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Abstract

Magnetic resonance imaging (MRI) allows to non-invasively evaluate rectal cancer staging and to assess the presence of
“prognostic signs” such as the distance from the anorectal junction, the mesorectal fascia infiltration and the extramural vascular
invasion. Moreover, MRI plays a crucial role in the assessment of treatment response after chemo-radiation therapy, especially
considering the growing interest in the new conservative policy (wait and see, minimally invasive surgery). We present a practical
overview regarding the state of the art of the MRI protocol, the main signs that radiologists should consider for their reports

during their clinical activity and future perspectives.
Teaching Points
* MRI protocol for rectal cancer staging and re-staging.

* MRI findings that radiologists should consider for reports during everyday clinical activity.

* Perspectives regarding the development of latest technologies.

Keywords Magnetic resonance imaging - Diffusion-weighted imaging - Locally advanced rectal cancer - Chemo-radiation

treatment response - Complete responders

Introduction

Magnetic resonance imaging (MRI) represents the first-
choice exam for rectal cancer staging. Usually, clinicians
require rectal MRI in case of positive colonoscopy for
cancer and/or impossibility to endoscopically remove the
lesion. In this context, the role of other imaging modali-
ties, such as endorectal ultrasound and computed tomog-
raphy, has some limitations. Endorectal ultrasound has the
advantage, compared to MRI, of being able to differenti-
ate T1-T2 tumours. However, in case of T3-T4 tumours, it
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is burdened by its limited field of view, which negatively
impacts on the assessment of the mesorectal fat involve-
ment and of tumour extension. Moreover, it is a highly
operator-dependent method, requiring a not straightfor-
ward learning curve to reach an optimal diagnostic accu-
racy [1]. Computed tomography offers the advantage of a
panoramic view of the rectum with the possibility to ben-
efit from multiplanar reconstructions. It provides appre-
ciable values of accuracy in the staging of high- and
middle-rectum cancers [positive predictive value (PPV)
and negative predictive value (NPV) of 86% and 94%
respectively] but suffers from the low contrast resolution
if the tumour is located in the low rectum (PPV and NPV
of 53% and 73% respectively) [2].

For these reasons and thanks to its high contrast resolution,
MRI allows to non-invasively evaluate the tumour site and,
more generally, to obtain a highly accurate rectal cancer stag-
ing, which is essential to decide the appropriate treatment
strategy. Furthermore, MRI allows the accurate detection of
“prognostic signs” such as the distance between the caudal
tumour margin and the anorectal junction, the mesorectal
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fascia infiltration and the presence of extramural vascular
invasion.

Finally, in the light of the growing interest in the new con-
servative policy (wait and see, minimally invasive surgery),
the availability of advanced MRI techniques, such as
diffusion-weighted imaging (DWI) and dynamic contrast-
enhanced (DCE) imaging, offers new perspectives concerning
the assessment of treatment response.

Recently, the 2012 European Society of Gastrointestinal
and Abdominal Radiology consensus guidelines were up-
dated, providing new recommendations concerning the acqui-
sition, interpretation and reporting of MRI for clinical staging
and restaging of rectal cancer (Table 1) [3].

The aim of this review is to provide a practical overview
(summarised in Table 2) regarding the state of the art of the
MRI protocol for rectal cancer pointing out the signs that
radiologists should consider for their reports during every
day clinical activity. Additionally, future perspectives regard-
ing the development of the latest technologies that could be
implemented in the near future will be further discussed.

MRI protocol

In recent years the availability of powerful MRI scanners,
operating at field strengths of 3 T, has attracted the interest
of researchers regarding the possibility to improve image
quality and facilitate clinical decisions. In this regard, a study
by Maas et al. [4] compared the accuracy of 3-T and 1.5-T
scanners to discriminate between T2 and borderline T3 rectal
cancers when performing exams on the same group of pa-
tients. The expectation was that the use of a 3-T scanner would
be beneficial because of its higher resolution due to the higher
signal/noise ratio. However, results revealed no significant
differences between the two MRI scanners. The reason was
that the same difficulties related to the interpretation of
desmoplastic reaction, with or without tumour cells, encoun-
tered with a 1.5-T scanner were confirmed using a 3-T scanner.

Among types of coils, currently the phase array external
coils represent the state of the art in rectal cancer imaging.
Endorectal coils, although offering better visualisation of the
rectal wall and providing similar performances to endorectal
ultrasound, are burdened with a poor patient compliance, es-
pecially in the case of stenosing tumours. For these reasons,
their use is currently considered obsolete [5].

Some studies were recently published regarding the useful-
ness of endorectal contrast or filling during the MRI exam.
Basically, there are two schools of thought and the potential
advantage of the use of endorectal gel would be twofold.
Firstly, the distention of lumen by means of endorectal gel
should provide an optimal delineation of small (<3 cm) tu-
mours or polypoid lesions [6]. Secondly, DWI should be ben-
eficial for the reduction of intra-luminal air with subsequent
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Table 1 Main updated imaging interpretation and reporting
recommendations by 2016 ESGAR consensus meeting

* T3 and T4 substages should be reported (T3a, b, ¢, d and T4a, b)
* Structured report including the circumferential location of the tumour

* Nodal staging and restaging (according to short axis and morphological
criteria concerning shape, border and signal)

* Presence of EMVI (increased risk of tumour recurrence and impaired
overall survival)

* Sphincter invasion, involvement of MRF, pelvic wall/floor (T4), peri-
toneal reflection (T4)

decrease of susceptibility artefacts [7]. On the other hand,
some studies underline the possibility that distension of the
lumen and the subsequent compression on the mesorectum
may hamper the detection of perirectal lymph nodes and lead
to overestimation of the mesorectal fascia infiltration [8]. To
date, the routine administration of endorectal filling is not
recommended [3]. In the same way, the use of antiperistaltic
drugs should be reserved to specific cases (for example, when
the tumour is in the high rectum) to reduce the motion artefacts
and it is not routinely performed [3].

Each rectal MRI protocol should include T2-weighted se-
quences and DWI. Slice thickness of 3 mm or less is consid-
ered a good compromise in terms of contrast and spatial res-
olution between tumour and soft tissue, mesorectal fat and
mesorectal fascia [3]. Thicker slices might lead to losing small
nodes and information regarding the distance between tumour
and mesorectal fascia.

T2-weighted axial images should be preferentially acquired
in high resolution and perpendicularly to the major axis of the

Table 2 MRI protocol and diagnostic elements for rectal cancer that
radiologists should consider in their clinical activity and report

MR Protocol MRI Staging MRI Restaging
v T2-weighted axial v site (low, middle, v same criteria used
perpendicular to the high rectum) of the for the MR staging
main tumour axis tumour regarding T
(slice thickness (circumferential v specified criteria
<3 mm) location) concerning nodal
v DWI with the same v longitudinal restaging
T2-weighted incli- extension of the v potential pitfalls on
nation tumour DWI
v high b value v distance of the (misinterpretation of
(>800 mm?/s) caudal tumour low signal on ADC
v endorectal filling margin from map from fibrosis,
and anti-peristaltic anorectal junction susceptibility
drugs in selected v mesorectal effects, T2
cases involvement and shine-through of

fluid in rectal lumen,
suboptimal se-
quence angulation
and collapsed rectal
wall)

tumour free
resection margin

v extramural vascular
invasion (EMVI)

v nodal involvement
(size, shape, MR
signal and borders)
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tumour because this technique allows to better visualise the
tumour and to correctly assess the distance between tumour
and mesorectal fascia. In the same way, DWI should be per-
formed with the same angulation of T2-weighted images, used
as a reference and include high b values (>800).

Primary staging
T staging

The site (high, middle and low rectum), the morphology, the
tumour length and the distance of the caudal margin of the
tumour from the anorectal junction should be described.
Concerning the site, the circumferential location of the tumour
should be considered. Regarding the distance from the
anorectal junction, it is essential to provide the surgeons with
information as detailed as possible regarding the distal margin
and the invasion of the anal sphincter muscles. Slater et al. [8]
recommended a distal margin of 1 cm and 2 cm for an
oncologically safe resection in T1-T2 and T3-T4 tumours re-
spectively. However, more recent studies demonstrated that
these criteria are nowadays questionable and widely influenced
by the local experience of the surgeon and his policy [10-12].
Zeng et al. [13] recently investigated the prognostic value of a
distal margin <I mm after sphincter-preserving resection for
rectal cancer. Compared with negative distal margin (>1 mm),
these patients showed higher 5-year local recurrence rate
(24.1% vs 12.0%) and inferior 5-year disease-free survival
(45.5% vs 69.5%). Interestingly, among patients with positive
distal margin, those who received adjuvant therapy demonstrat-
ed higher 5-year disease-free survival (52.0% vs 30.7%).
Furthermore, MRI allows to correctly identify the mesorectal
fat infiltration, which is suggestive for T3 staging, the presence
of adjacent organ infiltration (T4) and pathological nodes. In
this context, the detection of locally advanced rectal cancer
(T3 cd/T4, N2, MO) is crucial because these patients show a
high rate of local recurrence (approximately 25%) if not treated
with a neoadjuvant approach. At the same time, MRI allows the
preoperative identification of good prognosis tumours (T3ab,
NO) that have, similarly to T2 NO tumours, a good outcome
with primary surgery alone. Concerning T3abN1 tumours, they
are currently not defined under “high risk” and can be treated
with surgery alone as well [14, 15]. Moreover, the distance
between tumour and mesorectal fascia (tumour-free resection
margin) and the location of the shortest distance between tu-
mour and mesorectal fascia should always be assessed because
it represents an important prognostic factor. In particular, the
presence of tumour within 1 mm of the surgical circumferential
resection margins is an independent predictor of survival and
local recurrence [15].

Particular attention should be used in the assessment of the
relationship between tumour and peritoneal reflection onto the

anterior aspect of the rectum, which is more appreciable view-
ing sagittal T2 images: the peritoneal infiltration changes the T
stage from T3 to T4a [16].

In the light of the last recommendations of the 2016
ESGAR consensus, radiologists, regardless of the TNM,
should provide specific information concerning the involve-
ment of the internal sphincter, the inter-sphincteric plane and
the external sphincter. Furthermore, they should indicate if the
upper third, middle third or the lower third of the sphincter
complex is involved. The involvement of the pelvic wall (le-
vator ani muscle) should be considered as T4 [3].

N staging

A complete report should include the assessment of perirectal
nodes in the mesorectum as well as nodes along the superior
rectal vessels and lateral nodes along internal iliac vessels. The
presence of pathological nodes in these sites is related to the
development of local or distant metastasis, and for this reason,
they should be included in the radiation field. Currently there
are no conclusive criteria to differentiate normal and patho-
logical nodes with reasonably high sensitivity and specificity
values. The accuracy of MRI in the primary nodal staging
ranges from 55 to 78% using the size criteria alone [17, 18].
This happens because also very small nodes (<5 mm) can be
metastatic. However, recent studies recommend to decide
about their potential malignancy on the basis not only of their
small diameter but also considering their morphology (round
versus oval), signal intensity (homogeneous signal with adi-
pose hilum preserved versus inhomogeneous signal with loss
of adipose hilum) and borders (regular versus irregular). In
this way, accuracy of MRI improves results in 85% and 97%
in terms of sensitivity and specificity respectively [19].
Nevertheless, the correct classification of small nodes
(<4 mm) is complicated, and the debate in the literature is
open to explore other possibilities. Lambregts et al. [20] in-
vestigated the feasibility of the use of Gadofosveset for nodal
staging and restaging. In their study, the use of nodal signal
intensity and the “chemical shift” artefact were proven to be
beneficial for the detection of malignant nodes, improving the
area under the receiver operator characteristic curve (AUC)
from 0.84 of the standard MRI to 0.96.

Specified criteria for nodal staging emerged from 2016
ESGAR consensus [3]. Basically, they recommend to assess
nodes according to dimensional and morphological criteria. In
detail, nodes with a short axis greater than 9 mm and all mu-
cinous nodes should be considered malignant regardless of
morphological criteria. Concerning nodes with a short axis
between 5 mm and 9 mm or less than 5 mm, the final decision
should be taken according to the morphological criteria (round
shape, irregular border and heterogeneous signal).

Extramural vascular invasion (EMVI) refers to the pres-
ence of tumour cells within the veins outside the bowel wall
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and, if present, should be always included in the report.
Although the presence of EMVI does not change the TNM
staging, it is related to an increased risk of tumour recurrence
and impaired overall survival and should be reported by radi-
ologists. It should be detected as an irregularity or a nodularity
of the vein contour in the vicinity of the tumour [21].

Restaging after chemoradiation therapy
before surgery

Locally advanced rectal cancers are usually treated with neo-
adjuvant chemoradiation therapy. MR is often performed at
the end of the treatment, usually after 6-8 weeks, before sur-
gery, to assess the treatment response. In this context, radiol-
ogists are called upon to describe the entity of the tumour
reduction, if present, in terms of longitudinal extension and
of mesorectal involvement degree, and mostly, to recognise
any residual tumour foci which would be suggestive of an
incomplete response. This assessment represents a crucial step
in the clinical history of patients. In light of recent studies,
selected patients (with no residual tumour appreciable on
restaging MR, negative endoscopy and negative digital explo-
ration at the end of treatment) may avoid surgery and benefit
from a wait-and-see policy [22].

In this regard, each restaging MRI report should include a
radiologist’s opinion indicating if the patient is a non-respond-
er, a partial responder or a complete responder. When the re-
sidual tumour is still detectable on the T2-weighted images,
radiologists should assess, if present, the extent of the response,
in terms of tumour size reduction. However, in most cases, the
presence of radiation therapy-induced fibrosis makes the eval-
uation of treatment response difficult because it can hide small
areas of residual vital tumour. For this reason, the accuracy of
conventional MRI in the assessment of treatment response is
quite low (around 50%) and it is even lower (19%) regarding
the detection of complete responder patients [23].

DWTI is a relatively new technique which investigates the
motion of water molecules, allowing the non-invasive assess-
ment of cellularity. On the one hand, the role of DWI in the
primary staging is still debated in the literature; on the other
hand, its importance is mainly underlined at the restaging after
neoadjuvant treatment. Its effectiveness in the restaging after
neoadjuvant treatment has been proven in several studies. In
detail, Kim et al. [24] demonstrated a significant improvement
of the MRI accuracy when adding DWI to conventional MRI,
showing AUC value of 0.88.

The principle of DWI interpretation is relatively simple and
is related to the detection or absence of hyperintense foci on
the site of the primary tumour, which is suggestive respective-
ly for residual tumour or a complete response. Despite of the
clear usefulness of DWI, the interpretation of images requires
a certain degree of experience because some pitfalls, such as
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misinterpretation of low signal on ADC map from fibrosis,
susceptibility effects, T2 shine-through of fluid in the rectal
lumen, suboptimal sequence angulation and collapsed rectal
wall, may hamper the diagnostic performances of non-expert
radiologists [7]. Among these, “T2 shine-through effect” can
be described as hyperintense signal detected on DWI which is
not due to an actual restricted diffusion, but is related to the
intrinsic properties (long T2 decay time) of some normal tis-
sues. In this context, the apparent diffusion coefficient (ADC)
is useful to discriminate the artefact from an actual restricted
diffusion revealing an hypointense signal in case of residual
tumour and hyperintense signal corresponding to the artefact.

Mucinous tumours should be considered and evaluated in-
dependently from the DWL. In fact, their mucin content is
responsible for high DWI values despite the treatment [25].

Some studies have investigated the usefulness of ADC
maps, due to their quantitative nature, to assess their potential
as a predictive biomarker of treatment response. Several stud-
ies revealed significant differences in terms of pre-treatment
ADC between poor responder patients and good responders
[26-28]. Considering the ADC variation between the pre-
treatment and the pre-surgery exams, Genovesi et al. [29]
revealed that a cut-off of 29.5% in terms of increment of
ADC had a sensitivity of 83.3%, specificity of 90%, a PPV
0f 91% and an NPV of 82%.

Anyway, results currently available in the literature are in-
consistent, and, for this reason, routine ADC quantification is
still not recommended [24, 30-32]. Furthermore, the
hypointensity on ADC map due to radiation-induced fibrosis
can mimic a residual tumour with subsequent misinterpreta-
tion and increase of false-positive rate [31].

Regarding the nodal involvement, a comparison with the
pre-treatment exam should be performed according to the
same features described for the primary staging (diameter var-
iations, signal intensity, morphology and margins) but recent
studies underline the usefulness of size criteria. In detail,
Heijnen et al. [33] revealed that a cut-off size of 2.5 mm was
predictive of nodal metastasis with an AUC of 0.78, and a
sensitivity and specificity of 75% and 64% respectively; ad-
ditionally, a decrease in size >70% predicts ypNO status with
100% of accuracy. More generally, recent studies show that
nodal restaging after chemoradiation therapy is more accurate
compared with the primary staging [34, 35]. There are two
main explanations: firstly, the rate of malignant nodes is sig-
nificantly lower at the restaging compared with the staging
(36% versus 97%) with a subsequent reduction in terms of
false negative findings; secondly, most of the smaller nodes
tend to disappear after chemoradiation therapy. In this regard,
a recent study of van Heeswijk et al. [36] suggested that the
absence of appreciable nodes on restaging DWI is a reliable
predictor of complete response to neoadjuvant treatment. In
detail, results showed a negative predictive value of 100% in
the discrimination between a yNO and yN-positive; moreover,
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the absence of nodes was greatest in patients with a complete
response.

In the light of the last recommendations, after a long course
of neoadjuvant treatment, all nodes with a short axis <5 mm
should be considered benign, while morphological criteria
should be used for short diameter >5 mm nodes [3].

Future perspectives

The availability of a new policy (wait and see) and new tech-
nologies [positron emission tomography/computed tomogra-
phy (PET/CT), DWI and dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI)] leads clinicians to be more
demanding with radiologists than in the past, regarding the
prediction of the tumour clinical history (aggressiveness, treat-
ment response, local or distance recurrence) (Table 3). Fusco
et al. [37] recently published a systematic review focusing on
the role of several imaging modalities in diagnosis, staging and
pre-surgery treatment response assessment in locally advanced
rectal cancer (LARC). In detail, they concluded that traditional
morphological MRI is the modality of choice for rectal cancer
staging, allowing accurate assessment of the disease extent,
lymph node involvement, mesorectal fascia and sphincter com-
plex. On the other hand, the integration of these modalities,
including DCE-MR, DWI and PET/CT showed high accuracy
to evaluate preoperative therapy response (85% sensitivity and
96% specificity). Several studies investigated the potential pre-
dictive role of FDG PET/CT for the treatment response assess-
ment in LARC [38, 39]. For example, Cascini et al. [40] dem-
onstrated that the change in tumour '*F-fluorodeoxyglucose
(I8F-FDG) standardised uptake value (SUV) is an early pre-
dictor of pathological tumour response revealing variations
change significantly lower in non-responder patients than in
responders. In 2012, Avallone et al. [41] demonstrated that
the early change (before and 12 days after the beginning of
the chemoradiotherapy treatment) in tumour 18F-FDG SUV
is a reliable pre-surgical predictor of tumour recurrence. A re-
cent study by Pecori et al. [42] showed correlations between
metabolic response and pathological tumour response in pa-
tients undergoing neoadjuvant short course radiotherapy with
delayed surgery for LARC.

Concerning the treatment response prediction with DWI, in
the light of good results obtained by using whole-volume tu-
mour segmentations [32, 43, 44], a growing interest has devel-
oped in the literature to explore the feasibility of automatic
segmentation tools. The main advantage of this approach
would be that manual segmentation of the whole tumour is a
time-consuming procedure during the everyday clinical prac-
tice, requiring up to 18 min [45] and high-level experience.
Trebeschi et al. [46] used deep learning methods (convolutional
neural networks) to obtain an automatic localisation and seg-
mentation of rectal cancer on multiparametric MRI with

Table 3  Main topic of research and future perspectives

* Diffusion-weighted imaging (DWI, intravoxel incoherent motion)
* Dynamic contrast-enhanced magnetic resonance imaging

* Positron emission tomography/computed tomography (PET/CT)
* Imaging integration (PET/CT, DCE-MRI, DWI)

* Radiomics

* Deep learning and automatic segmentation tool

promising results. In detail, in this study, the AUC of the prob-
ability maps resulting from the validation of the computational
neural network classifier reached 0.99.

A potential limitation of DWI is that to date there are no
studies showing a conclusive predictive role for the primary
staging MRI exam. Concerning this research topic, some stud-
ies recently investigated the potential role of perfusion MRI
(or DCE-MRI), which allows the analysis of tumour neo-an-
giogenesis, in terms of pharmacokinetic parameters, using an
intravenously administered contrast agent (gadolinium-DTPA
or gadolinium-DOTA). The thesis is that, at the primary stag-
ing, the angiogenesis of an aggressive tumour would be dif-
ferent from that of a non-aggressive tumour. Moreover, DCE
should improve the conspicuity of small residual tumour foci
at restaging MRI. For example, Oberholzer et al. [47], in a
large prospective study, demonstrated that DCE curves and
semi-quantitative perfusion parameters were able to distin-
guish between good responder patients and poor responders.
More recently, in 2015, Petrillo et al. [48] investigated the
predictive role of MRI volumetry based on signal intensity
characteristics on DCE to distinguish between complete and
incomplete responders. They showed that diagnostic perfor-
mance linked to DCE-MRI volumetric change was superior to
T2-weighted and DW-MRI volumetric change performance.
In another study, the same group investigated several shape
parameters for the time-intensity curve (TIC) in order to iden-
tify the best combination of predictive parameters to distin-
guish responders and non-responder patients. As a result, they
proposed a standardised index of shape (SIS), which is a semi-
quantitative angiogenic biomarker providing an estimation for
tumour blood perfusion [49]. Furthermore, this approach re-
vealed a higher predictive ability compared to the SUV (PET-
TC) and to DWI parameters [50, 51]. Limits of this technique
are related to field inhomogeneity induced on T1 and the need
of high-field scanner, preferentially 3 T.

Perfusion MRI is not the only way researchers are follow-
ing. Due to inconsistent results reported in literature regarding
the prediction of treatment response by using ADC values,
Nougaret et al. [52] recently described a new approach to
analyse DWI data by using a bi-exponential function, called
IVIM (intravoxel incoherent motion). In detail, two types of
“diffusion contributes” would be responsible for the IVIM-
derived diffusion coefficient D, the microcirculation or
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perfusion effects (pseudo-diffusion) and the true tissue diffu-
sion. Both of these contributions can be estimated by means of
a single diffusion imaging acquisition using low b value
(<200 mm?/s) to quantify pseudo-diffusion and high 5 value
(>200 mm?/s) to quantify the true tissue diffusion. In this
study, they demonstrated the parameter D was useful to dis-
criminate between good and poor responders.

Another exciting topic in the literature regards data analysis
providing quantitative features extracted from images by means
of a radiomics approach. Three orders of quantitative features
can be extracted: first-order features are based on tumour shape,
size, intensity and volume; second-order features are generally
described as “texture features” and are related to voxel similar-
ity (or dissimilarity) in terms of contrast values; third-order
features describe the presence of repetitive or non-repetitive
patterns of voxels [53]. All these features can be combined in
large databases and correlated with clinical outcomes by means
of a machine learning approach. The objective is to obtain im-
aging biomarkers suitable for the clinical outcome prediction.

Conclusions

Magnetic resonance is considered the first-choice technique
for the rectal cancer primary staging and restaging after neo-
adjuvant treatment. Recent recommendations by the European
Society of Gastrointestinal and Abdominal Radiology help
radiologists to improve their everyday clinical activity with
regard to image acquisition, interpretation and reporting.
Nowadays, the integration of different imaging modalities,
new image analysis approaches and the research of predictive
imaging biomarkers represent a promising perspective.

Author contributions All authors were involved in patient management
and wrote the report. Written consent to publication was obtained.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Carmody BJ, Otchy DP (2000) Learning curve of transrectal ultra-
sound. Dis Colon rectum 43(2):193-197

2. Wolberink SV, Beets-Tan RG, de Haas-Kock DF, van de Jagt EJ,
Span MM, Wiggers T (2009) Multislice CT as a primary screening
tool for the prediction of an involved mesorectal fascia and distant

@ Springer

10.

12.

13.

14.

15.

16.

17.

19.

metastases in primary rectal cancer: a multicenter study. Dis Colon
rectum 52(5):928-934

Beets-Tan RGH, Lambregts DMJ, Maas M et al (2017) Magnetic
resonance imaging for clinical management of rectal cancer: up-
dated recommendations from the 2016 European Society of
Gastrointestinal and Abdominal Radiology (ESGAR) consensus
meeting. Eur Radiol. https://doi.org/10.1007/s00330-017-5026-2
Maas M, Lambregts DM, Lahaye MJ et al (2012) T-staging of rectal
cancer: accuracy of 3.0 tesla MRI compared with 1.5 tesla. Abdom
Imaging 37(3):475-481

Bruening W, Sullivan N, Paulson EC et al (2014) Imaging tests for
the staging of colorectal cancer. Agency for Healthcare Research
and Quality (US), Rockville

Kaur H, Choi H, You YN et al (2012) MR imaging for preoperative
evaluation of primary rectal cancer: practical considerations.
Radiographics 32(2):389-409

Lambregts DM, van Heeswijk MM, Delli Pizzi A et al (2017)
Diffusion-weighted MRI to assess response to chemoradiotherapy
in rectal cancer: main interpretation pitfalls and their use for teach-
ing. Eur Radiol 27:4445-4454

Slater A, Halligan S, Taylor SA, Marshal M (2006) Distance be-
tween the rectal wall and mesorectal fascia measured by MRI: effect
of rectal distension and implications for preoperative prediction of a
tumour-free circumferential resection margin. Clin Radiol 61(1):
65-70

Nelson H, Petrelli N, Carlin A et al (2001) Guidelines 2000 for
colon and rectal cancer surgery. J Natl Cancer Inst 93(8):583-596
Kim YW, Kim NK, Min BS et al (2009) Factors associated with
anastomotic recurrence after total mesorectal excision in rectal can-
cer patients. J Surg Oncol 99(1):58—64

Rutkowski A, Nowacki MP, Chwalinski M et al (2012) Acceptance
of'a 5-mm distal bowel resection margin for rectal cancer: is it safe?
Color Dis 14(1):71-78

Bujko K, Rutkowski A, Chang GJ, Michalski W, Chmielik E,
Kusnierz J (2012) Is the 1-cm rule of distal bowel resection margin
in rectal cancer based on clinical evidence? A systematic review.
Indian J Surg Oncol 3(2):139-146

Zeng WG, Liu MJ, Zhou ZX, Wang ZJ (2017) A distal resection
margin of <I mm and rectal cancer recurrence after sphincter-
preserving surgery: the role of a positive distal margin in rectal
cancer surgery. Dis Colon Rectum 60(11):1175-1183

Fisher B, Wolmark N, Rockette H et al (1988) Postoperative
adjuvant chemotherapy or radiation therapy for rectal cancer:
results from NSABP protocol R-01. J Natl Cancer Inst 80(1):
21-29

Taylor FG, Quirke P, Heald RJ et al (2014) Preoperative mag-
netic resonance imaging assessment of circumferential resec-
tion margin predicts disease-free survival and local recurrence:
S-year follow-up results of the MERCURY study. J Clin Oncol
32(1):34-43

Gollub MJ, Maas M, Weiser M et al (2013) Recognition of the
anterior peritoneal reflection at rectal MRI. AJR Am J Roentgenol
200(1):97-101

Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM, Stoker J
(2004) Rectal cancer: local staging and assessment of lymph node
involvement with endoluminal US, CT, and MR imaging—a meta-
analysis. Radiology 232(3):773-783

Lahaye MJ, Engelen SM, Nelemans PJ et al (2005) Imaging for
predicting the risk factors—the circumferential resection margin
and nodal disease—of local recurrence in rectal cancer: a meta-
analysis. Semin Ultrasound CT MR 26(4):259-268

Brown G, Richards CJ, Bourne MW et al (2003) Morphologic
predictors of lymph node status in rectal cancer with use of high-
spatial-resolution MR imaging with histopathologic comparison.
Radiology 227(2):371-377



https://doi.org/10.1007/s00330-017-5026-2

Insights Imaging (2018) 9:405-412

411

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Lambregts DM, Beets GL, Maas M et al (2011) Accuracy of
gadofosveset-enhanced MRI for nodal staging and restaging in rec-
tal cancer. Ann Surg 253(3):539-545

Smith NJ, Shihab O, Arnaout A et al (2008) MRI for detection of
extramural vascular invasion in rectal cancer. AJR Am J
Roentgenol 191(5):1517-1522

Maas M, Beets-Tan RG, Lambregts DM1J et al (2011) Wait-and-see
policy for clinical complete responders after chemoradiation for
rectal cancer. J Clin Oncol 29(35):4633-4640

van der Paardt MP, Zagers MB, Beets-Tan RG et al (2013)
Patients who undergo preoperative chemoradiotherapy for lo-
cally advanced rectal cancer restaged by using diagnostic MR
imaging: a systematic review and meta-analysis. Radiology
269(1):101-112

Kim SH, Lee JM, Hong SH et al (2009) Locally advanced rectal
cancer: added value of diffusion-weighted MR imaging in the eval-
uation of tumor response to neoadjuvant chemo- and radiation ther-
apy. Radiology 253(1):116-125

Nasu K, Kuroki Y, Minami M (2012) Diffusion-weighted imaging
findings of mucinous carcinoma arising in the ano-rectal region:
comparison of apparent diffusion coefficient with that of tubular
adenocarcinoma. Jpn J Radiol 30(2):120-127

Sun YS, Zhang XP, Tang L et al (2010) Locally advanced rectal
carcinoma treated with preoperative chemotherapy and radiation
therapy: preliminary analysis of diffusion-weighted MR imaging
for early detection of tumor histopathologic downstaging.
Radiology 254(1):170-178

Barbaro B, Vitale R, Valentini V et al (2012) Diffusion-weighted
magnetic resonance imaging in monitoring rectal cancer response to
neoadjuvant chemoradiotherapy. Int J Radiat Oncol Biol Phys
83(2):594-599

Lambrecht M, Vandecaveye V, De Keyzer F et al (2012) Value of
diffusion-weighted magnetic resonance imaging for prediction and
early assessment of response to neoadjuvant radiochemotherapy in
rectal cancer: preliminary results. Int J Radiat Oncol Biol Phys
82(2):863-870

Genovesi D, Filippone A, Ausili Céfaro G et al (2013) Diffusion-
weighted magnetic resonance for prediction of response after neo-
adjuvant chemoradiation therapy for locally advanced rectal cancer:
preliminary results of a monoinstitutional prospective study. Eur J
Surg Oncol 39(10):1071-1078

Kim SH, Lee JY, Lee JM, Han JK, Choi BI (2011) Apparent diffu-
sion coeficient for evaluating tumour response to neoadjuvant che-
moradiation therapy for locally advanced rectal cancer. Eur Radiol
21(5):987-995

Song I, Kim SH, Lee SJ, Choi JY, Kim MJ, Rhim H (2012) Value of
diffusion-weighted imaging in the detection of viable tumour after
neoadjuvant chemoradiation therapy in patients with locally ad-
vanced rectal cancer: comparison with T2 weighted and PET/CT
imaging. Br J Radiol 85(1013):577-586

Curvo-Semedo L, Lambregts DM, Maas M et al (2011) Rectal
cancer: assessment of complete response to preoperative combined
radiation therapy with chemotherapy—conventional MR
volumetry versus diffusion-weighted MR imaging. Radiology
260(3):734-743

Heijnen LA, Maas M, Beets-Tan RG et al (2016) Nodal staging in
rectal cancer: why is restaging after chemoradiation more accurate
than primary nodal staging? Int J Color Dis 31(6):1157-1162
Lahaye MJ, Beets GL, Engelen SM et al (2009) Locally ad-
vanced rectal cancer: MR imaging for restaging after neoadju-
vant radiation therapy with concomitant chemotherapy. Part II.
What are the criteria to predict involved lymph nodes?
Radiology 252(1):81-91

Engelen SM, Beets-Tan RG, Lahaye MJ et al (2010) MRI after
chemoradiotherapy of rectal cancer: a useful tool to select patients
for local excision. Dis Colon Rectum 53(7):979-986

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

van Heeswijk MM, Lambregts DM, Palm WM et al (2017) DWI for
assessment of rectal cancer nodes after chemoradiotherapy: is the
absence of nodes at DWI proof of a negative nodal status? AJR Am
J Roentgenol 208(3):W79-W84

Fusco R, Petrillo M, Granata V et al (2017) Magnetic resonance
imaging evaluation in neoadjuvant therapy of locally advanced rec-
tal cancer: a systematic review. Radiol Oncol 51(3):252-262
Janssen MH, Ollers MC, Riedl RG et al (2010) Accurate prediction
of pathological rectal tumor response after two weeks of preopera-
tive radiochemotherapy using (18)F-fluorodeoxyglucose-positron
emission tomography-computed tomography imaging. Int J
Radiat Oncol Biol Phys 77(2):392-399

Song SY, Kim JH, Ryu JS et al (2005) FDG-PET in the prediction
of pathologic response after neoadjuvant chemoradiotherapy in lo-
cally advanced, resectable esophageal cancer. Int J Radiat Oncol
Biol Phys 63(4):1053-1059

Cascini GL, Avallone A, Delrio P et al (2006) 18F-FDG PET is an
early predictor of pathologic tumor response to preoperative radio-
chemotherapy in locally advanced rectal cancer. J Nucl Med 47(8):
1241-1248

Avallone A, Aloj L, Caraco C etal (2012) Early FDG PET response
assessment of preoperative radiochemotherapy in locally advanced
rectal cancer: correlation with long-term outcome. Eur J Nucl Med
Mol Imaging 39(12):1848-1857

Pecori B, Lastoria S, Caraco C et al (2017) Sequential PET/CT with
[18F]-FDG predicts pathological tumor response to preoperative
short course radiotherapy with delayed surgery in patients with
locally advanced rectal cancer using logistic regression analysis.
PLoS One 12(1):¢0169462

Lambregts DM, Beets GL, Maas M et al (2011) Tumour ADC
measurements in rectal cancer: effect of ROI methods on ADC
values and interobserver variability. Eur Radiol 21(12):2567-2574
Carbone SF, Pirtoli L, Ricci Vet al (2012) Assessment of response
to chemoradiation therapy in rectal cancer using MR volumetry
based on diffusion-weighted data sets: a preliminary report.
Radiol Med 117(7):1112-1124

van Heeswijk MM, Lambregts DM, van Griethuysen JJ et al (2016)
Automated and Semiautomated segmentation of rectal tumor vol-
umes on diffusion-weighted MRI: can it replace manual volumetry?
Int J Radiat Oncol Biol Phys 94(4):824-831

Trebeschi S, van Griethuysen JJM, Lambregts DMJ et al
(2017) Deep learning for fully-automated localization and
segmentation of rectal cancer on multiparametric MR. Sci
Rep 7(1):5301

Oberholzer K, Menig M, Pohlmann A et al (2013) Rectal can-
cer: assessment of response to neoadjuvant chemoradiation by
dynamic contrast-enhanced MRI. J Magn Reson Imaging 38(1):
119-126

Petrillo M, Fusco R, Catalano O et al (2015) MRI for assessing
response to neoadjuvant therapy in locally advanced rectal cancer
using DCE-MR and DW-MR data sets: a preliminary report.
Biomed Res Int 2015:514740

Petrillo A, Fusco R, Petrillo M et al (2015) Standardized index of
shape (SIS): a quantitative DCE-MRI parameter to discriminate
responders by non-responders after neoadjuvant therapy in
LARC. Eur Radiol 25(7):1935-1945

Petrillo A, Fusco R, Petrillo M et al (2017) Standardized index of
shape (DCE-MRI) and standardized uptake value (PET/CT): two
quantitative approaches to discriminate chemo-radiotherapy locally
advanced rectal cancer responders under a functional profile.
Oncotarget 8(5):8143-8153

Petrillo A, Fusco R, Granata V et al (2017) MR imaging perfusion
and diffusion analysis to assess preoperative short course radiother-
apy response in locally advanced rectal cancer: standardized index
of shape by DCE-MRI and intravoxel incoherent motion-derived
parameters by DW-MRI. Med Oncol 34(12):198

@ Springer



412 Insights Imaging (2018) 9:405-412

52. Nougaret S, Vargas HA, Lakhman Y et al (2016) Intravoxel inco- Publisher’s Note
herent motion-derived histogram metrics for assessment of re-
sponse after combined chemotherapy and radiation therapy in rectal
cancer: initial experience and comparison between single-section
and volumetric analyses. Radiology 280(2):446—454

53. Gillies RJ, Kinahan PE, Hricak H (2016) Radiomics: images are
more than pictures, they are data. Radiology 278(2):563-577

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

@ Springer



	Rectal cancer MRI: protocols, signs and future perspectives radiologists should consider in everyday clinical practice
	Abstract
	Abstract
	Abstract
	Introduction
	MRI protocol
	Primary staging
	T staging
	N staging

	Restaging after chemoradiation therapy before surgery
	Future perspectives
	Conclusions
	References


