or when the tumour margins are difficult to 
define due to motion artefact. Furthermore, there may be 
technical difficulties integrating proforma report templates 
into existing radiology information systems (RIS) depending 
on the institution (16).

Several recommendations and guides for structured 
reports have been proposed following trials and audits 
(1,7,12,15). We recommend the proforma used by the Royal 
Marsden Hospital (Appendix 1).

Key items in the synoptic report and the 
accuracy of MRI for these prognostic indicators

The synoptic report should contain a minimum set of data. 
The following are key prognostic items that should be 
included in all reports as seen in the proforma in Appendix 1.

Morphology of the tumour

The morphology of the tumour should be described, such 
as annular/semi-annular, polypoidal and the presence of 
ulceration which usually assists in localising the advancing 
edge of the tumour (Figure 1A). The position of the 
advancing edge can be described using a clock face. Low 
anterior tumours pose a greater risk of positive CRM 
at surgery (21). It should be noted whether the tumour 
demonstrates high T2 signal suggestive of mucinous 
histology or a large submucosal component suspicious for a 
signet cell pathology.

Tumour height 

The height of the tumour measured from the anal verge 

https://cdn.amegroups.cn/static/public/DMR-2020-CC-04-supplementary.pdf
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and relationship with the peritoneal reflection is required  
(Figure 1B). Tumours can be classified according to the 
location of the tumour in craniocaudal direction from the 
anal verge. Upper rectal tumours are located 10–15 cm 
from the anal verge, mid rectum 5–10 cm from anal verge 
and lower rectum less than 5 cm from anal verge. This 
finding is used to determine the best surgical approach.

The anterior wall of the upper rectum is covered by the 
peritoneal reflection; the point of attachment occurs at a 
variable height. Assessment of involvement of the peritoneal 
reflection is important due to the increased risk of trans 
coelomic spread (22). The middle third is typically entirely 
encircled by mesorectal fat and may undergo TME with 
sphincter preserving surgery (23).

Low rectal tumours are managed differently. The mrT 
category is more applicable to mid- and high rectal cancers, 
whereas for low rectal tumours located within 5 cm of the 
anal verge, an anatomical description of local tumour extent 
is more relevant than stage alone due to the close proximity 
to the anal sphincter complex (6). In addition, tumours in 
the lower rectum can easily invade surrounding structures 
due to the tapering of the mesorectum toward the rostral 
margin of the anal canal (2).

MRI plays an important role in determining the 
relationship of the tumour to the internal sphincter muscle, 
intersphincteric plane, external sphincter and the pelvic 
floor (levator ani muscle) (Figure 2). For low rectal tumours, 
Stage 1 refers to tumour confined to bowel wall but does 
not extend through the full thickness of the muscle. Stage 2 
describes replacement of the muscle without extension into 

the intersphincteric plane, with at least 1 mm distance to 
the levator. The mrCRM is preserved and the patient may 
be offered TME surgery, avoiding extra-levator abdominal 
perineal excision (ELAPE). In Stage 3, the tumour invades 
the intersphincteric plane or lies within 1 mm of levator 
muscle. In Stage 4, the tumour invades the external anal 
sphincter and is within 1 mm of the levator or beyond the 
levator muscle (2). For both stage 3 and 4 disease, patients 
require ELAPE to achieve adequate oncological resection.

This information influences surgical approach, which 
aims to achieve clear radial and distal margins (24) as 
well as to optimise functional outcome, with regards to 
sphincter preservation (15). In a selected group of patients, 
chemoradiotherapy with delayed surgery increases the 
likelihood of preserving sphincter function due to a 
reduction in tumour size and a downstaging effect of the 
tumour, with consequent improved resectability (2).

The craniocaudal extent and the maximum tumour 
thickness is documented to determine the burden of disease 
and helps guide the choice of treatment.

mrT Staging 

The mrT stage of a rectal cancer is assessed by the depth of 
tumour extension into the rectal wall, the distance of spread 
beyond the wall into the mesorectum and the presence of 
invasion into adjacent structures. Accurate assessment of 
mrT stage of a rectal tumour guides treatment and provides 
prognostic information (25). 
 mrT1 tumours are those that invade the submucosa 

A B C

Figure 2 MR images of low rectal cancers in three patients: (A) coronal image shows tumour extension into the intersphincteric space, 
contacting the right levator ani muscle; (B) axial oblique image shows a tumour invading the puborectalis sling; (C) coronal image shows 
tumour extending into the intersphincteric space and contacting the left levator ani. Extralevator AP surgery is required.
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without extension into the muscularis propria  
(Figure 3). 

 mrT2 tumours extend into the muscularis propria 
without extension to the mesorectal fat (Figure 4). 

 mrT3 tumours extend beyond the muscularis propria 
into the mesorectal fat, with substages depending 
on the distance of extension into the mesorectal fat, 
measured from the outer edge of the muscularis 
propria: 
 mrT3a less than 1 mm spread
 mrT3b 1–5 mm
 mrT3c 5–15 mm 
 mrT3d greater than 15 mm (Figure 5). 
 mrT4 tumours are distinguished according to 

invasion of peritoneal reflection (mrT4a) and 
adjacent organs or structures (mrT4b) (2) (Figure 6).

With every millimetre of extramural spread beyond 
5 mm, the outcomes in terms of disease-free survival 
diminish. Defining the depth of invasion enables the large 
subgroup of mrT3 tumours to be stratified with greater 
prognostic accuracy. In a study by Merkel et al. involving 
853 patients, mrT3 tumours with extramural spread of 
greater than 5 mm were associated with a 5-year cancer-
specific patient survival rate of only 54% (26).

Patients with locally advanced mrT3 or mrT4 disease 
or with tumours threatening the potential circumferential 
r e s e c t i o n  m a r g i n  o n  b a s e l i n e  M R I  a r e  o f f e r e d 
chemoradiation therapy, which has been shown to reduce 
the tumour recurrence rate postoperatively (27).

MRI can predict the T stage with good accuracy (24). 
A systematic review and meta-analysis by Al-Sukhni  
et al. presented an accuracy of 85%, sensitivity of 87% and 
specificity of 75% of high-resolution rectal MRI in assessing 

rectal tumour T-category (13,28). The largest of the  
21 studies included in this meta-analysis  was the 
MERCURY study (25), which prospectively evaluated 
the accuracy of MR imaging in assessing the extramural 
depth of tumour invasion of rectal cancer compared to 
histopathologic results in 295 patients. The maximal 
extramural depth of tumour spread was measured, which 
is defined at histopathologic analysis by the distance from 
the outer edge of the longitudinal muscularis propria 
to the outer edge of the tumour. In 273 (92.5%) of the 
295 patients, the depth of tumour spread reported on 
MR images was within 5 mm of the histopathologic 
measurement. The MR and histopathologic results were 
considered equivalent when the 95% confidence interval 
of the difference between them was within ±0.5 mm, 
suggesting that accurate measurements of extramural depth 
of tumour extension can be achieved on MRI (25).

Most  s t ag ing  f a i lures  w i th  MRI  occur  in  the 
differentiation of T2 and early T3 lesions (T3a), with 
over-staging as the major cause of errors. On MRI, it 
can be difficult to differentiate between spicules in the 
perirectal fat caused by fibrosis only, from spicules caused 
by fibrosis that contain tumour cells (29). The distinction 
between mrT2 stage and early mrT3 stage, however, is 
unlikely to be clinically significant because patients with 
early mrT3 lesions receive little benefit from preoperative 
neoadjuvant therapy and have similar prognosis to T1 and 
T2 tumours (4).

Review of images by consensus of two or more 
radiologists also increases accuracy (13,28). It is noted that 
in the MERCURY study, high resolution sequences were 
performed in 3 planes and participating gastrointestinal 
radiologists completed intensive training workshops, using 
correlated histopathologic and MR archives to ensure 
standardization of image acquisition techniques and 
interpretation of images (25). 

Endorectal ultrasound (EUS) is accurate for staging 
superficial rectal tumours; however, it is limited in its utility 
in the staging of more advanced disease and evaluation 
of the mesorectal plane, limited by depth of acoustic 
penetration (4). Operator dependence, patient tolerance 
and lower accuracy for nodal staging compared to MRI are 
further disadvantages of this technique (4).

MRI depicts the morphology of the lesion, such as villous 
or polypoid. However, it does not reliably distinguish 
between benign and malignant lesions unless invasion 
is observed. A prospective study by Lee et al. evaluating 
resected lesions that were thought to be clinically benign 

Figure 3 Rectal MRI shows a rectal cancer confined to the 
submucosa (mrT1 tumour), amenable to primary local resection.
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Figure 4 Rectal MRI in the (A) axial and (B) sagittal planes shows tumour extension into the muscularis propria without definite extramural 
spread (mrT2 tumour). This tumour is amenable to primary resection. 

A B

determined that MRI correctly identified malignant polyps 
in only 44% of cases (30).

Circumferential resection margin (mrCRM)

The CRM refers to the surgically dissected surface of 
the specimen that corresponds to the non-peritonealised 
portion of the rectum and along with the intersphincteric 
space can be thought of as the TME plane. The role of MR 
imaging is to alert the surgeon of a threatened mesorectal 
fascia (MRF) (24,31), which is defined by the tumour 
margin located within 1 mm of the MRF (Figure 7). The 
MRF and the CRM are not synonymous—MRF is defined 
anatomically, whereas CRM is determined by how the 
surgical procedure has been performed (16,24). MRI clearly 
demonstrates the MRF, which forms the circumferential 
resection margin at TME.

MR imaging is a consistent and reproducible technique 
with a high diagnostic accuracy (between 90% and 100%) 
for the evaluation of tumour invasion into the MRF and 
adjacent organs (2,5). It also has a high specificity (92%) for 
predicting a negative CRM (2). The accuracy in correctly 
predicting the CRM status is reduced with increasing 
proximity of the tumour to the anal verge. This may reflect 
difficulties in interpreting the closely opposed anatomical 
structures in this region (11,24).

The measurement of the distance of tumour to the 
mesorectal fascia on MRI preoperatively may distinguish 
between patients who will be cured by primary surgery and 
patients who are at high risk for locally invasive disease (2). 
A negative mrCRM (defined as 1 mm or more between the 
tumour edge/satellite deposits and the surgical margin) is 

associated with a significantly lower risk of a positive pCRM 
and local recurrence (4). 

In a large prospective registry based study, Roodbeen  
et al. found five factors that increased the chance of pCRM 
after trans anal TME surgery: tumours within 1 cm from 
the anorectal junction, anterior tumours, mrT4 tumours, 
mrEMVI threatened and involved mrCRM on baseline 
imaging (21).

Extramural vascular invasion (mrEMVI)

EMVI is readily detected on MRI and is an important and 
independent prognostic feature (2). It is defined as tumour 
within the vessels extending beyond the muscularis propria 
(Figures 7 and 8).

The presence and degree of extramural venous invasion 

Figure 5 Rectal MRI in the axial plane shows tumour extension 
(solid arrow) beyond the muscularis propria for a length of 7 
mm (mrT3c tumour), and presence of mrEMVI (dashed arrow). 
Neoadjuvant chemoradiotherapy is indicated. 
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predicts relapse-free survival—patients with advanced 
extramural venous invasion have a 3-year relapse-free 
survival rate of 35%, compared with 74% for patients 
with no or early extramural venous invasion (32). On 
MRI, EMVI is visualized as intermediate tumour signal 
intensity replacing the signal flow-voids that are normally 
seen in vessels on T2-weighted spin-echo sequences. The 
extramural vessels, which are oriented perpendicular to the 
rectal wall are also expanded (2). Lateral extension of EMVI 
can result in positive resection margins as vascular pathways 
do not respect the mesorectal fascia. EMVI and vascular 
tumour deposits close to the CRM pose a risk due to the 
potential for onward microscopic spread. 

MR can predict EMVI with moderate sensitivity (62%) 
and relatively high specificity (88%) (32). Small vessels may 
be more difficult to assess (4).

Tumour deposits (mrTD)

These are thought to be discontinuous vascular tumour 
deposits in the mesorectal fat (Figure 7B). In a recent 
retrospective study, Lord et al. found that current MRI 
staging predicting nodal stage does not adequately predict 
prognosis. MRI detected tumour deposits have a greater 
prognostic accuracy. The presence of tumour deposits 
outranks nodal status and is a poor prognostic indicator. 
These patients should be treated more intensively 
and followed up more frequently due to higher risk of 
recurrence (33).

Lymph nodes

MR imaging evaluation of lymph nodes is limited (6). It has 

Figure 6 Rectal MRI in four patients: (A) Tumour extends into the peritoneal reflection. (B) mrEMVI involves the peritoneal reflection. 
(C) Tumour involves the right peripheral zone of the prostate gland. (D) Tumour invades the wall of the uterus and, in the same patient, (E) 
extends to the presacral fascia, involving the right S2 nerve root. These tumours require pelvic exenteration.

A B

C D E
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been suggested that approximately 25% of lymph nodes 
are over-staged (9), which potentially results in morbidity 
related to unnecessary preoperative chemoradiotherapy. 
There is evidence that in addition to limited accuracy of 
MRI, lymph node status on MRI does not have a significant 
impact on the patient’s prognosis and therefore this item 
may potentially be removed from the synoptic reports as 
more evidence emerges (33).

Measuring the size of lymph nodes is unreliable. Both 
metastatic lymph nodes and benign reactive nodes may be 
enlarged (2). Metastatic lymph nodes may also be small in 
size. No particular size cut-off is useful in predicting nodal 
status and 15% of metastatic lymph nodes measure less than 

5 mm in short axis diameter (34). Despite this, measurement 
of node size is still included in many current guidelines (1).

Benign or reactive lymph nodes demonstrate uniform 
signal abnormality and smooth, sharply demarcated 
margins (4). Metastatic lymph nodes tend to demonstrate 
a nodular, irregular border and mixed signal intensity (4).  
A retrospective study by Kim et al. noted that lymph 
nodes with a mottled heterogenous pattern was associated 
with 50% sensitivity and 95% specificity for malignant 
involvement (35). The detection of spiculated or indistinct 
borders are associated with sensitivities of 45% and 36%, 
and specificities of 100% and 100%, respectively (2). Using 
the two criteria to diagnose involved lymph nodes, Brown 

Figure 7 Axial MR images depict positive mrCRM due to (A) EMVI and (B) tumour deposit extending beyond TME, with encasement of 
the right internal iliac vessels. Neoadjuvant chemoradiotherapy is warranted. 

A B

Figure 8 Rectal MRI demonstrates mrEMVI in three different patients (A,B,C). Extensive large vessel mrEMVI is shown in (A). 
Neoadjuvant chemoradiotherapy is indicated.

A B

C
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et al. determined the sensitivity of MRI to be 85% (95% CI: 
74%, 92%) and the specificity to be 97% (95% CI: 95%, 
99%) (34). In the meta-analysis by Al-Sukhni et al., MRI 
performance was consistently poor for detection of lymph 
node metastases (28).

Although diffusion weighted imaging (DWI) is sensitive 
in nodal detection, it has no value for characterising lymph 
nodes, as there is significant overlap in ADC values for 
benign and malignant nodes (4). Therefore, DWI should 
not be used to assess lymph node status.

Good prognostic tumours, defined on MRI as ≤T3b 
stage without MRF involvement, have good outcomes, in 
terms of survival and local recurrence rates, irrespective 
of nodal stage (36). T3 tumours with 5 mm or less of 
extramural spread, were associated with a 5-year cancer-
specific survival rate of greater than 85%, regardless of 
whether there was lymph node involvement (26).

Pathological lymph nodes that involve the CRM have 
been reported in only 1% to 2% of resected specimens (2).  
Lymph nodes rarely, if ever, cause a positive resection 
margin that results in a local recurrence. Extra-mesorectal 
lymph nodes, including pelvic side wall lymph nodes, are 
important to describe for treatment planning. Patients 
with involved pelvic sidewall nodes may undergo extended-
field neoadjuvant radiotherapy. In addition, involvement 
of pelvic sidewall nodes may be a predictor of decreased 
overall survival and local recurrence (4).

Endorectal ultrasound is useful in predicting tumour 
depth, however it has limitations in the detection and 
characterisation of lymph nodes. A recent meta-analysis 
of 35 studies by Puli et al., which involved more than 
2,700 patients, demonstrated a sensitivity of 73.2% and a 
specificity of 75.8% for EUS diagnosis of node involvement 
in rectal cancer (37). Therefore, the major role of EUS in 
rectal cancer staging is for assessment of tumour invasion 
depth, particularly in early-stage rectal tumours, for which 
EUS can be used to evaluate whether tumours are suitable 
for treatment by trans-anal or local excision (38). Accuracy 
of EUS for staging rectal cancer after radiation therapy 
is markedly reduced due to treatment-related oedema, 
inflammation, necrosis and fibrosis (39).

Primary or recurrent rectal cancer beyond TME planes

Beyond TME disease is defined as disease spread beyond 
the mesorectal fascia (40). This can be identified on high 
resolution MR images of the pelvis. 

When reporting disease beyond the TME plane, the 

pelvis can be divided into 6 compartments according to the 
fascial boundaries and the anatomical planes of dissection 
between intrapelvic organs to help guide the surgical 
procedure (41). These are the items to be included in the 
synoptic report (17) (Appendix 2):

(I) Anterior peritoneal reflection at the level of 
the rectovesical pouch or rectouterine pouch 
of Douglas (Figure 6A,B). Involvement requires 
a  per i tonec tomy and  invo lvement  o f  the 
compartment above the peritoneal reflection may 
require small bowel resection, sigmoid colectomy, 
ureterectomy, iliac vessel resection/reconstruction. 

(II) Anterior compartment below the peritoneal 
reflection (Figure 6C,D). Involvement may require 
prostatectomy, hysterectomy, vaginal wall resection 
and reconstruction, cystectomy or urethrectomy.

(III) Posterior compartment (Figure 6E). Involvement 
of the presacral fascia, bony cortex/periosteum 
and the sacral segment may require coccygectomy 
or sacrectomy. Sciatic nerve or S1/S2 nerve root 
involvement can be assessed on MRI and impacts 
on the choice of surgery. 

(IV) Lateral compartment. This contains the ureters, 
external and internal iliac vessels, lateral pelvic 
lymph nodes, sciatic nerve, sciatic notch, S1 and S2 
nerve roots, the piriformis and obturator internus 
muscles (Figure 7B and Figure 9). Involvement of 
these structures may require ureterectomy, iliac 
vessel resection/reconstruction, pelvic sidewall 
lymphadenectomy to achieve R0. Pelvic side 
wall infiltration is associated with a higher risk of 
systemic recurrence (42).

(V) T h e  i n f r a - l e v a t o r  c o m p a r t m e n t .  T h i s 
compartment contains the levator ani muscle, 
external sphincter complex and the ischioanal 
fossa (Figure 2). Abdominoperineal resection is 
required to achieve R0.

(VI) Anterior urogenital triangle/perineum. For 
low rectal tumours, it is important to describe 
involvement of the vaginal introitus, urethra and 
retropubic space.

Georgiou et al. performed a retrospective assessment 
of 63 consecutive patients who underwent preoperative 
MRI planning prior to exenterative surgery for beyond 
TME disease (41). MRI had a sensitivity of ≥93.3% for all 
compartments, except the lateral compartment (89.3%). 
MRI specificity was lower in the posterior and anterior 
compartments (82% and 86.6%, respectively) compared 

https://cdn.amegroups.cn/static/public/DMR-2020-CC-04-supplementary.pdf
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to the other compartments (>93.5%) (41). Regardless of 
whether beyond TME disease is diagnosed at initial staging 
or in the setting of rectal tumour recurrence, resection 
margin status is the key prognostic indicator for long term 
outcome in patients who undergo pelvic exenteration for 
beyond TME plane disease (43). These patients can have 
good outcomes giving them the opportunity for long 
term survival and cure (42). Patients with pelvic side wall 
infiltration have an increased risk of positive margins and 
poorer long-term outcome (2).

Restaging post neoadjuvant chemoradiotherapy

For patients  with local ly advanced rectal  cancer, 
neoadjuvant CRT improves local control, resulting in 
tumour downstaging in approximately 50% of patients and 
a pathologic complete response in 15–38% of cases. This 
may allow sphincter-preserving surgery to be performed or, 
in selected patients, may even offer a “watch and wait” non-
surgical treatment approach (6).

Studies evaluating the diagnostic performance of 
MR in the restaging of locally advanced rectal cancer 
after neoadjuvant treatment have demonstrated variable 
results regarding tumour, nodal staging and tumour-free 
circumferential resection margin (CRM) evaluation. 

A systematic review and meta-analysis by van der Paardt 
et al. indicated that MRI restaging of rectal cancer after 
preoperative chemoradiotherapy is challenging. Overall, 
ymrT stage showed a poor mean sensitivity (50.4%) and a 
good mean specificity (91.2%) (44). 

Functional MR imaging shows promise in predicting 
tumour response to neoadjuvant chemoradiotherapy. DWI 

provides functional information of the microstructure 
of the tumour and low pre-treatment apparent diffusion 
coefficient (ADC) values might be associated with a more 
favourable response to chemotherapy and radiotherapy, 
however this requires further evaluation in randomly 
controlled trials (45). In addition, chemical shift MRI may 
potentially play a role in the future in predicting 5-FU 
resistant colorectal tumours (46).

The following items should be included in the post 
treatment synoptic report (Appendix 3):

Tumour regression grade (mrTRG)

MR imaging tumour regression grade assessment is based 
on principles similar to the pathologic TRG system, which 
examines the degree of tumour replacement by fibrotic 
stroma in the surgical specimens of rectal cancer post 
neoadjuvant therapy. The tumour is assessed to determine 
the proportion of fibrous tissue (low T2 signal) and tumour 
(intermediate T2 signal) (2). This is an important method 
for evaluating tumour response (2). It has been shown that 
patients with more fibrosis on post-neoadjuvant therapy 
specimens have improved survival relative to patients with 
less fibrosis, and that TRG is an independent predictor of 
overall and disease-free survival (4). Evaluating TRG on 
MRI cannot be considered as a reliable surrogate imaging 
marker of pathologic TRG in locally advanced rectal 
cancer patients who undergo neoadjuvant treatment (12). 
Nevertheless, TRG assessed on MRI is a potential tool 
for the implementation of treatment strategies following 
standard chemoradiotherapy (12).

T stage post treatment (ymrT) 

As mentioned, the overall accuracy of MR imaging in 
restaging irradiated rectal cancers is much lower than initial 
staging MR imaging, with accuracies of approximately 50% 
for T stage. The main limitation in post-treatment MR 
assessment is differentiating fibrotic tissue containing tumor 
cells from fibrotic tissue without residual malignant cells (4). 
Assessment of the degree of mrTRG correlates with survival 
at a greater statistical significance than the mrT stage (5).

EMVI post-treatment (ymrEMVI)

EMVI may disappear after treatment or it may be replaced 
by fibrotic tissue, which may signify a good response 
to treatment (12). Regression of mrEMVI following 

Figure 9 Rectal MRI shows tumour extension to the left 
sacrospinous ligament. Neoadjuvant chemoradiotherapy and 
beyond TME surgery is indicated. 

https://cdn.amegroups.cn/static/public/DMR-2020-CC-04-supplementary.pdf
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neoadjuvant chemoradiotherapy results in improved 
patient outcomes. A retrospective study by Chand et al. 
demonstrated that fibrosis of mrEMVI of greater than 50% 
was associated with improved disease-free survival (47).

Lymph nodes post-treatment (ymrLN)

After chemoradiotherapy, MRI evaluation of lymph nodes 
remains challenging (6). It has been observed that after 
chemoradiotherapy, most involved lymph nodes become 
smaller and many disappear (48). Assessing the size of 
lymph nodes in the short axis may be more reliable than 
observing lymph node margin and shape to assess for 
residual malignancy in the post treatment setting (6). A 
meta-analysis by van der Paardt et al. concluded that MR 
imaging is not able to discriminate lymph node response 
after chemoradiotherapy (25).

 CRM post treatment (ymrCRM)

MR imaging showed moderate accuracy for CRM staging 
with sensitivity of 76.3% and specificity of 85.9% (44).

For low rectal tumours, depth of invasion, involvement 
of the intersphincteric plane and external sphincter 
determine whether ultra low TME or intersphincteric APE 
can be safely performed or if ELAPE is required.

The role of imaging in local recurrence of rectal 
cancer

The overall local recurrence rate following treatment of 
rectal cancer is between 4-8% (6,49). High resolution MRI 
is superior to CT for diagnosis of local recurrence of rectal 
cancer (2,50,51); however, it may be difficult on both MRI 
and PET to diagnose recurrent rectal cancer due to overlap 
in the imaging appearances of recurrent disease and post 
treatment change on both modalities (4,51). Short interval 
follow-up MRI may confirm increase in size, invasion of 
adjacent structures and soft tissue asymmetry compared 
to a baseline study, suggesting tumour recurrence. 
T2 hyperintense signal on MRI and delayed contrast 
enhancement are not specific for differentiating between 
benign scar tissue, granulation tissue, haematoma and 
post radiation change (52). Serial serum carcinoembryonic 
antigen (CEA) measurements are also useful (53). 

Patients with local recurrence should be referred to a 
specialist multidisciplinary team for diagnosis, assessment 
and elaboration of a treatment plan (50). Pelvic MRI plays 

a role in selecting patients in whom complete surgical 
excision with pelvic exenteration is possible and likely to 
improve long term survival and local control (43,54), such 
as in cases where the tumour recurrence is confined to the 
anastomotic site or in an anterior location in the pelvis. 
Surgery is less likely to achieve a pathological complete 
resection in lateral pelvic side wall recurrence (42,55). 
Following exenteration for beyond TME recurrence, there 
is a higher rate of positive resection margin when compared 
to patients with beyond TME primary tumour (43). 

If pelvic exenteration is being considered, MRI is used 
to assess the extent of disease, invasion of proximal sacrum 
and lumbar spine, involvement of the lumbosacral plexus 
and sciatic nerves and encasement of the external or 
common iliac vessels (4,7). The presence of unresectable 
distant metastases should be determined with computed 
tomography of the chest and abdomen (4) which would be a 
contraindication to pelvic exenteration (56). 

Conclusion

MRI plays a crucial role in the local staging of rectal cancer 
and guiding treatment decisions. It is a non-invasive and 
accurate tool for T stage assessment, involvement of the 
circumferential resection margin and extramural venous 
invasion. MRI is also useful in evaluation of rectal cancer 
that has extended beyond the TME planes, for post 
treatment evaluation and local recurrence, particularly for 
preoperative surgical planning. As greater validation of data 
and new research comes to light, such as the increasing 
importance of tumour deposits and decreasing relevance of 
lymph nodes as prognostic indicators, synoptic templates 
are continually updated. The use of a synoptic report is 
strongly encouraged as it ensures inclusion of all staging 
items—it is a dynamic document that is designed to reflect 
current evidence, promote efficient decision making and 
facilitate optimal patient care.
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Supplementary

Appendix 1 Clinical information: Baseline MRI Rectal Staging Assessment

Findings
Primary tumour 
- Annular/semi-annular/ulcerating/polypoidal/mucinous mass
- Nodular/smooth infiltrating border
- Distal edge of the luminal tumour arises at a height of [ ]mm from anal verge
- [ ]mm [above at below] the top of the puborectalis sling 
- [ ]mm in craniocaudal length
- Maximum tumour thickness of [ ]mm
- The proximal edge of tumour lies at a vertical distance of [ ]mm above/below the peritoneal 
- The invading edge of tumour extends from [ ] to [ ] o’clock
- Tumour is confined to/extends through the muscularis propria
- Extramural spread is [ ]mm

MR T stage: T1/T2/T3a/T3b/T3c/T3d/T4 visceral/T4 peritoneal
- Tumour [is/is not] present at the distal levator level
- Tumour is confined to the submucosal layer/part thickness of muscularis propria indicating that the intersphincteric plane/

mesorectal plane is safe and intersphincteric APE or ultra-low TME possible
- Tumour extends through the full thickness of the muscularis propria, intersphincteric plane/mesorectal plane is unsafe: 

extralevator APE is indicated
- Tumour extends into the intersphincteric plane: intersphincteric plane/mesorectal plane is unsafe: extralevator APE is 

indicated 
- Tumour extends into the external sphincter: intersphincteric plane/mesorectal plane is unsafe: extralevator APE is indicated
- Tumour extends into adjacent [prostate/vagina/bladder/sacrum]: exenterative procedure required

Lymph nodes assessment:
- None or only benign reactive nodes are shown [N0]
- [number of] mixed signal/irregular border [N1/N2]

Vascular tumour deposits, N1c:
- [Present/absent]

Extramural venous invasion:
- No evidence/ Minimal vascular spread/ Slight expansion of veins by tumour/Clear and definite irregular expansion of vein
- [Small /Medium/Large] vein invasion is present
- Venous invasion is affecting the [inferior rectal / middle rectal / superior rectal / non-anatomical vein]

CRM:
- Closest circumferential resection margin is at [ ] o’clock
- Closest CRM is from direct spread of tumour/extramural venous invasion/tumour deposit
- Minimum tumour distance to mesorectal fascia: [ ]mm TME plane CRM is [clear/ involved]

Peritoneal deposits: 
- [No evidence/ Evidence]
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Pelvic side wall (PSW) lymph nodes: 
- [None/Benign/Malignant] with mixed signal irregular border
- Location: [Obturator fossa/External Iliac Nodes/Internal Iliac]

Opinion: [MRI Overall stage: T[] N[] M[] CRM [clear involved] EMVI [positive negative] PSW [positive negative]

Appendix 2 Beyond TME compartment staging: to supplement main report – “involved CRM”

1. Above the peritoneal reflection within the pelvis
- Ureters are [involved/not involved]

2. Below the Peritoneum anteriorly
- Bladder /Uterus/Vagina/Ovaries Prostate/Seminal vesicles/Urethra are [involved/not involved]

3. Posteriorly
- The bony cortex/periosteum from S1-S2 is/is not involved by disease
- The bony cortex/periosteum from S3-S5/coccyx is/is not involved by disease
- Presacral fascia (S1/S2/S3/S4/S5) [is/is not] not involved by disease

Sciatic nerve/ S1/S2 nerve roots: 
- No disease/ Disease is present

4. Laterally
- Pelvic fascia [is involved/not involved]
- Pelvic sidewall compartments are [involved/not involved]
- Internal/external iliac arterial/venous branches are [involved/not involved]
- Sacrotuberous/sacrospinous ligaments [are/are not] involved by disease
- Piriformis/Obturator muscles [are/are not] involved by disease

5. Infralevator compartment
- Tumour is confined to the submucosal layer/part thickness of muscularis propria indicating that the intersphincteric 

plane/mesorectal plane is safe: intersphincteric APE or ultra-low TME is possible
- Tumour extends through the full thickness of the muscularis propria: intersphincteric plane/mesorectal plane is unsafe: 

extra-levator APE is indicated for radial clearance
- Tumour extends into the intersphincteric plane: intersphincteric plane/mesorectal plane is unsafe: extra-levator APE is 

indicated for radial clearance]
- Tumour extends into the external sphincter/levator /puborectalis: intersphincteric plane/mesorectal plane is unsafe: 

extra-levator APE is needed for radial clearance.
-  Tumour extends into adjacent [prostate/vagina/bladder/sacrum]: exenterative procedure will be required

6. Anterior urogenital triangle/Perineum
- Vaginal introitus/urethra: [involved/not involved]
- Retropubic space: [involved/not involved]

Summary
Total number of compartments involved is [].
Closest potential surgical margins are located at [].
Based on anatomic extent of disease, resection would require [].
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Appendix 3 Clinical information: Post Treatment Assessment of Rectal Cancer

Findings
Comparison is made with the previous examination of [ ].

The primary tumour and extramural disease shows:
- No fibrosis, TRG5 
- Less than <25% fibrosis, predominant tumour signal, TRG4
- Fibrosis predominating (> 50% fibrosis) but tumour signal foci still visible, TRG 3
- Dense fibrotic scar (>75% fibrosis) - no tumour signal intensity, TRG2 
- Low signal linear or crescentic fibrotic scar only no intermediate tumour signal, TRG1

- The treated tumour is demonstrated as a [crescentic scar linear scar/low signal intensity/ annular / semiannular mass] and 
arises at a height of [ ]mm from the anal verge and lies at a vertical distance of [ ]mm below the peritoneal reflection

- The scar/treated tumour arises at a height of [ ]mm from the top of the puborectalis sling
- The tumour has a maximum craniocaudal length of [ ]mm and has a maximum thickness of [ ]mm

yMR Tumour T Stage: 
-  [T0/T1/T2/T3a/T3b/T3c/T3d/T4a]

Extramural venous invasion 
- EMVI TRG: fibrosis predominates in vein/tumour signal predominates in vein
- Small/Medium/Large vein invasion is present
- Venous invasion is affecting the inferior rectal / middle rectal/superior rectal/non-anatomical veins

Lymph nodes assessment: 
- None or only benign reactive nodes are shown [N0] 
- [number of] mixed signal/irregular border [N1/N2] 

Vascular tumour deposits, N1c: 
- [Present/absent]

Pelvic sidewall lymph nodes: 
- [Present/absent]
- Location: [Obturator fossa R L/External Iliac Nodes R L/Internal Iliac R L].

Fibrosis 
- [In submucosal layer only/confined to muscularis propria/extends beyond muscularis propria/extends into adjacent organ]
- Extramural fibrosis measures [ ]mm.

Mesorectal fascia and surgical margins:
- Safe: tumour/fibrosis >1 mm from mesorectal margin/At risk if fibrosis 1mm or less from the mesorectal margin/Involved: 

tumour is 1 mm or less from the mesorectal margin
- Minimum distance to mesorectal fascia [ ] mm

For low tumours below the level of the levators only:
- Safe: clear mesorectal intersphincteric plane
- Stage 0: Tumour/Fibrosis extends into rectal wall but there is >1 mm to the intersphincteric plane: the intersphincteric 

plane/mesorectal plane is safe and intersphincteric APE or ultra low TME is possible
Stage 1: Tumour/Fibrosis extends into the rectal wall but <1 mm to the intersphincteric plane: ELAPE surgery is indicated
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- Stage 2: Tumour/Fibrosis extends into the intersphincteric plane: ELAPE surgery is indicated
- Stage 3: Tumour/Fibrosis extends into external sphincter ELAPE surgery is indicated
- Stage 4: Tumour extends into adjacent [prostate/vagina/bladder/sacrum/pelvic sidewall]: exenterative procedure will be 

required: Surgery Beyond TME plane is indicated

Peritoneal deposits: 
- [Present/absent]

Opinion: yMRI Overall stage: 
ymrT[] ymr N[] M[], ymrCRM[], ymerEMVI[positive/negative] 


