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Appendix II - Radiology - MRI
Technical Requirements
1.5T or 3T MR equipments
Phased-array receiver coils for pelvic-/body imaging
Preparations: Four hours fasting , rektal emptying with
Mikrolax or likewise prior to examinations
Antispasmodic agents advocated if no contraindications
No endoluminal or intravenous contrast agents

Image sequences
T2-weighted high resolution sequences in at least three different planes (sagittal, transaxial and
oblique planes) where at least one imaging sequence is perpendicular to the rectum at the level of
the tumour interleaved without interslice gap with maximum 3 mm section thickness with a voxel
size of maximum 3x0,8x0,6 mm (1). If low tumours, additional oblique sequences including the
tumour parallel and perpendicular to the anal canal are performed with same prerequisites for
spatial resolution.
An echo-planar diffusion weighted sequence of the pelvis should be performed in the same
anatomical position as the axial T2-weighted sequence of the pelvis. Voxel size should not exceed
5x2x1,5 mm. The diffusion weighted sequence should include at least three b-values including the
values b=0, 50 and 800 s/mm2 as well as an ADC-map calculated from the b=50 and b=800
sequences.
T1-weighted axial sequence of the pelvis is suggested but not mandatory.

MRI reporting

Baseline examination before neoadjuvant treatment
Level of the tumour
The distance of the tumour from the anorectal junction and/or from the anal verge is measured
by electronic calipers on sagittal images. The length of the tumour is measured and reported. It is
also stated whether the tumour is above, at or below the level of the peritoneal reflection. For
low tumours it is stated whether the tumour is within a mm from the levator muscles or not,
whether there is involvement of the intersphincteric plane and the external sphincter.
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Morphology
Morphology of the tumour is described whether the tumour is polypoid, (semi)annular. If there is
evidence of a mucinous tumour indicated by typical high signal intensity on T2-weighted images,
this is also reported.
Depth of extramural spread
The maximum depth of extramural depth from the outer edge of the muscle layer to the outer
edge of the tumour is measured on high resolution images perpendicular to the rectum at the
level of the tumour (1)
Extramural vascular invasion (EMVI+ if present)
EMVI is recorded when there is tumour extension along a vessel as a serpentiguous extension of
tumour signal within a vascular structure. Criteria according to Smith et al are used to define
whether extramural vascular invasion is present or not (2) .
Mesorectal Fascia
Potential involvement of the mesorectal margin is defined as tumour extending within 1 mm of
the mesorectal fascia or closer. In low tumours, the mesorectal margin consists of the fascia
covering the levator muscles.
Perforation of the peritoneal reflection by tumour
Peritoneal involvement is reported when nodular extension of tumour beyond the peritoneal
reflection is found (3)
Mesorectal lymph node metastases
The total number of mesorectal lymph nodes is reported and the number of lymph nodes
regarded as metastatic according to ESGAR consensus guidelines (12). In these quidelines, the
size of the lymph nodes deteremines the number of morphological criteria needed (less than 5
mm three criteria, 5-8 mm two criteria and 9 mm or more with either irregular outer border or
heterogeneous signal). To note is that a modification from these criteria is that at least one
malignant morphological criterium is required for a metastases regardless of lymph node size.
Extramesorectal lymph node metastases
Presence of suspected metastatic inguinal, lateral pelvic lymph nodes should be reported.
Metastastic extramesorectal lymph nodes or pelvic sidewall lymph nodes are defined by
morphological criteria same as mesorectal lymph nodes although it is important to note the
presence, size and location of all extramesorectal lymph nodess.

Evaluation post chemo-irradiation
When MRI is performed after neoadjuvant treatment, the post treatment MRI is compared with
MRI at baseline. Viable tumour (high signal intensity) is separated from post treatment fibrosis
(low signal intensity) on T2-weighted images and/or presence of reamaing impeded diffusion on
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high b-value diffusion weighted images. For mucinous tumours, remaining or increasing pure
mucin pools may not necessary indicates progressive disease.
Length of tumour and tumour and fibrosis if these are not clearly separated is measured as in
baseline on sagittal T2-weighted images.
MR tumour regression grading based on T2-weighted images (mrTRG) is performed according
to Patel et al (9). This is a five graded scale for this study modified to include diffusion weithged
images as follows:
mrTRG1 - no remaining tumour on T2- or diffusion-weighted images (DWI) and normal bowel
wall.
MrTRG2 -the majority of the tumour converted to fibrosis with homogeneous low signal
intensity on T2-weighted images with no or minor areas of impeded diffusion on high b-value
DWI.
MrTRG3 -mixture of more or less equal amounts of fibrosis and tumour signal with or without
areas of restricted diffusion on high b-value DWI
mrTRG4 -corresponds to predominantly tumour signal with remaning restricted diffusion on
high b-value DWI.
mrTRG5 - no visible treatment effect neither on T2-weighted images or or high b-value DWI
A clinical complete response (CR) or near CR is defined as mrTRG1-2 together with no or minor
areas of impeded diffusion on high b-value diffusion weighted images and a clear reduction in
tumour size post-pre treatment (10). To note is that remaining TRG2 after a second or third
follow up MRI more than 8 weeks after completion of CRT should be regarded suspicious for
non complete response.
Regarding lymph nodes, the short axis diameter of mesorectal and extramesorectal lymph nodes
is measured. Lymph nodes with malignant morphogical features pre treatment and a short axis
diameter post treatment of equal to or more than 5 mm are considered malignant.
Note:
Role of volume reduction
The changes in size of tumour is only visually qualitatively assessed as the difference in length pre
-post treatment and evaluated together with changes in signal on T2-weighted images and DWI.
(The length (L), width (W) and thickness(T) of the tumour can be measured and tumour volume
(V) before (pre) and after (post) radiochemotherapy can be estimated as L x W x T /2 .
Percentage volume reduction of tumour after treatment can be calculated as 100x (VpreVpost)/Vpre. A volume reduction of at least 80 % is highly predictive of CR but should be
evaluated together with the other MR imaging findings (11).)
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