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Introduction: Preoperative 
Staging by Imaging

Regina G. H. Beets-Tan

In recent decades, local control after rectal cancer 
surgery has significantly increased due to better 
staging and better treatment. A total mesorectal 
excision (TME) surgery, preoperative (chemo)
radiotherapy, and the introduction of MR imag-
ing in the staging workup have taken us major 
steps forward. Whereas previously, most deci-
sions on whether or not to give adjuvant treat-
ment were based on the risk assessment for 
recurrence through histological evaluation of the 
tumor and the lymph nodes, the decisions on neo-
adjuvant treatment are now based on risk assess-
ment through imaging. Although modern CT 
techniques 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 a treatment strategy that dictates 
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 T stage, N stage, distance of the tumor 
to the mesorectal fascia, extramural vascular 
invasion, perineural invasion, lymph vessel inva-
sion, 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], as well as 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 a T3 tumor. It 
does however not always easily transfer to stag-
ing through imaging. All imaging methods are 
good in showing the bulk of the tumor but will 
have difficulty in predicting the exact microscop-
ical tumor extension to a histological interface. It 
is therefore unrealistic to expect a 100% accuracy 
from imaging technology in predicting a histo-
logical classification.

The accuracy of the T-stage assessment with 
EUS in the smaller series is generally higher than 
in larger and more recent data [5–8]. EUS is reli-
able to stage rectal cancer for the degree of inva-
sion in the rectal wall, but high accuracies are 
mainly obtained in expert hands. It is generally 
considered that ERUS is good in imaging the 
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smaller superficial tumors and in selecting the 
eligible patients for a local excision. For the 
larger T3 and T4 lesions, ERUS can perfectly 
identify in growth in surrounding structures of 
the lower pelvis such as the vagina, prostate, and 
seminal vesicles because they are within the 
scope of the probe. The difficulties arise when 
tumors are located high in the rectum. It then pro-
vides insufficient anatomical information in spe-
cific 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 the 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 5 × 5 Gy 
is considered in the patients without a threatened 
or involved margin. Although it has been shown 
that 5 × 5 Gy followed by TME is a very efficient 
and cost-effective way to prevent local recur-
rences in many patients, it is much less effective 
when the tumor comes close to or invades the 
mesorectal fascia [9]. 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 chemo-
radiation as neoadjuvant treatment, the distance 
of the tumor to the mesorectal 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 strategies, it is however 
important for the surgeon to know the exact ana-
tomical 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 rectal tumors, MRI is 

recommended as the preferred staging method 
[10–13]. For MRI of rectal cancer, it is important 
to obtain good-standard high-resolution images. 
Chapter 24 of this section, Lambregts et al. elab-
orates on the state-of-the-art imaging protocol, 
on not only the strength but also the weaknesses 
for staging rectal tumors with modern planar 
imaging techniques, MRI and CT.

Nodal disease is one of the most important 
risk factors for both local and distant recur-
rence and is generally considered an indication 
for neoadjuvant therapy. Identifying nodal dis-
ease with imaging remains difficult because 
size criteria used on its own results in only a 
moderate accuracy. Lymph nodes with a diam-
eter of ≥10  mm are invariable malignant, but 
the majority of involved nodes are smaller than 
5 mm [14, 15]. In addition to size, morphologi-
cal 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 overall, the assessment of the 
smaller nodes remains difficult also because 
these criteria cannot always be applied. The dif-
ficulties in nodal staging with the standard 
imaging methods are illustrated by a recent 
multicenter report in which T3N0 tumors, 
staged with ERUS and/or MRI, were found to 
be node positive at histology in 22%, despite 
preoperative chemoradiation [16].

How does one work in practice with a subop-
timal accuracy of preoperative lymph node 
imaging? One approach is only to rely on imag-
ing information on nodal status when the tumor 
is associated with round large nodes (>5  mm) 
that are irregular in border and/or heterogenous 
in signal or echogeneity. Whenever these crite-
ria for node positivity are absent on EUS or 
MRI for any of the visualized nodes, informa-
tion on nodal status is not reliable. An extreme 
approach is to disregard the imaging data on the 
nodal status and to give neoadjuvant treatment 
in most patients, accepting overtreatment rather 
than undertreatment. This strategy exposes all 
patients to the side effects, while only a few 
patients benefit from the improved local control. 
A third approach is to take into account the 
prevalence of nodal metastases according to the 
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T stage and to give neoadjuvant therapy for T3 
lesions and not for T2 lesions, regardless of 
nodal imaging results [16]. This strategy of 
selective use of neoadjuvant 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 per-
formed [11, 17].

23.1  Organ Preservation

It has been shown that a nonoperative watch-
and- wait approach for a complete or near-com-
plete responding tumor after chemoradiotherapy 
can be a safe alternative to standard resection 
[18]. Critical is an accurate assessment of 
response after chemoradiotherapy. The assess-
ment of a (near) complete response can be reli-
ably done with digital examination and 
endoscopy. These methods even outperform dif-
fusion MR imaging [19]. However, the combina-
tion of digital examination, endoscopy, and 
diffusion MRI is the most accurate tool to iden-
tify the eligible patients [20].

23.2  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 read-
ily used in the office, immediately providing 
information that is important for further treat-
ment planning. MRI, on the other hand, has the 
advantage over ERUS that the images can be 
more easily interpreted and read by other radi-
ologists and clinicians. The images can also be 
used by radiotherapists for planning the radio-
therapy 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 more 
advanced tumors. MRI is accurate in identifying 

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 lacks accuracy in the low tumors. For lymph 
node imaging, all techniques are at present only 
moderately accurate. The most practical strat-
egy seems to use the information on lymph node 
staging in the preoperative decision-making, 
keeping in mind the suboptimal accuracy. Erring 
on the safe side, large tumors can be treated 
with neoadjuvant therapy irrespective of the 
nodal status. In addition to the standard treat-
ment with TME, there is a small group of 
patients with a superficial tumor where the sur-
geon 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 selec-
tion for this procedure, and future research 
should focus on developing imaging techniques 
that can better identify nodal disease.
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