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Abstract

In the recent decade, the role of imaging in local staging of rectal cancer
has evolved. Whereas in the past its role has been restricted mainly to
endorectal ultrasound, it has recently extended to modern imaging such as
CT and MRI. This chapter “imaging and staging” will address the two
most frequently used imaging methods in rectal cancer management:
endorectal ultrasound (ERUS) and magnetic resonance imaging (MRI).
For each, experts in the field will elaborate on how these methods can
identify the relevant risk factors for local recurrence and which protocol
should be used to ensure a high-quality performance. In this introduction
section, a helicopter view is given on the role of each method, ERUS and
MRYI, in the context of clinical decision making and its role put in perspec-
tive of one another. The introduction finalizes with recommendations for
use in clinical practice.

The local recurrence rate after rectal cancer sur-
gery has significantly decreased in the past two
decades. This is mainly due to the introduction
of a total mesorectal excision (TME) surgery.
In addition preoperative radiotherapy is now
given instead of a postoperative course because
trials have shown that preoperative radiotherapy
is more effective in reducing the local recurrence
rate than postoperative. Therefore, the role of
imaging in the staging of these tumors has
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changed. Whereas previously most decisions on
whether or not to give adjuvant treatment were
based on the risk assessment for recurrence
through histological evaluation of the tumor and
the lymph nodes, the decisions on neoadjuvant
treatment are now based on risk assessment
through imaging. Although modern CT tech-
niques are improving and to some extent able to
provide information for locoregional staging,
endorectal ultrasonography (ERUS) and MRI are
considered as the two best locoregional staging
methods for rectal cancer. When comparing
ERUS with MRI, there are several issues that
require consideration. In addition to the accuracy
in predicting certain risk factors for local recur-
rence, there is the treatment strategy that dictates
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what information will have a clinical conse-
quence. Besides, issues of cost, availability, and
expertise may influence the local treatment strat-
egy and thus the choice of the imaging method.

The risk factors associated with local recur-
rence are the T stage, N stage, distance of the
tumor to the mesorectal fascia, extramural vascu-
lar invasion, perineural invasion, lymph vessel
invasion, and histological grade [1, 2]. Of these
risk factors, the T and N stages are commonly
used for (neo)adjuvant treatment decisions
(NCCN guidelines) [3] and recently the distance
of the tumor to the mesorectal fascia [4]. The
TNM classification system has reproducible and
straightforward histological cutoff values, such
as the distinction between a T2 and T3 tumor.
It does however not always easily transfer to
staging through imaging. All imaging methods
are good in showing the bulk of the tumor but
will have difficulty in predicting the exact micro-
scopical tumor extension to a histological inter-
face. It is therefore unrealistic to expect a 100 %
accuracy from imaging technology in predicting
a histological classification.

The accuracy of the T stage assessment with
ERUS in the smaller series is generally higher
than in larger and more recent data [5—8]. ERUS
is reliable to stage rectal cancer for the degree of
invasion in the rectal wall, but high accuracies are
only obtained in expert centers. The agreement
between the uT stage and pT stage in larger stud-
ies is 65-70 %, with 10-15 % understaging and
20 % overstaging [9-11]. In uT1 there is under-
staging in 15-20 % and in uT2 stage 15-30 %.
Overstaging in uT3 occurred in 25-30 %. Some
series address the specific question of distin-
guishing mucosal TO lesions from T1 tumors,
showing a risk of understaging with uTO of only
5-15 % [12—-15]. It is therefore generally consid-
ered that ERUS is good in imaging the smaller
tumors and in selecting the eligible patients for a
local excision. An overview of the ERUS tech-
nique and its role including the drawbacks is pro-
vided by Nonner and coauthors in Chap. 19 of
this section. For the larger T3 and T4 lesions,
ERUS can perfectly identify ingrowth in sur-
rounding structures that are within the field of
view such as the vagina, prostate, and seminal

vesicles. The difficulties arise when tumors are
located high in the rectum. It then provides insuf-
ficient anatomical information in specific on the
extent to the dorsal and lateral pelvic wall.

The importance of the involvement of the
mesorectal fascia as a prognostic factor and as a
parameter of surgical quality has been recognized
and confirmed in the last 20 years [2]. The ideal
plane of resection in a total mesorectal excision is
just outside the mesorectal fascia, and a positive
circumferential resection margin can be the result
of inadequate TME surgery. An involved meso-
rectal fascia is defined as a closest distance of
<1 mm between the tumor and the mesorectal
fascia, as this represents the optimal prognostic
cutoff point. Preoperative assessment of the
mesorectal fascia involvement is important
whenever a short preoperative course of 5x5 Gy
is considered in patients without a threatened or
involved margin. Although it has been shown that
5x5 Gy is a very efficient and cost-effective way
to prevent local recurrences in many patients, it is
much less effective when the tumor comes close
to or invades the mesorectal fascia [16]. These
tumors should be identified and treated with a
preoperative long course of chemoradiation to
provide downsizing. For centers that only use a
long course of chemoradiation as a neoadjuvant
treatment, the distance of the tumor to the meso-
rectal fascia is usually not very important in the
preoperative decision process, as all tumors that
extend beyond the muscular wall are considered
candidates for a long course of chemoradiation,
providing an opportunity for downsizing.
Regardless of the neoadjuvant treatment strate-
gies, it is however important for the surgeon to
know the exact anatomical relation of the tumor
to the mesorectal fascia and the surrounding
structures in order to obtain a complete resection.
Therefore, when it comes to staging the large rec-
tal tumors, MRI is recommended as the preferred
staging method [17-20]. For MRI of rectal can-
cer, it is important to obtain good standard high-
resolution images. In Chap. 18 of this section,
Hunter et al. elaborate on the state-of-the-art
imaging protocol, on the strength but also the
weaknesses for staging rectal tumors with mod-
ern planar imaging techniques, MRI and CT.
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Nodal disease is one of the most important
risk factors for both local and distant recurrence
and is generally considered an indication for neo-
adjuvant therapy. Identifying nodal disease with
imaging remains difficult because size criteria
used on its own result in only a moderate accu-
racy. Lymph nodes with a diameter of >10 mm
are invariably malignant, but the majority of
involved nodes are smaller than 5 mm [21, 22].
In addition to size, morphological criteria such as
shape, texture, and border of the nodes can be
assessed in the larger nodes and improve the
identification of the true node positives. But over-
all, the assessment of the smaller nodes remains
difficult also because these criteria cannot always
be applied. The difficulties in nodal staging with
the standard imaging methods are illustrated by a
recent multicentre report in which T3NO tumors,
staged with ERUS and/or MRI, were found to be
node positive at histology in 22 %, despite preop-
erative chemoradiation [23].

How does one work in practice with a subop-
timal accuracy of preoperative lymph node imag-
ing? One approach is only to rely on imaging
information on nodal status when the tumor is
associated with round large nodes (>5 mm) that
are irregular in border and/or heterogeneous in
signal or echogenecity. Whenever these criteria
for node positivity are absent on ERUS or MRI
for any of the visualized nodes, information on
nodal status is not reliable. An extreme approach
is to disregard the imaging data on nodal status
and to give neoadjuvant treatment in most
patients, accepting overtreatment rather then
undertreatment. This strategy exposes all patients
to the side effects while only a few patients ben-
efit of the improved local control. A third
approach is to take into account the prevalence of
nodal metastases according to the T stage and to
give neoadjuvant therapy for T3 lesions, regard-
less of nodal imaging results, but not for T2NO
lesions [23]. This strategy of selective use of neo-
adjuvant radiotherapy only for patients most at
risk for local recurrence is further supported by
evidence from two large European trials of the
lack of survival benefit of radiotherapy when
good TME surgery is performed [18, 24].

Future Perspectives

Currently, there is also a trend to study alternative
treatment options after a good response to treat-
ment, such as a local excision or even a nonop-
erative wait and see approach. Given the
increasing use of preoperative (chemo)radiation
in rectal cancer, selection of the candidates for
these alternative treatments by imaging should be
a topic for further studies, because imaging tech-
nologies such as ERUS, CT, MRI, and PET are
continuously improving. With modern more
powerful machines, functional data can be gener-
ated and combined with morphological data.
3D-ERUS, diffusion MR imaging, perfusion
MRI, perfusion CT, or perfusion PET/CT could
all be of help in monitoring treatment response.
New lymph node-specific MR contrast agents are
on the way that may finally move us one step for-
ward in our search for better identification of
patients with nodal metastases. This new role of
imaging to detect small volumes of residual dis-
ease in fibrotic scar tissue in the rectal wall and in
the lymph nodes is now still work in progress, but
it is clear that imaging in future will play an
important role in the selection and follow-up of
patients after neoadjuvant treatment.

Recommendations

ERUS and MRI should be seen more as comple-
mentary rather than competitive techniques. Each
has its own strengths and weaknesses. ERUS has
the advantage over MRI that the equipment is
less costly and that it can be readily used in the
office, immediately providing information that is
important for further treatment planning. MRI on
the other hand has the advantage over ERUS that
the images can be more easily interpreted and
read by other radiologists and clinicians. The
images can also be used by radiotherapists for
planning the radiotherapy fields and by surgeons
to guide the resection in advanced cases. ERUS is
without doubt the best imaging method for the
selection of the candidates for local excision,
whereas MRI is recommended for the larger
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more advanced tumors. MRI is accurate in iden-
tifying the different risk groups and in stratifying
these patients into their treatment according to
their risk. In the absence of easy access to MRI,
MDCT is a good alternative for the high tumors,
but it lacks accuracy in the low tumors. For lymph
node imaging, all techniques are at present only
moderately accurate. The most practical strategy
seems to use the information on lymph node stag-
ing in the preoperative decision making, keeping
in mind the suboptimal accuracy. In addition to
the standard treatment with TME, there is a small
group of patients with a superficial tumor where
the surgeon is considering a local excision with a
small risk of leaving behind involved lymph
nodes in the mesorectum. Accurate selection of
node-negative disease would be of help in the
selection for this procedure, and future research
should focus on developing imaging techniques
that can better identify nodal disease.
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