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Abstract

The role of imaging in the management of rectal malignancy has progressively evolved and undergone several par-
adigm shifts. Unlike a few decades ago when the role of a radiologist was restricted at defining the longitudinal extent
of the tumour with barium enema, recent advances in imaging techniques permit highly accurate locoregional and
distant staging of the disease as well as prognostication on those who are likely to have a postoperative recurrence.
Computed tomography (CT) has always been the mainstay of imaging when evaluating for distant metastasis, with the
advent of positron emission tomography/CT improving its specificity. In rectal malignancy, it is the local extent of the
disease that often influences the surgical decision making and need for neoadjuvant therapy. Although endoscopic
ultrasound has been the traditional technique for determining the depth of tumour invasion, over the last decade
magnetic resonance imaging (MRI) has emerged as a very effective tool for accurate T-staging. This review intends to
address the status of various imaging modalities and their advantages and limitations in detection, pretreatment
staging, and assessment of therapeutic efficacy in rectal cancer, with emphasis on MRI of high spatial resolution.
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Introduction

Approximately one quarter of all colorectal cancers are
located in the rectum[1]. Early detection, accurate staging
and monitoring of therapeutic response hold the key to
successful treatment of this malignancy. With advances
in the surgical techniques and the advent of neoadjuvant
therapies, the input required from imaging sciences has
progressively increased and has undergone paradigm
shifts. Rectal malignancy is usually diagnosed at digital
rectal examination and sigmoidoscopy/colonoscopy with
biopsy. The role of imaging is to define the extent of
disease so as to provide the surgeon with an accurate
preoperative road map of the tumour and its relationship
to important anatomical structures, besides information
on the systemic spread of the disease.

For several decades, conventional barium enema was
used to determine the longitudinal extent of the tumour.
However, it has become almost obsolete with the
improvement in computed tomography (CT) and

colonoscopy techniques. According to the recent updates
from the United States Preventive Services Task Force,
barium enema has even lost its long-held position as a
screening modality for colorectal malignancy. CT is
extensively used in the staging of the disease. Despite
the better performance of positron emission tomography
(PET)/CT as a tool for metastatic work-up, the lower cost
and ease of availability makes contrast-enhanced CT still
the modality of choice for this purpose. The limited soft-
tissue resolution of CT makes it a less preferred modality
for the T-staging of rectal tumours. Total mesorectal exci-
sion (TME), the current surgical treatment of choice for
rectum carcinoma, as well as the decision on the need for
neoadjuvant therapy requires accurate T-staging. The
same holds true if sphincter-sparing surgery is being
planned. Notwithstanding its several innate limitations,
traditionally endorectal ultrasound (EUS) has been used
as the gold standard for imaging the depth of rectal
tumour invasion. However, this status of EUS has been
challenged by refinement of high-resolution magnetic
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resonance imaging (MRI) techniques that have made
accurate T-staging possible. MRI also enables the radiol-
ogist to identify the prognostic subgroups that may need
neoadjuvant therapies according to the risk of local recur-
rence and treatment failure. This diagnostic and prognos-
tic prowess of MRI has undoubtedly led to a paradigm
shift in the preoperative investigation and treatment of
rectal cancer.

In this review we cover the gamut of imaging modal-
ities, and their advantages and limitations in detection,
pretreatment staging and assessment of therapeutic effi-
cacy in rectal cancer, with an emphasis on MRI of high
spatial resolution.

Rectal anatomy

The rectum is the terminal portion of the large intestine
which begins at the confluence of the 3 tenia coli of the
sigmoid colon and ends at the anal sphincter complex,
where the levator ani muscle inserts onto the rectal mus-
cular layer. It is approximately 15 cm in length, broadly
divided into three segments: lower third (up to 6 cm from
the anal verge), middle third (7�11 cm) and upper third
(12�15 cm)[2]. The upper third is covered by peritoneum
on its front and sides; the middle third has a peritoneal
veil only anteriorly; and the lower third is entirely extra-
peritoneal. The proximal limit of the rectum is taken
by most surgeons to be at the sacral promontory while
anatomists define it at the level of S3. The distal limit
reaches the anorectal muscular ring (Fig. 1), although
anatomists demarcate the junction histologically at the
dentate line.

The rectum is surrounded by fatty tissue containing
nodes and vessels known as the mesorectum, which
extends proximally from the level of the peritoneal reflec-
tion and tapers distally to the puborectalis muscle sling
(Figs. 2 and 3). It is bounded circumferentially by the
mesorectal fascia, which defines the potential circumfer-
ential resection margin in patients undergoing TME. The
peritoneal reflection is at a variable distance from the anal
verge, between 7 and 9 cm. In women, the rectum is
related anteriorly to the posterior vaginal wall, cervix
and uterus. In men, the prostate, seminal vesicles and
bladder are anterior to the rectum. These structures can
be invaded locally by rectal tumours.

Routes of tumour spread

Rectal cancers may invade regional and distant structures
by various pathways including direct extension, lym-
phatic spread, and hematogenous metastases.

Lymphatogenous spread of rectal tumour from the
upper rectum occurs along the lymphatics parallel to
the superior rectal and the inferior mesenteric vessels.
Tumours from lower rectum can spread along the lym-
phatics accompanying middle rectal vessels to the inter-
nal iliac nodes. The anal canal drains caudally along the

Figure 1 Coronal T2-weighted turbo spin-echo MR
image shows the caudal extent of a normal rectum. The
levator ani muscle (straight arrows) inserts on the rectal
muscular layer to form the puborectalis sling (arrow-
heads). This forms the demarcation between the rectum
and anal canal. Accurate depiction of the relationship
between a rectal tumour and levator ani as well as
puborectalis sling is valuable for planning the surgical
resection. R, rectum; A, anal canal. Asterisks indicate
mesorectal fat.

Figure 2 Concentric layers of normal rectal wall demon-
strated on an axial T2-weighted turbo spin-echo MR
image. 1, the inner hyperintense layer that represents
the mucosa and submucosa; 2, an intermediate hypoin-
tense layer that represents the muscularis propria; 3, an
outer hyperintense layer that represents the perirectal fat.
Further differentiation between mucosa and submucosa is
occasionally possible when the submucosa is identified as a
markedly hyperintense layer sandwiched between the
mucosa and muscularis propria. R, rectal lumen.
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inferior rectal vessels to the inguinal nodes. Metastasis
into the para-aortic and inguinal nodes are considered
non-regional, and involvement of these stations constitu-
tes M1 disease[3].

The sites of hematogenous metastasis from rectal
carcinoma are the liver followed by the lungs.
Retroperitoneal, ovarian, peritoneal, or adrenal metasta-
sis may rarely occur. Isolated pulmonary metastasis has
been observed to be twice as common in cancer of the
rectum compared with that of the colon[4], probably
because the rectum is also drained by veins emptying
into the inferior vena cava (especially the distal third of
the rectum) which provides access to the pulmonary cir-
culation bypassing the hepatic sieve. Communication of
the portal and vertebral venous circulation via the Batson
venous plexus provides an accessory anatomical route for
dissemination to less common sites such as the vertebra
and brain.

Initial staging

Rectal cancer staging is based on 2 main principles. First,
staging is grouped by the TNM classification (Table 1)
that enables differentiation between good and poor prog-
nostic tumours to allow tailored therapy, and thereby
reduce morbidity from overtreatment, while allowing
aggressive treatment of high-risk patients. Second, defin-
ing the pertinent anatomy allows for planning of surgery
and radiotherapy. The key points in determining local
resectability and treatment planning of rectal cancer are
summarised in Table 2.

Local staging

Before the advent of TME and neoadjuvant chemora-
diotherapy, wide tumour-free margins in rectal cancers
were more difficult to achieve and hence local recurrence
rates were high. Aside from prognostication of tumours
via T-staging, detailed local staging in assessing depth of
mural invasion by tumour and distance of tumour from

Figure 3 Axial (a) and sagittal (b) T2-weighted turbo spin-echo MR images of normal rectum demonstrating the
mesorectum (asterisks) and mesorectal fascia (arrows). Perirectal fatty tissue lymph nodes, vessels, and several fibrous
septa together constitute the mesorectum. The mesorectal fascia is a thin, low-signal intensity structure enveloping the
mesorectum, better visualised along the posterolateral sectors, while anteriorly it is difficult to differentiate from
the Denonvillier fascia (black arrows in a). Note the steep obliteration of the mesorectum in relation to the lower
third of the rectum (b). This anatomical characteristic makes MRI interpretation of low rectal tumours more challen-
ging. UB, urinary bladder; SV, seminal vesicles; R, rectum; P, prostate; A, anal canal.

Table 1 TNM staging of colorectal cancer (based on
American Joint Committee on Cancer Cancer Staging
Manual, 7th edition)

Stage Finding

Tumour
Tx Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1 Tumour invades submucosa
T2 Tumour invades muscularis propria
T3 Tumour invades through muscularis propria into perirectal

tissues
T4a Tumour penetrates to surface of visceral peritoneum
T4b Tumour directly invades or is adherent to other organs

or structures
Regional nodal metastases

Nx Regional nodes cannot be assessed
N0 No regional node metastases
N1 Metastases in 1�3 regional nodes
N2 Metastases in 4 or more regional nodes

Distant metastases
M0 No distant metastases
M1a Distant metastases confined to one organ/site
M1b Metastases in more than one organ/site or peritoneum
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the circumferential mesorectal resection plane is crucial
in rectal tumours. EUS, CT, and MRI have been used for
this purpose.

Two-dimensional EUS is able to delineate 5 layers of
the rectal wall, with accuracy of T-staging varying
between 63% and 95%[5�7]. The technique is highly accu-
rate for staging of superficial tumours, but less so for
advanced rectal cancer because of the limited depth of
acoustic penetration. Overstaging of tumours is common,
which has been attributed to the steep learning curve,
operator dependency, equipment deficiencies, and limita-
tions in resolution and focal length of transducers[8]. It is
also less suitable for evaluation of the mesorectal excision

plane, as the mesorectal fascia is not identified at EUS.
More recently, 3-dimensional ultrasound techniques have
shown promise in determining more accurately the rela-
tionship of the tumour to the adjacent structures, with
initial results showing superior accuracy in T-staging
compared with 2-dimensional EUS[9].

Early studies showed rather disappointing performance
of CT, which had between 52% and 74% accuracy in
determining local invasion[10,11]. However, multi-detector
CT with higher spatial resolution may allow more accu-
rate estimation of depth of mural invasion, and more
recent studies have reported T-staging accuracies of up
to 83�87%[12,13], particularly when multiplanar recon-
structions were used. MDCT was also demonstrated to
have high negative predictive value (85%) for involve-
ment of the circumferential resection margin (CRM),
but with overall tendency for tumour overstaging
(Fig. 9)[14]. In general, CT is more accurate in detecting
T3/T4 lesions than T1/T2 lesions[15]. This is because the
low contrast and spatial resolution of CT does not allow
a detailed evaluation of the different layers of the rectal
wall (Figs. 5a and 9a).

The technique of MRI for local rectal cancer staging
has evolved since its first use in 1986. Initial studies were
done with a body coil with consequent poor T-staging
accuracies, as the layers of the rectal wall could not be
differentiated. The development of endorectal coils made
detailed imaging of the rectal wall possible, with improve-
ment in T-staging accuracy of 81�85%[16,17]. However,
endorectal coil techniques are less comfortable for the
patient, have a smaller field of view that limits full eval-
uation of the mesorectal fascia, and cause technical pro-
blems with positioning of the coil in proximal rectal or
stenotic segments. Advent of phased-array surface coils
allowed for larger imaging fields while maintaining high
spatial resolution. Phased-array MRI showed overall
accuracies for T-staging between 65% and 86%, with sen-
sitivities for prediction of T3 between 80% and 86% and
specificity between 71% and 76%[6]. Most staging failures
occur in differentiation between T1 (Fig. 5) and T2
(Fig. 6) lesions and between T2 and borderline T3
lesions. The former arises because the submucosa is gen-
erally not visualised on phased-array MRI. Difficulties in
distinguishing desmoplastic reaction from tumour

Table 2 MRI and ultrasound criteria for T-staginga

Stage MRI findings Ultrasound findings

T1 Abnormal signal in the submucosal layer not extending into
muscle coat

Breach/irregularity of the submucosa (middle hyperechoic
layer) without alteration of the muscularis propria

T2 Abnormal intermediate signal within muscularis propria Distinct complete breach of the submucosa with invasion into/
expansion of the muscularis propria (outer hypoechoic area)

T3 Broad-based bulge or nodular projection or intermediate signal
projecting beyond outer muscle coat

Overt infiltration into the perirectal fat

T4 Extension of abnormal signal into adjacent organ or peritoneal
reflection

Loss of normal hyperechoic interface between tumour and
adjacent organ(s)

aMR criteria adapted from Brown et al.[54]

Figure 4 Rectal carcinoma in situ. High-resolution axial
turbo spin-echo T2-weighted MR image shows a polypoid
rectal lesion (arrow). The intact muscularis propria at the
level of the stalk of the polypoid tumour confidently
excludes T2 disease. Involvement of submucosa cannot
be excluded and hence was staged as T1 preoperatively.
However, at surgical pathology this lesion was staged as
carcinoma in situ. The differentiation between carcinoma
in situ and a T1 tumour is difficult, especially when
the lesions are sessile and when the mucosa and submu-
cosa are not identified separately (a common finding).
R, rectum; CX, cervix; UB, urinary bladder.
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Figure 6 Stage T2 rectal tumour. (a, b) High-resolution T2-weighted axial MR images show the rectal tumour invading
the muscularis propria posteriorly between the 4- and 8-o�clock positions. A thin, relatively hypointense stripe represent-
ing the muscularis propria is interposed between the mesorectal fat and the tumour, as demonstrated in high- resolution
T2-weighted sagittal MR images (c, d). (b) The tumour invades the muscularis propria but spares the mesorectum; hence
it is staged as T2 disease. T, tumour. Asterisks indicate mesorectum; arrows indicate mesorectal fascia; tumour outlined
in white in (b) and (d).

Figure 5 Stage T1 rectal tumour. (a) Axial T2-weighted MR image shows a large rectal tumour of intermediate signal
intensity. The rectal mucosa (parallel lines), submucosa (asterisk) and muscularis propria (arrow) are distinctly visua-
lised in the high-resolution MR image. The tumour involves the mucosa and submucosa while the muscularis propria is
preserved, consistent with T1 disease. (b) Post-contrast axial CT image at a level corresponding to that in (a) demon-
strates the tumour but gives limited information on the depth of invasion. The limited soft-tissue resolution (compared to
MRI) of CT precludes confident T-staging of the rectal tumour. T, tumour; P, prostate.
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stranding result in the majority of T2/T3 staging failures
(Fig. 9)[18]. Functional techniques such as diffusion-
weighted MRI and perfusion MRI may hold promise
with regard to differentiating fibrosis from malignant
infiltration in the future, but more research on their
added utility is needed.

In a recent study, 3-Tesla (3T) MRI failed to demon-
strate statistically significant improvement in staging
accuracy[19]. The authors reported that while there was
better visibility of the rectal wall at 3T, the inherent prob-
lem of distinguishing T2 tumours with desmoplasia and
borderline T3 tumours with tumour stranding in the

mesorectal fat was still difficult on MRI. This study
was limited by small sample size (13 patients), and
more research into the benefits of 3T MRI are necessary.

The major advantage over other modalities of MRI in
local staging is its clear depiction of the mesorectal fascia
(Fig. 3). Distance of the tumour to the mesorectal fascia
is the single most important local prognostic factor and
when this distance on pre-operative MRI is less, the risk
of CRM involvement is increased (Figs. 7 and 8)[20].
CRM positivity carries a great risk of both local and dis-
tant recurrence. The critical distance of tumour to the
mesorectal fascia is controversial, with some studies
choosing 1 mm (e.g. the MERCURY trial[21]) and
others 5 mm; the latter sacrifices specificity for sensitiv-
ity[18]. In the MERCURY prospective observational
study, which used a 1-mm cut-off, the accuracy for pre-
diction of a clear margin was 88% with a negative pre-
dictive value of 94%[21]. Administration of rectal enema
reduces the distance between the tumour and the mesor-
ectal fascia,[22] but no studies have investigated whether
assessment of CRM status is influenced.

Distance from the tumour to the anal sphincter com-
plex is another important factor that influences surgical
planning (Figs. 10 and 11). High-resolution MR images
can exquisitely demonstrate the anal sphincter. Coronal
images best depict the relation between the tumour and
the anal sphincter complex.

The MR and EUS criteria for assessment of T stage are
presented in Table 3.

Nodal staging

There exists a strong relationship between the depth of
spread through the muscularis propria and the risk of
lymph node involvement. Lymph node involvement is
an independent adverse prognostic factor, and the

Figure 7 Stage T3 rectal tumour without involvement of mesorectal fascia. (a, b) High-resolution T2-weighted axial
MR images show bulky annular rectal cancer that infiltrates into the mesorectum at multiple sites (arrows in a). There is
no infiltration of the mesorectal fascia (outlined in white in b).

Figure 8 Stage T3 tumour with involvement of meso-
rectal fascia. T2-weighted axial MR image shows circum-
ferential mesorectal extension of the rectal tumour. At
12- and 7-o�clock positions it infiltrates (arrows) the
mesorectal fascia (arrowheads).
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outcome of TME specimens is more adverse when 4 or
more lymph nodes are involved[23].

Accurate detection of nodal disease with imaging
remains challenging across all modalities. Distinction
between benign and malignant nodes is mainly based
on size and shape. Size criteria are moderately reliable

at best. Size of lymph nodes may have no relation to the
metastasis, as proven by the frequent histological finding
of metastatic foci in sub-centimetre lymph nodes. In the
past, only lymph nodes greater than 1 cm in diameter
were considered positive and this often caused understa-
ging with major prognostic and therapeutic failures, since

Figure 9 (a) Post-contrast axial CT image shows an annular rectal tumour. The interface between the rectum and
mesorectum is irregular with perirectal fat stranding. This is suspicious for mesorectal infiltration, especially at 10- and
2-o�clock positions (arrows). (b) Axial T2-weighted MR image at a level corresponding to that in (a). Compared to CT,
the tumour appears less invasive and largely restricted to the rectal wall. Unlike the CT image, MRI shows a sliver of
muscularis propria separating the tumour from the mesorectum at the 10- and 2-o�clock positions. However, at the 5- and
9-o�clock positions (arrows), no intervening muscularis propria is seen between the tumour and mesorectal fat, and
adjoining perirectal fat shows stranding. Thus MRI findings were more in favour of stage T3 disease. At surgical
pathology, these regions had tumour invading the outer muscle layer but not extending beyond it (hence staged as T2
disease), and the fat stranding corresponded to peritumoural desmoplastic reaction. This example illustrates the supe-
riority of MRI over CT in defining the loco-regional tumour extent by virtue of its improved soft-tissue resolution. It also
demonstrates the limitation of MRI in differentiating advanced T2 from early T3 disease. Peritumoural desmoplastic
reaction is often the cause for overstaging at MRI.

Figure 10 (a, b) High-resolution T2-weighted axial and sagittal MR images showing a polypoid low rectal tumour (T)
that invades the mucosa, submucosa and muscularis propria along the posterior hemi-circumference. There are focal
areas of tumour bulging (arrow in a) into the mesorectal fat consistent with T3 disease, confirmed at surgical pathology.
Note the steep obliteration of the mesorectum (asterisk) in relation to the lower rectum. By virtue of its low rectal
location, despite the minimal mesorectal infiltration, the tumour almost abuts the pelvic diaphragm (arrow in b), a
finding that influences the surgical planning.
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as many as 94% of involved nodes can be smaller than 5
mm[24]. There is no consensus on the normal limit of size
in the diagnosis of nodal metastases. It is prudent to use a
combination of size, shape and internal architecture cri-
teria together for nodal evaluation. However, a node
larger than 8 mm in short-axis diameter in the pelvis or
larger than 10 mm in the abdomen should generally be
considered suspicious for metastases.

The reported EUS staging accuracy for nodal metasta-
sis has been quoted to be from 64% to 84%[5]. Features of
lymph nodes suspicious of metastatic disease include
those larger than 5 mm (for mesorectal nodes), deeply
hypoechoic or round in shape with irregular margins.
Unfortunately, all of these may be present even in reac-
tive lymph nodes. Moreover, EUS is not able to depict
nodes that are outside the range of the transducer and
cannot discriminate between nodes that are inside or
outside the mesorectal fascia, since the latter is not iden-
tified on ultrasonography.

Nodal staging accuracy with CT has been quoted in the
range of 54�70%, with sensitivity and specificity at 55%
and 74%[6]. The addition of [18F]fluorodeoxyglucose
(FDG) positron emission tomography (PET) aids in
increasing the specificity of CT (Fig. 14). However, so
far the sensitivity of FDG PET/CT has been disappoint-
ing for N-staging in rectal cancer, at 29%[25]. This is
probably due to the limitation of low-resolution PET
machines to detect small-volume disease and the
�blooming effect� of the primary hot lesion overshadow-
ing the nearest lymph nodes.

Although modern high-resolution MR images allow
visualisation of lymph nodes as small as 2 mm, reliable
differentiation of malignant from benign nodes is not
possible in very small nodes. Lymph node characterisa-
tion is more accurate in larger (45 mm) nodes that can
be evaluated for size, shape, border and signal intensity.
In a study of 437 harvested nodes, the sensitivity was 85%
and specificity 97%[26] if the criterion for a suspicious
node included irregular borders or mixed signal intensity
(Fig. 11).

The use of ultra-small superparamagnetic particles of
iron oxide (USPIO) has great potential for differentiation
of benign from malignant nodes. USPIO MR contrast
agent is taken up by macrophages in normal lymph
nodes, causing a decrease in signal intensity within the
node on T2*-weighted MR images, owing to susceptibil-
ity artifacts. Thus an enlarged inflamed node will also
show a significant decrease in signal intensity, whereas
one which is involved by tumour will cause a region of

Table 3 Key points to be identified at imaging for deter-
mining local resectability and treatment planning of rectal
cancer

Local factors Location of tumour
Size and length of tumour
T stage

Key features affecting
local recurrence/
surgical planes

Distance to mesorectal fascia

Involvement of peritoneum
Involvement of anal sphincter complex

Nodal involvement Mesorectal nodes
Regional (inferior mesenteric artery

and internal iliac chains)
Other findings Extramural venous invasion

Figure 11 Locally advanced low rectal tumour. An annu-
lar tumour (T) is noted invading the mesorectum (arrow-
head) and also involving the levator ani (arrow), consistent
with T4 disease. The mesorectum around the lower third of
rectum is usually narrow, hence if the tumour breaks the
barrier of muscularis propria it can rapidly progress to
stage T4 disease. Note the metastatic lymph node in the
mesorectal fat (double arrows) with signal intensity com-
parable to that of the primary rectal tumour.

Figure 12 T2-weighted axial MR image shows a locally
advanced rectal carcinoma (T) with direct invasion of the
right lateral pelvic wall. Note the dilated right ureter
(arrow).
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increased signal intensity within the node where the
macrophages are replaced by malignant cells. A recent
study showed high sensitivity (93%) and specificity (96%)
when nodes were analysed according to their signal pat-
terns, and this method could assess even small nodes
55 mm in diameter[27]. However, USPIO contrast
requires administration the day before imaging and has
not been approved by the Food and Drug Administration
(FDA) or the European Medicines Agency, limiting rou-
tine clinical use. Another contrast agent, Gadofosveset, is
a blood-pool MR contrast agent that binds to albumin
and was originally marketed for vascular MR imaging but
is taken up by normal or reactive lymph nodes, allowing
differentiation from metastatic nodes that are replaced by
tumour and thus unable to take up the contrast. A pro-
spective study has shown that this FDA-approved agent
has high reproducibility and accuracy (area under the

curve¼ 0.96), which was significantly improved com-
pared with standard MRI for nodal staging of rectal
cancer[28].

Diffusion-weighted imaging (DWI) has also been sug-
gested as a method for assessment of malignancy in
lymph nodes, based on the principle of higher cellular
density and thus restricted diffusion in malignant tissues.
However, there is a great degree of overlap in the diffu-
sivity between malignant and benign nodes, probably due
to inherent high cellularity of normal lymph nodes.
Overall DWI is likely an excellent method for lymph
node detection, but imperfect for discriminating meta-
static from non-metastatic nodes[29].

Detection of liver metastases

The liver, being the first end-capillary bed, traps tumour
cells and emboli and thus is the most common site of M1

Figure 13 Extramural vascular invasion of rectal carcinoma. (a�d) Axial T2-weighted MR images arranged sequen-
tially in a caudal to cranial direction. On the left side, there is extramural vascular invasion into a lateral rectal vein with
further extension of tumour thrombus (arrow) beyond the mesorectal fascia (arrowhead) into the veins along the pelvic
side wall. Note the metastatic lymph nodes in the mesorectal fat on the right side (asterisk) and also along the right
pelvic wall.
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disease, occurring in approximately 24% of newly diag-
nosed rectal cancers[30]. Aggressive hepatic resection of a
limited number of colorectal cancer metastases offers the
best opportunity for cure. Detection and accurate deter-
mination of the precise number and size of liver metas-
tases is particularly important, as the therapeutic
approach may change from surgery to chemotherapy.

Multi-slice contrast-enhanced CT is the most com-
monly used pre-operative staging investigation for detect-
ing metastases. The portal-venous phase is generally
considered adequate, especially in the era of multi-detec-
tor CT. The use of biphasic technique[31], which involves
scanning in both arterial and portal venous phases, is
controversial, although there has been anecdotal evi-
dence that some hepatic metastases missed in the
portal phase were visible in the arterial phase. At meta-
analysis, per-lesion sensitivity for colorectal hepatic
metastases was reported to be 63.8�74.4%, and per-
patient sensitivity was 64.7�83.6%[32,33].

Detection of metastases with MRI requires the acqui-
sition of multiple sequences and administration of intra-
venous contrast. An advantage of MRI is its ability to
differentiate clearly benign lesions such as cysts and
hemangiomas from metastases, as these entities remain
hyperintense on heavily T2-weighted scans whereas
metastases demonstrate lower intensity. Sensitivity esti-
mates from a recent meta-analysis of 3391 patients
showed per-patient sensitivity of 88.2% and per-lesion
sensitivity of 80.3%, with significantly higher sensitivity
for sub-centimetre lesions (60.2%) in comparison with
CT (47.3%)[33]. This study also showed a statistically
significant improvement in sensitivity estimates for MR
studies performed after 2004 (84.9%). Interestingly, the
meta-analysis failed to detect an improvement in per-
lesion sensitivity of MR imaging performed with the
use of various contrast media such as mangafodipir tri-
sodium, superparamagnetic iron oxide, and nonspecific
gadolinium-containing contrast material when compared

with unenhanced MR imaging. This finding may be
attributed to a lack of statistical power.

FDG PET/CT is able to quantify metabolic changes in
tumour cells. Although some reports have shown FDG
PET/CT to detect 30% more distant lesions compared
with CT[34], a meta-analysis by Bipat�s group in 2005
indicated comparable per-lesion sensitivity for helical
CT and FDG PET[32]. This was corroborated in a
recent meta-analysis of prospective studies that found
per-lesion sensitivity in the liver to be comparable with
that of CT (81.4�74.4%)[33]. However, per-patient analy-
sis revealed that FDG PET was significantly more sensi-
tive than CT (P¼ 0.025) but not MR imaging
(P¼ 0.653). Specificity estimates for all 3 modalities
were comparably high, in excess of 92%. The pre-surgical
role of PET/CT still needs further research given the
considerations of costs and radiation exposure, but cur-
rently PET/CT can be considered for staging distant
metastatic spread if radical surgery is an option.

Assessment of therapeutic response

The identification of good responders before definitive
surgery is crucial in the era of pre-operative neo-adjuvant
therapy. Complete and partial response has been found
to be associated with better prognosis in most series, and
in up to 25% of patients no residual tumour (pathological
complete response) is seen on histological examina-
tion[35]. Accurate identification of responders and post-
treatment stage may allow the surgical approach to be
radically altered, from abdominoperineal resection to a
sphincter-preserving operation.

Standardised imaging criteria such as the RECIST
(response evaluation criteria in solid tumours) criteria
to determine therapeutic response are mainly based
on size[36]. However, apart from size reduction it is
important to evaluate factors such as nodal status,

Figure 14 T2-weighted axial MR image (a) depicts a large rectal mass (T). PET/CT image (b) at a corresponding level
shows the intense uptake of fluorodeoxyglucose (FDG) in the tumour. Note also the FDG avid focus (arrow) in the
mesorectal fat, consistent with mesorectal lymph node metastasis. In this patient, MRI had shown a few sub-centimetre
mesorectal nodes of indeterminate nature. The intense FDG uptake in the node shown confirmed its metastatic nature.
Although FDG PET improves the specificity of lymph node characterisation as seen here, the sensitivity is limited[29].
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circumferential resection margin, and peritoneal and
sphincter involvement[35].

Endoscopic ultrasound

The accuracy of EUS in restaging rectal cancer locally
appears less favourable, with reported accuracy rates ran-
ging from 46% to 75%[5]. EUS studies comparing sono-
graphic appearance and histopathology have shown
that EUS cannot reliably differentiate between fibrosis
and tumour[37]. In a study of 84 patients with locally
advanced rectal cancer, EUS performed 4�6 weeks
after chemoradiotherapy showed correct T-staging in
only 29% of responders (15 of 51 patients), correct
nodal staging in 57%, and poor correlation between the
distance of the tumour from the anal verge and tumour
location on EUS[38].

Computed tomography

The accuracy of CT in determining T and N staging post-
chemoradiotherapy was examined in a recent prospective
study of 90 patients with correct T stage in only 37%
and nodal stage in 62%, the most frequent inaccuracy
being overstaging[39]. However, circumferential resection
margin involvement was correctly predicted in 71% of
patients. The authors of this study concluded that ima-
ging findings (CT, MRI and EUS) would have no impact
on the therapeutic outcome of chemoradiation-treated
patients with locally advanced cancer because of poor
agreement with histopathological staging.

PET/CT

PET is unable to accurately evaluate anatomical change
or predict CRM status[40], but is useful for assessing
metabolic response of the tumour, which is reflected by
a decrease in the standardised uptake values (SUVs) after
CRT. Pre-therapy SUV values do not show good correla-
tion with pathological response[41]. The literature is rich
with studies showing that a decrease in SUV correlates
with histological response in various tumours including
rectal cancer[41�43], but there is still no universal agree-
ment of the exact percentage cut-off between the pre- and
post-response SUV values (response index) above which
a patient is considered a responder. The optimal timing
of the post-response scan is also a compromise between
early scanning, which increases the probability of non-
specific FDG uptake due to inflammatory reaction, and
later scanning, which could unduly delay surgery.

Magnetic resonance imaging

Most early studies comparing post-therapy MRI and his-
topathology showed relatively poor accuracy, because
of inability to differentiate the changes of post-chemora-
diation fibrosis from residual tumour (Fig. 15).
Fortunately, increased familiarity of the reactive changes
that occur after CRT combined with technological

advances enabling high-resolution scans through the
plane of the tumour has improved MRI accuracy[35]

(Fig. 15). Barbaro�s group reported an overall T-staging
accuracy of 79% for MRI in 53 rectal cancer patients
after CRT[44], with the main source of error being over-
staging. Studies have shown a high negative predictive
value (100%) of the ability of MRI to predict tumour
clearance from the mesorectal fascia, although at the
expense of many false positives, leading to a low positive
predictive value (PPV) of 50�60%[45,46]. The percentage
volume reduction rate of rectal cancer after chemoradia-
tion therapy also has a high PPV (93.5%) for identifying
responders when a cut-off of 70% volume reduction is
used[44].

The accuracy of MRI in secondary staging of lymph
node disease after chemoradiation has been reported
to be 65�88%, with sensitivities varying from 33% to
82% and specificity of 68�95%[45,47,48] depending on
morphological and size criteria. Any proposed cut-off
size for nodes is a compromise between sensitivity and
specificity. After chemoradiation therapy, a change in the

Figure 15 Pre- and post-neoadjuvant therapy images (a�c
and d�f, respectively) of a patient with T3 rectal tumour,
obtained at corresponding levels shown here. The axial T2-
weighted image (a) shows a bulky tumour with mild infil-
tration into mesorectal fat. The tumour is bright on DWI
(b) with restricted diffusion (star) seen on the ADC image
(c). After neoadjuvant therapy, the tumour has markedly
shrunk with mild residual mucosal thickening, as seen on
the high-resolution T2-weighted image (d). The DW and
ADC images do not show any residual diffusion-restricted
areas. The fat stranding noted in the mesorectal fat
(arrows in d) is indeterminate, since both residual
tumour infiltration and post-radiation desmoplastic reac-
tion can have a similar appearance. In this patient this
appearance was deemed a desmoplastic reaction (later
proved at surgical pathology) on the basis of the overall
findings of good response.
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morphological appearance of mesorectal lymph nodes to
uniform high T2 signal, indicating mucinous change, can
result[47].

Diffusion-weighted imaging

DWI is an increasingly widespread MRI functional tech-
nique that exploits the difference in the random motion
of water molecules in various tissues to create image
contrast. Malignant tissues, owing to their high cellularity
and proportion of intact cellular membranes, exhibit
restriction of water diffusion, which can be quantified
via the apparent diffusion coefficient (ADC) parameter
(Fig. 15). In theory, DWI can monitor changes in cellular
structure and integrity, which serve as a proxy for mon-
itoring the cell lysis effects of successful chemoradiation
therapy in tumour tissue[49].

In rectal cancer DWI has been used for prediction of
response to chemoradiation. Pretreatment ADC values in
patients with rectal cancer were found to be negatively
correlated with response, presumably because higher pre-
treatment ADC values reflected necrotic tumours that
were resistant to therapy[50]. In another study by Koh
et al., high pretreatment mean ADC values of colorectal
hepatic metastases were predictive of a poor response to
chemotherapy[51]. In that study, DWI performed within 3
weeks of completion of chemotherapy showed an
increase in mean ADC in metastatic lesions that
responded to chemotherapy, which the authors proposed
was due to a change from a more cellular pretreatment
to a necrotic post-treatment phenotype. Paradoxically,
Hein�s group found a significant decrease in mean
ADC of rectal tumours that underwent DWI at 2, 3
and 4 weeks after treatment, which was attributed to
cytotoxic oedema and fibrosis[52]. Clearly more research
is needed to establish the exact temporal effects of suc-
cessful therapy on ADC, as there is an interplay of necro-
sis, cytotoxic oedema and fibrosis.

Aside from its potential for prediction of response to
chemoradiotherapy and monitoring of treatment
response, the addition of DWI images to T2-weighted
imaging has been shown to improve the prediction of
tumour clearance in the mesorectal fascia after neoadju-
vant chemoradiation therapy. In terms of mesorectal
fascia tumour clearance or invasion, combined analysis
of DW and T2-weighted images showed an impressive
89�93% accuracy, whereas accuracy was only 40�69%
with T2-weighted images alone[53]. These encouraging
results might be due to the ability of DWI to distinguish
cellar tumoural tissue from nontumoural lesions such as
radiation-induced fibrosis and inflammation within the
mesorectal fascia[54].

Conclusions

Many imaging options are now available for the pre-
operative detection and staging of patients with rectal

cancer. If CT and PET/CT is the mainstay for metastatic
work-up, EUS and MRI form the principal modalities for
T-staging of disease. The deciding factor on which ima-
ging modality to use is more often dependent on avail-
ability of resources, cost and institutional experience.
Accurate restaging of rectal cancer and early monitoring
of response after neoadjuvant therapy still remains a chal-
lenge to all modalities.
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